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KEYNOTE 1

CAN A JET ENGINE SURVIVE A BIRDSTRIKE?

Shaker A. Meguid*
Mechanics and Aerospace Design Laboratory

University of Toronto, Canada
(*)Email: meguid@mie.utoronto.ca

ABSTRACT

The extreme operating conditions present inside a turbofan engine, foreign object damage and 
birdstrike increase the likelihood of catastrophic failure of the blades, referred to as blade-out. 
Blade-out can involve the failure of compressor, turbine, or fan blades and can cause severe 
damage to the engine, wing, or fuselage and result in the loss of lives. The failure of fan blades, 
referred to as fan blade-out (FBO) is the most severe, since the fan blades are the largest blades 
in the engine and have the most kinetic energy. Due to the potential severity of a FBO event, 
all engine manufacturers include a containment structure (ring) which surrounds the rotating 
sections of the engine. This structure is designed to absorb the energy of a released blade and to 
contain the blade fragments so that they do not pierce fuel tanks, hydraulic control lines, and/
or the fuselage. Unfortunately, current accidents show that containment structure designs are 
inadequate and better designs are needed.

Accordingly, this study is concerned with the design and analysis of a novel containment ring 
for turbofan engines using dynamic nonlinear finite element (FE) simulations and a blade-out 
testing apparatus. Three aspects of the work were accordingly examined. The first is concerned 
with the response of multilayered targets to normal and oblique impacts by a blade-like projectile. 
This enabled the selection of the most appropriate material combination for the containment 
ring. The second is concerned with the response of the selected target to blade-out impacts with 
partially and fully bladed fan disk. The third is concerned with the design and instrumentation 
of a novel test rig to calibrate the finite element simulations and examine the true response of 
blade-out in turbofan engines. The predictions of the finite element method reveal that Kevlar 
is suitable for use in containment rings. It further shows that the optimal multilayered target is 
the one where the exposed surface is made of aluminum foam and backing is made of Kevlar 
fabric. This is also confirmed in the containment of blade-out with a single trailing blade and 
fully bladed fan disk.

Keywords: Birdstrike, Turbofan, FBO, Containment ring, Modeling, Novel rig design
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KEYNOTE 2

TOPOLOGY OPTIMIZATIONS OF SOLIDS AND FLOW CHANNELS 
BASED ON LEVEL SET METHOD USING BOUNDARY ELEMENT 

METHOD AND LATTICE BOLTZMANN METHOD

Toshiro Matsumoto*
Department of Mechanical Systems Engineering, Nagoya University, Japan

(*)Email: t.matsumoto@nuem.nagoya-u.ac.jp

ABSTRACT

This keynote lecture presents some application of boundary element method (BEM) and lattice 
Boltzmann method (LBM) to topology optimization problems in heat conduction, acoustic, 
elastodynamic, electromagnetic, and flow problems. Topology optimization is a structural design 
method to obtain the optimum shape allowing its topological change. The optimum shape can 
be considered as the optimum distribution of material, therefore, numerous works have treated 
topology optimization problems as the optimum material arrangement problems. However, the 
conventional works assume the existence of materials with small material constant values also 
in the area where the material should not exist, and the resulting material configuration is in fact 
different from the optimum one. Also, it is difficult to give explicit boundary conditions to the 
newly generated boundary of the material. Therefore, our laboratory employs a level-set based 
approach with which the boundary of the material is explicitly generated from the isosurface of 
the level set function. In the first part of this lecture, numerical scheme of topology optimization 
based on the level set method and BEM is presented. This approach has been applied to topology 
optimization of sound scatterer designs in acoustic problems. Sound pressure is measured at 
some points in a three-dimensional acoustic field and the optimum layout of the sound scatterers 
has been obtained so that the sum of the sound pressure levels at the measuring points is 
minimized. Another example of BEM application has been done for the topology optimization 
of the arrangement of dielectrics for cloaking of objects. The layout of the dielectrics with which 
the scattered waves were finally reconstructed to become the same incident plane wave in order 
to cloak the object. It turned out that, by defining the objective functional appropriately, objects 
of any shapes and material properties can be cloaked by using the same layout of the dielectrics.

In the second part, I will show some topological designs of flow channels. For such problems, it 
is crucial to employ a fast flow solver because we have to repeat flow analysis many times until 
we obtain the optimum topology of the channel. The LBM and its variant, lattice kinetic scheme 
(LKS), have been used for solving primary problem and newly derived adjoint lattice Boltzmann 
equation. LBM and LKS are rather fast because they are explicit methods for calculating the 
values of the velocity distribution function in the fixed design domain. The flow velocity, pressure, 
density, and internal energy are calculated from this distribution function directly. Memory 
requirement in LBM is heavy but is improved dramatically in LKS. The level set method was 
used again to control the boundary of the flow channel. This computation scheme was applied 
successfully to designs of flow channels to minimize the pressure drop between the inlet and 
outlet flows. The method was also applied to maximization of the dissipation energy of the fluid in 
the channel under transient but time harmonic inlet and outlet flows to design vibration damping 
devices based on fluid mechanism.

Keywords: Topology optimization, Level set method, Boundary element method, Lattice 
Boltzmann method



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

Bologna/Italy, 4-6 September 20194

Biographical Sketch

Professor Toshiro Matsumoto is a professor of Nagoya University since 
2004 and has a laboratory in the Department of Mechanical Systems 
Engineering. He has dedicated his study to boundary element methods 
(BEM) and its application to engineering problems. His contributions 
have been in the application of the boundary element method to fracture 
mechanics, development of BEM for inhomogeneous material, shape 
sensitivity analysis, BEM for piezoelectric materials, and application 
of BEM to topology optimizations. In recent years he is also interested 

in topology optimization related to flow problems using lattice Boltzmann method. He has 
published more than 200 journal papers and also more than 200 presentations in international 
conferences. He wrote two books on BEM and chapters of 7 books.

He is an editor of Engineering Analysis with Boundary Elements, former director of the Japan 
Society of Mechanical Engineers (JSME), Vice Chairman of the Computational Mechanics 
Division of JSME, Fellow of JSME, and Director of Japan Society for Computational Methods 
in Engineering (JASCOME). He has been a visiting professor at Wessex Institute, University 
of Pisa, École Polytechnique, and London University. He taught in China and Italy on BEM 
and topology optimization. He and his research group won many awards from JSME and 
JASCOME. He is nominated as the next president of JASCOME.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 5

KEYNOTE 3

THE DEVELOPMENT OF DUCATI PANIGALE 1299 SUPERLEGGERA: 
LIGHTWEIGHT DESIGN IN THE MOTORBIKE SECTOR

Leonardo Bagnoli*
Head of Vehicle Simulation Dept.,

Ducati Motor Holding s.p.a., Bologna , Italy
(*)Email: leonardo.bagnoli@ducati.com

ABSTRACT

The purpose of the presentation is to show the development of Ducati 1299 Panigale Superleggera, 
an exclusive limited edition motorcycle that is the first production bike in the world to feature 
carbon fibre frame, rear seat frame, single sided swing arm and wheels.

First of all it will be introduced the Panigale product brief in order to understand the target of the 
original project launched back in 2012. Then there will be a brief explanation of the so called 
monocoque frame, one of the most effective new design concepts that allowed a consistent 
weight saving on the bike.

Moreover, it will be shown the 1199 Panigale Superleggera launched in 2014, the first limited 
edition motorcycle based on Panigale project. The challenging target on kerb weight was 
reached using magnesium alloys on frame and wheels and carbon fibre for the rear seat frame. 
The latest limited edition motorcycle, the 1299 Panigale Superleggera, is even lighter than its 
precursor thanks to the widespread use of composite materials on structural parts.

The development of those parts was done completely in house, sharing specific knowledge 
with Ducati Corse that has a long time expertise on composite materials. Dealing with 
composite materials, the design of the parts is strictly related to their manufacturing process so 
it was necessary to work together with the suppliers. Structural optimization, bonding design, 
temperature monitoring and heat insulation where also important to achieve reliability and 
stiffness targets, fulfilling a significant weight saving.

Keywords: Lightweight, Design, Aluminum, Magnesium, Carbon Fiber, Composite, Structure
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KEYNOTE 4

DESIGN FOR PERFORMANCE AND RELIABILITY  
OF A REAR SUSPENSION OF A FORMULA ONE CAR

Marco Civinelli*
Head of Chassis Mechanical Design Dept.,  

Scuderia Ferrari, Modena, Italy
(*)Email: marco.civinelli@ferrari.com

ABSTRACT

This keynote lecture focuses on the rear suspension and rear wheel group of the SF71H, 
the car that Scuderia Ferrari designed for the 2018 FIA Formula 1 World Championship. 
The first part offers an overview of the main components of the outboard suspension, in particular 
wishbones, uprights, hubs, rims and brake calipers.

The second part will treat the main design process for these components, with an introduction 
on the targets and the constraints of the project, followed by a description of the methodologies 
that have been used to define the final shapes and technical specifications.. The experimental 
activity that followed the production of the first parts will be presented to describe in which way 
the initial target indexes were measured in real components.

The third part will focus on the design of a specific suspension bracket, realized with  
additive manufacturing process, highlighting the opportunities but also the limitations that 
characterized this technology on that project.

Keywords: Design, Suspension, Lightweight, Stiffness, Titanium, Additive Manufacturing
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ANALYSIS OF THE COLD FORMING PROCESS

Sigitas Kilikevičius1(*), Ramūnas Česnavičius2, Kristina Liutkauskienė2, Andrius Juodsnukis2

1Department of Transport Engineering, Kaunas University of Technology, Kaunas, Lithuania
2Department of Mechanical Engineering, Kaunas University of Technology, Kaunas, Lithuania
(*)Email: sigitas.kilikevicius@ktu.lt

ABSTRACT

This article is aimed to investigate how the quality of a part manufactured by the cold forming 
process is affected by the cold forming process parameters. A numerical simulation based on 
the finite element method (FEM) was carried out in order to investigate the influence of the 
blank-holding force, the friction coefficient and the matrix radius on the quality of the part. 
The most suitable values of the cold forming process were found based on the results of the 
numerical simulation. Multiple linear regression analyses were carried out in order to identify 
the relationships between the quantities related to the quality of the part and the cold forming 
process parameters.

Keywords: cold forming process, blank-holding force, wrinkles, springback, regression analysis.

INTRODUCTION

Cold forming is a very effective process which offers low material losses and very short 
manufacturing duration as the part can be made by only one press cycle. However, if the cold 
forming parameters are not adjusted properly, some defects might occur having negative effect 
on the quality of the parts. Thinning, wrinkling and springback determine the quality of cold 
formed parts (Atul, 2018). The springback value depends on the material and the geometry 
of part being formed (Baùon, 2016). Therefore, it is very important to determine the most 
suitable values of the cold forming parameters before manufacturing the die for the part. A 
numerical simulation is very effective way to optimise the cold forming parameters, which 
gives an advantage over the trial-and-error approach (Liu, 2018).

The main aim of this article is to analyse how the quality of a cover for a beer barrel is influenced 
by the blank-holding force, the matrix radius and the friction coefficient.

RESULTS AND CONCLUSIONS

A numerical model of the cold forming process of the part was created using AutoForm R7 
software. The material of the cover is 1.4301 grade stainless steel. The part was meshed using 
elasto-plastic shell type elements (Fig. 1, a). The overall dimensions and thickness of the formed 
part are shown in Fig. 1, b. The numerical simulation results are shown in Fig. 2. The simulation 
showed that the part thickness value was the lowest (0.74 mm) when the blank-holding force 
value was the highest (250 kN). The holding force did not have such a significant influence on 
the wrinkle height. The possible form deviation was increasing when the blank-holding force 
was increasing.
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Fig. 1 - 3D model with FE mesh (a); overall dimensions and thickness of formed part (b)
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Fig. 2 - Minimal thickness (1), possible form deviation (2), thickness alteration amplitude (3) and wrinkles 
height (4) depending on the blank-holding force 

When the blank-holding force was increasing, the minimal thickness was decreasing and the 
thickness alteration amplitude was increasing. The most relevant blank-holding force is 90 kN 
as the possible form deviation is the lowest and the minimum thickness is over 0.8 mm.

Multiple linear regression analyses were carried out in order to identify the relationships 
between the quantities related to the quality of the part and the cold forming process parameters. 
The blank-holding force had the largest effect on the quality of the part.
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MECHANICAL AND THERMAL PROPERTIES OF LIGHT-WEIGHT 
CONCRETE WITH INCORPORATED WASTE TYRE RUBBER AS 
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ABSTRACT

The amount of waste tyres is still growing worldwide. This paper is focused on the experimental 
investigation of tyre rubber-based aggregate, which was used as a partial replacement of coarse 
natural aggregate to develop light-weight rubberized concrete with improved thermal insulation 
properties. The basic structural properties, mechanical resistance, and thermal conductivity 
measurements were conducted for rubber concrete assessment. The thermal conductivity was 
studied from dry to fully water saturated state.

Keywords: scrap tyre rubber, light-weight concrete, mechanical properties, thermal properties.

INTRODUCTION

In Europe, the total amount of used tyres in 2015 was 3868 kilotons (WBCSD, 2018). The 
possible reuse of material coming from scrap tyres in construction industry can solve disposal 
problems and allow production of light-weight concrete with enhanced thermal insulation 
parameters (Záleská, 2018; Aliabdo, 2015). As concrete performance is very dependent on the 
aggregate properties, the previous studies reported decrease in strength and thermal conductivity 
with increased rubber content (Pacheco-Torgal, 2012).

In this paper, samples of rubberized concrete (RC), where natural aggregate of 4/8 mm particle 
size was replaced by rubber-based aggregate of the same size fraction in the weight ratio of 10 
%, 20 %, and 30 % were studied. Portland cement CEM 52.5 R was used a binder, and silica 
sand of fraction 0/4 and 4/8 mm as natural aggregate. The water/cement ratio was 0.5 for all 
concrete mixes. After 28 days of water curing, the tests of the compressive and flexural strength 
and dynamic modulus of elasticity were performed together with the measurement of the bulk 
and specific densities. The mechanical tests were done in accordance with EU standards for 
concrete testing. The bulk density was determined from measured sample volume and its 
dry mass. For the specific density test, helium pycnometry was used. The open porosity was 
calculated on the basis of densities values. The concrete thermal conductivity was measured 
from the dry to fully water saturated state using the transient impulse method.

RESULTS AND CONCLUSIONS

Table 1 shows the specific and bulk densities values that were for rubberized concrete lower 
compared to the reference material. Accordingly, the mechanical resistance decreased with 
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higher dosage of rubber-based aggregate in concrete mix. The thermal conductivity decreased 
with rubber replacement ratio, and increased with the moisture content (Fig. 1).

Table 1 – Basic physical and mechanical properties of rubberized concrete

Material Bulk  
density  
[kg/m3]

Matrix  
density  
[kg/m3]

Open 
porosity

[%]

Compressive 
strength
[MPa]

Flexural 
strength
[MPa]

Young´s 
modulus

[GPa]
Ref 2134 2453 13.0 61.5 6.8 39.0

RC10 1914 2249 14.9 26.0 5.1 17.0
RC20 1760 2101 16.3 13.0 2.7 5.8
RC30 1543 1902 18.9 4.5 1.7 3.1

Fig. 1 - Thermal conductivity of samples in dependence on relative moisture content

In comparison with reference concrete, all studied rubberized concrete materials showed 
improved thermal insulation performance, even in the presence of moisture. Achieved mechanical 
resistance of rubberized concrete is sufficient for non-structural applications in civil engineering.
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ABSTRACT

This work is aimed at the possible use of wooden biomass ash in composition of geopolymer 
mortars. In mortar mix design, coal fly ash was partially substituted with biomass ash. The fly 
ash replacement ratio was 50 %, whereas the dosage of batch water remained the same. For the 
reference fly ash-based geopolymer mortar and mortar with incorporated biomass ash, basic 
structural, mechanical, and thermo-physical parameters were measured. As the porosity and 
mechanical parameters values were for geopolymer mortar with biomass ash similar as results 
obtained for reference geopolymer, it was concluded, the tested wooden biomass ash is usable 
as an alternative precursor for geopolymerization. 

Keywords: alkali-activated composite, coal fly ash, wooden biomass ash, geopolymer mortar.

INTRODUCTION

Cement-based composites are the most utilized building materials all over the world. The 
cement production exceeds globally 4 billion tons annually (220 million tons in the EU), which 
releases from 5 % to 7 % of global CO2 emissions (Ukrainczyk, 2016). Alkali-activated silica 
and alumina rich materials in the form of different wastes or industrial by-products can provide 
reasonable alternative to traditional cement-based materials (Galzerano, 2018) and mitigate 
negative economic and carbon footprints of their production. Presently, the main precursor 
applied for geopolymerization is coal fly ash, in most cases supplemented with ground granulated 
blast-furnace slag, silica fume, metakaolin, etc. (Hassan, 2019). Nevertheless, increased interest 
is devoted to biomass fly ashes generated by combustion of wooden/plant fuel sources in 
heating plants (Záleská, 2018). Currently, there is produced a considerable amount of biomass 
ash suitable to supplement excessively utilized and in the future hardly available coal fly ash.

Geopolymer mortars studied in this paper contained coal fly ash GM-FA or coal/wooden 
biomass ash GM-FA/WA and silica sand mixed together in the weight ratio 1/3. Silica sand used 
was a mix of three fractions (0.0/0.5, 0.5/1.0, and 1.0/2.0) combined in a weight ratio 1/1/1. 
In both mortars mixtures, the water to geopolymerization precursor ratio was 0.4. The dosage 
of water comprised of admixed tap water and water contained in alkali activator solution having 
app. 32.4 wt% of dry matter. Activator, with molar ratio SiO2/Na2O equals1.5, in equivalent 
sodium oxide content of 10 wt% of the activated components was applied. Casted mortar 
specimens (prisms 40 × 40 × 160 mm and 70 mm cubes) were for 24 h covered by PE foil 
and then stored for 27 days at high relative humidity of 98 % and temperature of (21 ± 1) °C. 
For hardened mortar samples, basic structural properties, mechanical parameters, and thermo-
physical properties were accessed. Bulk density was determined with the use of gravimetric 
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method. Specific density was tested using a helium pycnometer Pycnomatic ATC (Thermo 
Scientific). Total open porosity was calculated from the bulk and specific density values. 
Flexural strength tests were carried out on prismatic samples with mechanical press PF 100 
when loading rate 40 N/s was employed. On the rest of broken prisms, compressive strength 
was measured. In this case, the loading rate was 500 N/s. The portable apparatus ISOMET 2114 
(Applied precision) was used for the thermo-physical parameters measurement. 

The basic structural and mechanical parameters data is summarized in Table. 1. A half weight 
replacement of coal fly ash by wooden biomass ash resulted in a slight increase in the total 
open porosity and thus strength reduction. However, the differences were very small, especially 
taking into account the measurement uncertainties. Thermo-physical properties data, given in 
Tab. 2, indicated an effect of wooden biomass ash on the deceleration of heat transport and 
decreased heat storage.

Table 1 – Basic physical properties and strength results

Material Bulk density
[kg/m3]

Matrix density
[kg/m3]

Total open 
porosity [%]

Flexural 
strength [MPa]

Compressive 
strength [MPa]

GM-FA 2 084 2 545 18.0 3.8 8.8
GM-FA/WA 2 062 2 533 18.6 3.2 8.0

Table 2 – Thermo-physical properties

Material  Thermal conductivity 
[W/(mK)]

Thermal diffusivity 
[(m2/s) × 10-6]

Volumetric heat capacity 
[(J/(m3K)) × 106]

AC-FA 1.95 1.06 1.84
AC-FA/WCH 1.71 0.94 1.80

Based on experimental results it can be concluded, the investigated wooden biomass ash is 
feasible, low-cost alternative material for production of alkali-activated construction materials. 
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ABSTRACT

Tribological properties of a-C:H coatings has been investigated in various friction conditions. 
It is clear that temperature and mating materials give effects on tribological properties. In this 
study, we especially focus on the effect of mating material on its tribological properties of a-C:H 
coatings. Ball-on-disk friction test is conducted between a-C:H coating and 5 kinds of mating 
material, which is SiC, SiC(O)_800(SiC oxidized at 800oC), SiC(O)_1050oC, SiC(O)_1300oC, 
and Quartz glass. It is found that a-C:H coatings shows low friction coefficient and low specific 
wear rate when O/Si ratio of the element content of mating material is 2, in other words, mating 
material is SiO2. In the wear scar of a-C:H coating after friction test with SiC, severe damage 
was confirmed. It is considered that a-C:H coating and SiO2 show low adhesion even at high 
temperature, which leads low friction and wear. Compared SiC(O) with Quartz, the friction 
coefficients with a-C:H coatings are respectively 0.013 and 0.038. Even though SiC(O) and 
Quartz are both SiO2, the tribological properties are different. On the wear track of SiC(O), 
transferred things from a-C:H coating are confirmed. It is considered that this graphitized 
transferred things make the friction coefficient lower by working as solid lubricant. 

Keywords: a-C:H coatings, SiO2, high temperature, oxidized SiC, low friction.

INTRODUCTION

DLC as a-C:H have a keen attention according to its low friction, high hardness and high wear 
resistance properties. There are needs to apply carbon coatings into ceramic mechanical parts, 
such as mechanical seal. The tribological properties of a-C:H when slid against ceramics as SiC, 
Si3N4 and Al2O3 were studied (Yamanouchi 2017). On the basis of their results, a-C:H when slid 
against SiC after annealing at 1000C showed low friction from 23oC to 140 oC in air. However 
the low friction mechanism is still not unclear. Therefore, in order to know the effect of oxidation 
of SiC for reduction of friction at high temperature in air, 5 kinds of mating materials which are 
related to oxidized SiC were prepared. In this research, tribological behaviors of a-C:H when 
slid against various counterpart materials at various temperatures in air have been investigated.

EXPEIMENTAL APPARATUS NAD PROCUDURE

Friction pair is a-C:H coated steel ball which dimeter is 8 mm and 5 kinds of mating materials, 
which is SiC, SiC(O)_800(SiC oxidized at 800oC), SiC(O)_1050oC, SiC(O)_1300oC, and 
Quartz glass. Hydrogenated amorphous carbon as a-C:H was coated on the high chromium 
carbon steel ball as SUJ2 bearing steel ball with ionized evaporation method. The a-C:H has 1 
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µm in thickness, 25.5 GPa in hardness and 5 nm in average surface roughness. Table 1 shows 
the properties and compositions of mating SiC related mating materials.

Table. 1 - Element composition and oxide thickness of specimen

Specimen SiC SiC(O)_800 SiC(O)_1050 SiC(O)_1300 Quartz glass
C 54.0 44.0 <0.1 <0.1 -
O 2.2 9.6 67.5 67.5 -
Si 43.8 46.4 32.5 32.5 -

O/Si 0.05 0.2 2 2 2
Thickness of 

oxidation film, nm
0 2.2 32.4 327.6 -

RESULTS AND CONCLUSIONS

Figure 1 shows variation of average friction 
coefficient between a-C:H and SiC oxidized mating 
materials during 20-30 m of sliding distance at 170 
oC in air. When the annealing temperature is more 
than 800 oC, friction coefficient decreased less than 
0.02. Figure 2 shows variation of specific wear 
rate of a-C:H between a-C:H and SiC oxidized 
mating materials. Also SiC(O)_1050 after the 
annealing at 1050 oC showed minimum wear rate. 
After Table 1, it can be considered which property 
is governing parameter for low friction and wear. 
It can be considered that 2 of O/Si ratio is more 
important than thickness of oxidation film. 

If the SiO2 is important to reduce friction and wear 
at 170 oC in air, SiO2 glass should show the low 
friction and wear as mating materials for a-C:H. 
However SiO2 quartz glass could not show lower 
friction and wear than SiC(O)_1050. After the 
friction test, the wear scar of SiC(O) was observed 
carefully with optical microscope as shown in 
Fig.3. Figure 3 shows many blue spots residue 
on wear truck of SiC(O)_1050. After the Raman 
spectroscopy analysis, the blue spots were decided 
as a graphite like materials. So it was found that 
low friction and wear need the transfer of graphite-
like materials from a-C:H to mating material.
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Fig. 3 - Optical microscope images of wear truck 
of SiC(O) against a-C:H
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ABSTRACT

Considering the environmental sustainability in the construction industry, there is a need to 
look for alternatives to Portland cement and natural aggregates used for concrete production. 
This paper is aimed at the investigation of the use of crushed waste expanded polypropylene 
(EPP) in the magnesium oxychloride (MOC) cement-based composites. EPP was used for a full 
replacement of natural aggregate. Testing of air-cured MOC composites included experimental 
assessment of their structural, mechanical, and thermal parameters.

Keywords: magnesium oxychloride cement, waste expanded polypropylene, mechanical 
properties, thermal properties.

INTRODUCTION

MOC cement, also known as Sorel cement, belongs to non-hydraulic cements and is formed by 
the reaction of magnesia oxide (MgO) powder, magnesium chloride (MgCl2) and water (Zhou 
and Li, 2012). MgO is obtained by calcination of MgCO3 at temperature of 750-800 °C, which 
is considerably lower than the temperature required to produce Portland cement (1450 °C) 
and moreover MOC cements exhibit high carbonation capability in concrete products (Ruan 
and Unluer, 2016). MOC cement is further characterized by the ability to incorporate a high 
amount of many types of aggregate; the use of waste EPP as aggregate allows the production 
of environmentally friendly material with improved thermal insulation properties (Záleská, 
2018).

Two experimental mixtures of MOC concrete were prepared: R-MOC containing the silica 
sand as aggregate, where sand to MgO weight ratio was 3:1 and EPP-MOC, where shredded 
waste EPP was used as a full replacement of silica sand in the amount of 150 % by volume of 
silica sand. Caustic magnesite powder was mixed with the solution of MgCl2 (MgCl2.6H2O 
was dissolved in tap water to prepare solution with a specific gravity of 26 °Bé) and with the 
corresponding aggregate. For tests were used 28 days air-cured prismatic and cubic specimens. 
The compressive strength test was performed following the standard EN 14016-2 (2005). The 
bulk density was determined on the gravimetric principle from the sample volume and its dry 
mass. The matrix density was obtained using the helium pycnometry. From the bulk and matrix 
density values, the total open porosity was calculated. The transient impulse method was used 
to conduct the thermal conductivity and the volume heat capacity measurements. The optical 
microscopy was used for the evaluation of binding conditions between EPP particles and MOC 
matrix.
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RESULTS AND CONCLUSIONS

Table 1 shows a significant decrease in both bulk and matrix densities, in the compressive 
strength, as well as in the thermal conductivity for the EPP-MOC sample in comparison with 
the R-MOC material. On the contrary, the open porosity has increased. The volumetric heat 
capacity of EPP-MOC decreased only slightly compared to reference concrete. It can be seen 
from the Fig. 1 that the EPP aggregate was well embedded in the matrix of the binder.

Table 1 - Basic structural, mechanical and thermal properties of MOC composites

Material Bulk 
density 
[kg/m3]

Matrix 
density (kg/

m3]

Open 
porosity

[%]

Compressive 
strength
[MPa]

Thermal 
conductivity
[W/(m·K)]

Volumetric heat 
capacity

[×106 J/(m3·K)]
R-MOC 2124 2455 13.5 63.2 2.05 1.69

EPP-MOC 879 1411 37.7 7.5 0.30 1.60

Fig. 1 - Optical microscopy image of EPP-MOC composite

Application of shredded EPP in MOC composites allows the utilization of a large amount of 
this plastic waste and has led to a great improvement of the thermal insulation parameters of 
developed material, which can serve as a part of floor, roof or wall for saving buildings energy 
consumption. Moreover, the high specific capacity of reference MOC composite remained 
almost unaffected by EPP incorporation what can help in heat accumulation and mitigate the 
energy demands for buildings conditioning. Using MOC cement as a binder can help reduce 
the CO2 emissions associated with the cement production. In this respect, EPP-MOC composite 
can be considered as eco-efficient material for construction use. 
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ABSTRACT

This work analyses the feasibility of using a commercial sound level meter (SLM) to measure 
the dynamic properties of a structural element, i.e., vibration frequencies, using acoustic output 
data obtained during a rover impact test carried out with rover impact hammer on small beams. 
The acoustic measurements are compared with those obtained with the accelerometer during 
the impact tests. In this case, four small aluminum beams were tested under undamaged and 
damaged conditions. The latter was simulated using drilled holes with different diameters at 
the mid span of the aluminum beams. Data from acoustic and acceleration measurements were 
processed to obtain the frequency content of each signal. The results allowed demonstrating if 
the sound level meter is able to capture the natural frequencies and monitor the damage effects 
on the natural frequencies of the beams.

Keywords: vibrations, natural frequency, sound level meter, acoustic, damage.

INTRODUCTION

Usually, modal data is acquired using piezoelectric sensors located on the system under 
analysis although frequency measurements can also be done measuring the acoustic response 
of the system (Randall J Allemang & Shapton, 1979). Every system has a set of vibration 
characteristics, such as the natural frequencies, mode shapes and damping (Ewins, 2000). These 
modal characteristics are affected by the physical characteristics of the system, in particular the 
stiffness and mass properties. A damage usually causes changes that can affect stiffness and/or 
mass, which directly affects the vibration properties of the system (Humar, Bagchi, & Xu, 2006).

Thus, in this study, 56 individual tests were performed to determine the effect of induced damage 
in the dynamic properties of small aluminum beams. The length and width of the prototype beams 
is 300 mm and 40 mm, respectively, with a thickness of 5 mm. From the total tests, 28 were 
performed using an accelerometer to measure the output data and the remaining 28 tests were 
performed using a sound level meter to measure the acoustic response. At first, the beams were 
undamaged and were tested to measure its natural frequency. Then, the beams were sequentially 
drilled with different diameter holes to simulate damage. The holes were located at the mid 
span with diameter range from 15 to 38 mm. A Finite Element Method (FEM) simulation was 
performed to obtain the mode shapes and the estimated natural frequencies. The main goal is to 
verify if the sound level meter is reliable enough to capture the natural frequencies. The secondary 
goal is to analyze the influence of the damage on the natural frequencies and damping ratios.
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THEORY SECTION

Ewins (Ewins, 2000) defines modal testing as “the processes involved in testing components 
or structures with the objective of obtaining a mathematical description of their dynamic or 
vibration behavior”. Perhaps the most used application of modal testing is measuring the 
system’s vibration properties (natural frequencies, mode shapes and damping ratios), allowing 
verifying the measured data and the one used during the theoretical project (Ewins, 2000) but, 
also, it is an extremely important method to identify vibrations of a structure and to detect 
structural modifications (R. J. Allemang, 1983).

Although the Experimental Modal Analysis (EMA) is a relatively easy and cheap test to perform, 
some mechanisms require a special attention: the excitation mechanism, the sensing mechanism 
and the data acquisition mechanism (Maia et al., 1998). The excitation mechanism is, usually, 
a shaker or an impact hammer (Rao, 2010). The sensing mechanism is the one that obtains 
the vibration data from the system (usually an accelerometer) and the data acquisition and 
processing mechanism is responsible to obtain the signal generated by the sensing mechanism, 
digitize (if required) and processing it (Maia et al., 1998).

The correlation between the input signal and the output signal is usually shown as a Frequency 
Response Function (FRF) (Ewins, 2000). When talking about modal analysis, the FRFs represent 
the correlation between the input condition (usually an initial condition, such as displacement 
or velocity) and the system’s response to it (the system’s vibration). For most of materials, 
Maxwell’s reciprocity principle can be applied to the FRFs, i.e., applying the initial condition 
on a point p and measuring its response on a point q provides the same result than applying the 
initial condition on the point q and measuring its response on the point p (Maxwell, 1890). The 
reciprocity of the FRFs implies that measuring a full row of the FRF matrix will provide a full 
column and vice-versa (Schwarz & Richardson, 1999).

Sound is defined as the variation on mass density, pressure, temperature and particle’s position 
on a fluid along the time (Fahy, 2000). These variations can be due to a mechanical variation. 
A vibrating plate is an example, its vibration provokes displacement along the plate, the 
displacement dislocates the air particles on the fluid medium, causing the variation quoted 
above, generating an acoustic response (Cardoso, 2010). It is possible noticing that there is a 
correlation between the vibrational response and the acoustic response of a vibrating system, 
making possible to analyze some modal parameters (natural frequencies and damping ratios) 
from the acoustic response (Elwali, Satakopan, Shauche, Allemang, & Phillips, 2010) (Fahy, 
2000). Sometimes the approach using the acoustic response is not possible: when the analyzed 
system is heavily damped the vibration will be damped before the sensing mechanism measures 
its response (Silva, 2015).

Damage affects a system’s initial mass and stiffness condition and these parameters affects the 
modal behavior, so, it is correct to say that a damage affects a system’s modal behavior and 
modal properties (Meirovitch, 1997). The changes on the mass can be associated with material 
removal and the stiffness changes can be associated with the variation on the moment of inertia, 
for example.

MATERIALS AND METHODS

The beams used during the experimental procedures are made of Aluminum alloy 6082. These 
beams have a rectangular cross section with 300 mm length, 40 mm width and 5 mm thickness. 
Initially, the beams are undamaged. Aiming to inflict a controlled damage on the beam, centered 
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holes were drilled at mid span. The diameter has the initial value of 15 mm and is increased by 1 
mm until the final value of 38 mm, these holes were distributed along the four analyzed beams, 
and the final data is composed by 28 tests (one for the undamaged condition and one for each 
damage severity on each beam). All the values used for the drilled holes (for each individual 
beam) are shown in Table 1.

Table 1. Perforations’ dimensions.

Beam nº Perforation diameter [mm]
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7

1 0 15 16 17 18 19 20
2 0 21 22 23 24 25 26
3 0 27 28 29 30 31 32
4 0 33 34 35 36 37 38

The damage will affect the mass (material removal) and the moment of inertia (the area resisting 
to the mechanical efforts changes). The mass variation is less than 10% and the moment of inertia 
variation is 95% (considering the most affected area), both from the undamaged scenario to the 
most severe damage scenario. The variation of these parameters implies the bending stiffness 
per unit of mass (EI/m), where E is the Young’s modulus of the material, I (I = bh3/12) is the 
moment of inertia and m the system’s mass, will decrease along the tests performed, decreasing 
the stiffness on the affected area. IT is noticeable that the damage goes from a low severity level 
(d = 15 mm) to a high severity level (d = 38 mm), allowing monitoring the damage effects on 
the modal parameters along the tests.

Aiming to facilitate the measuring procedure and have a standard orientation for the input and 
output points, a grid was drawn on each beam. The grid is composed by squares (1 cm length) 
and was drawn using a permanent marker, avoiding damage infliction and mass loading. Figure 
1 shows a damaged beam, with the grid and the excitation and measurement points drawn.

The excitation and measurement points must be chosen according to the mode shapes to be 
measured. Figure 1-(a) shows the input and output point chosen to the tests performed, they 
are very good to detect the bending modes but they are positioned on a modal line (i.e., there is 
no displacement on this nodes during some modes of vibration) when analyzing the torsional 
modes. In order to detect the torsional modes, a different position is required for the input and 
output points (distant from the modal line). The points shown in Figure 1-(b) were used to 
measure the torsional modes when required. 

The numerical method used in this paper was a FEM simulation using Ansys’ “modal” package 
and aims obtaining the mode shapes and the expected values for the natural frequencies of 
the beams. Every beam was tested individually and the results were obtained considering the 
interval between 0 and 2000 Hz.

The experimental method was composed by two parts: impact tests using an accelerometer to 
measure the output data (accelerometer method) and impact tests using a Sound Level Meter 
(SLM) to measure the acoustic response (SLM method). The experimental part aims to obtain 
the values of the natural frequencies for the same range used during the numerical method 
(i.e., 0 to 2000 Hz). During the tests using the accelerometer method, the acoustic response 
was measured simultaneously; allowing comparing the results obtained using both methods. 
Detailed tables containing the values obtained and errors associated can be seen in Silva (Silva, 
2019). For both methods, an impact hammer (model E086C40) was used to provide the input 
signal and the beams were tested on a foam surface, simulating a “free” support condition.
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(a). Excitation and output points ( “I” represents the excitation and “O” the output point).

(b). Excitation and output points ( “I” represents the excitation and “O” the output point).

Figure 1. Location of excitation (input) and output points for the rover impact tests.

The impact tests using the accelerometer method was carried out using an uniaxial accelero- 
meter (type 4508, made by Brüel & Kjær), plugged into a PHOTON+ dynamic signal analyzer 
which was connected to a pc via an USB cable, allowing the data processing using the RT Pro 
Photon software. The tests performed using the accelerometer method was carried out using 
a Single-Input Single-Output, i.e., only one input and one output was used during these tests.

Looking Figure 1 it is possible noticing that two sets of points were used to provide the 
input and measure the output signal: one using two aligned points (a) and other using points 
dislocated from the centerline (b). The setup using the (a) points as a reference are not capable 
of obtaining the torsional modes of vibration when using the accelerometer method so, in 
order to obtain the torsional modes, the setup showed in (b) was adopted. Figure 2 shows the 
difference between the setups during a real simulation using the accelerometers to obtain the 
output signal.

(a). Representation of a standard test using an accelerometer as an output source.
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(b). Representation of a test to obtain the torsional natural frequencies.

Figure 2. Impact test using an accelerometer as an output source.

The impact tests using a SLM to measure the output data aims to capture the acoustic signal 
generated by the beam’s vibration when it is impacted. To obtain the acoustic signal a free-field 
microphone (type 4189, manufactured by Brüel & Kjær), connected to a Hand-held analyzer 
(type 2250, G-4, manufactured by Brüel & Kjær) were used. This method allows obtaining 
the natural frequencies of the analyzed beam. This method discards the need of using two 
setups of points (unlike the tests using the accelerometer method) because every mode acting 
on the beam’s vibrations contribute to the sound generated and it is captured by the microphone. 
The microphone was positioned perpendicular to the beam’s surface, 5 cm distant from it. A 
representation of a test performed on the beams can be seen on Figure 3.

The acoustic response was processed using the hand-held analyzer and returned the values of 
the natural frequency on the analyzed range. It is possible to compare the data obtained using 
both methods and to calculate the error between them.

Figure 3. Impact test using a sound level meter to measure the output data.
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RESULTS AND ANALYSIS

The variation of the natural frequencies due to the damage for the vibration modes detected 
between 0 and 2000 Hz are shown in Figure 4 to Figure 7. As expected, the natural frequencies 
decrease with an increase of the damage, i.e., the diameter of the drilled hole at the mid span. 
As can be seen, the most significant change of the natural frequencies occurs on the first and 
fourth modes.

Figure 4. First natural frequency variation along the tests.

Observing Figure 4 it is noticeable a decrease of the values of the first natural frequency 
related with the first bending mode when the damage or hole diameter increases. The decrease 
between the natural frequencies measured for the undamaged case scenario and the last one is, 
approximately, 39.2%.

Figure 5. Second natural frequency variation along the tests.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 25

Similarly to the variation of the first natural frequency, the second natural frequency related 
with the second bending mode (see Figure 5) decreases when the damage severity increases. 
Although this natural frequency is not as much affected as the first one (with a decrease of 
approximately 3.6%), a decrease is visible and can be associated with the type of damage used 
in this study.

Figure 6. Third natural frequency variation along the tests.

Figure 6 shows the variation of the natural frequencies associated with the first torsional mode 
of vibration (with a decrease of approximately 26.7%). The lack of data obtained using the 
accelerometer is due to the points chosen to apply the input and measure the output, which 
are not able to measure the torsional mode vibration response (see Figure 1a). Some tests 
were repeated using the points shown in Figure 1b) and they were able to measure the output, 
resulting on the plot shown in Figure 6. Even with a small data sample, it is still possible to see 
a decrease on the value of the natural frquency.

Figure 7. Fourth natural frequency variation along the tests.
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Figure 7 displays the variation on the values measured for the fourth natural frequency (third 
bending mode). The difference of the value measured for the undamaged case to the value 
measured on the last test (most damaged) is around 5.4%. Some measurements mismatch 
the expected values (peaks) due to poor data obtained during the experimental tests. The 
average error between the measurements performed using the accelerometer and the SLM is of  
4.0%.

CONCLUSIONS

Analyzing the data obtained with this experimental research it is possible to conclude that 
the SLM is a reliable equipment to measure the natural frequencies with some restrictions 
such as heavily damped systems in which the measurements must be done without background 
noise and the measurement time must be large enough to capture the frequency content of the 
sound wave. Also, the damage inflicted to the beams affects the natural frequencies and its 
value decreases when the damage severity increases, and finally the measuring points using the 
accelerometer (input and output) must be chosen carefully according to the modes that are been 
measured when.
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ABSTRACT

A robust design optimization (RDO) of composite structures addresses the design as a bi-
objective optimization problem with following objectives: (1) the weight of the structure which 
optimality is associated with performance robustness; and (2) the variability of structural 
response, which is associated with feasibility robustness of design constraints. Therefore, a bi-
level dominance Multi-Objective Genetic Algorithm (MOGA-2D) solves the RDO of composite 
structures. The numerical tests show the capabilities of the approach. 

Keywords: multi-objective optimization, composite structures, weight, feasibility robustness.

INTRODUCTION

In this paper, the RDO of composite structures addresses the design as a bi-objective optimization 
by considering the following objective functions: a function describing the performance/cost of 
the structure and a function describing the feasibility robustness of constraints related to the 
variability of the structural response. The design and uncertainty rules are controlled by following 
classes of variables and parameters: the vector of deterministic design variables d ∈ k, the vector 
of random design variables, z ∈ m, and the vector of random parameters, π ∈ p. The nominal 
values of random design variables and random parameters are taken to be the expected values 
μz and μπ respectively, and the associated uncertainties are given by their standard deviations. 
The design variables of the optimization procedure are the deterministic variables, d and the 
nominal values μz of the random design variables z. The standard deviation of z is kept constant 
during the optimization. The performance/cost of the structure is given by its weight W(d,μz). 
The functional V(d,μz, var(u), var(R), cov(u, R)) is a measure of feasibility robustness associated 
to the constraint’s variability. The bi-objective optimization problem follows as 
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being u and R the critical displacement and critical Tsai number (António and Hoffbauer 
2016, 2017). The MOGA-2D performs based on four genetic operators: mutation, crossover, 
replacement due to genetic similarity and selection. A binary code format emulates the phenotype 
of the design variables. The stopping criterion follows a minimum number of generations 
without improvement of Pareto front of enlarged population.
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RESULTS AND CONCLUSIONS

To study the capabilities of the proposed approach for bi-objective optimization based on weight 
minimization and feasibility robustness maximization, an engine hood of a car built using a 
laminated shell structure is considered. The structure divided into eight macro-elements, as 
shown in Fig.1, presented one laminate per each macro-element. The laminates on engine hood 
shell follow a distribution according rational sense. The design variables are the ply angles and 
the laminate thicknesses.
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Fig. 1 - Composite laminates 
distribution on engine hood shell.

Fig. 2 - Optimal Pareto front for three 
generations of the evolutionary process.

The proposed approach considering weight minimization and feasibility robustness maximization 
(minimum variability) performed by MOGA-2D show its effectiveness, with the solutions 
shared along the optimal Pareto front as shown in Fig. 2. This figure shows the evolution of 
the of optimal Pareto front showing non-dominated solutions at three generations driven by 
MOGA-2D. Three solutions located on the optimal Pareto front will be analysed for further 
sensitivity analysis. The profiles of optimal solutions along the Pareto front show a constant 
optimal ply angle and three types of laminate thicknesses according the trade-off minimum 
weight and minimum variability. Therefore, the analysis of the partial effects of the variability 
is very important to make a design decision.
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ABSTRACT
The paper presents results of the efforts to improve the accuracy of cost calculation of the 
selective laser sintering technology using an artificial neural network as a tool for estimation of 
the mass of the waste powder, based on the masses of the powder that will be, and the powder 
that will not be, built into products during a production process.
Keywords: additive manufacturing, selective laser sintering, manufacturing costs.

INTRODUCTION
An important characteristic of the selective laser sintering (SLS) technology is the ability to re-
use a part of the powder that remains after a production process. The waste powder is the part 
of the powder that is not built into products, but still may not be used again. There are two main 
sources of the waste powder during SLS, a fixed amount of the powder that remains spread over 
the powder bed after a production process, and a variable amount of the powder that remains 
attached to the products after they are removed from the product bin.
While the costs of the waste powder are not assessed in the most important studies of the 
additive manufacturing costs (an overview is given by Costabile et al, 2017), their importance 
grows with the recent technology improvements that increase the ratio between the used and 
fresh powder in the production powder mixture. A recent effort (Soskic et al, 2017) was aimed 
at development of a rough, but simple, analytic expression for estimation of the mass of a waste 
powder during a production job. The conclusion was that for a rather typical production job the 
mass of the attached powder may be very roughly estimated to be proportional to the mass of 
the used powder that is not built into products (“non-product mass”). This paper presents an 
effort to develop a more complex method, an artificial neural network (abbreviated as ANN, 
a computational tool inspired by biological neural systems that is often used for data pattern 
recognition), which would use the same input data (the product mass and the non-product mass) 
to estimate the mass of the attached powder with more accuracy.

METHOD
An ANN consists of artificial neurons (nodes) which are organized into multiple layers and 
connected to each other via synapses. The relationships between ANN input and output 
parameters are established in a network training process, by tuning the values of synaptic 
weights based on data sets with known outputs.
The structure of the developed feedforward ANN for estimation of the mass of the attached 
powder has one hidden layer with five nodes. The bipolar sigmoid function and the linear 
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function are used as the transfer functions of the hidden layer and the output layer, respectively. 
During the neural network training process, backpropagation algorithm based on Levenberg-
Marquardt optimization has been used for updating the synaptic weights and bias values.
For the presented study were used 181 data sets obtained in exploitation conditions, which were 
also used in the previous study (Soskic et al, 2017). 127 of the data sets were used for training 
of the network, while the remaining 54 data sets were used for testing.

RESULTS AND CONCLUSIONS
The results show that the correlation coefficient between the measured masses of attached 
powder and predicted values, as well as the distribution of the relative errors (Fig. 1 left), 
seem to be very close for both methods (simple analytic expression and ANN). However, the 
convergence of the total relative error of the subsets of production processes towards zero is 
much faster for the ANN, as it becomes smaller than 5% for subsets than contain more than 
20 production processes, which is achieved only for subsets larger than 90 production processes 
(Fig. 1 right) if the simple analytic expression is used.

Fig. 1 – Relative errors of estimation and convergence of error of the two methods

The obtained result means that the ANN should be used by manufacturers who have less than 
90 production processes within a supply cycle, i.e., those with small number of production 
machines that use SLS technology.
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ABSTRACT

This article describes the static analysis of the shaft of the five-speed manual gearbox MQ100, 
which is used in New Small Family vehicles (Škoda Citigo, Volkswagen Up! or Seat Mii). Shaft 
deflection analysis was first verified by numerical methods and then a stress test on the test 
machine was performed. The values obtained by numerical methods were compared with the 
values obtained in the real test.

Keywords: drive shaft, MQ100, static analysis. 

INTRODUCTION

The gearbox is an integral part of every car and every driver perceives it while driving. Whether 
it’s the smoothness of gearshift, the gearshift lever’s accuracy when shifting or its noise.

Due to the force applied to the shaft of the gear unit, there is a slight deflection. This deflection 
adversely affects the aforementioned riding comfort, especially the rolling noise of the individual 
gears and thus also their wear.

This paper describes the static analysis of the drive shaft of the 5-speed manual gearbox MQ 
100. The gearbox MQ100 is a mechanical, five-speed manual transmission. It was designed for 
the VW group’s “New Small Family” (Škoda Citigo, Volkswagen Up! Seat Mii). The gearbox 
is designed as a two-shaft for engines with a transverse installation and a maximum torque of 
120 Nm.

The drive shaft transfers energy from the engine by means of gearing of a particular gear to 
the driven shaft. Shafts include first and second gear drive gears and direct reverse gearing. 
Drive gears (FestRad) of other adjustable gears are further pressed on the drive shaft. The drive 
and driven shaft is housed in a pair of tapered roller bearings in the “X” configuration. These 
bearings consist of an outer and inner ring with conical and conical cogs.

 

Fig. 1. Section view of a drive shaft 
Fig. 1 - Section view of a drive shaft
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RESULTS AND CONCLUSIONS

When simulating a load of 2.1 kN, which corresponds to the maximum force acting from the 
sprocket at a maximum torque of 120 Nm, the shaft displacement in the Y direction was 0.06 
mm. The housing of the gearbox in which the shaft was mounted was deformed at the bearing 
location in the Y-direction by 0.016 mm on one side or on the one hand, 0.01 mm on the other. 
This means that the shaft deflection is 0.05 mm. 

 

Fig. 1. Analysis of drive shaft deflection. Fig. 2. Analysis of drive shaft deflection.

In the case of shaft load on the test machine, the shaft deflection was 0.056 mm.

 
Fig. 1. Shaft deflection measured on the test machine. Fig. 3. Shaft deflection measured on the test machine.
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ABSTRACT

The paper presents selected results of non-destructive testing of composite helmets with 
deliberately introduced defects. Ultrasound pulsed infrared thermography was used for the tests 
and, in order to determine the initial possibilities of this method, artificial defects of Teflon with 
different sizes of surface to simulate delamination were placed between layers of the aramid 
composite from which the helmet was made. The obtained results confirmed the effectiveness 
of the method used in this application.

Keywords: non-destructive testing, IR thermography, ultrasonic.

INTRODUCTION

In recent years, composite materials have been used more frequently in lightweight ballistic 
armor designs. This is because advances in polymer chemistry have enabled the production of 
materials able to protect against impacts from small arms and other fragments. Woven (textile) 
materials combined with plastic are usually used, creating multi-layer composite materials 
used for personal ballistic armor (vests and helmets), armored vehicles, and solid objects. This 
type of composite material is largely manufactured on the basis of highly resistant aramid and 
polyethylene fibers combined with phenolic and polyurethane resins and other flexible blends. 
These materials are characterized by being lightweight, corrosion-resistant, and easily moldable 
which allows them to be adapted to the surface they are to protect. Material layers can be very 
different from their physical properties, therefore, as such, they are a difficult control task for 
many traditional non-destructive testing techniques. Defects that may appear in this type of 
multilayer composite are usually inaccuracies in gluing composite layers and delamination also 
resulting from the impact of fragments and projectiles.

One of the most effective methods of non-destructive testing in the study of fiber-reinforced 
composite materials is infrared thermography. As shown in many works (Pracht, 2018, Umara, 
2019), ultrasound can be a particularly effective source of thermal stimulation of this type of 
material.

RESULTS AND CONCLUSIONS

In this work, an ultrasonic source with max. 2 kW and a frequency range from 15 to 25 kHz 
was used. Infrared image sequences were recorded using a FLIR 7600 SC infrared camera, both 
in heating and cooling phases. Pulse Phase Thermography (Maldague, 2001) was used in the 
analysis of the thermograms. Teflon defects in the shape of squares inserted into the helmet, 
had a thickness of about 0.1 mm and a surface difference of 0.5 cm2 (defects D1, D2 and D3), 1 
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cm2 (D4, D5, D6), and 1.5 cm2 (D7, D8, D9). Eight defects were placed at a height of 100 mm 
from the top of the helmet, and one defect at a height of 150 mm. The layout of the defects in 
the helmet is shown in Figure 1. Selected results are shown in Figure 2.

Fig. 1 - Diagram of the location of defects in the helmet

 

D1 

D7 

D3 
D9 

D5 

D9 

D5 

D2 

Fig. 2 - Phase images of helmets obtained for various test parameters:  
a - generator power 0.9 kW, stimulation time 100 s, registration time 240 s;  
b - generator power 0.9 kW, stimulation time 80 s, registration time 240 s.

Analysis of the results obtained from thermographic testing of helmets with deliberately 
introduced defects showed that phase image defects are more clearly visible and the area of 
their occurrence in the helmet is more easily identified.
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ABSTRACT

The Structural Health Monitoring (SHM) of civil engineering structures faces several 
challenges and presents a very important stake for human and material security. The main 
issue lies in defining a powerful and precise methodology of damage detection. This work 
deals with continuous monitoring of a concrete arch dam Eigen frequencies using a new SHM 
system architecture. From asynchronous ambient vibration measurements, data are compacted 
in-situ and the most significant information is kept. Using Internet of Things (IoT), reduced 
data are transmitted to a central computer. Eigen frequencies are then identified employing 
the Covariance-Driven Stochastic Subspace Identification method (SSI-COV). A simplistic big 
data approach has been carried out to identify correlations between Eigen frequencies, concrete 
temperature and air temperature.

Keywords: Structural Health Monitoring, Operational Madal Analysis, Internet of Things, 
Asynchronous acquisition. 

INTRODUCTION

Civil engineering structures are confronted to several hazards that can cause their degradation. 
The monitoring of these structures presents a very important challenge in order to ensure human 
and material safety. The control and the follow-up, also called Structural Health Monitoring 
(SHM), are generally carried out by monitoring the dynamic characteristics using vibrational 
measuring means (Yan YJ, 2007). The instrumentation system is composed of sensors, an 
acquisition system, GPS, cables to ensure synchronization, and means of data transfer (ADSL). 
Data processing is performed ex-situ using Operational Modal Analysis technics (OMA) 
in order to evaluate structure performances subjected to ambient vibration conditions. This 
classical architecture has several drawbacks. In fact, for some civil engineering structures, 
such as historical monuments, cabling can become a crippling problem. In addition, time 
synchronization requires a certain number of satellites to be visible for the GPS antenna, which 
is not always possible in a large building or in a tunnel. Finally, continuous monitoring requires 
the processing of a large quantity of data, a powerful computing center and a large amount of 
memory (Zhu, 2018). The aim of this work is to develop new monitoring system architecture 
in order to facilitate the monitoring process and to ensure gain in terms of feasibility and 
economy. Based on the ergodic nature of the signals, this goal can be achieved by reducing the 
amount of data, by using Internet of Things for data transfer and by adapting Operational Modal 
Analysis algorithms (Tokognon, 2017). In this article, a new SHM system architecture is set 
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up for the identification and the monitoring of the natural frequencies of Ribou arch dam. The 
Eigen frequencies identification method used is the COVariance-driven Stochastic Subspace 
Identification method (SSI-COV) for its accuracy (Frigui, 2018). 

     

 
Fig. 1 - Installation of monitoring equipment on the Ribou dam

RESULTS AND CONCLUSIONS

Fig. 2 - Concrete temperature and Ribou arch dam Eigen frequencies variations over a period of one year  
(March 2018 – March 2019) 

The measurement results on the Ribou arch dam helped make the following conclusions:
 – the compression rate of in-situ information was very important (1: 300000)
 – the identification of the Eigen frequencies did take place from reduced data (2 SMS / day)
 – there was a slow variation of Eigen frequencies during one year and which was mainly 

related to temperature changes.

Further measures on the dam are planned in order to identify higher frequencies and to study 
their variations according to several parameters (water level, concrete temperature, ambient 
temperature, etc.).
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ABSTRACT

Ultrashort pulsed laser texturing has been performed on stainless steel specimens to achieve 
hydrophobic and antibacterial properties. Surfaces characterised by nanoscale laser-induced 
periodic surface structures (LIPSS) and larger spikes structures are compared in terms of 
topography, wettability and bacterial attachment with control samples representing current 
practises within the food handling industry (Sa = 0.37 µm) and mirror-polished samples 
(Sa = 30 nm). It is shown that LIPSS provide the ideal combination of low wettability, low 
surface roughness and a topography with a high density of peaks to reduce attachment of both 
Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) bacterial cells.

Keywords: Laser Materials Processing, Ultrashort Pulses, Wettability, Bacterial Attachment.

INTRODUCTION

Ultrashort pulsed laser processing is an effective approach for achieving specific surface 
functionalities such as very low wettability (hydrophobicity) and self-cleaning or antibacterial 
behaviour (Kietzig et al., 2009). At low pulse fluence, ultrashort laser pulses produce laser-induced 
periodic surface structures (LIPSS) perpendicular to the polarisation orientation with a feature 
size similar to the laser wavelength (Gnilitskyi et al., 2017). Such structures have been shown 
to be appropriate for anti-bacterial surfaces due to their low wettability, low surface roughness 
and nano-scale topography that limits the available contact area for bacterial cells (Lutey et 
al., 2018). At moderate fluence, laser interaction leads to larger bumps and spikes with super- 
imposed LIPSS that become superhydrophobic over time and therefore highly water repellent. 

The present work sees texturing of mirror-polished 316L stainless steel specimens with linearly 
polarised 350 fs laser pulses of wavelength 1030 nm for the production of superhydrophobic and 
antibacterial surfaces destined for the food production industry. Two different structure types, 
LIPSS and spikes, were produced with optimised parameters at low and moderate pulse fluence, 
respectively. The surfaces were analysed with a Taylor Hobson Talysurf optical profiler and 
custom-made shear force microscope (ShFM) to acquire the surface topography and derive the 
average areal roughness and density of peaks. Wettability tests were performed with a Dataphysics 
Instruments OCA20 goniometer to determine the static water droplet contact angle and sliding 
angle for all surfaces. Bacterial attachment tests were then performed by submerging samples into 
separate solutions containing Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) 
bacteria for two hours and quantifying residual micro-organism numbers in terms of colony forming 
units (cfu) in line with ISO 18593 for horizontal sampling methods. Laser-textured surfaces were 
compared to control samples representing current practises within the food handling industry  
(Sa = 0.37 µm) and mirror-polished samples (Sa = 30 nm) of the same composition.
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RESULTS AND CONCLUSIONS
The results of surface roughness and wettability analyses are summarised in Tab. 1. Large 
differences can be seen between all tested samples. Laser-textured spikes exhibit high roughness 
and a low density of peaks but are superhydrophobic with a very high static contact angle and 
low sliding angle. LIPSS samples instead exhibit relatively low surface roughness and a lower 
static contact angle but are characterised by a very high density of peaks, greater than the 
minimum threshold value for reduced bacterial adhesion, 1 µm-2 (Lutey et al., 2018). Both 
control and mirror-polished samples have a static water contact angle less than 90°.

Table 1 – Roughness and wettability parameters of all tested surfaces.

Parameter Control Mirror-Polished Spikes LIPSS
Areal roughness, Sa (nm) 370 30 8600 90
Density of peaks (µm-2) - - 0.002 1.1
Static water contact angle (°) 71 85 160 119
Water sliding angle (°) - - 14 -

The results of bacterial attachment tests are presented in Fig. 1. E. coli displays strong dependence 
on surface topography and little dependence on wettability or surface roughness, as bacterial 
adhesion increases for polished samples and laser-induced spikes. E. coli adhesion is instead 
more than two orders of magnitude lower for LIPSS due to the high density of peaks. S. aureus 
instead shows stronger dependence on wettability and surface roughness, with attachment being 
lower than control samples for both mirror-polished samples and laser-induced spikes. LIPSS 
perform the best due to the optimum combination of low surface roughness, small structure 
size and low wettability. Ultrashort pulsed laser texturing is therefore a promising method for 
producing hydrophobic and antibacterial surfaces.

Fig. 1 – Bacterial attachment on mirror polished and laser-textured surfaces.
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ABSTRACT

The megatrend of the digitization of the industry is picking up speed. Today, the digital twin is 
an important component in the strategic positioning of a manufacturing company. The Gartner 
Report predicts that more than 50% of large industrial companies will be using the digital 
twin and that the effectiveness of the companies can be increased by up to 10% by 2021. For 
this, it is necessary on the one hand that the products are equipped with sensors, in order to 
be able to provide the data for the digital twin. On the other hand, it is also necessary to be 
capable to evaluate the data unambiguously with regard to the products and to be able to initiate 
appropriate measures to control them. In addition, insights can be gained into the improvement 
of subsequent product generations and their production.
The virtual representation of the product over its lifecycle requires a coupling with the real 
environment, in which lifecycle data are recorded via sensory systems and continuously 
imported into the virtual environment. Thus, the information and actual properties in the digital 
twin are mapped to the real conditions and the product condition in a dynamic data model. For 
this, it is necessary to integrate the information into the data systems of the product development 
and manufacturing processes. Based on this data, the behavior can be virtually tested, analyzed 
and predicted before actual production and use. This enables the engineer and manufacturer to 
further develop the product at reduced costs as early as the design phase. 
The virtual validation is significantly extended by the collected database in the digital twin. For 
companies, this means a reduction of costs by reducing material and time expenditures as well 
as process times - for example, with increased utilization time. 
On the basis of this study, a product example will be used to show which framework conditions 
are necessary for the use of the digital twin and which effects can be achieved in product 
development. It is also estimated to what extent the quality of the product and the process can 
be improved. 
In the area of additive manufacturing, for example, the question arises how quality data can 
be used either to control the machine parameters of the printing process in a targeted manner 
(feedback-to-planning) so that the desired product quality is achieved, or to adapt the product 
models before manufacturing (feedback-to-engineering) so that the desired product quality can 
be produced with existing parameters.
The data alone is of little use to the companies. In addition to methodological and organizational 
issues, it is also necessary at the technological level to prepare the data for the various lifecycle 
phases of the product development process. This is where automated data evaluation in the 
form of AI comes in. Algorithms allow data evaluation by identifying patterns and deviations 
and consequently interpreting them for feedback-to-planning and feedback-to-engineering.

Keywords: Additive Manufacturing, Digital Twin, Intelligent Manufacturing System
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ABSTRACT

For the manufacture of products in selective laser melting, the components must be fixed on 
the construction platform (Zaeh and Branner, 2010). Depending on the type of component, 
support structures corresponding to its geometry are used in construction process planning for 
this purpose. The placement method depends on the geometry of the component itself. Straight 
downward surfaces must be fixed by support structures(Gan and Wong, 2016). 

Only in rare cases the component can be manufactured as a self-supporting structure(Hussein 
et al., 2013). For a simple design of the supporting structures, the construction direction and the 
possible distortion of the components have to take into account when in the design process. In 
addition, the shape of the support structure plays a central role(Calignano, 2014).

The support structures can be manufactured in different thicknesses and cell types depending on 
the required stiffness. For example, it makes sense to use light support structures for low-stress 
and almost distortion-free components and very solid support structures for a secure connection 
of the component to the construction platform in the case of distortion-rich components. The 
required support volume and the stiffness of the support structures depend on the material and 
geometry of the component.

Several commercial software has been developed in order to aid the design of supporting 
structures. Nevertheless, these tools do not provide hints about the best auxiliary geometries to 
be adopted, leaving this decision to the experience of the user.

For this reason, a Computer Aided Engineering (CAE) tool (referred in the following as generator) 
has been developed to aid the decision-making problem concerning the design of supporting 
structures. This study compares and evaluates the various possibilities for using the generator, 
the achievable properties of the support structures and their influence on component quality. 

In particular, the tool has been developed in relation to Selective Laser Melting (SLM) of metal 
powders 

The aim is to provide the user with different classes of support structures and also to propose an 
optimized connection depending on the geometric characteristics of the components. For this 
propose, some generative parameters of the supporting structures (such as the pattern type and 
the support density) are managed by the user.

The intuitive tool for generating the support structures enables the operator to place his 
component in an optimized way during the construction process and to produce it afterwards 
minimizing the part distortion. The shape and amount of supporting structures contributes to 
determinate the time required for part construction (Lindemann et al., 2013; Nopparat, 2015; 
Kellens et al., 2017). Nonetheless, the adoption of supporting structures requires additional 
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energy during the process and leads to the transformation of material that can not be reused in 
next processes. For this reason, both the weight of support and the estimated building time are 
direct indicators of the process sustainability in terms of environmental and economic impact.

These indicators are automatically calculated by the generator to determine the optimal 
orientation of the part under given support structures generative parameters. In particular, a 
Genetic Algorithm (GA) based approach is adopted to determinate the optimal orientation 
according to weighted aims imposed by the user(Phatak and Pande, 2012).

The tool is applied to a case study in order to evaluate its applicability. 

The impact indicators related to different manufacturing conditions are presented, thus showing 
the influence of supporting structures in determining the sustainability of parts obtained by the 
mean of SLM.

Furthermore, the efficiency of the supporting structures in reducing part distortion is evaluated 
for the different cases.

Keywords: Additive Manufacturing, Selective Laser Melting, Build-orientation, Intelligent 
Manufacturing System
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ABSTRACT

Feature and structure identification in medical images allows a faster identification of certain 
anomalies and diseases. The study presented here enables the automatic reconstruction of the 
arterial bifurcation lumen axis using carotid B-mode ultrasound images. The segmentation 
methodology introduces new indexes in the automatic process aiming better accuracy in the 
selection of the correct artery structure as compared to previously published developments.

Keywords: Doppler ultrasound, carotid artery, B-mode images, segmentation algorithms.

INTRODUCTION

Carotid sonography, a fast and inexpensive technique, is extremely useful in the initial 
evaluation of symptomatic patients who present nonspecific symptoms related to stenotic or 
embolic accidents. Transverse ultrasound images of the carotid artery bifurcation and image 
segmentation provides data for reconstructing carotid luminal surface (Castro et al. 2018). The 
aim of the ongoing project is to convert morphologies of patient-specific vascular domains into 
flow domain used to simulate blood flow by means of computational fluid dynamics (Sousa et al. 
2014). Nevertheless, automatic segmentation of the lumen is still a challenge due to low quality 
of images and presence of other elements such as stenosis and malformations that compromise 
the accuracy of the results (Jodas et al. 2018). 

RESULTS AND CONCLUSIONS

Image assessment of the arterial system plays an important role in the diagnosis of cardiovascular 
diseases (Goddi et al. 2017). Doppler image segmentation relies on blood structures associated 
with the lowest values for luminance and on luminance grading from top to bottom of the 
images. Low contrast, shadows and echo artifacts degrade medical images. It is crucial to 
carry out a pre-processing step provided features of interest for lumen segmentation are not 
lost. Gaussian low-pass filters have been applied attenuating high-intensity noise points in 
the intensity distribution and reducing speckle noise, improving the signal to noise ratio. A 
complementary approach for automatic identification of lumen and wall arteries introduces 
new mathematical indexes capable of keeping the segmentation process in the correct track. 
Circularity index, irregularity index and centrality index based on medical facts such as healthy 
arteries are circular, arteries present a non-disruptive smooth structure and medical specialists 
keep the artery as close as possible to the image centre. The new algorithm for image processing 
and analysis was implemented using Matlab 2018a.
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Using a new ultrasound system Philips Affiniti 50G with a broadband linear array L12-
4 transducer, a qualified medical technician acquired Doppler transversal images from two 
specific patients with severe carotid disease. Patient-specific 3D bifurcation models were 
reconstructed from segmented transversal B-mode images. The main difficulty is associated 
with bifurcation; the transition from the central axis of the common carotid artery to the central 
axis of the internal and external carotid arteries is a challenge. Figure 1 presents the central axis 
reconstruction using B-spline methodology. 

 
Fig. 1 – Carotid bifurcation reconstruction for two specific patients

The main advantage of the developed methodology is the user-independent ability to assign 
the correct number of regions of interest. This ability indicates the possibility of implementing 
a fully automatic segmentation algorithm even in images corrupted by noise. The difficulty 
remains on the correct identification of the artery centers for extremely irregular shapes. Despite 
of the good results applying the new proposed index methodology further study to perform 
accurate selection and segmentation is under development.
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ABSTRACT

Biodegradable metals (BMs) are selected and designed for their use in temporary implants, 
aimed at supporting tissue remodeling, regeneration and healing for limited time. The main 
constituents of BMs and related alloys should be essential metallic elements that can be 
safely metabolized by the human body. Their combination should also provide an appropriate 
degradation rate by homogeneous corrosion mechanisms as well as suitable strength and 
toughness properties to sustain static and dynamic loads.

BMs can be classified into three main groups: Fe-based, Mg-based and Zn-based alloys. In 
recent years Zn attracted increasing attention due to its biodegradation rate, the specific role as 
essential element in human nutrition and the effects on cell proliferation and in the immune and 
nervous systems. Despite these advantages, pure Zn is very soft and strengthening strategies 
have to be designed in Zn alloys for achieving the required combination of strength and ductility. 
They consist in tuning the chemical composition with the use of non-toxic elements, and on 
manipulating the alloy microstructure to refine grain size and promote a fine dispersion of 
second phases. 

On this basis five Zn alloys (Zn-5.0Ag, Zn-5.0Ag-0.25Mn, Zn-5.0Ag-0.50Mn, Zn-7.5Ag-
0.50Mn, Zn-7.5Ag-0.75Mn) have been prepared and characterized. They were cast on a 
laboratory scale by using pure ingredients (Zn: 99,995%; Mg: 99,95%; Ag: 99,5%; Al: 99,995%; 
Mn: 99,95%). Melting was performed in cylindrical graphite molds. The cast samples were 
annealed at temperatures ranging from 350 to 410°C, depending on alloy composition. 

The microstructure of the alloys has been investigated through differential scanning calorimetry 
(DSC), X-ray diffraction (XRD) and optical microscopy (OM) and scanning electron microscopy 
(SEM), while the mechanical properties have been determined through hardness and tensile 
tests. 

Analyses of microstructures depicted in Fig. 1 revealed that the Zn-5Ag alloy substantially 
consists in coarse h-Zn grains with evidence of twins at their interior. The addition of 0.25 wt.% 
Mn to form Zn-5.0Ag-0.25Mn alloy promoted the appearance of grain boundary precipitates 
having a tiny lamellar structure, presumably based on the Zn-Zn13Mn eutectics. Increasing the 
concentration of Ag and Mn led to a significant grain refinement and to the increase in volume 
fraction of both the eutectic constituent (in case of alloy Zn-5.0Ag-0.5Mn) and of the fraction 
of primary ε-AgZn3 phase (visible in Figure 1 for Zn-7.5Ag-0.75Mn alloy).
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                Zn-5.0Ag                      Zn-5.0Ag-0.25Mn              Zn-5.0Ag-0.50Mn              Zn-7.5Ag-0.75Mn

Fig. 1 - Optical micrographs of the Zn-5.0Ag, Zn-5.0Ag-0.25Mn,  Zn-5.0Ag-0.50Mn  and  Zn-7.5Ag-0.75Mn 
alloys after annealing 

DSC scans collected on cooling from liquid stage allowed identifying the sequence of alloy 
solidification. Fig. 2 summarizes the DSC scans collected at a cooling rate of 15°C/min. The 
cooling curve of the Zn-5.0Ag alloy confirms the presence of a peak visible at about 420°C 
(as a shoulder of the main peak) that corresponds to the formation of primary ε-AgZn3 phase 
and of a wider peak centered at 400°C involving the peritectic transformation to produce the 
h-Zn solid solution. Adding Mn to the Zn-Ag alloy results in a shift of the peritectic reaction to 
slightly higher temperature (to about 410°C in all the investigated alloys) while the increase of 
the Ag content from 5 to 7,5 wt.% led to a widening and shift of the peak related to the primary 
ε-AgZn3 phase, in accordance with the enrichment expected from phase diagrams.
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Fig. 2 - DSC curves recorded on cooling.

Table 1 summarizes the hardness of the alloys, both in as cast condition and after annealing. The 
results confirm that hardness can be significantly increased by alloying with Ag and Mn up to 
values of interest for the application as biodegradable devices. From hardness measurements, 
no distinct trend can be identified among the different investigated alloys. 

Table 1 - Average Vickers micro-hardness and standard deviation.

Alloy As cast Annealed
Zn-5.0Ag 53.1±3.7 76.7±2.4
Zn-5.0Ag-0.25Mn 63.0±4.1 71.8±4.3
Zn-5.0Ag-0.50Mn 62.8±5.0 72.7±2,6
Zn-7.5Ag-0.50Mn 66.6±2.5 68.7±4.0
E (Zn-7,5Ag-0,75Mn) 69,3±4,4 74,9±5,0
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ABSTRACT

The purpose of this study is to understand the perception of Italian companies with respect to 
the environmental management system standard ISO 14001:2015 in terms of motivations that 
have guided the adoption, benefits and barriers found. In addition to this, it has been tried to 
understand what was the perception of companies with respect to the new elements introduced 
by the latest version of the standard, also in terms of comparison with the previous version 
of 2004, in order to understand to what extent these changes have been perceived in terms of 
improvement by organizations.

Keywords: ISO 14001; Environmental Management Systems; Environmental management; 
Sustainability.

INTRODUCTION

The UNI EN ISO 14001 standard is part of the ISO 14000 family of standards; it offers practical 
tools to companies and organizations wishing to better manage the environmental impacts of their 
business. The ISO 14001 standard in particular establishes the criteria for the implementation 
of an effective Environmental Management System (EMS) (Murmura et al, 2018). To date, 
there are over 300,000 ISO 14001 certifications worldwide, present in 171 countries. Italy 
is the second country in the world for the number of ISO 14001 certifications, with 10.680 
certifications at the end of 2017, preceded only by China which has 94.865 ones (www.isotc.
iso.org). The ISO 14001 standard, thanks to its international diffusion, has become the main 
reference in the field of corporate environmental management for over twenty years (Boiral et 
al., 2018) and for this reason, it has always been widely debated by academics and managers. 
According to the study of Bansal and Roth (2000), Heras-Saizarbitoria et al., (2016) and Santos 
et al. 2015, three types of motivations can be identified that encourage companies to adopt an 
Environmental Management System based on an international standard: ethical, competitive 
and relational motivations. The literature also suggests that two main theoretical approaches 
can be distinguished regarding the motivations that drive companies to implement an EMS. The 
first refers to factors of an external nature, connected to the pressures that may come from the 
market, the company or national and international legislation (Heras-Saizarbitoria, et al., 2011), 
while the second approach, instead, focuses on the motivations related to the internal improvements 
that can be achieved through the implementation of the EMS, which include factors such as: the 
strategy and the internal capacities of the organization; human resources, such as management 
skills or ability to motivate environmental action paths. Considered that, the aim of the research 
is to understand the main motivations of Italian companies in implementing an EMS, the main 
benefits and barriers found in the adoption and the perception of companies with respect to the 
new elements introduced by the latest version of the standard ISO 14001:2015.
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RESULTS AND CONCLUSIONS

From Table 1 it emerged that, the main motivations that guided companies in implementing 
an EMS were the improvement of corporate image (4.29), the possibility to work in respect of 
the environment (4.28), the alignment with environmental laws (4.22), the possibility to have 
continuous improvement of environmental performance (4.11) and to avoid potential negative 
environmental impacts (4.12).

Table 1 – Motivations that pushed companies to ISO 14001 implementation

Motivations Mean St. Dev.
Customer pressure satisfaction 3.17 1.39
Achievement of an environmental strategy 3.79 1.10
Operation in the respect of the environment 4.28 0.89
Integration with other management systems in the company 3.85 1.20
Spread of environmental skills and responsibilities at all levels of the company 4.02 0.94
Reduce in business costs 2.81 1.19
Maintain a competitive position in the reference market 3.71 1.22
Avoid potential negative environmental impacts 4.12 1.00
Improvement of corporate image 4.29 0.85
Alignment with environmental laws 4.22 0.91
Obtaining a continuous improvement of environmental performance 4.11 0.95
Improvement of employees’ environmental awareness 3.85 1.06

The empirical survey conducted in this study has allowed to confirm the importance of the ISO 
14001 environmental standard within the Italian economy. The motivations that lead companies 
to get certified are many and not always due to the desire to satisfy the strong environmental 
sensitivity of the entrepreneur.
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ABSTRACT

The smoothed molecular dynamics (SMD) method can use much larger time step size than 
traditional molecular dynamics (MD) with the aid of a background mesh and the mappings 
between the mesh nodes and the atoms. However, the original SMD method was only well 
validated for pure metals. This work investigates the influences of the mass ratio between 
different atoms and the potential parameter on the accuracy when the alloy is simulated. Based 
on the simulation results, novel schemes are developed to improve the accuracy of the SMD 
method for alloys. Novel mapping functions with much better accuracy are also employed to 
improve the local accuracy.

Keywords: smoothed molecular dynamics, molecular dynamics, alloys, shape function.

INTRODUCTION

The MD method is widely used in nanoscience and problems under extreme condition. However, 
the temporal and spatial scales in MD simulation are too limited due to huge number of atoms 
and tiny time step sizes. The smoothed molecular dynamics (SMD) method was proposed in 
our previous work (Liu, 2007) by introducing one set of background mesh into MD flowchart, 
and the time step of SMD method can be one order higher than that of MD method. Recently, 
improvement schemes, such as the coupling scheme with MD, the parallel scheme, and the 
alternating SMD method, have been developed. SMD also serves to bridge the MD method and 
the continuum-based material point method to a seamless multiscale method (He, 2017).

The original SMD method was only thoroughly studied for pure metals. In this work, we 
examine the accuracy of SMD for alloys. The influences of the mass ratio and the parameters of 
interaction potential of two types of atoms are investigated. A multigrid technique is developed 
in SMD framework to improve the accuracy for systems with two types of atoms. Furthermore, 
the linear mapping function is used in the original SMD method, which limits local accuracy 
due to the excessive smoothing of high-frequency modes. Some higher-order mapping functions 
are employed to replace the linear mapping function in SMD method, and their performance is 
examined in detail. 

RESULTS AND CONCLUSIONS

The examples of impact of 1D atoms chains and the propagation of wave are examined. Cases 
using different mass ratios and interaction potential parameters are simulated by MD method 
and SMD method, respectively. The results show that the mass ratio between two types of 
atoms has much less effect on the accuracy while the interaction potential parameter dominates 
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the accuracy. Both the SMD method and the developed multigrid scheme can give nice results 
when the interaction parameters of different atoms are close. The multigrid scheme can obtain 
much better accuracy than original SMD method when the difference of interaction parameters 
of different atoms is large.

The accuracy loss by the linear mapping function can be well reduced by using higher-order 
functions. An example of wave propagation in a plate is shown in Fig. 1. The region below 
the red dotted line is simulated by MD method while the region above is simulated by SMD 
method. The result in Fig. 1(b) (using higher-order function) is much better than that in Fig. 1(a) 
(using the linear mapping function).

      

(a)                                                          (b)

Fig. 1 - Wave propagation in a plate using different mapping functions
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ABSTRACT

7075-T6 aluminum alloy is commonly used in high strength-to-mass ratio applications. However, 
its usage in corrosive environments, with fatigue loads, is still under investigation. Physical 
Vapor Deposition (PVD) coatings can improve the tribological properties of the surface. R=-1 
rotating bending tests on uncoated and PVD Diamond Like Carbon (DLC) coated 7075-T6 
specimens were carried out in laboratory air in order to evaluate the contribution of the coating 
deposition on the fatigue strength of the alloy.

Keywords: light alloys, 7075-T6, rotating bending fatigue, PVD, DLC.

INTRODUCTION

7075-T6 aluminum alloy is a light alloy used in aerospace, marine, automotive sectors (VVAA, 
2001). However, the alloy is susceptible to Stress Corrosion Cracking and Corrosion Fatigue 
(Brown, 1972). The deposition of PVD coatings improve the corrosion resistance and the 7075-
T6 wear behavior (Puchi-Cabrera, 2008). The elevated deposition temperatures of some PVD 
coatings can produce detrimental effects in terms of fatigue strength (Puchi-Cabrera, 2008). 
DLC coating is a low temperature PVD coating. Here a study on the fatigue strength of uncoated 
and DLC coated 7075-T6 at different stress levels is presented. 

MATERIALS AND METHODS

R=-1 rotating bending fatigue tests were carried out on 7075-T6 hourglass specimens. The 
fatigue limit was found by means of a step loading procedure (Baragetti, 2016): for a prefixed 
number of cycles, a load is applied, if the rupture does not occur within this number of cycles, 
the test is repeated with an increased load. The fatigue limit at N cycles is defined by Eq.1:

σmax = σprior + Nf (σfinal − σprior)/N (1)

where σfinal is the maximum nominal stress at the failed load block, σprior at the previous one and 
Nf  is the number of cycles at which failure occurs during the failed block. 

RESULTS AND CONCLUSIONS

In Fig. 1 the results are displayed. A small fatigue strength loss occurs for the coated specimens 
within the 2e5 - 1e7 number of cycles range. This reduction could be caused by the thermal load 
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of the coating deposition. The residual compressive stress state due to the coating deposition 
could induce the small slope of the coated specimens’ data points. 

Fig. 1 – Results.

The fracture surfaces of two DLC coated specimens at different stress levels (Fig. 2) point out 
a greater number of fracture lines for the specimen ruptured at the smallest stress level. A flake 
can be noticed in Fig. 2B. It is due to high plastic deformation before the rupture (high stress).

Fig. 2 – Surfaces: A) DLC, 240 MPa, 1083723 cycles; B) DLC, 290 MPa, 48543 cycles.
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ABSTRACT

Composite laminate structures are prone to probabilistic catastrophic failure due to uncertainty 
in material and strength properties. The Reliability Index Approach (RIA) estimates the failure 
probability as a function of the reliability index and is formulated as a minimization problem. 
For highly dimensional problems and discontinuous implicit structural response functionals, 
gradient-based optimization methods suffer from premature local convergence, or even 
divergence. A new hybrid evolutionary algorithm is developed, to achieve global convergence 
of the RIA problem with practical efficiency.

Keywords: Reliability assessment, Evolutionary Algorithms, Composite Structures.

INTRODUCTION

Consider deterministic design variables, d ∈ Nd, and random design variables and random 
parameters, z ∈ Nz. Now, let y(z) ~ N(0,1) be the set of independent standard normal random 
variables, obtained through transformation of z (Melchers, 1999). The Reliability Index 
Approach (RIA) problem is defined as follows 

min β ≡ || y ||
  y
subject to G (y | d,μz ) = 0 (1)

where G(∙) is the transformed limit-state function, in the standard normal uncertainty space and 
G(∙) = 0 is the failure surface. The solution of this problem is the point on the failure surface 
with the minimum reliability index, β, named the most probable failure point (MPP).
Gradient-based methods only guarantee local convergence and may diverge in high dimensional 
problems and in the presence of discontinuous response functionals. To achieve global 
convergence with efficient computing times a new evolutionary algorithm, named Hybrid 
micro-Genetic Algorithm (HmGA), is proposed with the following novelties: random variables 
are decomposed into magnitude and direction components, the RIA problem is redefined as dual 
problem, with a mixed real-binary coded genotype, and two new evolutionary operators are 
introduced, one for the genetic repair of the solutions, to impose the equality constraint of the 
RIA, and another for the progressive reduction and reallocation of the search domain, implicitly 
guiding the evolutionary process to a region of the failure surface with higher probabilistic 
failure content.
To study the ability of the proposed EA, the reliability indexes of a set of Pareto-optimal 
solutions, from a multi-objective design optimization of shell composite laminate structures, 
are calculated (das Neves Carneiro and António, 2018). Random uncertainty is considered in 
material and strength properties. Results are compared with a gradient-based method and with 
Monte Carlo Sampling (MCS).



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

Bologna/Italy, 4-6 September 201954

RESULTS AND CONCLUSIONS

The results show very good accuracy of the HmGA in predicting the both the values of β and 
the location of the MPP’s, in the failure surface. Comparing the performance of the HmGA 
with a gradient-based method, the maximum relative difference between the estimates of the 
reliability index is inferior to 4.5%. The maximum relative difference in the components of 
the MPP vector is about 4%. MCS was executed for 3 representative Pareto-optimal solutions. 
For each solution 3E6 random samples were evaluated, in the uncertainty space, after which 
two-sided confidence intervals of the probability of failure were calculated. The probability 
of failure estimated by the HmGA, resulting from the predicted reliability index, falls inside 
the confidence intervals calculated after MCS. The downside of MCS is requiring 35 hours 
to evaluate each solution. The computing times of the proposed method are considered to be 
practical, varying between 4 and 12 minutes, attesting the efficiency of the method. Even though 
it performs slower than gradient-based methods, the advantages of the HmGA have to be taken 
into account, mainly the ability to guarantee global convergence, to deal with discontinuities 
and not requiring sensitivity analyses. The proposed method is expected to set the basis for 
further developments on the design optimization of more complex structures with multiple 
probabilistic failure criteria, where gradient-based methods are likely to fail.
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Fig. 1. Relative difference of β, between the proposed EA and a gradient-based method.

Table 1. Accuracy of the proposed EA against MCS.

β pf = Φ (−β) Nº failures pf
low pf

up

(1) 3.552 1.913E-04 587 0.000182384 0.000208949
(2) 4.002 3.144E-05 90 1.67174E-05 3.52014E-05
(3) 4.508 3.266E-06 6 0 3.34302E-06
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ABSTRACT

The presented work will show the highest relevance of solving all the issues related to this 
problem and present the results of the analysis of the main expected potential problems, which 
may occur in the implementation of the INDUSTRY - 4.0 reform. It is proved that the pace and 
level of development of this reform will be determined to a large extent by the effectiveness of 
the individual nodes used and the entire mechatronic system. 

It has also been established that as a result of systematic miniaturization of the nodes of radio-
electronic equipment and microelectronic equipment and microelectronic technology, the 
main problem of these reforms and the implementation of complex technological processes 
is instrumental and technological support, especially with cutting micro-tools and equipment. 
Therefore, on the example of these investigations, methods for improving their performance 
are shown.

Keywords: “industry - 4.0”, mechatronic systems, micro tools for electro technical industry, 
optimization of the design and geometrical parameters of various tools and technological 
equipment.

INTRODUCTION

To date, almost every scientist in any country knows and is unequivocally recognized that at 
the beginning of the XXI century the whole world is at the turn of the fourth scientific and 
technological revolution, which fundamentally should change the style and level of thinking, the 
rules of life for every person and especially the young generation in all countries of the world. 
This is due to the fact that according to many scholars and authors of large-profiled studies on 
the state of the necessary conditions for a worthy meeting of major reforms impending change 
is evaluated as the most comprehensive and ambitious in the history of mankind. It will be held 
under the abbreviated name “Industry - 4”.

During the first industrial revolution, which lasted for more than two centuries for the 
mechanization of certain operations of industry water and steam were used. As a result, the 
second revolution based on electricity were created mass production of many products in 
different areas of the economy. During the third revolution using electronic and information 
technology production processes have become automated. Now, based on the results of the 
third revolution is developing the fourth revolution, which is based on digital technologies, the 
development of which was started in the second half of the last century. It involves a merger of 
several modern technologies and the disappearance of all boundaries between physical, digital 
and biological spheres, is the creation of a cyber - physical systems.
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In other words, the final goal of the “Industry 4.0” reform is full automation and remote control 
of complex technological processes and administrative and financial operations by using super 
modern mechatronic systems.

RESULTS

To create the above-mentioned mechatronic systems, that determine the level and pace of the 
development of the “Industry 4.0” reform it Requires high-precision technological equipment 
and special micro-tools for different purposes.

The presented report will show the classification of the micro-tools used for the production of 
the main units of modern mechatronic systems, as well as ways of systematically improving the 
efficiency of the used individual instrument groups, taking into account the process of intensive 
miniaturization of radio electronic equipment and increasing the level of requirements for their 
performance characteristics.

CONCLUSIONS

• It is established that the rate of development of the INDUSTRY-4.0 reform in a strong 
degree depends on the efficiency of the Operational characteristics of the used mechatronic 
systems.

• It is proved that the output characteristics of individual nodes of the used mechatronic 
systems can be significantly improved by optimizing the design and geometric parameters 
of technological equipment and the manufacturing processes. For example, the hardness 
of hard-alloy precision spiral drills with a working diameter of less than 1 mm and the 
productivity of drilling of printed circuit boards can be increased by at least 25-30%.

• By optimizing the geometric parameters of carbide micro-drills, it is possible to significantly 
improve the chip formation process and their free removal from the cutting zone when 
drilling printed circuit boards, which positively affects the quality of the treated surface and 
subsequently its metallization.
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ABSTRACT

A methodology for numerically analyzing nonlinear dynamic deformation and progressive 
damage of multilayered metal-plastic shells of revolution, accounting for the strain-rate 
dependence of their strength characteristics, is developed.

Keywords: composite materials, shells of revolution, strength, failure, numerical methods, 
explosive loading hybrid.

INTRODUCTION

Due to their effective energy absorption, increased crack-resistance and non-splintering 
character of possible failure, composite materials are widely used in constructing protective 
structures suffering from intensive pulsed loading effects. In this connection, experimental and 
theoretical studies on analyzing the processes of progressive damage, starting from the time of 
initial damage of an elementary layer up to macro-damage of multilayered composite structural 
elements, appears to be vital.

A kinematic model of deformation of a multilayered package is based on the non-classical 
theory of shells, where displacement vector components are approximated by finite series 
through the shell thickness. Geometrical relations are constructed based on the relations of 
the simplest quadratic version of the nonlinear elasticity theory. The stress-strain tensor 
correlation in a composite macro-layer is described based on Hooke’s law for an orthotropic 
body in combination with the theory of effective moduli, and in a metallic one it is described 
in the framework of bilinear strain-hardening yield. The energy-consistent resolving system of 
dynamic equations of hybrid metal-plastic shells of revolution is derived by minimizing the 
total energy functional of a shell as a three-dimensional body. The process of layer-by-layer 
progressive damage of multilayered shells of revolution is described in the framework of the 
model of degradation of their rigidity characteristics, accounting for the strain-rate dependence 
of the strength characteristics of composite materials (Аbrisimov N.А., 2018). The method of 
numerical analysis of the formulated initial boundary-value problem is based on an explicit 
variational-difference scheme (Аbrisimov N.А., 2002).

RESULTS AND CONCLUSIONS

The reliability of the introduced methodology for analyzing dynamic strength of hybrid metal-
plastic shells of revolution was assessed by analyzing the problem of nonstationary deformation 
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and progressive damage of a two-layer metal-plastic cylindrical shell loaded with a pressure 
pulse imitating an explosion of a spherical explosive charge in the center of the shell. The results 
of the comparative experimental-theoretical analysis of the strain-rate effect on the strength of 
the two-layer metal-plastic cylindrical shells are summarized in the Table 1.

Table 1 - Comparison of the numerical and experimental data (Fedorenko А.G., 2005)  
for two-layer metal-plastic cylindrical shells

Reinforcement 
pattern

Condition of the shell

Experiment Constant strength 
characteristics

Accounting for strain-rate dependence 
of strength characteristics

( )045 90
8

;± not failed, loss of stability of 
the steel layer of the shell

failed during the first 
vibration cycle

not failed, partial damage of 
individual layers

It is evident in the Table 1 that the results of numerical analysis of dynamic strength of the two-
layer metal-plastic cylindrical shells, using the model accounting for the strain-rate dependence 
of strength characteristics, are in closer agreement with the experimental data than the numerical 
results obtained using the model with constant strength characteristics.
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ABSTRACT

The paper discusses the issue of evaluating strength and service life of critical engineering 
objects, exploitation properties of which are characterized by multi-parametric nonstationary 
thermal-mechanical effects. The main degradation mechanisms characteristic of such objects 
are considered. Basic requirements to the mathematical models of the processes are formulated. 
A mathematical model is developed in the framework of mechanics of damaged media. The 
model describes processes of inelastic deformation and damage accumulation in creep (Volkov 
I.А., 2017).

Keywords: nonstationary creep, long-term strength, modeling, structural element, mechanics of 
damaged media, temperature, damage degree, durability, failure, service life.

INTRODUCTION

The model consists of three interrelated parts: defining relations describing inelastic behavior 
of the material, accounting for its dependence on the unloading process; kinetic equations of 
damage accumulation; a criterion of strength of damaged material. The relations of nonstationary 
creep are defined by a family of equipotential creep surfaces in the stress space. The surfaces 
have a common center and different radii. The principle of orthogonality of the creep strain rate 
vector to the corresponding surface at the loading point holds. The defining relations describe 
transient and stable parts of the creep curve and the main effects of the creep process in metals 
for various temperatures and multiaxial stressed states. The version of kinetic equations of 
damage accumulation is based on introducing a scalar parameter of damage degree. Energy 
principles are used, and the main effects of nucleation, growth and merging of microdefects of 
the degrading material according to the long-term strength mechanism are taken into account. 
The point at which damage degree reaches its critical value is taken as a strength criterion of 
damaged material.

RESULTS AND CONCLUSIONS

The results of numerically modeling the carrying capacity of the reactor vessel of a nuclear 
power plant in the conditions of a hypothetical emergency are presented. The emergency 
conditions were modeled with the effects of pressure from meltdown, constant internal pressure 
and temperature varying within the analyzed part of the reactor vessel. An axisymmetric reactor 
vessel consisting of a cylindrical sidewall with an elliptical bottom was analyzed. The emergency 
situation was modeled by an effect of internal hydrostatic pressure p1, changing from zero at a 
height of h = 1,5 m above the lowest point from the bottom and modeling a force effect from 
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the meltdown, internal pressure p2 and temperature Т varying within the analyzed part of the 
reactor vessel from 184° to 1510° C. Two values of temperature Т on the region in the apex of 
the outer surface of the elliptical bottom were used in the analysis: T = 594° C (Каzakov D.А., 
1994); and T = 800° C (Е.А. Frizen, 2014). The geometrical dimensions and the version of 
temperature distribution over the reactor vessel surface is shown in Fig. 1. 

Fig. 1 Fig. 2

The four following values of pressure p2 were used in the analysis for the version of the temperature 
field shown in Fig. 1 p2 = 1,25; 1,35; 1,5 and 2 МPа. The damage degree distribution over the 
reactor vessel cross-section at the moment of nucleation of a macroscopic crack is shown in Fig. 
2. The macroscopic crack for both versions of the analysis is nucleated in the central part of the 
elliptical bottom in the vicinity of the median surface 
of the structural element. In Figs. 2 the portion of the 
zone where the macroscopic crack is nucleated is shown 
separately. Fig. 3 depicts damage degree ω as a function 
of time of the process in the most critical zone (point А 
in Fig. 2): the curve 1 corresponds to p2 = 2 MPa, the 
curve 2 - p2 = 1,5 MPa, the curve 3 - p2 = 1,25 MPa. The 
numerical results obtained in the paper agree with the 
analogous results from (Е.А. Frizen, 2014).

ACKNOWLEDGMENTS

This work was supported by a grant from the Government of the Russian Federation (contract 
No. 14.Y26.31.0031)

REFERENCES

Volkov I.А., Igumnov L.А. Vvedenie v kontinualnuyu mehaniku povrezhdennoy sredy. (in 
Rus.), Мoscow, Fizmatlit, 2017, 304 p.

Каzakov D.А., Каpustin S. А., Коrotkikh Yu. G. Моdelirovalie protsessov deformirovaniya i 
razrusheniya materialov i konstruktsiy. (in Rus.), N. Novgorod: Izd-vo Nizhegorodskogo Un-
ta, 1994, 225 p.

Е.А. Frizen, V.P. Semishkin, S.I. Pantyushin. Теrmomehanicheskiy analiz povedeniya korpusa 
reaktora sredney moshnosti v usloviyah tyazholoy zaproektnoy avarii (in Rus.), Gidropress, 
2014.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 61

PAPER REF: 028

A CONTINUAL MODEL OF DAMAGED MEDIA FOR DESCRIBING 
CREEP FAILURE PROCESSES

Ivan Volkov1, Sergey Vlasov2, Svetlana Litvinchuk1(*)

1Research Institute for Mechanics, National Research Lobachevsky State University of Nizhny Novgorod, Nizhny 
Novgorod, Russian Federation
2Federal State Institution «Scientific Research Institute for System Analysis of the Russian Academy of Sciences», 
Moscow, Russian Federation
(*)Email: litvinchuk@mech.unn.ru

ABSTRACT

High-temperature deformation of structural materials (metals and their alloys) is considered, 
as well as the degradation of initial strength properties of structural alloys according the long-
term strength mechanism. The main laws of deformation and damage accumulation processes 
in creep are studied.

Keywords: nonstationary creep, long-term strength, modeling, defining relations, mechanics of 
damaged media, temperature, stress, strain, damage degree, numerical and full-scale experiment.

INTRODUCTION

In the framework of mechanics of damaged media, a mathematical model of long-term strength 
is developed, that describes processes of inelastic deformation and damage accumulation in 
creep (Volkov I.А., 2017). The version of the defining relation of nonstationary creep is based 
on introducing into the stress space a family of equipotential creep surfaces having a common 
center and different surface radii and the principle of orthogonality of the creep strain rate 
vector to the corresponding surface at the loading point. The effect of the accumulated damage 
degree on the physical-mechanical material properties and on the parameters of the deformation 
process is accounted for through effective stresses, based on the concept of degrading continua. 
The version of kinetic equations of damage accumulation is based on introducing a scalar 
parameter of damage degree. The point when the damage degree reaches its critical value is 
taken as a strength criterion of the damaged material.

RESULTS AND CONCLUSIONS

The results of studies of a number of structural alloys at constant temperatures and varying values 
of the stresses assigned in specimens (transfer from one stress level to another) are presented. 
Paper (Каpustin S.А., 2008) presents the results of experimental study of the processes of short-
range high-temperature creep of the VZh-159 heat-resistant alloy. The tests were conducted 
with cylindrical specimens of solid cross-section with the working part of the length l = 50 mm 
and diameter d = 8 mm in the conditions of uniaxial tension for various levels of normal stresses 
σ11 and temperatures Т. Numerical modeling of non-isothermal process of short-term creep 
under irregular nonstationary thermal-mechanical loading up to the nucleation of a macrocrack 
according to the long-term strength mechanism was analysed using the «EXPMODEL» program 
(Volkov I.А., 2016). Figs. 1–2 depict some plotted creep curves, the solid lines on which show 
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numerical modelling, whereas the dotted lines represent the corresponding experimental results. 
The figures demonstrate agreement between the experimental and numerical results. For the 
experiment shown in Fig. 2 the dependences of effective stresses 11σ  (Fig. 3) and damage degree 
ω (Fig. 4) as a function of time of the process are given.

The analysis of the obtained model showed that it describes the main effects observed in 
nonstationary creep of structural materials (metals and their alloys) and degradation of the 
initial strength characteristics of the materials according to the long-term strength mechanism.

Fig. 1 Fig. 2

Fig. 3 Fig. 4
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ABSTRACT

In this article the coupled finite element and singular boundary method are given to obtain the 
numerical solution of the structure-acoustic coupling response of three-dimensional spherical 
shell structure excited by simple harmonic force in shallow water. The finite element method 
(FEM) is employed to obtain the vibration response of spherical shell structure, and the singular 
boundary method (SBM) with Pekeris waveguide Green function is applied to calculate the 
external acoustic field of spherical shell structure. To facilitate the FEM–SBM coupling, the 
fluid-solid coupled boundary conditions are adopted on the surface of spherical shell structure. 
Several numerical examples are carried out to demonstrate the accuracy and efficiency of the 
proposed coupling solver in the solution of acoustic-vibration coupling response of spherical 
shell structure. 

Keywords: Structure-acoustic coupling response, Singular boundary method, Finite element 
method, Pekeris waveguide Green function, Simple harmonic force.

INTRODUCTION

In recent years, the vibration noise and acoustic wave propagation of structures in shallow sea 
has attracted great attention in marine engineering. The most popular numerical methods for 
structural-acoustic coupling analysis are statistical energy analysis method, the coupled finite 
element-boundary element method, etc. The statistical energy analysis method is to statistically 
analyze the average structural-acoustic coupling response in the high frequency range, but cannot 
obtain the structural-acoustic coupling response of localized regions of complex structure. In 
comparison, the coupled finite element-boundary element method has been widely used in the 
structural-acoustic coupling analysis at low and moderate frequency range, and it is based on 
the fact that the vibration response of localized regions can be clearly described. 
However, it should be mentioned that the BEM needs to treat the singular and near-singular 
integrals, which is mathematically complex and requires extensive computational resources. 
In order to overcome these shortcomings of the BEM, the singular boundary method (SBM) 
is proposed in 2009. This method avoids the complex singular integration problem in BEM by 
introducing the origin intensity factor. 
In this study, we establish the coupled model of finite element and singular boundary method 
by the sono-elasticity theory of ships, the fluid-solid coupling boundary condition and the 
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boundary integral equation. Then, the coupled model has been employed in the structural-
acoustic coupling analysis of three-dimensional spherical shell structure excited by simple 
harmonic force in shallow water.

RESULTS AND CONCLUSIONS

Here consider the acoustic radiation of spherical shell structure under two different simple 
harmonic forces: (a) vertically downward axial harmonic force F1 = 100N, (b) vertically 
upward cyclic harmonic force F2 = 1N. The numerical results of the proposed coupled model 
are compared with COMSOL simulation.

 
(a) Vertically downward axial harmonic force           (b) Vertically upward cyclic harmonic force 

Fig. 1 the sound pressure level at different test points (x1 = (2, 0, − 2.5), x2 = (2, 0, 2.5)) under two different 
simple harmonic forces with different frequencies

Numerical results demonstrate that the proposed coupled model works well for the structure-
acoustic coupling response of three-dimensional spherical shell structure excited by simple 
harmonic force in shallow water.
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ABSTRACT

This work deals with measurement of mechanical losses by spinning on a test station. It is the 
current widely used procedure for detecting the effect of various measures to reduce mechanical 
losses in the piston combustion engine. From the point of view of mechanical losses on the 
piston group, these measurements show, as the main deficiency, a greater difference between 
cylinder pressure at engine spinning and cylinder pressure in standard engine operation (i.e. 
combustion of the mixture). A new way of measuring passive resistances by spinning on a 
test station in the laboratory of the Department of Vehicles and Engines (DVE), Technical 
University of Liberec (TUL) eliminates the above-mentioned deficiency for the most part 
by the fact that even when spinning it is possible to increase the pressure in the cylinder by 
means of a proportional pressure valve on the values   common during normal operation of the  
engine. 

Keywords: spinning the piston combustion engine, mechanical losses, loss torque, measuring.

INTRODUCTION

In recent years, are manufacturers of piston combustion engines (PCE) have been constantly 
pushing by legislation to reduce emissions of exhaust pollutants and reduce fuel consumption. 
We are particularly interested in the emission of CO2 emissions in the testing of piston 
combustion engines, which depends on the overall efficiency of the PCE. The overall efficiency 
is determined by the thermal efficiency of the working cycle and mechanical efficiency PCE. In 
research and development of engines is an effort to increase the thermal efficiency of PSM and 
reduce mechanical losses in the engine. The largest share of about 40-50% of mechanical losses 
in the PCE are friction losses on the piston group (piston + sealing piston rings). That is why 
the research of the influence of the construction and material design of the piston group in PCE 
is given a great deal of attention.

The often-used procedure for detecting the effect of various measures to reduce mechanical 
losses in PCE is the measurement of “passive engine resistances” by spinning on a test engine 
station with a dynamometer. The test station must be suitably equipped with a high quality 
torque sensor, stabilization of coolant and lubricating oil temperature in the engine, automated 
recording and evaluation of monitored quantities. 
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RESULTS AND CONCLUSIONS

The measurements were performed on a special DVE test station for the measurement of passive 
resistances by spinning the 4-cylinder spark-ignition engine 1.6MPI, series EA211 from the 
VW group. The valve control mechanism has been disabled (the suction and exhaust valves are 
closed). In the cylinder head were placed instead a fully multifunctional screw fitting (with self-
acting single-way valves) instead of spark plugs. Operating modes verification measurement 
at the test station: coolant temperatures 85 °C and lubricating oil temperature 90 °C, various 
engine speed (1000, 1500, 2000, …, 5500 rpm), various air pressure at the inlet to automatic 
single-way valves (1, 2, 3, …, 5 bar- the maximum possible pressure 5,5 bar). 

The measured torque of the engine has a linear course depending on the maximum cylinder 
pressure (see Fig. 2). This includes friction losses in the engine and negative work of “cycle” 
due to differences in compression and expansion pressure and its magnitude is determined by a 
double frequency of compression and expansion against the actual 4-stroke engine. Measurement 
of passive engine resistances spinning with increasing pressure fillings in the cylinder provides 
important information about properties and behavior of piston rings in conditions close to real 
engine operation. A new way of measuring passive engine resistors by spinning can thus become 
an effective tool in research piston rings.

Fig. 1 – The measurement of “passive engine resistances” 
by spinning on a test engine station with dynamometer.

Fig. 2 – The losses torque dependence on the 
maximum cylinder pressure
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ABSTRACT

New optimization strategies are developed at the German Aerospace Center (DLR) as part of 
the Next Generation Car META-project. Within this project novel vehicle concepts are being 
investigated as the Urban Modular Vehicle (UMV). A high grade of modularity is the main 
design specification of the UMV concept. This significantly influences the design of the main 
structural components. In the presented contribution, the focus lies on the development of a 
new optimisation methodology for casted vehicle node structures. By directly applying load 
distributions obtained for crash simulations, an optimal structural topology can be directly 
obtained considering all applied load cases.

Keywords: crashworthiness, safety, topology optimization, vehicle safety 

INTRODUCTION

Today’s vehicles and their body structures are characterised in particular by their drive train 
technology, package and the given crash certification requirements. Currently, many concepts 
have a traditional combustion engine at the front of the vehicle and a gearbox in the transmission 
tunnel. Due to the electrification of vehicles, vehicle concepts and their body-in-white structures 
must be rethought. 
The UMV concept is a highly modular and intelligent battery-electric vehicle. The modularity 
of the UMV mainly affects the development of its structural design [1]. By dividing the structure 
into a central stretchable floor region (with an integrated battery box) and exchangeable crash 
elements in the front and at the sides of the vehicle, a modular platform can be obtained, on 
which different vehicle concepts (from a basic sub-compact up to a cargo version) can be built 
without significantly changing the global structural architecture of the vehicle.

Fig. 1 – Modularisation concept of the UMV 
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A new methodological approach for the design process of this modular battery-electric vehicle 
was developed. These optimisations and virtual testing strategies were applied to design the 
body structures of the vehicle.

In the floor concept the variable mass of the different vehicle concepts can be directly addressed 
by adapting the trapezoidal crash element, which is positioned at the location of the door sills 
[2]. The functionality and the required energy absorption characteristics of the floor concept 
could be proven in an experimental campaign. 

Other important structural components for passive safety are the frontal crash structures. In this 
concept the frontal crash - and floor structures are connected by casted nodes. These elements 
must sustain all loadings from frontal and lateral crash load cases without failing. For the 
identification of an optimized structural topology a process chain was developed to directly 
identify an optimized structural topology by applying quasi static crash load representations to 
the available design space.

Crash load assessment Process chain for optimization

  

Fig. 2 – Identification of the quasi static crash load representations [left] and the applied process chain for 
topology optimization [right]

In the talk the methodological approach and the derived process chain for the identification 
of the optimized structural topology is presented. The main focus lies on the developed 
optimisation approach to obtain an optimized casted node design fulfilling all stiffness and 
strength requirements identified by crash simulations.
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ABSTRACT

This work focuses on the fracture mechanics properties of polyamide (PA) for selective laser 
sintering (SLS) and investigates the capability of additive manufacturing process to build 3D 
artificial cracks, otherwise impossible to create by classic methods. 

IASCB semi-circular specimen with tilted crack subjected to asymmetric three-point bend 
loading were tested in order to cover a wide range of stress intensity factors (KI, KII and mixed 
modes) and T-stress. Moreover, Digital Image correlation (DIC) technique was used by full 
strain field analysis with the purpose of evaluating the fracture behaviour.

Keywords: Additive manufacturing, Fracture mechanics, Stress intensity factor, Mixed mode, 
IASCB specimen, Elasto-plastic crack, Digital image correlation.

INTRODUCTION

Additive manufacturing is a recent and promising technology which in the last decades has 
become widespread in many different fields. However, the mechanical behavior of the used 
materials has not been completely investigated, especially for what concerns fracture behavior. 
Brugo et al. (2016) have shown on CT specimens that it is possible to insert intentionally cracks 
in any desired direction during the AM process and that the building direction influences the 
fracture toughness. 

IASCB specimens (Saghafi, 2010) were manufactured by SLS with an EOS Formiga P100 
using polyamide PA 2200 powder. This specimen is a semi-circular disk of radius R that 
contains a radial edge crack tilted with respect to the load direction. Cracks were initiated in 
two different ways: they were manufactured during the sintering process or manually initiated 
after the manufacturing (only for mode I). A total of 15 SLS specimens were manufactured 
with different crack angles with respect to a vertical axis (0°, 10° and 50°) and tested with 
different support spans in order to obtain different crack opening mode combinations. The stress 
intensity factors were obtained by the classic mechanical test and by the DIC measurement of 
the displacement and strain field developed at the crack tip. This approach was already used in 
literature (McNeill, 1987) on various types of specimens and proved to be feasible for linear 
elastic fracture problems. 
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RESULTS AND CONCLUSIONS

The experimental fracture tests conducted on IASCB specimens are summarized in the graph 
of Fig. 1, where red and blue circles represent SLS and manually induced crack, respectively.

The KIs of the manually induced crack specimens result to be about 10% lower than the SLS 
ones, because the crack tip is sharper than the printed one due to the limit of the printing 
resolution (0.1mm). The experimental data points of the SLS printed cracks were compared 
with the theoretical criterion MTS (Maximum Tangential Stress) and GMTS (Generalized 
Maximum Tangential Stress). Cleary the GMTS curve fits better because of the fact it also takes 
into account the effect of T-stress. 
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Fig 1 - Mode I and II fracture mechanical results, compared with MTS ang GMTS model (left). Experimental 
stress field developed at the crack tip compared with Irwin theoretical model for stress (right).

As can be seen in Fig. 1 (right), due to the elasto-plastic behavior of the material, the Irwin 
theoretical model does not fit well the DIC data. In order to overcome this issue an approach 
based on the J Integral can be utilized and will be the next development of the research.
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ABSTRACT

Fracture-induced wear is one of the major reasons for the DLC coating failures in the 
tribological application, which involve rubbing of two components that create contact pressure. 
The performance of the DLC was restricted by the fracture toughness which is the ability of 
the material to resist the growth of the pre-existing crack. This study presents the analysis of 
fracture toughness and its mechanism on the novel Pillar and Mesh ta-C coating, as well as the 
conventional ta-C coating for comparison by employing a micro-indentation method. Mesh 
ta-C shows the highest fracture toughness value with 16.6 MPa m1/2, followed by Pillar ta-C 
with 13.4 MPa m1/2, and conventional ta-C 11.7 MPa m1/2. Increased of fracture toughness 
result in higher wear resistance of the Mesh ta-C and Pillar ta-C coating. The improved fracture 
toughness and wear resistance of Mesh and Pillar ta-C is explained by the enhancement of crack 
propagation inhibition by the intersection effect and soft sp2 structure in both coatings.

Keywords: diamond-like carbon, material structure, fracture toughness.

INTRODUCTION

Diamond-like carbon (DLC) coatings are known as remarkable features applied as the solid 
lubricants because of low friction, high hardness as well as wear resistance and chemical 
inertness. Commonly, DLC is deposited with a layer of homogeneous structure except for 
multilayer coating design. The current study investigate the tribological features of the as-
deposited pillar/mesh structure of ta-C coating under base-oil lubrication conditions together 
with conventional ta-C coatings. Pillar and Mesh ta-C coating properties are unique for its’ 
pillar-like and mesh-like-structure, which is characterized by the hardness controlled DLC in 
the direction of the coating thickness. This novel DLC consists of softer topmost surface layer 
sp2–rich pillar/mesh structure and substrate-side sp3–rich conventional ta-C, Fig. 1(a) proposed 
to improve fracture toughness as well as friction and wear resistance of the coating. 

Three types of ta-C were characterized by the structure where conventional ta-C having the 
uniform structure, while the Pillar ta-C and Mesh ta-C are developed with pillar and mesh 
structure deposited on Si-wafer were provided by the Nippon ITF Inc. Indentation tests were 
performed using the micro Vickers hardness testing machine with loads of 0.1, 0.2, 0.3, 0.5 
and 1.0 kgf. The determination of fracture toughness from radial crack formed on the DLC/Si 
system method was established by M. Nastasi et al. (Nastasi et al., 2001). The friction tests were 
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performed via the ball-on-disk tribo-tester under boundary lubrication regime with a constant 
normal load of 1 N. The speed and temperature of the tests were fixed at 0.042 m/s for 60 
minutes that corresponds to 172.8 m of sliding distance and 80°C, respectively. Wear volume 
loss and specific wear rates of the DLC-coated Si-wafer were quantified via Archard wear 
equations by calculating the width and depth of the worn area. 

RESULTS AND CONCLUSIONS

Specific wear rates of the ta-C, Pillar ta-C, and Mesh ta-C is plotted against fracture toughness 
of the coating as in Fig. 1(b). The characterization of the coating by means of its mechanical 
properties is importance to understand the tribological process in the boundary lubrication 
regime since direct contact of coating surface asperities occur. Fig. 1(b) shows that the fracture 
toughness of the coating is inversely proportional to the specific wear rates. Increase of fracture 
toughness result in higher wear resistance of ta-C coating which reduces the effect of fracture 
induced wear. 
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Fig. 1 - (a) Material concept of Pillar/Mesh ta-C, and  

(b) Specific wear rates plotted against fracture toughness of the coating

Fracture toughness of the Pillar and Mesh ta-C coating increased as a result of soft structure 
sp2 phase that terminates the crack propagation through energy release by plastic deformation. 
In addition, Mesh ta-C provides higher fracture toughness as compared to the Pillar ta-C 
coating as a result of combination of intersection effect and soft sp2 structure restraints the 
crack propagation. Introduction of Pillar and Mesh structure to the ta-C coating eliminates the 
brittle characteristics of the conventional ta-C. The soft structure sp2 phase terminates the crack 
propagation through energy release by plastic deformation leads to film toughness enhancement.
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ABSTRACT

Current research is carried out on Steel Framed Tube Tall Structures with Truss Belts, consisting 
of welded connections. The main goal of this research is to illustrate the effects of Soil-Structure 
Interaction on the Performance Point of such structures. For this purpose, two dimensional 40, 
50 & 60 stories Framed Tube Structures, equipped with belt trusses are modeled, analyzed 
and designed according to ASCE 7-10 code, based on 3 soil categories of Rock (Vs>800m/s), 
Dense Soil (500<Vs<800m/s) and Loose Soil (150<Vs<500m/s), taking into account the 
spectral acceleration level of Sa=0.40g. On the next step, Modal Pushover Analyses are 
carried out on models according to FEMA440 guideline, due to which the Capacity Spectrums 
and Performance Point characteristics are computed for each model, using USB97 pseudo-
acceleration spectrums. Finally, the Performance Point characterestics are computed once 
more, taking into account the Soil-Structure Interaction (SSI) for each soil category, according 
to FEMA440 guideline and at last the final results are compared. 

Keywords: Soil-Structure Interaction, Framed Tube Tall Structures, Capacity Spectrum, Modal 
Pushover Analysis, Pseudo-Acceleration Spectrum

INTRODUCTION

Previous experience of earthquakes illustrate that the structures behave nonlinearly during a 
severe earthquake, due to which a huge amount of input energy is dissipated through the form 
of damping and hysteresis. In this research, the Performance Point of framed tube structures 
equipped with belt trusses for models in Fig.1 are computed due to Fig.2, which shows the 

Fig. 1 - Proposed finite element models Fig.2 - Performance Levels based on FEMA440
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general performance point levels according to FEMA440 guideline and are completed using 
Nonlinear Static Pushover Analyses. After completing the requested Analysis on each finite el-
ement model, the final results for performance points of both with and without taking into 
account the soil-structure interaction are indicated in Table 1.

Table 1 – Performance Point results according to FEMA440 guideline.
V = base shear force (Ton) and D = displacement (cm)

Soil Type P.P. 40 50 60
w SSI w/o SSI w SSI w/o SSI w SSI w/o SSI

Rock V 118.9 129.8 162.5 175.9 183.1 197.1
D 51.6 56.3 73.2 80.1 90.1 98.5

Dense 
Soil

V 176.2 187.3 219.9 235.1 257.3 278.1
D 74.1 80.1 109.0 119.0 134.6 147.1

Loose 
Soil

V 251.1 268.0 351.8 372.3 440.2 465.3
D 104.1 113.6 145.3 158.2 179.7 195.8

RESULTS AND CONCLUSIONS

According to the results in Table 1, the Performance Point Displacement average reduction 
percent is about 8.3% for all soil categories when the SSI is taken into account, which shows 
that the different soil categories have almost the same effect on P.P. displacement reduction. 
In case of P.P. Base shear Force, one could observe variations in reduction when SSI is taken 
into account. For Rock category, the P.P. base shear force reduction percent decreases when 
the height of the structure raises from 40 to 60 stories. This starts from 8.4% for 40 St. to 7.1% 
for 60 St. structures. The situation is just the opposite for Dense soil category, in which one 
can observe an amplification from 5.9% for 40 St. to 7.5% for 60 St. structures. For Loose soil 
category, the situation is again similar to Rock, in which it could be observed a base shear force 
reduction of 6.3% for 40 St. to 5.4% for 60 St. In general it could be concluded that the P.P. 
displacement reduction percent mean value is about 8.3% regardless of the soil category. On 
the other hand, unlike the P.P. displacement reduction percent, the base shear force reduction 
percent is obeying a variation, which is an amplification based on height for Dense soil, and is 
a reduction based on height for Rock and Loose soil categories.
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ABSTRACT

This work establishes a new method for individualizing running shoes. The main idea of this 
work is to create 3D printed midsole which has similar cushioning characteristics in objective 
and subjective measurements. The first impact of the traditional running shoes were measured 
by an impactor device. The impact force of different lattice structures which has close rate to 
the traditional running shoes are simulated. Then the lattice structure which provides the lowest 
impact force similar to the traditional running shoe was printed and employed in the midsole. A 
subjective measurement using questionnaire compared traditional running shoe with 3D printed 
running shoe to find the perceived cushioning and stiffness factors. The finding shows that the 
subjective results confirm the objective measurements. 

Keywords: 3D printer, running shoes, lattice structure, cushioning, perception

INTRODUCTION

Endurance running (ER) originated about 2 million years ago with the purpose of surviving, but 
todays it is well known as a sport. ‘ER can be most injurious at the moment the foot strikes the 
ground. Runners repeatedly cope with the impact transient of the vertical ground reaction force, 
an abrupt collision force of approximately 1.5–3 times body weight, within the first 50ms of 
stance phase’(Bramble, 2004). To decrease the collision force, a 3D printer technology employing 
lattice structure’s modification may provide individualized midsole shape and cushioning 
properties. It makes designing more effective by allowing engineers to focus on cell topologies 
rather than overall midsole. The aim of this study is to establish a methodology to achieve a 
personalize running shoe by fulfilling individual comfort requirement. The methodology is as 
follows: Step 1. To produce lattice structures which have cushioning properties comparable 
with running shoes on the market, the cushioning feature of eight traditional running shoes were 
evaluated using an impact device. This device provides time-acceleration profiles by dropping 
4.3 kg sphere on the sample in a defined number of times. Step 2. To reduce the number of 
printed samples, the impact test conditions were modeled and simulated with finite elements 
(Figure 1.a). To verify the reliability of the simulation model, six midsoles were designed 
(using Rhinoceros 3D-Crystallon) and printed with 3D printer namely Selective laser sintering 
(SLS). Step 3. from 15 beam-based and four shell-based structures offered by Rhinoceros 
3D-Crystallon, eight different samples were selected as follows: Body Centred (BC), Body 
Centred Cubic (BCC), Edge Octahedron (EO), Star Tetrahedron (ST), Face Centred Cubic 
(FCC), Dodecahedron (DO), Truncated Octahedron (TO) and Vertex Octahedron (VO). The 
first impact of each midsole (Figure 1.a) was simulated and compared with the first impact of 
eight traditional running shoes (refer to step1).Step 4. The closest first impact to traditional 
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running shoes among the eight simulated midsoles were chosen for midsole printing. Step 5. 
After printing the prototype, the 3D printed running shoes were compared with traditional 
running shoes by seven participants. Each participant compared two shoes (traditional running 
shoe and 3D running shoe) with a questionnaire which included the discomfort perception. In 
addition, for each participant, the sensitivity of foot plantar in six regions was measured using 
the Monofilament Test (0.4 grams, size 3.61)

a
 

b
Figure 1.a impact test simulation 1.b the schematic of the result from impactor device

RESULTS AND CONCLUSIONS

Among 8 structures in Figure 2, the edge octahedron (EO) had the lowest first impact and was 
closest to the traditional running shoes (Figure 2). The average acceleration of first impact of all 
of the traditional running shoes and the EO running shoe were 15G and 30 G respectively. The 
data of only participants (4 females) who sensed all 6 regions in the Monofilament test were 
measured. The perception of cushioning and the stiffness of the EO shoe were estimated to be 
two times greater than the traditional shoe which support the result gained in the impact test of 
cushioning.

a b
Figure 2.a eight lattice structure 2.b the printed running shoe

This finding shows that future work should make more of an effort to individualize a shoe using 
individual perceived discomfort to determine their optimal lattice structure. The author believes 
that the mass production of footwear may decline due to the higher potential comfort level 
which 3D shoes can provide. 
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ABSTRACT

In this paper, the formation of nanotubes on titanium CP2 dental implants and the influence 
of the nanotubes geometrical features on the electrochemical behaviour in Hank’s solution are 
presented. Different kind of electrolytes, from acid to organic-based solutions both containing 
fluoride compounds, have been used to grow the nanotubes on titanium CP2 implants. The acid 
solutions limited the growth of the nanotubes due to the high dissolution rate of the titanium 
oxide (TiO2), while the organic electrolyte allowed to obtain nanotubes more higher, with 
smoother side walls and smaller diameters. The electrochemical characterization has revealed 
a more active behaviour for nanotubes-covered samples compared to samples not covered by 
nanotubes, due to the higher extent area developed by nanostructures. 

Keywords: metallic biomaterials, titanium nanotubes, electrochemical characterization, dental 
implants.

INTRODUCTION

The biocompatibility and the high corrosion resistance of the titanium and its alloys make 
them the ideal devices for biomedical applications [1]. In order to improve the interactions 
between the implants and the host tissues different surface treatments have been studied to 
modify the morphology and chemical composition of devices. The anodic oxidation treatment 
allows to obtain nanostructures able to stimulate osseointegration processes or antibacterial 
activity, as depicted by various papers. On the other hand, the nanostructures with their large 
surface area could affect the corrosion resistance of titanium. In this paper, the morphological 
and electrochemical analysis, carried out by scanning electron microscopy (SEM) and 
potentiodynamic polarization and electrochemical impedance spectroscopy (EIS), respectively, 
of nanotubes formed on dental implant made of commercially pure titanium alloy (CP2), by 
using a solution with hydrofluoridric acid and an organic solution with ammonium fluoride, is 
presented. 

RESULTS AND CONCLUSIONS

The results from the morphological analysis are shown in Fig. 1. The nanotubes grown in 
acid solution presented more larger diameter (in the range of 130–170 nm) than the nanotubes 
produced in organic-based solution (about 70 nm), which presented also smoother side walls 
and major length, as reported elsewhere [2]. 
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a)   b)   
Fig. 1 – SEM top-view pictures of nanotubes formed a) in acid solution and b) in organic-based solution.

The potentiodynamic polarization curves of the nanotubes samples are depicted in Fig. 2a 
and compared with the untreated sample, TiCP2. The nanotubes samples show both a higher 
corrosion potential, due to the presence of the anodic oxide and its thickness, but the “organic 
nanotubes” sample exhibit also the highest passive current density for the greater area exposed, 
due to their longer nanostructures and their higher density.
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Fig. 2 – Electrochemical analysis of samples carried out in Hank’s solution: a) potentiodynamic polarization and 
b) impedance modulus curves, respectively.

The impedance modulus curve for the nanotubes samples, recorded at the beginning of 
immersion in Hank’s solution and reported in Fig. 2b, show the presence of two-time constants, 
due to the structure of double-layer titanium anodic oxide, made of a porous outer layer and a 
dense inner layer. The effect is more significant for the inorganic one, due to its morphology. 
The lower density and the minor length of the inorganic nanotubes sample than of the organic 
nanotubes sample, allow the Hank’s solution to easy penetrate in the bottom of the nanotubes 
and in the gap between them, where precipitation/dissolution processes of chemicals, containing 
Ca, P, Mg, can occur. While, the organic nanotubes with their topography, narrower and longer, 
allow a much slower replacement of the electrolytic solution. In conclusion, the nanotubes 
geometrical features can be optimized to improve the corrosion resistance of dental implants.
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ABSTRACT

This work describes the stress-strain curve determination procedure by using Taylor test. The stress-
strain relation is determined by minimizing the difference between experimental and modelled 
specimen shapes after impact. The deformation diagrams for cupper C101 (as received and 
annealed) obtained using described procedure and using well-known SHPB method are compared.

Keywords: deformation diagram, strain rate, Taylor, modelling, impact, high velocity.

INTRODUCTION

To determine the characteristics of materials at high strain rates, Taylor and Winnie [Taylor, 
1934] developed a method that allows estimating the flow stress based on the analysis of residual 
strains in a cylindrical specimen after hitting a rigid barrier. Widespread approach in which the 
characteristics of the strain hardening of the material is determined by the results of the Taylor 
experiment using numerical simulation. A set of model parameters describing the behavior of 
the yield surface radius is found using an iterative procedure, minimizing the deviation of the 
experimental profile of the sample from the profile obtained in numerical simulation. A similar 
procedure is implemented in this paper.
To find the optimal set of parameters corresponding to the minimum of the objective function, 
the Nelder – Mead method is used [Nelder, 1965]. This is a simple and at the same time effective 
method for optimizing functions without using gradients.

RESULTS AND CONCLUSIONS

The implemented procedure is demonstrated by determining deformation diagrams of the high-
purity copper (C101). Tested sample in the state of delivery (bar with a diameter of 10 mm) and 
after annealing. Comparisons of the residual profiles of the samples after the impact at different 
speeds are shown in Figure 1. The left side of the Figure 1 corresponds to samples in the state 
of delivery, right side - samples of annealed copper.

         
Fig. 1 - Profiles of C101 Taylor samples. Left side – state of delivery, right – annealed
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Figure 2 shows a comparison of the experimental profiles (markers) with the profiles obtained 
in the numerical simulation (solid lines) at the last iteration of the optimization procedure 
for copper samples in the delivery state (left) and after annealing (right). The corresponding 
formulas connecting deformations and stresses among themselves are also given in the figures. 
The curves obtained by solving the inverse problem (color lines) were compared with the 
diagrams determined using the Kolsky method (black lines) [Kolsky, 1949] (Fig. 3). A pretty 
good match is obtained.

         

Fig. 2 - Comparison of experimental (markers) and calculated profiles of samples (solid lines)/ Left side – state 
of delivery, right – annealed

Fig. 3 – Comparison of curves obtained using Taylor and SHPB methods

The implemented procedure allows the construction of material deformation curves, at strain 
rates of more than 104 s-1, and in combination with other experimental methods, it is possible to 
investigate the deformation characteristics of materials in a wide range of the strain rates.
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ABSTRACT

This work compares mechanical behaviour of alpha, alpha+beta and beta titanium alloys in a 
range of strain rates from 0.001 to 1000 1/s and stress triaxiality (0.3–0.6) at room temperature. 
Specimens of titanium alloys were studied under tension using an Instron VHS 40 / 50-20 servo 
hydraulic test machine. Analysis of stress state and strain distribution in smooth and notched 
samples under tension was carried out by computer simulation. The damage accumulation model, 
complemented with phenomenological laws for voids nucleation, growth and coalescence, was 
adopted for describing the fracture process of single and multiphase titanium alloys. It was 
shown that stress triaxiality is important for prediction of damage evolution and fracture of 
titanium alloys at high strain rates. It was obtained that strain localization phenomena play a 
major role in the fracture process at lower triaxiality factor. It is found that the strain to fracture 
of titanium alloy is strongly depended on the stress triaxiality and strain rate above 100 s-1. 
The strain to failure of alpha titanium alloys at room temperature decrease by 3.7 times with 
increasing stress triaxiality from 0.3 to 0.6 in wide range of strain rates. 

Keywords: computer simulation, mechanical behaviour, ductility, titanium alloys, high strain 
rate, stress triaxiality

INTRODUCTION

Frost (Frost, 1983) showed that the generality of the laws of deformation and resolution of 
materials is realized in isomechanical groups with the same crystal lattice. Alpha-titanium alloys 
belong to the isomechanical group of alloys with hexagonal close-packed (HCP) crystal lattice, 
and beta-titanium alloys belong to another group of alloys with body-centered cubic (BCC) 
lattice. Materials belonging to the same mechanical group possess the similarity in mechanical 
behavior in wide ranges of strain rates and temperature owing to the similarity in mechanisms 
of plastic deformation and fracture. Generalization of data on the laws of deformation and 
fracture of alpha titanium alloys in a wide range of strain rates will allow developing a method 
for prediction of titanium structural elements under dynamic loadings (Skripnyak VA, and 
Skripnyak EG, 2017). It was shown that the ductility and strength of titanium alloys in a wide 
range of strain rates depends on the grain size and a grain size distribution (Sharkeev, 2018, 
Skripnyak, 2017, Skripnyak, 2014). Studies of the effect of the triaxiality parameter of the 
stress state on the mechanical behavior of titanium alloys over a wide range of strain rates 
are necessary for the development of adequate constitutive equations and fracture models of 
alloys with HCP and BCC phases. In this study, we study the effect of different values of 
stress triaxiality factor (0.33 <η <0.6) on ductile failure over a wide range of strain rates using 
experimental tests and numerical simulation.
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RESULTS AND CONCLUSIONS

In this paper, mechanical behavior of titanium alloy Grade 6 (this is an analog of VT5-1 or 
Ti-5Al-22,5Sn), Grade 2 (VT1-0), Grade 4 (Ti-6Al-4V), and Ti-45Nb was studied under 
tension in a wide range of strain rates and stress triaxiality (0.0–0.6) at room temperature. 
Smooth and notched specimens were tested at tension velocity from 0.04 m / s to 20 m/s 
using an Instron VHS 40/50-20 servo-hydraulic test machine. Analysis of the experimental 
results is supported by numerical simulations. Detailed information, complementary to the 
test results, is obtained on the stress and strain distribution close to the fracture. A ductile 
fracture at high strain rates occurs in smooth and notched samples. A coupled elastic-plastic-
damage model based on continuum damage theory used to simulate the mechanical behavior 
of alpha titanium alloys with HCP crystal structure. The Gurson-Tvergaard-Needleman 
damage model is adopted for alpha titanium alloys, complemented with phenomenological 
laws for void nucleation, growth and coalescence. The model can accurately predict both 
deformation and damage behaviors of alpha titanium alloys at strain rates from 0.001 to 1000 
s-1 and stress triaxiality from 0.3 to 0.6. The obtained experimental data indicate that there is 
a very strong correlation between the characteristics of the plastic deformation and the rate of 
damage growth. The constitutive and failure model parameters can be determined on the base 
of tensile test results. The constitutive and fracture models have been validated by simulating 
the tension tests.
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ABSTRACT

The paper presents the results of experimental and numerical simulation studies of the mechanical 
behavior of the Mg−3Al−1Zn alloy at high strain rates at room and temperatures up to 673 K. 
The flat samples with a smooth working part and with the notch radius of 10 mm, 5 mm and 
2.5 mm were used. Experimental studies were carried out on the high-velocity servo hydraulic 
test machine Instron VHS 40/50-20. Heating the samples with flat ceramic infrared emitters 
to the set temperatures took on average from 60 seconds to 160 seconds. Temperature control 
in the working part of the samples was carried out in real time using a K-type thermocouple 
(chromel–alumel). It was found that the value of tensile strain to fracture of magnesium alloy is 
decreased twice when stress triaxiality factor increased from 0.33 to 0.5. This effect is realized 
in a wide range of strain rates and homologous temperatures T/Tm from 0.32 to 0.73 (Tm=923 K 
is the melting point of magnesium alloy Mg−3%Al−1%Zn).

Keywords: high-strain rates, damage, fracture under tension, stress triaxiality factor, elevated 
temperatures, and magnesium alloys.

INTRODUCTION

Magnesium alloys belong to the isomechanical group of alloys with a hexagonal close-packed 
lattice, possess enhanced specific strength characteristics and are used to create metallic 
lightweight and reliable structures in aerospace, automotive, biomedicine, and many others 
engineering fields. The mechanism of the ductile fracture of magnesium alloys significantly 
depends on a grain sizes distribution, concentration and sizes hardening intermetallic phases. 
The development of theoretical base for the prediction of ductile fracture of magnesium 
alloys taking into account structural factors in wide loading conditions remains an urgent 
problem. In the last decade, the physical mechanisms of plastic deformation of a number of 
magnesium alloys in a wide range of temperatures and strain rates have been studied (Pan,2016, 
Skripnyak,2018). It is found that the difference in the response of magnesium alloys to tensile 
and compressive loads is due to the peculiarities of the development of plastic deformations 
as a result of twinning and dislocation slip. One of the most important areas of research is the 
development of linked models of plasticity and damage. In these models, the values of inelastic 
deformations and the distribution of micro pores in the material are taken into account when 
predicting changes in the damage parameter (Ulacia,2011, Skripnyak,2018). Results of fracture 
tests of alloy samples with different geometry and notch radius were used for the calibration 
of these models. This article presents the results of experimental and theoretical studies of the 
mechanical behavior of magnesium alloy MA2-1 under tension in a wide range of strain rates at 
room and elevated temperatures, which were used to determine the parameters of elastic-plastic 
deformation and damage models.
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RESULTS AND CONCLUSIONS

Smooth and notched specimens of polycrystalline MA2−1 magnesium alloy were tested at 
tension velocity from 0.04 m/s to 20 m/s using an Instron VHS 40/50-20 servo-hydraulic test 
machine. Grain size distribution of alloy was obtained by EBSD method using scanning electron 
microscope TESCAN. The average grain size of the alloy was ~40 microns. Strain to fracture of 
the magnesium alloy Mg−3%Al−1%Zn under tension at strain rates of 0.001 s-1 and 100 s-1 and 
temperatures of 295K, 473 K, and 673 K versus the stress triaxiality factor is shown in Fig.1.

Fig. 1 − Strain to fracture under tension versus the stress triaxiality factor

The obtained data showed that the increasing the stress triaxiality factor from 0.33 to 0.5 leads 
to decreasing the strain to fracture of MA2-1 alloy twice under tension in the temperature 
range from 295 K to 673 K. The complex of the obtained experimental data made it possible to 
determine the parameters of the Zerilli-Armstrong and Gurson-Tvergaard-Needleman models 
to describe the mechanical behavior of the magnesium alloy MA2-1 at high-speed tension at 
room and elevated temperatures. 
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ABSTRACT
Mechanical Spectroscopy (MS), i.e. damping and dynamic modulus measurements, provides 
information on microstructural features of materials not obtained by other techniques. MS is 
commonly used for investigating physical phenomena and solving practical problems related 
to industrial processes. This work shows that the technique can be fruitfully used to investigate 
also biological tissues and reports the case of human dentin.
Dentin is a complex hydrated biological composite consisting of about 50 vol% mineral in the 
form of apatite, 30 vol% of collagen, and about 20 vol% fluid. Other non-collagenous proteins 
and other organic components are also present in small amounts. 
On a macro scale dentin can be modelled as a continuous fibre-reinforced composite, with the 
intertubular dentin forming the matrix and the tubule lumens forming the fibre reinforcement. On 
a meso scale intertubular dentin is formed by fibres randomly oriented in a plane perpendicular to 
the direction of dentin formation. On a nanoscale the characteristic features are collagene fibrils, 
apatite crystals and water. Each fibre consists of several fibrils (50-100 nm in diameter) which 
exhibit periodically spaced gaps. Three polypeptide chains are wound together in a triple helix. 
The mineral is either within the fibrils or between the fibrils. Water is the third major component 
and is located within and between the fibrils, between fibres and between triple-helical molecules. 
A lot of work has been devoted to investigate the mechanical properties of dentin, however few 
papers deal with its anelastic behaviour. Here we present the results of MS tests carried out from 
room temperature to 673 K. 
Human molars were longitudinally sectioned in order to obtain 0.8 mm-thick slices. From these 
sections bar-shaped samples (length L = 13÷16 mm) have been cut for the tests. The samples, 
mounted in free-clamped mode, have been tested with the method of frequency modulation. 
Dynamic modulus E is proportional to the resonance frequency f :

2

22 12 ρπ
= m h Ef

L
 (1)

where m is a constant (m=1.875), ρ the material density, L and h are the length and thickness of 
the sample, respectively. The damping parameter (Q-1) has been determined from the logarithmic 
decay of flexural vibrations. MS runs has been made on 15 samples by performing heating-cooling 
cycles from 300 to 673 K with constant heating rate of 3.33 x 10-2 K s-1. 
Figure 1 (a) shows the Q-1 and E curves measured along a heating-cooling cycle. From 300 to 
373 K modulus exhibits an increasing trend while Q-1 behaves in the opposite way. It is known 
that heating up to 373 K affects only residual water present in the pores of dentin without 
altering the molecular structure of collagen. Since hydrated dentin has a lower modulus and 
a higher Q-1 than dried dentin the initial water loss leads to an increase of E and a decrease of 
Q-1. If the samples are cooled down from 373 K and rewetted, the original characteristics are 
completely restored thus the process is reversible. 
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Figure 1. a) Q-1 and dynamic modulus of dentin measured during heating up to 673 K and subsequent cooling.  
b) Thermo-gravimetric curve of dentin during a heating-cooling cycle.

Above 373 K Q-1 progressively increases and a maximum at 523 K is observed. Modulus 
decreases and exhibits two slope changes around 473 and 573 K. These phenomena are not 
present during cooling to room temperature and successive cycles. After a heating-cooling 
cycle up to 673 K both Q-1 and E decrease with respect the original values. 
TGA shows a remarkable weight loss in the same temperature range of Q-1 maximum (Figure 
1 b). Two stages can be identified, which basically correspond to the ascending (stage 1) and 
descending (stage 2) parts of the Q-1 maximum. The two TGA stages have been related to water 
loss (1) and protein degradation (2), respectively. 
The collagen denaturation begins when temperature exceeds 393 K and occurs within the triple 
helix by cleaving intramolecular hydrogen bonding. From 473 to 673 K the main change is due 
to structural water that has a strong chemical interaction with the proteins. The backbone of the 
proteins starts to break into fragments after 523 K, degradation and combustion of collagen occur 
from 573 to 673 K. The Q-1 maximum is connected to water loss and collagen degradation. 
Damping behaviour can be explained by considering the specific structure of dentin which is 
made of several fibres consisting of bundles of fibrils. Fibres, fibrils and molecular chains forming 
the helix structure are like strings subjected to a complex system of constraints, i.e. bonds fiber-
fiber, fibril-fibril and helix structure, which are progressively modified as temperature increases 
with a consequent effect on the anelastic properties of the organic phase. 
Damping and modulus depend on the number of oscillating strings and on their mean length: 

Q−1 ∝ ρ l 4 ω (2) 
∆G
G ≅ −βρ l 2  (3)

where β is a constant, ρ the density of vibrating strings, l the average string length, ω/2π the 
frequency. The ascending part of maximum is ascribed to the loss of water in the gaps between fibres 
and between fibrils. Despiralization of tridimensional helix structure of collagen molecule occurs 
so molecules become free to oscillate and to contribute to the damping. Therefore, the increased 
number of oscillating strings leads to Q-1 increase and E decrease. 
Above 523 K the water loss regards that inside the fibrils, i.e. water that guarantees the continuity 
of the peptide chain, so fibrils degrade and the chain is broken in fragments. The damping decreases 
owing to the shorter length of the vibrating strings. At 573 K combustion occurs further contributing 
to decreasing the damping and producing the second slope change of modulus.
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ABSTRACT

The results of the development of a physical-mechanical model for predicting the mechanical 
and deformation properties of Zr−Nb in a wide range of strain rates are presented. The model 
was used to study the mechanical behavior of coarse-grained and ultrafine Zr-Nb alloys under 
quasi-static and dynamic loading conditions. It was shown that the creation of bimodal grain 
structures in Zr−Nb alloys causes an increase in the flow stress while maintaining the ductile 
fracture in a wide range of strain rates. It was shown the strain rate sensitivity of the yield 
stress of Zr–Nb alloys strongly depends on the concentration of Nb. The concentration of Nb in  
Zr−Nb alloys, temperature and pressure determine the phase state. Martensitic phase transitions 
α→ω and β→ω cause not only changes in the elastic properties and parameters of the Hugoniot 
adiabat of Zr−Nb alloys, but also their strain hardening and the spall strength. The results can 
be used in engineering analysis of designed technical systems for nuclear reactors.

Keywords: computer simulation, mechanical behavior, ductility, zirconium-niobium alloys, 
high strain rate

INTRODUCTION

Improvement in technology of fabrication of fuel claddings and some constructional elements 
of nuclear reactors is connected with computer simulation of mechanical properties and 
structural evolution of radiation-resistant alloys Zr–Nb. In this regard, there is an increasing 
need to develop computational models of the mechanical behavior of advanced Zr−Nb in 
loading conditions close to operating ones. The Zr–Nb has a unique complex of physical and 
mechanical properties and is considered as promising structural alloys for nuclear reactors of IV 
generation. Zirconium alloys with a concentration of Nb below 2.5 weight % and additionally 
doped with Mo, Fe, Cr for the stabilization of precipitations of beta-phase Zr were studied 
during last decade (Xiao, 2010). A new precipitation-strengthening theory was present by 
Fang and coworkers (Fang,2019). This theory describes a probability-dependent precipitation-
strengthening mechanism, to more accurately predict the yield strength of alloys. Precipitation 
strengthening of Zr-Nb alloys requires detailed investigation. It is known that the mechanical 
behavior of Zr-Nb alloys during the α→β phase transformation changes significantly (Hazell, 
2014, Kazakov,2015, Skripnyak,2014, Skripnyak,2017). In this regard, the mechanical behavior 
of α, and α+β Zr–Nb alloys was studied in a wide strain rates.

RESULTS AND CONCLUSIONS

Mechanical behavior of Zr−1%Nb and Zr−2,5 % Nb alloys (Grades E110, E625, E125) was 
studied in the strain rate range from 10-3 to 106 s-1 by the numerical simulation method. The 
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model took into account the multiphase state of Zr−Nb alloys, different resistance of α, β and ω 
phases to plastic flow. Simulation of plastic flow, evolution of damages and destruction of alloys 
at uniaxial tension and compression of samples in quasi-static conditions, loading of samples 
by plane shock waves was carried out. It was shown the strain rate sensitivity of the flow stress 
of alpha Zr−1%Nb in the range from 10-3 to 103 s-1 is less then at strain rates above 103 s-1. The 
creation of the three-wave configuration was predicted in Zr−1%Nb due to polymorphous α → 
ω transition at ~11 GPa. The Hugoniot elastic limit (σHEL) and spall strength of Zr−х%Nb alloys 
strongly depends on beta phase concentration. Calculations have shown that the increase in the 
dynamic yield strength σsd = 1.5σHEL(1 − (cb/cl)2 can be caused by an increase in the volume 
concentration of the beta phase in Zr−х%Nb alloys (cb, and cl are the bulk and the longitudinal 
sound velocity, respectively). The increase in the β phase concentration at elevated temperatures 
causes an increasing of the dynamic yield strength of Zr−1%Nb alloys. It was shown that ZrFe3 
and βNb precipitations in Zr−2,5%Nb caused increasing of σsd and the spall strength.
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ABSTRACT

This article presents the results of modelling of the mechanical behaviour of coarse grained 
(CG) and ultrafine-grained (UFG) Ti–Nb alloys in the range of strain rates from 10-3 to 103 
s-1 at temperatures from 297 K to 1273 K. Modification of the micro-dynamical model was 
proposed for the description of Ti–Nb ultrafine grained and coarse grained α+β and β alloys. 
It was shown that the HCP → BCC phase transformation in Ti–Nb alloys leads to a sharp 
changing in resistance to plastic flow and kinetics of growth of damage. The results can be 
used for engineering analysis of designed constructive elements of technical and biomedical 
applications.

Keywords: mechanical behaviour, ultra-fine grained, titanium alloys.

INTRODUCTION

Last years a number of α+β and β Ti-Nb-Zr alloys were developed and studied. These alloys 
have remarkable properties such as low density, high melting point, good oxidation resistance 
and high specific strengths, low elastic moduli, biocompatibility, etc. (Sharkeev,2018, 
Bobbili,2017, Bobbili, 2016, Nikonov,2015). Understanding of the mechanical behavior of Ti-
Nb-Zr alloys in wide temperature range is extremely essential for the numerical modeling of 
various applications and manufacturing technologies. It has been shown that beta titanium alloys 
have low modulus of elasticity (Nikonov,2015). The effect of bimodal grain size distribution 
on plastic flow stress and deformation to fracture of GPU alloys in a wide range of strain 
rates has been shown (Skripnyak,2017). Deformation mechanisms and mechanical behavior 
of UFG metastable titanium alloys β at high strain rates are of great interest. In this regard, the 
mechanical behavior of Zr-1%Nb alloy was studied by numerical simulation method in the 
practically important temperature range from 297 K to 1243 K. Mechanical behavior of Ti-
13Nb-13Zr alloy was simulated in strain rate range from 0.01 to 103 s-1 at room temperature. 

RESULTS AND CONCLUSIONS

Fig. 1a shows the calculated stress versus strain curves of coarse grained Ti-13Nb-13 Zr alloy 
at the tensile strain rate of 10-2 s-1. Results of simulation agree with experimental data within 
temperature range from 298 K to 873 K. In this temperature range, the Ti-13Nb-13Zr alloy 
remains two-phase. The strong increasing of the ultimate tensile strength of Ti-45Nb alloy was 
predicted. It was shown that the dependence of the normalized yield strength of Ti-13Nb-13Zr 
from normalized temperature can be approximated by a bilinear relation. The change in slope 
is due to phase transition α → β.
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a)  b) 

Fig. 1.a − Calculated stress versus strain of Ti-13Nb-13Zr alloy at the tensile strain rate of 10-2 s-1.  
Symbols are experimental data (Bobbili, 2017); b. True stress−true strain diagrams for Ti−45Nb alloy in the CG 

(curves 1) and UFG (curves 2) states

The effects of strain hardening and thermal softening were considered in the computational 
model. Results of numerical simulation of quasi static loading of Ti-13Nb-13Zr alloys have a 
good correlation with experimental data. The calculated stress-strain curves were obtained for 
UFG alloys taking into account changes in coefficient of the Hall-Petch relation in comparison 
with the value for GC alloys.
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ABSTRACT

Masonry is an ancient solution used in construction for thousands of years. Nowadays faces to 
important challenges to improve performance and compare properly with more modern and clean 
solutions used in building enclosures. In this work, after a short review of the evolution of masonry 
walls and applied performance requirements, some examples of improved industrial masonry 
systems are presented, some of them already with new materials like PCM’s and aerogel. The 
improvement and optimizations process is presented, underlining the contributions of external and 
internal mortar including render, masonry units geometry and raw-material and, yet, the mortar 
laying. Thermal and mechanical simulations and tests are presented to illustrate this evolution.

Keywords: energy efficiency, masonry, new materials, nanomaterials.

INTRODUCTION

The pressure to reduce the energy consumption and thermal comfort in buildings is high, mainly 
in developed countries. This increasing demand changed the buildings enclosure/envelope 
walls solutions. Over the last 30 years, the most relevant indicator for the thermal performance 
of enclosure walls, U value, increased in Portugal more than 250% pushing the walls to achieve 
higher levels of thermal insulation. 
This evolution is changing the way the walls are made and the materials industry is investigating 
and innovating in this domain. Besides the obvious application of conventional thermal 
insulations layers, solution that may cause environmental sustainability issues, other strategies 
to improve the thermal performance of walls can also be used, such as using constituents 
(units, joints and rendering) made with thermal improved raw-materials or/and optimizing 
the geometry of the constituents (joints and units). These actions usually involve a “trade-off” 
between thermal and mechanical performance. It is fundamental to improve thermal performance 
without compromise the mechanical robustness/strength of the wall. This improvement research 
is usually developed based on experimental tests and advanced numerical simulations using 
optimization routines (Fig.1). 
Within the scope of research activities in cooperation with the construction industry, thermal 
enhanced products born for masonry walls were developed recently. The main focus was to 
develop efficient wall constituents (masonry units and renderings) with optimized thermal and 
mechanical behaviour to be used in enclosure/external walls. 

RESULTS AND CONCLUSIONS

Under the scope of research activities, some new materials and constituent were developed with 
promising results: 
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• High thermal performance renderings using cement/lime mortars mixed with micro- 
encapsulated PCMs (Vaz Sá et al, 2012 and Vaz Sá et al, 2014) or mixed aerogel/perlite 
aggregates (Pedroso, 2018; Sousa 2019);

• Thermal enhanced masonry assembled with units made with thermal/mechanical optimized 
geometry and insulation/open structure lightweight concrete (Sousa, 2019);

• Multifunctional and thermal efficient wall system constructed with thermal enhanced 
masonry and high thermal performance renderings (Sousa, 2019; Sousa, 2018). 

  

Before 
optimization 

After 
optimization 

Simulation of 
a wall portion 

Fig.1 - Example of thermal/mechanical numerical simulations and optimization of masonry units (Sousa, 2018)
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ABSTRACT

A careful study, permitting correlations between the microstructural parameters of alloys 
directionally solidified under transient heat flow conditions and tribocorrosion behaviour is 
fundamental in the pre-programming of final properties of as-cast components. This study aims 
to establish correlations between quantitative parameters of different microstructure scales of 
an Al-Sn-Cu ternary alloy (e.g. dendritic or interphase spacings) and tribocorrosion behaviour. 
It was found that the wear volume increases with decreasing interdendritic spacing and the 
product of corrosion may directly affect this behaviour.

Keywords: Tribocorrosion, Al-Sn-Cu ternary alloy, interdendritic spacing

INTRODUCTION

The wear by tribochemical reaction can be characterized by exposing the tribological system to 
a reactive environment, i.e. the surfaces in contact will react with the surrounding environment 
(Mischler, 2008). The process is developed by the continuous removal of material formed on 
one or both surfaces of the tribological pair generating a layer, and the formation of more 
material in that layer, which is the result of the corrosive action of the medium on the surfaces 
in contact. Removal of metallic material resulting from the peeling off of the surface roughness 
of the lower hardness element of the pair, and the rupture of the surface layer formed by the 
reaction of the environment on the surfaces in contact, generate wear debris, which are formed 
by metallic and non-metallic particles, thus increasing the abrasive action of the wear (Salinas, 
1999; Frutos, 2010).

Tribocorrosion tests were performed on a pin-on-disk device containing a ceramic ball on the 
tip of the pin for contact with the samples, coupled to an Autolab PGSTAT 128N potentiostat/
galvanostat. A load of 0.5N and a speed of 60 revolutions per minute were adopted. At the 
same time, a system with three electrodes was used, that is, an Ag/AgCl reference electrode, 
one counter electrode with a platinum wire, and samples of the Al-Sn-Cu ternary alloy as the 
working electrode. Four samples with different interdendritic spacings were obtained from 
different positions (P) along the length of a transient unidirectionally solidified casting: P = 5, 
10, 30 and 50mm, considering P = 0 as the cooled surface of the casting. The delimited test 
area was 0.2 cm2 and the electrolyte had a concentration of 0.06M NaCl at 25 ° C. 
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RESULTS AND CONCLUSIONS

Fig 1 shows the evolution of the Wear volume as a function of Position from the cooled bottom 
of an Al-10Sn-10Cu alloy casting directionally solidified under transient heat flow conditions 
and electrochemical noise curves with Potential Density as a function of Time. Four samples, 
characterized by different values of interdendritic spacings (λ1), were chosen and subjected to 
wear tests under corrosion conditions, as described in the introduction section, with a view to 
evaluating the role of microstructural effects on the tribocorrosion behaviour.
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Fig. 1 – Wear volume as a function of position in a directionally solidified Al10Sn10Cu alloy casting and 
electrochemical noise curves with Potential Density as a function of Time

Considering that samples extracted from positions farthest from the cooled surface of the 
casting have larger interdendritic spacings (λ1), the last position analyzed, P = 50 mm, has the 
largest λ1 value of all samples analyzed. At the same time, it can be observed in Fig. 1a that the 
smaller wear volume is associated with such sample. Therefore, the wear volume is shown to 
decrease with the increase in λ1 for the Al-10Sn-10Cu alloy, that is, regions with coarser α-Al 
dendritic phase and interdendritic regions composed by larger Sn pockets were shown to be the 
best microstructural arrangement for tribocorrosion resistance. Fig. 1(b) shows the influence of 
the corrosion product that directly affects the Potential density behavior. For the sample P 50 
mm, it can be seen that the passive layer, probably formed during the slip of the pin over the 
sample, promoted a continuous protection of the tribological pair. 
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ABSTRACT

Thermal spray is the most used technique to produce coatings on structural materials. Such 
coatings are used as protection against: high temperature, corrosion, erosion and wear. Due to 
the simultaneous action of high pressures, temperatures and spraying conditions, the process of 
elaborating such materials often generates non-uniform residual stresses with respect to coating 
thickness. A 120µm AlNi bond-coat was first deposited on a 2017A Aluminium substrate of 6mm 
thickness. Final coating consisted of X10CrNi18-8 wire stainless steel of different thicknesses. 
We propose in this work, a numerical method for calibration coefficients to asses residual stress 
field by the integral hole drilling technique based on relaxed strains. A correlation between 
calibration coefficients, drilling sequence and coating thicknesses is proposed.

Keywords: thermal spray, residual stresses, incremental hole drilling, calibration coefficients.

INTRODUCTION

Residual stresses can be present in any mechanical structure because of many causes. 
Manufacturing processes are the most common causes of residual stress. To avoid their unwanted 
results, they must be accurately characterized which is usually a thought thing to do because they 
can have random intensity and distribution. The incremental hole drilling method is the most 
used technique for computing stress fields when it is assumed to vary significantly with depth. A 
numerical analysis is necessary to compute the calibration coefficients in order to calculate the 
residual stress caused by the removal of material layers (G. S. Schajer, 1988). All non-uniform 
stress fields were calculated with respect to the prescription of the ASTM E837 norm in his integral 
variant (A.Ajovalasit, M.Scafidi,...,2010). Elaborated coatings were industrially deposited. The 
spraying process was carried out using an AWS equipment (Arc Wire Spraying) gun type and 
the final approximate coating thicknesses were 300, 350, 700, 750 µm. Aluminium substrates 
were bond-coated with a 120µm AlNi bond-coat. Final coating consisted of X10CrNi18-8 wire 
stainless steel. Before deposition, surfaces were grit blasted to ensure correct roughness for 
mechanical bonding (P. V. Grant, J.D. Lord and P.S. Whitehead, 2006). 

RESULTS AND CONCLUSIONS

Figure(4) shows contour plots for calibration coefficients a and b for a drilled hole of 2mm of 
diameter and a 300 µm coating thickness. For both coefficients a and b, the curves show that 
the more the drilling is deeper, the more coefficient a and b are larger. Another interesting point 
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lies in that both contour family well behaved over the range plotted. The fact that no singularity 
was observed in the substrate / coating interface in terms of strains is of practical interest and 
justifies the trusted range of half diameter of the drilled hole where non-uniform stress fields 
can be computed.
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Fig. 4 – Calibration coefficients with respect to stress depth in the case of 300µm coating thickness.

Table 1 - Uniaxial tension test results

Thickness(µm) 300 350 700 750
Mean equivalentVon Mises stress (MPa) 84,47 46,02 24,44 18,93

Table(1) gives a simple correlation between the mean equivalent von mises computed stress and 
coatings thicknesses. Values shows that the more the deposit is thicker, the more the average 
stress acting in the deposit is lower. This fact is explained by the loss of adhesion strength with 
increasing thickness.
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ABSTRACT

Presently, the Life Cycle Assessment is still the most used tool to evaluate the sustainability of 
products, processes and activities, even in a social and economic perspective. Still, there are 
some gaps between the interpretation of the results of the assessment and the real behaviour of 
the system. 

Exergy is defined by literature as the amount of useful work extractable from a real system 
when it is brought to equilibrium with its environment through a series of reversible processes 
in which the system can only interact with such environment. In literature it is considered 
an excellent concept that can be developed in order to improve the effectiveness of ordinary 
evaluation models as LCA.

The aim of the paper is to conduct a wide review of the methodologies for the assessment 
of energy sustainability in processes. More precisely, the intent is to set an analysis of the 
Integration Degree (ID) between conventional LCA and exergetic models with the purpose of 
constructing an analytical path that can highlight the gaps (calculation uncertainties, lack of 
updated data and related sources, transition from linear to non-linear conditions and vice versa, 
etc.) that arise during the implementation of the steps of the life cycle analysis. 

The framework of exergy-based strategies of investigation have been largely developed 
in literature, as illustrated by the huge number of scientific papers and books presented so 
far. Among the well-known strategies, the Cumulative Exergy Consumption (CExC) can be 
appointed, or Exergetic Life Cycle Assessment (ELCA), Cumulative Exergy Extraction from 
the Natural Environment (CEENE), Life Cycle Exergy Analysis (LCEA), Industrial/Ecological 
Cumulative Exergy Consumption (ICEC/ECEC) and Extended Exergy Accounting (EEA) as 
well. 

Recently, literature proposes different hybrid approaches that combines exergetic balancing 
with LCA like Hybrid Exergetic-LCA analysis and Exergoenvironmental Analysis, or combines 
costs and environmental impacts in exergetic terms as Thermoeconomics and Environomics. 

Nonetheless, there are limitations that seem too hard to overcome: the link with old techniques 
that refers to obsolete and incomplete databases due to the difficulty in finding data that suit to the 
updated goals and scopes. Plus, in order to carry out an assessment affected by the least possible 
uncertainty, the sub-phases in which to divide the process must match to the steps of “from 
cradle to grave” thinking; any further phases that occur during the life cycle are accompanied 
by a high level of uncertainty and cannot be subjected to a detailed analysis, especially since 
there are no reference databases. 
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The striking thing that emerges from the review is that any methodology above mentioned 
would be more effective if joined (not replaced) to the conventional LCA, because it turned 
out that they are in such a way complementary. Explicitly, the results together can outline a 
transdisciplinary framework of the behaviour of the system case of the study. This assumption 
is long-established by many authors in their study cases, as validation of what Gutowski et.al 
wrote in 2009: no single alternative criteria or subsidiary model, regardless how well aggregated, 
could provide a fulfilling solution for all conditions.

The integration of all strategies contributing to the construction of the analytical path is beyond 
the purpose of this paper which requires a strong conciseness, as it will be object of a further 
investigation.

Keywords: exergy, life cycle assessment, sustainable manufacturing, sustainability.
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ABSTRACT

This work presents an adapted numerical model using as basis Ansys Mechanical solver to 
simulate the behaviour of a shape memory alloy (SMA) circular beam. The analysis includes 
quasi-static and traction-compression cyclic cases. Since the Ansys Mechanical solves mainly 
the first case, the other result is obtained using the adapted algorithm based in a developed 
theory. The final results show the superelastic behaviour through stress-strain diagram for the 
material and displacement-time curve of a free vibration system.

Keywords: shape memory alloys, superelasticity, numerical methods, dynamic response.

INTRODUCTION

The SMA are a kind of alloy classified as smart materials. It receives this rating because of two 
main characteristics, the shape memory effect (SME) and superelasticity (SE). The important 
material properties that produces the two characteristics mentioned are detailed in Lagoudas 
(2008). In the case of numerical simulations, there are different models that propose to predict 
the structure’s behaviour. More details about them can be found in and Auricchio (2001).

The software Ansys uses the Auricchio’s model to solve static problems, since the generated 
stress-strain diagram bring the hysteresis loop, when the material is used in a vibration system, 
there is a hysteretic damping condition, soon the adapted algorithm aims to simulate an adopted 
ideal free vibration system with only hysteretic damping based on multiple simulations in the 
commercial software and be able to present the material’s properties caused by cyclic loadings 
as mentioned by Tobushi et al. (1992).

The routine consists in an Ansys’s simulation with the system’s initial condition, displacement 
and velocity, to obtain the stress-strain data for the movement first half-cycle that is used by 
Matlab’s algorithm to calculate the hysteretic damping parameters and predict the next behavior 
of the second half-cycle. These steps are repeated until the system reach a steady-state condition. 
The characteristics of the material are present in Table 1, being used to calculate the effect of 
the SMA application in a dynamic situation, with the dynamic system having a 1 [kg] mass 
coupled, the SMA element radius and length being 10-3 and 10-2 meters respectively and the 
simulation considering an environment temperature of 60 [ºC].

RESULTS AND CONCLUSIONS

The displacement-time curve in Fig. 1a presents the vibration behaviour of the system studied 
and Fig. 1b shows the respective stress-strain that is caused by the movement. It is possible to 
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see the influence of the energy loss due to the hysteresis loop and the alteration in the hysteretic 
damper parameters produced over the cycles, including the changes in the characteristic’s 
temperatures due to cyclic loading-unloading.

Table 1 – Adopted system parameters

Young’s modulus  
[GPa]

Transformation 
temperatures [°C]

Transformation 
constants [MPa ºC-1]

Transformation 
stress [MPa]

Maximum residual 
deformation

67

MF = 9 CM = 8 σs
crit = 100

εr = 0.067MS = 18.4
AS = 34.5 CA = 13.8 σf

crit = 170AF= 49

Fig. 1 – Results obtained with the adopted simulation procedure.

The presented research was developed with the goal to simulate the expected dynamic behavior 
of a shape memory alloy subjected to a free vibration system based on it stress-strain diagram 
obtained with Ansys. Future research is going to acquire experimental data to calibrate the 
model and obtain the dynamic behavior to validate the adapted algorithm utilized.
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ABSTRACT

This work presents a numerical simulation of mechanical vibratory systems (MVSs) under 
rotating unbalance and damped by a shape memory alloy (SMA) element. Due to pseudoelastic 
hysteretic behaviour, SMAs can dissipate energy and provide damping capabilities to the 
structure, which leads to a passive structural vibration control. The algorithm utilizes was 
implemented in Matlab, based in Helmholtz free energy deduction that results in a cosine 
constitutive model. The results made clear the dissipative capability of SMAs due to their 
hysteretic behavior.

Keywords: shape memory alloys, rotating unbalance, vibration, structural integrity.

INTRODUCTION

In an industrial environment, there are a lot of different rotating machines that are subject to 
unbalance due to an unsymmetrical mass distribution. The vibration analysis field is responsible 
to study this behavior, and technicians do the maintenance of this machines over the operating 
time. However, to prevent structural damage between the balancing, other techniques to easy 
vibration ought to be considered.

Several authors have been researching ways to dissipate mechanical vibratory energy. One of 
those ways is the use of smart materials, in particular the SMAs that present the pseudoelastic 
hysteretic behavior. For Brinson (1993), the main goals where the development of a constitutive 
model to simulate the behavior of SMA elements.

Since there is a high cost involved with the fabrication of different damping element’s prototypes, 
the development of mathematical models able to simulate the behavior of these elements are 
essential. This work presents a study of a MVS solved by a numerical model based in a method 
that come from Helmholtz free energy using cosine constitutive model implemented in Matlab 
to obtain the dynamic behavior presenting qualitative comparations with literature, Machado 
(2007).

The material properties and system features are exhibited in Table 1, being utilized as input in 
the developed algorithm to obtain the stress-strain and displacement-time diagrams.

RESULTS AND CONCLUSIONS

Figure 1 shows the literature data and the result obtained with the algorithm implemented. 
Both cases consider the same MVS, however the properties from the alloy are different. Thus, 
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a qualitative comparison of the graphical shape exhibits a similar behavior, showing the energy 
loss over the time of the vibration cycle.

Table 1 – System features and material properties

m  
(Kg)

r  
(m)

ω 
 (RPM)

ASMA  
(mm2)

C  
(Nsm-1)

M 
 (Kg)

LSMA  
(m)

T 
(°C)

g 
(ms-2)

0.3 0.32 1000 2.5 36 27 0.55 51, 61 and 71 9.81

Young’s modulus  
(GPa)

Transformation 
temperatures (°C)

Transformation 
constants 

 (MPa ºC-1)

Transformation 
stress 
(MPa)

Maximum residual 
deformation

DA = 67 MF = 9 CM = 8 σs
crit = 100

εr = 0.067MS = 18.4

DM = 26.3 AS = 34.5 CA = 13.8 σf
crit = 170AF= 49

Fig. 1 – a) literature’s result and b) obtained result for a free vibration case of a MVS.

This study shows that, by a qualitative analysis, the implemented algorithm presents an 
acceptable behavior of the MVS with SMA for a free vibration case. Future research aims 
to expand the analysis to forced vibration case and comparison with other authors to see the 
influence in the results of the different constitutive models developed over the years.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the support by Universidade Técnológica Federal do 
Paraná – Cornélio Procópio and Ponta Grossa and Instituto Politécnico de Bragrança.

REFERENCES

Brinson, L. C., “One-Dimensional Constitutive Behavior of Shape Memory Alloys: 
Thermomechanical Derivation - Non-Constant Material Functions and Redefined Martensite 
Internal Variable,” J. Intell. Mater. Syst. Struct., vol. 4, no. 2, pp. 229–242, Apr. 1993.

Machado, L. G., “Shape memory alloys for vibration isolation and damping”, Thesis, Texas 
A&M University, Dec. 2007.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 103

PAPER REF: 049

CONCEPT FOR LOW FRICTION HYDROGEN END DLC SURFACE 
GENERATED BY PHOTOCATALYST REACTION

Motoyuki Murashima1(*), Yusuke Imaizumi1, Takazumi Yamada1, Katsuno Shotaro2, Tomoki Yoshida2, 
Noritsugu Umehara1, Takayuki Tokoroyama1

1Department of Micro-Nano Mechanical Science and Engineering, Nagoya University, Nagoya, Japan
2Mechanical and Aerospace Engineering, Nagoya University, Nagoya, Japan
(*)Email: motoyuki.murashima@mae.nagoya-u.ac.jp

ABSTRACT

This study shows a feasibility of using a diamond-like carbon (DLC) coating in water lubricated 
components with photocatalyst. The hydrogen-end of the DLC carbon structures reduces 
friction of DLC due to a repulsive force generated by a dipole configuration. It is well known 
that electrolysis of water using photocatalyst generates hydrogen and oxygen molecules. In 
this research, we propose a new hydrogen terminating method to create hydrogen-ended DLC 
surface with photocatalyst in a water lubricated condition. The friction result shows a decrease 
in the coefficient which is associated with UV irradiation. The reduction in hydrogen-bonding 
component of surface energy can increase the repulsive force, resulting in lower friction.

Keywords: hydrogenated diamond-like carbon, photocatalyst, hydrogen end, low friction.

INTRODUCTION

Diamond-like carbon (DLC) coatings have variety of applications (e.g. cutting tools, automobile 
engine components, protect films for electric devices) because of their extraordinary tribological 
properties (e.g. low friction, high hardness and anti-wear properties). Some mechanisms lead 
to the low friction property of DLC; graphitization of the structure, transferred layer on a 
mating surface and hydrogen-ended surface (Erdemir 2001, Erdemir 2004). In an inert dry 
gas condition, highly hydrogenated DLC (a-C:H) sliding against a-C:H shows a super-low 
friction less than 0.003. One dominant mechanism showing the low friction can be attributed 
to promotion of hydrogen end, resulting in rather generating a repulsive force than an attractive 
force due to dipole configurations. A result that higher hydrogen containing DLCs show lower 
friction coefficient can be a reasonable proof of the super-low friction mechanism. Hereafter, 
an importance of developing a new method providing hydrogen into sliding surfaces can be a 
new challenge.

It is well known that electrolysis of water using photocatalyst generates hydrogen and oxygen 
molecules, which can be used in new clean energy source (i.e. fuel cell). In this research, we 
propose a new hydrogen terminating method to create hydrogen-ended DLC surfaces with 
photocatalyst in a water lubricated condition.

RESULTS AND CONCLUSIONS

We carried out friction tests using a a-C:H coated ball against a TiO2 (photocatalyst material) 
disk. During a test, we irradiated a TiO2 disk with ultraviolet light at wavelength of 365 nm. The 
disk was fully sunk under water.
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The representative frictional revolutions are shown in Fig. 1. The UV irradiation decreased 
friction coefficient from 0.13 (average friction coefficient value of the without irradiation 
condition in the last 150 s) to 0.11. The reduction in friction reached by more than 15%. We 
measured surface energy and its component by droplet observation in an ESEM. The result 
shows a decrease in surface energy associated with UV irradiation due to a decrease in hydrogen-
bonding component, which corresponds to a previous research (Takata, 2003). The decrease in 
hydrogen-bonding component can reduce attractive force between a-C:H and TiO2, resulting in 
a decrease in friction coefficient.

 

In water
a-C:H ball vs TiO2 disk
Normal load：0.5 N
Rotational speed: 21 mm/s
Temperature: 23℃
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Fig. 1 – Friction revolution of a-C:H against TiO2 disk with/without UV irradiation
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Fig. 2 – Surface energy and its component in the wear track

This study shows a feasibility of using a DLC coating in water lubricated components with 
photocatalyst. Further development to obtain lower friction, and research work clarifying 
precise mechanism of the friction reduction should be performed.
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ABSTRACT

To develop an algorithm for predicting and evaluating the large deformation with failure 
evolution, a strain softening constitutive model must be incorporated to regularize softening 
with localization. The length of softening zone is typically related with the mesh size when a 
local constitutive model is applied. In this study, an integrated MPM (material point method) 
and SPH (smoothed particle hydrodynamics) numerical algorithm is proposed to implement 
a nonlocal constitutive model via the spatial gradient of plastic strain in [1], to describe strain 
softening state. Unlike the work reported in [2] that the SPH is coupled with the MPM, the 
algorithm proposed here is to integrate the MPM with the smoothing operator [3] and particle 
approximation for nonlocal modeling. The strengths of both methods can be inherited in the 
proposed method. The MPM can discretize the continuum region without the need for master/
slave nodes at the contact surface. As the post-peak response is unstable due to bifurcation, the 
effect of numerical noise on the transient responses involving failure evolution could be reduced 
by using the smoothing operator in the MPM simulation. The particle approximation based on 
the SPH is adopted on the material points to facilitate the evaluation of strain gradient. A one-
dimensional bar under tensile loading is considered to verify and demonstrate the performance 
of the proposed algorithm. A parametric investigation is then performed to illustrate the effects 
of controlling parameters on the evolution of localized softening. It is demonstrated that 
integrating nonlocal constitutive modeling with spatial discretization could yield an effective 
procedure for predicting and evaluating failure evolution.

Keywords: Material point method, Smoothed particle hydrodynamics, Strain softening, Impact, 
Transient responses
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ABSTRACT

In this work, numerical simulation of penetration of multilayer steel structures by a projectile 
is presented. The research objects were three-layer and four-layer steel plates. Projectiles had 
the same mass and diameter but different head part. The penetration of multilayer plates by a 
projectile was modeled in an elastic plastic lagrangian 2D statement using a non-commercial 
software package. Comparison of numerical results with experimental data was given. The 
post penetration analysis, including the time of the birth of the first foci of destruction, the 
time of penetration, the residual projectile velocity, the residual displacement were obtained 
numerically.

Keywords: multi-layered plates, projectile, post penetration analysis.

INTRODUCTION

At present time, multi-layer plates are used to protect civilian and military facilities. This is due 
to many reasons, including the unique ability of such structures to transform a falling shock 
pulse. Numerical results of the process of breaking through multilayer plates impacted by a 
7.62 mm APM2 projectile are presented (Flores-Johnson, 2011). The influence of the shape of 
the projectile on the penetration of plates is studied in (Gupta N.K, 2008). According with a 
previous study impact resistance of steel bilayer plates was studied. The target was divided into 
the main layer and an additional layer. Moreover, the second layer was reinforcing. Ballistic 
performance steel plates impacted by 6.1 mm Smk projectile are presented (Glazyrin, 2006). 
The current research objects are multi-layered plates in which the reinforcing layer is bilayer 
one. The additional layer consisted of two identical steel plates.

Mathematical model is based on phenomenological macroscopic model of continuum mechanics. 
Governing equations is based on the fundamental laws conservation for: mass, momentum and 
energy. Elastic-plastic flow is given by the Prandl − Reis equations. The numerical solution is 
carried out in 2D statement for the axial symmetry by G.R. Johnson’s modified method. This 
method is based on lagrangian approach, and it allows simulate the task of deep penetration into 
heterogeneous structures, including modern protective structure.

The modification of the method include: algorithm erosion of triangulation elements, nodes 
splitting algorithm, and free surface constructing algorithm (Gerasimov A.V., 2007). According 
to the terminology of acad. V. Fomin method contains a new way for isolating discontinuity 
surfaces of materials. Before the numerical simulation conducted internal, qualitative and 
quantitative tests. The calculations were performed on the non-commercial software package 
Impact 2D. Before the calculations were carried out quantitative test only.
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RESULTS AND CONCLUSIONS

The initial projectile velocity is 700 m/s. Projectile’s material is high-strength steel ShH-
15, material’s plate is Steel 3 (In accordance with the Russian nomenclature of Construction 
materials). Projectile’s mass is 2.55 g. One diameter is 6.1 mm. The thickness of the layer in the 
multilayer plate was 2 mm. 

Table 1 shows the numerical results. In addition to the values from Table 1, the time of the birth 
of the foci of fracture in materials, the air gap between the layers, the pressure at the control 
points, were obtained. The table shows the values for the three types of projectiles, including 
a projectile with an ogival nose, conical one and flat one. X is the designation of an additional 
layer. The first sample in the table is the homogeneous 6 mm plate. 

Table 1 - Numerical simulation results

Sample Penetration time
[µs]

Residual 
Velocity [m/s]

Damage
[%]

Hole diameter
[mm]

(6) 44/35/70 444/349/240 10.3/10.3/9.8 6.9/7.8/9.1

(2+2+2) 47/49/48 472/382/226 10.4/10.3/8.3 7.4/9.1/8.5

(X+2+2) 37/42/40 493/302/232 11.2/9.9/10.2 7.4/8.5/9.2

(2+X+2) 42/38/45 483/390/238 10.7/10.3/9.3 7.1/8.9/9.4

(2+2+X) 32/40/48 528/392/237 9.47/11.1/9.5 6.8/9.2/8.9

  Numerical values for ogival nose/conical nose/flat nose/. 

Thus, the research presents the result of breaking through multilayer plate by projectile. 
Location additional layer in different parts of the plates have little effect on its impact resistance 
at a given initial velocity.
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ABSTRACT

In this paper, the problem of the effect of detonation products of an explosive charge located 
in ice or under water under ice on an ice block was solved. The charge is considered to be an 
explosive such as TNT and liquefied gas ethane. The behavior of ice is described by the basic 
system of equations of the mechanics of a deformable solid. The effect of explosive loading 
on a material is given in the approximation of the model of instantaneous detonation of an 
explosive charge. The aim of the research is to study the process of ice destruction, including 
the formation of the first foci of destruction, the time ice destruction, pressure and velocity at 
control points under action of detonation products (DP). By means of the author’s software 
package, computational experiments on modeling the process of explosive loading of ice cover 
were carried out and analyzed. 

Keywords: ice, model, modelling, velocity, barrier, penetration, detonation, destruction

INTRODUCTION

The modern development of the Arctic and the northern territories of Russia requires the 
deepening of our knowledge in the field of physics and ice mechanics by conducting theoretical 
and experimental studies on the behavior of ice under various types of loading, in particular 
under impulse action. Certain results in this direction can be obtained by conducting large-scale 
model and field experiments. However, it is necessary to note the technical complexity and 
high cost of such experiments, as well as the impossibility of obtaining detailed information 
on the spatial and temporal distribution of stress fields, deformations and areas of damage in 
the ice samples under consideration. Therefore, a theoretical approach based on mathematical 
modeling of processes is of particular importance in terms of these studies (Gerasimov, 2007). 
In the paper (Orlov, 2017) with the help of the original computer program (Glazyrin, 2018), 
penetration metal ball into the ice block was studied. The calculated values   of stresses and 
strains in the samples correspond to the experimental data. 

RESULTS AND CONCLUSIONS

The physical formulation of the problem is formulated as the action on the ice plate of detonation 
products of an explosive charge placed in ice or in water under ice. As a charge, explosives of 
the TNT type and liquefied gas ethane SZHG are considered. Ice thickness is 80 cm. 

The medium considered is assumed to be compressible, isotropic with the absence of mass 
forces, internal heat sources and heat conduction (Zelepugin, 2017). An elastic-plastic model 
is used with the Prandtl − Reis plastic flow equations associated with the von Mises yield 
condition. The equation of state of Walsh is used. The effect of porosity on the stress-strain state 
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of bodies and their strain hardening is taken into account by correcting the yield strength and 
shear modulus (Skripnyak, 2018). The model takes into account the kinetics of destruction, the 
gradient distribution of strength, the initial anisotropy, as well as the effect of temperature on 
the strength and fragmented selection of zones of destruction. The model of destruction is based 
on a deterministic approach and takes into account the joint formation of damage by the type of 
spall and damage by the type of shift. The effect of explosive loading on the material is set in 
the approximation of the model of instantaneous detonation of the explosive charge.

The numerical solution of the stated boundary value problem is carried out in 2D for axial 
symmetry by the Johnson’s method. The method contains a modified algorithm for splitting 
nodes, erosion triangle elements, restructuring the free surface, etc. (Gerasimov, 2007). To test 
the mathematical model and determine the necessary constants, task of penetration of 4.5 mm 
steel ball into the ice block was solved. The impact velocity varied from 100 m/s to 200 m/s. 
The objects of study were the freshwater ice block, as well as thick ice (300 cm) and ice on 
the water. By means of author’s uncommercial software package, the task of the destruction 
of an ice block by an explosive charge placed under ice in water was solved. The modelling 
was carried out for the “Ice − Water – Explosives” system at different detonation velocity and 
explosive substance masses. The depth of explosive laying was 80, 50, 40 and 0 cm, the masses 
of explosives were 6, 10 and 14 kg, the detonation velocity was 4.6 km/s and 6.9 km/s.

The numerical results allow us to estimate the degree of damage to the ice cover, to determine 
the values of the velocity of the elements of the free ice surface and the pressure at any point of 
water and ice, depending on the depth of the explosive charge. It has been established that the 
action of DP of a TNT charge, which is equal in mass to the charge of SZHG, under the same 
initial conditions, causes almost two times more ice destruction.
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ABSTRACT

By Additive Manufacturing (AM), it is easy to fabricate complicated structures with composite 
materials such as CFRP. In AM, infill structures are fabricated with hollow spaces inside an 
object, which is usually two-dimensional pattern shapes. Because the reinforcement material 
is placed along the two-dimensional pattern, the orientation and pattern of the reinforcement 
material is constrained by the infill structure, and the mechanical properties are anisotropic. In 
this study, a design method of CFRP infill structure for controlling the anisotropy of mechanical 
properties by combining different orientation pattern layers was proposed.

Keywords: additive manufacturing, composite material, CFRP, infill structure, mechanical 
strength, anisotropy.

INTRODUCTION

Additive Manufacturing (AM) is easy to fabricate complicated structures with composite 
materials such as CFRP. However, it is known that the orientation of the reinforcement material 
much influences on the mechanical properties of parts (Barile, 2017). In AM, infill structures 
including spaces inside an object is fabricated. Usually, two-dimensional pattern shapes are 
used. The infill structures enable to reduce the weight of objects, fabrication time, and material 
cost (Smith, 2017). In infill structures with composite materials, the reinforcement material is 
placed along the two-dimensional pattern. Reinforcement materials such as continuous carbon 
fiber in CFRP need to be placed to satisfy a required mechanical property. However, infill walls 
fabricated by AM are thin and multiple reinforcement materials is difficult to set in a layer. 
Therefore, the orientation of the reinforcement material is constrained by the infill structure. 
Such anisotropy makes it difficult to design machine parts.

DESIGN METHOD AND FUDAMENTAL EXAMINATION

In this study, honeycomb structure, that is widely used for infill structure, was adopted. CFRP 
that consists of nylon and continuous carbon fiber is used for a composite material. As shown in 
Fig. 1, One layer has carbon fiber in a certain orientation pattern and the orientation patterns are 
different at each layer. By laminating them, the infill structure is fabricated. By using different 
orientation pattern of the carbon fibers at each layer, the anisotropy of the mechanical strength 
can be controlled.
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Fig. 1 - An image of proposed method.

First of all, in order to investigate the influence on the mechanical strength of carbon fibers in 
each orientation pattern, as shown in Fig. 2, specimens are fabricated. In the specimens, carbon 
fibers are placed only in a certain orientation pattern. Additionally, specimens including all 
orientation pattern is fabricated. And tensile test is conducted. 

Fig. 2 - Photos of specimens of each orientation pattern.
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ABSTRACT

A dynamic deformation and fracture behavior of a bonded material is observed by digital image 
correlation. A three-layered specimen used in this study consists of an aluminum part placed 
as the middle layer and of acrylic resin layers bonded on the top and the bottom surfaces of the 
middle layer. An impact load is applied to the end of the middle layer using a split-Hopkinson 
pressure bar. The dynamic shear deformation and fracture behavior of the three-layered specimen 
is observed by a high-speed camera with the frame rate of 1 Mfps. The fracture occurs along 
the bonded interface. The dynamic displacement field is obtained by digital image correlation. 
Strain fields are obtained from the measured displacements. The dynamic fracture toughness of 
the interface crack is investigated using the measured displacements and strains.

Keywords: dynamic deformation, interface, crack, stress intensity factor, digital image 
correlation.

INTRODUCTION

There are interfaces of different materials in composites and bonded materials. The strength 
and the toughness of the interface are keys of the strength of such materials. Therefore, a lot of 
evaluation method of the interface strength have been investigated. Above all, stress intensity 
facture of interface crack is one of the effective parameters and has been investigated by many 
researchers (Tan, 1990), (Nehar, 2017). Furthermore, impact or dynamic loading often occurs. 
The variation of the strain field becomes complex in dynamic phenomenon, because there is 
an effect of the inertial force and usually different materials have different sound velocities. On 
the other hand, recently performances of computers and digital high-speed cameras have been 
improved. Also noncontact full-field measurement techniques such as optical measurement 
methods have been improved. One of the useful techniques is digital image correlation (Sutton, 
1983). This method can measure displacement fields of object surfaces in various conditions. 
Hence, it is very effective for measuring complex dynamic deformations using digital image 
correlation with a high-speed camera. 

EXPERIMENT

A three-layered specimen is made as shown in Fig 1. The three-layered specimen consists of an 
aluminum part placed as the middle layer and of acrylic resin layers bonded on the top and the 
bottom surfaces of the middle layer. An acrylic adhesive is used for the bonding. An impact load 
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is applied to the end of the middle layer as shown in Fig. 1 using a sprit-Hopkinson pressure 
bar. The dynamic shear deformation and fracture behavior of the three-layered specimen is 
observed by a high-speed camera with the frame rate of 1 Mfps.

RESULTS AND CONCLUSIONS

Dynamic displacement fields were obtained by the experiment. The fracture occured along 
the interface. Strain fields were obtained from the measured displacement fields. The interface 
stresses near the propagating crack were calculated with considering the special averaging of 
the displacements and strains. The stress intensity factor as the dynamic fracture toughness of 
the interface crack is obtained from the calculated stresses. The results are shown in Fig. 2. 

Fig. 1 – Specimen construction and loading condition

Fig. 2 – Obtained stress intensity factor and interface stresses

In this study, the interface stress intensity factor can be obtained using digital image correlation 
under the dynamic load. Therefore, it is expected that evaluations of interface stress intensity 
factors under dynamic loads will be performed for various conditions.
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ABSTRACT

The interest in the Additive Manufacturing (AM) technology is surging due to its capability of 
printing components with complex optimized shapes that fit industrial engineering necessities 
better than traditionally manufactured parts. However, conventional Computer Aided Design 
(CAD) software packages are often limited to deal with such complex parts, especially when 
the AM part is designed using lattice structures: these are structures composed of repeated 
small elements, called cells, across a domain which generate a light and stiff component. The 
scope of this work is to analyze the problem of the lattice bidimensional representation and 
propose a standard for representation in assembly and 2D drawings. Rules useful to handle 
such hierarchic structures in CAD tools is developed, and a code in Python for the open-source 
software FreeCad™ has been developed to evaluate the effectiveness and usability of the 
standard. Simplified symbols to describe complex lattice structures instead of drawing all the 
small elements forming the lattice have been developed. The standard is useful in technical 
drawings for assembly representation where lattice components are used (assembly operators, 
maintenance, parts catalogues). A case study is included to describe how the proposed standard 
could be integrated in a 2D drawing following technical product documentation production 
typical workflow.

Keywords: Design, Lattice structure, Drawing standards, Additive Manufacturing.

INTRODUCTION

Additive Manufacturing (AM) technology shows well-established advantages: time reduction 
in the design-to-manufacturing cycle, capability to generate complex biomimetic shapes with a 
high strength to weight ratio, and reduction of parts thus avoiding bolted connections or welding. 
Complex 3D components with nature inspired efficient structures can be easily manufactured 
by adding material layer by layer, operating in contrast respect to the traditional manufacturing 
processes based on chip removal processes. Bibliography (Ian, et al. 2015) define the fact that a 
high freedom of shaping is given to the designer with the expression: “What You See Is What You 
Build”. To exploit the AM potentials, engineers and practitioners must change the way in which 
a component is designed and sketched to exploit the AM advantages: topological optimization 
must be adopted to obtain light and stiff structures whose shape can hardly be guessed without 
optimization codes. With AM “the design drives the shape” concept is valid, opposed to the 
strategy “manufacturing drives the shape” which applies to traditional parts. Cellular structures, 
also called hierarchic structures, may be included in AM parts where lightweight, stiffness 
and strength are needed. In literature, there are different types of cellular structures like foams 
(stochastic structures), honeycombs and lattices (periodic structures) (Azman, et al. 2015). 
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Lattices are composed of simple small elements, as cylindrical beams, forming a representative 
volume called “unit cell” that is repeated thousands of times along the body (Figure 1). 

Figure 1 - FCC and Octet lattice CAD model in the left and 3d printed in the right with SLA technique

This unit cell can have different shapes and different topologies, but the easiest to implement 
are based on cubic unit cell, where the eight vertices are linked following different schemes 
(Nguyen, et al. 2016). Even if the advantages of such structures are clear, common design 
tools available to the engineer, such as CAD tools, still shows large limitations because they 
often use boundary representation technology (B-rep) that is not well suited for lattices where 
the external surface is quite complex (McMillan, et al. 2017). There are some contributions 
in literature where tools for the lattice generation is addressed (Rosen, 2013), but the largest 
part of them are stand-alone applications not embedded in CAD systems. Moreover, the lack 
of easy interface with Finite Element Method solvers can be noticed. The paper (Ceruti, et al. 
2017) is an example of the development of environments embedded in opensource FreeCad™ 
software packages, to automate the design of different type of lattices and honeycombs in 3D. 
Commercial CAD tools like PTC’s CREO® includes functions to model lattice structures too. 
However, in literature there is no mention on how to represent in a 2D technical drawing a 
lattice component; neither the ISO standards suggests how to deal with this type of structure, 
nor national standards. AM machines require the 3D model of the part to be manufactured 
in STL format: however, in case of 2D assembly or single part constructive drawings, the 
representation of lattice structures could be a challenging task. With modern CAD the sketching 
of the 3D model of the part is the first step of the modelling loop; in the following these parts are 
assembled together and finally 2D constructive (including GD&T symbols and tooling details) 
and assembly drawings are obtained in an automatic way: tools and pre-set functions support 
quoting, tolerances, and roughness symbols. But if the part is modelled with small elements 
(such as lattice cells made of cylinders, beams, spheres) the representation on the 2D drawing 
would be hardly understandable because of too small details. Moreover, the quoting of such 
a structure would be confusing and operator dependant. This paper suggests a new standard 
for the 2D representation of lattice structures based on conventional symbols. The proposed 
standard has been embedded in a new add-on for FreeCad™: a dedicated environment has 
been implemented programming the CAD in Python language. This new tool implements the 
representative standard proposed in this paper and allows the representation in a 2D technical 
documentation of different types of lattice structures. 

Once an assembly (i.e. 2 rods linked with a pin, Figure 2) with one or more components 
constituted by lattice structures is available, the user can obtain a 2D drawing in an automatic 
way using standard tools of the CAD. In the following, the user has to click on the icon shown 
in Figure 3 with a red circle and a red label “1” to add the proposed lattice notation. Then, 
according to the right cross-sectional shape of the lattice, the designer chooses the specific 
command in the new window that appears in the screen, based on the truss cross-section shape 
(label “2” in Figure 3).
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Figure 2 - 3D assembly in FreeCad™ of lattice components

Finally, the user inserts all the lattice specifications in a new window, such as: the lattice 
component label, the characteristic dimensions and the lattice type among the available ones 
(Figure 3). By confirming the inputs, FreeCad™ automatically generates the table and places it 
over the title block (label “4” in Figure 3).

Figure 3 - Print screen of TechDraw environment with additional command (1) for lattice quotes. A new window 
appears, and the user has to select the right cross-sectional shape (2). Another window appears (3) where all the lattice 
specifications have to be declared by the user. A new table is automatically created with lattice specifications (4).
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ABSTRACT
Additive Manufacturing (AM) is becoming an important alternative to traditional manufacturing 
processes based on chip removal. In AM “the design drives the shape” concept is valid, 
opposed to the strategy “manufacturing drives the shape” which applies with traditional parts 
obtained through casting, milling, lathing processing where several design constraints should 
be respected. In many industries, aerospace and automotive, the lightweight design plays an 
important role on the means of transport performances. Owing to AM potentialities, a wide-
range of researches are focused on methodologies to obtain structurally optimized shapes: 
structures obtained through topology optimization algorithms can be manufactured only in AM 
due to their complex shape. The scope of this work is to analyze advantages and criticalities 
of AM in automotive applications: a case study to evaluate pros & cons of AM is included, 
together with a fuel reduction analysis which can be obtained thanks to proper lightweight 
design of automotive components.
Keywords: Additive Manufacturing, Automotive Industry, Topology Optimization.

INTRODUCTION
A significant growth of Additive Manufacturing (AM) technology in industrial engineering 
applications has been noticed in last few years due to its well-established advantages: time 
reduction in the design-to-manufacturing cycle, capability to generate even complex shapes in 
one piece through an additive process, weight saving just to mention the main significant. Even if 
in automotive industry the production volumes are very high compared to aerospace, AM usage 
is growing year by year and in 2013 automotive sector accounts for 17% of all expenditures in 
AM, namely for special cars, racing cars and all the application where there is a low volume 
production (Gibson, Rosen e Stucker 2015). It is worth nothing that if the production volumes 
are high, AM is currently too much expensive in the assembly lines: this is because tooling price 
becomes significant below 50,000 parts/year while its impact is small from 200,000 to 300,000 
parts. On the other hand, costs reduce for customized consumer product. A key advantage of 
AM is an almost negligible investment in tooling machines compared to millions of dollars for 
traditional processes: this fact is attractive for new companies in the automotive sector (Bubna, et 
al. 2016). Moreover, even if the production costs are higher, it’s important to spot the light on the 
time reduction of the design-to-manufacturing cycle that AM technology offers, together with 
the minimization of internal process logistics due to significant less operations (Leal, et al. 2017). 
There are different types of AM technologies, each one showing pros & cons, but laser-based 
metal AM processes are the most used in automotive (Figure 1) making products with strong and 
stiff characteristics (Disner, Deschamps e Pinheiro De Lima 2016). This technique well matches 
with the shape complexity coming from the topology optimization techniques in order to reach 
an optimized and lightweight shape. The main idea behind this algorithm is to optimize local 
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material density value by exploiting FEM analysis results, in order to add material only where is 
needed and leave it when not necessary. (Bendsoe e Sigmund 2004) (Reddy, et al. 2016).

Figure 1 - Automotive components manufactured with AM

The material behaviour uncertainty is a major drawback of AM: this is the reason why certification 
processes are more complicated (Adam, et al. 2018). With AM more standard certification rules 
are necessary with respect to traditional manufacturing processes.

In order to highlight advantages and criticalities of AM in automotive industry, a topology 
optimization example will be included in this work using opensource software as FreeCad and 
Blender and a cost breakdown analysis will be performed to get the amount of fuel reduction 
and energy consumption during its service life (Hettesheimer, Hirzel e Rob 2018). This work is 
organized as follows: Section 2 highlights AM advantages applied to the automotive industry 
while Section 3 its criticalities and how they could be solved. Section 4 shows a topology 
optimization case study with weight and costs analysis to support the cause of AM usage. 
Section 5 reports conclusions and future works.
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ABSTRACT

The subject of the research was test pistons having piston ring carrier with various discontinuities 
of bond with the material of the piston, a piston without discontinuities and a piston without a 
carrier. Static and dynamic temperature measurements on the engine indicate a change of the 
piston temperature field, which affects the thermal stress in the piston and the temperature in the 
sealing ring, which is associated with the coking of lubricating engine oil. 

Keywords: piston ring carrier, bond discontinuity, temperature distribution, laboratory tests, 
engine tests.

INTRODUCTION

Pistons are highly loaded thermally and mechanically elements of internal combustion engines. 
The high pressure in the combustion chamber causes the upper sealing ring to be heavily 
loaded and there is intensive wear in the grooves of the piston ring made of aluminum alloys. 
Counteracting this is the use of a piston ring carrier [2]. The materials used on piston ring carriers 
are cast iron, steels, and special metal alloys. Commonly used on the piston ring carrier is a 
Ni-Resist alloy with a high Ni, Cu and Cr content, which is characterized by a high coefficient 
of thermal expansion (about 19.3 1E-6 / K) α, which is close to the coefficient of Aluminum 
alloys and greater by about 80% than the coefficient α of grey iron. In the technological process, 
the piston ring carriers are covered with a layer of Alfin alloy before joining with the piston 
material. 

During work of piston with ring carrier, increased thermal stresses can lead to piston damage 
[1]. Increased stresses are caused by the occurrence of temperature differences in the piston and 
additionally by the temperature difference between the carrier and the main piston material. 
Thermal stresses increase due to the discontinuity of the carrier bond. The discontinuity of the 
bond is the result of an incorrect technological process of the piston. 

RESULTS AND CONCLUSIONS

In order to determine the effect of the bond discontinuity of the ring piston ring carrier on the 
temperature distribution in the piston, which results in increased thermal loads, engine and 
laboratory tests were carried out. The engine tests allow the reproduction of working conditions of 
pistons, while the laboratory tests allow for placing a large number of temperature measurement 
points. In engine tests, temperature measurements are carried out by transmitting signals from 
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sensors placed in the piston, which has reciprocating motion to receivers located outside the 
engine. For this purpose, the inductive devices for transmitting signals from the moving piston to 
the fixed engine block were used. The measuring device for one measuring point contained two 
coils, one of which was placed at the measuring point of the moving reciprocating piston, and 
the second inductive coil was placed in the fixed engine block and connected to the measuring 
apparatus outside the engine. Transmission of the temperature measurement signal took place 
during the coupling of the induction coils, which took place when the piston was at the bottom 
dead centre. The tests were carried out on the SB3.1 single-cylinder research engine with a 
cylinder diameter of 107.19 mm, a piston stroke of 120.65 mm and a nominal power of 15.8 
kW. In the piston, 6 measuring sensors placed.

Laboratory tests were carried out on a test bench, where the temperature distribution was obtained 
by means of electric heating devices and cooling of the piston using a spray of lubricating engine 
oil. During the tests, the programmed temperature distribution in the piston in the test bench 
was similar to the temperature distribution of the piston in the running engine. For testing, 
pistons with different bond discontinuities of the piston ring carrier with the piston alloy, the 
piston without bond discontinuity of the piston ring carrier and piston without piston ring carrier 
were prepared. Engine tests have shown that the use of the piston ring carrier increased the 
temperature at the edge of the piston crown by 6 K, while under the piston ring carrier; it reduced 
the temperature by 19 K compared to the piston without a piston ring carrier for the nominal 
engine load. Piston testing with a 60 mm bond discontinuity showed an increase in temperature 
at the edge of the piston crown by 5 K and for a piston with a discontinuity of 25 mm bond, an 
increase in temperature of 3 K compared to a piston with no defects in the bond continuity. The 
results of laboratory tests are presented in Table 1 and engine results − in Table 2.

Table 1 – Temperature changes above and under piston ring carrier (Laboratory tests)

Bond discontinuity length (% of perimeter)
50% 70% 90% 95%

Temp. increase above carrier 10.3 K 8.1 K 7.9 K 4.6 K
Temp. increase under carrier 8.8 K 7.6 K 5.7 K 3.9 K

Table 2 – Temperature changes above and under piston ring carrier (Engine tests)

Measuring point Discontinuity length
60 mm 0 25 mm 0

Above discontinuity - Above discontinuity -
Temp. above carrier 585 K 589 K 583 K 584 K
Temp. under carrier 445 K 483 k 456 K 475 K

In conclusion, the piston ring carrier increases the temperature of the piston above the carrier by 
6 K and decreases the temperature under by 19 K. The discontinuity of the bond causes a further 
temperature increase above the carrier and decrease under the piston ring carrier. 
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ABSTRACT

Using experimental data and numerical simulation results, it is shown, that the introduction 
of only one additional parameter - dispersion of the strength properties distribution, into the 
material model makes it possible to give a probabilistic character to the crack formation process 
at any scale level (macro-, meso-, microlevel), which corresponds to theoretical concepts and 
experimental data.

Keywords: probabilistic approach, dynamic fracture, numerical simulation.

INTRODUCTION

In many fracture problems, fragmentation is essentially a probabilistic process, which is 
determined by the stochastic nature of the distribution of inhomogeneities of the internal 
structure of material. In the paper the probabilistic approach is described, which allows to model 
structural heterogeneities of the material in a simple form, practically without complication of 
the model and additional experiments.

Distribution of materials strength characteristics (according to the selected distribution law) in 
the cells of the computational domain is used for initial heterogeneities and materials structure 
defects modeling. It is shown that the fragmentation spectra obtained using different distribution 
laws with the same dispersion coincide up to the probability factor, which allows to use any 
distribution law in the calculations.

RESULTS AND CONCLUSIONS

Expanding ring test (Diep, 2004; Lambert, 2012) is an illustrative example of the probabilistic 
approach. The experimental scheme provides a uniform radial velocity, so, the ring is 
fragmented due to the presence of internal inhomogeneities and deformations localized on the 
largest of materials structure defects. The final fragmentation spectrum obtained in the work 
(Gerasimov, 2013) using the described approach is qualitatively and quantitatively consistent 
with the experimental results (Diep, 2004) both in the number of fragments and in their masses 
(Fig. 1). It should be noted that (Diep, 2004) also come to the conclusion that the choice of the 
distribution law does not have a significant impact on the fragmentation spectrum.

Other example of the probabilistic approach is a petaling of a thin plate under ogive-nosed 
projectile impact shown in Fig. 2. The number of petals depends on the speed of the projectile 
and the properties of the material.
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Fig. 1 - Expanding ring test: a) simulation (Gerasimov, 2013);  
b) comparison of experimental data (Diep, 2004) and simulation.

Fig. 2 – Petaling of a thin plate under ogive-nosed projectile impact:  
a) copper plate, υ = 150 m/s; b) steel plate, υ = 300 m/s.

Thus, the introduction of only one additional parameter (dispersion of the strength properties 
distribution) into the material model makes it possible to give the process of crack formation 
a probabilistic character, which corresponds to the experimental data and allows to improve 
the accuracy of computations without preliminary study of the structure of the material. The 
proposed probabilistic approach can be used at any mesh step and at any level of multilevel 
modeling, providing the distribution of inhomogeneities of the characteristic size. This approach 
can be applied to any material models and fracture criteria.
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ABSTRACT

The previous numerical and experimental studies of the behaviour of porous reactive mixtures 
(Al-S and Al-Tf) placed into cylindrical ampoules under explosive loading revealed the 
problems related to the fracture of cylindrical ampoules. This problem is solved by adding an 
inert porous aluminium layer to the bottom part of the mixture. The numerical computations 
have shown that in this case the fracture of the cylindrical ampoule is not observed.

Keywords: solid-phase synthesis, explosive loading, numerical simulation.

INTRODUCTION

By now the solid-phase synthesis of mixtures placed in cylindrical ampoules under explosive 
loading has been insufficiently studied and, therefore, it is of great interest for further research. 
This direction has not yet reached the level of technology due to the lack of experimental data 
and numerical techniques correctly describing the process. During shock-wave compression a 
significant energy release due to exothermic reactions in reactive mixtures takes place, which, on 
the one hand, can lead to self-sustaining propagation of chemical reactions in mixtures and, on 
the other hand, to the failure of ampoules, as well as to the complete fracture (Zelepugin, 2015; 
Zelepugin, 2016; Batsanov, 1994). Developed numerical models and available experimental 
data will provide the reliable information on reactive media and mechanisms and kinetics of 
physical and chemical transformations.

The goal of this work is to eliminate the problems of solid-phase synthesis such as the fracture 
of cylindrical ampoules during explosive loading.

RESULTS AND CONCLUSIONS

To study the explosive loading of reactive porous mixtures, numerical computations were 
carried out using a multicomponent medium model and the finite element method (Johnson, 
2011). The axisymmetric explosive loading of a porous Al–S mixture placed in a cylindrical 
steel ampoule was considered. It should be noted that the previous numerical and experimental 
studies of the behavior of porous reactive mixtures (Al-S and Al-Tf) placed into cylindrical 
ampoules under explosive loading revealed the problems related to the fracture of cylindrical 
ampoules.

To solve this problem, it was assumed to add an inert porous aluminum layer to the bottom part 
of the Al-S sample. In this case, the height and diameter of the reactive Al-S sample were 49 
mm and 14 mm, and the height and diameter of the inert aluminum layer were 16 mm and 14 
mm, respectively.
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In the computations the explosive surrounding the ampoule was simulated in terms of pressure 
acting on the upper part of the ampoule in an axial direction and on the lateral surface of the 
ampoule in a radial direction during the propagation of the detonation front. The detonation 
velocity used in the numerical computations was measured experimentally and was equal to 
3.3 km/s.

Shock wave propagation in the Al-S reactive mixture with an inert bottom Al layer is characterized 
by the different dynamics during the explosive synthesis of aluminum sulfide as compared to the 
Al-S reactive mixture without addition of an inert bottom Al layer. In this case, the shock wave 
propagating along the ampoule does not reflect from the bottom lid of the ampoule. In addition, 
the inert aluminum layer does not contribute to pressure and temperature rise due to the absence 
of chemical reactions in it. The shock wave propagating along the ampoule encounters the shock 
compression wave in the inert layer, which leads to the increase in the pressure, but not as high 
as the pressure in the Al-S reactive mixture without inert additives. After the encounter, the shock 
waves propagate in opposite directions. The residual pressures are observed in the sample for 
short time. 

The numerical computations have shown that in this case the fracture of the cylindrical ampoule 
is not observed. 
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ABSTRACT

This work presents a meshless numerical model of Ti powders melting with laser and electron 
beam. Numerical technique based on incompressible smoothed particle hydrodynamics (ISPH) 
with some improvements to avoid particle clustering. 

Keywords: Additive manufacturing, electron beam melting, selective laser melting, Ti alloys, 
numerical modelling.

INTRODUCTION

When developing technologies for the additive production of metal powders, there is the 
problem of selecting fusion parameters and product cooling modes. To determine the parameters 
of the electron beam and the preheating temperature, we developed a numerical model for the 
melting of metal powders, taking into account heat transfer in the material, hydrodynamic 
effects in the molten bath, and surface radiation. The model is based on the meshless smoothed 
particle method (SPH) and the method of process splitting for hydrodynamics flows and heat 
transfer.

To calculate the hydrodynamic flows in the melt zone, we use incompressible smoothed particle 
hydrodynamics (iSPH) [1] with an algorithm for preventing the joining of particles. To calculate 
the process of heat conduction, an implicit stable numerical scheme based on the smoothed 
particles method has been developed. Both schemes use a conjugate gradients method as a 
background for solution of systems of linear equations.

As it proposed in [1], the pressure projection method is used to enforce incompressibility, and 
relies on Helmholtz-Hodge decomposition of the velocity field into a divergence free and a curl 
free part. 

Pressure projection method invokes solution of linear equations system with sparse matrix, what 
can be done effectively with conjugate gradients method (CG). We use CG method without of 
preconditioner with relative error of 1.0e-7. Since CG method uses only matrix and vector 
multiplication, it was realized in parallel multi-threaded mode with significantly increased 
computational performance. 

It is found in 3D-calculation particles are subjected to joining effect, which lead to ill-conditioned 
matrixes for equations of pressure projection method. To avoid such particle clustering an 
artificial repulsive force added if inter-particle distance becomes too small. This repulsive force 
do not affect main hydrodynamics flows and have no significant influence on local pressure 
distribution, but effectively prevent particle joining and stabilizes computations.
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RESULTS AND CONCLUSIONS

The proposed method allows simulating the process of selective electron-beam melting of 
powders of titanium alloys, taking into account the hydrodynamic flow of the melted metal, 
thermal conductivity and the effect of surface tension on the shape of the surface of the melt 
pool. Effective parallel computation procedures can be used due to the use of the conjugate 
gradient method for solving systems of linear equations. Advantages of the meshless iSPH-
method significantly simplify the calculation of the adhesion of powder particles during melting 
and allow calculation of melt mixing and heat transfer in the same computational framework.

Comparison of numerical simulation results with experimental studies of EBM melting VT1 
powder (analogue alloy CI-2 (Japan), T-40 (France)) performed. This comparison show 
that the proposed model adequately describes the main stages of the process of melting and 
crystallization of the powder and allows you to qualitatively investigate the effect of electron 
beam parameters on fusion of layers and surface roughness [2] of products obtained by the 
method of selective electron beam melting. This model can be useful for predicting fatigue 
strength properties of Ti-6Al-4V manufactured by additive SLM and EBM manufacturing [3]. 
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ABSTRACT

To explicitly account for the morphological structure of crimped fibers and reveal their damage 
mechanism at mesoscopic level, a three-dimensional (3D) unit cell model (UCM) is developed 
based on the microstructure of collagen fibers, in which a fiber with controllable irregular 
helical curve structure is explicitly embedded into the soft matrix. For reproducing the softening 
behavior and failure of the composite, the neo-Hookean and Holzapfel-Gasser-Ogden (HGO) 
models enhanced with different energy limiters and failure parameters are applied to the UCM 
with ABAQUS user subroutine. Moreover, the damage of fiber/matrix interface is simulated 
by cohesive elements. Finally, the effects of interfacial strength, material properties and 
morphological structure of crimped fibers on the mechanical properties and damage mechanism 
are discussed.

Keywords: morphological structure, collagen fiber, UCM, energy limiter, damage mechanism.

INTRODUCTION

The crimped fiber reinforced composites (Rezakhaniha, 2012 and Gattinger, 2018) play a 
significant role in advanced engineering applications. Connective tissue, as one of the most 
common fibrous composites, supports, connects or separates different types of tissues and 
organs in the body. There are many literatures on the constitutive model or numerical analysis 
of the tissues. Accordingly, the nonlinear constitutive behavior of the tissues is caused by the 
nanoscale material mechanism (Marino, 2017) and geometric nonlinearities (Cacho, 2007), 
but it is limited to two-dimensional or one-dimensional problems and the effect of the crimped 
geometric features on the local stress and strain fields of the composites cannot be obtained 
during the deformation. Moreover, the damage accumulation in the material is a consequence 
of micro-defects evolution, degradation of mechanical properties up to failure (Calvo, 2007 and 
Fathi, 2017). Therefore, a three-dimensional (3D) model with controllable geometric features is 
needed for investigating the geometric effects on the global or local mechanical responses of the 
composites and revealing the damage mechanism which is caused by the interfacial strength, 
material properties and morphological structure of crimped fibers.

RESULTS AND CONCLUSIONS

Fig. 1 gives the load-displacement curves and Fig. 2 gives the Mises stress contours. The 
influences of straightness Ps on mechanical property are discussed. This study shows that 
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fibers with the same straightness exhibit the same overall mechanical properties. The overall 
mechanical properties of the material enhanced with the increase of fiber straightness, but the 
local stress level is non-monotonically correlated with it.
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Fig. 1 - Load-displacement curves with different straightness
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Fig. 2. – Mises stress contours
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ABSTRACT

This article presents results relating to the production of a WC-Co gear cutting tool via selective 
laser melting (SLM). The influence of powder grain geometry and chemical composition on 
SLM process outcomes are firstly investigating by producing and testing simple cylindrical 
specimens, from which optimal process parameters and scanning strategies are establish for both 
the component itself and supporting structures. These parameters are then utilised to produce a 
real cutting tool that is subsequently employed for internal automotive gear fabrication.

Keywords: Selective Laser Melting (SLM), Additive Manufacturing, WC-Co Cutting Tools.

INTRODUCTION

Current powder sintering processes utilised for cutting tool production are limited by the fact 
that components must always be of full density and are moulded to produce the semi-finished 
form, which can take a very long time for tools with complex geometry. It is instead possible to 
produce semi-finished components via selective laser melting (SLM), a 3D printing technology 
that allows weight savings to be made through the creation of structures with the same stiffness 
but reduced mass. This ultimately leads to lower material consumption and allows traditional 
forming process to be avoided, with time savings in delivery and warehousing stocking. The 
production of WC-Co components via SLM is extremely complicated due to the different 
melting temperatures of WC and Co and optical absorptance at the laser beam wavelength; 
moreover, WC is very fragile, which makes the object susceptible to cracking as a result of 
thermal cycles that are induced during the SLM process. Many studies have been presented in 
the literature in relation to these problems [1-4]; however, to the authors’ knowledge, none have 
yet demonstrated successful production of cutting tools via SLM, especially tools with large 
dimensions and complex geometry. 

In order to optimize this process, components were produced by SLM using a SISMA 
MYSINT100 system with a 100 mm diameter cylindrical building chamber and fibre laser of 
wavelength 1030 nm, power up to 150 W and spot diameter of 50 μm. All tests were carried 
out in a nitrogen environment with a residual oxygen content of 0.2%. Process parameters 
and laser beam scanning strategies were implemented with the MARCAM AutoFab software. 
Layer thickness and hatch space were set to 20 μm and 60 μm, respectively, for all tests, while 
a 3 × 3 mm2 checkerboard hatching style was utilised for the bulk volume. All samples for 
process optimisation were cylindrical in form with a diameter of 8 mm and a height of 10 mm. 
Hot Isostatic Pressing (HIP) was subsequently performed on all samples at a temperature of 
1392°C and a pressure of 50 bar. Samples were analysed with optical microscopy (OM) and 
SEM coupled with energy dispersive spectroscopy (EDS) (X-Act/INCA, Oxford Instruments). 
Etching was carried out by exposing samples to Murakami reagent for 10 s. 
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The density of samples was determined both before and after HIP treatment based on 
Archimedes’ principle using scales with a precision of ±0.0001 g. An experimental campaign 
was then developed, evaluating three different scanning strategies:

1. A single laser pass per layer, varying the laser power and scanning velocity to achieve 
increasing energy density over the range 140-450 J/mm3. 

2. Two laser passes per layer, varying the laser power and scanning velocity to achieve 
increasing energy density up to 520 J/mm3.

3. Three laser passes per layer increasing energy density up to 680 J/mm3.

RESULTS AND CONCLUSIONS

The first set of experiments conducted with a single laser pass per layer has demonstrate that 
the density of samples increases with increasing energy density, before reaching a horizontal 
asymptote for energy density above 375 J/mm3. An energy density of 375 J/mm3 was furthermore 
considered the maximum usable in the case of a single laser pass per layer, as higher energy 
density levels did not produce intact cylinders. With the second set of experiments, conducted 
with two laser passes per layer, the division of the total energy density into two successive laser 
passes allowed the maximum energy density per layer to be increased from 375 to 520 J/mm3 

and the density from 92.5 to 98.8%. 

Upon increasing the number of passes from two to three, this value increased to 620 J/mm3 

(sample 3.4* in Fig.1). Microscopic analysis of all samples, moreover showed that an increase in 
total energy density led to a reduction in cracks due to minimisation of temperature differences 
during production and therefore minimisation of the rate at which thermal expansion and 
contraction took place. Sample 3.4* was almost completely crack-free, representing the best 
compromise between maximum component density, minimum crack formation and maximum 
production speed. Investigation into additional strategies for division of the total energy density 
was therefore not undertaken. 

Figure 1: Microspose images of sample scanned with a triple-pass strategy.
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ABSTRACT

Transforaminal lumbar interbody fusion (TLIF) is an established treatment for structural 
instability associated some with spine instability and symptomatic disk degeneration. TLIF 
approach by a unilateral access to the intervertebral foraminal space, reduces direct dissection 
and surgical trauma to spinal muscles, so it and can be performed via “mini-open” technique. 
Stand-alone TLIF may increase the risk of non-fusion. This work presents a numerical model of 
a minimaly invasive transforaminal lumbar interbody fusion of the functional spine unit L5-S1 
with bone graft and posterior instrumentation in order to increase fusion rate.

Keywords: minimally invasive lumbar fusion, transforaminal approach, T-Pal implant, finite 
element method.

INTRODUCTION

Lumbar spinal fusion (LIF) has evolved as a treatment option for symptomatic spinal instability, 
spinal stenosis, spondylolisthesis, and degenerative scoliosis. TLIF is a posterior approach 
that places the interbody implant after the unilateral removal of the pars interarticularis and 
facet complex without violating the spinal canal. TLIF enables placement of the graft within 
the anterior of the disc space to restore lumbar lordosis. Implants have radiopaque marker 
pins to allow the exact position of the implant, during and after surgeries (Skovrlj, 2015) 
which increases radiation exposure. The chief advantages of the TLIF procedure include an 
improvement in lordotic alignment due to graft placement within the anterior column, decrease 
in potential neurological injury, and preservation of posterior column integrity and the posterior 
and anterior longitudinal ligaments (Cole, 2009).  

METHODS

A finite element model of the L5-S1  FSU was created using computer tomography images. 
In order to define the geometry of the two vertebrae surface, Mimics software (version 10.0, 
Materialise Inc., Belgium) was used. Then the smoothed surface was imported into Abaqus/
CAE (2007) software to perform meshing with four node tetrahedral elements C3D4 and finite 
element analysis. The definition of the intervertebral disc of the L5-S1 FSU was performed 
using the intervertebral space between the two vertebrae and lower surface of L5 and the upper 
surface of S1 geometries. Then ligaments were modelled using tension-only spring connector 
elements, truss elements T3D2, and intervertebral joint layers were meshed with eight-noded 
hexahedral elements and a hybrid formulation C3D8H.
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Fig. 1 - TPal Cage anatomic shape and finite element mesh 

Fig. 1 shows T-Pal cage (DePuy Synthes GmbH) geometry characterized by 28 mm length, 
insertion depth 10 mm, total depth 14 mm, 11 mm thickness and a lordotic angulation equal to 
0º. It is manufactured with a biocompatible polymer (PEEK) with Titanium alloy marker pins. 
It was modelled with 14217 nodes and 65775 four node tetrahedrical elements, C3D4. In order 
to make possible the T-PAL cage insertion, a discectomy was performed at the L5-S1 FSU level: 
the left inferior facet joint of L5 and the superior facet joint of S1 were removed and considering 
the intervertebral disk only 1/3 of the annulus fibrosus was preserved. Consequently, left facet 
capsular ligament was not considered in this model. Before implant insertion, the central 
window and the anterior disk space were filled with autogenous bone graft to improve fusion 
rate. Fig. 2 shows the finite element model of the TLIF considering supplemental fixation. 

Fig. 2 – L5-S1 transforaminal lumbar interbody fusion finite element model
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ABSTRACT

This work proposes a model for prediction of protective properties of 3d-printed plastic shield 
reinforced with aramid fiber against low velocity debris generated in a process of electric 
motor destruction. Results of numerical computations and comparison with experimental data 
presented.

Keywords: 3D-print, protection, destruction, reinforcement fiber, shield.

INTRODUCTION

There is erosion phenomena associated with destruction of technical equipment. This 
phenomenon produces low velocity debris that is potentially dangerous to personnel. Creating 
protection against such debris is an important task. This paper is dedicated to research of 
protective properties of 3D-printed shields reinforced with aramid fiber against debris produced 
at electrical motor destruction process. 3D-printed plastic shields and cases is cheap, fast 
manufactured and effective elements of cases for electrical equipment, but low strength is one 
of important disadvantages of this technology. Reinforcement fibers are widely used to improve 
strength of additively manufactured plastic products and it is important task to optimize cost when 
manufacturing fiber reinforced products. This leads to importance of theoretical investigation 
of fiber reinforced 3D-printed products and to importance of numerical models for prediction 
of strength properties of reinforced 3D-printed plastic materials.

RESULTS 

This paper presents a numerical method for modeling of destruction of fiber reinforced plastic 
for low deformation rates which is typical for low velocity impact in application to protection 
of technical equipment. 

Proposed model uses smooth particle hydrodynamics [1,2] as computational base. Restoring of 
particle consistency [3] improves approximation accuracy. Reinforcement fiber are modeled as 
1D strings with given strength, acting as anisotropic reinforcement factor. This reinforcement 
fibers connects computational nodes (smoothed particles) in long lines and acts as additional 
forces for this nodes. 

It allow to represent full stress in material of matrix as two parts
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  m Fσ σ σ= +  (1)

where mσ – stress in isotropic plastic materials of matrix, Fσ – highly anisotropic stress in 
fibers.

A criterion of destruction for this media also splits for two parts:

  ( ) ( )1 1, 0 , 0m m F Ff Y f Yσ σ< ∨ <        (2)

where f - destruction functional, ,m FY Y - critical stress of destruction for plastic matrix and 
reinforcement fibers respectively.

In our model we do not take into account slippage of the fibers relative to the plastic matrix. 

Destruction of fiber lead to redistribution of stresses in local point. Due to high difference in 
elastic modulus of fiber and plastic, it is reasonable to assume that after fiber break corresponding 
parts of fiber relax and stretch matrix near point of break. Corresponding deformations of matrix 
should compensate elastic energy of cracked fiber, and therefore additional deformation of 
matrix near point of crack get form of:

  
( ) ( )1 1

3

3
4

i j
ij fiber ijkl i j k l

d d
E S d d d d

H
δε δ

π
− −= ⋅ ⋅  (3)

where ijδε – additional deformations of plastic matrix, fiberEδ – released energy of fiber, ijklS –  
compliance modulus of plastic matrix, id – components of vector of fiber direction, H – radius 
of influence of fiber break. This additional deformation lead to local stress change near point of 
fiber break and may initiate plastic flow of matrix. 

CONCLUSIONS

Computational results of proposed model was compared with experimental data of shield 
destruction for different count of reinforcement fibers and quantitative agreement is observed. 
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ABSTRACT

The purpose of the present paper is to propose a 16-segmental biomechanical model of 
the Bulgarian male and to determine the mass-inertial characteristics of the body based on 
anthropometric parameters available in the literature. In addition, we provide a 3D generation 
of the model within SolidWorks media. The computer realization allows the determination of 
the mass-inertial characteristics of the body in any position of interest. We report data for two 
selected such positions. The basic idea of the study is to support mainly sports, rehabilitation, 
ergonomics and human body motion in microgravity. 

Keywords: biomechanics, human body modeling, mass-inertial characteristics, CAD design.

INTRODUCTION

The human movement is a subject of analysis from ancient times. To do this analysis scientifically 
grounded, one obviously needs knowledge of geometric and mass-inertial characteristics of the 
body, as well as of the various segments of the human body. This field of research has been the 
subject of intensive simulations and mathematical modeling, see, e.g., (Hanavan, 1964; Winter, 
2009; Herman, 2016).

In the current article, we propose an approach to the problem based on a mathematical model 
realized in a suitable computer media. The design of the 3D model of the human body needs 
knowledge of anthropometry and biomechanics. One should successively solve specific 
problems, related to i) proper body decomposition; ii) select of necessary anthropometric 
points; iii) organization of data that give the geometrical and mass-inertial characteristics of the 
human body and its segments; iv) model generation within a CAD system (e.g. SolidWorks); 
v) verification of the model via analytical results. The 3D model should allow performing fast 
individualization using a small range of parameters that could be easily determined. In the 
current study, we suggest such a model and provide data for the mass-inertial parameters of 
the human body in two basic positions and compare our results with those accessible from 
the literature. In order to do that we are going to use a realization of the model within a CAD 
system - Solid Works. 

RESULTS AND CONCLUSIONS

We use a mathematical model of the human body explained in detail in (Nikolova, 2007). There 
this model has been used to define the mass inertial parameters of the different segments of 
the body. The model encompasses 16 segments representing: head + neck, the upper, middle 
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and lower part of the torso, thigh, shank, foot, upper arm, lower arm, and hand, assumed to be 
relatively simple geometrical bodies. We accept full body symmetry with respect to the sagittal 
plane. The geometrical data needed is taken from a detailed anthropological investigation of 
the Bulgarian population (Yordanov, 2006). A total of 2435 males were measured. We take 
the average values and design a model, which represents the so defined average Bulgarian 
male. After determining the mass inertial parameters of the segments, one can also study the 
corresponding characteristics of the total body assuming the body to be in each position of 
interest.

With the aim of realizing the goals described above, we have accomplished a realization of 
the model in the CAD system – SolidWorks. We have verified the computer realization by 
comparing the results it delivers for the mass-inertial parameters of the segments of the body 
with those reported in (Nikolova, 2007). The program reproduces segment-by-segment data 
about volume, mass, center of mass and moments of inertia. That gives us confidence that 
this model could be used to calculate these characteristics at different body positions of the 
body. The basic positions of the body have been classified long ago in the literature – see, e.g., 
(Hanavan, 1964). NASA has classified eight principal body position of interest. Here, we will 
present data for two of these positions: the so-called “standing position” and the so-called 
“relaxed (weightless)”. Wherever possible we present a comparison of our results with data 
available in the literature for other Caucasian men. The inspection shows a reasonably good 
agreement between our results and those previously reported in the literature.

Let us finally stress, that the model proposed can be used in related sport, rehabilitation, and 
ergonomics. It can be applied also in other areas such as simulation of the human behavior in 
space, medicine (orthopedics, orthotics and prosthetics design), criminology and other areas.
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ABSTRACT

This work proposes a new deposition path for Fused Filament Fabrication (FFF) in Additive 
Manufacturing (AM). In the proposed method, a material is extruded from a nozzle on a rotating 
cylindrical bed to make a winding deposition, which is designed toward a different direction 
at each layer. This method can fabricate 3D parts without plane layer that lead to weakness 
between layers. Additionally, the method can adopt composite materials with continuous fiber 
strings for reinforcement, such as CFRP. In this study, a FFF machine was developed to realize 
the winding deposition and bending tests of cylindrical parts fabricated with this method were 
conducted. The experimental results showed that the parts have higher strength and toughness 
than that of conventional FFF methods. The proposed method is valuable in low-volume 
production for functional parts receiving heavy loads.

Keywords: additive manufacturing, fused filament fabrication, winding deposition.

INTRODUCTION

Additive Manufacturing (AM) has a lot of merits in low-volume production. Fused Filament 
Fabrication (FFF) is a well-known type of AM, where plastic material is extruded form a heated 
nozzle to a designed position. FFF machines are widely used for making not only prototypes 
but also practical functional parts such as aircraft parts. However, there is a problem as that the 
strength between extruded paths is weak. The problem exists even on CFRP AM machines, 
which use continuous carbon fiber with a plastic. There is two important conditions to avoid 
the problem. One is to use curved surface as a deposition layer. Another is to use different 
orientation path at each layer. Singamneni (Singamneni, 2012) proposed a curved layer fused 
deposition to ensure inter-road and inter-layer connectivity.

In this paper, winding deposition path is adopted because it can envelop a 3D object. In case 
of cylindrical parts, the winding FFF AM machine can be realized simply. The curved layer 
is achieved by using rotational cylindrical bed. The different orientation path is achieved by 
generating a different directional motion at each layer. The prototype machine was developed.

In order to confirm the effect of the winding deposition method, the experiments of bending test 
using a pipe shape object with a single material of ABS are conducted. The bed consists of a 
core part having a cylindrical shape and a sacrifice part having a pipe shape attached to the core 
part. The deposition in AM is performed on the surface of a sacrifice part. In the bending test, 
both the sacrifice part and the deposited object are treated as one test piece to avoid influence of 
removing operation on the surface of deposited object.
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RESULTS AND CONCLUSIONS

Four types of pipe shape test pieces are fabricated with different winding orientation, of which 
the angles to the cross-sectional plane are 0˚, 13˚, 25˚, and 90˚. It is known that the bending 
strength of pipe shape objects deposited toward the longitudinal direction becomes weak 
(Tateno, 2016). Fig. 1 shows a photograph and the size of a test piece. The test results of typical 
test pieces for each winding orientation are shown in Fig. 2. They had similar stiffness, but the 
test piece of 25˚ had a significant result, in which the breaking load is about 40% stronger and 
the stroke at breaking point is approximately twice larger than that of 0˚. It is confirmed that 
the winding deposition method can fabricate objects compensate weakness between deposition 
paths in strength and toughness by fabrication with various direction paths. 
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Fig. 1 Photograph of a test piece (25˚)                              Fig. 2 3-points bending test results

Further tests should be performed to evaluate the effect of the winding orientation on mechanical 
properties qualitatively. The machine should be improved to use CFRP and to realize 5-axis 
motion for enveloping arbitral 3D convex shape objects.
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ABSTRACT

Ovarian and endometrial cancers are the deadliest gynecological cancers in women over 45 
years of age with an overall survival rate of 46.5%. Available diagnostic tools are not specific 
or sensitive enough for early detection. We designed a triple modality hybrid sampling device 
for the collection of genetic material from the uterine cavity. Preliminary in vitro results show 
the device is safe for in vivo testing. Further in vitro testing is needed for performance validation 
prior to its use in an in vivo feasibility trial. 

Keywords: medical devices, device design, device validation, liquid cytology, gynaecologic 
oncology, ovarian cancer.

INTRODUCTION 

Ovarian and endometrial cancers are the deadliest gynecological cancers in women over 45 
years of age with an overall survival rate of 46.5% (The American Cancer Society, 2018) 
(Ovarian Cancer Research Alliance, 2018). Current standards of care include CA125 test and 
transvaginal sonography (TVS) both of which are not specific and sensitive enough for the 
disease (Pinsky et al. n.d.) (Wang & al., 2018). Due to the low concentrations of tumoral DNA 
available in blood samples, liquid biopsies still yield a high number of false positives (Jung & 
Kirhcner, 2018). 
Increasing tumoral DNA concentrations available in liquid cytology samples, could yield 
higher sensitivity and specificity rates due to a better sample quality. For this, we developed 
a minimally-invasive, triple modality hybrid sampling device, for the collection of genetic 
material from the uterine cavity, table 1 summarizes design specifications and criteria. 
Ongoing in-vitro and in-vivo testing for safety and performance, include dislodgement tests for 
critical components, torquability, navigability, volume collection, sample quality, simulated use 
and determination of pain threshold (Table 1). 

PRELIMINARY RESULTS AND CONCLUSIONS

Four concepts were generated to comply with design criteria and specifications. Two were 
selected for prototyping based on manufacturability. Materials were chosen for biocompatibility, 
manufacturability and regulatory compliance. All concepts comprise a tapered tip for cervical 
dilation, a soft surface for cell recovery, a suction port and a sheath for sample protection. 
Suction is achieved by means of a standard syringe (Fig 1). 
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Table 1 - Design criteria, specifications and associated tests

Criteria Target specification Associated test

Efficacya,b

Volume collection ≥ 0.1-0.5 mL In vitro volume
Sample quality High DNA concentration Post In vivo DNA quality

Sample contamination Minimize presence of cervical cells In vitro simulated usee

Suction -150 to -349 mmHg In vitro volume

Usability

Ease of use Simple / No need of specialized trainingc In vitro simulated use
Pain reduction ≤ 3.5 on a 0-10 scaled In vitro Pain threshold

Affordable Yes NA — Cost analysis
Reusable No NA

Technical
Sterilization EO gas / Gamma rays NA — Sterilization validation

DNA interaction Inert NA — Material selection
Biocompatibility ISO 10993 NA — Material sourcing

a as per DOvEEgene Haloplex assay; b Target 99% Specific & 80% sensitive; c User perception questionnaire d Patient pain 
perception scale correlated to in vitro pain threshold test results; e Using a dedicated experimental setup. 

   

Fig. 1 – Left—Concept in utero. Right —Tip dislodgement test - Preliminary results

Preliminary results show the concepts are easily manufacturable and deployable. Ongoing 
analyses include cell collection efficiency assessment and navigability. Further testing is 
required for design optimization on the critical specification for intended use, using a dedicated 
experimental setup.
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ABSTRACT

The iron and steel manufacturing is considered one the most ancient activity of the human 
history, playing a strategic and fundamental role for the development of the world economy. 
The main goal of this paper is the implementation of an environmental management system 
of the steel sector, through the analysis of the organizational, technological and structural 
characteristics of a steel plant located in San Giorgio di Nogaro, in the province of Udine 
(Italy). According to the Directive 2010/75/EC, related to the industrial emissions of the “cast 
iron and steel production”, and by the adoption of best practices, the plant is able to take care of 
the environment reducing the pollution.

Keywords: Steel production, emission law limits, environmental protection, waste management.

INTRODUCTION

Because of its availability, versatility (Foraboschi, 2016), limited cost, easy manufacturing, 
resistance to corrosion, excellent mechanical characteristics and recyclability, steel is one of 
the favourite materials of the industrial sectors (Blair M., Stevens L., 1995). Furthermore, it 
is an essential material for those sectors involved in sustainable development for improving 
green economy: steel productive processes allow wide possibility of industrial synergies for 
an efficient use of resources, by the use of by-products and heat and energy recovery. Multiple 
recycling is an important aspect of steel (Brimacombe et al., 2005), nevertheless steel production 
has a great environmental impact (Its and Least 2017), generating solid, liquid and gaseous 
waste; it needs a high consume of energy, generates acoustic (Golmohammadi, et al. 2014) 
and electromagnetic pollution; furthermore, it constitutes a serious problem adversely affecting 
public health (Qing et al., 2015). Nunki Steel S.p.A., a plant operating in Friuli-Venezia Giulia 
region, is engaged to minimize its negative impact on environment, through the obtainment 
of ISO 14001 certification (2013), and other solutions that allow to improve the quality of the 
work and the environmental protection.

RESULTS AND CONCLUSIONS

Nunki Steel is an iron and steel plant that operates with an electric arc furnace, where steel ingots 
are manufactured from iron cast and iron scraps fusion. The ingots are principally destined to 
the forges belonging to the Group, but also to free market, in particular foreign market. The 
productive activity began in 2010, after the takeover of a previous iron and steel plant. This 
study concerns the waste management of the plant. Waste incoming are constituted by the metal 
scraps that can be received as End of Waste (EoW), (Directive 2008/98/EC); scrap-waste coming 
from European countries, submitted to control activities, before its transformation in EoW; iron 
scraps in quality of waste in simplified procedure, according to Ministerial Decree February 
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5th 1998. Waste typologies are classified according to the Directive 2008/98/EC (Revision 4 of 
Analisi Ambientale Iniziale-Initial Environmental Review). In Table 1 the main characteristics 
of some typology of waste produced by Nunki Steel plant from 2010 to 2015 are listed.

Table 1. Outgoing waste. Period 2010-2015

EWC* Name Physic 
state Store Origin 2010

kg
2011
kg

2012
kg

2013
kg

2014
kg

2015
kg

100202 Not treated 
slags Solid Heaps Ladle Furnace 

(LF)-prod. - 2,834,740 2,133,760 3,850,090 4,181,510 5,371,220

100207

Solid waste 
from fumes 

with dangerous 
substances

Solid Silo Fume treatment 
plant - 1,079,000 914,270 1,304,420 1,174,170 2,077,980

100903 Fusion slags Solid Heaps Electric arc 
furnace/LF- prod. 470,740 7,379,320 5,851,230 12,366,520 11,656,840 12,927,880

130208
Exhaust oils, 
others oils for 

gears and oiling
Liquid

Oils store- 
covered and 
floored area

Maintenance - 37,650 16,040 2,780 1,620 1,520

150103 Wood 
packaging Solid Melted in 

container Logistics 34,160 49,340 28,500 100,860 83,500 85,800

170405 Iron and steel Solid Heaps Maintenance, 
production 398, 800 121,750 55,970 2,050,220 1,619,340 1,276,710

*EWC= European Waste Catalogue

In addition to law requirements, the plant has achieved positive goals related to the environmental 
protection, realizing important activities to reduce its pollution. Among them, the system of 
thermo-resistances and insulation on the hoppers of bag filter and the extractor hood, to reduce 
the diffused emissions, the re-use of iron scraps coming from close industrial activities, the 
realization of a new partition wall, to improve the acoustic insulation. These solutions improve 
the quality of work and at the same time the environmental protection.
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ABSTRACT

We present an approach for determining the mass-inertial parameters of the upper and lower 
arm, thigh and shank of the human body using 3D geometrical modeling. The method is 
based on our own anthropometric measurements of 100 Bulgarian men that complement the 
representative anthropological investigation (Yordanov, 2006) of 2435 males of the Bulgarian 
population aged 30-40 years. These additional measurements are needed for the determination 
of some of the parameters of the geometrical bodies involved in the model. The segments 
are modeled via three-dimensional versions of right elliptical stadium solids. The comparison 
performed between our model results and data reported in literature demonstrates that the 
suggested modeling is successful being closer to the real shape of the segments envisaged.

Keywords: body segment parameters, anthropometry, 3D human body modeling.

INTRODUCTION

The biomechanical analysis of human movement demands knowledge of the geometric and 
mass-inertial properties of the body segments. Different methods for estimation of the parameters 
of the human body are available, e.g., geometrical modeling techniques representing the shape 
of body segments by means of standard geometric solids (Yeadon, 1990; Zatsiorsky, 2002). In 
the current study, we present a specific 16-segmental simplified 3D biomechanical model of 
the human body, which provides a possibility to calculate the mass-inertial parameters of all 
segments of the body. The main purpose of the present article is to improve the 16-segmental 
mathematical model of the human body of the average Bulgarian man and woman (Nikolova, 
2007) by modeling the upper arm, lower arm, thigh and shank with versions of right elliptical 
stadium solids instead of using the frustum of a cone.

We begin with a 3D model of the human body which consists of 16 segments (Zatsiorsky, 2002; 
Nikolova, 2007): head + neck, upper part of torso, middle part of torso, lower part of torso, thigh, 
shank, foot, upper arm, lower arm, and hand, assumed to be relatively simple geometrical bodies. 
The explanation how one determines the numerical values of the geometrical parameters, the 
choice of the anthropometric landmarks, the way the segments are modeled, etc., is described 
in (Nikolova, 2007), to which we refer the interested reader for details. However, in the model 
used in the current study, we change the geometrical modeling of the thigh, shank, upper and 
lower arm representing them via three-dimensional versions of right elliptical stadium solids. 
Furthermore, we compare the results of the new model with data from literature and verify 
that the model suggested describes the inertial parameters of changed segments better than the 
model used in (Nikolova, 2007).
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RESULTS AND CONCLUSIONS

In (Nikolova, 2007) the main part of the geometrical data needed to determine the geometrical 
parameters of the segments of the body is taken from a detailed representative anthropological 
investigation of the Bulgarian population (Yordanov, 2006) where the authors measured a 
total of 2435 males. Unfortunately, the data collected does not include all the data needed to 
model the thigh, shank, upper and the lower arm as right elliptical solids. For that reason, we 
made our own complementary anthropometric measurements of these segments on additional 
100 Bulgarian men. The average data for the directly measured independent geometrical 
parameters of these segments, as well as their standard and mean deviations are summarized. 
These average values define the so-called average man - height 1.71.m and weight 77.7 kg. 

Using the novel experimental data measured and the analytical properties of the solid bodies 
involved in modeling the segments of the human body, we calculate the volumes, masses, the 
positions of the centers of the masses and the corresponding principal moments of inertia of the 
average Bulgarian man. The model used can be considered as a modification of the one applied 
in (Nikolova, 2007) along with some suggestions made in (Yeadon, 1990). Let us stress that in 
this new model we found the geometrical parameters of the body segments approximating them 
by elliptical solids, which are closer to the real shape of some of the segments of the human 
body. For these geometrical bodies, we derived analytically, and estimated numerically, the 
positions of the segment mass centers, as well as their inertial characteristics. The comparison 
between our simple model results and those experimentally found and reported in the available 
literature for other Caucasian allows us to conclude an, in general, very good agreement. The 
method, described above, has been applied to the “average” Bulgarian man aged 30-40 years. 
We do not use any regression equations or adjustments of the measured parameters. The last 
leads to an interesting advantage, namely that our approach shall be working reasonably well 
also for determination of the corresponding characteristics of a given specific individual, and 
not only to the “average person”, provided some relatively simple geometrical measurements 
for this individual are performed.
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ABSTRACT

The present work shows the relative residence time spatial distribution, the strongest metric 
of hemodynamic descriptors for assessing atherosclerotic plaque formation, for completely 
different patient cases: different geometry configuration, different percentage of lumen stenosis 
and different locations of the stenosis. The stenosis tends to increase, even more, when located 
between two side-branch bifurcations. Moreover, locations with high roughness have a high 
tendency to atherosclerosis appearance.

Keywords: right coronary artery, stenosis, hemodynamics, wall shear stress-based descriptors, 
computational fluid dynamics.

INTRODUCTION

Cardiovascular diseases have been one of the leading causes of mortality in developed countries 
(Mozaffarian et al. 2015). Atherosclerosis develops due to the accumulation of lipoproteins 
in the arterial wall and the migration of smooth muscle cells to the intima and leukocyte 
infiltration. Numerical studies of blood flow in patient-specific right coronary arteries (RCA) 
with atherosclerosis has not been well explored in the literature, probably, due to the extremely 
irregular geometry of the main artery, of its side-branches and of the atherosclerotic plaque. 
Myers et al. 2001 suggested that the hemodynamic behaviour of the RCA complex geometry 
is dominated by its geometric configuration. However, a detailed study of the hemodynamic in 
patient-specific RCAs with atherosclerosis is still a challenge in the diagnosis and treatment of 
atherosclerotic disease. 

The use of geometric models of the RCA, with its side-branches and atherosclerotic plaque, 
as close as possible to reality is essential for simulations. Moreover, some authors have been 
used the Fluid-Structure Interaction (FSI) method, considering a deformable wall of the artery, 
during the cardiac cycle, for hemodynamic simulations (Zhou et al. 2018). However, when the 
differences considering deformable wall or rigid wall are not significant, FSI should not be used 
due to the high computational time. 

The present work focuses on a detailed hemodynamic study of each patient-specific case 
with different percentage of lumen stenosis. The goal is to conclude about the tendency of 
atherosclerosis appearance around the stenosis depending on its location: near or far side-
branch bifurcations. Since these patient-specific arteries have rigid atherosclerotic plaque, 
results considering rigid wall, with faster computational time, are considered accurate.
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METHODOLOGY

The DICOM (Digital Imaging and Communications in Medicine) were provided by Vila Nova 
de Gaia / Espinho Hospital Centre. The patient-specific cases are males, mean age 54.7 ± 8.8 
years old, with different locations and percentages of lumen stenosis in the right coronary artery: 
Patient 1 with 70% lumen stenosis far from bifurcations, Patient 2 with 20% lumen stenosis 
just before a bifurcation and Patient 3 with 40% lumen stenosis between two bifurcations. 
The computed tomography (CT) examinations were performed with a third generation  
2 × 192-section dual-source CT system (SOMATOM Force; Siemens Healthcare Sector, 
Forchheim, Germany) and the mean effective radiation dose was 1.133 ± 0.2035 mSv.

The CT images were transferred and imported to Mimics software to start the segmentation 
process, for the 3D geometry reconstruction of the RCAs with its side-branches and 
atherosclerotic plaque. Therefore, a 3D mask was obtained (Fig. 1a) and imported to 3-Matic 
software in order to reduce abnormalities (Fig. 1b) from the segmentation process. This method 
considers the non-modification of the specific configurations of the patient, namely the shape 
and anatomic dimensions.

Then, a uniform tetrahedral mesh was reconstructed in Meshing Ansys software, through a 
Path Independent method (Fig. 1c). The statistical parameter Skewness was used to verify 
the accuracy of the mesh. Following the Ansys tutorial, the mesh is accurate if the Maximum 
Skewness is lower than 0.95. Patient 1 has a Max. Skewness equal to 0.63, Patient 2 a Max. 
Skewness equal to 0.59 and Patient 3 a Max. Skewness equal to 0.60. So, all the meshes obtained 
were considered accurate for numerical simulations.

Fig. 1 – a) 3D mask obtained thought Mimics software, b) 3D geometric model of the RCA obtained after the 
minimization of abnormalities through 3-Matic software, c) 3D mesh of the RCA obtained through Meshing 

Ansys software.

In the present work, blood was considered as isotropic, impressible and homogeneous fluid 
with the purely shear-thinning non-Newtonian property. Carreau model fits well this property 
for blood at 37ºC and parameters are defined in the literature (Yilmaz and Gundogdu 2008).

The inlet boundary condition, in Ostium, was a Womersley velocity profile, depending on 
the instant time of the cardiac cycle, the position at the inlet and the Womersley number  

(  ρw
µ

∝ = R ). Consequently, the Womersley number depends on the radius of the artery (R), 

the blood density (ρ), the cardiac frequency (ω) and the viscosity of blood (µ) at infinite shear 

rate. At the outlet branches, pressure profiles were taken into account depending on the instant 
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time of the cardiac cycle and radius-independent. These boundary conditions were implemented 
in User-Defined Functions (UDFs) in Ansys software. Fig. 2 shows the mean velocity profile 
imposed at the inlet (ostium) and the pressure profile imposed at the outlet branches.

Fig. 2 - Mean velocity profile imposed at the inlet (ostium) and pressure profile imposed at the outlet branches.

Afterward, Ansys software was used to perform blood flow simulations. Navier–Stokes equations 
are solved considering a laminar flow. Reynolds number in the systolic peak, maximum velocity, 
has a maximum of 1000. The velocity–pressure coupled equations were solved by SIMPLE 
algorithm and the momentum equations were discretized by the second-order upwind scheme.

The time step size considered was 0.005 s/time step, the number of iterations for each time step 
was 20 and the time step number defined as 444, corresponding to the time of three cardiac 
cycles (3 cardiac cycles × 0.74 s/cardiac cycle = 2.22 s). The process is completed when the 
444 time steps are achieved.

RESULTS AND CONCLUSIONS

The wall shear stress (WSS) hemodynamic descriptors - time average wall shear stress (TAWSS), 
oscillating shear index (OSI) and relative residence time (RRT) - highlight the tendency for 
atherosusceptible regions in patient-specific arteries. TAWSS lower than 0.4 Pa (Malek et al. 
1999), OSI between 0.25 and 0.5 (Soulis and Fytanidis 2010) and RRT higher than 8 Pa-1 (Lee 
et al. 2009) indicate propitious regions to atherosclerosis development. Fig. 3 shows the relative 
residence time (RRT) spatial distribution, the most reliable metric for assessing atherosclerotic 
plaque formation (Knight et al. 2010), for the three right coronary arteries of the patients in 
study. 

Fig. 3 – RRT spatial distribution for each patient-specific RCA with atherosclerotic plaque.
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Regions closer to 8 Pa-1 are considered more propitious to atherosclerotic plaque formation (Lee 
et al. 2009). The highest tendency for atherosclerosis appearance around the stenosis occurs 
in Patient 3 since the 40% lumen stenosis is located near and between the first side-branch 
bifurcations. The tendency to increase the 20% lumen stenosis in Patient 2 is lower than in 
Patient 3. The stenosis of Patient 2 is found before the second side-branch and far from the first 
side-branch. Patient 1, with 70% of lumen stenosis, has no tendency to enlarge its stenosis due 
to the geometric configuration. The stenosis in Patient 1 is far from the bifurcations and the 
geometry has not roughness. However, this patient has, in reality, 70% of stenosis, perhaps, due 
to conventional risk factors (smoking, no physical activities, etc.). In order to obtain accurate 
conclusions about the influence of the geometric configuration in the tendency of atherosclerosis 
formation, the study should be further developed: study other patient-specific cases with different 
locations of the stenosis, study other degrees of the stenosis in the same patient, etc.

It is well-known that blood has complex properties: not only the shear-thinning but also the 
viscoelastic property. Therefore, in future work, authors should implement, in UDFs of Ansys, 
constitutive equations defining the viscoelastic property of blood. This property will certainly 
influence the wall shear stress based descriptors distribution in the patient-specific arteries, and 
so, influence critical regions prone to atherosclerosis appearance. 
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ABSTRACT

This work presents a developed design solution to produce a magnetic levitation system with 
horizontal movement, using permanent magnets. The permanent magnets on top of the rail 
create the necessary lift force, while lateral permanent magnets are responsible to control the 
position of the structure. The presented design was optimized in terms of dimensions and 
magnets to serve different applications, for example, an opening door system. 

Keywords: Magnetic levitation, static levitation, horizontal movement, maglev, design.

INTRODUCTION

The conventional methods used in slide doors, windows or other types of structures that 
require horizontal movement are usually associated with great loss of power and material 
deterioration due to dissipative forces, such as friction. This problem can be solved with a 
magnetic levitation system, allowing the movement of heavy bodies with low propulsion 
forces and almost no need for maintenance combined with the low noise production. This 
system becomes a viable option to use at home, office or industrial environments (Hyung-Suk 
and Dong-Sung 2016, Yaghoubi 2013).

The developed design consists of using a track with incorporated permanent magnets that 
provide the required forces to levitating the intended object. By using only permanent magnets, 
a simpler structure was obtained. This structure does not need active control, discarding the use 
of sensors and computing resources, resulting in a low cost production and a functional system 
even when there is no electrical power available. It is expected to exist small oscillations 
since it is impossible to obtain a stable magnetic using only static forces, like magnetostatic, 
electrostatic or static gravitation forces, stated in the Earnshaw Theorem, developed in 1842 
(Cazacu et al. 2014, Reusch 1994). However, considering that the developed system is 
designed to be used in structures like windows, doors and other simple moving structures, 
small and limited oscillations and vibrations does not require much of concern. They are 
compensated by the manufacturing cost reduction and the simplification of the installation  
process.

METHODOLOGY

In order to obtain the most efficient design, several magnetic levitation systems were created 
using Solidworks software and post analyzed using Ansys 19.2 software, specifically the 
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Magnetostatic analysis system, existing in the Workbench Ansys, and Maxwell 3D of the 
electromagnetics package. 

In the first place, the geometry was created in Solidworks, since it is user-friendly software to 
create complex designs. Then, the geometry was imported in IGS or STEP format to Workbench 
Ansys, where the materials of each component were defined. Since different materials interact 
differently with magnetic fields, bringing more variables into the project, it was chosen 
materials which have a reduced impact on magnetic forces (Hilzinger and Rodewald 2013). 
These materials are paramagnetic and have good mechanical properties that guarantee a safe 
usage, ending up using aluminum for the supports united to the structure intended to levitate 
and stainless steel for the rails. Regarding the magnets, it was chosen neodymium magnets, 
since they are the most powerful permanents magnets and can operate at higher temperature 
scales (Coey 2002), with a magnetization of grade N42. It is also important to emphasize 
that the top support of the structure was dimensioned regarding the tensions involved and 
possible deformations. It was also considered the thermal expansion of aluminum when 
subjected to variations of temperature it would be normally subjected when used in a house  
front.

Once the material selection is done, the simulation parameters were input. A region of air was 
created, distancing itself 200 mm of the edges in every direction. Using the Magnetostatic 
option, the static study was performed considering a general mesh of 1/3 mm associated with a 
refinement in critical areas. For the dynamic study, it was used the Maxwell 3D, considering a 
movement velocity of 60 mm/s.

After the running process of the simulations, in different equilibrium points, it is necessaire to 
validate the results. With that in mind, analytical methods and laboratory methods were used to 
verify the simulated results. As analytical methods, formulas from the classical literature like 
Maxwell, Gauss and Lorentz laws were taken into account. For the laboratory test, a 3D model 
was printed with scaled dimensions and, after the installation of the magnets, the magnetic 
fields were measured using Gauss probes.

RESULTS AND CONCLUSIONS

Fig.1 shows the created and optimized design for a magnetic levitation system with horizontal 
movement, using SolidWorks software. The system is projected to have an air gap of 5 mm, 
constant in the horizontal direction, and variable in the vertical direction, since the vertical gap 
depends on the weight lifted. It is also easy to substitute the magnets used if we intend greater 
lifting forces. The top rail is expected to be fixedly in a wall or some other stable structure, 
supporting the magnetic forces, while the lower rail can be mounted on the floor or embedded 
to be hidden, resulting in a more appealing appearance.

Due to the difficulty created by the determination of the magnetic fields and the lift forces 
created, it is important to establish certain operating ranges to a series of magnets, in order to 
prevent the necessity of calculation new magnetic fields and their lift forces. 
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Fig. 1 - Magnetic Levitation System a) full view b) cut view, top rail c) cut view, lower rail.

The present configuration is designed to support 215 kg/m up to 280 kg/m. The biggest gap 
between the rails and the levitating structure is for the lowest weight (10 mm). The air gap is, 
also, as lowest as possible (0.2 mm) to the higher mass. 

It is recommended using an air gap of 5 mm for the most stable configuration, corresponding 
to a levitation force of 226 kg/m. These results were validated by the analytical calculus, which 
was 240 kg/m for the air gap of 5 mm. The difference was small, only 5%, and can be explaining 
with the mesh used in the simulations. If the mesh was more refined, the simulated results would 
certainly be even more coherent. However, that was not possible because of the limitation of 
hardware resources. 

The magnetic flux of the designed system is represented in Fig.2, where the maximum value is 
0.935 T. This value does not represent a risk to humans, and therefore this type of structures can 
be implemented in offices, houses and similar environments.
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Fig. 2 - Magnetic Flux Density of the designed system

The design can also incorporate a system to automate the horizontal movement of the levitating 
structure using electromagnets (Long et al. 2011, Nam and Long 2013). This subject will be 
further analyzed and tested using computational mechanics and compared with conventional 
methods to evaluate its efficiency.
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ABSTRACT

In this study, modal analysis of a friction welded Al6013-Al7075 bimaterial aluminum alloy 
beam is considered. For this purpose, two different friction welding parameters (i.e., rotational 
speed and welding pressure) and two constant friction welding parameters (i.e., friction pressure 
and contact time) are taken into account. Effects of the speed and the welding pressure on the 
vibration characteristics/structural performances are examined experimentally. Vibration tests 
are performed to present free vibration characteristics of the bimaterial aluminum alloy beams 
under free-free boundary conditions. Results are given in tabular and graphical forms.

Keywords: friction welding, bimaterial, modal analysis, displacement response function.

INTRODUCTION

There are many studies on friction welded materials in structures. On one hand, according to 
mechanical control of a friction welded beam, design works indicate that the boundary conditions 
are very important key whether natural frequencies of a component of the beam tend to be reduced 
by dissimilar material zone. Many procedures are used to analysis modal stresses of such those 
structures with respect to optimization procedures (Vigneshwar, 2018). On the other hand, it can 
be noted that due to the bimaterial effect, behavior of displacement response function is of great 
importance. Normalized fundamental natural frequency, normalized displacement response 
function and normalized damping ratio values with respect to each material are actually main 
important parameters of a friction welded Al 6013-Al 7075 bimaterial aluminum alloy beam to 
understand variations of vibration characteristics in frequency domain (Ahmad, 2009).

In this study, modal analysis of a friction welded Al6013-Al7075 bimaterial aluminum alloy 
beam is considered. For this purpose, two different friction welding parameters (i.e., rotational 
speed and welding pressure) and two constant friction welding parameters (i.e., friction pressure 
and contact time) are taken into account. Effects of the speed and the welding pressure on the 
vibration characteristics/structural performances are examined experimentally. Vibration tests 
are performed to present free vibration characteristics of the bimaterial aluminum alloy beams 
under free-free boundary conditions.

MATERIALS AND METHOD

Friction welded Al6063-Al7075 bimaterial beams possess welding location at the middle 
of the beams. Each circular bimaterial beam with 30 mm in diameter is 300 mm in length. 
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Consequently, half of the beam is Al6063 and the other part is Al7075. According to friction 
welding parameters, eight bimaterial beam groups are taken into consideration. Details of the 
welding parameters of the bimaterial beam groups are given in Table 1.

Table 1 – Friction welding parameters of the bimaterial beam groups.

Group 
#

Welding pressure
(MPa)

Friction pressure
(MPa)

Contact time
(s)

Rotational speed 
(rpm)

1 3 1.4 10 1000
2 1 1.4 10 1000
3 5 1.4 10 1000
4 10 1.4 10 1000
5 3 1.4 10 2000
6 1 1.4 10 2000
7 5 1.4 10 2000
8 10 1.4 10 2000

Vibration measurements are conducted such a way that an impact hammer with a force 
transducer (Model No: 5800B2, Dytran Instruments, Inc., USA) is used to excite the welded 
Al6063-Al7075 bimaterial beams through the selected node. After the excitations, the responses 
are obtained by an accelerometer (Model No: 3093B, Dytran Instruments, Inc., USA). The 
vibration measurements are completed using a microprocessor-based data acquisition system, 
namely SoMat™ eDAQ-lite and nCode GlyphWorks software (HBM, Inc., USA). 

RESULTS AND CONCLUSION

Mean values of all results are normalized by the results of control groups Al6013 cylindrical 
aluminium beam (w=4.98 Hz, X(w)= 10.4E-9 and z=0.95 Hz/Hz) and Al7075 cylindrical 
aluminium beam (w=4.92 Hz, X(w)= 14.4E-9 and z=0.97 Hz/Hz) respectively. 

Figure 1. Variation of fundamental natural frequency values with the bimaterial beam groups.
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Figure 2. Variation of displacement response function values with the bimaterial beam groups.

Variation of fundamental natural frequency values with the bimaterial beam groups are given in 
Figure 1. It is clearly seen that (i) rotational speed influences the effect of welding pressure, (ii) 
variation of welding pressure does not affect the fundamental natural frequency under rotational 
speed of 2000rpm, (iii) variation of welding pressure directly affect the fundamental natural 
frequency in a fluctuating trend under rotational speed of 1000 rpm.

Variation of displacement response function values with the bimaterial beam groups are given 
in Figure 2. It is noted that (i) rotational speed influences the effect of welding pressure, (ii) 
variation of welding pressure affect the displacement response function values linearly under 
rotational speed of 2000rpm, (iii) similar with the behavior in Figure 1, variation of welding 
pressure affect the displacement response function values in a fluctuating trend under rotational 
speed of 1000 rpm.

Figure 3. Variation of damping ratio values with the bimaterial beam groups.
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Variation of damping ratio values with the bimaterial beam groups are given in Figure 3. It 
is concluded that (i) rotational speed influences the effect of welding pressure, (ii) variation 
of welding pressure affect the damping ratio values in sinusoidal trend under rotational speed 
of 2000rpm, (iii) similar to the behavior in both Figure 1 and 2, variation of welding pressure 
affect the displacement response function values in a fluctuating trend under rotational speed 
of 1000 rpm.
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ABSTRACT

The Freeformer Additive Manufacturing process by Arburg is characterized by the fact that 
inexpensive, qualified standard polymeric granulate can be processed to manufacture fully 
functional parts (Gaub, H., 2016). The process is based on the Arburg Plastic Preeforming 
(APF) concept where the base material is prepared with a screw as for the injection moulding 
and is discharged on the part layer as a droplet through a nozzle that is served by a piezo 
actuator that performs a pulsed nozzle closure. The molten material is prepared and collected in 
a reservoir under pressure between the screw and the nozzle tip. The working area can be served 
by two or three independent screws and nozzles and different polymers can be processed in the 
same moment, for example one of them can be used to build supporting structures that can be 
easily eliminated at the end.
The Freeformer Additive Manufacturing process has already found important application like, 
for example, for the additive production of sintered metal components (Spiller, Q., Fleischer, J., 
2018). In this case the Arburg freeformer replaces the injection moulding machine in the (Metal 
Injection Moulding) MIM process chain. The metal powder is charged together with the binder 
in the screw and a part is realised without the need of a mould. This approach allows the MIM 
process to be applied also for a small amount of parts. Obviously, after the production of the 
parts, debinding and sintering is necessary as in the conventional MIM process.
The possibility to use inexpensive, qualified standard polymeric granulate also helps to enhance 
a sustainable approach for the additive manufacturing. Particularly, a recycle of the polymers 
is simple because easily scraps or also old components and parts can processed to be melted 
a second time. Polymer recycling is an important aspects that is already investigated for other 
technology like, for example, the Fused Filament Fabrication (FFF) process. (Lee, Y., Lee, 
D., Ko, Y., Lee, K., Kim, N., 2018). The number of applications for 3D printers has increased 
significantly and consequently the use of thermoplastic resins such as acrylonitrile butadiene 
styrene (ABS) and poly lactic acid (PLA), which are typical filament materials for FFF. Thus, 
the interest of designing procedures for making recycled filaments from waste polymer is large.
Plastic waste contains often a mixture of polymers; for example, water bottles and caps comprised 
of polyethylene terephthalate (PET) and polypropylene (PP) are quite a common wasted 
material and complete separation is rarely implemented. (Zander, N.E., Gillan, M., Burckhard, 
Z., Gardea, F., 2019) investigated the use of blends of waste PolyEthylene Terephthalate (PET), 
PolyPropylene (PP) and PolyStyrene (PS) for 3D FFF.
In the present study, Acrilonitrile butadiene stirene (ABS) has been investigated by considering 
the attitude of this polymer to be recycled through the Freeformer Additive Manufacturing 
process by Arburg. A benchmark part was designed to test chemical-physical properties and 
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mechanical performances of the recycled material. The Drop Aspect Ratio and the Discarge 
Rate were the controlled process parameters to investigate the effect of multiple material 
transformation.

Keywords: Additive Manufacturing, Arburg plastic freeforming process, Polymers, re-Cycling
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ABSTRACT

This work compares three different methods (Lineykin, Luo, Palacios) to obtain the properties of 
a thermoelectric cooler through a developed numerical tool in Visual Basic. Then, the obtained 
results were compared with the manufacturer information as power generators. The Palacios 
model is aligned, more closely, with the manufacturer data. Later, the properties obtained were 
introduced in an analytical power prediction model and compared with experimental data. The 
same model (Palacios) shows more reliable results.

Keywords: thermoelectrity, TEC, TEG, thermoelectric generator, properties estimation, 
numerical tool development.

INTRODUCTION

Recovery of waste energy has become a topic of increased interest due to the increased energy 
needs and efficiency demand. In addition, nowadays, increased use of portable or remotely 
located sensors and communication systems creates the need for reliable, self-sufficient power 
sources. Thermoelectric generators (TEG) are a suitable candidate to solve these problems, 
due to its abilities to generate electrical power with very small temperature differences and its 
solid-state construction that implies maintenance free operations. The high price of dedicated 
generators is a disadvantage. However, thermoelectric coolers (TEC) are much cheaper and can 
also be used as TEG (Nesarajah, 2016). Given its purpose, thermoelectric properties of TEC are 
rarely made available to users. Therefore, methods need to be employed to enable performance 
prediction.

In order to evaluate the thermoelectric properties, three methods were tested, relying on the 
manufacturer performance curves - Palacios et al., 2009 - or maximum performance values - 
Lineykin and Ben-Yaakov, 2007; Luo, 2008. The information obtained, through a developed 
tool in Visual Basic, was then compared with the data provided by the manufacturer or measured 
in the laboratory. A commercially available TEC was used for the tests.

METHODOLOGY

In the first part of the test, the thermoelectric properties of a commercially available module, 
Marlow NL1013T, were calculated from its performance curves as a TEC. Given the module 
is designed to be used both as a TEC and a TEG, the manufacturer also provides performance 
curves for the module’s capability as a TEG. The module’s properties according to the three 
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different methods - Lineykin, Luo and Palacios - are used to calculate the module’s performance 
as a TEG and the data compared. 

In the second part of the test, a commercially available TEC module, CUI CP40136, is placed 
on a heating band, as presented in Fig. 1, to be used as a TEG. The thermoelectric properties 
were calculated according to the three methods - Lineykin, Luo and Palacios - through the 
developed tool and the results were compared. The experimental setup was chosen to enable 
temperature readings with a thermal camera, screenshot seen in Fig. 2, with the objective of 
eliminating thermal contact resistance in the temperature measurement. 

    

Fig. 1 - Experimental setupFig.                                          2 - Thermal camera screenshot

RESULTS AND CONCLUSIONS

Table 1 shows the results of the properties estimation, for the NL1013T module, with the 
analytical method identified by the authors, using the data from the spec sheet for 50˚C hot 
side. The generated power was predicted by:

2
 ∆

= × + 
L

i L

S TP R
R R

 (1)

where RL is the electrical resistance of the load attached to the module and ΔT is the temperature 
difference across the module. The load resistance was equalled to the internal resistance, a 
common practice known as “load matching” and believed to have been used by the manufacturer. 
The comparison between the calculated values obtained by the developed numerical tool and 
manufacturer data is presented in Table 2 for the generated power and in Table 3 for the open 
circuit voltage. Cold side is maintained at 27˚C while hot side temperature is varied. The method 
that shows closer results to the manufacturer’s claim is Palacios’ method.

Table 1 - Calculated properties according to the different methods for the NL1013T module

Property Lineykin Luo Palacios
S (V/K) 0.0297 0.0276 0.0310
Ri (Ω) 7.55 7.00 9.20

Rth (K/W) 18.28 19.72 21.14
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Table 2 - Generated power [W] at different hot side temperatures according to the different methods and the 
manufacturer

TH=35˚C TH=55˚C TH=85˚C
Lineykin 0.002 0.024 0.096

Luo 0.002 0.022 0.089
Palacios 0.002 0.021 0.085

Manufacturer 0.002 0.021 0.087

Table 3 - Open circuit voltage [V] at different hot side temperatures according to the different methods and the 
manufacturer

TH=35˚C TH=55˚C TH=85˚C
Lineykin 0.231 0.822 1.734
Luo 0.214 0.762 1.608
Palacios 0.241 0.857 1.809
Manufacturer 0.24 0.85 1.79

The thermoelectric properties, for the CUI CP40136 module, used in the experimental tests, 
are shown in Table 4. For this test, the heating band was powered by a power source. The 
temperature of the heating band and of the cold side of the module was measured, as well as 
the open circuit and closed circuit voltage. The measured values were compared with those 
obtained by the developed numerical tool. Hot side temperature varied between 52.3˚C and 
51.3˚C and cold side temperature varied between 47.9˚C and 47.4˚C. The circuit was closed 
using a 1.10Ω load (including wires and contact electric resistance) for a single module, 2.15Ω 
for two modules in series and 0.60Ω for two modules in parallel. The results are presented in 
Table 5, Table 6 and Table 7.

Table 4 - Calculated properties according to the different methods for the CP40136 module

Property Lineykin Luo Palacios
S (V/K) 0.0127 0.0111 0.0131
Ri (Ω) 0.74 0.65 0.95
Rth (K/W) 11.13 12.74 14.21

Table 5 - Calculated and measured voltage in open-circuit and closed-circuit assemblies for a single module

Open-circuit voltage [V] Closed-circuit voltage [V]
Lineykin 0.0426 0.0193
Luo 0.0383 0.0187
Palacios 0.0463 0.0177
Experimental results 0.0422 0.0167

Table 6 - Calculated and measured voltage in open-circuit and closed-circuit assemblies for modules in series

Open-circuit voltage [V] Closed-circuit voltage [V]
Lineykin 0.0953 0.0414
Luo 0.0840 0.0400
Palacios 0.1014 0.0399
Experimental results 0.0901 0.0348
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Table 7 - Calculated and measured voltage in open-circuit and closed-circuit assemblies for modules in parallel

Open-circuit voltage [V] Closed-circuit voltage [V]
Lineykin 0.0466 0.0184
Luo 0.042 0.0177
Palacios 0.0507 0.0179
Experimental results 0.0453 0.0164

In these tests, the Lineykin method shows, on average, the smallest error. However, the 
measured voltage, both in open-circuit and closed-circuit, presents deviations in different 
directions. The Palacios method shows higher differences between calculated and measured 
values, but consistent in direction and module. Therefore, it is believed that this is due to several 
circumstances, not taking into consideration, in the experimental method. The difference in 
values, with predictions using values according to the Palacios method showing higher voltage 
in every scenario, might be due to poorly calculated thermal contact resistance. It was considered 
a value of 3,5K/W – Nesarajah and Frey, 2016; Hansson et al.,2016 - accounting for the low 
contact pressure applied. It is possible that this value might have been even higher, as the 
modules separated more than once from the thermal pads.  Comparison between the numerical 
results with the manufacturer data for the NL1013T module (see Table 2 and Table 3) also leads 
that Palacios method is the most accurate.
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ABSTRACT

This paper presents the measurements of the air flow resistance of polyamide 12 samples 
made by selective laser sintering. The results have shown that, due to the porosity of the 
microstructure, the samples with thickness smaller than 1.7 mm cannot be considered airtight, 
while the samples with thickness 2.2 mm are airtight. The airflow resistance of the samples that 
allow airflow increases with air speed.

Keywords: air flow resistance, porosity, additive manufacturing, polyamide.

INTRODUCTION

Selective laser sintering (SLS) is one of the most popular additive manufacturing (AM) 
technologies because of the superior mechanical properties of the produced parts in comparison 
with other AM technologies. The basic material used for production of plastic parts by SLS 
is polyamide 12 (PA 12). However, the measurements have shown that the densities of parts 
produced by SLS are around 10% smaller than the densities of the parts made by injection 
moulding. Microscopic analyses revealed that the parts produced by SLS have grainy structure 
and contain porosities. According to the specifications of the manufacturer of the PA12 powder 
with trade name PA2200, the parts produced from that material by SLS with thicknesses under 
1.5 mm, due to the porosity, are not watertight. Since the SLS are used for production of various 
pneumatic components, as well as to other components which are exposed to air flow and air 
pressure, the influence of the porosity of the polyamide 12 to the air flow and air pressure is of 
practical interest.

METHODOLOGY

Air resistance is one of the main parameters that describe the behaviour of the porous materials 
exposed to air flow (Wittstock, Schmelzer 2018). The air resistance (measured in Pa∙s/m3) is 
defined as a quotient of pressure difference on two sides of an obstacle to air flow (measured 
in Pa) and the volumetric airflow through the obstacle (measured in m3/s). This paper presents 
the measurements of air flow resistance of 40 samples made from PA 2200 using the SLS 
technology. All the samples had shape of disk with diameter of 100 mm and were divided into 
four sets with different thicknesses, 0.7 mm, 1.2 mm, 1.7 mm and 2.2 mm. Each set consisted 
of 10 samples. The air flow resistance of the samples was measured according to ISO 9053 
standard using steady state air flow method. The volumetric airflow varied between 12.5 mm/s 
and 36 mm/s.

mailto:bogojevic.n@mfkv.kg.ac.rs
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RESULTS AND CONCLUSIONS

The air flow resistance of the samples with thickness of 2.2 mm was too high to be measured 
by the described methodology, which means that the samples with the thicknesses higher than 
2.2 mm may be considered airtight.

The results of the measurements of the airflow resistance for the samples with thicknesses 
smaller than 1.7 mm are presented in the Figure 1. Each data point in the diagram represents a 
mean value of the airflow resistance of the set of 10 samples with the same thickness. While each 
of the samples under the study allowed airflow, it may be noted that the samples with thickness 
1.7 mm showed substantial increase of the airflow resistance with increase of the air speed. Since 
this may be of interest for the applications with high-frequency dynamics (e.g. sound absorption 
and audio technics), further frequency analysis of the obtained results will be made.

Fig. 1 – Air flow resistance 

The presented results lead to the conclusion that the limiting thickness to consider the products 
made from polyamide 12 by SLS to be airtight is between 1.7 mm and 2.2 mm, and is certainly 
higher than the limiting thickness to consider the products to be watertight.
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ABSTRACT

The article presents the original results of fuel atomization tests with measurements of droplet 
size in a fuel stream. The test results indicate that in addition to the Sauter diameter (D32) 
the fuel atomization process from the point of view of combustion and emission processes, 
a better assessment can be obtained using the Herdan diameter (D43), which is similar to the 
volume median of droplets of fuel. Laser methods can be used to evaluate injection apparatus 
for internal combustion engines.

Keywords: combustion engine, fuel injection equipment, fuel atomization, laser method.

INTRODUCTION

Fuel injection systems are dominant in spark-ignition and Diesel engines. These systems allow 
for accurate metering of fuel and feeding it to the combustion chamber. They also allow for 
the appropriate shaping of the injection process for the shape of the spray, the dimensions 
of droplets, and the dosing of the amount of fuel. The use of optical methods using lasers to 
measure droplets’ diameters and speed allow for significant progress in this field of research [1]. 
In tests of atomised fuel spray, in conditions reflecting the conditions of the internal combustion 
engine, the size of droplets, their distribution in the spray and the velocity of individual droplets 
are possible to determine. Droplets in the spray have different diameters, depending on the 
discharge conditions and fuel properties. From the point of view of the economics of the 
combustion engine operation and the emission of toxic exhaust components, differences in the 
size of droplets should be within a narrow range [2]. To determine the quality of the fuel spray, 
two substitute diameters Sauter (D32) and Herdan (D43) were selected, the first of which refers 
to heat transfer and the second to combustion processes. 

RESULTS AND CONCLUSIONS

The paper presents Laser Doppler Velocimeter and Phase Doppler Particle Analyser. The stand 
allows measurements of droplets in the range from 0.5 μm to 2.0 mm, and when the optical 
system parameters change, even up to 3.822 mm. Exemplary results of studies of droplet size 
distribution in a homogeneous spray are shown in Fig. 1, and in a spray with a dispersion of 
droplets − in Fig. 2. Figures 1 and 2 indicate that the Sauter diameter is 18.41 μm / 20.99 μm 
respectively and the Herdan diameter − 20.4 μm / 25.94 μm. The differences between the Herdan 
and Sauter diameters are respectively 1.99 μm / 4.95 μm, which is 9.7% / 19.1%. The smaller 
the average diameters between diameters, the greater the homogeneity of the fuel stream. An 
important role in assessing the fuel injection stream has a volume median of droplets, which is 
20.14 / 24.94 μm respectively, which is 99% / 94% of the Herdan diameter, respectively.
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Fig. 1 – Diametr distrubiution in fuel homogeneous 
spray 

Fig. 1 – Diametr distrubiution in fuel spray with 
dispersion

The Sauter diameter (D32) is determined by the relationship (1): 
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The Herdan diameter (D43) is determined by the relationship (2):  
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where:
ci – the number of drops with a given diameter, 
di – diameter of the i-th droplet,
n – number of measured droplets.

The most harmful droplets of fuel in the spray are large droplets. Even a few such droplets 
significantly change the combustion process and emission of toxic exhaust components, mainly 
(NOx). The atomization process from the point of view of combustion and ignition processes, 
as well as emission levels, is characterized by the best substitute diameter D43, which value is 
close to the median volume. The main reasons for excessive fuel consumption and the emission 
of toxic exhaust components are inaccurate metering of fuel and improper preparation of the 
mixture. For proper fuel metering as well as fuel preparation the fuel atomization process has the 
main influence. For the evaluation of the fuel apparatus, measurement of the Herdan diameter 
(D43) should take place along the length of the stream at a distance of 2/3 of the spray range 
from the injector and 2/3 of the stream radius value from the spray axis.
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ABSTRACT

This work is focused on Finite Element (FE) modelling of lattice structures applied to 
optimization process of an automotive Steering Column Support (SCS). Topology Optimization 
(TO) with and without lattice structure are considered to obtain the lightest feasible solution. 
The constraints considered for the optimization problem are modal frequencies and Equivalent 
Local Stiffness. Finally lattice TO results are compared with traditional TO varying penalty 
factor p.

Keywords: lattice structure, finite element modelling, topology optimization, steering column 
support, additive manufacturing.

INTRODUCTION

Weight reduction is a crucial goal for car manufacturers. In the literature, several articles 
demonstrate the usefulness of TO applied to structural components in order to increase stiffness-
to-weight ratio (Mantovani, 2017). However, TO results often present a continuous relative 
density distribution which might be meaningless in terms of feasibility. In fact, with traditional 
manufacturing process only void or solid areas are available. Feasible solution could be obtained 
penalizing the intermediate element densities with high p. This solution could compromise the 
minimization of objective function e.g. weight.

Brackett et al. (Brackett, 2011) individuate in lattice structures a possible solution to create 
volumes with intermediate relative densities. The recent improvements in additive manufacturing 
for metals allow the creation of micro lattice structures, that can be used to reduce the total bulk 
material and thus the overall weight. Mechanical properties of lattice cells are studied by Ashby 
(Ashby, 2006) and used in optimization of structural components (Cheng, 2017) (Mantovani, 
2018)

In present paper, the SCS is optimized considering 4 Equivalent Local Stiffness (ELS) 
constraints and 2 modal frequencies constraints. The minimization of SCS mass is imposed as 
TO objective function. The design space of TO is discretized in 5 mm tetrahedral elements. The 
lattice optimization process is subdivided in three steps. The first one adopts a traditional TO. 
From the outcome of first step, the elements with relative density above a certain threshold are 
considered as bulk material, otherwise the edges of tetra elements are converted with beams to 
create tetrahedral lattice structures. The radii of these beams are optimized by size optimization. 
Finally, the beams with radius below a specified limit are deleted. On TO results, the influence 
of p is investigated. 
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RESULTS AND CONCLUSIONS

The masses obtained from 4 significant TO results are reported in Table 1.  As expected, the 
minimum mass is achieved in the traditional TO with lowest p, but this solution is unfeasible. 
The TO with lattice allows feasible solution with good level of mass reduction. The comparison 
between TO with and without lattice, adopting p equal 1.8, highlights that the first one is 107 g 
heavier than the second solution, Fig.1. 

Table 1 – Topology optimization results

Type of optimization Penalty factor mass [g] ∆ mass [%]
TO 1 485 -60 

TO (reference) 3 1225 0
TO 6 1489 +22 
TO 1.8 868 -29

TO + lattice 1.8 975 -20

 
(a)                                                            (b)

Fig. 1 – Topology optimization (p=1.8) of steering column support: without lattice structures  
(relative density ≥ 0.5) (a); with lattice structures (b)

This study stresses the introduction of lattice structures to the optimization of automotive 
structural components. Further approaches of FE modelling of lattice structures, such as 
hexahedral repetitive cells or homogenization, could be investigated .
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ABSTRACT

Stress Corrosion Cracking (SCC), Galvanic induced Hydrogen Stress Cracking (GHSC) and 
Sulphide Stress Cracking (SSC) of metals exposed to environments containing H2S, common 
in oilfield applications, are recognized as material failure problems. Specific tests have been 
developed in order to demonstrate the resistance of materials to the corrosion mechanisms 
which are introduced above. A material can be applied in Oil & Gas field only if it is resistant 
to SCC, GHSC and SCC. This work investigates the microstructure, mechanical properties 
and resistance to SSC, SCC and GHSC of precipitation hardened UNS N06625 forged bars. 
Precipitation hardening heat treatment is not considered by international specifications applied 
in Oil & Gas field (NACE MR 0175 ISO 15156, 2015) (NACE MR 0103 ISO 17945, 2015) 
which permit only annealing or solution annealing conditions. In order to consider the size 
effect, three different bar diameters were investigated: 152 mm, 203 mm and 254 mm to prove 
the applicability of UNS N06625 in Oil & Gas field in this not standard heat treatment condition.

Keywords: UNS N06625, Age Hardening, Mechanical Properties, Sulphide Stress Cracking, 
Galvanic induced Hydrogen Stress Cracking, Stress Corrosion Cracking.

INTRODUCTION

UNS N06625 is widely applied in form of forged products for applications in Oil and Gas 
field in annealed or solution-annealed condition, the prescribed heat treated conditions allow 
maximizing the alloy corrosion resistance and ductility (Floreen, 1994), with the limit of a 
rather low tensile strength. Another feasible heat treatment for UNS N06625 is age hardening 
that produces the strengthening by precipitation of metastable tetragonal γ” phase Ni3(Nb,Mo) 
(Tehovnik, 2015). The relationship between ageing parameters, microstructure and mechanical 
properties has been studied in literature (Floreen, 1994).  In particular, it is shown that a controlled 
ageing for 80 hours in a temperature range between 650°C and 700°C causes the precipitation 
of γ” phase, improving the yield strength to values higher than 750 MPa (Mataveli, 2014) 
(Kohler, 1991). Considering the UNS N06625 time-temperature transformation (TTT) curves 
from literature, it is possible to define an ageing treatment cycle able to produce the γ” phase 
strengthening, giving a combination of high mechanical strength with corrosion resistance 
comparable to the annealed condition that would be a great advantage for the application of 
UNS N06625 alloy in Oil and Gas field. 

Starting from these considerations, the aim of the present work is to study the effect of a specific 
ageing treatment on the mechanical and corrosion properties of large forged bars. Three different 
diameter age-hardened forged bars were tested to determine their mechanical properties and 
their corrosion resistance to environmental conditions typically used to qualify materials for 
Oil and Gas applications.
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RESULTS AND CONCLUSIONS

The age hardening treatment was performed on the whole forged bar, with increasing diameters, 
i.e. 152 mm, 203 mm and 254 mm. The heat treatment consists into a first annealing followed 
by an aging treatment between 600°C and 700°C. Bars were tested on top and bottom positions, 
corresponding to the hot-top and to the base sides in the starting ingot. Figure 1 shows the 
yield and tensile strength of aged bars. In general, the average values are 50% higher than 
the annealed ones. Hardness and ductility of the material tested remain acceptable as per 
international applicable standards applicable in Oil & Gas field (NACE MR 0175 ISO 15156, 
2015 ) (NACE MR 0103 ISO 15156, 2015).

Fig. 1 Tensile test results, in blue yield strength, in red tensile strength

The corrosion resistance of the age hardened material, investigated through SSC, SCC and 
GHSC test according to NACE TM 0177 in the most challenging environment, level VII, is 
comparable to the annealed one and all mentioned tests were successfully passed. Additional 
corrosion test commonly performed in Oil & Gas field, ASTM G28 and ASTM G48 showed the 
good corrosion resistance of UNS N06625 in aged condition. 

Test results showed the possibility of the application of the aged UNS N06625 as a precipitation 
hardenable material for Oil & Gas field according to NACE requirements.

REFERENCES

S. Floreen, G.E. Fuchs, W. J. Yang, presented at Superalloys 718, 625, 706 and Various 
Derivatives, Pittsburgh, USA, 26 – 29 June, 1994, p. 13. 
M. Kohler, presented at Superalloys 718, 625, 706 and Various Derivatives, Pittsburgh, USA, 
23 – 26 June, 1991, p. 363.
L. Mataveli Suave, J. Cormier, P. Villechaise, A. Soula, Z. Hervier, D. Bertheau, J. Laigo, Met. 
and Mat. Trans. A, 2014, 45A, 2963.
NACE MR0175/ISO15156:2015 
NACE MR 0103/ISO 17945: 2015
F. Tehovnik, J. Burja, B. Podgornik, M. Godec, F. Vode, Mat. and Tech., 2015, 49, 801.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 171

PAPER REF: 081

SOLID CIRCULAR PLATE UNILATERALLY SUPPORTED ALONG 
TWO ANTIPODAL EDGE ARCS AND DEFLECTED BY A CENTRAL 
TRANSVERSE CONCENTRATED FORCE

Antonio Strozzi1(*)

1Department Enzo Ferrari, University of Modena and Reggio Emilia, Italy
(*)Email: antonio.strozzi@unimore.it 

ABSTRACT

Protracted attention has been paid by the researchers to the mechanical analysis of circular 
plates subjected to non axisymmetric boundary conditions. A critical review of the works 
addressing circular plates statically loaded and subjected to mixed boundary conditions is 
presented in Strozzi & Vaccari (2001). The first study on this kind of problems has been carried 
out by Sherman (1955a,b); more recent contributions are those by Monegato and Strozzi [2001-
2009]. An example of mechanical component that may be idealised as a circular plate non-
axisymmetrically supported along its boundary is a resin reinforced cutting wheel, for which 
the mean values of the elastic constants are determined by comparing the deflection of a resin 
circular plate irregularly supported  along its edge to a similar isotropic model, Milton (1966).

Keywords: circular plate, influence function, integral equation, Chebyshev polynomials.

Figure 1

INTRODUCTION

This paper considers a thin solid circular plate, unilaterally supported along two antipodal 
boundary arcs, and statically loaded by a central point force. The supports are idealized as rigid 
and frictionless. The Kirchhoff plate theory is employed, and the extent of the contact zones as 
well as the contact reaction are determined. For limited angular extents of the supporting arcs, 
the plate does not lifts from the arcs, whereas for higher extents the plate loses it contact with 
the supports, and it may also come again in contact with the arcs along a central zone. 

METHODOLOGY

This receding contact problem is formulated in terms of a singular integral equation. The 
kernel adopted is the influence function describing a Kirchhoff plate deflected by two antipodal 
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transverse forces, and equilibrated by a central load. The integral equation is of the Prandtl type, 
for which solutions of ample validity are not available. The integral equation is therefore solved 
numerically with a series expressed in terms of Chebyshev polynomials. 

The results retrieved suggest that, for the analysis of the title problem, the Kirchhoff theory 
constitutes a practically relevant trade-off between simplicity and accuracy.

The problem of a similarly supported plate, loaded by a uniform pressure or, more generally, 
by an axisymmetrically distributed pressure, is mathematically analogous, and it is relatively 
simple to extend to this configuration the present solution. Instead, if the plate is loaded non-
axisymmetrically, for instance by an eccentric point force, this problem becomes appreciably 
more complex, since the Green function is more complex.

It is finally observed that this kind of mathematical problems is in these years mainly treated 
with the aid of Finite Elements. The present author, however, feels that the determination of 
the regrouped variables describing the plate mechanical response takes advantage from an 
analytical approach. 
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ABSTRACT

This work presents the design of an instrumented extensible bar for the axial loading of elevator 
car walls, used to certify the compliance of the car frame within the strength requirements of the 
EN standard 81-20:2014. A prototype of the bar was manufactured in the mechanical laboratory 
of the University of Bologna. The experimental validation of the system was performed in 
the workshop of Cabine Europa – Rebo, which is an Italian company addicted to elevator car 
manufacturing for worldwide commercial and luxury applications. Eventually, the performance 
of the loading procedure was analysed to get indications for the optimum re-design of the 
extension actuation system of the bar.

Keywords: EN 81-20:2014, elevator car, conformity assessment, extensible axial load bar.

INTRODUCTION

The safety requirements for the elevator cars are governed by the European standard 81-20, 
which prescribes a complete set of qualifying tests to assess the mechanical strength and 
stiffness of the different parts, such as walls, roof protections, top balustrade and bottom apron. 
The maximum allowable deformations on the measuring points are also defined. A device for 
applying the required loadings was specifically designed for this purpose and optimized after 
the experimental evaluation of its operational effectiveness. 

CONCEPT DESIGN

The concept of this extensible bar is based 
on a hand actuated screw-nut coupling that 
controls the length of the loading device. 
Consequently, the intensity of the applied 
load is controlled by the axial extension 
ramp that allows smooth loading rates due 
to the relatively low bending stiffness of the 
profiled sheet metal panels of the car walls. 
A load cell model HBM U2A is lodged 
inside the bar head, which was designed in a 
tubular shape giving both axial and bending 

stiffness, in order to prevent buckling. The bar head can be equipped with interchangeable 
thrust disks that meet the requirements of the 81-20 standard concerning the size of the contact 
area (5 cm2 for the case of 300 N load tests and 100 cm2 for the case of 1000 N load tests).
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EXPERIMENTAL PERFORMANCE OF THE SYSTEM

The prototype of the load bar is shown in the figure, applied to a measuring point during 
the execution of a bending load test on a lateral wall. In the diagram on the side, the elastic 
mechanical characteristic of the panel is shown.

However, the wrench hand drive has not proven to be optimal, since the lack of continuity in 
the actuation caused load vibrations and general irregularities.

REDESIGN OF THE EXTENSION ACTUATION SYSTEM

A helical wheel and worm mechanism with motion reduction was designed in order to provide a 
continuous and more regular actuation of the extension system of the bar. This implementation 
is expected to reduce signal vibrations in the reading of the applied load and avoid stepped 
discontinuities related to stick-slip phenomena that can occasionally occur due to friction.

CONCLUSIONS

The experimental check on the operativity of this prototype of axial load bar was overall 
satisfactory, since the effectiveness of the system was proven against all requirements of 
the different kinds of tests and measurements that must be performed for the assessment 
of conformity to the standard. Moreover, the re-design of the actuation system of the bar is 
expected to improve the efficiency and regularity of the application profile of the load, which 
could guarantee a better quality and repeatability of the measurements.
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ABSTRACT

This work proposes quality attributes for collaborative product development by aggregating 
best practices of collaborative engineering and synthesizing interoperability frameworks. 
A systematic literature review provided literature for best practice identification. The results 
were condensed and displayed in four areas of interest for collaborative product development 
(orgnization, data, IT infrastructure and social aspects).

Keywords: quality attributes, collaborative engineering, interoperability, product development.

INTRODUCTION

In today’s globalised value creation, an increasing number of companies collaborate in distributed 
product development projects. This requires a high degree of interoperability between partners 
regarding processes, IT-systems and shared data (Pasch et al., 2013). To develop products 
successfully, the quality of processes and systems has to assessed and assured. Quality attributes 
of collaborative engineering or interoperability may be defined by extracting parameters of 
frameworks as well as condensing knowledge from industrial practice. Most frameworks for 
interoperability in literature are too generic, while existing best practices that could guide 
companies are too detailed in specific aspects and not structured systematically. Therefore, 
in this paper, existing frameworks for interoperability were analysed and unified to a suitable 
structure for collaborative engineering. The structure considers the four areas of organizational 
aspects, data-driven aspects, IT infrastructural aspects and social aspects. Secondly, best 
practices in collaborative engineering and product development have been aggregated to an 
applicable level and represented condensely in the aforementioned structure. In result, quality 
attributes for collaborative product development were obtained allowing companies to assess 
the quality of their collaborative product development environment.

METHODOLOGY

First, five frameworks (i.e., AWG, 1998; Clark/Jones, 1999; Berre et al, 2007; Chen, 2009; 
European Union, 2017) for interoperability were compared and analyzed in order to synthethize 
and define a domain structure, which address the common areas that indicate relevance for 
collaborative product development. Secondly, a systematic literature review regarding the best 
practices in collaborative product development was performed using the databases SCOPUS and 
Web of Science with the search terms “best practice”, “product development”, “engineering” 
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and “collaboration” within title, abstract and keywords. From each database the twenty most 
cited publications were taken. Furthermore, the list of references in appropriate papers were 
screened as well as prevalent best practice literature (i.e. Stoekert, 2010) assessed to detect 
additional results. In total, 37 publications could be identified to include material for quality 
attribute aggregation.

RESULTS AND CONCLUSIONS

The four areas of interest for collaborative engineering with the aggregated quality attributes 
from best practice literature are shown in Tab. 1.

Table 1 – Quality attributes for collaborative product development

Organization Data IT Infrastructure Social Aspects
 –conjoint performance 
monitoring
 –conjoint risk management
 –comprehensive 
compliance
 –explicit roles and 
responsibilities
 –joint process design
 –resource availability

 –joint continual 
improvement 
process
 –awareness of 
dependencies
 –consistent 
performance
 –adaptability
 –conjoint strategy

 –capability of 
purposive data 
exchange
 –conjoint knowledge 
management
 –data traceability and 
consistency
 –coordinated data 
access

 –purposive 
definition of 
interfaces
 –compatibility
 –reliable 
communication

 –transparency
 –trust
 –mutual cultural 
appreciation
 –precise 
communication
 –preparedness
 –applying conflict 
management

These quality attributes that indicate parameters for successful interoperability in product 
development may be used for performance management in collaboration projects. Further 
studies need to ascertain the validity and completeness of our results.
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ABSTRACT

In this work, we present the elastic and viscoelastic characterization of aortic tissue and a 
synthetic material used for the fabrication of artificial vessels (Dacron). Using high deformation 
and an oscillating mechanical testing protocols, we assessed the hyperelastic and viscoelastic 
properties and observed significant differences between the biological and the synthetic 
materials.  

Keywords: Artificial vessel, hyperelastic properties, viscoelastic properties, mechanical bio-
integration, graft design

INTRODUCTION

Vascular grafts are implanted in the human body in order to replace damaged or blocked 
vessels [1]. The development of synthetic grafts began in 1940s [1]. In the 1950s, the 
concept of porous, fabric vascular grafts were introduced (using PVC, polyacrylonitrile). By 
the 1960s, most fabrics were abandoned except for Dacron and Teflon. Prosthetic Dacron 
grafts are widely used as a synthetic substitute following aortic resection in cases of aorta 
aneurysms, aortic dilatations, and aortic dissections. While these polyester grafts are readily 
available, extremely durable, and biocompatible. They exhibit mechanical properties inconsistent 
with native aortic tissue. From a bio-engineering perspective, there are important geometrical 
and mechanical constraints that the synthetic replacements need to mimic to properly replace 
the aorta it needs to be compliant to function with the soft environment tissue and avoid causing 
damaging local stresses (pressure, friction). 

RESULTS AND CONCLUSIONS

Hyperelastic characterization: The samples are fastened to an EnduraTEC Electro Force ELF 
3200 Biaxial Tensile Tester (TA Instruments, New Castle, DE, USA) and equipped with a 
displacement transducer and a 1 Kg load-cell (Model 31, Sensotec Honeywell). The tests are 
performed on patches of 15×15 mm2 affixed with four silk surgical threads model 4-0 (Ethicon, 
USA) with adjusted suture hooks. The biological samples are immersed in buffered solution at 
37°C. Tissue are preloaded to a force of 0.05 N in both directions and pre-cycles (13 cycles) 
before testing. Equi-biaxial loading-unloading cycles are performed to 60% strain at 0.1 mm/s 
strain rate. The incremental (tangent) modulus is calculated at 15% and 45 % strain. Viscoelastic 
Characterization: The ELF 3200 also allows for frequency characterization (it can perform a 
frequency sweep from 0.1–100 Hz). Briefly, an oscillating force (load) is generated (σ=σ0sin(ωt), 



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

Bologna/Italy, 4-6 September 2019178

with amplitude σ0 and frequency ω) and produce an out-of-phase displacement (ε=ε0sin(ωt+δ), 
with amplitude ε0 and phase lag δ). From this, the complex viscoelastic stiffness is assessed: 
E*=Es+iEl, where Es=σ0/ε0cos(δ) is the storage modulus and El=σ0/ε0sin(δ) is the loss modulus, 
from which tan(δ)= El/Es. It can be shown that for a Kelvin-Voigt model, E*=E+iωµ with E 
and µ are the elasticity and viscosity respectively (then |E*|2= E2+ω2µ2 and tan(δ)=ωµ/E) and 
the corresponding hyteresis is modeled as an ellipse (with an area Wd=πµωε2). The Loss Factor 
(or energy loss) is defined as the ratio of the area of the hysteresis over the storage deformation 
energy LF=(Energy hysteresis)/(Storage energy) or LF=Wd/(We-Wd) with We the elastic 
deformation energy [2-4]. In Figure 1, we summarize the results for the incremental modulus 
(or tangent modulus) at 15% and 45% and the viscoelasticity characterization assessed with 
the energy loss. They are both shown for healthy aortic tissue, aneurysmal tissue and Dacron. 
One can note the significant differences 
between the synthetic material and 
the biological tissues.  Disease tissue 
appears less stiff and has more energy 
loss than healthy tissue [4]. Current 
synthetic Dacron material have intrinsic 
stiffness and viscoelastic properties 
that are significantly different from the 
biological tissue. Improvement in terms 
of biomechanical integration would 
require adjustments of the viscoelastic 
properties to achieve closer properties 
to native tissue.
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for healthy, aneurysmal and Dacron
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ABSTRACT

The use of mobility, resistance and strength tests in physiotherapy treatments brings a continuous 
improvement of the conditions of mobility and strength of the individuals. The objective of this 
study is to carry out a systematic review in the literature on how these tests are performed. 
The used methodology is a featuring Timed Up and Go, Sit to Stand and Hand Force tests and 
instrumented chairs were searched in the SciELO and Pub Med databases, among others, from 
March to January 2019, being selected according to the inclusion or exclusion classification 
criteria. The results show all the articles that were chosen after the classification approach one 
of the three tests, or even of instrumented chairs. In all the articles it is noticed the presence 
of some alteration in the equipment used for the tests or even the inclusion of technologies 
for the same. In this work, it is concluded that the used of new technologies based on network 
communication is very important to improve test systems and are beneficial to the quality of 
results.

Keywords: physiotherapy, mobility test, strength test, instrumented chair.

INTRODUCTION

Biomechanics studies shows how human body performs the movements, that is, the way it 
reacts to the performance of any physical activity. Posture is known as the position that the body 
segments relate to each other due to the joint configuration and the state of balance of muscles 
and bones, for (Bragança, Arezes, Carvalho and Ashdown, 2016), the human being is able to 
adopt different postures according to the activity that they perform during the day, which, in 
order to be maintained, requires interactions between all parts of the body, besides the neural 
and biomechanical regions.

Tests to assess mobility and balance are widely used to control and suggest improvements for 
posture correction and greater mobility. Among them there are Timed Up and Go (TUG), Sit to 
Stand (STS) and Hand Force, the latter evaluates only the strength of the hand and not the lower 
limbs like the others. Each of this tests follow the same principle as the first ones performed 
with time (Podsiadlo and Richardson, 1991), but Mathias et al. (Mathias, Nayak, & Isaacs, 
1986), have argued that the tests suffer some variations depending on the purpose of the test, for 
who is applied and the conditions of the environment that are performed.

This article has as main objective to present a comprehensiveness of how the mobility tests 
are performed and how the aids of the technologies have brought benefits for the results thus 
increasing reliability, accuracy and repeatability. The studies considered for this research 
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should contain the way how the tests are performed or how the sensors are used, or even the 
instrumented chair that are used for similar physiotherapy tests. 
During this work was made a type of questionnaire aimed at health professionals such as 
physiotherapists, physiatrists, rehabilitation therapists among others, to know if the prototype, 
that is present in a laboratory on IPB (Polytechnic Institute of Bragança), it is according to the 
reality when the tests are made.
This work shows the results of the bibliographic searches being a synthesis of the main works 
found, which have similar systems of the tests or a similar instrumented chair, being performed 
the SWOT analysis of the existing prototype.

RESULTS AND CONCLUSIONS

The diverse approaches report different means of carrying out the tests. The first techniques to 
perform these tests were simple, only with a chronometer and a chair in good condition, and 
with dynamometers in the case of the Hand Force test. More recent research highlights that is 
necessary to know all the response times for each command of the TUG steps, the time of get 
up, go to the cone, make the return, return to the chair and sit down again, the same for the STS, 
the time spent to get up and then sit down again.
Differences were found for the performance of these tests in people with reduced mobility 
or with some specific disease, such as Alzheimer’s and Parkinson’s. These people require a 
longer period of time to respond to commands, therefore, longer test times are considered, when 
compared to those who do not suffer any disease, also in the Hand Force where the type of force 
that is intended to be analyzed, can change the method of obtaining or even the equipment to 
perform the tests. 
The evolution of the equipment is also a factor that influences the results. For lower limb 
mobility tests some more advanced studies employ motion and force sensors, while the most 
traditional ones use only a chronometer, not considering the variables beyond the total time. In 
the Hand Force, the more adapted the measurement system to the shape of the hand, the better 
are the results that the load cells, or the force sensors, will show.
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ABSTRACT

The objective of this work is to analyze and evaluate the influence of thermal treatments of 
solubilization, tempering and aging sequence, made in the 6082 - T6 alloy, previously welded 
by the MIG (Metal Inert Gas) welding process.

In this work, a microscopically analysis of the welded and a thermally treated joint is realized, 
to evaluate the microstructure quality and the results found by varying the time and temperature 
during the treatment. In addition, it is intended to verify the influence of the waiting time 
amongst the heat treatment of quenching and artificial aging.

Keywords: Robotic welding, MIG welding, Alloy AA-6082-T6, Solubilization, Quenching, 
Artificial aging, Thermal treatments, Micrographic analysis.

INTRODUCTION

Aluminum is a lightweight, ductile, corrosion resistant, non-toxic, good heat conductor, good 
conductor of electricity and processable, to have good flow and resistance limits (Souza, 2015), 
thus, due to its good characteristics and properties it is so widely employed.

The welding is a very usual and important, which is why, it is essential to acknowledge the 
effects and problems generated during the welding process to guarantee the quality of the joint 
and the final product. The main defects of the welds are porosities, oxide inclusions, formation of 
surface oxide films, hot cracking during solidification, non-melting, and reduction of corrosion 
resistance (Mathers, 2012). In aluminum alloys, heat treatment is of great importance as it is 
commonly used to recover the mechanical properties after the welding process. Heat treatment 
improves the strength of aluminum alloys by a process known as precipitation hardening, which 
occurs during heating and cooling of an aluminum alloy and in which forms the precipitates in 
the aluminum matrix (Mohamed, Samuel, 2012).

This work carries out 18 different cycles of thermal treatments and after that, it holds 
a micrographic analysis to evaluate which cycle presented the best results in the matter of 
recovery of the mechanical properties after the welding.

RESULTS AND CONCLUSIONS

The best-performing thermal cycle was found for the combination one (test 1), in which the 
sample was solubilized for 90 minutes at temperature of 520 ° C, then tempered and finally aged 
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at 190 ° C for 20 hours. Test one shows an ideal micrograph, presenting uniform precipitates in 
size and distribution throughout the matrix and thus displacements are unable to cut precipitates, 
increasing strength and hardness.

Presented below are the micrographs of assay number one, in Figure 1, where they indicate the 
micrographs of the base metal, Heat Affected Zone – HAZ, and melt zone, respectively.

Figure 1 - Micrographs of the test number 1

The regions with the most noticeable changes in micrography were HAZ and weld. In Figure 1, 
in these regions, it is possible to observe a microstructure with an optimal size and distribution 
of the precipitates for the hardening and where, theoretically, the maximum hardness value is 
reached.
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ABSTRACT

The paper presents the analysis of the drive unit start-up process of training aircrafts during 
flight, which are equipped by the Deblin’s “School of Eaglets” and intended for a flight training 
of officer cadets. The analysis of the start-up process was conducted using data from on-board 
flight recorders recorded during a flight training, whose aim was an emergency launch of 
particular drive units, and with the help of the so-called phase diagrams of the selected operating 
parameters of the particular flight drive systems. The construction principle of typical start-up 
systems was presented schematically presenting their base subassemblies. The importance of 
proper selection of the start-up system for the particular aircraft was emphasised and the basic 
indicators, which must be taken into account in the process, were cited. The basic mathematical 
dependences necessary in designing and determining the basic characteristics of the engine 
start-up process were explained. At the end, the obtained results and the main problems that 
need intervention as well as the proposal of preventive activities were shortly commented.

Keywords: engine start-up during flight, flight safety.

INTRODUCTION

The start-up process of drive units during the flight of training aircrafts, which are equipped 
by the Deblin’s “School of Eaglets” and intended for flight training of future pilots, is a very 
important element in terms of flight safety. The construction of the aircraft engine start-up 
system is often an indicator of ranges of the aircraft’s possible applications. The start-up 
system – regardless of the type – consists of three main systems: start-up automatics, a basic 
generator, and a power supply. The power source can be an integral part of the aircraft or 
engine. In modern turbine jet engines, start-up is automatic in accordance with the specially 
tailored programme of the generator turn-on/turn-off, ignition, and start fuel. The type of start-
up system determines also its weight and dimensions, which is especially important for small 
aeroplanes, as well as the necessary actions to be performed by the pilot during its launch. This 
is especially important during the flight training in the air, of the future pilots and it is directly 
related to flights’ safety. 

The research and analysis of the start-up processes were conducted on (among other):
• the PT6A-25C engine by the Pratt & Whitney Company constituting a drive unit of the 

PZL-130TC-II „Olik” aircraft, 
• the PZL-10WM engine constituting the drive unit of the W-3 “Sokół” helicopter, 
• the SO-3 turbojet engine of the TS-11 “Iskra” aircraft. 
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These are the basic aircrafts equipped by the Deblin’s School Eaglets. The task of the start-
up system of the area engine is to give the necessary rotational speed of the engine power 
transmission (an air compressor and turbine unit), at which the power developed by the turbine 
Nt is greater than the sum of the power pulled by the air compressor Ns and other engine 
subassemblies – in accordance with the balance of the power of the turbine specified by the 
dependency [1]:

 agrst NNN +>  (1)

where: agrst NNN +> − the power needed for the units’ drive and overcoming the frictional resistances.

The analysis was conducted mainly using the so-called phase diagrams of the selected engine 
operation parameters, described with the general dependency [2, 3, 4]:

 
( )=

dX f X
dt

 (2)

where: X − tested parameter,

 t − time (s)

CONCLUSION

The executed analyses of the drive units’ start-up processes analysis show that the start-
up systems of the drive units are effective and provide good operational (practically) in all 
conditions. However, they are not devoid of minor flaws, whose existence directly affects 
the safety of flights and requires taking preventive actions or even modernisation of certain 
elements of the given start-up system. 

Particular attention was paid to cases of failed engine start-ups during the flight, which were 
affected by mainly additional activities, without which it is impossible to launch the engine 
during the flight, imposed on the pilot. 

It is also important to keep the current verification of state of control of aircraft drive unit start-
up processes, which allows avoiding unnecessary loads (e.g. thermal ones) of the engine drive 
units. The method of phase mapping of the rotational speed growth is a very good way of such 
monitoring of engine control state. It pretty accurately indicates the points of excessive loads 
of aircraft drive units’ elements.
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ABSTRACT

The paper presents the importance of the composition of gases emitted to the atmosphere. Among 
many methods of reducing the emission of nitrogen oxides, an important option is to provide 
fuel-water microemulsions to the engine. The components of the microemulsion are thoroughly 
dispersed, creating a mixture similar to a homogeneous mixture (molecular mixture). Water is 
a source of oxygen when burning a rich mixture, causing, among other things, a lowering of 
the temperature in the flame zone, which reflects the heat mechanism (Zeldovich mechanism) 
and reduces the emission of nitrogen oxides. The presented test results indicate that the lowest 
concentration of nitrogen oxides concerns the engine feeding with a microemulsion containing 
10% and 20% water. Supplying the engine with both a microemulsion containing 10% and 20% 
concentration of nitrogen oxides in water has been significantly reduced throughout the entire 
working range of the engine. As the water increases, the NOx concentration also decreases. 
This concentration is reduced to 60% in the standard delivery. In summary, it was pointed out 
that the use of water lowers the temperature in the combustion chamber.

Keywords: combustion engines, combustion chamber, fuel microemulsion, nitrogen oxides 
emission.

INTRODUCTION

Air pollution, which occurs during the combustion process in the combustion chamber, is 
a very important problem for the environment [2, 3]. The most harmful to the environment and 
to humans are nitrogen oxides NOx. 

Fig. 1 − Mechanism of emulsions` formation with different degrees of dispersion (from the turbulent dispersion 
via turbulent diffusion to molecular dispersion)
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They are carcinogenic and gathering in the atmosphere react creating a photochemical smog 
dangerous for health. Among many methods of reducing NOx emissions, an important option 
is supply the engine water-fuel microemulsion. Microemulsion’s components are exactly 
dispersed to form a mixture similar to the homogeneous mixture (molecular mixture) [1]. The 
mechanism of microemulsion’s formation with different degrees of dispersion shows Fig. 1.

TEST RESULTS AND DISCUSSION

The test results showing the engine loads for the three rotational speeds are shown in the 
drawings. The example is shown below.

Fig.1 − Concentration of nitrogen oxides (NOx) in 
exhaust gases, for the engine load performance at the 
engine speed of 1600 RPM for supply with diesel oil 
(DO), microemulsion containing 10% and 20% of water

Fig.2 − Concentration of nitrogen monoxide (NO) in 
exhaust gases, for the engine load performance at the 
engine speed of 1600 RPM for supply with diesel oil 
(DO), microemulsion containing 10% and 20% of water

CONCLUSION

The maximum concentration of NOx for n = 1200 RPM for engine supplied with diesel oil was 
2178 ppm, while the maximum concentration of NOx engine supplied with microemulsion of 
10% water was 1448 ppm and 20% − 1132 ppm. 

The engine supply both with the microemulsion containing 10% and 20% water concentration 
of nitrogen oxides was dramatically reduced in the entire operating range of the engine. 

With the increase of the water, concentration of NOx is reduced, too. This concentration is 
reduced by up to 60% in the standard supply.

The use of water reduces the temperature in the combustion chamber. For maximum NOx 
concentration reduction, the microemulsion should be targeted flame zone.
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ABSTRACT

The paper presents the results of tests carried out on the pipe of the engine-mounting frame 
to the Bryza-1R airframe, during the qualification tests of this aircraft. Strength sensors were 
used in the tests. Five outlets were made, carrying out selected flight elements, suggesting the 
possibility of significant increases in forces in the pipe. Analysis of existing forces in the frame 
was carried out using Fourier analysis. The results of the analysis are illustrated graphically. 
The paper presents only the elements of the flight in which the amplitude of the force was 
visible and showed the nature of the impact of the individual elements of the drive unit. Each 
display was described by the type of flight element being made and the scope of the drive unit’s 
work. It has been proven that the dynamics of axial forces in the frame was small. However, no 
explicit reason for the break of the mounting bracket of the frame was indicated. It was found 
that the dynamics of forces occurring in the frame are decisively influenced by low frequency 
vibrations, originating from the airframe and the propeller shaft rotation. To a small extent from 
successive harmonics from propeller shaft rotation, from high-speed gearbox and drive turbine.

Keywords: aircraft, qualification tests, flight safety.

INTRODUCTION

During qualification tests prior to introducing aviation equipment to the inventory of the Air 
Forces of the Republic of Poland, the following, among others, are tested: equal types of 
fastening nodes for wings, vertical and directional empennage, propulsion units of an aircraft 
and others [1, 3, 4]. 

A similar case took place during qualification tests of the Bryza-1R aircraft, with an installed 
propulsion unit, consisting of a PWD-10B/PZL-10S engine, in the configuration with a HC-B5 
propeller by Hartzell [2, 5]. During the test flights, the frame for mounting the engine to the 
airframe was tested (additionally). The reason was that during the tests, largest stretching forces 
were found in that tube of the engine frame. Besides, it is fastened to the lug, on which a crack 
appeared. The aim of these tests was to additionally check the dynamics of the axial force in 
the engine-mounting frame’s tube, after broadening the frequency band from 200 to 400 Hz. 
The second objective was to determine the influence of variable flight conditions on the engine 
vibrations and its mounting frame in the airframe.

ANALYSIS OF TEST RESULTS

The study was based on Fourier’s analysis, with the use of the Excel software for graphic 
presentation. It is a sufficient tool to effectively present a variable signal over time, in the 
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frequency scale. Each analogue signal can be presented in the form of sinusoidal components 
with an appropriate amplitude, phase, and frequency. 

It allows the determination of the influence of a particular element of an aircraft, propulsion 
unit on the presence of excess axial force amplitude in an engine-mounting frame’s tube of an 
aircraft. The example is shown in the figure below.

Fig. 1 − Flight 4, nominal operating range

CONCLUSION

The conducted analysis showed a quite small dynamics of axial forces in the R1R8 tube of 
the TWD-10B/PZL-10S engine-mounting frame, which was confirmed by the initial study. 
Broadening the band from 200 to 400 Hz, showed just a minor (order of several daN) influence 
on the dynamics of the forces in the frame’s pipe, coming from the propeller and the turbine. 
However, we need to remember that the applied band might not have shown the influence of the 
turbocharger, since its frequency band appears in the range of 350 to 526 Hz.

Anyway, it was concluded that the decisive influence on the dynamics of forces in that tube was 
by the low-frequency vibrations coming from the airframe (own vibrations of the plane) and the 
rotations of the propeller shaft. In a lesser extent, from subsequent harmonics of propeller shaft 
rotations (i.e., 2, 3 and 5), from the fast-running reducer and the drive turbine.
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ABSTRACT

Biomimetic is used in specific design projects, mainly as a methodology focused on the study 
of technical, mechanical and formal aspects. Our research aims to expand the biomimetic 
taxonomy, continuing the study of nature in a broader design perspective, not just on their 
mechanic and formal aspects, but in the study of animal behaviour in its aesthetic and symbolic 
dimension. In this context, the present paper advocates the need to deep in the exploration of 
this inspirational and methodological relationship between Design and Nature from the study 
of seduction biological behaviors of non-human. 

We believe this approach could be an inspiration for new artefact human interaction paradigms. 

Keywords: Biomimicry, Artefact, Interaction Design, Experience Design, Biological Inspiration, 
Seduction Rituals, Taxonomy.

INTRODUCTION

Whether in Design, as in Engineering and Art, inspiration in Nature within the framework of 
human creation has a relevant historical tradition that is lost by immemorial time. The methods 
of biological inspiration established in Design, such as biomimetics, focus mainly on finding 
innovative technical and formal solutions, not focusing on the poetic and aesthetic potential that 
Nature offers to think about the aesthetic qualification of technological mediation with products.

The development of new meanings in the human relationship with technology, presents itself as 
a major challenge in a post-digital society.

RESULTS AND CONCLUSIONS

We developed a taxonomy of behaviours based on animal´s seduction and mating rituals with 
the goal of building a conceptual framework that relate these behaviors with the design of 
inedited interactions and contribute to the construction of new metaphors in product design.

The study of techniques of rituals of seduction and dating found in the non-rational animals 
seeks to establish contact bridges between intangible concepts and timeless archetypes, and 
the possible relations generated between man and artifact. We believe that would be possible 
to build and develop the human imagination that enhances experiences, behaviors and 
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seductions grounded in biological and timeless archetypes that promote new relationships with 
technological objects.

To structure the information related with biology and ethology, a “taxonomy of biological 
behaviors of seduction” has been developed, according to Design’s perspective, based on 
Nathan Shedroff’s (2010) “dynamic structure of experience”. 

Fig. 1: Dynamic structure of experience (Shedroff, 2010)

This taxonomy should enable and support the design of new interfaces with technologically rich 
artifacts, as well as new forms of human social interaction through technological mediation, 
inspired by seduction rituals of animals.

The concepts developed show that inspiration in seduction rituals can support and foster the 
development of innovative Design solutions, as well as a new awareness of Nature’s inspirational 
potential regarding the mediation between humans and technology, but also the technological 
mediation between humans.

REFERENCES

Shedroff, N. (2001). Experience design 1. Indianapolis, Indiana, USA: New Riders.

Shedroff, N. (2010). Meaningful Innovation Relies on Interaction and Service Design. Interaction 
Design Association. Rocovery on 22, may, 2013 from https://vimeo.com/9659499



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 191

PAPER REF: 091

GUIDING PRINCIPLES OF MATERIALS SELECTION FOR PRODUCT 
DESIGNERS

Maria João Félix1(*), Pedro Ferreira2, Gilberto Santos2, Ricardo Simões 2, João Martins3

1 CIAUD, Lisbon School of Architecture, Universidade de Lisboa, Lisbon, Portugal, and Design School (ESD) 
Polytechnic Institute Cávado Ave, Barcelos, Portugal 
2 Design School (ESD) Polytechnic Institute Cávado Ave, Barcelos, Portugal 
3 School of Technology and Management (ESTG) Polytechnic Institute of Viana do Castelo, Portugal
(*)Email: mfelix@ipca.pt 

ABSTRACT

This work intends to analyze the importance of the materials selection process for the 
development of a new product.

The aspects that influence the selection of materials in the Design process are due to the fact 
that these collaborate in the materialization of a project, stimulating a better interaction in the 
utilization of the products and consequently in the improvement of the people’s quality of life.

The strategic use of a material is one the most influential means designers have to communicate 
and create emotional connections with its users; however, the materials classification in simple 
and definitive categories is complex, due to the diversity of options available in the market. 
This study can provide a significant contribution to the field of the product Design. As such, the 
general objectives of this work are to identify, analyze and understand the importance of the 
selection of materials in the development of a new product

Keywords: Materials selection; Material properties databases; Product design 

INTRODUCTION

It is extremely important to provide the necessary information so that the designer can make 
decisions in the selection of materials in the initial phases of a product’s development. By 
using woods, metals, plastics, or ceramics, (Lefteri, 2007)the designer will have a variety of 
books and technical manuals available applied to several environments and usage conditions. 
However, as it can be seen in the study of the selection of materials in Design, there are gaps in 
the selection methods as well as in the way these are available. 

Facing an empirical, subjective and quantitative review of the materials selection area in 
Product Design, it is urgent, to create a library equipped with methods and instruments that 
allows to follow the development of product design projects, prioritizing a usage reflection 
and the proposals for the utilization of the best materials and sustainable (Ljungberg, 2007) 
transformation processes.

Mostly, the supports that the designers have upon this theme are developed by engineering 
experts, in which the used technical language isn’t well interpreted by the designer language. It 
has come the time to break this current paradigm that exists by the universities as well as by the 
companies. The Designer should indeed, comprehend and understand the concepts related to 
the materials being applied to the products, but they don’t need to enunciate physical properties, 
analyze and interpret graphical data, as for example, it is presented to us through the program 
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CES (M F Ashby & Cebon, 2007), selection of materials, developed by the professor Mike 
Asbhy (Michael F. Ashby & Johnson, 2014) and the respective cooperators of the Cambridge 
University. Despite the program validating positive results, it adds more value to the engineering 
area than to the product Design.
The research focuses on an exploratory and quantitative research, which consists of reformulating 
events, comparing ideas and reflecting on some later studies to the proposed theme building 
new hypotheses.
After a literature review on the subject, interviews are scheduled to be conducted with alumni 
of product design and designers (van Kesteren, 2008) who are in the market, with the objective 
of making a survey of the difficulties in the selection of the materials and the way they have 
overcome them in their work. A critical analysis of the existing educational materials and a 
proposal to update them will then be performed.

RESULTS AND CONCLUSIONS

The chances are temporary, considering that we are still in the initial phase of the study, but facts 
and theories are being analyzed, making the problem less complex. We intend to demonstrate 
that the methods and instruments of the materials selection aren’t easily available and that there 
are gaps in the way these are used by the product designer. The selection tools aren’t intuitive 
to the Designer and he finds difficulties in the data interpretation, thus the existing tools use a 
specific language the Designer isn’t used to, being necessary to clarify the language, turning to 
simple and explanatory concepts, with few physical properties.
It is necessary for the Designer to understand the importance of the materials selection for the 
development of a product, in a way to validate his choices.
It is essential to understand beyond the material inner characteristics, the subjective characteristics, 
putting himself in the place of the possible user. And, finally, understand as well that the selection 
of materials is part of the creative process, being adopted as well as a methodology to be used in 
a specific phase of the project, or in the proposal progression, in cycles.
This study intends to propose supporting guidelines to the product designer, in the selection of 
materials, taking into consideration aspects as seen in the study, selection of materials in Design. 
It will be taken into consideration the contribution for the development of useful objects; for the 
increase of the product lifespan; the product’s cycle of life; the culture valorization, materials 
that can be recycled; the substitution of raw materials, which are harmful for human health and 
the environment and the use of materials that come from natural resources.
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ABSTRACT
Higher education degrees in Fashion and Textile Design are relatively recent in Portugal, 
however, advances in the Textile and Clothing Industry, regarding technological innovation, 
are increasingly fast and demanding. On the other hand, particularly in the consumer society 
– the individual – aspires to the consumption of products that correspond to innovations and 
that can improve their quality of life, without neglecting environmental, social and economic 
concerns. Considering the importance of Fashion and Textile products under this perspective, 
this research evidences it as its universe of study. Thus, it is important to consider the academic 
curricula in the field of Fashion and Textile Design, in order to proceed with its analysis, and 
contribute with some suggestions for the improvement regarding this change fostered not only 
by the industry but also by the consumers’ desires.
Keywords: Fashion Design, Textile Design, Design Education, Higher Education, Portugal

INTRODUCTION
Teaching in Fashion Design in Portugal, comes from an empirical learning process from one 
professional to another trained at the workplace at the tailor, designer and seamstresses’ studios, 
without the attribution of a vocational academic degree (de Wet, 2017). Industrialization and 
the following evolution of the textile and clothing industry came to foster the systematization of 
academic knowledge in technical subjects in the fashion area to suppress the needs of the sector. 
With the appearance and proliferation of courses in the area in the 80s, (Fletcher, 2010)fashion 
Design comes closer to the Design field, associated with the economic pressure as a result of 
the evolution in the clothing and textile industry(Hameed & Umer, 2017). It is assigned to the 
designer an increasingly value associated with the use of knowledge and the management of 
new technologies, seen as productivity and international differentiation factors.
This study will start from an holistic vision of the Higher Education state of art in Fashion and 
Textile Design courses in Portugal to the definition of a strategic vision. Its main objective is to 
analyze the existence of gaps in the academic curricula, (Sinclair & Hong Kong Polytechnic, 
2008) of Fashion and Textile Design courses in Portugal, proposing a curricular revision which 
responds to the real needs of the sector and future designers’ ambitions, culminating in a new 
curricular proposal for the Integrated Master’s Degree in the field. In addition to the collection 
of information through documentary research, an active research methodology will be used, 
mostly qualitative, using quantitative methods to analyze some data. The obtained results will 
justify this study. 
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For these purposes, the research begins by identifying fourteen academic curricula from six 
Portuguese Institutions: Instituto Politécnico do Cávado do Ave (IPCA), Escola Superior de 
Artes e Design (ESAD), Escola Superior em Artes Aplicadas (ESART), Faculdade de Arquitetura 
da Universidade de Lisboa (FAUL), Universidade da Beira Interior (UBI), Universidade do 
Minho (UMINHO) and, four institutions and European curricula will be reviewed: Central 
Saint Martins, École Supérieure des Arts et Techniques de la Mode (ESMOD), Institut Français 
de la Mode (IFM) e Parsons. The review of these curricula will allow to compare and identify 
differences that will support the construction of a new curricular proposal. 
The methodology of this research will be based on a literature review and a collection from 
the involved entities, universities and the (Clothing and Textile Industry- CTI) sector agents, 
placed in the North and Centre of Portugal, where most of the sector agents are placed. It will 
be developed a grid of the national and European curricula correlation and at last, there will be 
the cross-checking of the obtained results, contributing this way to the conclusions, analysis of 
the results and recommendations.
The main findings of the survey are, among others, the contribution to improve Higher Education 
Studies (Cowan, 2000)in the field of Fashion and Textile Design, pointing out suggestions for 
improvement, favoring the competitiveness of the national economy, enhancing the relationship 
between universities and industry by developing more adjusted programs to the needs of the 
sector, future designers and consumers.

RESULTS AND CONCLUSIONS

In a first analysis it is concluded that in the first cycle of studies (Degree) all curricula include 
the Design scientific area, some integrate the technology and art areas, but the remain areas 
are different, without standardization. In the second cycle of studies (Master’s Degree), the 
majority integrates the design and textile technologies scientific areas, being the remain ones 
equally different.
This study intends to show that there are substantial differences in the scientific areas of the 
academic curricula of the Textile and Fashion Design courses in Portugal, existing, therefore, 
the need for an uniformization. The previously mentioned curricula of the European Institutions 
will be equally analyzed, allowing to perform a comparison, and thus, propose suggestions to 
improve with the proposal of a new academic curriculum.
It will be proposed the development of an Integrated Master’s Degree in Textile and Fashion 
Design, interdisciplinary in the first two years, with common subjects from creative process, 
fashion and consuming trends, weaving/knitwear/stamping/manufacturing, industry 4.0, 
marketing, circular economy, green textile, among others. The last two years will be specialized 
in a sector of the clothing and textile industry: fashion (men; women; children), textile (knitwear/
weaving/stamping), manufacturing and modelling, footwear and fashion accessories, home and 
functional textiles.
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ABSTRACT

The plane strain fracture toughness values were obtained by the use of compact tension 
specimens completed by welded attachments. The results were compared to those obtained 
from one-piece CT specimens, observing differences within the acceptable experimental error 
(less than 5%). At first, these results demonstrate that the proposed method of completing 
the dimensions of a standard specimen with welded attachments is a viable alternative for 
the experimental determination of the plain strain fracture toughness in directions where the 
component geometrical limitations do not allow to obtain one-piece specimens that meet the 
dimensions established in the ASTM E1820 standard, as is the case of the short transverse 
directions of steel pipes. Additionally, it is experimentally determined that the short transverse 
directions RL in steel pipes of API 5L specifications, fabricated by the UOE process are weaker 
than the CL and LC directions. This result is attributed to the orientation of the pearlite bands 
with respect to the plane of cracking.

Keywords: Welding, fracture toughness, fracture mechanics, pipeline steel

INTRODUCTION

The plane strain fracture toughness (KIC) of low carbon steel has been widely studied, due 
to its great importance in integrity assessments of components containing crack-like defects. 
However, in most cases, the studies are conducted with specimens oriented in the longitudinal 
(CL) and circumferential (LC) standard directions; owing to the fact that the geometry and 
dimensions of the test specimens, specified in the ASTM E-1820 [1] standard, are only met in 
those orientations. All the standard procedures to determine KIC, require that the sample size to 
be large enough, so that the results depend only on the properties of the material and not on the 
geometry or size of the specimen. 

Studies have been carried out to prevent the thickness limitation of the specimen geometries, 
through the use of constriction parameters [21-23]. On the other hand, researchers have 
proposed the use of miniature specimens, where the geometry of the notches is modified, in 
order to increase the stress triaxiality at the tip of the notch [24]. However, a scaling factor is 
required to obtain results close to the real ones. Other studies show the experimental results 
of the dynamic miniature Charpy impact tests, which adjust to a fracture resistance curve of a 
standard specimen and scale the characteristic values   of miniature size tests from total fracture 
energy and energy consumed up to the maximum load.
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In this work the use of compact tension specimens (CT), enlarged with welded segments, for 
the evaluation of KIC in the short RL direction of the test material is proposed, in order to satisfy 
the size requirements of the ASTM E-399 and E-1820 standards. The results of KIC obtained by 
this procedure are validated by comparison with the results obtained by standard test specimens. 

RESULTS AND CONCLUSIONS

The results show non-significant variation (less than the 5%) of the KIC values between the 
one-piece and the welded specimens, which demonstrate that the proposed method to achieve 
the standard CT dimensions by welded attachments is a feasible practice, when the geometrical 
limitations do not allow obtaining one-piece specimens to meet the ASTM E1820-18 and ASTM 
E399-17 requirements, as is the case of the short transverse directions of pipes.

Table 1 – Fracture toughness (KIC) test results, for standard and welded specimens.

Steel Orientation Specimen type
KI Values

)( mMPa
Total Fracture 

energy (J)

API 5L X46

CL Standard 126 154
LC Standard 137 163
CL Welded 128 157
RL Welded 107 128

Neither the microstructure nor the hardness profile of the welding, along the crack propagation 
zone, showed any alterations, with respect to the base metal. Hence, the welding procedure to 
enlarge the CT specimens does not alter the microstructure or the mechanical properties.

The low carbon steel used showed the lowest KIC value and total fracture energy along the short 
transverse direction RL, as compared to the standard directions CL and LC. On the other hand, 
the highest values are achieved in the LC direction of the steel.
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ABSTRACT

To date, most gynaecological models available focus on pregnancy. Using imaging data from 
pelvic MR, we extracted the specific anatomy of the non-pregnant uterine cavity and surrounding 
tissues through segmentation and created 3D reconstructed solid models. These models aid in 
the visualization of the anatomical features in silico and can easily be transferred by means of 
rapid prototyping to physical model and dedicated experimental setups that mimic not only the 
geometries but the mechanical properties. 

Keywords: female pelvic organs, phantom model, segmentation, rapid prototyping

INTRODUCTION 

Mechanical alterations of the female reproductive organs can lead to different pathological 
states (Baah-Dwomoh et al. 2016) hence the mechanical characterization of such biological 
tissues and the generation of mechanically accurate models is of great importance for 
the analyses of therapeutic interventions, simulation of surgical interventions as well as 
characterizing the onset of disease. PVA gels and silicone rubbers have been proven to mimic 
the mechanical properties of soft tissues, allowing for transparent models(Jiang et al. 2011; 
Jiang et al. 2013)

Using segmentation and 3D reconstruction of the female pelvic organs from MR images, 
anatomically correct structures were obtained for mould preparation by rapid prototyping 
techniques. Segmentation of the female pelvic organs requires a semi-automated approach due 
to the complexity of the female pelvic anatomy (Ma et al. 2013). 

Using sagittal and axial T2 weighed FRFSE MR images, we proceeded to identify the bladder, 
uterus and vagina, as well as reference anatomic landmarks using semiautomated segmentation 
tools available in slicer 4.10.1 (“3D Slicer” 2019), followed by user auditing and correction. 
Three-dimensional solids will be generated for each structure and then smoothed to create a 
better solid model for rapid prototyping, and further mechanically accurate mock-up model 
reconstruction. 

RESULTS AND CONCLUSIONS 

Automatic segmentation of the female pelvic organs is not accurate in all planes, after an initial 
automation based on intensity for the different segments, a slice by slice audit and correction for 
image correlation was needed. Figure 1 shows the resulting three-dimensional reconstruction. 
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Fig. 1 – 3D reconstruction of the pelvic organs. R. Axial View, Y. Sagittal view, G. Coronal View. B. 3D volume. 

After reconstructing the pelvic organs based on the sagittal view, we noted the correlation in 
other anatomical planes is not accurate, to achieve a better reconstruction we will repeat the 
process again on the axial and coronal planes to obtain three solids for each structure, which 
will then be merged to obtain a well-rounded structure containing information from all planes. 
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ABSTRACT

This work presents the sensitivity analysis of an empirical equation to estimate the hydrogen 
induced cracking (HIC) kinetics in steel plates, extracted form API 5L type pipes, obtained 
from the best-fit of experimental results. The correlation of the model’s variables with the 
most significant microstructural characteristics of the steel plates used in the experimentation 
were identified. The results show that the HIC initiation time is at the point where the slope 
(derivative) of the cracked area vs. time plot (dA/dt) is equal or greater that 1E-2 mm2/h, 
while the maximum HIC rate and the time at which HIC slows down to near zero is when the 
value of dA/dt is equal or less than 1E-2 mm2/h. On the other hand, it was determined that 
that variables α and δ are the most sensible for the model´s curve fitting and they are related to 
the banding degree of the microstructure in the longitudinal section and the three-dimensional 
spacing parameter of non-metallic inclusions in the steel plates. 

Keywords: HIC, kinetic model, metallurgical characteristics

INTRODUCTION

Hydrogen-induced cracking (HIC) is a damage mechanism that occurs in components such as 
tanks or steel pipes exposed to sour environments. The presence of cracks affects the integrity of 
these components, reducing its performance and capacity to withstand loads. Also, the location 
and length of the cracks or defects will determine if the component is suitable or not for the 
service, according to the evaluation criteria of API 579-1 / ASME FFS-1 (2016). However, this 
standard does not show a method to estimate the HIC crack propagation rate, as a result of there 
is not an equation or model to predict the rate of damage progression.

In this work, based on an empirical model, the growth kinetics of hydrogen-assisted cracks is 
adjusted using the microstructural metallurgical characteristics, such as the inclusions content 
and the banding degree, as well as mechanical properties such as the fracture toughness, the 
maximum tensile strength and the yield stress.

RESULTS AND CONCLUSIONS

The numerical variation of the parameters of the equation of used of the double exponential and 
its comparison with the metallurgical and mechanical characteristics allowed to establish that:

• From the sensitivity analysis it was determined that the constants of Amax, α and δ were 
the most significant for the adjustment of the mathematical model of the HIC phenomenon.
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• The correlation of the adjustment constants of the mathematical model of hydrogen-induced 
growth with the microstructural characteristics is established, such as the band degree (Ai) 
and the three-dimensional spacing of the inclusions (λ).
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ABSTRACT

We investigate an experimental and numerical approach to clarify a deceleration mechanism 
on quasi-static crack growth of SUS316 by applying high-density electric current (HDEC). To 
better understand this mechanism, one of general stainless steel was used to explain that, how 
much force is needed to propagate a crack under the different level of HDEC density. We are 
also interested in that how the modified material properties can be influenced on crack opening 
profiles. A series of experiments on crack extension of fracture mode I were conducted with 
single notched specimen to identify the resistance of crack growth at a constant strain rate, 
0.003 s-1, to the specimens prepared without and with the HDEC (0 A/mm2 and 400 A/mm2), 
respectively. In-situ measurements of equivalent force and crack profile were carried out to 
understand the alteration of power law related to the level of ductility. We also use a finite 
element model to confirm the crack profiles by the alteration of material property. 

Keywords: SUS316, crack deceleration, ductility, J-integral.

INTRODUCTION

To improve material’s property at micro-nano scale is always an important issue since most 
of mechanical failure is currently caused by a tiny defect inside the material. The defects like 
voids, flaws and crystallographic ones have great influence on the mechanical properties by 
stress concentration induced from the micro-nano scale to relatively large scale in metals 
(Hosoi, 2012, Yu, 2016, Van Dijk, 2018).

Fig. 1 In-situ observation of crack profiles at each equivalent force F with the electric current 400 A/mm2 :  
(a) history of F vs time t ; (b) in-situ images from initial mirror-like surface to crack extension instantaneously 

captured at each equivalent force, the images 1-4 in scale bar of 200 μm  and the image 5 of 500 μm.
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In this study, to obtain the evidences, we are interested in relatively large scale with the 
comprehensive mechanism on the deceleration of crack growth which is significantly affected 
by applying HDEC. The comparison between the in-situ measurement (Fig. 1) and numerical 
calculation of crack profiles was employed to know how much differences they have for the 
material properties such as young’s modulus, E, strain hardening exponent, h, by HDEC.

RESULTS AND CONCLUSIONS

The results of applied force versus quasi-static crack growth from in-situ measurement at the 
equilibrium state are shown in Fig. 2(α). The experimental measurements were fitted with 
an equation of inset in Fig. 2(α), namely Hutchinson-Rice-Rosengren, HRR singularity for 
J-integral approach (Anderson, 2005).

Fig. 2 Experimental and numerical results: (α) force F as a function of the crack length α, at each condition 
and different proportionality fitted with n=4 and n=11 from HRR singularity; (b) comparison of crack profiles 
δc between experiment and simulation and (c-d) finite element model before and after fracture at the crack tip, 
respectively.

With careful consideration of these experimental and numerical results as shown in Fig. 2, 
finally, why it is able to modify and what is the most influential reason into the modification of 
material properties, notably, influenced by applying HDEC were investigated.
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ABSTRACT

Many researchers have studied thermal issues in machine tools for several decades. Although 
many modelling techniques and sensor placement algorithms could lead to a good prediction 
of the overall dislocation due to internal heat sources, none was able to do the same for 
environmental effects. The complexity of environmental conditions, including the spatial 
distribution of environmental temperature, the air speed and the air humidity, make this task 
challenging even for neural networks and machine learning algorithms. This paper investigates 
the use of the Integral Deformation Sensors (IDS), developed by the Fraunhofer Institute of 
Production Technology. Their main advantage is that they measure the deformation of a machine 
tool component, which is the outcome of all thermal effects and heat transport phenomena that 
inflict the component. The second significant advantage is that they allow the use of a simple 
and interpretable physical model that reaches a high prediction accuracy.

Keywords: thermal deformation, machine tools, Tool Center Point, correction.

INTRODUCTION

There are many modelling techniques and sensor placement algorithms, whose prediction 
accuracy was investigated for environmental effects. However, only few research papers focused 
on the influence of environmental conditions. One approach (Tan, 2014) gathered temperature 
and Tool Center Point (TCP) data over a full year and built a phenomenological model, which 
was however valid only along one direction within the working space. Another approach (Mayr, 
2015) derived relationships between temperature sensors and measurement data of the TCP 
dislocation from FEM simulations with the help of model order reduction methods. The authors 
derived that the environmental effects led to a distinctly inhomogeneous distribution of the TCP 
dislocation along the working space, which in turn shows that the first approach is inappropriate 
for this issue. A third approach (Zhang, 2017) builds a transfer function model based on the heat 
transfer equation and the dimensions of the machine tool, but parametrizes it with measurement 
data. Another obstacle is that the temperature sensors on this work are mounted on the tool 
holder, which cannot be implemented during operation. Finally, the order of magnitude of the 
measured TCP dislocation was less than 1 μm and may possibly lie within the measurement 
uncertainty of the used instrument measuring the TCP dislocation.

RESULTS AND CONCLUSIONS

The results from the experimental investigations are shown in Fig. 1. A middle-sized machine 
tool is located close to the machine hall door and thus strongly influenced by sudden drops of 
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temperature. The measurement was held in September, where the environmental temperature 
drops during the day and rises up during the night, in contrast to the environmental conditions 
during the summer. The TCP dislocation was measured at four different positions in the working 
space with a simplified version of the R-test method. The combined measurement uncertainty 
of the TCP dislocation measurement is estimated to be 3,2 μm, while the uncertainty of each 
Integral Deformation Sensor (IDS) 1,4 μm. The prediction was derived with a physical model 
based on the theory of Euler-Bernoulli beams. The model uses the information from twelve IDS 
and the dimensions of the machine tool without any data training methods.

Fig. 1 – Prediction of the overall TCP dislocation at four positions in the working space under the influence of 
real machine hall environmental conditions
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ABSTRACT

This work presents an incompressible material point method (MPM) to deal with fluid-structural 
interaction (FSI) problems with free surface. The algorithm uses Eulerian background grids to 
solve fluid velocity and pressure, and transport the variables in a Lagrangian way. An immersed 
boundary idea was introduced to describes the fluid-structure interface, and the level-set 
function was advected on background grids, in order to eliminate numerical cavity caused by 
particles transportation. The proposed scheme has been successfully applied to FSI problems 
with free surface, such as water entry and sloshing problems. Numerical results suggested good 
agreement with analytical and experiment results.

Keywords: material point method, incompressible, fluid-structural interaction, immersed 
boundary.

INTRODUCTION

In the incompressible material point method, we use the Chorin projection scheme to solve 
velocity equation and pressure Poisson equation at Cartesian grids. Meanwhile, the level-set 
function is solved using WENO scheme, to capture the free surface and eliminate numerical 
cavity. Fluid particles will then be transported, and help to reconstruct velocity fields in the 
next time level. The structural velocity will then be solved using FEM, with pressure boundary 
conditions interpolated from the fluid grids. 

Fig. 1 – Background grids and particles in incompressible material point method 
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RESULTS AND CONCLUSIONS

The numerical case has been presented on an oblique cylinder falling into a water tank (Fig. 2). 
Results suggest that, the cylinder velocity time-history is in line with SPH simulation by Sun 
(2018), and experimental data by Wei (2015).  

A sloshing problem under horizontal excitation has also been presented. Fig. 3 illustrates the 
pressure distribution as well as the free surface profile. Also, the surface elevation time-history 
at a certain position was compared with experimental work by Faltinsen (2000), and the results 
suggest good agreement. 

Fig. 2 – Water entry problem, velocity of the cylinder has been compared with experimental results and SPH 
results.
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Fig. 3 – Sloshing problem with horizontal excitation, the free surface elevation time-history has been compared 
with experimental data.
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ABSTRACT

The paper summarizes an experimental study, performed on different steel joint macro-
components with four bolts-per-row. These macro-components represent the tensile area of a 
steel beam-to-column extended end-plate connection. The scope of the work is to investigate 
the elasto-plastic behaviour of this type of four bolts-per-row configurations and to assess its 
behaviour in regard to the classic two bolts-per-row solutions.

Keywords: steel connection, four bolts-per-row, macro-component, ductility, robustness.

INTRODUCTION

The widely used configuration for moment resisting beam-to-column 
connections usually employ two bolts-per-row in its most current 
configurations. This configuration has been not only extensively 
studied but is also the only configuration presented and detailed in the 
European design codes for moment resisting connection, despite its 
possible variants. However, this configuration can lead to poor post-
flexural performance in cases of extreme loading (Dinu, Marginean 
and Dubina). According to Nunes (Nunes, Marginen and Ciutina), 
by adding a supplementary outer bolt, the connection’s behavior can 
be enhanced not only in strength but also in ductility and improve its 
post-flexural behavior.

Despite the research made on this type of connections - (Demonceau, 
Jaspart and Weynand) and (Dreveny), accurate design procedures are still undeveloped and the 
current models maintain the classic t-stub analysis which fails to account for interaction between 
bolts of different rows, which represent a key failure mechanism for this type of connections 
(Nunes and Ciutina).

In this experimental study, a total of 54 macro-component (Figure 1) specimens are being tested 
and analysed. The specimens follow a recent parametric study where, based on an original 
connection configuration, for which several parameters were varied, such as bolt diameter, end-
plate thickness, flange width and bolt disposition. The specimens are subjected to monotonic 
tensile tests in order to asses their mechanical properties and failure mechanisms.

RESULTS AND CONCLUSIONS

In order to identify the most relevant configurations and to evaluate the experimental testing 
setup, numerical tests have been performed in equivalent specimens. The preliminary results 
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from the numerical study show considerable gains in strength and ductility for several 4 bolts 
per row (4B) configurations, which justify a closer analysis of this type of connection.

In order to assess the global behaviour differences between the 2B and 4B configurations, the 
response Force – Displacement curves are superposed in Figure 2.

Figure 2. Behaviour curves for models 2B and 4B M16_IPE300_EP20 and M16_IPE300_EP12

Table 3. Exterior bolts participation ratio

at Fy at Fmax

Bolts Beam End Plate Feff,y
[kN]

Ft,Rd,y,b
[kN]

Difference
[%]

Feff,max
[kN]

Ft,Rd,max,b
[kN]

Difference
[%]

M12 IPE300 12 19,6 105,7 18,5 50,3 105,7 47,6
M12 IPE300 15 30,6 105,7 28,9 79,7 105,7 75,4
M12 IPE300 20 58,5 105,7 55,3 115,1 105,7 100,0
M16 IPE300 12 18,6 196,9 9,4 53,8 196,9 27,3
M16 IPE300 15 21,7 196,9 11,0 55,4 196,9 28,1
M16 IPE300 20 44,0 196,9 22,3 124,6 196,9 63,3
M20 IPE300 12 20,2 307,2 6,6 95,9 307,2 31,2
M20 IPE300 15 17,7 307,2 5,8 63,2 307,2 20,6

The study also shows the difference in failure mechanism and identify the most efficient 
configurations in the new four bolts-per-row configurations, in relation to their key characteristics: 
strength, ductility and post-flexural behavior.
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ABSTRACT

The objective of the study described in this paper is to identify the residual stress (RS) distribution 
and relaxation in standard welded specimens, large-scale welded panel and real structure. The 
RS were measured after welding and in the process of fatigue loading of welded elements by 
the UltraMARS system that is based on using ultrasound. 

Keywords: residual stresses, welded elements, ultrasonic method.

INTRODUCTION

The RS are one of the main factors determining the engineering properties of materials, 
parts and welded elements and this factor should be taken into account during the design 
and manufacturing of different products. Although certain progress has been achieved in the 
development of different experimental techniques, a considerable effort is still required to 
develop efficient and cost-effective methods of residual stress analysis (Kudryavtsev, 2008). 
The application of an ultrasonic non-destructive method for residual stress measurements had 
shown that, in many cases, this technique is very efficient and allows measuring the residual 
stresses both in laboratory conditions and in real structures in field for a wide range of materials 
(Kudryavtsev, 1985, 2016). 

RESULTS AND CONCLUSIONS

The measurements of welding residual stress were performed in standard welded samples for 
fatigue testing, large welded panel and real structures. The residual stress measurements in lab 
and field conditions were performed by using the UltraMARS system shown on Figure 1. 

Figure 1. Ultrasonic Computerized Complex for residual and applied stress measurement UltraMARS-7
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In field conditions the residual stresses were measured in a number of welded structures including 
the pressure hull of a submarine. Four zones were selected for RS measurement in the welded 
elements of the hull of submarine. Figure 2 shows the results of residual stress measurement 
in one of the selected zones of the hull of submarine. In this case both components of residual 
stresses are tensile at the distance from the weld toe of 20 mm. The longitudinal component of 
residual stresses reaches 295 MPa.
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Figure 2. The distribution of residual stresses near the butt weld of pressure hull of submarine 
(horizontal axis represents the distance from the weld): 

σx and σy – components of residual stresses that are parallel and perpendicular to the weld

A comparison of residual stresses determined by measurements using the ultrasonic method and 
by numerical simulations showed a reasonable agreement both for standard welded specimens 
and the large welded panel. 

SUMMARY

Certain progress has been achieved during the past few years in improvement of traditional 
techniques and development of new methods for residual stress measurement. The developed 
advanced ultrasonic method, based on it portable instrument and the supporting software can 
be used for non-destructive measurement of applied and residual stresses in laboratory samples 
and real parts and structural elements in many applications for a wide range of materials. 
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ABSTRACT

The ultrasonic impact treatment (UIT) is one of the new and promising processes for fatigue 
life improvement of welded elements and structures. In most industrial application this process 
is also known as ultrasonic peening (UP). The fatigue testing of welded specimens showed 
that the UIT/UP is the most efficient improvement treatment as compared with traditional 
techniques such as grinding, TIG-dressing, heat treatment, hammer peening and laser peening. 
The description of UIT/UP technology and the results of fatigue testing of welded elements 
of steels and aluminum alloys in as-welded condition and after application of UIT/UP are 
discussed in this paper.

Keywords: fatigue improvement, welded elements, ultrasonic impact treatment.

INTRODUCTION

The UIT/UP technique is based on the combined effect of high frequency impacts of special 
strikers and ultrasonic oscillations in treated material (Kudryavtsev, 2008). The beneficial effect 
of UIT/UP is achieved mainly by relieving of harmful tensile residual stresses and introducing 
of compressive residual stresses into surface layers of material (Kudryavtsev, 1989) and also 
on smaller scale by decreasing of stress concentration in weld toe zones and enhancement 
of mechanical properties of the surface layers of the material. The basic system for UIT/UP 
treatment (total weight - 11 kg) includes an ultrasonic transducer, a generator and 

Figure 1. Ultrasonic impact treatment system for fatigue improvement 
of welded elements and structures
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a laptop (optional item) with software for optimum application of UP - maximum possible 
increase in fatigue life of parts and welded elements with minimum cost, labor and power 
consumption (Kudryavtsev, 2013). In general, the basic UIT/UP system UP-600U shown in 
Figure 1 could be used for treatment of weld toe or welds and base metal also if necessary.

RESULTS AND CONCLUSIONS

The welded specimens were fatigue tested in as-welded conditions and after UIT/UP. Investigated 
materials - steels and aluminum alloys of different strength. Parameters of fatigue testing: axial 
loading, R=0. The results of fatigue testing of welded joints made from aluminum alloy 5083 
are presented in Figure 2.

Figure 2. Results of fatigue testing of lap joints made from aluminum alloy 5083: 
1, 2- in  as-welded condition; 3, 4- after UIT/UP; 

1, 3 – technology of welding A; 2, 4 – technology of welding B

 

These and other numerous results of fatigue testing of welded specimens made from steels  and 
aluminum alloys showed that the UIT/UP provided significant increase in fatigue performance 
of all considered types of welded joints and materials and that the UIT/UP is the most efficient 
improvement treatment as compared with traditional techniques such as grinding, TIG-dressing, 
heat treatment, shot peening and hammer peening. 
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ABSTRACT

The development of new medical procedures and products is a difficult as well as resource 
intense process, which always requires the developer verify the different stages in order to 
protect the future costumer and to ensure the functionalities of the product. As every day new 
technologies are being developed the necessity to provide customized testing environments 
rises exponentially. The presented work is focused on the development of a testing environment 
for the validation of injection needle geometries in dependence of different membrane  
surfaces. 

For testing itself, the system will primarily utilize mechanical force to penetrate the surface, 
thereby characterizing the mechanical resistance properties of the membrane. Another aspect 
is the efficiency of the applied needle geometry as well as the punctuations of the membrane 
which is intended to be optically validated. Consequently, the developed system should be 
designed to utilize a variety of membranes as well as skin tissue mock-ups and needle systems. 

Due to this intended modularity the developed system should be capable to support a broad 
spectrum of task and applications. These include for example the development of auto-injector 
system for non-medical personal in case of a hazardous event, a minimalistic blood extraction 
device as well as a tool to validate 3D printed multilayers of biological samples. The presented 
work shall provide an overview of the current development state of the testing environment and 
the further steps of development.

Keywords: mechanical analysis, artificial membranes, testing environment.

INTRODUCTION

Over the last decade, the so called personalized medical care moved more into the focus of 
our modern society and already helped to significantly improve the living conditions for a 
great variety of people. Personalized medical care is hereby often based on a dual approach 
which combines the processing of the patient specific data with an individual treatment strategy. 
(Snyderman, 2012) Additionally, simplified solutions for self-treatment in terms of home care 
are also in high demand. This approach requires an essential redevelopment of a great variety 
of already existing medical devices with a particular focus on efficiency and user-comfort. 
Consequently, a verification of the overall functionality of the developed product in a controlled 
and reliable environment is also highly needed. 

Therefore, the presented work is focused on the development of an experimental setup for 
the validation of punctuation geometries in dependence of the utilized biological surface. It is 
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intended to develop a modular environment which can address different tasks and support a 
broad spectrum of applications.

CONCEPT AND MEASUREMENT PROCESS
 

Figure 1: Concept the experimental setup in CAD 

The developed experimental setup is designed 
to address two primarily functionalities. In 
terms of testing, the system will primarily 
utilize mechanical force to penetrate the 
surface of the membrane and thereby 
characterizing its mechanical resistance 
properties. The second aspect is the validation 
of the punctuation efficiency in dependence to 
the applied needle geometry and the resulting 
punctuation. 

As shown in figure 1, the current modular 
approach consists of a test bed, a mechanical 
arm and a holder for the punctuation system 
itself. In terms of measurement, the selected 
biological sample will be placed onto the 
test bed directly under the punctuation 
system. The mechanical arm is lowered and 
constantly moved towards the test sample. The 
selected membrane resists the punctuation 
which results in an increase of force until a 
penetration is achieved. 

In order to provide a reliable base line of the applied forces strain gauges will be also integrated 
into the setup. Therefore, the force mustered to penetrate the membrane can be utilized as a 
reference value by which the efficiency of the overall application is determined. Considering 
the penetration it is assumed, that a high penetration efficiency requires only a minimal amount 
of force depending on the applied biological membrane. Hereby, the movement speed, material 
resistance, initial tension and blade geometry should be regarded as the most significant factors. 
(Abolhassani, 2007 and Bader 1983) In order to reduce variance for the specific test setup it 
is intended to vary primarily the speed or the material resistance in regard to the scenario of 
application.

PLANNED TEST MEDIUM

As previously mentioned the material resistance should be considered a crucial factor for the 
testing procedure. In order to create a basic understanding of material behavior as well as to 
achieve an optimal experimentation setup it is intended to execute a three phase development 
procedure: 

• Phase one will utilize different artificial membranes trying to mimic skin tissue of varying 
density and strength

• Phase two will attached those membranes to ballistic gel in order to approach a realistic 
organic mimic.
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• Phase three will be focused on the behavior of biological test samples. 

With the conclusion of phase three the developed experimental setup should be capable to verify 
the punctuation system, different membrane materials and mimic a realistic case of application. 

FINALISATION AND CONCLUSIONS

The presented work is focused on the current development stage of a novel experimental system 
for the validation of punctuation systems (needles and lancets) in regard to different biological 
membranes or tissue. Due to the modular approach it should also be possible to imitate a broad 
set of applications possibilities. The designed system shall be transferred into a first prototype 
within this year, to create the baseline for further development. Afterwards, it is intended utilize 
the developed setup in three particular application examples, which include an auto-injector 
system for non-medical personal.
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ABSTRACT

At the Technical University of Applied Science Wildau a novel screening procedure for cancer 
treatment is currently in development, which aims to use a biopsy sample without the need of 
further processing or cell separation for drug screening. It is based on the electronic speckle 
pattern interferometry (ESPI) method in form of a Micro-ESPI adaptation. The system is 
designed to incubate a certain amount of tissue over a prolonged period of time to validate 
different treatment strategies thoroughly. In order to provide reliable environmental conditions, 
the system contains an integrated heating module that is capable to automatically regulate the 
temperature of the applied medium. Furthermore, this first iteration of the system includes ports 
for a medium and gas supply. The complete system can be also sterilized by using an autoclave 
or disinfectants. Currently, the developed system is capable to sustain incubated cells for over 
120 minutes doubling the current observation time inside the Micro-ESPI setup. Furthermore, 
simulations were carried out in order to improve the medium supply, which displayed necessary 
changes for the next iteration. 

Keywords: Biomechanics, Interferometry, ESPI, Cancer treatment.

INTRODUCTION

Medical technology is nowadays in a constant flux of inventions and trends. One of those new 
trends is the so called personalized medicine. Personalized Medicine is aiming at the goal to 
treat a patient quick and efficient based on the available biological information. This confronts 
all technology fields in the medical branch with new challenges. In order to achieve the 
required safety and efficiency, the precise manipulation and targeting of microscopic structures 
such as cells is the logical next step. Especially in cancer treatment such an approach is very 
promising, in order to protect the patient from further physiological stress and treat the tumor 
directly. (Balis, 2018) Therefore, different methods are being developed such as the usage of 
nanoparticles (Rapoport, 2007) or antibodies (DiJoseph, 2004) that address tumor specific 
characteristics. Due to the differences between patients, cancer drugs and their individual effect 
need to be validated, to choose the best treatment strategy for the patient. (Wang, 2015) This 
task can be approached by different means; for example, by treating the tumor in vivo, where 
drugs are injected directly into the patient and tumor response is analyzed for further treatment. 
(Coombes, 2015) Or by the usage of single cell systems; those cells can originate from cell 
lines but could also be extracted via biopsy from a patient. The cells are afterwards incubated 
and exposed over a certain amount of time to the cancer drug while the resulting reactions are 
verified. One promising approach for a new mechanical based screening technique could be 
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achieved by utilizing the electronic speckle pattern interferometry (ESPI). This optical method 
is capable of observing microscopic structure changes in the vicinity after an initial stimulus. 
(Lietzau, 2016) Due to the contact-free measurement, a biopsy sample could be used for a drug 
screening without the need of further processing.

RESULTS AND DISCUSSION

The experiments regarding the analysis of the apoptotic cellular reaction were performed 
utulizing a culture medium without fetal bovine serum (FBS). Hereby, the applied dosage of 
Halaven® corresponds to the therapeutic recommendation of the manufacturer. The chemical 
agent of Halaven®, Eribulin, binds to the beta subunits of the tubulins and overlaps the guanosine 
triphosphate (GTP) binding site. Thus, the tubulin polymerization is inhibited which causes 
the tubulins to degrade into non-productive aggregates. Thereby, the spindle apparatus can’t be 
formed and inhibits the mitosis which as a consequence induces the apoptosis of the cell. (Moore, 
2005) The apoptotic bodies represent itself in form of circular outgrowths of the cell membrane. 

During a first set of experiments the induced effect of Halaven® was analyzed on a variety of 
cellular samples which included Fibroblasts. The following results are focused on the later. 
Fibroblasts are the main component of connective tissue and the primary source of most 
extracellular matrix components. Another important function is the production of collagen. In 
addition, fibroblasts are a key factor in wound healing and also involved in tumor progression. 
(Theerakittayakorn, 2011) For this reason, the experiment was carried out with fibroblast cell of

 

a)            15 µm b)           15 µm c)           15 µm 

Figure 1: microscope images of apoptotic stages of the L929 cell after 
Halaven® injection. a) reaction time: 0 minutes b) reaction time: 10 minutes  
c) reaction time: 30 minutes 

the cell line L929. The L929 are monolayer growing cells with an approximate cell cycle of 24 
hours. They are often used for cytotoxicity tests since the cytotoxicity can be directly correlated 
with the cellular morphology and metabolic activity because these cells have a high cell division 
rate similar to degenerated cells. Thus, they are effective for degenerate cell experiments in terms 
of a negative control. As seen in figure 1, the apoptotic reaction was induced after the addition 
of halaven. However, the reaction is significantly slower in comparison to other tested cells. 
Overall the cellular displacement after a reaction time of 10 minutes (see fig. 1b) and 30 minutes 
(see fig. 1c) wasn’t distinctive visible. Nevertheless, after a total reaction time of 60 minutes 
the apoptotic state of the observed L929 was clearly observed. Nevertheless, only a minimal 
change of the cell geometry as well as some developed apoptotic corpuscles were obtained. Based 
on these results it was concluded, that the overall effect of Halaven® was significantly reduced. 
An exemplary apoptotic reaction of the L929 cells obtained with ESPI are shown in figure 2.
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Figure 2: False phase images with color scale of apoptotic stages of the L929 cells after Halaven® injection. 
a) reaction time: 5 minutes b) reaction time: 10 minutes  c) reaction time: 30 minutes 

a)                                              b)                                              c) 

 

Figure 3: cellular deformation of the lower L929 cell over the 
reaction time with Halaven®. X-axes: amount of pixels; y-axes: 
displacement high in nm scale 

Figure 4: cellular deformation of the upper L929 cell over the 
reaction time with Halaven®. X-axes: amount of pixel; y-axes: 
displacement high in nm scale 

In figure 2, both cells display 
distinctive areas of displacement 
which are indicated in yellow 
(positive) and blue (negative). 
Furthermore, the slow contraction 
of the cellular body, the loss of the 
spindle-shaped structure, the 
formation of the apoptotic bodies 
are clearly visible over time and 
shown in figure 2a to 2c. This is 
indicated by circular negative 
displacements also in the increasing 
positive deformation area. Based on 
the obtained deformation a linear 
scan was placed across the deformed 
cell (30 minutes) with the ESPI-
Result-Image-Comparser. This self-
designed program utilizes the 
intensity per pixel according to the 
measurement result and the 
corresponding color scale to 
generate the topographic scan which 
is shown in figure 3. Section a) 
represents the surface of the silicon 
chip without any cells. The obtained 
displacement in section b) indicates 
that the lower cell has contracted 
strongly compared to the initial 
position. The membrane 
invaginations formed by the 
apoptotic reaction are displayed in 
section c). Section d) represents the 
original cell position and thus 
indicates the occurred positive 
surface deformation.
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In comparison, figure 4 contains an overlap of multiple scanlines for the upper cell. With 
advancing apoptosis, the increasing formation of the induced deformation is clearly shown in 
figure 4. As in the previous example, section a) contains the surface information of the silicone 
substrate which consequently displays no displacement. In comparison, the other sections b), 
c) and d) display an alternating patterns for each lines, which indicates the formation of the 
apoptosis corpuscles over the time. 

CONCLUSION

Within this work, a new strategy for the investigation of such a cellular interactions after the 
application of external stress in form of a cytotoxic agent was demonstrated. After injection of 
the drug Halaven®, an apoptotic reaction of the different cells could be induced while the surface 
displacement of the cellular body was obtained utilizing the ESPI method. The main advantages 
of this method are the abilities to observe the biological samples in real-time, without sample 
contact and without sample destruction. Furthermore, the application of a modified ESPI setup 
allows a direct analysis of the cells in medium without additional influence by the measurement 
procedure. This approach provides a capable method to examine the cells in an almost natural 
environment which is fundamental to analyze complex cellular interactions in order to develop 
new therapeutic methods. 
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ABSTRACT

Innovative approaches of personalized medicine affect various areas of therapeutic treatment 
at the present days. These include application of surgical procedures, private point-of-care 
solutions, pharmaceuticals, as well as rehabilitation procedures. Beside these current existing 
strategies, the progression of patient specific models for training of clinical and surgical personal 
is currently inadequate. Such models are vital to prepare an individualized approach in medical 
care. The conversion of an established 3d printing technology to process suitable structural 
biopolymers could be a possible solution to approach the mentioned issue.

The focus of the presented work lies upon the development of a printing system utilizing multiple 
biomaterial based inks. Of highest interest are gelatine, collagen and agar due to their type of 
temperature dependent hardening. Therefore, it is intended to design several different extrusion 
heads which handle the material in regard to its specific processing parameters. In order to 
obtain the intended physiological properties of the final model, various experiments will be 
performed with several compositions of biomaterials to verify the fundamental mechanical 
and physical characteristics. Hereby, the force resistance, elasticity, thermal stability, haptic 
behaviour, as well as the visual appearance are of highest interest. 

Afterwards, these received experimental results should be used to validate the extruder 
concepts and to simulate the extrusion process. In case of a positive evaluation these concepts 
are manufactured and realized by using rapid prototyping technologies. Eventually, this novel 
3D bioprinter will be used to print first organic test structures with biomaterials based on 
individualized patient’s data.

Keywords: 3D printing, biomaterials, bioprinting.

INTRODUCTION

Progression in the field of medicine and the political stability had a wide influence on the 
lifespan of humans in Europe and the western world within the last century. Novel inventions 
of vaccines, antibiotics as well as other medical products and the advance in the field of surgery 
nearly doubled the average lifespan of humans. At the very beginning of the 20th century the 
average age at death for females and males was 45.84 years and 43.65 years, whereas in 2008 
the average ages increased up to 79.79 for females and 73.58 for males (Mackenbach, 2013). 
This trend leads to a permanent rise of diseases, such as cancer, diabetes and similar age-related 
medical conditions. In order to treat such diseases, multiple treatments need to be performed to 
patients, which influences the physical as well as the psychological conditions of the affected 
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patients. One of the most challenging problems is the highly increased occurrence of cancer. 
E.g., within the years of 1999 to 2015 the number of patients developing a liver carcinoma in 
Germany drastically increased. In 1999, 2199 female and 3875 male patients were diagnosed 
with a liver carcinoma, whereas in 2015 the number of women increased to 2709 and of men to 
6374 (Robert-Koch-Institut, 2017). Those numbers even continued to rise, while the technology 
and procedures to treat and cure cancer advanced even further. As the technology advances, the 
clinical personal, e.g. surgeons, needs to be trained for new approaches and surgical procedures. 
Currently most applied therapies are the removal of the carcinoma or transplants from organ 
donors. The survival rates for both methods are about 50 %, while the transplantation even 
contains a certain risk to the donor (Bismuth et al., 1993). In order to improve the survival 
rates, the operating surgeons need special training. Such training methods could be performed 
via simulation programs as well as artificial organ-like models. Consequently, artificial models 
need to have the same haptic and optical properties as the original organ and should be produced 
based on the patients’ data. Therefore, the most important properties are the firmness and 
coloring of various tissues. Similar organ-like models are already produced through casting. 
However, using this technology, the models are cost intensive while the manufacturing is 
time-consuming and not customizable. A new approach for the production of those organ-
like structures would be the adaption of a 3d printer utilizing a variety of biomaterial based 
inks, such as collagen. Another biomaterial, which is already used within 3d cell cultures and 
bioprinting, is agar. This gelable fluid is widely used as a basis for cell culture, due to its 
properties. Introduced to microbiological bacteriology in 1939 (Hitchens and Leikind, 1939), 
agar consists of two different main components, the polysaccharides Agarose and Agaropectin. 
Agar itself is produced from multiple types of algae, mostly from east Asia. In 3d bioprinting, 
agar is also used to construct base structures (Marga et al., 2012), as well as scaffolds for 3d 
cell culture (Landers et al., 2002), based on the natural behaviour and biological compatibility 
(Kyle et al., 2017).

RESULTS AND CONCLUSIONS

The gel point can be determined by measuring the storage modulus G` and the loss modulus 
G`` of the solutions. For this, six agar samples in the range of 0.5 to 3.0 % were prepared. The 
temperature was measure from 70 °C to 25 °C, with a cooling rate of 1 °C/min. Therefore, a 
rheometer (Anton Paar, Physica MCR 301) has been used. The measurement was done with 
the measuring system of cone/disk (50 mm) using oscillation with a frequency of 1 Hz and an 
amplitude of 10 %.

The illustrations (a) and (b) of Fig. 1 displays the design concepts of a syringe extruder 
using a revolver-like configuration for standardized syringes to achieve a high variability of 
compositions. The syringe revolver consists of several different main parts. At first, a rotatable 
revolver structure, which mounts the syringes, is located at the bottom of the extruder. The 
syringes are pre-filled with the already mixed and heated compositions of biomaterials. A 
base plate is located beneath the revolver, which is unmovable and carries the nozzle of the 
syringes. The revolver itself is rotatable via a belt driven by a stepping motor in order to align 
the nozzle with the correct syringe. Hereby, the axis is surrounded by a heater, which modulates 
the temperature of the syringes based on predefined values. In order to deplete the content of 
the syringes for extrusion, the stamp is forced down via a stepping motor.

Therefore, the gel point of multiple agar concentrations had to be examined. The gel point can 
be determined by measuring the storage modulus G` and the loss modulus G`` of the solutions. 
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Fig 1 - Rendered images of the syringe extruder, as viewed from the bottom (a), the top (b), as well as zoomed 
onto the nozzle (c) 

(a)    (b)    (c) 

For this, six agar samples in the range of 0.5 to 3.0 % were prepared. The range of temperature 
reached between 25 °C and 70 °C, with a cooling rate of 1 °C/min. Two results are representatively 
shown in the diagrams of Fig. 2. At the beginning of the measurement, G` is higher than G``, 
while at the end it is beneath the values of G``. First, the viscous amount of the agar, which 
is described by G``, is minor to the elastic part. While cooling, both moduli rise based on the 
kinetics of the agar, since the process of solidification of the sol-gel slowly follows the lowering 
temperature, until a certain critical value is reached. The gel point is noticeable by the crossover 
of both graphs, when G``/G` = 1 (Labropoulos et al., 2002a). For example, the first gel point 
of a 1.5 % agar solution is at 68 °C and the second at 49.7 °C. The first gel point declares the 
initiation of the gel process, whereas the second marks the accurate gel point. As visible in 
Fig. 2, the gel point increases with the concentration of agar, because of the rising amount of 
agarose. The measurement of the viscosity of multiple agar samples in the range of 0.5 to 3.0 % 
was realized with the help of a rheometer using oscillation. The range of temperature reached 
between 25 °C and 70 °C, while the cooling rate was 1 °C/min. Decreasing the temperature 
increased the viscosity, until the sol-gel had formed completely. The result for 1.5 % and 3.0 % 
agar are also shown in Fig. 2. Within nearly all measurements, a sudden rise of the moduli is 
noticeable. This is caused by the kinetics of the gel of agar (Labropoulos et al., 2002a, b).

 

Fig. 2 - Plotted data of rheometric measurements of viscosity(●), storage modulus (G` represented as ▲) and the 
loss modulus (G`` represented as ○) of 1.5 % (left) and 3 % (right) agar against the temperature T
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CONCLUSION

The aim of the presented ongoing work is to develop multiple extruders for a 3d printing system 
utilizing multiple biomaterials as inks. As mentioned, such extruders should be adaptable 
to the parameters needed for the liquefaction and polymerisation of e.g. agar and collagen, 
whereas the shear forces and temperature are of most importance for the extrusion process. The 
final objective is to print organ-like test structures. These look-alike should possess the same 
haptic and optical behaviours as the original patient organ. As a reference, agar was used and 
therefor, the gel points of multiple concentrations were determined, discovering a concentration 
dependency of the agar to the gel point. Eventually, an extruder design was presented. A revolver- 
like syringe extruder could hold multiple standardised syringes with pre-mixed biomaterial 
compositions. The revolver is turned via a stepping motor, while being mounted onto a base 
plate, where a nozzle is attached. Currently, the concept is realized by rapid prototyping and 
will be implemented afterwards in a functional laboratory setup.
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ABSTRACT

Incremental sheet forming is a rapid prototyping process which used a forming tool to form a 
sheet metal according to a predetermined trajectory of tool controlled by a CNC machine. This 
article is dedicated to the study of the Single Point Incremental Forming (SPIF) process and more 
particularly to the numerical simulation of a pyramidal shape with the finite element calculation 
code ABAQUS/Explicit and in the validation of these numerical predictions using the results of 
experimental tests. In addition, force profile comparisons made during an incremental forming 
operation revealed a good correlation between the numerical simulation and the experimental.

Keywords: Incremental forming, numerical simulation, ductile damage model.

INTRODUCTION

Incremental sheet forming is a new technology allows to obtain complex parts using a 
hemispherical end tool by applying a locally deformation process in sheet metal. The desired 
geometry is provided by using a specific forming tool path controlled by a CNC machine. 
The main advantage of this process is the very low cost of tooling development compared to 
conventional processes as deep drawing (Jeswiet, 2005).

A second asset of this process is due to the important plastic strain level that it can be obtained. 
The main objective of this work is to develop a numerical tool by applying a GURSON-type 
ductile damage model with the finite element calculation code ABAQUS/Explicit and validating 
these numerical predictions using the results of experimental tests (Gurson, 1977- Tvergaard, 
1984). A copper alloy material is considering with a controlled grain size (Ben Hmida, 2013). 
The comparisons made on the force prediction during a single-point incremental forming 
(SPIF), operation of a pyramidal shape (truncated) (Thibaud, 2012), and the results obtained are 
given in terms of axial forces evaluation and geometrics comparison.

RESULTS AND CONCLUSIONS

The work reported above has demonstrated the ability to predict correctly the materials behavior 
during the single-point incremental forming process SPIF. A micromechanical GTN model is 
chosen for the prediction of the damage and ductile fracture of materials applied to a single-
phase copper alloy (Cu-0.1Fe). In a second step, experimental tests of this process were carried 
out in order to study the mechanisms involved in Figure 1.
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a b c

Fig. 1 - µ-SPIF test : a-testing device, b- pyramidal part shape, c-forming strategy

EF model of µ-SPIF Pyramidal form Forming force

Fig. 2 - Numerical and experimental comparisons results

The geometry and axial force results show a good correlation between the experiment and the 
numerical predictions for a pyramidal form (Figure 2). This comparison was very satisfactory 
and allowed us to validate our approach.

REFERENCES

[1] J. Jeswiet, F. Micari, G. Hirt, A. Bramley, J. Duflou, J. Allwood, Asymmetric Single Point 
Incremental Forming of Sheet Metal, CIRP Annals - Manufacturing Technology, 2005, 54, p. 
88-114.

[2] A. L. Gurson, Continuum Theory of Ductile Rupture by Void Nucleation and Growth: Part 
I-Yield Criteria and Flow Rules for Porous Ductile Media, J. Eng. Mater. Technol, 1977, 99, p. 
2-15.

[3] V. Tvergaard, A. Needleman, Analysis of the cup-cone fracture in a round tensile bar, Acta 
Metallurgica, 1984, 32, p. 157-169.

[4] R. Ben Hmida, S. Thibaud, A. Gilbin, F. Richard, Influence of the initial grain size in 
single point incremental forming process for thin sheets metal and micro parts: experimental 
investigations, Materials and Design, 2013, 45, p.155-165.

[5] S. Thibaud, R. Ben Hmida, F. Richard, P. Malécot, A fully parametric toolbox for the 
simulation of single point incremental sheet forming process: Numerical feasibility and 
experimental validation, Simul. Model. Pract. Theory, 2012, 29, p.32-43.  



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 227

PAPER REF: 106

EFFECT OF LASER CLADDING PARAMETERS ON DILUTION AND 
WELD BED GEOMETRY IN 316L STAINLESS STEEL

Eriel Pérez Zapico1(*), Alessandro Ascari2, Alessandro Fortunato2

1Welding Research Center (CIS), Central University of Las Villas, Villa Clara, Cuba 
2Department of Industrial Engineering (DIN), University of Bologna, Italy
(*)Email: zapico@uclv.cu 

ABSTRACT

This work studies the effect of laser cladding parameters on the dilution and weld bead geometry 
in 316L stainless steel. A series of experiments were carried out to know the effect of power, 
scanning speed, powder feed rate and hatch distance on dilution and weld bead geometry. The 
metallographic samples were polished and chemically etched to find the depth of penetration, 
height deposition and dilution. The results show the optimal values   of the parameters studied to 
reduce the geometrical deposition imperfections.

Keywords: laser cladding, penetration depth, dilution, weld bed.

INTRODUCTION

Laser cladding is a modern additive manufacturing technology. The laser cladding consists 
in the fused metal deposition using a laser beam defocused on the workpiece. The powder is 
carried out by an inert gas through a coaxial or lateral nozzle and is projected into the melt pool. 
The processes involve moving the laser optics and powder nozzle assembly over a substrate to 
produce solidified tracks. A successful cladding needs a weld bead with a good geometric and 
minimum dilution. Laser power and speed are two important parameters to influence dilution in 
laser cladding with wire feeding (Kim J.D., 2000). Weld bed geometric and dilution increase with 
increasing the wire feed rate and decrease with increasing welding speed, but dilution increases 
(Nouri M, 2007). Methods of measuring dilution ratio can be calculated according the measured 
value of cross-section area of cladding bed (Song B, 2016). Higher level of dilution and lower 
concentration of carbon can be decrease the hardness of the coating (Kusmoko A, 2016).

A total of 9 individual test were performed. The experimental setup include a GTV Powder 
Feeder, Laserline LDF 4000 diode laser of 4 kW power source, the powder were injected using 
a coaxial GTV nozzle and the Motoman robotic arm controlled the laser beam scanning speed. 
The samples were performed following the scanning strategy consist in deposition of alternately 
parallel track to x-y and laser off return. The powdery additive was 316L. The substrate plate’s 
material was a low carbon steel alloy. To simplify the laser cladding parameters, were combined 
laser power (W) and powder feed rate (g/min) with scanning speed (mm/s), resulting the 
parameters: specific energy (J/mm) and powder feed rate (g/mm).

RESULTS AND CONCLUSIONS

The tests 0,012 g/mm; 176 J/mm and 0,009 g/mm; 118 J/mm show in Fig. 1, have a high 
penetration depth, are characterized by a high energy/powder feed rate with a high heat that 
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influences the substrate directly. The experiment 0,014 g/mm; 88 J/mm, having a low energy/
powder feed rate, has a lower depth. 

Fig. 1 - Effect of laser cladding parameters in the penetration depth

At the same gas flow rate and specific energy input, the height increases if the hatch distance 
decreases, due to the greater overlap.

The lower dilution was obtained for 0,014 g/mm tests; 88 J/mm, show in Fig. 2, is characterized 
by a low penetration depth and a high height. The higher dilution is obtained for 0,012 g/mm; 
88 and 118 J/mm, tests with high penetration depth and limited height. With the same specific 
energy and powder feed rate, the dilution rate tends to increase as the hatch distance increases. 

Fig. 2 – Effect of laser cladding parameters in the dilution rate

This study shows that the laser power and scanning speed are strong influence in the penetration 
depth and dilution. Further tests should be performed in order to analyze the influence of laser 
cladding parameters in the hardness and mechanical properties.  
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ABSTRACT

This research work focuses on the wear acceleration effect of Mo-derived particles on the 
hydrogenated amorphous carbon (a-C:H) DLC under boundary lubrication at 80 ºC.  It shows 
that each Mo particles gave a different effect on the wear properties of a-C:H DLC. However, 
the inclusion of Silicon-doped onto a-C:H DLC reduces the wear acceleration.

Keywords: friction, wear, molybdenum, diamond-like carbon.

INTRODUCTION

Since decades ago, the control of friction and wear in the automotive engine system has 
been captured attention by many researchers. Literatures broadly reported that low friction 
coefficient under boundary lubrication leads to a vital decrement of fuel consumption, and also 
an increment of life expectancy and durability of the engine. 

Diamond-Like Carbon (DLC) coating is one of the potential candidates to give low friction 
and long life span due to its high hardness and chemical inertness properties. It is now being 
prominently used in the automotive industry as a coating material especially on the sliding parts 
of automobile engine such as piston ring and cylinder liner.

In order to get an optimum operating condition under lubrication regimes, the DLC coatings are 
exposed to assorted lubricant additives. Liquid-type molybdenum dithiocarbamate (MoDTC) is 
a well-known friction modifier in the engine oil and very efficient in reducing friction between 
DLC/steel contacts surfaces under boundary lubrication. However, the MoDTC lubrication 
resulted in wear increment of DLC [1].

MoDTC is reported as an easily degradable compound and has tendency to change it physical 
and chemical structures. Previous research works presumed that the intermediate products from 
the degradation of the liquid MoDTC accelerate the DLC wear. Mo-derived compounds such 
as molybdenum disulfide (MoS2) and molybdenum trioxide (MoO3) are reported to form tribo-
layers on hydrogenated DLC and promote chemical wear. The other Mo-derived compound, 
molybdenum carbide (Mo2C) is revealed to cause an abrasive wear on DLC surface [2-3]. 

There are a lot of conclusion and assumption being made. However, which Mo compound 
precisely accelerates the wear; either MoDTC itself or the Mo-derived compounds from the 
MoDTC degradation has still been unknown. Therefore, it is very essential to identify which 
Mo-derived compound has a major role to enhance the wear. Thus, powder-type MoDTC and 
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Mo-derived compounds are used to divide their wear effect on DLC by dispersing each of them 
into base oil and tested under standard engine temperature of 80 ºC.

RESULTS AND CONCLUSIONS

Five types of Mo-derived particles; MoDTC, MoO3, Mo2C, MoS2 and pure Mo are tested onto 
hydrogenated amorphous carbon (a-C:H) DLC and  Si-doped a-C:H (Si-DLC) against steel ball. 
Fig.1 shows the specific wear rate of a-C:H and Si-DLC discs. Basically, a-C:H gives higher 
specific wear rate compared to Si-DLC. MoDTC which is known as the wear acceleration 
material shows a specific wear rate around 8.0 x 10-6 mm3/N.m for a-C:H. However, Mo2C 
reveals it has 8 times much higher specific wear rate compared to MoDTC, approximately 60 x 
10-6 mm3/N.m for a-C:H. MoO3 and Mo also enhance modest wear acceleration on a-C:H and Si-
DLC. MoS2 which is famous as solid lubricant maintains its specific ware rate at the lowest level.

Fig.1 - The specific wear rate of a-C:H and Si-DLC disc  
under lubrication of 5 different particles with base oil

It can be concluded that each additive particles gives different wear effect on both a-C:H and 
Si-DLC discs. Based on the wear analysis, Mo2C plays the main role to accelerate wear on 
hydrogenated DLC. It is suggested that the inclusion of Silicon-doped onto the a-C:H DLC 
reduces as much as two times the wear acceleration.
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ABSTRACT

This paper aims at developing an ultrasound-based diagnostic measure quantifying plaque 
activity and the likelihood of asymptomatic lesions to produce neurological symptoms. Based 
on echogenicity the methodology has been successfully applied on longitudinal ultrasound 
images of the carotid artery bifurcation. Transverse ultrasound images incorporate noise, 
artifacts, shadowing and reverberation. Nevertheless, transverse images are a resource not yet 
fully explored. The comparison of sequential transverse images minimizes the intrinsic scale 
variability between operators and ultrasound devices. Based on pixel level tissue classification, 
the use of an artificial neural network analysis applied to transverse images allows identifying 
vulnerable or unstable echolucent plaques.

Keywords: artificial neural network, ultrasound image, carotid plaque status.

INTRODUCTION

In carotid ultrasound images, detection and characterization of plaques is challenging even 
for an expert clinician, resulting in tedious and inconsistent assessments. Not only the degree 
of stenosis but also the carotid plaque instability are important determinants of stroke risk, 
triggering episodes of local thrombosis and leading to distal embolization of plaque debris. 
An automated technique is required to obtain fast, robust, and user-independent analyses for 
image segmentation and plaque composition. The anatomic superficial location of the extra-
cranial carotid arteries favours their insonation. Advantages of studying from the non-invasive 
nature of the technique are the low cost and easy availability of the equipment. The aim of the 
ongoing project is analyse patient-specific ultrasound images for the study of plaque surface 
and contents, plaque volume, and vessel wall movement using artificial neural networks (Castro 
et al. 2018; Leclerc et al., 2018). The development of an artificial neural network model to 
address the feasibility of development of neurological complications based on pixel intensity 
information and the associated plaque risk score is the main project. 

METHODOLOGY

Image analysis methodology is usually based on three sequential steps: image normalization, 
multiscale description, and classification. Performing multiscale description of image regions, 
the methodology can deal with the intrinsic scale variability of the image. Obtaining better 
pixel-level tissue classification allows providing a better plaque classification in terms of 
asymptomatic or symptomatic, and so, for determining the risk of diseases for the patient. 
Figure 1 represents the proposed methodology (Litjens et al. 2017; Pazinato et al., 2016). 
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 Fig. 1 – Proposed methodology assuming that all pixels in each region are of the same tissue

The study of plaque contents is associated to the identification of the plaque constituents and 
their relative localization to the luminal surface. Lipids reflect ultrasound poorly and produce 
pixels predominantly dark in the grayscale B-mode ultrasound screen. Fibrotic tissue, which 
renders the plaque more stable, produces a stronger reflection of the ultrasound waves and 
appears lighter on the screen. Vulnerable or unstable echolucent plaques appear darker as in 
opposition to echogenic plaques that are denser and appear lighter on the screen (Molinari et 
al., 2007; Seabra et al., 2011). After image normalization, image regions were identified as in 
Figure 2. Image cuts removes unwanted information and selects the region of interest.

 

Fig.2 – (a) Original image; (b) image normalization; (c) tissue description with red square assigned as blood 
tissue, green square as echolucent plaque and yellow square as echogenic plaque.

In order to extract the information to differentiate blood from plaques, a dataset with selected 
images were considered. The considered methodology considers using different areas of the 
images in which all pixels belong to the same tissue. Verified by a specialist, images were 
cropped as having high prevalence of one particular tissue. The difficulty for establishing one 
threshold for classifying each type of plaque based on pixel intensity distribution of the tissues 
is due to unavoidable fact of class overlaps when using a histogram of frequencies. 

Artificial neural networks (ANNs) are computer programs designed to simulate the way brain 
processes information. ANNs are trained based on examples and can be valuable to construct 
a decision maker based on knowledge only. There is no theoretically sound way of choosing 
the optimal ANN architecture for each separate model. The considered network has one hidden 
layer with N neurons. Synapses send data on to a hidden layer, which in turn sends to the 
output layer representing the dependent variables. Input and hidden layer biases need to be 
adjusted in all learning algorithms of neural networks and thus there exists dependency between 
different layers of parameters (weights and biases). The activation functions (hyperbolic tangent 
functions), the weights of the synapses and the bias applied to the neurons at the hidden and 
output layers are to be controlled during the supervised learning process. 

For this paper, and due to the differences between the longitudinal and the transversal images, 
transversal images have been considered. A classifier has been established frame-wise, not 
considering transitions between frames when scanning tissues. Feeding the system with 
different areas of the ultrasound image allows different sort of plaques to be classified. Vessel 
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candidate images of blood vessels and other non-vessel structures were used for training the 
neural network. Figure 3 gives an overview of the proposed developed artificial neural network. 
Due to the presence of connective tissue, it is impossible to ensure that 100% of the training 
images really contain only pixels of the labeled tissues.

 

Fig. 3 – Overview of the proposed developed artificial neural network: sub-images are passed on to a neural 
network classifying vessels, echolucent plaques and echogenic plaques.

RESULTS AND CONCLUSIONS

It is important to highlight that this is a pixel-level classification; therefore, it is not easy to 
achieve a perfect classification score. Objective and quantitative evaluation of the ANN 
performance is crucial and usually difficult in medical applications. For each of the categories, 
blood vessels, echolucent plaques or echogenic plaques, success rates are usually based on: 
true positive (number of areas correctly identified),  true negative (number of areas correctly 
identified as not belonging to the category), false positive (number of incorrectly identified 
areas) and false negative (number of incorrectly identified areas). Computed parameters are 
sensitivity reflecting in the ratio of areas correctly classified and specificity defined as the true 
negative rate. The mean value obtained for the sensitivity verifying the correct identification was 
82%, 90% and 88% for blood vessels, echolucent plaques or echogenic plaques, respectively. 
As for the specificity, the ANN excludes 85%, 82% and 86% of the areas considered as not 
belonging to blood vessels, echolucent plaques or echogenic plaques, respectively. It should 
be noted that this algorithm solves the problem of poorly defined arterial wall and low quality 
images, works for different equipment and successfully identifies areas of the common carotid 
artery, bifurcation region (with a different topology) and the proximal internal carotid artery and 
external carotid artery. Pearson correlation values are ρ = 0.45, ρ = 0.666 and ρ = 0.72 for blood 
vessels, echolucent plaques or echogenic plaques, respectively. Figure 4 presents an overview 
of the intended results for two different transverse images of the same individual: (a) distal 
common carotid artery and external carotid artery and (b) carotid artery bifurcation region. 

 
Fig. 4 – Overview of the results for two different transverse images of the same individual: (a) distal common 
carotid artery and external carotid artery and (b) carotid artery bifurcation region. On the left images with no area 
identification and on the right identified areas of blood vessels, echolucent plaques and echogenic plaques (color 

selection as in Fig. 2 and 3).
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A good approximation considering the problem of low quality and poorly defined arterial walls 
in transverse images. Moreover, fibrous and calcium are tissues with a similar echogenicity and 
in this work they were included in the same category and for analyzing carotid plaque image, 
the two most important tissues are blood and lipids and both have different classes.

The implemented methodology is prepared to analyse different B-mode images from different 
sonographers allowing the user to load images and process and extract features enabling plaque 
detection an classification. With ultrasound imaging, a large amount of unlabeled data can 
easily be acquired from the target body regions. Thus, unsupervised pre-training will be a useful 
technique within ultrasound imaging. Limitations similar to other technologies are expected to 
be resolved with further studies and technical improvements. The present research contributes 
to the analysis of hemodynamic conditions of the carotid bifurcation stenosis and occlusion 
(Pinho et al. 2018; Sousa et al. 2014).
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ABSTRACT

The purpose of this work was to analyse experimentally the influence of mechanical stimulation 
on four cell seeded anisotropic scaffolds architectures, by measuring the compressive modulus, 
cell viability, and extracellular matrix production for each scaffold architecture before and after 
mechanical stimulation.

Keywords: tissue engineered cartilage, anisotropic scaffolds, dynamic compression. 

INTRODUCTION

It has been established that since mechanical stimulation is an essential part of the native 
cartilaginous tissue environment, it is vital to the development of functional tissue engineered-
cartilage. To this effect, bioreactors have been developed to apply mechanical stimulation to 
cell-seeded constructs. A specific bioreactor chamber that uses dynamic compression was 
developed and used in this study. The purpose of this experiment was to verify the influence 
of mechanical stimulation on the cell seeded fibrous anisotropic scaffolds by measuring the 
force response and stiffness of the constructs, cell viability and extracellular matrix production. 
The cell-seeded scaffolds were subjected to a dynamic unconfined compression regime: 2 h of 
sinusoidal compression (0.5 Hz, 0-10% strain) and 10 h with no load. This regime was repeated 
during 7 weeks (1200h).

RESULTS AND CONCLUSIONS

The force responses for the cell-seeded anisotropic scaffolds during 7 weeks of mechanical 
stimulation showed that fibrous scaffolds architectures were able to withstand dynamic compression 
for 600 hours (25 days) with no significant changes in force response (Fig 1). Afterwards there 
was a slight decrease on the force response that can be attributed to scaffold degradation, but 
these values remained steady for nearly more than 1200 hours. The compressive moduli of the 
cell-seeded fibrous anisotropic scaffolds after 7 weeks of mechanical stimulation has increased in 
most of the architectures. The highest compressive modulus increase occurred for the H1 and H2 
scaffolds architectures (Fig 1). Only H4 architecture revealed a lower value that can possibly be 
attributed to the scaffolds degradation throughout the long stimulation period. The cell-viability of 
articular cartilage progenitor cells seeded on anisotropic scaffolds H1, H2, H3 and H4 before and 
after 7 weeks of mechanical stimulation demonstrated that the mechanical stimulation regime was 
beneficial with a cell viability increase greater than 100% relatively to the static culture. 
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Fig. 1 – a) Force responses for the cell-seeded anisotropic scaffolds for 1255 hours (7 weeks) of mechanical 

stimulation;  b) Compressive moduli of the anisotropic scaffolds H1, H2, H3 and H4 

 
Fig. 2 – a) Cell viability of articular cartilage progenitor cells seeded on anisotropic scaffolds H1, H2, H3 and 

H4 after 7 weeks of mechanical stimulation; b) Collagen content measured by a Sirius red assay on cell-seeded 
anisotropic scaffolds H1, H2, H3 and H4 after 7 weeks of mechanical stimulation.

The collagen content has increased in the H1, H2 and H3 scaffolds architectures without statistical 
significance differences between them (Fig 2). The collagen concentration measured in H4 
architecture was negative, possibly due to the degradation of the scaffold. There was evidence that 
H1, H2 and H3 anisotropic scaffolds architectures were able to withstand dynamic compression 
during nearly 1000 hours and the production of extracellular matrix components, as well as, the 
mechanical proprieties increased with the mechanical stimulation, suggesting that the mechanical 
stimulus regime applied is beneficial to the development of tissue-engineered cartilage.
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ABSTRACT
In order to reduce environmental load, it is required to addopt various material properties on 
a mechanical parts made of material of simple chemical composition without adding alloy 
elements. In this paper, a new process was studied to improve mechanical properties of the 
surface layer of mechanical parts by modifying microstructure by combination of burnishing and 
annealing. Burnishing is usually used for surface finishing of  machined surfaces of mechanical 
parts. At the same time, burnishing is effective to store the strain energy in the material, which 
induces static recrystallization occurs when it is adopted to annealing. Experiments were 
conducted to study effects of burnishing condtions and annealing condtions on the change of 
microstructure and hardness by recrystallization. Results showed  possibility of arbitral control 
of the properties of surface of iron mechanical parts.

Keywords: mechanical property, recrystallization, burnishing, annealing, iron. 

INTRODUCTION
Mechanical parts are required to have various mechanical properties based on function of 
a machine,  they are designed with a material having sufficient strength, toughness, hardness 
etc. so that it can satisfy the requirements. However, these mechanical parts are designed with 
margin in size in order to satisfy all the requirements, but it is not preferable for weight saving, 
miniaturization and resource saving. If mechanical properties of a mechanical part can be 
arbitrary modified in the manufacturing process, optimum design of mechanical parts that waste 
of resources are minimized can be realized. It is known that mechanical mechanical properties 
of steel products can be controlled by the TMCP (Thermo-Mechanical Control Process). This is 
based on the phenomenon that morphology of the crystal structure is changed by influence of the 
strain energy accumulated in the material and the heat treatment, whereby the material properties 
change. TMCP is applied to the production of high quality materials such as high strength steels 
and magnetic steel sheets. TMCP is able to control material properties without additional elements 
for alloying, and to produce various properties from the same material. Although, the TMCP 
have been developed for the production of primary materials such as steel sheets, the authors are 
studying a new TMCP for surface finishing of mechanical parts by combination of burnishing 
and annealing [1]. This paper reports effects of burnishing/annealing conditions on microstructure 
change and improvement of material properties of the surface of a mechanical part.

RESULTS AND CONCLUSIONS
A pure iron plate was used as the material. Since phase transformation does not occur up to 
900 °C in pure iron, it is suitable as a model material to study microstructure change due to 
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recrystallization. Burnishing test was conducted on the surface of the pure iron plate using 
the roller burnishing tool shown in figure 1, and thereafter heat treatment was applied to 
specimens cut out from the iron plate. The cross section of the specimen before and after the 
heat treatment was analyzed with an EBSD. In addition, the hardness was also measured, and 
change of mechanical properties were evaluated. Figure 2 shows the IPF maps of cross section 
of specimens annealed at 500 °C for 30 minutes after burnishing under various load. It is found 
from the figure that crystal grains under the burnished surface was refined by recrystallization. 
The depth of the affected layer increases with increase of the burnishing load. Figure 3 shows 
the influence of burnishing load on the average grain size of recrystallized grains generated by 
annealing. The average size of recrystallized grains decrease with increase of the burnishing load 
and burnishing time. These phenomena can be explained by the nucleation and grain growth 
mechanism that depends on the strain energy applied to the specimen by the burnishing process. 
Figure 4 shows the relationship between the reciprocal of the average recrystallized grain size 
and the hardness in each stage of the process. It is found that the specimen was hardened by 
burnishing and softened by heat treatment, and change of hardness can be explained by the Hall-
Petch low. From these experimental results, it was shown that microstructure and mechanical 
properties of the pure iron product can be controlled by the burnishing and annealing conditions.

 

Figure 2 IPF [100]  map of burnished specimen 

1.7KN 120s    3.2KN 120s   4.9KN 120s 

ND 

RD 

Figure 1 Roller burnishing tool Figure 2 IPF [100] map of burnished specimen

Figure 3 Effect of burnishing load on the average grain 
diameter

Figure 4 relationship between the reciprocal of the 
average recrystallized grain size and the hardness

ACKNOWLEDGMENTS

The authors gratefully acknowledge to research grant of AMADA foundation (AF-2016035).

REFERENCE

[1] Motoki Terano, Fan Zhang, Masahiko Yoshino: Influence of burnishing condition on static 
recrystallization of an iron sheet, Procedia Engineering, Volume 207,(2017), Pages 1850–1855



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 239

PAPER REF: 112

APPLICATION OF MASTER FLOW CURVES IN MODELLING 
POWDER INJECTION MOULDING

Petr Filip1(*), Berenika Hausnerova2,3, Chiara Barretta4

1Institute of Hydrodynamics, Czech Academy of Sciences, Prague, Czech Republic 
2Centre of Polymer Systems, University Institute, Tomas Bata University in Zlin, Zlin, Czech Republic
3Dept. of Production Engineering, Faculty of Technology, Tomas Bata University in Zlin, Zlin, Czech Republic
4Department of Chemical and Food Engineering, University of Salerno, Fisciano, Italy
 (*)Email: filip@ih.cas.cz 

ABSTRACT

Rheological modelling of compounds used in Powder Injection Moulding is complicated 
due to complexity of the primary materials (so called feedstocks). Even for a description 
of shear viscosity a number of adequate models are rather low due to high concentration of 
nano- or micro-particles in feedstocks. The problem gets more complicated as presence of 
surfactant is required for better packaging of powder particles. Hence, shear viscosity does 
not depend solely on powder content but subjects to surfactant participation as well. In the 
present contribution a master curve is proposed for a description of shear viscosity of a 
feedstock (no parameters are required to be determined) over sufficiently broad regions of 
both aluminium powder and stearic acid as a surfactant. The deviation from the measured 
values does not exceed an experimental error.

Keywords: Powder Injection Moulding, feedstock composition, viscosity, master curve.

INTRODUCTION

Powder Injection Moulding (PIM) is a very efficient method how to produce tiny items of 
very complex shapes with precision comparable with machining. PIM process consecutively 
passes through 4 basic steps starting with a preparation of evenly distributed feedstock 
(nano- or micro-particles, binder of organic substance with low melting point, additives (e.g. 
surfactant for better packaging -usually 50-55 %- of particles). Injection moulding represents 
the second step when the feedstocks are injected through microchannels to a complex shaped 
mould. Any defect initiated in this step cannot be corrected in the final steps (debinding 
and sintering). This emphasizes a necessity of a proper determination of shear viscosity of 
feedstocks as this quantity plays a crucial role in simulation of the whole PIM process.

For moderate or medium content of particles there has been proposed a series of empirical or 
phenomenological models (Kate, 2014). However, a situation gets much more complicated 
with an increasing concentration of solid particles in suspensions - the case corresponding to 
PIM technique. For higher packaging of particles a possibility to apply a responsible model 
is very limited. Moreover, with any change of powder or surfactant concentration there is a 
necessity to carry out new experiments and to optimize new values for the adjustable parameters 
appearing in the models. This rather awkward approach for viscosity prediction is possible to 
overcome by introducing the so called ‘master curve’ free of any adjustable parameters and 
continuously covering sufficient ranges of powder and surfactant concentrations.
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RESULTS AND CONCLUSIONS

The used feedstocks are composed of two basic components:
- powder (MARTOXID® MR 70 produced by Martinswerk), dominant content of aluminium 

oxide (99.8 %), density attains 4.05 g/cm3, particles diameter 0.1 to 3 μm;
- binder (3 components: low density poly(ethylene) Total LDPE 1200 MN 18 C (changing 

from 48 to 53 %), poly(ethylene) Escorene TM Ultra UL 40028CC (26 %), a paraffin wax 
produced by Dr. Kulich Pharma (21 %).

In addition, a plasticizer stearic acid Sigma-Aldrich contributing to better fluidity of the 
feedstocks, homogeneous distribution of aluminium microparticles in the binder and lower 
abrasion in the wall vicinity completed a feedstock up to 100 % (6 values 0 %, 1 %, ..., 5 % in 
such a way that the total with LDPE reaches 53 %). Summarizing, 36 combinations (volume 
fractions) of feedstocks were prepared differing in microparticle powder content (0, 10, 20, 30, 
40, and 50 %) and content of stearic acid (0, 1, ..., 5 %).
Analysing the obtained experimental data it is possible to propose the following relation for 
approximation of expected values of shear viscosity

,
where the additive member B1 depends only on the contents of stearic acid (SA%) and powder 
filling (filling%) (both in percentage) and the multiplicative member B2 is dependent only on 
powder filling (filling%). No parameters appear in B1 and B2:
B1 = log[(-0.7-1.61*exp(0.067*filling%))*(SA%)+30+12.5*exp(0.072*filling%)] ,
B2 = (log(1.11+0.002*filling%))/0.16.
These relations cover the entire range of powder filling (0 – 50) %, stearic acid content 
(0 – 5) %, and a range of the rate of shear deformation (100 – 1000 s-1) with a mean deviation in 
252 (6x6x7) measured points attaining 5.9 %, which does not exceed the maximum experimental 
error for shear measurements.

A course of the master curve including its comparison with the measured data is presented in 
Figure with transformed shear viscosity.
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ABSTRACT
This work investigates the use of blast loadings and inverse modelling for the identification 
of the strain rate hardening model parameters of fibre reinforced polymers. An experimental 
setup allowing the generation of known and predictable blast waves, leading to repeatable 
dynamic response in composite plates and the measurement of the displacement and strain 
fields, is developed. The dynamic response of the plates is measured by means of high-speed 
cameras and a 3D digital image correlation technique. A suitable numerical model that is able to 
reproduce the experimental conditions and predict the blast response of the plates is developed. 
Finally, the experimental measurements and the numerical calculation are combined through an 
inverse method in order to identify the strain rate hardening model parameters of the tensile and 
shear strengths of glass fibre reinforced epoxy.

Keywords: composite materials, inverse modeling, blast, high strain rate.

INTRODUCTION
The assessment of the dynamic response resulting from a blast wave impacting a structure is a 
complex task due to the intensity of the loading its transient nature, the high deformation rate 
and the intricate structure / blast wave interactions. Adequate material models and parameters 
are essential to a good prediction of the response of structures to dynamic loadings. Due to 
the limitations of the conventional experimental methods, obtaining high strain rate material 
parameters is arduous especially in the case of composite materials [1].

In this paper, an original method to estimate the strain rate hardening model parameters for in-
plane tensile and shear strengths of laminated composites is developed. This method combines 
strain field measurements from 3D-DIC, FE calculations with the explicit solver of LS-DYNA 
and inverse modeling [2] to obtain these parameters. In order to reach high-strain rates, blast 
waves from an Explosive Driven Shock Tube are used to load glass fibre reinforced epoxy plates. 
The developed inverse method aims to minimize the difference between measured experimental 
data and calculated data by updating the strain rate hardening material model parameters using 
a Levenberg-Marquardt optimization algorithm. The obtained results are compared with data 
from literature and the agreement between them is encouraging.

RESULTS AND CONCLUSIONS
The strain rate is considered to have a scaling effect on the in-plane tensile and shear strengths 
of the laminated composite material (Equation 1). The optimisation aims to identify the two 
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parameters Ct and Cs for the tensile and shear strengths respectively. The material used in the 
tests presented in this paper is glass fibre reinforced epoxy (GFRE). They are made of the glass-
epoxy twill weave prepreg-HexPly® M10r with a fibre volume fraction of vf = 36:5%. They are 
produced using out-of-autoclave processing. The obtained results for the configurations listed 
in Table 1 are presented on Figure 1.

  (1)

where  is the dynamic material property at the strain rate ,  is the quasi-static value of the 
material property obtained at a strain rate  and  is the strain rate hardening model parameter 
to be identified.

Table 1- The experimental conditions for the GFRE blast tests

Set Lay up Dimensions [mm3]
1 [0°]2 300x300x0.41
2 [0°]4 300x300x0.82
3 [0°,45°]s 300x300x0.82

Fig. 1 - Tensile (left) and shear (right) strengths strain rate hardening curves for the three test series

As expected, the strain rate sensitivity of the shear strength is higher than the strain rate 
sensitivity of the tensile strength. However, even though the identified values are in the same 
order of magnitude than the values available in literature, the increase in the tensile and shear 
strengths seems exaggerated. In [3], the strain rate sensitivity of UD GFRE is discussed and the 
given values of the strain rate hardening model parameter for the longitudinal and the transverse 
tensile strength are 1.77 and 0.2 respectively. It has to be noted that these values are obtained 
for UD GFRE and it is known that woven fabrics have a higher strain rate sensitivity than UDs. 
Further investigation could improve the identification results.
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ABSTRACT

The formulation of failure criteria in the framework of a particular SIMP topology optimization 
(TO) algorithm exploiting the features of Non-Uniform Rational B-Splines (NURBS) 
hypersurfaces is proposed in this work. Tsai-Wu (TW), Tsai-Hill (TH) and Hoffman (Ho) 
phenomenological criteria that allow identifying the failure for anisotropic materials as well as 
the well-known Huber-Henky-Von Mises (HHVM) for isotropic media are reformulated in the 
NURBS hypersurfaces framework and implemented into the problem formulation. The local 
behavior and the singularity of stresses can be easily handled thanks to the NURBS-based-
SIMP method properties and a p-norm aggregation function. The effectiveness of the approach 
is proven on meaningful 2D and 3D benchmarks taken from the literature.

Keywords: NURBS hypersurfaces, Topology Optimization, Anisotropy, Failure criteria.

INTRODUCTION

With the recent development of additive layer manufacturing (ALM) techninology, 3D printing 
of composite materials becomes feasible. This implies the necessity of developing dedicated 
numerical tools and methodologies to design complex-geometry parts obtained through ALM 
process. During the last twenty years, several TO methods have been developed: along them 
the most used algorithm is the well-known Solid Isotropic Material with Penalization (SIMP) 
algorithm (Bendsoe and Sigmund, 2003). The main issue when dealing with the integration of 
failure criteria for anisotropic materials into the TO problem is the proper handling of the local 
information related to the stress field of each element. In particular two points must be faced: (a) 
what kind of penalization scheme should be considered for general anisotropic materials? (b) 
how should the failure criterion be integrated into the problem formulation? Although stress-
based TO is a well-known problem, significant amount of studies (Bendsoe and Sigmund, 2003) 
focuses only on the HHVM criterion. However, the HHVM criterion is limited to isotropic 
materials and cannot be used for anisotropic ones.  Indeed, to the best of the author’s knowledge, 
only few works dealing with the integration of failure criteria for anisotropic materials into the 
TO problem can be found in literature (Mirzendehdel, 2018). Nevertheless, even when such 
a criteria are integrated into the SIMP method, the main issue is the significant discrepancy 
between the optimized results provided by the classical SIMP algorithm and the actual stress 
field evaluated on the reassembled geometry. This work takes advantages of the peculiar features 
of the NURBS-based-SIMP method developed at the I2M laboratory (Costa, 2018; Costa,2019) 
to formalise and integrate into the optimization process pertinent failure criteria for anisotropic 
media. Each criterion is reformulated in the context of NURBS hypersurfaces formalism and 
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integrated as a constraint function into the problem formulation. The proposed approach fully 
exploits the advantages of the NURBS-based-SIMP approach: (i) the topology description relies 
on a purely geometric entity and it is unrelated to the mesh of the finite element model; (ii) the 
NURBS hypersurface local support acts as an implicitly defined filter zone; (iii) CAD-compatible 
solutions can be retrieved at the end of optimization process.

RESULTS AND CONCLUSIONS

The L-bracket benchmark is described in Fig. 1-(a) for a compliance minimization problem 
where the final volume must be lower or equal to a given fraction of the reference one and the 
function that denotes the generic failure criterion must be lower than 1.

Fig. 1 – (a) The proposed benchmark: a L-bracket beam with a load distributed on 3 nodes. (b) Von Mises stress 
repartition. (c) The optimized cantilever beam topology and shape.

This study aims to integrate the failure criterion constraint into NURBS-based-SIMP topology 
optimization method. An example of optimised topology is given in Fig. 1. Further benchmarks 
and details of the method will be presented during the speech
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ABSTRACT

This work focuses on the formalisation of a general displacement function in the framework 
of a special topology optimisation (TO) algorithm. The formalism makes use of a Non-
Uniform Rational Basis Splines (NURBS) hyper-surface to represent the pseudo-density field 
describing the part topology in the framework of the well-known Solid Isotropic Material with 
Penalisation (SIMP) approach. A general formulation of the structural displacement function (at 
any point of the structure) exploiting the advantages of NURBS hypersurfaces is proposed and 
its effectiveness is proven through 2D and 3D benchmarks.

Keywords: NURBS hyper-surface, SIMP, Topology Optimization, Structural displacement.

INTRODUCTION

As an emergent design method, TO presents multiple declinations. Among them, one of the 
most common TO approaches is the SIMP method which has been widely studied and used 
in the last three decades (Bendsoe and Sigmund, 2003).  Several research works make use 
of the SIMP method to deal with various optimisation problems: compliance minimisation, 
mass minimisation, requirements on buckling loads and natural frequencies, etc… The SIMP 
method aims at computing a fictitious density  for each element of a predefined mesh of the 
domain. Regardless of the problem nature, one of the main limitations of the classical SIMP 
approach is that the optimised topology is strongly mesh-dependent. Moreover, when the 
problem formulation includes several design requirements (especially those involving local 
responses like failure criteria, local displacement, damage phenomena, etc…) the optimisation 
constraints on the reassembled geometry (i.e. that obtained after a threshold operation on the 
pseudo-density field) are not met. Unlike the classical SIMP formulation, the NURBS-based 
SIMP method developed at the I2M laboratory (Costa et al. 2018, Costa et al. 2019) separates 
the pseudo-density field from the FE model mesh. More precisely for general 3D TO problems, 
a 4D NURBS hyper-surface is used to represent the pseudo-density field. In this way, the 
topology descriptor relies on a purely geometric entity which is fully CAD-compatible. In this 
background, the optimisation variables are the density at the control points and the associated 
weights, more details could be found in (Costa et al. 2019). In this study, the structural 
displacement requirement has been formulated in the framework of the NURBS-based SIMP 
approach. In particular, this requirement is often integrated into the problem formulation as an 
optimisation constraint and can be smartly exploited to study compliant mechanisms (Bendsoe 
and Sigmund, 2003). In the NURBS-based SIMP approach, the structural displacement function 
can be set as an objective or as a constraint function thanks to a flexible implementation. The 
formulation of such a requirement in the framework of NURBS based SIMP method takes 
full advantages of the properties of such geometric entities (in particular of the local support 
property of the NURBS blending functions).
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RESULTS AND CONCLUSIONS

The effectiveness of the proposed method is proven on both 2D and 3D benchmarks. For the 
sake of brevity, only a 2D benchmark is illustrated in Fig. 1-(a). Fig. 1-(c) gives an example of 
optimised topology which is the solution of the following problem:

min� 𝑐𝑐�𝐱𝐱� 
Subject to: 

⎩⎪
⎨
⎪⎧

𝑉𝑉�𝐱𝐱�
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𝑑𝑑����� � 𝑑𝑑���𝐱𝐱�
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� �
 

(1)

where  is the vector of design variables,  is the compliance of the structure,  is the volume, and  
the structural displacement of the point A along the y-axis.  and  are the reference values for the 
volume and the displacement, respectively.

(a) Dimensions: a1×a2 = 500×200mm; 
Thickness: t = 2mm;
Material: E = 72000MPa, ν = 0.33, 
Load: P = 1000 N, Mesh: 80x50, 
Control Points: 40x25,
Degrees: p1 = p2 = 2

(b)

(c)

Fig. 1 – (a) 2D benchmark: a cantilever beam with a concentrated load. (b) The resulting NURBS surface 
representing the pseudo-density field. (c) The optimized reassembled geometry.

This study aims at showing the versatility and the true potential behind the NURBS-based SIMP 
method. Further benchmarks and details of the NURBS-based SIMP method will be presented 
during the speech to prove its effectiveness as well as the benefits of using a CAD-compatible 
geometric entity as a descriptor of the topology.
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ABSTRACT

A research laboratory is a place of expensive calibrated equipment, standard operating procedures, 
hazard analysis, and quality management. Other than personnel-related costs, maintenance is 
generally the most expensive item in the laboratory operation budget. The pressures in the 
scientific communities will continue to motive research organizations to pursue research in the 
most efficient and cost effective manner possible. This work presents a methodological approach 
of maintenance management to apply to research laboratories. With this approach full service 
technics with core competencies in asset management, managed maintenance, validation and 
compliance services and disposition services are able to bundle service options to deliver higher 
quality at guaranteed lower costs while allowing the laboratory manager to focus on laboratory 
operations and business issues.

Keywords: maintenance management, research laboratories, quality, maintenance costs.

INTRODUCTION

A research laboratory is a place of expensive calibrated equipment, standard operating procedures, 
hazard analysis, and quality management (Kelly, 2006). Other than personnel-related costs, 
maintenance is generally the most expensive item in the laboratory operation budget. While the 
size of this of this expenditure makes it an attractive target for reduction, all laboratory managers 
recognize the limitations they face in achieving any real savings. Foregoing maintenance and 
repairs is usually not an option, they are a necessary cost of continued operation. Thus, cost 
reduction initiatives must extract operational and management efficiencies from the maintenance 
system without directly impact instrument reliability. Given the progress that has been made in 
controlling the cost of laboratory expendables and the effectiveness of the budget constraints in 
limiting discretionary expenditures improvements in maintenance management remain one of 
the few fertile areas to realize additional cost reductions through operational efficiencies.

There are three classic equipment management approaches (Oakland, 2014) that can be followed: 
Run-to-Fail (RTF), Preventive Maintenance Only (PM Only) and Full-Service Contract (FSC). 
All are valid, but it can achieve significant cost savings when it look at whether a given piece 
of equipment has been assigned the contract appropriate for its cost, criticality to the research 
at hand, age and nature of use.
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Run-to-Fail is generally the most efficient approach for equipment and instruments for which 
replacement may be more cost-efficient than repair. Technically this approach does not require 
any maintenance contract at all, but it should be a conscious and structured choice nonetheless. 
To determine which pieces fall in this category, must be setting a replacement cost ceiling. 
If the replacement cost for a particular piece of equipment is below the ceiling cost, the RTF 
approach must be use because it will be more cost efficient to replace the item than to repair 
it. Other equipment that may be a good fit for RTF include those items that are well past their 
full depreciation point (age), frequently break down, or are infrequently use, unless they serve 
a critical function when needed.

Preventive maintenance on an item is almost always recommended by the original equipment 
manufacturer. This type of contract cover preventive maintenance does not cover labor or 
repairs when the equipment fails. PM only is generally well-suited for items with moving 
parts, liquid or gas flow, filters, or optical systems, yet not critical to day-today operations. 
Since researchers will invariably define everything as critical, the maintenance management 
must determine whether a piece of equipment is truly critical by looking at availability of an 
alternate piece of equipment, ability to generate data in another way, utilization and the cost 
of parts. 

A Full-Service Contract typically covers preventive maintenance as well as all demand repairs, 
including parts and labor. Sometimes chosen as an “insurance policy” it can be a viable option 
both for high critical equipment and for less critical equipment that has one or two very expensive 
parts that, if they fails, would be burdensome to replace. 

The pressures in the scientific communities will continue to motive research organizations 
to pursue research in the most efficient and cost effective manner possible. One way that this 
can be accomplished is to decrease the cost of R&D operations, including the maintenance of 
laboratory equipment and instruments. Properly categorizing the laboratory equipment support 
category as RTF, PM Only or Full Service can greatly reduce an organization’s operating  
costs.

CONCLUSIONS

Maintenance, a fundamental element of laboratory operation, is expensive and requires tedious 
administration to function effectively. This make it a prime candidate for outsourcing to one of 
the maintenance technical services. With the correct methodology applied to each laboratory, 
full service technics with core competencies in asset management, managed maintenance, 
validation and compliance services and disposition services are able to bundle service options 
to deliver higher quality at guaranteed lower costs while allowing the laboratory manager to 
focus on laboratory operations and business issues. In addition, a complete suite of metrics and 
reports provide feedback and assurance that the system is functioning properly. 
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ABSTRACT

In this study, Al 7075 alloy is considered to obtain (i) nonporous beam, (ii) uniformly oriented 
beam and (iii) random oriented beam. Dynamic characteristics of the three material models are 
obtained experimentally. Results show that differences of fundamental natural frequency and 
damping ratio among them are significant.

Keywords: porous metal, random orientation, free vibration, energy absorption, damping ratio.

INTRODUCTION

Due to its high strength, high natural frequency and high damping coefficient, porous metal 
materials are preferred for core layer of composites. Recently, pore orientation has been 
becoming a main role to improve mechanical properties of the porous metal materials, 
especially aluminum materials (Sritawat, 2017). Many procedures are used to analysis of such 
structures with respect to design procedures (Tang, 2018). It is clearly seen that because of 
the orientation effect, vibration characteristics are of great importance to determine design 
parameters easily. Displacement response function and damping ratio are actually two main 
important parameters of the porous metal beam to understand characteristic displacement field 
in frequency domain.  

In this study, Al 7075 alloy is considered to obtain (i) nonporous beam, (ii) uniformly oriented 
bean and (iii) random oriented beam (see Figure 1). Then, dynamic characteristics of the three 
material models are obtained experimentally.  Vibration measurements are conducted such a 
way that an impulse hammer with a force transducer (Model No: 5800B2, Dytran Instruments, 
Inc., USA) is used to excite each of the composite beams through the selected point. Then, 
the responses are obtained by an accelerometer (Model No: 3093B, Dytran Instruments, 
Inc., USA). The vibration measurements are completed using a microprocessor-based data 
acquisition system, namely SoMat™ eDAQ-lite and nCode GlyphWorks software (HBM, Inc., 
USA).

RESULTS AND CONCLUSIONS

The results from the modal testing are shown in Table 1. Differences of fundamental natural 
frequency and damping ratio among them are significant.
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Figure 1 – Representation of 7075 aluminum beams with nonporous (lower top side), random oriented porous 
(lower bottom side) and uniformly oriented porous respectively

Table 1 – Modal testing analysis results of 7075 aluminum beams

Group Fundamental frequency  
(Hz)

Damping ratio  
(Hz/Hz)

Nonporous 37.2 0.37
Uniformly oriented 17.1 0.56
Random oriented 29.4 0.41
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ABSTRACT

This study focuses on the mechanical properties affected by applying high-density pulsed electric 
current (HPEC) in titanium alloy Ti-6Al-4V. It was confirmed that the hardness was decreased 
when we applied HPEC. Moreover in order to evaluate the effect of electrical stimulation. 
XRD analysis was employed to interpret the microstructure of the material with and without 
the application of HPEC. The rate of β phase in the material was increased by applying HPEC. 
As a result, we confirmed that the mechanical properties of titanium alloy were improved by 
applying HPEC due to the occurrence of phase transformation.

Keywords: Ti-6Al-4V, pulsed electric current, mechanical properties, elongation.

INTRODUCTION

As versatile material, titanium alloy has been used in many places such as aircraft parts, rocket 
parts and implants, etc. Currently, manufacturing such as hot working and heat treatment have 
been carried out in order to improve processibility of titanium alloy because cold working is 
difficult. However, those processes require high temperature and longtime steps, resulting in an 
increase in manufacture cost, which is an obstacle to use practically titanium alloy. In recent 
years, HPEC has been studied as a state of art method to repair defects of metallic materials, 
and to enhance the processibility (Hosoi, 2013, Conrad, 2000). This method has the merits that 
the processing steps are simpler and process time is shorter than the conventional method. It 
has been reported that this technique can improve the fatigue life of metal materials and repair 
fatigue cracks (Lin, 2008). In this work, the effect of HPEC on the mechanical properties of 
titanium alloy Ti-6Al-4V was investigated.

RESULTS AND CONCLUSIONS

As shown in Fig. 1, the average of hardness was decreased approximately 10.1% by applying 
HPEC with current density of 540A/mm2. Fig. 2 shows the results of XRD analysis of the 
samples with and without applying HPEC. According to the analysis, the rate of α phase was 
decreased, by contrast, that of β phase was increased. 
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Fig. 1 The results of hardness test with and without applying HPEC.

Fig. 2 The results of XRD analysis with and without applying HPEC.

Based on the above results, we confirmed that the mechanical properties were improved due to 
the occurrence of phase transformation by HPEC.
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ABSTRACT

Laser welding of aluminium and copper thin sheets in lap-joint configuration by using a 
pulsed QCW Yb:Fiber laser was reported. The aim of this work is to understand how the laser 
parameters, such as peak power, pulse energy, pulse duration and feed rate affect the weld seam 
in order to identify a feasibility window. After a first microscope observation, different welding 
conditions were obtained: no-welding, partial penetration and full penetration. Parameters 
that allowed obtaining partial penetration were chosen to produce samples that have been 
mechanically characterized by micro hardness and tensile tests.

Keywords: Pulsed laser welding, aluminium, copper.

INTRODUCTION

In recent years, due to the limits on CO2 emissions, the demand of electric vehicles (EVs) 
and hybrid-electric vehicles (HEVs) has increased. A battery pack for electric cars consists 
of hundreds of cells (Lithium-Ion cells), whose electrodes are made of aluminium (cathode) 
and copper (anode), connected together in series or in parallel. Therefore, a good weld bead is 
mandatory to achieve good performances. Fusion welding of aluminium and copper is difficult 
to obtain due to the significant differences in the chemical composition and physical properties 
of the base materials [1]. The goal is to have a reduced production time and high energy density 
focused in a small area as well as to have temperature gradients far away from the equilibrium 
and so to avoid intermetallic compounds formation. Many scientific studies focus on the use 
of laser sources in CW-mode, with spatial beam oscillation [2-3]; accordingly, no studies were 
found concerning the use of pulsed QCW sources in the welding of dissimilar thin sheet metals.

Samples were produced by using an IPG YLR-300-3000 QCW fiber laser with a near-infrared 
wavelength of 1070 nm in combinations with focusing lens placed at a focal distance of 90 mm 
with a spot diameter of 75 µm. The investigated materials are aluminium alloy EN-AW 1050 
(99.5 %) in form of 0.45 mm thick sheet and pure copper C1020-HO (99.9% Cu) in form of 
0.3 mm thick sheet with a thin layer of nickel (2.5 µm) electroplated. The sizes of the samples 
are 45 mm wide and 70 mm long, welded in overlap configuration with an overlap of 10 mm. 
A clamping system was designed in order to guarantee a correct adhesion at the interfaced 
between the sheets. No shielding gas was used. The parameters used are: pulse distance (0.1 
mm), pulse energy (0.27÷0.7 J), peak power (550÷1800 W) and feed rate (40÷100 mm/s). 
After welding, the cross sections were prepared by hot resin mounting of the samples, grinded 
by sandpapers (different grits), polished with 1 and 0.5 µm alumina suspension and, finally, 
analyzed by optical microscope. The tensile strength tests of the welds were performed at room 
temperature in the testing machine INSTRON model 8033 at a crosshead speed of 0.025 mm/s. 
Vickers micro-hardness tests have been carried out with load time 20 s and the load of 100g, on 
the cross section in the longitudinal direction.
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RESULTS AND CONCLUSIONS

Microscopic observation allowed identifying a process window reported in figure 1. No-
welding condition was obtained with the highest feed rate and lowest pulse energy; increasing 
the pulse energy and reducing feed rate full penetration occurred. It is important to note how 
the parameters taken into account are closely related each other; during the trials, the average 
power of the source, in this case 300 W, has always been saturated.

Within the area where partial penetration was recorded, samples were chosen for mechanical 
characterization. When partial penetration occurred, mixing and presence of defects were 
reduced. 

The maximum recorded tensile loads exceeded 100 kgf, with an interface width of 0.200 mm. 
Micro hardness tests showed an increase in hardness near the fused zone, reached values of 
300÷400 HV.

Fig. 1 – Process window

This study showed that a good weld seam can be obtained using pulse energy of 0.4÷0.7J, 
feed rate of 50÷75 mm/s and peak power of 1200÷1700 W. Further SEM analysis should be 
performed in order to characterize the intermetallic compounds formed as a result of the process.
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ABSTRACT

The aim of this study is to develop an analytical solution to calculate the natural frequencies of a 
porous smart doubly curved shell considered for piezoelectric energy harvesting. The governing 
partial differential equations of motion are derived using Hamilton’s principle and the Maxwell 
equation for both short- and open-circuit electrical conditions. Applying the Navier’s solution 
results in an eigenvalue problem which permits to obtain the natural frequencies of the system. 
Finally, the effects of porosity and geometric parameters on the natural frequencies of the system 
are studied. The functionality of utilizing porous materials in energy harvesting applications is 
demonstrated by the relation between the obtained natural frequencies and porosity coefficient.

Keywords: piezoelectric energy harvesting, natural frequency, porous media, bimorph shell.

INTRODUCTION

Vibration-based piezoelectric energy harvesters can produce peak power when their resonance 
frequency matches the frequency of the input ambient vibration. Any difference between these 
two frequencies can lead to a significant decrease in produced power. Nevertheless, most of 
the existing energy harvesting configurations have a high resonance frequency compared to 
the frequencies of the typical ambient vibrations (Wei, 2017 and Yang, 2018). To overcome 
this drawback, porous materials could be useful in designing structures with lower resonant 
frequency specifically for harvesting applications where the weight of the structure is of concern.

The considered configuration is a porous bimorph shell as shown in Fig. 1. It is assumed that 
the porosity is asymmetrically distributed through the thickness of the core layer as presented 
by (Magnucka-Blandzi, 2008) and the outer layers are made of PZT-5H. First order shear 
deformation theory is used to obtain the governing equations of motion, and consequently the 
natural frequencies of the system are calculated analytically for a simply supported bimorph 
shell harvester.

RESULTS AND CONCLUSIONS

The effect of porosity on the short- and open-circuit resonance frequencies of the piezoelectric 
harvester is shown in Fig. 2(a). This figure simply demonstrates that the resonance frequency 
decreases as the porosity parameter increases and this behaviour is due to the induced reduction 
in the effective stiffness of the harvesting structure. In Fig. 2(b), the variation of the natural 
frequency with respect to the shell curvature is plotted for different values of the porosity 
parameter. The results which are related to a bimorph shell harvester in short-circuit electrical 
condition demonstrate that increasing the shell curvature causes a significant decrease in the 
value of resonance frequency for all considered porosity parameters.
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Fig 1. Schematic diagram of porous bimorph shell harvester
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Fig 2. Variation of the fundamental resonance frequency of the spherical harvester with respect to (a) porosity 
and (b) shell curvature (a=b=30 mm, 2h=hp=0.135 mm, Ry/a=5)
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ABSTRACT

Teaching innovation, teamwork, leadership, and sustainable design are key deliverables for 
engineering programs and capstone design courses. Teaching engineering design requires 
instructors and students to work with complex problems. Engineering Accreditation Boards 
associated with the Washington Accord have been embracing performance-based outcomes 
known as graduate attributes and continual improvement processes. A learning culture supporting 
graduate attribute development and continual improvement can be cultivated to prepare 
engineering graduates for working in a world with complex problems. In this contribution we 
report on a model for engineering design education and a continual course improvement method.

Keywords: learning culture, innovation, teamwork, leadership, sustainable design, capstone 
design courses, graduate attributes, continual course improvement, metacognitive skill.

INTRODUCTION

Analysis of graduate attribute outcomes for an engineering course within an engineering 
program requires the examination of a complex system.1 Complex systems may have a 
range of short term and long-term outcomes. They are characterized by multiple interacting 
factors where generalized formulas have limited applicability and where repeating an action 
or intervention might not produce the same outcome. The absolute and relative achievement 
of graduate attributes depends on multiple factors including prior student experiences, their 
metacognitive and professional skills, the learning effort they expend, the quality and quantity 
of their fundamental and socio-contextual knowledge bases. Students in a program may all 
graduate but it is unlikely they will attain the same level of graduate attribute achievement. The 
proposed engineering education and practice model (Figures 1 and 2) used with the continual 
course improvement method advocated in this work can help develop and improve engineering 
design course content and supports learning.  

A case based integrated mixed methods design is used in this work to examine course and 
student outcomes, to identify improvement actions for subsequent iterations, and demonstrate 
student graduate attribute achievement. The work is briefly presented here. A more detailed 
elaboration is provided elsewhere (Jamieson, 2019). The engineering education and practice 
model was developed using qualitative analyses of interdisciplinary literature (Jamieson, 2019) 
and a continual improvement process (Jamieson 2016-2018). The application of the model 
provided guidance on the types of learning experiences required for individual students to excel 
and the process was instrumental in targeting course improvement areas.  

1 Complex system behaviour is distinguished from complicated system behaviour where outcomes can be reliably 
predicted from past behaviour with mathematical analysis (Clark, 2012).  
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DISCUSSION AND CONCLUSIONS

An engineering program of study is a complex system. Instructors and students change from 
iteration to iteration as they learn and reflect. Students and student cohorts can be influenced 
by previous work experience, class size, design teammates, course sequencing, extra curricular 
activities, life experience, performance in prior related courses, different instructors teaching 
prerequisite courses, economic factors, perceived career opportunities, and societal changes. 
The list of possible confounding factors is long.  This observation lends support to the idea that 
students experience design courses uniquely even though there is a common course “reality” 
for all. Instructors are also subject to their own learning and changes as continual improvement 
processes are applied to multiple courses within a program. Learning activities and tools for 
learning change within the frameworks (illustrated in Figures 1 and 2) as students iterate 
through an open-ended complex design process in a community of practice.
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Figure 2. Proposed Engineering Education and Practice Conceptual Framework  
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Fig. 1 and 2 – Proposed Engineering Education and Practice Frameworks

The overall objective of the continual improvement process, outlined in Figure 3, is effective 
improvement action identification or status quo acceptability demonstration over time. 
Improvement actions are targeted to improve graduate attribute development during and at the 
end of an engineering program of study. The key criteria underlying assessment are listed in 
Table 1. Evidence based improvement actions can target course or program level improvements 
and should be supported by an analysis of outcomes at the course level.  The method used 
to identify improvement actions should include multiple perspectives and should engage 
stakeholders.  If no improvement actions are identified, the status quo can be justified - based 
on an outcome-based evidence assessment (CEAB, 2018).

We use a successive mixed method case study format to answer the continual improvement 
question “What needs to be improved (if anything) and what are the improvement actions?” after 
each iteration of the introductory and capstone Chemical Engineering process design courses. 
Implicit and explicit CEAB graduate attributes are inherently challenging to measure, because 
the attributes themselves are complex (Jamieson, 2019).  A continual improvement process 
is an effective driver for identifying evidence-based learning activity changes and justifying 
maintaining the status quo in areas where no improvement actions are needed. 

The proposed engineering education and practice frameworks generalize the themes of 
engineering education in order to guide successful program and design course curriculum 
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development that supports lifelong learning and professional practice roles for engineering 
students as their careers develop.  Frameworks also guide students to develop contextual 
and practice skills across the graduate attributes enabling more advanced graduate attribute 
achievement on completion of their engineering program. 

Fig. 3 – Sequential Case Study Mixed Method Continual Improvement Design 
© ASEE 2019 M.V. Jamieson, J.M. Shaw, “A Continual Improvement Process for Teaching Leadership and 
Innovation within a Community of Practice,” ASEE Annual Conference Proceedings, American Society for 

Engineering Education, Tampa, 16-19 June 2019.

Table 1 - Key evaluation criteria for a continual improvement process. © ASEE 2019 as above.

Criteria Process properties

Identify improvement actions – evidence based – 
improvements must be informed by graduate attribute 

outcome assessment

Must be able to identify outcomes that need 
improvement.  Assessment of learning activity 

efficacy: students & instructors. Requires mapping of 
graduate attributes to course learning outcomes

Used over time Data collected, analysed and used to identify actions 
on a regular basis 

Identify areas for improvement – learning activity and 
graduate attribute matching – is the assessment valid? 

Does it capture the attribute?

Stakeholder assessments – Community of practice: 
Student self-assessment (pre-post course); Input from 

industry advisors; input from instructors.

Measure the scope of the graduate attribute while 
minimizing measurement points 

Assess each graduate attribute for scope – set a limit 
on redundancy – specific assessment points that span 

the attribute breadth

Justify keeping the status quo Analyze data and compare from year to year and to a 
target value.  

Stakeholder “buy in” - process becomes part of the 
learning culture of the institution

Process must be used to be valid. Flexible and 
adaptable to individual course needs

Consistency
An evidence driven course based process is an input 

to a consistent course reflection and program feedback 
process 
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ABSTRACT

This work is focused on the investigation, the development, and the numerical-experimental 
correlations of a honeycomb Impact Attenuator (IA) for a Formula SAE (FSAE) prototype. 
Three different IA are studied and compared in order to obtain the optimal configuration, in 
accordance with the championship rules and the design constraints. The second part of the work 
concern the numerical-experimental correlation of the IA material, in particular the aluminum 
honeycomb. Finally, the development of the dynamic Finite Element model and the validation 
through the experimental crash test are presented.

Keywords: Impact Attenuator, Honeycomb, Crash Test, Finite Element modelling, FSAE.

INTRODUCTION

The design of efficient safety components in a FSAE racecar is one of the main challenges for 
the student team. This work is focused on the design of the IA and the Anti Intrusion Plate (AIP). 
The former absorbs the major part of kinetic energy in a frontal crash event and the latter protects 
the driver legs from any intrusion in the cockpit zone. The predictively of FE models of structural 
component is crucial in the automotive design (Lo Presti 2017- Mantovani 2017) even in FSAE.

The first design step of this work is the definition of the constraints, necessary to obtain a 
feasible solution. In case of a frontal impact event, the FSAE rules define the physical 
parameters necessary to achieve the approval of the IA system. Other constraints derive from 
the geometrical dimension of the design space. These constraints depend on the frontal section 
of the bulkhead and the free internal volume of the anterior bodywork. In the concept design 
phase, three different solutions are investigated and implemented: (i) stiff CFRP AIP and 
aluminum honeycomb crash-box, (ii) hollow cut pyramid welded on an aluminum plate, (iii) 
IA made up by four layers of honeycomb, linked together between thin CFRP plates. 

The embodiment design phase starts from the numerical-experimental correlation of the 
materials employed. In particular, the aluminum honeycomb was modelled with homogenization 
technique as solid orthotropic material with equivalent mechanical properties (Gibson, 1997). 
The solution (i) is characterized by a light IA thanks to the huge specific energy absorption of 
aluminum honeycomb. On the other hand, (ii) presents a very light AIP, achieved orienting the 
load paths to the external edges of the bulkhead. The third configuration (iii) is a compromise 
between the previous solutions in terms of overall weight. Thus, the numerical dynamic crash 
test model and the experimental validation are performed. Finally, the results of solution (iii) 
are presented.
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RESULTS AND CONCLUSIONS
Fig.1 presents the IA after the experimental test. As expected, the IA system passed the type 
approval for the competition. Fig.2 shows the validation of the dynamic model implemented. 
The parameters monitored and simulated are close to the real case. 

Table 1 – Result comparison

Parameters Simulated Experimental Error [%]

Average deceleration [g] 19.18 19.10 0.42 

Max displacement [mm] 139.3 145.5 4.26

Time of impact event [ms] 37.3 37.8 1.32 

 (a) (b)

Fig. 1 – Comparison after the crash test, experimental (a) and simulated (b)

 
Fig. 2 – Validation of the dynamic model in terms of displacement, velocity and acceleration for experimental 

test (dashed curves) and Finite Element models (solid curves). 
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ABSTRACT

The contamination of vegetables by pollutants, especially heavy metals, is a major societal 
concern. Indeed, more and more crops are being planted in peri-urban areas sold in markets, 
and as a result can be impacted by past polluting industries or still in operation. This problem 
is global, and very few countries are spared. These contaminations may be related to soil 
pollution, or water used for irrigation. For lack of knowledge, many populations practice 
cultivation in territories with extremely high levels of pollution. The question of the transfer of 
these contaminants from the soil to the plants then appears paramount.

Key words: Vegetables, Heavy metals, Risk assessment, Atomic absorption spectrophotometry.

INTRODUCTION

Vegetables are a very important part of human nutrition. In addition to a potential source of 
important nutrients, they provide proteins, vitamins, iron and calcium that affect health (Arai, 
2002). Leafy vegetables such as chards and lettuce growing on soils contaminated with heavy 
metals tend to accumulate large quantities of heavy metals, compared to those growing on non-
contaminated soils because of they absorb these metals through their leaves (Al Jassir et al., 
2005). The present study was carried out on vegetables of wide consumption in Algeria, bought 
from different markets. Knowledge about contamination of vegetables with heavy metals in 
these markets is not yet established. 

RESULTS AND CONCLUSIONS

At the first glance we note a maximum value of iron Fe, which is of the order of 11.69 mg / Kg 
presented in the chard sold in the khemis el khechna market of boumerdes for the companion 
of 2016 and a minimum value of the order of 0.005 mg / Kg presented in the potato sold in 
the same market for the companion of 2017, which is logical hence the wealth of iron chard 
(stores iron) and the deficiency of the potato of the latter, something that is justified by works 
like (Naorem et al 2014), which found a value of 970.93 mg / kg in Swiss beech exceeding the 
permissible limits WHO / ML (mg / Kg) 425.00 mg / Kg, The consumption of these vegetables 
will give rise to health problems such as: the training of bone fractures, diarrhea, stomach pains, 
severe vomiting, reproductive failure, central nervous system damage and DNA, in addition to 
developments of cancers.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

Bologna/Italy, 4-6 September 2019264

  

 
Permissible Limites  Cu Pb Zn Cd Fe Ni 

FAO/WHO (mg/Kg) 
Codex Alimentarius 
Commission (1984) 

40.00 5.00 0.60 0.30 - - 

FAO (mg/l) 
recommended max. conc. 
Of trace elements for crop 
production (1985) 

0.20 5.00 2.00 0.01 5.00 0.20 

WHO/ML (mg/Kg) 
Under waste water 
irrigation 

73.00 0.30 100 0.10 425.00 67.00 

Mean heavy metal content 
(mg/Kg) of waste water 
samples taken from affect 
area 

58.45 21.71 125.1 34.68 1873.6 63.94 

CONCLUSION

The results presented here seem to show that vegetables with high foliage are much more 
impacted than root crops, as much of the contamination is done through irrigation water. In 
addition, when the mobility of metals with depth is low, the first centimeters of soil are enriched 
in metals and one can find the most important metal concentrations available. In addition, the 
consumption of some crops appears to pose an increased risk. 
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Fig 1- Concentrations of metals in market vegetables  
Khémis el khechna, Boumerdes Algeria (2015 

sampling)

Fig 2- Concentrations of metals in market 
vegetables Khémis el khechna, Boumerdes Algeria 

(2016 sampling) 

Fig 3- Concentrations of metals in market 
vegetables Khémis el khechna, Boumerdes Algeria 

(2017 sampling).

Table 1-Permissible limits of heavy metals in plants.
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ABSTRACT

Evaluation of fracture toughness is one of the key problems related to understanding of crack 
resistance behavior of materials. In this work we investigate both experimentally and numerically 
the features of evolution stress and strain state of double cantilever specimen subjected to wedge 
splitting. The material under consideration is 3YSZ. The specimen has a chevron notch between 
cantilevers which maintains the stable manner of crack propagation. Experiments show that 
deviation from elastic behavior occurs during loading. The main hypothesis is that nonlinearity 
is due to martensitic phase transformation and propagation of crack. We build a mathematical 
model to describe these processes. The results of numerical simulation are in satisfactory 
agreement with experimental data.

Keywords: mode I fracture, fracture toughness, zirconia ceramics, martensitic transformation, 
numerical simulation, wedge splitting, double-cantilever specimen.

INTRODUCTION

Zirconia based ceramics have drawn much attention recently. Many articles are devoted to 
investigation of propagation of a single crack in infinite or finite region, examining wide 
range of parameters, e.g. notch radius [Gomes et al., 2006], material grading [Hbaieb et al., 
2007], crack tip blunting caused by martensite transformation toughening [Kelly and Rose, 
2002], phase field models are implemented to investigate a crack propagation [Kuhn and 
Muller, 2010]. One of the main tasks of mechanics and materials science is improvement 
of physical-mechanical properties of materials. It is necessary for certain range of practical 
applications. It is well known, that zirconia based ceramics are brittle and experience stress 
induced phase transformations. Numerous hardening techniques are applied to increase a 
fracture toughness of this material. One of such techniques is a stabilization of tetragonal 
phase at room temperature by adding of 3 mol. % of Y2O3. It is known that a stress induced 
martensitic transformation occurs in the apex of growing crack. In most of the cases, the 
crack growing is unstable. That is why we need to manufacture the specimens with special 
geometry to study the effect of hardening techniques on crack resistance of material. It gives 
an opportunity to study the hardening effect at stable manner of crack propagation. Related to 
that problem, specimens with chevron notch appeared to be an effective solution. When crack 
propagates along the chevron notch, the crack front width constantly increases which leads to 
the stable manner of crack propagation.

We investigated both experimentally and numerically the features of evolution of stress and 
strain state of double cantilever specimen subjected to wedge loading. Following section 
provides short summary of the results.
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RESULTS AND CONCLUSIONS

Macroscopic loading diagram showed that there is a deflection from linear behaviour due to 
phase transformations and propagation of crack. Numerical simulation was carried out without 
explicit account for martensitic transformation, i.e. special equations for transformation of 
material in the apex of growing crack were not included in the model. However, before the 
local failure criterion is met, a small amount of inelastic strain is accumulated, which causes a 
relaxation of stresses. Comparison of experimental and numerical diagrams (Fig. 1a) show that 
blunting of crack due to accumulation of inelastic strain did not perform a necessary toughening 
of material and fracture toughness appeared to be underestimated for about 10%. However, 
crack path patterns in experiments and simulation are in good agreement (Fig. 1b, c).

(a)  (b)  (c)

Fig. 1 - Comparison of loading diagrams Force – deflection (black – experiment, red - 
simulation), 

Further study needs to account explicitly for martensitic transformation, which cause a volume 
jump of about 4% and consequent jump of compressive stresses which blunts the crack tip and 
leads to material toughening.
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ABSTRACT

In this paper a non-Hertzian model for studying behaviour of moving bodies in contact is 
presented. An already developed two-dimensional algorithm [Rosso, 2019] has been extended to 
the case of three-dimensional smooth contact phenomena. In this paper the friction contribution 
is neglected. Using an iterative cycle, the non-Hertzian contact algorithm calculates the pressure 
distribution and its maximum value in the local contact area between two generic bodies (any 
shape) in contact. It can analyse simultaneous contact areas in different parts of the same 
component, a fundamental aspect in case of meshing gears or bearings. The target of this study 
is to highlight the influence of micro-geometrical profile modifications on the contact stress and 
pressure. An explanation of the algorithm is shown in figure 1. To validate the model the results 
of pressure distribution of three different pair of gears are shown.

Keywords: gear contact, Hertzian model, contact pressure, contact deformation.

INTRODUCTION

The model requires three main inputs: 
the torque transmitted by the pinion; the 
material parameters, such as Young’s 
modulus E and Poisson ratio v; the 
reciprocal positions of the two bodies 
in the initial rigid contact condition. 
This latter input is expressed by the 
Cartesian coordinates of the cloud 
points that describe the geometric shape 
of the surfaces in contact. When the 
rigid position of the two bodies is well 
defined, the algorithm starts to compute 
the pressure distribution imposing a first 
attempt indentation, in the form of a 
rigid displacement dθ. 

As bodies are getting in contact, the 
algorithm recognizes the simultaneous 
contact areas and the involved nodes; 
afterwards it calculates the pressure 
distributions according to the models of 
literature [Boedo, 2013 – Marmo, 2017].
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RESULTS AND CONCLUSIONS

To validate the model, three cases with different pairs of gears are presented: a pair of standard 
spur gears, a pair of crowned spur gears and a pair of helical gears.

Figures 2 and 3 show, for example, the pressure distributions exchanged by the teeth coupling, 
main result of the algorithm. The abscissa represents the direction along the face width of the 
tooth, while the vertical axis represents the tooth height.

For the first case, it noticeable that the contact covers all the face width from -10 mm to 10 mm 
of the two spur gears. Whereas in the second case the contact area is tighter along the face width 
but wider along the vertical axis. 

  

Figure 2: Double contact position in spur gears. Figure 3: Double contact position in crowned gears.

In figure 4 three simultaneous teeth couplings are represented for the case of two helical gears. 
It is noticeable that the contact area is tilted with respect to the abscissa. 

 

Figure 4: Triple contact position in helical gears. Figure 4: Triple contact position in helical gears.

The algorithm can detect the pressure 
distributions along the tooth flank that 
decrease abruptly to zero at the tooth tip 
edge, where the flank ends. 

Big advantage of such methodology is 
the possibility to have a precision of 
stress distribution like FEM analysis, but 
maintaining a very quick solution time and 
low computational effort.
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ABSTRACT
As reported in the literature, great efforts have been made in the development of prostheses and 
three-dimensional (3D) scaffolds for tissue regeneration, benefiting from progresses in the field 
of design, technologies and materials. Many devices have been designed and manufactured 
through conventional and advanced techniques. The aim of the current research was to report an 
approach in the design of multifunctional and smart devices, spanning from advanced prostheses 
to 3D hierarchical scaffolds for tissue regeneration. 

Keywords: biomimetic design, generative design, additive manufacturing, iron-doped materials, 
biomedical applications.

INTRODUCTION
In the case of a degenerated tissue, medical practice generally involves several man-made 
devices to restore its function. 
Over the past years, a great attention has been focused on the use of prostheses characterized 
by standard sizes. 
Even though metals, ceramics and polymers have been widely employed to develop different 
kinds of prostheses, polymer-based composites have also been considered to overcome some 
drawbacks related to the use of conventional materials (Gloria et al., 2011; Martorelli et al., 
2016). Combinations of metallic and non-metallic materials have also been considered. 
However, the control of the process–structure–property relationship for the material plays an 
important role in the fabrication of biomedical devices featuring desired properties (Gloria et 
al., 2019).
In this context, the biomimetic approach has allowed to fabricate devices which are able 
to mimic the structure of the natural tissues, also reproducing the complex mechanical and 
functional behavior (Gloria et al., 2011). 
Furthermore, the use of generative design and additive manufacturing has been explored to 
develop customized devices with tailored and improved properties for different applications 
(Lanzotti et al., 2015; De Santis et al., 2015; Martorelli et al., 2016). 

RESULTS AND CONCLUSIONS
A pilot-scale production of biomimetic and customized prostheses was proposed by integrating 
different methodologies and technologies, such as computer tomography, filament winding, 
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moulding and advanced fabrication methods (i.e., additive manufacturing). 

A methodology for producing patient-specific prostheses and scaffolds for tissue engineering 
was also reported considering the combination of the reverse engineering approach (image 
capture and analysis techniques) with additive manufacturing technologies.

With regard to tissue engineering, 3D polymer-based scaffolds with different lay-down patterns 
were manufactured by FDM (Fused Deposition Modeling/3D fiber deposition technique). 

Briefly, polymeric and nanocomposite pellets were heated using the cartridge unit on the mobile 
arm of a 3D plotter. 

Specifically, polycaprolactone loaded with inorganic nanoparticles and iron-doped materials 
was also used to fabricate additively manufactured scaffolds by injecting/extruding the material 
through a needle. 

3D morphologically controlled structures were optimized in terms of biological, mechanical 
and magnetic properties.

The effects of inorganic nanoparticles and iron-doped materials, as well as of the structural 
features, were properly studied. 
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ABSTRACT

Aluminum dross is a by-product of both primary and secondary aluminum production. 
Processing aluminum dross to extract entrapped aluminum is difficult and produces a harmful 
by-product known as salt cake, which is environmentally harmful, dangerous to handle, and 
often land-filled. In this paper aluminum dross is cold-worked and then treated with a heated 
gallium-indium eutectic, which activates the entrapped aluminum in the dross. The treated 
dross is then reacted in water to produce heat, hydrogen gas, and aluminum hydroxide. The heat 
and hydrogen can be used for industrial process or to generate electricity while the aluminum 
hydroxide can be processed back into aluminum. Thus this process could potentially replace 
current environmentally-harmful dross processing methods. 

Keywords: Aluminum dross, gallium-indium eutectic, hydrogen generation, grain boundaries.

INTRODUCTION

Every year the world produces over 60 million tons of aluminum and demand is increasing [1]. 
From the aluminum production process comes an aluminum waste known as aluminum dross. 
Aluminum dross is produced by skimming the oxidized surface of molten aluminum in casting 
mills. Dross forms when molten aluminum wets and sticks to the aluminum oxide and salts in 
the furnace. When cooled, dross is a porous and sometimes malleable structure that is difficult 
to separate and process. 

Currently, the world produces approximately 5 million tons of dross every year of which 80 
percent is white dross, which contains approximately 15-70 wt.% Al [2][3]. Dross is processed 
in order to recover as much entrapped aluminum as possible. The leftover processing byproduct, 
known as salt cake, is difficult to dispose of in landfills as it is often flammable and can be 
dangerous to handle [4]. Disposing of salt cake in landfills in Europe is now banned, and in the 
United States disposes of nearly 1 million tons of salt cake which is landfilled every year [5]. 
Thus a more environmentally-friendly means of processing dross is needed. 

In this study, tumbler dross1 of unknown alloy content and 6061 alloy white dross were treated 
with a heated gallium-indium eutectic in order to activate any entrapped aluminum. This 
treatment process has already been shown to activate large pieces of pure aluminum that has 
been heavily cold worked [6]. The aluminum-gallium eutectic activates the entrapped aluminum 
by penetrating the grain boundaries and displacing oxide on the surface. Water is used to react 
with the aluminum in the treated dross to generate heat and hydrogen gas. The heat can be 
used for industrial processes and the hydrogen gas can be used for generating electricity. The 
remaining gallium-indium eutectic are byproducts of aluminum smelting and can be separated 
from the dross after it is reacted either by chemical or physical means such as centrifuging.
1 Tumbler dross is an industry term for white dross which has been mechanically processed already to extract some 
raw aluminum
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RESULTS AND CONCLUSIONS

Treated dross samples were reacted in an excess of water heated to approximately 80oC and 
the hydrogen was collected in an inverted column of water.  Tumbler dross produced 14.63% ± 
6.31% of the expected hydrogen yield while 6061 white dross produced 23.05% ± 4.68% of the 
expected hydrogen yield. Theoretical hydrogen yield was calculated assuming the entire mass of 
the dross piece was pure aluminum and did not account for the content of the dross that is non-
reactive oxide and salt. This is because aluminum content varies greatly between each piece of 
dross, thus the calculated yields are relatively low compared to actual yield. 

Figure 3 - Hydrogen yields reacted samples of treated aluminum dross. Samples were reacted in an excess of 
water heated to 70oC until no further significant

This study shows that aluminum dross activated with a gallium indium eutectic yielding 
promising amounts of hydrogen. When reacted in water, the treated dross disintrigates into a 
fine grain, making it easier to separate while also producing useable heat and hydrogen gas. Thus 
it is a potentially viable alternative to current  environmentally-harmful processing methods.
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ABSTRACT

In this work, we present the adaptation of the conventional design process applied to medical 
implants. The process needs to be expanded to include specific criteria related to the bio-integration 
(interaction of the implant with the surrounding biological tissue). Some of these design criteria 
constitute paradigm shifts which needs to be addressed. In particular, we put forward the failure 
modes that need to be shifted to the impact of the implant on the biological tissue.

Keywords: Design process, medical implant, failure modes, paradigm shift.

INTRODUCTION

Because our population is aging, there is an increasing need for artificial soft organs and tissue 
(e.g. cardiac tissue, joint replacement, skin, intervertebral disc, tendons, pelvic floor support) 
[1]. In fact, recent studies show that 15 million people in the United States carry medical 
implants. From a bio-engineering perspective, there are important geometrical and mechanical 
constraints that the synthetic replacements need to mimic to properly replace and integrate 
with the soft organs. Such technologies have to conform to highly complex anatomical shapes 
with curved surfaces [1] and three-dimensional features. The implants need to be compliant to 
function in conjunction with the soft tissue and avoid causing damaging local stresses (pressure, 
friction). The biomaterials used in these implants are directly interfacing with the surrounding 
soft tissues and organs [2] and bring specific problems linked with bio-compatibility. In 
particular, one important failure modes on the implant is foreign body reaction [3]. In addition, 
soft tissues exhibit mechanical characteristics that are more complex than most conventional 
engineering materials [4]. The large deformations of soft tissue subject the implant to important 
fatigue and failure complications. 

RESULTS AND CONCLUSIONS

The design process for medical implants required to expand the conventional process with specific 
additional aspects [7]. In brief, 1) the Problem statement, needs the involvement of everyone 
that has a stake including medical doctors, biologists and nurses, 2) the Design specifications, 
needs the incorporation of the anatomical dimensions and physiological parameters, 3) the 
Concept design, requires to take into account large deformation and a changing environment 
(remodeling), 4) the Detail design, demands to address the biocompatibility and sterilization of 
the materials but more importantly, the paramount new failure mode is to preserve biological 
tissues and organs before the implant itself and 5) the Prototyping and testing require anatomically 
and physiologically correct reproducible conditions. In fact, mechanical properties have proven 
as important as biocompatibility properties and the expression “Mechanical Biocompatibility” 
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has been coined [5]. Actually, deformation capability is considered even a more important 
criterion for highly deformable implants.

The introduction of these concepts at the undergraduate level will be illustrated with some 
examples.
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ABSTRACT

In this article we discuss the value and the meaning as a set of qualities that must complement 
functionality and external aspect of the objects as well as a tool for designers to access the 
very core of the otherness experience. In this reflection, we approach perspectives put forward 
by Donald Norman and Csikszentmihalyi. Within this symposium, we aim at contributing to 
exchange ideas into Design understood as an expanded field.

Keywords: Design, significant experience, value, meaning.

INTRODUCTION

Nowadays we live in a world where products, commodities and services have achieved high levels 
of satisfactory performance and results. In order to draw attention and to promote distinction 
between them, the challenge of design must focus not just in aesthetics and utilitarian aspects, 
because “today we want products that appeal to both cognition and emotion” as Donald Norman 
said. In fact today’s expectation demands a new set of qualities as ‘value’ and ‘meaning’. 

If we want to achieve the integration of the products in people’s real lives, we have to project 
material or immaterial results that effectively support people in their daily activities. So design 
solutions must trigger not only the value but also the meaning by the activation of both human 
dimensions: cognitive and senses. But, what do ‘meaning’ and ‘value’ actually mean? 

MEANING, PLESURE AND ENGAGEMENT

Remembering Csikszentmihalyi’s long surveys on human behaviour, meaning is one of the 
three elements that can justify the sensation of a well-lived life – the life that goes beyond the 
‘normal’ state of living. The other two are pleasure and engagement. The author understands 
meaning as a sensation “of being part of something” or as a “feeling of being linked to something 
bigger than ourselves” (Csikszentmihalyi, 2011). Carrying this perspective to the field of design, 
Donald Norman sets up the difference between meaning and value: if we activate the cognitive 
level – such as thought and memory – we are assigning meaning; if we activate the perceptive 
level – which means the senses – we are assigning value (Norman, 2004, p. 25).

However, to activate a feeling of well-being or a symbolic order, the cooperation and 
engagement of the other (the user) as the centre of the whole process is required as regarded 
by Csikszentmihalyi: “to be effective in conveying meaning, the owner has to be personally 
involved with the artefact. It was not enough that the object had been created by someone 
else; to be significant, the owner had to enter into an active symbolic relationship with it”. He 
also concludes that the functionality and external aspect of the objects are relatively marginal 
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to their meaning: “again, it was not the design quality of the piece that made it special, but 
what the person did with it, and what the interaction meant to the person” (Csikszentmihalyi, 
1991, pp. 27-28). As he could ascertain through hundreds of interviews, the isolated qualities 
of the artefacts, such as aesthetical, formal or syntactical, were rarely mentioned as important 
factors of affective relation by the surveyed. Donald Norman seems to reinforce that perspective 
underlining that “what matters is the history of the interaction, the associations that people have 
with the objects, and the memories they evoke” (Norman, 2004, p. 46).

ENGAGEMENT AND INTERACTION 

How can the meaning and the value qualities endorse a significant experience by design? The 
meaning comes from the engagement level between human-human or human-object during 
an interactive communication process. The concept of interaction design is not restricted to 
technological context. It is a broad term and it could be applied to two models: between artefact/
object (as man-machine interaction), and between person/human, “on how human beings 
relate to other human beings through the mediating influence of products” (Buchanan, 2001). 
As Diltey explains, this interactive process is the very essence of the experience: “interaction 
is what makes the very nature of experience” (Dilthey, cit. by Cruz, 2009). In order to access the 
content of the user experience, that is a subjective and immaterial phenomenon, researchers 
such as Paul Bate and Glenn Robert consider storytelling a fundamental methodology. As 
posted by these authors, the information that one experience can’t be accessed and perceived 
in ‘real time’. It is only when it is turned into the conscience, that is, when it is digested and 
translated through language by the person that lived that experience that “words put meaning 
on that experience reflectively and retrospectively, and represent ‘what I make of what I have 
lived through’” (Bate & Robert, 2006, p. 308). Only through this awareness of the experience, 
in a flux of collaboration with the user, the designers can integrate crucial components into 
the project creation.

For instance, two projects resulted from the attention given to the moment when the experience 
occurs: (i) Social cups, by Kristina Niedderer in 1999; and (ii) Come a little closer, by Nina 
Farkache (Droog Design) in 2001. Both examples promote a conscientious disruption by 
drawing attention to social behaviours, particularly uncomfortable social experiences, which 
are questioned. Both projects base their ‘meaning’ and ‘value’ by challenging the user to 
reflect about their emotions. More than a physical object, within these approaches the result 
creates an opportunity to create critical awareness. The user voluntarily accepts to be part of 
the ‘game’. 

It is also important to examine what Donald Norman sees as requirements to achieve a 
significant experience. The author observes that in order to design a well-succeeded solution, 
it is fundamental to recognise two important components: the skill of the designer, and the skill 
of the perceiver (Norman, 2004). The skill of the designer is required to project something in a 
complex and rich structure – something that can provide a variety of levels of interpretation in 
a dynamic experience without causing boredom, being too easy and expected, nor frustration, 
being too difficult and hermetic. On the other hand, it is required the skill of the perceiver, 
who ought to dedicate time and availability to the observation and thought (reflexive level) 
about the lived experience. It is in this second argument that the author draws attention to the 
importance of the motivation and necessary commitment of the other to allow a process with 
meaning and true participation.  
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CONCLUSION

With this set of ideas in mind, we defend that contemporary design must be understood 
as a process and not an end in itself. Design turned into a medium that provides a certain 
context where people can play the game. Today’s designers must develop not only skills in the 
relational communication process but also experience design methodologies, that allow them a 
careful interpretation of the user meanings and values, in order to engage people into an active 
symbolic relationship with the ‘game’. It is relevant to reinforce that to be effective in conveying 
valuable meaning, it is not enough that people create things by themselves nor it is required 
that designers master isolated aspects. What is quite important is the “history of the interaction” 
(Norman, 2004) what actually happens to people in terms of perception and memory during the 
communicative moment. Understanding that the designer needs to recognise the experience as 
an activity to collaborate with the user, the designer will integrate important components in the 
project throughout the process of creating a product.
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ABSTRACT
Since 1980, analysis techniques have been implemented with the aim to guide designers towards 
the creation of products, which are easy to produce and assemble. This led to a revolution in the 
manufacturing industry, resulting in reduced product costs, improved quality, shorter time to 
market, lower inventory, fewer suppliers and many other improvements. This is to emphasize, 
first of all, the importance of paying attention to manufacturing and assembly problems, already 
in the initial stages of product design.

For the assembly to be done as effectively as possible, Design for Assembly (DFA) gives 
guidelines to direct the designer and evaluation methods that estimate the effectiveness of 
a product in its assembly. This paper has the purpose of identifying the optimal assembly 
sequence of a pressure reducing valve, studying its assembly effectiveness starting from its 
virtual modelling by CAD. 

Keywords: Design for Assembly, Virtual Modelling, Assembly Sequence, CAD.

INTRODUCTION

The traditional design approach that paid attention to the design and manufacturing of the single 
pieces and not to the assembly process has to be overcome in order to design optimization. The 
design optimization method applied in this paper aimed at evaluating the effectiveness of the 
assembly of a two ways pressure regulation valve. A virtual model of the valve has been designed 
that reproduced the real valve with appraised and tested structural properties (Caligiana, 2017). 
Virtual modelling is useful to develop a functional and reliable ergonomics, without having to 
build a model in real scale, to design products in agreement with the customer’s preference, with 
the possibility of previewing testing, to facilitate remote operations and control of equipment 
(Rosario, 1989, De Amicis, 2018).

The design for assembly (DFA) application on the valve is possible only by giving DFA tools to 
the designer teams to effectively analyse the ease of assembly of the products or sub-assemblies 
that are being modelled. Of all the quantitative assessment techniques, the best known are those 
of Hitachi, Boothroyd-Dewhurst and Lucas (Boothroyd, 1980, Miyakawa, 1990, Kroll, 1988). 
All three have been tested in the industrial world. These techniques are evaluative methods that 
analyse the assembly of the products, at an early stage of the design process; although they use 
the same philosophy, they differ in the way they quantitatively evaluate the project.

At first, the evaluation of the three methods applied to the pressure reducing valve compared 
some parameters that described the assembly efficiency to the piece as it is actually on the 
market. Once this is done, an alternative model of the valve has been proposed, following the 
guidelines to improve the design for better assembly, subsequently checking whether or not 
there will be an improvement in the assembly indicators.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 279

RESULTS AND CONCLUSIONS

The studies carried out on the assembly of the valve according to the three methods have led, in 
any case, to an estimate of the very good assembly efficiency; for this reason, the piece resulted 
difficult to improve from a purely assembly point of view.

However, from the application of the theories of Boothroyd-Dewhurst and Lucas it can be noted 
that the valve can be optimized, reducing the parts that are not indispensable to the function of 
the valve itself, which are those components that concern the regulation system. 

The model tested provides for an overall reduction of the pieces, passing from eleven to eight 
components: the changes were made to the register screw; in addition, the M8 nut, the rosettes 
and the upper nut have been eliminated, giving way to a single M8 nut with a built-in washer.

All the three DFA’s methods have been applied to the new simplified model and the best result 
has been evidenced by the Lucas’ method’s application, that evidenced a great improvement in 
design efficiency; this implicated the improvement of the remaining indexes, both in the feed 
ratio and in the insertion ratio, as shown in Table 1.

Table 1 –Comparison between the two valve’s models by LUCAS method’s application 

Model Design Efficiency Feeding Handling Ratio Fitting ratio

Original 
valve 58% 1.57 4.07

Optimised 
valve 87% 1.27 3.16

CAD reproduction of the two-way relief valve allowed to appreciate the enormous potential of 
3D virtual modeling, that enables products to be checked and tested without having to resort 
to their immediate prototyping: this aspect is decisive in the Design for Assembly because it 
facilitates the study in the early stage of design, with savings on costs and time.
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ABSTRACT

The technological progress in the last years caused an exponential increasing of goods produced 
and consequently a reduction in the useful life due to the obsolescence of the systems; this led 
to the increase of old waste and machinery that can become a potential risk for the environment. 
As a result, policies have been implemented for the proper disposal of wastes through the 
dismantling of various disused devices; this requires a peculiar attention to manage materials 
and to design choices totally aimed at optimizing production. In this context, the design for 
disassembly (DfD) aims at dealing with the dismantling and minimization of the wastes already 
during the design phase in the EOL cycle of a product. The activity described in this paper aims 
at optimising the disassembly of a virtual gearbox, starting from its CAD model. Some methods 
proposed by literature have been applied and combined in order to define three comparable 
parameters that can give a quantification to the disassembly efficacy. These are the disassembly 
sequence, the time taken to disassemble the product and the number of tool changes necessary 
to complete the sequence.
Keywords: Design for Disassembly, Virtual Modelling, Disassembly Sequence, CAD.

INTRODUCTION

DfD considers the future need to disassemble a product for repair, refurbish or recycle. Optimizing 
the disassembly sequence of mechanical systems is very useful in order to improve maintenance 
and recycling activities and to reduce costs, times and number of operations. In this work a 
virtual model of a typical mechanical system has been designed in order to evaluate the optimal 
disassembly sequence, by the application of three different methods validated in literature. The 
virtual model of a gearbox reproduced the real tested structural properties of the product. (De 
Amicis, 2018, Caligiana, 2017). The optimal disassembly sequence has been discussed by seeking 
the best compromise between the time taken for disassembly and the operations performed. Three 
different paths have been compared in order to grasp the differences in their modus operandi and 
to evaluate their interaction with the work environment and with the geometry of the component. 
The starting sequence is mainly based on the experience of the designer. The generation of the other 
sequences is based on (Mitrouchev, 2015, and Jianjun, 2008). The calculation of the disassembly 
time follows the method suggested by (Desai, 2003) that estimates the disassembly time through 
assigning some points which will then be converted into seconds. Three sequences have been 
compared in terms of time consumed and of tools changes required.

RESULTS AND CONCLUSIONS

Four subgroups of the gearbox have been defined and a starting disassembly sequence has 
been calculated based on the experience of the designer; two further sequences follows the 
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Mitrouchev’s and Jianjun’s methods. The four subgroups shown in Fig.1 are: A (3-2-28-29-27-
2-4), B (23-8-9-7-26-23-24), C (21-13-19-11-12-21-10) and D (33-32-16-15-17-18-14-13-31).

Fig. 1 – The subgroups of parts of the total gearbox

The disassembly sequences are collected in Table 1, as results about the time necessary to 
disassemble the gearbox and the number of tools’ changes in the disassembly operations. The 
time taken to complete the disassembly have been calculated for each sequence. Also the tools 
changes required for each sequence has been calculated, because it influences the disassembly 
time as well.

Table 1 –The three methods’ comparison for the optimal disassembly sequence 

Method Sequence Time (min) Tools 
changes

Designer 3-33-30-37-36-cop.A-5-42-6-25-34-39-35-38-39-40-45-20-
22-gr.C-21-distB-19-11-12-21-10-gr.B-23-8-9-7-26-23-24-

gr.A-2-28-29-27-2-4-16-32-15-17-18-14-13-14-31-41-43-44.

7.79 33

Mitrouchev 3-41-43-44-34-39-30-37-42-5-6-25-cop.A-36-gr.D-35-38-40-
45-20-22-gr.A-gr.B-gr.C-1-2-28-29-27-4-23-8-9-7-26-23-24-21-

dis.B-19-11-12-21-10-33-16-32-15-17-18-14-13-14-31

7.73 27

Jianjun 3-34-39-5-37-30-42-35-38-6-25-36-copA-gr.D-41-40-45-43-
44-20-22grc-21-distB-19-11-12-21-10-grB-23-8-9-7-26-23-24-

gr.A-2-28-29-27-2-4-33-16-32-15-17-18-14-13-14-31

7.78 32

As conclusion, the methodology described allowed to identify the best disassembly sequence, 
obtained through the Mitrouchev’s method, as in terms of disassembly time as in terms of tools 
changes made. Such information can be strategic in the first stages of product development.
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ABSTRACT

The paper presents the composites as a source of the energy efficiency improvement in the 
technological system machine tool-cutting tool-workpiece due to the fact that the cutting process 
is an energy-intensive process. Paper provides the experimental results of the damping properties 
measurement of composites and the analysis of energy consumption in terms of cutting conditions. 

Keywords: lightweight factor, damping, friction coefficient, cutting process.

INTRODUCTION

The paper presents an idea of increasing the energy efficiency of a machine tool by means of 
decreasing the energetic losses by “inefficient” components and interfaces characterized by 
damping and friction as natural effects that can be minimized by use of composites and thin films. 
The main source of damping are the non-moving parts of machine tools (frames). Moreover, the 
weight of moving parts of machine tools is a main characteristic for energy saving. Furthermore, 
the low friction moving components interfaces minimizes the energy losses. The modern 
approaches for machine tool components designing are defined by use of composite material 
properties characterized by high damping and high natural frequency; large lightweight factor 
E/ρ (E is Young’s modulus of elasticity, ρ density) typical properties of composites.

RESULTS AND CONCLUSIONS

The energy efficient components characterized by:

The large lightweight factor E/ρ of the moving parts. Our measurement showed that the 
energy efficient components are made of the composites such as the short carbon fiber ceramic 
composite C/SiC (Fig. 1, left) that is of the largest lightweight factor E/ρ and the shortest 
damping time comparing to standard materials (steel and aluminum alloy) and oxide ceramic 
Al2O3 (Murčinková Z., 2017). Moreover, the character of Fast Fourier Transformation spectrum 
without the sharp peaks predetermines, mainly short fiber composites, for dynamically loaded 
machine tool components (Murčinková Z., 2019). 

High frequency and damped non-moving parts. As the factor E/ρ is large the natural frequency 
and damping properties are high. High frequency and damping (structural, material) of non-
moving machine tool parts contribute to reduction of vibrations and stability of cutting process, 
Fig. 1, left. The vibrations as natural result of dynamic interaction between workpiece and 
machine tool are absorbed by machine frame or by energy absorbers to avoid the chatter. 
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Fig. 1 – Some properties of materials (left) and specific power for turning (workpiece: steel C45; cutting tool 

sintered carbide P20 and coating TiC)

The low friction in interface interaction of individual components and sub-assemblies. A 
significant portion of the mechanical energy supplied to the cutting operation is consumed by 
frictional losses in range from 25-35% in the cutting zone (Vasilko, K., 2009). The coatings 
reduce cutting forces and provide longer tool life resulting in larger productivity and energy 
efficiency. The low friction coefficient (f) coatings (e.g. the diamond-like carbon (DLC) coatings: 
ƒ< 0,1) improve the interface tribological conditions and decrease the amount of the generated 
heat.  The application of nanocomposite coating with appropriate pre and post cutting edge 
preparation provides the energy saving up to 100% (Murčinková, Z. et al, 2017). The behavior 
on interface among individual coating layers and substrate is similar to behavior principles of 
fiber-matrix in composite. 
The cutting process. It is an energy intensive process. The cutting process itself as direct 
interaction of cutting tool (its geometry and material) and material of workpiece can be source 
of energy reduction. There is even the independent from mechanical properties of machined 
material “force-free” cutting methods that are so called the “no-cutting tool” methods (laser, 
water jet, plasma etc.), however of very high energy consumption.
Fig. 1, right, shows a decrease in the consumed specific energy with an increase in both the depth 
of cut and the feed. This leads to a tendency to increase these parameters. However, there are the 
additional characteristics, such as machining accuracy, final surface quality and machining time.
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ABSTRACT

The paper describes the microstructure and mechanical properties of composites of the 
hierarchical microstructure carbon fiber – titanium carbide layer – titanium containing eutectic 
- titanium. Specific strength and Young’s modulus values of such composites are much higher 
than those characteristics for metal alloys.

Keywords: fibrous composites, carbon fibre, titanium matrix, strength, Young’s modulus.

INTRODUCTION

An effective reinforcing of a metal matrix with carbon fibres needs to use liquid metal fabrication 
route. Titanium alloys are most wanted matrix materials. However, direct contacting carbon 
fibre with molten titanium will lead to replacing carbon with titanium carbide and disappearing 
the strong reinforcement. An attempt to use an intermediate matrix, which has been Ti-Ti5Si3 
eutectic, is known (Mileiko, 1995).

The Young’s modulus of the composites obtained reached values 210 GPa, which was compatible 
with this characteristic of uni-direction GFRP containing high modules fibres (Mills, 1995). 
The composite density was just ~3.3 g/cm3, and anisotropy of mechanical characteristic of all 
MMCs is much less than that of any FRP.

But the fabrication route developed that time did not allow controlling technological parameters 
sufficiently precisely. Hence, by now, the former fabrication technology has been modified to 
control the microstructure of the composites much more precisely. Here the microstructure, 
strength and fracture toughness of the composites are presented.

RESULTS AND CONCLUSIONS

The intermediate matrix in the present experiments was Ti-T2Ni eutectic, the main matrix was 
titanium alloy VT1-0 (corresponds to ASTM Grade 2) with ultimate tensile strength between 
350 and 500 MPa, the fibres of medium strength were produced by UMATEX.

The microstructure of the composites is presented in Fig.1, the non-brittle behavior of the 
composites is illustrated by load/displacement curve obtained in 3-point bending of a specimen. 
The critical stress intensity factor can be larger than 30 MPa·m1/2.

The eutectic temperature in the Ti-T2Ni system is about 950oC, that allows to control temperature-
time fabrication regimes to produce composites with a necessary thickness of the titanium 
carbide layer to affect the strength and elastic modulus values of the composites.
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Fig. 1 – SEM micrographs of cross-sections of a composite specimen. 2: the intermediate matrix; 3: carbon fiber; 
4: a layer of titanium carbide.

Fig. 2 – Stress/displacement curve of composite specimen tested in 3-point bending.
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ABSTRACT
The present mainstream in looking for metal-based heat resistant materials beyond nickel 
super-alloys is the developing of molybdenum alloys. The work, the results of which are to 
be presented at the conference, describes composites with oxide fibres and molybdenum alloy 
matrix similar to that under developing.
Keywords: composites, oxide fibre, molybdenum alloy matrix, high temperature strength, 
fracture toughness.

INTRODUCTION
Molybdenum alloys, which are now under developing, are strong and creep resistant. However, 
they are not sufficiently tough (Krueger, 2014; Moriyame, 2017). Oxide-fibre/molybdenum- 
matrix composites produced by the internal crystallization method (ICM) are characterized by 
high fracture toughness, but they are not sufficiently strong at temperatures above 1300oC as a 
result of the usage of technically pure molybdenum that recrystallizes and lost its strength being 
heated up to a temperature of about 2000oC in the composite fabrication process (Mileiko, 
2018). Hence, a method to introduce necessary phases into molybdenum matrix to be used in 
the ICM has been now developed and is to be described in the present paper.

RESULTS AND CONCLUSIONS
The ICM includes a stage of preparing the molybdenum matrix by diffusion bonding a set of 
molybdenum foil and wire to form continuous channels in the future matrix to be filled by 
oxides at the next stage of the fabrication process. 

Fig. 1 – An X-Ray spectrum of the matrix.
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At the present time, the ICM has been modified by introducing silicon and boron via a slurry 
containing those elements at the stage of preparing an assemblage of foil and wire. A heat 
treatment of the assemblage after diffusion bonding yields the molybdenum containing silicides 
and Mo5SiB2 phase, see Fig. 1.

Hardening molybdenum matrix in such a way leads to the oxide/molybdenum composites that 
have high temperature strength higher than those with pure molybdenum matrix (Fig. 2). The 
critical stress intensity factor for the composite specimens (Fig. 3) reaches values 15-17 MPa∙m1/2.

Fig. 2 – Strength at 1400oC of the composites with YAlO3-based fibre and two types of the matrix versus 
crystallization rate of the fibre.

Fig. 3 – A composite specimen under testing to measure critical stress intensity factor.
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ABSTRACT

This work addresses the current lack of robotic haptic torque devices in virtual reality and 
augmented reality (VR/AR) surgical training platforms. A torque handle that can augment 
existing haptic force devices has been designed to produce up to 3N-m of continuous torque at 
38rpm. This device will be used to expand the scope and perceived realism of haptic simulation 
for orthopedic surgery.

Keywords: haptics, robotics, surgery, orthopedics, simulation

INTRODUCTION

To combat complications in medical procedures, simulators have been designed to train medical 
professionals. This technology incorporates haptic, or touch, feedback so that a virtual patient 
feels the same as an actual subject. This has been studied extensively in neurosurgery with 
haptic forces, but not with haptic torque feedback (Alotaibi, 2015; Holloway, 2015; Sawaya, 
2017). Work has been done to measure torque during surgery, but it has not yet been adapted for 
haptic training platforms (Georgilas, 2018).

A target torque of 3N-m was established to mimic common orthopaedic load profiles. Tools 
used in orthopaedic torqueing applications with a minimum handle diameter of 28mm were 
identified. An Entact Robotics (Toronto, Canada) W3D device was chosen, which has existing 
hardware capacity to power a motor with 3A of continuous (6A peak) current. A Maxon 
(Sachseln, Switzerland) motor and gearbox was used to generate torque.

RESULTS AND CONCLUSIONS

The layout of the final torque handle design is shown in Figure 1. It consists of a motor (Maxon 
DCX Series 22W, 24V, 26mm OD), 3-stage planetary gearbox (Maxon 62:1 reduction), and 12 
wire MOFLON slipring (Shenzhen, China) to accommodate the power and load-side encoders. 
The handle, which matches an existing orthopedic device, is bolted over the motor to secure 
and cover it. A sleeve (not shown in Figure 1) conceals the extending components for aesthetic 
purposes.  
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Figure 1 Diagram showing the hardware components of the haptic torque handle

This project shows robotic torque devices for haptic simulation can be designed for use with 
an existing haptic device to generate torques found in many orthopedic procedures. This 
technology can be adapted and modified for future application within orthopedic simulation 
and beyond.
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ABSTRACT

This study was undertaken at a Small and Medium-sized Enterprise (SME) in the metalworking 
sector, where Lean Management has been implemented through several Lean Tools (LT) 
and their variations. This study comprised two main goals. The first involved demonstrating 
which LT allow the highest impact during the implementation phase, thus producing great 
influence both in terms of organization and operational results, as well as in the context of 
employees’ motivation. The second goal consisted of introducing procedure changes based on 
the Management of Human Resources through Lean Leadership tools.

By implementing these two objectives, one was able to achieve an increase of 8,5% in machine 
occupancy rate, and a reduction of 27,9% regarding the costs of defective products per hour.

Keywords: Management by Objectives; KPI; Daily Kaizen; Visual Management; PDCA; 5S; 5 
Whys; Yokoten; Brainstorming. 

INTRODUCTION

During the months of November and December 2018, all the relevant existing data pertaining to 
the machining area of metalworking industry was compiled and analyzed. It was then divided 
into three categories: a) Adjustment to the area of manufacture/equipment; b) Management 
records and data; c) Lean Leadership. 

By considering the tangible validation-worthy KPI, the project was set on two pillars: 1) 
the Production Rate; and 2) the Relation between Non-Quality/Production Hours. One then 
selected ten tools (Lean and Quality), the results of which would generate great impact within 
a 3-month period and in association with employees. The chosen tools allowed for changes 
in processes, manufacturing methods and cooperative management. After analyzing scientific 
articles and determining the company’s stage of maturity, the following tools were selected 
for implementation: (1) Management by Objectives/SMART Objectives – Each worker’s 
objectives were controlled weekly (2) KPI – A more generalized concept was transmitted to the 
entire company and its staff; (3) Daily Kaizen – besides being implemented in the production 
areas, it was also applied to cells; (4) Visual Management – reformulated to include cells; (5) 
PDCA – tool used in daily Kaizen to progress in problem solving; (6) Gemba Walk – the process 
was made to include the entire hierarchy, including the CEO; (7) 5S – introduction of the first 
3 S to enable organizing spaces;  (8) The “5 Whys”- to address the production of NCs (Non-
Conformities) which require more complex solutions; (9) Yokoten: used to disseminate actions 
taken in the “5 Whys” throughout the area of manufacture; (10) Brainstorming – working with 
cell operators to find proposals for continuous improvement.
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RESULTS AND CONCLUSIONS

After the implementation of the ten tools, the measurement of results have proven that some 
of the tools can be implemented effortlessly and rapidly. Since they are easily understood by 
workers and are managed by lean leadership tools, the operational results were highly positive, 
both in the occupancy rate of 8.5% (see Table 1) of machines, which was achieved in 3 months, 
as well as in the considerable increase of worked hours. Consequently, the relation of costs 
associated to non-quality per hours decreased significantly by 27.9% (see Table 2). 

Table 1 –Productivity Rate

Productivity Rate Average 2018 Goal for 1st Trimester 2019 
(+5%) Goal of 1st trimester 2019 

Cell 1 56.5% 61.5% 64.2% (+7.7%)
Cell 2 56.1% 61.1% 66.3% (+10.2%)

Cell 3 54.6% 59.6% 64.8% (+10.2%)

Cell 4 43.5% 48.5% 49.5% (+6.0%)

Factory Average 52.7% 57.7% 61.2% (+8.5%)

Table 2 – Costs of Non Quality (NQ)/Production Hours

Costs of NQ / 
Production Hours

Average 2018
Goal for 1st Trimester 

2019 (-10%)
Result of the 1st Trimester 

2019 

Manufacturing Area 0.61 0.55 0.44 (-27,9%)
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ABSTRACT

A systematic study on targeted drug delivery is carried out in an unsteady flow of blood infused 
with magnetic nanoparticles with an aim to understand the flow pattern and nanoparticle 
aggregation in a diseased arterial segment having stenosis. The magnetic NPs are supervised 
by magnetic field which is significant for therapeutic treatment of arterial diseases, tumor and 
cancer cells, and removing blood clots. Coupled thermal energy have also been analyzed by 
considering dissipation of energy because of the application of magnetic field and the viscosity 
of blood. Simulation technique used to solve the mathematical model is vorticity-streamfunction 
formulations in the diseased artery. An elevation in SLP (Specific loss power) is noted in the 
aortic blood stream when the agglomeration of nanoparticles is higher. This phenomenon has 
potential application in the treatment of hyperthermia. The study focuses on the lowering of 
WSS with increasing particle concentration at the downstream of the stenosis which depicts the 
vigorous flow circulation zone. This low shear stress regions prolong the residing time of the 
nanoparticles carrying drugs which soaks up the LDL deposition. 

Keywords: Magnetic nanoparticles, Blood flow, Atherosclerosis, Hyperthermia

INTRODUCTION

Targeted drug delivery is a mechanism of delivering medication to an affected organism in 
a pattern that enhances the aggregation of the medication in the targeted tissue in cellular or 
subcellular level. The medium of delivery of drugs is largely dependent on nanomedicine, 
which employs nanoparticles, loaded with drugs and targeted to specific parts of the body where 
the disease persists, thereby avoiding interaction with healthy tissue. The significance of the 
targeted drug delivery system has an aim to confine, protract and a protected drug interaction 
with the diseased tissue. The targeted release system is primarily effective for minimizing the 
frequency of the drug dosages taken by the patient and its fluctuation in drug level. This method 
acts as a therapeutic agent for a prolonged period of time to a targeted diseased area within the 
body and prevents damage to the healthy tissue due to the drug inclusion. Several scientists are 
currently interested in the targeted drug delivery system due to its benefits towards capturing 
efficiency in the target area. Magnetically controlled drug targeting is the most widely used in 
drug delivery system, which combines drugs and ferromagnetic liquids to affect the target area.

RESULTS AND CONCLUSIONS

The results from Fig. 13 show the variation of dimensionless wall shear stress (skin-friction) 
along the length of the arterial segment with varying concentration of nanoparticles in the blood 
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stream. It is observed that at the throat, wall shear stress increases and grows to a peak and 
falls sharply at the downstream of the stenosis. At the throat of the stenosis, wall shear stress 
increases with increasing concentration but the opposite trend is followed from the immediate 
downstream of the stenosis. In this figure, we have compared the shear stress with infused 
magnetic nanoparticles and no nanoparticles in the blood stream. The shear stresses in both 
cases have similar profile which shows that infusion of magnetic nanoparticles in the arteries 
does not cause any abnormalities in the flow behaviour. Moreover, the region of negative shear 
stress shows the radius of flow circulation eddies. This low shear stress regions have pathological 
significance and increasing concentration prolong the residing time of blood constituents that 
eventually flows into the arterial wall, which may cure the arterial disease.

Fig. 1 - Result
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ABSTRACT

A technique of numerical analysis of the influence of reinforcement structure on the nature of 
the dynamic response and the process of layer-by-layer destruction of fiberglass cylindrical 
shells under an axisymmetric pulse loading is elaborated.

Keywords: composite materials, cylindrical shells, strength, numerical methods, pulse loading.

INTRODUCTION

An ever-increasing application of composite materials in creating structures of modern engineering 
stipulates a considerable interest in the study of specific features of their dynamic behavior and 
strength. In particular, composite materials are rather promising for protective load-carrying 
shells of chemical and nuclear reactors, designed to preserve their serviceability both in nominal 
operating modes and in emergency situations, accompanied by a sharp increase in impacts on 
the load-bearing elements. The basic load-bearing elements of such protective structures are, as 
a rule, composite cylindrical shells. The necessity to retain the serviceability of such structures 
subjected to intense pulse loadings imposes more stringent requirements on the models and the 
methods used for determining their strength, so that the calculation models could describe the 
simulated real processes more completely and comprehensively. The above-mentioned factors 
make it possible to conclude that investigation into dynamic response and strength of the pulse-
loaded layered composite cylindrical shells based on the models describing both longitudinal 
and transverse wave processes in the composite material with a required accuracy are very 
topical. The kinematic model of deformation of a layered package is based on the non-classical 
theory of shells. An energetically consistent resolving system of the equations of the dynamics of 
composite cylindrical shells is obtained by minimizing the functional of total energy of the shell 
as a three-dimensional body. The numerical method for solving the formulated initial boundary-
value problem is based on an explicit variational-difference scheme [1].

RESULTS AND CONCLUSION

The reliability and accuracy of the method considered was verified by comparing numerical 
calculations with experimental data [2] for a single loading of a cylindrical shell with free ends 
from inside by a pressure pulse induced by the burst of an explosive charge in its geometric 
center. Specific features of destruction of the shells with various reinforcement structures can be 
traced by analyzing their deformed configurations just before their failure, which are presented 
in Figure 1.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 295

                        a)                                                            b)                                                            c)

Figure 1. Deformed configurations of shells with a circular (a), spiral (b), and combined reinforcement (c).  
The background here shows the intensity of circumferential strains.

In shells of the first type, their generatrix remained practically rectilinear, with a sharp crease in 
the central section. The shells of the second type are barrel-shaped, repeating the development 
along the generatrix of the pulse acting on the shell. The shells of the third type take a corrugated 
shape along the generatrix with a higher value of the corrugation in the central zone. It should 
be noted that the described scenario of numerical modeling of the process of layer-by-layer 
destruction of composite cylindrical shells with different reinforcement structures agrees well 
with experimental data [2].
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ABSTRACT

Numerical methods of research of processes of destruction of structures in the framework of the 
relations of mechanics of the damaged medium, enabling the analysis of behavior of structures, 
taking into account characteristics of processes of destruction, as at the initial generation stage 
and at the final stage of development of cracks. The results of the numerical study of the patterns 
of occurrence and development of cracks in a cylindrical sample with a concentrator at axial 
tension under high-temperature creep under the assumption of the viscous nature of the sample 
fracture are presented on the basis of the proposed technique.

Keywords: creep, mechanics of damaged medium, damage accumulation, fracture, stress 
concentrator, crack, finite element method.

INTRODUCTION

In the middle of the last century, the foundations of the approach of mechanics of the damaged 
medium to the description of creep and fracture processes were laid, in which a damage 
parameter was introduced, describing the state of the material from initially unbroken to 
completely destroyed (Rabotnov Yu. N., 1966; Kachanov L. M., 1974).

Modern approaches to solving structural strength problems are most widely used methods of 
linear and nonlinear fracture mechanics, engaged in the study of the final stage of destruction – 
the propagation of the main crack. Much less attention is paid to the study of the initial period 
of destruction associated with the accumulation of damage.

RESULTS AND CONCLUSIONS

In this paper, the study of the processes of elastic-viscoplastic deformation and destruction of 
structural materials is carried out on the basis of a composite hierarchical model of the damaged 
material in the framework of the relations of mechanics of the damaged medium (Kapustin S. 
A., 2015). To describe the processes of irreversible deformation of the material, a model of 
thermoplasticity with combined hardening and a flow-type thermal creep model based on the 
hypothesis of the existence of a creep surface and the gradient of the creep strain rate vector 
to it are used (Kapustin S. A., 2008). The process of origin and development of cracks in the 
structural element is modeled as follows. In the process of step-by-step solution of the problem 
in certain areas of the material structure can be born and develop damage zones, the intensity 
of which is characterized by a measure of damage ω. An increase in the measure in the physical 
node of the structure leads to a decrease in the elastic characteristics of the material and, thus, 
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to a decrease in the resistance to deformation and redistribution of stresses in the volume of 
the material. By the time the limit value is reached in the node ω=ωf, the material in the area of 
such a node ceases to resist further deformation, redistributing the previously perceived load on 
the nearest physical nodes. In the process of further development of damage destroyed are the 
following nodes. In this case, the interpolation of damage functions between adjacent destroyed 
nodes forms a line ω=ωf, which corresponds to the trajectory of the fracture under study.

With the help of the developed methodological and software, a numerical study of the patterns 
of cracks in the sample with a concentrator under axial tension at a temperature of T=850ºC. In 
Fig.1 the dependences of the crack length l on the holding time t for different levels of tensile 
stresses are presented. In the figure, the number in the graph corresponds to the considered 
variant of the load level (in MPa).

Fig. 1 - Crack length for different levels of tensile stresses

Also was obtained the dependence of the results of the calculations from the parameters of the 
FE-discretization of the sample in the center of the trajectory of the propagation of cracks. 
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ABSTRACT

A variant of the plasticity model is proposed, which allows describing the kinetics of plastic 
deformation of materials under different modes of low-cycle loading. In the model, the 
yield surface radius is represented as a function of temperature-dependent and accumulated 
plastic deformation, and the center coordinates are described by two evolutionary Armstrong-
Frederick-Kadashevich Equations (Amstrong P. J., Frederick C. O., 1966; Kadashevich Yu.I., 
1967), the first of which additionally introduced corrective material functions. Obtaining 
material functions of the model and checking its performance were carried out on the basis of 
the results of experimental study of the deformation process of a cylindrical sample under mild 
cyclic loading with control of the maximum and minimum values of forces in the cycle.

Keywords: Plasticity, soft loading, low-cycle deformation, yield surface, back stresses, 
numerical simulation, experiment.

INTRODUCTION

It was previously established (Bondar V. S., 2017) that the variants of plasticity models proposed 
in (Kapustin S. A., 2015) do not allow to correctly describe the quantitative dependence of 
the displacement and the change in the width of the plastic deformation loop on the number 
of cycles under soft cyclic loading. Other plasticity models (Chaboche J.-L., 2008; Bondar 
V. S., 2017) satisfactorily describe the displacement patterns of the plastic deformation loop. 
However, information on the possibility of describing the width of the plastic hysteresis loop 
kinetics within these models, which actually determine the cyclic component of the fracture 
energy, is practically absent.

RESULTS AND CONCLUSIONS

In the proposed version of the model, the radius of the flow surface Сp is represented as a function 
depending on the temperature T and the accumulated plastic deformation kp. Back stresses are 
the sum of two types of back stresses, described by Armstrong-Frederick-Kadashevich-type 
evolutionary equations with additionally introduced corrective material functions. For certain 
values of the correction functions from the relations of the proposed model, it is possible to 
obtain a variant of the Bondar model relations without taking into account the back stresses of 
the third type and a variant of the Chaboche model with two Armstrong-Frederick-Kadashevich 
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equations. The experiments were carried out on the Amsler HA 100 servo-hydraulic fatigue 
strength testing unit.

Obtaining the material parameters of the model and testing its performance were carried out 
on the basis of the results of an experimental study of the sample deformation process, made 
of 12X18H10T type material, with a cylindrical working part, under conditions of soft cyclic 
loading with control of the maximum and minimum forces in the cycle. In Fig. 1 shows a graph 
of the magnitude of the total deformations in the cycle h(n) versus the number of cycles n. 
The results of numerical simulation are indicated in the figure by solid lines, the experimental 
results are shown by dots.

Fig. 1 - Magnitude of the total deformations in the cycle

The results show that the proposed model allows to describe well enough the main effects of 
plastic deformation of the material under soft asymmetric loading at n<500 cycles.
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ABSTRACT

The pressures in the scientific communities will continue to motive research organizations to 
pursue research in the most efficient and cost effective manner possible. This work presents a 
methodological approach of maintenance management to apply to research laboratories. With 
this approach full service technics with core competencies in asset management, managed 
maintenance, validation and compliance services and disposition services are able to bundle 
service options to deliver higher quality at guaranteed lower costs while allowing the laboratory 
manager to focus on laboratory operations and business issues.

Keywords: maintenance management, research laboratories, quality, maintenance costs.

INTRODUCTION

A research laboratory is a place of expensive calibrated equipment, standard operating procedures, 
hazard analysis, and quality management (Kelly, 2006). Other than personnel-related costs, 
maintenance is generally the most expensive item in the laboratory operation budget. While the 
size of this of this expenditure makes it an attractive target for reduction, all laboratory managers 
recognize the limitations they face in achieving any real savings. Foregoing maintenance and 
repairs is usually not an option, they are a necessary cost of continued operation. Thus, cost 
reduction initiatives must extract operational and management efficiencies from the maintenance 
system without directly impact instrument reliability. Given the progress that has been made in 
controlling the cost of laboratory expendables and the effectiveness of the budget constraints in 
limiting discretionary expenditures improvements in maintenance management remain one of 
the few fertile areas to realize additional cost reductions through operational efficiencies.

There are three classic equipment management approaches (Oakland, 2014) that can be followed: 
Run-to-Fail (RTF), Preventive Maintenance Only (PM Only) and Full-Service Contract (FSC). 
All are valid, but it can achieve significant cost savings when it look at whether a given piece 
of equipment has been assigned the contract appropriate for its cost, criticality to the research 
at hand, age and nature of use.

Run-to-Fail is generally the most efficient approach for equipment and instruments for which 
replacement may be more cost-efficient than repair. Technically this approach does not require 
any maintenance contract at all, but it should be a conscious and structured choice nonetheless. 
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To determine which pieces fall in this category, must be setting a replacement cost ceiling. 
If the replacement cost for a particular piece of equipment is below the ceiling cost, the RTF 
approach must be use because it will be more cost efficient to replace the item than to repair 
it. Other equipment that may be a good fit for RTF include those items that are well past their 
full depreciation point (age), frequently break down, or are infrequently use, unless they serve 
a critical function when needed.

RESULTS AND CONCLUSIONS

Preventive maintenance on an item is almost always recommended by the original equipment 
manufacturer. This type of contract cover preventive maintenance does not cover labor or 
repairs when the equipment fails. PM only is generally well-suited for items with moving parts, 
liquid or gas flow, filters, or optical systems, yet not critical to day-today operations. Since 
researchers will invariably define everything as critical, the maintenance management must 
determine whether a piece of equipment is truly critical by looking at availability of an alternate 
piece of equipment, ability to generate data in another way, utilization and the cost of parts. 

A Full-Service Contract typically covers preventive maintenance as well as all demand repairs, 
including parts and labor. Sometimes chosen as an “insurance policy” it can be a viable option 
both for high critical equipment and for less critical equipment that has one or two very expensive 
parts that, if they fails, would be burdensome to replace. 

The pressures in the scientific communities will continue to motive research organizations to 
pursue research in the most efficient and cost effective manner possible. One way that this 
can be accomplished is to decrease the cost of R&D operations, including the maintenance of 
laboratory equipment and instruments. Properly categorizing the laboratory equipment support 
category as RTF, PM Only or Full Service can greatly reduce an organization’s operating costs. 
Maintenance, a fundamental element of laboratory operation, is expensive and requires tedious 
administration to function effectively. This make it a prime candidate for outsourcing to one of 
the maintenance technical services. With the correct methodology applied to each laboratory, 
full service technics with core competencies in asset management, managed maintenance, 
validation and compliance services and disposition services are able to bundle service options 
to deliver higher quality at guaranteed lower costs while allowing the laboratory manager to 
focus on laboratory operations and business issues. In addition, a complete suite of metrics and 
reports provide feedback and assurance that the system is functioning properly.   
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ABSTRACT

This work analyses in a porcine model the contributions of meniscal tissue, suture thread and 
meniscus-suture interaction to the permanent displacements generated at the repaired root after 
surgery to re-insert the posterior meniscal root using a transtibial pullout technique. Medial 
porcine menisci with a single suture applied at the posterior horn were subjected to cyclic and 
load-to-failure tests. Elongations of the different components of the meniscus-suture complex 
were determined applying photogrammetry. Results showed that after low intensity cyclic 
loading, the main contribution to permanent root displacements was due to the thread (51.2%), 
while no cutting of the suture through tissue occur at the interface. Under load-to-failure 
conditions, suture cutting started at a significantly higher load level (Suture Retention Strength, 
SRS), always before and close to the first local maximum of the load-elongation curve, and 
progressed rapidly afterwards causing the final failure of all specimens. 
Keywords: biomechanical properties, posterior meniscal root, Transtibial pull-out repair, 
permanent displacements, Suture Retention Strength.

INTRODUCTION

Transtibial root repairs are frequent as meniscal root tears become increasingly recognized. 
Development of permanent root displacements in the early post-operative period should be 
minimized (Cerminara, 2014), to re-establish proper meniscal function (Stärke, 2010). To 
improve the surgical technique, a better knowledge of the contributions to displacement of the 
different components involved in the repair is necessary. This study focus in the mechanical 
behavior of the isolated meniscus-suture complex, including the characterization of SRS at the 
posterior meniscal horn, a fundamental tissue property for surgical repair success.
Nine isolated medial porcine meniscus-suture specimens were included. Posterior horns were 
sutured with a simple stitch of ultra-resistant N.2 thread at 5mm of the inner edge. Ink marks 
located at each component identified suture thread, insertion hole and surrounding tissue (Fig. 
1(a)). Specimens were subjected to cyclic loading (1000 cycles of [10,30]N (Stärke, 2013) 
load at 0.5Hz) followed by load-to-failure test, while video-monitored with a digital camera 
(Stingray F-504B®, Allied Vision Technologies, Germany) synchronized with the testing 
machine. Photogrammetry based on a SIFT algorithm, was applied to extract normalized 
elongations of the different components from recorded images and to relate these elongations 
to force measured during the test (Fig. 1(b)). Residual displacements were computed as the 
difference in elongations at 10N, before the first cycle and after 1000 cycles.
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Fig. 1 - (a) Experimental setup. White arrows point out the ink marks on the different components. (b) Interface 
of the software Ini-cut, specifically develop to extract progression of elongations with loading from ink marks

RESULTS AND CONCLUSIONS

From cyclic test, the component that contributed the most to residual displacement was the 
thread with up to 51.20% of total residual displacement (Table 1). Tissue compaction at the 
interface contributed a 21.19%, but the suture did not cut through the tissue. 

Table 1 – Initial length ( )0 cL  and residual displacement ( ),  ∆res c  from cyclic tests

Insertion hole Suture thread Meniscal tissue TOTAL
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

0  cL  (mm) 1.67 (0.51) 40.64 (5.63) 6.63 (1.45) 48.93 (5.31)

, ∆res c (mm) 0.37 (0.25) 1.14 (0.70) 0.50 (0.35) 2.01 (0.90)

, % ∆res c 21.19 (12.48) 51.20 (18.90) 27.61 (15.74)

In load-to-failure, evolution of elongations showed a slope change at the same instant for all 
components (Fig. 2), coincident with the initiation of suture cutting through tissue in the images 
which occurred always close but before the first local maximum of the load-elongation curve 
(Fig. 2), at mean displacement of 3.2 mm and a mean load (SRS) of 97.5 N, a 10.2% lower 
than ultimate failure load (UFL). Once cut initiated, unpredictable permanent displacements 
generated, reaching a mean value of  6.9 mm at a UFL of 109.2N

Fig. 1 – Mean curves from load-to-failure tests. Vertical lines mark tissue cut initiation.

In conclusion, suture thread contributes the most to permanent root displacements of the 
meniscus-suture complex in a porcine model under low intensity cyclic loading, and no cutting 
of the tissue occurs until SRS values of much higher intensity, after which cut progress rapidly.
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ABSTRACT

In XX century, in USA, LASER cladding process emerged with the purpose of improving 
the characteristics of metallic components’ surfaces, mainly regarding the corrosion and wear 
resistance. 

LASER cladding as an additive manufacturing process was developed, at the end of XX 
century, and allowed the manufacturing of complex components and tools in a short time. 
So, nowadays, LASER cladding technology includes various technological areas, namely the 
LASER technology, computer assisted production, robotic, automation, powder metallurgy, 
etc. Most of the scientific publications about LASER cladding applications refer mainly its use 
in materials from aerospace, medical and automotive industries.

In this work, an historical approach of LASER Cladding as additive manufacturing technique is 
presented, followed by a description of the principles of the LASER cladding and will end with 
a state of the art about the develop of new metallic alloys, in last years. 

Keywords: LASER Cladding, Additive Manufacturing, Metallic alloys, innovation.

INTRODUCTION

LASER cladding technology was patented by Daniel S. Gnanamuthu in 4th of December of 
1976, in the USA. 

In the 1980s, LASER cladding has started to arouse industry’s attention, having been identified 
as a process that presents great advantages in improving the corrosion and wear resistance of 
coatings over the conventional processes. The first report of its use in industry occurred in 
1981, at Rolls Royce, in the coating of turbine blades components made by Nimonic that would 
be used in RB-211 jet engine, having its utilization extended to the leading companies in the 
engine production sector at that time. In the automotive industry, LASER cladding has also 
started to be applied in the engine valve coating as in the case of Fiat, Toyota and Mercedes-
Benz (Gäbler, 2016). 

In the last decade of the XX century, a large number of rapid prototyping and layered 
manufacturing methods of three-dimensional structures, that already used the principles of the 
cladding process, were introduced and patented, doing now part of the commercial available 
solutions (Toyerkani, 2005), (Sarin, 2014).
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RESULTS AND CONCLUSIONS

According to Birger et al. (Birger, 2011), in LASER cladding area a large number of studies 
have been published related with the investigation of the application of different cladding 
mixtures in relation to the base materials on which they are applied, being one of the studied 
mixtures the nickel-base mixtures applied as powder mixtures for coating by LASER cladding. 
LASER cladding of magnesium alloys become a new area of interest in terms of research and, 
in the review article elaborated by Liu et al. (Liu, 2017), various studies are mentioned about 
the LASER cladding on magnesium alloys (working as substrate), as the case of studies that 
approach the optimization of the process parameters to this kind of alloys (LASER power, 
scanning velocity, beam focal position, feeding method, etc.) and the selection of the cladding 
materials that are going to be deposited on the substrate of magnesium alloys. These alloys are 
presented as one of the most promising lightweight structural materials and hence the interest 
in their improvement for other applications beyond those already recognized. As examples of 
some promising alloys that are also being studied, with published documentation, by Additive 
Manufacturing LASER cladding technique, are titanium alloys, more specifically the Ti-Ta, 
alloys (Morgado, 2015), (Valente, 2017), (Valente, 2019).

It is concluded that the Additive Manufacturing LASER cladding is a technology with great 
potentiality, in the development of new alloys and in the improvement of well-known alloys 
and, as well as, manufacturing process. It is a quick and precise process, whose operational 
parameters include the LASER power, scanning velocity, beam focal position, feeding 
method, just to name some. This is, the LASER cladding depends on the material (substrate 
and cladding material) and on the LASER cladding equipment characteristics (LASER, 2/3 
axis table, powder feeder, nozzle, etc.) and consequently on the control of its operational 
parameters. 
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ABSTRACT

The report presents the technical results of a survey carried out by the Directorate General 
for Railway and Maritime Investigations (DiGIFeMa). An investigation report was drafted in 
compliance with Legislative Decree n. 162/2007, identifying the technical causes, which have 
generated railway accidents and incidents and formulating specific recommendations, aimed at 
the continuous improvement of safety in rail transport. An extract from the official document 
published by the Ministry of Infrastructure and Transport is presented. The survey highlighted 
the importance of thermo-mechanical control procedures, interested in mechanical rotational 
devices (axles bushings) of railway vehicles. The results of the investigation proposed a 
monitoring procedure to be able to fallow the evolution speed of a mechanical fault, in addition 
to the usually comparison methodologies based on exceeding critical values.
Keywords: railway, vehicle, safety, monitoring.

INTRODUCTION

DiGIFeMa, the Investigative Body of the Ministry of Infrastructure and Transport, carries out 
technical-regulatory analysis on railway and maritime accidents, acting on the basis of Legislative 
Decree 10 August 2007, n. 162 [1] and of Legislative Decree 6 September 2011, n. 165. The first 
document implemented Directive 2004/49/EC on the safety of the Community Railways [2] and 
the second transposed Directive 2009/18/EC on the safety of maritime transport. In this context, 
DiGIFeMa has analysed and published in an Investigation Report [3] the studies related to a 
railway derailment that occurred in 2017, which involved an HS train (Fig. 1) used to transport 
passengers on a High-Speed line belonging to the National Railway Network.

Wheelset with broken axle: 

Overtemperature of 

Train running direction 

Fig. 1 – Side view of the rolling stock used for High-Speed passenger transport Italian National Railway 
Network: A, G: motorized driving cab; B, F: motorized passengers’ car; C: trailing restaurant car; D, E: trailing 

passengers’ cars (Source: [3])

The survey allowed to define all various stages of development of the event and to hypothesize 
technical problems. In particularly data analysis has highlighted that some faults in rotational 
devices (i.e.: wheelset bushings) of railway vehicles can assume different meaning if analysed 
from an evolution velocity point of view. This way to manage safety in railway operations 
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could be connected to the monitoring methodology that Infrastructure Managers and Railway 
Undertaking usually follow: comparing actual single values with critical limits, both measured 
by wayside devices (RTB, Figgs. 2 and 3) and by on onboard devices.

Fig. 2 – Train wheelsets left and right bushing temperature measured by wayside devices fixed along the railway 
HS line (Source: [3])

Fig. 3 – Train wheelsets left-right bushings difference temperature measured by wayside devices fixed along the 
railway HS line (Source: [3])

RESULTS AND CONCLUSIONS

The analysis of the survey evidences has identified the breaking of the wheelset axle as a 
direct cause of train derailment. During the journey on HS line, rolling of wheelset has become 
kinematically non-compliant due to the overtemperature of wheelset bushing bearings, as 
shown by the continuous rise in temperature, detected by the measurements of the wayside 
thermal monitoring devices. The DiGIFeMa Investigation Report proposed an interesting way 
to increase the railway running safety, based on a monitoring of the evolution rate (temporal 
thermal gradient) of the overheating phenomenon. This method could be combined with the 
existent ones applied on trains and on wayside, suggesting a “predictive” type of safety-related 
monitoring process. 
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ABSTRACT

This work presents a new idea to measure the water temperature by ultrasound, where the 
acoustic resonance among the reflection plate, thin film and the water is utilized. The acoustic 
impedance of the water is temperature dependant, and related with this, the reflection coefficient 
at the plate/film/water interface shows the temperature dependency. The change in the reflection 
coefficient against the water temperature was examined, and the results are reported.

Keywords: ultrasound, acoustic resonance, reflection coefficient, water temperature.

INTRODUCTION

Measuring the temperature of liquid or gas contained in the pipe and vessel is required in many 
cases of application. Generally, the temperature of the object is measured by the thermocouple, 
and it requires the direct contact to the object. Therefore, the thermocouple should be placed inside 
the pipe and vessel for the above-mentioned purpose. On the other hand, infrared thermography 
can measure the temperature of the object in non-contact manner, but it is hardly to measure the 
temperature at the hidden location. So far, the acoustic resonance (Brekhovskikh, 1960), which 
occurs when sound passes through thin layer, is widely used to characterize the layered media. 
In our previous study, the acoustic properties of a polymer film were accurately measured by 
observing the acoustic resonance, which occurs at the reflection plate/film/outer environment 
interface (Tohmyoh, 2015). Though this study, we noticed that the reflection coefficient at the 
interface sensitively changes depending on the acoustic impedance of the outer environment.

Based on our findings, this presentation aimed to verify the possibility to measure the water 
temperature utilizing the acoustic resonance (Tohmyoh, 2019). The sound velocity and density 
of liquid and gas change against the temperature, and therefore, the acoustic impedance of 
them, which is given by the product of the sound velocity by the density, shows the temperature 
dependency (Del Grosso, 1972). When the acoustic impedance of water changes, the reflection 
coefficient at the reflection plate/film/water interface changes. With use of this, this presentation 
tried to monitor the change in the water temperature.

RESULTS AND CONCLUSIONS

Schematic of the experimental setup is shown in Figs. 1(a) and (b). Ultrasound emitted by an 
ultrasonic transducer was reflected at the back of the reflection plate, and received by the same 
transducer [Fig. 1(a)]. The amplitude spectrum, which was obtained by the frequency analysis 
of the received signal, is denoted as φ0. Similarly, the amplitude spectrum of the echo reflected 
at the plate/film/water interface [Fig. 1(b)], is denoted as φ1. The reflection plate was 0.3 mm 
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thick Si plate, and a photoresist was used as thin film. In this study, φ0 was obtained at the water 
temperature T = 25.7oC. Behaviors of φ1 for various values of T were recorded, and the ratio  
γ (= φ1 / φ0) were determined.

Fig. 1 - Two models for ultrasonic transmission in case of (a) without and (b) with thin film at the back of the 
reflection plate. (c) Examples of the amplitude ratio. (d) T vs. ΓR. Reprinted with permission from Tohmyoh and 

Terashima. Copyright 2019 ASME.

Examples of γ for T = 9.0, 18.3 and 30.1oC are shown in Fig. 1(c) against the frequency f. 
Cleary, the values of γ take their minimum values, γR, at around 75 MHz. Form the magnified 
view around 75 MHz, γR is found to decrease with decrease in T. Relationship between T and 
the normalized value ΓR, (= γR / γR

0) is shown in Fig. 1(d), where γR
0 is γR at T = 25.7oC, and good 

correlation between them can be seen. With use of this relationship, we monitor the change in 
the water temperature, and the results will be discussed in the presentation.
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ABSTRACT

An analytical analysis is presented for a dynamic behavior of a flexible beam falling on a rigid 
surface. The analysis aims to describe multiple collisions of the beam with the surface (multiple 
contacts during event which the eyes observed like one impact) and clattering (subsequent 
impacts of opposite ends of the beam). Bernoulli-Euler theory is applied to describe a motion of 
the beam. It is assumed that a contact of the beam with the surface is carried through end points 
of the beam. The contact is simulated by linear springs. The whole process of the beam falling is 
divided into simple regimes: no contact with the surface; one contact point; two contact points. 
For each regime the solution is represented by a sum of eigenmodes. The complete solution has 
the form of sequence of the regimes. The developed approach allows us to evaluate trajectory 
and process time, bending modes, relative stresses and contact force from the beam-surface 
contact. The modeling could be performed for arbitrary orientation and initial velocities (both 
translational and rotational) of the beam.

Keywords: clattering, multiple collisions, impact, flexible beam.

INTRODUCTION

The problem of an impact between a rigid beam and a rigid surface has been subject to a great 
deal of research starting in 1895 by Painleve (Painleve, 1895) (see the review paper (Stewart, 
2000) regarding this problem with a list of references therein), but clattering of the rigid beam 
which contacts the rigid surface were analyzed for a first time by Goyal et al. in 1998 (Goyal, 
1998). This research allowed to find that when rigid beam is dropped onto the ground at a small 
angle, a velocity increase during the second impact might be two times of the first impact. It 
means that the second impact might be more dangerous than the first one, as an associated 
contact force might be greater. Later this model was modified in several ways to describe various 
effects. In work (Quercetti, 2002) analytical analysis of rigid beam clattering is performed for 
large impact angles. Comparison of analytical solution (discrete contact impact) with numerical 
(continuous contact impact) for falling rigid beam given in work (Shana, 2006). Numerical 
analysis of falling rigid beam with transversely attached harmonic oscillator is performed in 
(Baranyai, 2018).

In the current work we abandon an assumption of an absolutely rigid beam and consider clattering 
of a flexible beam. We estimated effects of a bending stiffness, mass, internal damping, contact 
stiffness and initial conditions to the dynamic response of the beam. Possible application of the 
model includes but not limited to a free fall event of a flexible object or a system or a device. 
The approach can also be used to design and evaluate for a shock absorbing system.
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RESULTS AND CONCLUSIONS

The developed approach in an extreme case (assuming beam stiffness close to an infinitely rigid 
beam) agrees with the precursor model of a rigid rod (by Goyal et al.). In addition to that by 
considering a flexibility of the beam we were able to reveal and describe the following features 
of a drop event:

1. Bending deformation during clattering process. Which might be important for many 
applications such as reliability analysis, as large deformation may lead to damage.

2. It is shown that motion of the beam as rigid body co-aligned directionally with a flexural 
vibration may increase contact force. Opposite direction of the rigid motion and the flexural 
vibration instead lead to a decrease in the contact force. Thus, contact force associated with 
a second impact could be more than two times higher than the one for a first contact (as it is 
predicted by a rigid beam model).

3. The approach allowed us to evaluate duration of the contact during the beam clattering. The 
contact time is equally important parameter for the applications (for instance for reliability 
assessment) as the magnitude of the force. 

4. Mason et al. in paper (Mason, 1935) showed that the impact that appear to be single to the 
naked eye may consists in reality of several collisions in rapid sequence. The number of 
multiple collisions depends on flexural rigidity and contact stiffness. The developed flexible 
beam model allowed us to explore this phenomenon as well.

The developed approach can be used as a general guideline in optimization process of products 
and equipment: the model allows to estimate flexural rigidity and contact stiffness to fulfill 
reliability requirements for the shock protection during drop.
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ABSTRACT

The paper deals with the influence of engine temperature and its operating fluids on the production 
of individual components of exhaust emissions. The experiments were performed for non-
stationary modes according to EHK96 regulation - the so-called NRTC test. The concentrations 
of measured concentrations in the form of cumulative error are compared in the text.

Keywords: exhaust gas, nonstationary test, diesel engine, NRTC.

INTRODUCTION

The exhaust emission approval process of any vehicle or machine consists of a series of tests 
defined by legislation. Passenger and light commercial vehicles or motorcycles are tested as 
a whole. This is based on methodology and methods of testing. The situation is different for 
heavy-duty vehicles and non-road machines. [1] Individual components or internal combustion 
engines are tested as a single unit, so that other test procedures apply. In the second step, only 
the correct installation in the vehicle or machine is verified. 

In the first step, it is therefore necessary to focus only on the internal combustion engine 
and several types of tests are required for its approval. The engine shall be tested separately, 
connected to a dynamometer test equipment capable of simulating the load. [2] The test cycle 
is dependent on the category and the determination of the engine. It is either a stationary NRSC 
test or a transient NRTC. [3]

The NRTC test (shown in Figure 1) is a 1238 seconds long transient driving cycle for mobile 
nonroad diesel engines developed by the US EPA in cooperation with the authorities in the 
European Union (EU). The test is used internationally for emission certification/type approval 
of nonroad engines. NRTC testing is required by a number of emission standards for nonroad 
engines, including the EU Stage III/IV regulation, the US EPA Tier 4 rule and Japanese 2011/13 
regulations.

The NRTC is run twice, with a cold and a hot start, with a 20-minute soak period between the 
tests. The cold start weighting factors are 10% in the EU and 5% in the United States for the 
calculation of specific gaseous and particulate pollutants (expressed in g/kWh). 
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Fig. 1 - Engine speed and torque profile of the non-road NRTC composite transient cycle [3]

RESULTS AND CONCLUSIONS

Tested engine was installed at a test facility at the Department of Vehicles and Engines at 
Technical University of Liberec. The test station is equipped with a AC dynamometer ASD 
235 M250. The dynamometer is controlled by the CMS control system under the Windows 
operating system, which allows the engine to operate according to a programmed test mode 
with electronic data collection of all standard engine operating variables. Special measuring 
equipment - Horiba Mexa-One (for gaseous exhaust emissions) was used for measurement.
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ABSTRACT

This contribution presents the results of different elastohydrodynamic numerical simulations 
performed for the tribological analysis of the conrod small-end/piston pin coupling of a high 
performance internal combustion engine. In particular, both cavitation phenomenon and direct 
asperity contact occurrence are taken into consideration. Suitable damage indexes are proposed 
and employed to quantify the risk of cavitation damage and wear damage of the contacting 
surfaces. Comparisons versus experimental evidences registered during severe bench tests 
performed at an early stage of the design process of the engine are presented.
Keywords: conrod small-end, piston pin, lubrication, cavitation, asperity contact, wear, 
elastohydrodynamics.

INTRODUCTION

Lubricated contacts represent one of the main responsible of friction losses in internal combustion 
engines and they directly contribute to the definition of the engine efficiency. As a consequence, 
the development and the adoption of numerical methodologies for the analysis of lubricated 
couplings represents a pivotal aspect engine designers have to deal with.
In particular, the conrod small-end bearing is one of the most critical engine parts from a 
tribological point of view. The dominant effect for the lubrication of the conrod small-end is the 
film squeeze caused by the alternating combustion/inertial loads, while sliding hydrodynamic 
effects are usually negligible.
In high loaded applications, severe wear of the conrod small-end due direct asperity contact is 
usually present and it can affect the component reliability. A suitable Direct Contact Damage 
Index (DCDI), based on the maximum direct asperity contact pressure value is proposed and 
compared with experimental damage evidences:

                                       (1)

where pa is the asperity contact pressure and j is the node index.

At the same time, the phenomenon of the damage caused by the onset and subsequent collapse 
of cavitation bubbles within the lubricant fluid film is analysed in detail. Despite the fact that 
a universally accepted theory does not exist, it is widely accepted that the cavitation damage 
occurs due to the rapid and violent collapse of the vapour bubbles in proximity of a solid 
boundary. In this contribution, a Cavitation Damage Index (CDI) is proposed, based on the bubble 
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dimension evaluated just before the film reformation. In particular, considering that the bubble 
dimension is proportional to the void fraction and to the oil film height, the CDI can be defined as:

                                

                         (2)

where r is the void fraction, h is the film thickness, Δt is the simulation time step, i is the time 
index and j is the node index.

RESULTS AND CONCLUSIONS

Figure 1 compares numerical results obtained in terms of DCDI with wear damage experimental 
evidences registered during severe bench tests of the engine. A perfect match is detected between 
numerical and experimental results.

Fig. 1 – Direct Contact Damage Index (DCDI): comparison versus experimental evidences.

Figure 2 compares numerical results obtained in terms of CDI with cavitation damage 
experimental evidences registered during severe bench tests of the engine. Again, a good match 
is detected between numerical and experimental results.

Fig. 2 – Cavitation Damage Index (CDI): comparison versus experimental evidences.
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ABSTRACT

The need to have biocompatible, biodegradable and osteoconductive implants for bone tissue 
applications has long emerged. Magnesium-based implants would seem to be able to meet these 
needs. Furthermore, they would only be temporarily necessary to guarantee mechanical support 
during tissue healing. The metal implants, currently in use, also have the major drawback of 
having to be removed by a second intervention. Repetition of the operation increases morbility 
and health costs, therefore the use of biodegradable metal implants, with good biocompatibility 
and adequate degradation rate, would make it possible to overcome the limits of conventional 
metal biomaterials and remove the second surgical intervention.

Keywords: Mg-based implants, Rib-fixator prosthesis, Corrosion rate, Strength, Load bearing, 
Tissue regeneration.

INTRODUCTION

Ribcage works as a perfect system conjugating resistance and flexibility. In the case of violent 
trauma involving more than one rib the ribcage can lose its integrity and this event can cause 
paradox movements during ventilation originating a serious problem physiologic called “flail 
chest”. Ribs take at least 20 days for fracture repair and a system of fixation would be desirable 
during this period.

This is normally what can be done in all bone fracture but ribcage should be kept always mobile 
in order to allow breathing movements and cough, which are both vital functions [1]. Therefore 
a classic fixation system like plaster or external tutors cannot be feasible.

The problem is to find a system of fixation easy, flexible, atraumatic (thus respective of the 
intercostal nerve and intercostal artery, which flow underneath the inferior edge of the rib) and 
hopefully resorbable within a one-two months time [2]. This has represented a real challenge 
throughout the history of the traumatology and effective solutions have not yet been found.

In order to guarantee their healing, the broken bones must be firmly stabilized to avoid 
any slightest movement; furthermore any type of implant must be highly biocompatible to 
avoid inflammatory processes that hinder bone reconstruction. These requests are satisfied 
by prostheses made of stainless steel or titanium, however, in most cases, those implants are 
removed after a certain time to avoid bone degradation [3]. To reduce side effects it would be 
essential to have implants with mechanical bone-like characteristics, self-degradation and good 
adhesion to the bone tissue itself. In Table 1 the properties of the most studied materials for 
biodegradable plants are reported.
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Table 1. Degradable Implants Materials. Basic Properties

Implant
Materials

Degradation
Speed

Physical and Corrosion
Characteristics

Biological
Effects Ref.

Organic Polymers Adjustable

Flexible
Weak for load-bearing

Implant swelling
X-rays transparent

Inflammatory acidic 
hydrolysis products (4)

Steel Inert Strong
Suitable for load-bearing Non-inflammatory (5)

Titanium Inert Strong
Suitable for load-bearing Non-inflammatory (5)

Iron - based Very slow Strong but irregular 
corrosion characteristics

Inflammatory iron 
hydroxide particles (6)

Zinc-based Slow Suboptimal strength Non-inflammatory (7)

Magnesium-based Rapid
Sufficient strength alloys
Irregular pitting corrosion
Corrosion coat formation

Non-inflammatory
Bone friendly surface 

oxide layer
(8)

EXPERIMENTAL ANALYSIS

As emerges from the previous discussion, metallic alloys are extensively studied, in particular 
for orthopaedic applications. Among biodegradable metals, used in temporary implants for 
supporting tissue regeneration and healing, Fe, Mg and Zn alloys exhibit the best biocompatibility 
characteristics. However, some problems arise in vivo applications. 

Corrosion products of Fe alloys accumulates and are not either metabolized or excreted at 
an appreciable rate, Zn alloys have relatively low mechanical properties while Mg alloys 
exhibit accelerate corrosion rate with hydrogen release leading to premature loss of mechanical 
prosthesis integrity and, in extreme conditions, gas embolism. On the other hand excessive 
magnesium corrosion may lead to a build-up of pressure in bone-enclosed cavities and may, 
therefore, stimulate bone growth in appropriate setups [9].

Fig. 1 - Design of the rib implant: a) side view; b) top view. (1 – implant plate, 2 – bio-adhesive glue, 3 – organic 
tissues, 4 – rib bone)

The promising results obtained so far suggest a bright future for biodegradable Mg-based 
orthopaedic implants. Given the increasing interest on this emerging biomaterials and intense 
effort to improve its properties for various clinical applications, in this work we will present our 
studies relative to new rib-fixator prosthesis.

Some Mg-based preliminary prostheses were realized and characterized in terms of: i) structure; 
ii) mechanical properties; iii) cohesion between the bio-adhesive, which connects the organic 
tissue underlying the prosthesis. In Fig. 1 a schematic view of the rib implant is reported. 
A rectangular plate of small thickness characterizes the rib implant in Fig. 1, with a flexural 
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joint in the middle that will permit the plate inflection, following the rib movement during the 
breathing of a patient.

The rectangular plate is designed with proper size as for connecting the segment of a broken rib 
and facilitating the installation with a bio-glue through a minimal invasive surgery. In addition, 
its geometry is useful for a fair manufacturing using magnesium alloy. The problem of rib 
implants is studied for design purposes also by using experimental investigations like in [10,11] 
to search for new solutions that better fit with the biomechanics of the ribcage.
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ABSTRACT

Over the past years, a great amount of research has been focused on the development of 
biomedical devices, benefiting from the advances in technologies (i.e., additive manufacturing) 
and design methods. The aim of the current research was to provide a further insight into the 
development of biomedical devices with tailored functional properties.

Keywords: generative design, design for additive manufacturing, metal devices, biomedical 
applications.

INTRODUCTION

Over the past years, great efforts have been made to design advanced systems as well as to 
develop surface modification strategies, thus enhancing the interaction between the devices and 
the surrounding tissues.

With regard to metal manufacturing, the relationship among microstructure, process parameters 
and mechanical properties is crucial in different areas (i.e., casting, sintering, welding, plastic 
forming) and usually involves traditional and advanced fabrication methods (Zhu et al., 2018; 
Fiorese et al., 2018; Geon et al., 2018).

Biomedical devices must possess mechanical and functional properties to satisfy specific 
requirements.

Metals like titanium and its alloys have been widely studied for biomedical applications. 
Specifically, titanium alloys are usually considered to fabricate dental and orthopedic devices, 
taking into account their excellent biocompatibility, high strength and good corrosion resistance. 
Interbody fusion devices for spinal applications, total hip replacements, bone screws and nails, 
parts of artificial heart valves have been developed using titanium alloys (Zhu et al., 2018; 
Fiorese et al., 2018; Geon et al., 2018; Deing et al., 2014).

The design of biomedical metal devices with desired properties clearly requires the control of 
the process–structure–property relationship for a material.

Conceptual designs and theoretical/experimental analyses have been used to assess the influence 
of geometry and material properties.

In this context, the possibility to design implants and scaffolds for tissue regeneration in the 
form of porous structures and lattices has been widely investigated. In brief, with regard to 
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the design of 3D lattice structures, a “unit cell” may be adopted and a volume based on it 
may be built up. However, many methods are employed to develop 3D periodic structures, 
involving topology optimization and issues related to the implementation of different theories 
(i.e., homogenization).

Stress shielding effects, which are related to great mismatch between the elastic modulus of the 
implants and surrounding structures, generally cause bone atrophy and implant loosening.

Anyway, it is also well known that stress distributions are related to stiffness, which depends on 
shape and size as well as on an intrinsic mechanical property of the material (i.e., the Young’s 
modulus). 

The aim of the current research was to provide a further approach in the development of 
engineered devices with tailored functional properties for biomedical applications, benefiting 
from the advances in technologies (i.e., additive manufacturing) and design methods. 

RESULTS AND CONCLUSIONS

3D additively manufactured lattice structures were fabricated, starting from conceptual designs 
of porous devices with specific shapes and consisting of materials (i.e., cobalt-chromium, 
titanium and its alloys) with different Young’s modulus.

A computer-aided design (CAD) based approach was used to develop many kinds of structures 
with controlled morphology. Different cell units were designed varying pore size and strut 
diameter. SolidWorks® 2017 (Dassault Systemes, Paris, France) CAD system was used to 
perform the operations.

The design of porous devices was performed for the reduction of the implant stiffness in order to 
overcome the drawbacks (i.e., stress shielding effects, bone atrophy, implant loosening) related 
to the use of materials with Young’s moduli which are higher than those of natural tissues. 

Topology optimization was also considered to define the optimal distribution of the material 
within the design domain, however satisfying the design constraints.

Results from theoretical/experimental analyses suggested that it is always possible to tailor the 
mechanical performance of porous devices, by properly varying the architectural features as 
well as the material–shape combination. 
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ABSTRACT

Fracture of a v-notched brittle plate with a median crack is studied. The notch is statically 
loaded by pressure that simulates contact pressure, or by displacement of the notch sides that 
simulates loading by a rigid wedge. Non-monotonous dependence of  stress intensity factor 
(SIF) on the crack length and monotonous decrease are demonstrated in dependence on the 
loading type. The  consequences of such behaviours are discussed and the influence of the plate 
thickness are examined.

Keywords: fracture mechanics, finite element analysis, v-notch, stress intensity factor, median 
crack, thin plate, brittle failure

INTRODUCTION

We study brittle fracture of a plate with a v-shaped notch with a crack at its vertex. At present, the 
methods used for the solution of the problems of fracture mechanics for cracked bodies are well 
developed. There are analytical solutions available for various brittle structures with different 
crack and loading scenarios. For example, a handbook for stress analysis of cracks (Hiroshi 
Tada, 2000) offers solutions for more than 200 fracture problems. The fracture problem of 
solids with a crack emanating from a vertex of a v-notch was studied in more details in number 
of works (e.g. Kazberuk, 2009; Savruk, 2010). The distinctive feature of those works is that the 
applied load is a tensile stress applied to the entire structure or point force applied to crack face.

In our work we focus on a pressure loading which is distributed over the notch surfaces and a 
prescribed displacement of the notch sides. Such loading scheme represents various types of 
contact loading of a v-notch. With the use of finite element numerical calculations, we examine 
how the plate thickness and loading type affect the dependence of the stress intensity factor 
(SIF) on the crack length. We demonstrate non-monotony dependence of SIF in the case of 
loading by pressure related with interconnection between the crack and rear surface. In the case 
of fixed displacement of the notch sides monotonous decrease of SIF is observed. We discuss 
the sources and consequences of such behaviors.

RESULTS AND CONCLUSIONS

The results of numerical simulations of the system of a v-notch and an associated underlying 
crack for the case of notch loading by pressure are shown in Fig. 1. The dependencies of SIF 
(y-axis) on the crack length (x-axis) are shown at various thicknesses of the plate. Three regimes 
are observed in this case. SIF decreases if the crack length increases at relatively small crack 
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lengths. Then, after passing through the minimum which corresponds to the transient mode, SIF 
increases as the crack tip approaches to the rear surface of the plate. Crack length at which the 
dependence mode changes depend on the plate thickness. Such a behaviour may be explained 
by changing the crack loading: initially at small lengths we have a crack loaded by the forces 
induced by pressure at the notch sides. If the length increases, a couple produced by these forces 
begin to prevail. Such a behaviour is consistent with corresponding analytical formulas for 
loading by forces or the couple (Hiroshi Tada, 2000). If displacement of the notch sides is given 
then SIF decreases if the crack length increases.

Fig. 1 – Stress intensity factor as a function of crack length for a number of plate thicknesses

A crack is stable if its length corresponds to the falling branch of the SIF dependence, even 
the crack is critical i.e. Irvin’s or Griffith’s criteria is satisfied. On the other hand the instability 
followed by fracture will take place if the crack is made somehow of the length which corresponds 
to the increasing branch for given notch, pressure and plate thickness.

The developed approach demonstrates the role of the plate thickness in fracture. It may allow 
us to explore various crack growth scenarios at various notches, loadings, including internal 
stresses, and material properties.
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ABSTRACT 

Additive Manufacturing (AM) technologies, such as Laser-based Powder Bed Fusion (LPBF), 
are one of the most promising processing routes, allowing the production of very complex 
shaped components. In case of aluminium components produced by LPBF a consistent weight 
reduction can be achieved fulfilling the needs of the automotive industry for fuel efficiency and 
emission reduction. However, in order to obtain high quality components, process and heat 
treatment conditions need a proper optimization, based on the peculiar microstructure resulting 
from LPBF. The aim of the present work is to identify the optimized process parameters for the 
production of AlSi7Mg0.6 alloy by LPBF.

Keywords: Additive Manufacturing, Laser Based Powder Bed Fusion, Aluminum alloy, 
AlSi7Mg

INTRODUCTION 

Al-Si-Mg alloys are the most widely used casting alloys for the production of complex 
automotive components due to their high strength to weight ratio and excellent castability. 
Their mechanical properties directly depend on the microstructural features and solidification 
defects typical of the casting process (i.e. gas porosities, shrinkage cavities, oxide films, coarse 
SDAS) [1]. Artificial aging treatment (T6 condition) is typically applied to improve their 
mechanical strength, by precipitation of fine intermetallic compounds. Recently, the promising 
and innovative Additive Manufacturing (AM) technologies have been also applied to aluminum 
alloys, allowing to overcome some of the limits of the conventional processing routes. Indeed, 
the component can be built in freeform and, by adopting a topology optimization, very complex 
and ingenious design can be developed, adding material only where needed thus bringing to a 
further increase of the stiffness and strength to weight ratio [2]. In this view, the most promising 
AM technology is the Laser-based Powder Bed Fusion (LPBF), in which fine metallic spherical 
particles are processed, layer by layer, and melted with the aid of a laser beam. LPBF is a 
complex technology and the process parameters need a careful optimization in order to obtain 
high-density parts with a defect-free microstructure. 

In view of the above, the present work aimed at defining the best process parameters for the 
production of high-density samples made of AlSi7Mg0.6 alloy produced by LPBF. Assessment 
of the quality of the produced samples was preliminary fulfilled by density and hardness 
measurements, then microstructure control was carried out by metallographic analyses using 
optical, scanning electron microscopy and X-ray diffraction.
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EXPERIMENTAL PROCEDURE AND RESULTS

Process optimization aims to obtain full-density and defect free components and, in this view, 
a wide range of energy density values, resulting from different process parameters, were 
considered. As shown in Figure 1, by increasing the energy density, the density of samples 
increases accordingly. At high energy density correspond high values of laser power and low 
scanning velocities. 

Figure 1: Density of LPBF samples as a function of applied energy density

The microstructure resulting from LPBF is very peculiar: due to the rapid solidification, a 
metastable microstructure with a sub-micron sized cellular grain is formed. An example of the 
microstructure, at low and high magnification, is given in Fig.2. 

Figure 2: Representative microstructure of AlSi7Mg0.6 LPBF samples: a) optical micrograph at low 
magnification and b) scanning electron micrograph at high magnification

By reason of the peculiar microstructure, in the as-built condition near-full-density samples 
exhibit higher hardness than as-cast reference value and close to the heat-treated one, as shown 
in Table 1. After a period of about 1 month of natural aging, the hardness slightly increased.

Table 1: Hardness of LPBF A357 samples, compared to reference values for as-cast components

A357 LPBF as-built A357 LPBF + natural aging A357 as-cast A357 cast + T6
HB10 103.9 ± 1.95 105.3 ± 1.69 50-60 95-120 

The study allowed to identify the best process conditions to use for the production of AlSi7Mg0.6 
components by LPBF and an assessment of the heat treatment conditions was carried out.
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ABSTRACT

The present work provides a first overview of a wide experimental campaign recently carried out 
at the Topography and Structural Engineering Labs and at the Metallurgy Lab of the University 
of Bologna. The research aims at characterizing the microstructure and mechanical behaviour 
of 308LSi stainless steel plates produced by wire-and-arc additive manufacturing (WAAM) for 
structural engineering applications. 

Keywords: Additive Manufacturing, Stainless Steel, Wire and Arc Additive Manufacturing, 
Microstructure, Mechanical behaviour.

INTRODUCTION

Additive Manufacturing (AM) technologies enable the fabrication of 3D complex parts by 
adding material, layer by layer, instead of subtracting it. Several AM processes can be used 
for a wide range of materials and for several applications. Among these, Wire Arc Additive 
Manufacturing (WAAM), allows the fabrication of metallic parts by melting a wire, with the 
aid of an electric arc, and depositing the melted material. Both the torch and the wire feedstock 
are computer-guided, so they can follow the designed path to build the component. Unlike other 
AM processes, WAAM does not require a closed chamber or a vacuum atmosphere to operate 
and it allows to work with high deposition rates (1-10 kg/hr) [1,2]. For these reasons, WAAM is 
a particularly appealing technology in the field of civil engineering for the fabrication of large 
structures [3]. Very recently, MX3D (NL) presented the first metal 3D-printed footbridge, to be 
mounted in Amsterdam city center by 2020, at the Dutch Design Week held in October 2018 in 
Eindhoven [4]. However, like all AM technologies, WAAM parts exhibit typical issues related 
to the process, such as residual stresses, distortions, poor surface quality, porosity, anisotropy. 
Therefore, in-depth microstructural and mechanical characterization has to be carried out, in 
order to highlight the actual potential of WAAM. 

In the present work, 308LSi austenitic stainless steel plates produced by WAAM, with or without 
active cooling system, were characterized by tensile tests, microstructural and fractographic 
analyses, taking into account different samples orientations, longitudinal and transversal respect 
to the building direction.
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RESULTS AND CONCLUSIONS

Representative images of the microstructure of WAAM plates, obtained by means of Optical 
(OM) and Scanning Electron Microscopes (SEM), are shown in Figure 1. At low magnification 
and in bright field (Figure 1a) the layered microstructure can be clearly recognized while, under 
polarized light (Figure 1b), the growing of columnar grains crossing-over layers, responsible 
for the anisotropy, is highlighted. SEM micrograph at higher magnification (Figure 1c) shows 
stringers of δ-ferrite in the austenitic matrix. 

Figure 1: Microstructure of WAAM plates: a) OM bright field, b) OM under polarized light, c) SEM

The stress-strain curves [5], obtained by tensile tests carried out according to ISO EN 6892-1, 
show a considerable influence of the specimen orientation with respect to the printing deposition 
layer (i.e. longitudinal – x, along the printing layer and transversal – y, perpendicular to it). 

Figure 2: Tensile test results of WAAM plates: a) longitudinal (x direction), b) transversal (y direction)

ACKNOWLEDGMENTS
The support of Dutch company MX3D, which provided the tested materials, is gratefully acknowledged.

REFERENCES

[1] B. Wu, Z. Pan, D. Ding, D. Cuiuri, H. Li, J. Xu, J. Norrish, Journal of Manufacturing 
Processes, 35 (2018), 127-139

[2] C.R. Cunningham, J.M. Flynn, A. Shokrani, V. Dhokia, A.T. Newman, Additive 
Manufacturing 22 (2018), 672-686

[3] C. Buchanan, L. Gardner, Engineering Structures, 180 (2019):332-348. 

[4] www.mx3d.com

[5] V. Laghi, M. Palermo, G. Gasparini, V.A. Girelli, T. Trombetti, Journal of Constructional 
Steel Research, (2018), under review.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 327

PAPER REF: 155

RE-DIMENSIONING OF A WAREHOUSE LAYOUT 
A PRACTICAL CASE

Marlene Madureira(1), Jose Carlos Sá1,2(*), Manuel Pereira Lopes1, Luís Pinto Ferreira1
, Teresa Pereira3

1Department of Mechanical Engineering, School of Engineering, Polytechnic of Porto, Porto, Portugal 
2School of Business Sciences, Polytechnic Institute of Viana do Castelo, Valença, Portugal 
3Design School, Polytechnique Institute Cavado Ave, Barcelos, Portugal
(*)Email: cvs@isep.ipp.pt 

ABSTRACT

This study aims to design a new warehouse layout as a solution to the warehouse’s main problem: 
lack of space to store all the materials in stock. Besides the existing warehouse building, which 
currently presents an unsuitable layout for the storage of large volumes, there is a second area 
right next to the first to increase the storage area. The two buildings were re-dimensioned to 
accommodate a great quantity of stock, enabling one to transform the warehouse building into 
an industrial warehouse with appropriate storage methods. The final layout increased the storage 
area by 64%, from a total of 1.471,41 m2 to 2.414,22 m2 overall. 

Keywords: warehouse, layout, storage area.

INTRODUCTION

The warehouse focused upon in this paper supplies both the company’s production lines as 
well as its clients. Nowadays, the space provided by the warehouse cannot accommodate the 
quantity of stock units which exist in the company. This has led to the occupation of secondary 
areas, which should not be congested. In addition to this situation, the materials handled by the 
warehouse are of different sizes and dimensions, a factor that makes space optimization even 
more difficult. 

Since there was virtually no information pertaining to the storage of the materials in question, 
the study of materials was based on sampling through successive counts of the existent stock. 
This was only possible because production planning for the forthcoming years does not foresee 
a substantial increase in necessities. However, the company does have a short planning horizon 
as it depends on official tenders, which have rather limited timespans. 

A new collection of data was carried out to register the current layout and the “AS IS” state, 
which resulted in a new warehouse map. A detailed study of project restraints was undertaken, 
thus supplying the primary information required to begin the layout design proposals. Six layout 
proposals were provided for each building.

RESULTS AND CONCLUSIONS

The selected layouts are shown in Fig. 1. One was able to increase the use of height space, 
which was one of the main issues in the current layout. Conventional racking and cantilever 
racking were also considered in warehouse A, while warehouse B (new building) is dedicated 
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to the storage of picking material. Materials are thus segregated: small volumes are stored in 
warehouse B, and material of larger proportions and pallet sizes is stored in building A.
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Fig. 1 Final layout

The new layout presents an increase of 218% in height storage, which was one of the main 
project goals. The proposal added 942,81 m2 to the storage area, with an additional 64% in 
usable area, when compared to the present situation. However, some units had to be designated 
for storage in the covered zone at the entrance of the warehouse due to their excessive size. This 
would have limited the number of storage structures in the warehouse and restricted space units 
to other types of components. 

Table 1 Comparison between the present layout and the new layout proposal

Comparison: Current state / New layout
 (m2) Present layout New layout Difference Earnings / Losses

Storage area (floor) 928,26 685,97 -242,29 -26%
Occupied area (floor) 1323,66 1173,43 -150,23 -11%

Storage area (in height) 543,15 1728,25 1185,10 218%
Total storage area (floor + height) 1471,41 2414,22 942,81 64%

Circulation area 1457,74 1765,22 307,48 21%
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ABSTRACT

The damping properties of a commercial polymer concrete are the subject of this study, which 
is aimed to investigate the material suitability as a filler of machine bed components to limit the 
vibration levels of machine tools and automatic machines working at high dynamics. Two main 
goals were targeted: (i) assessment of the elastodynamic effects due to the polymer concrete 
introduced into typical components of machine beds, in order to quickly evaluate its practical 
potential and (ii) determination of the damping parameter values to be set in numerical models 
which simulate the dynamic response of different design solutions of new machine architectures. 
The presentation will be focused on the methodological approach of the extensive experimental 
campaign that was carried out, also highlighting possible criticalities, and the main results 
achieved. The possible use of the polymer concrete as a viable solution to enhance the dynamic 
performance of the machines will be discussed. 
Keywords: machine tool, vibration, damping, polymer concrete.

INTRODUCTION

The precision of automatic machines and machine tools is known to be highly hampered 
by an uncontrolled elastodynamic behavior of the machine components. With a particular 
focus on machine tools, vibrations and chatter can be triggered by several sources in a wide 
bandwidth (Altintas, 2012), e.g. by tool cutting forces and/or inertial loads associated with the 
rapid movements for spindle positioning, or even by external vibrations transmitted through 
the ground (Troncossi, 2009). If excessive, these vibrations can reduce the tool life, degrade 
the quality of the machined surfaces, and cause inacceptable tolerances of the final products. 
Limiting their effects is thus mandatory in high-performance machines (Munoa, 2016). One 
problem is that, just due to the variegated sources of vibrations, moving the system natural 
frequencies out of the excitation bandwidth could be difficult or even impossible. Hence, an 
effective way to improve the dynamic stability of the machine could be increasing its damping 
capability. Filling the structural components with proper materials (e.g. metal foam, polymer 
concrete) is a quite popular way to achieve the goal. In this context, an experimental investigation 
was performed to accurately characterize the damping properties of a commercial polymer 
concrete, targeted as a possible solution to be exploited in high-performance machine tools and 
automatic machines. The numerical data were required (i) to evaluate the actual effectiveness of 
the material and (ii) to obtain realistic values of the damping parameters involved in numerical 
models to properly predict the dynamic response of different design solutions of the machine 
architectures. To this aim, an extensive experimental campaign was performed on metal beams 
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with hollow cross section filled with a damping core made of the polymer concrete EPUMENT 
140/5. Natural frequencies and damping ratios (and static stiffness as well) were estimated and 
compared to the same properties of the corresponding hollow beams used as reference. For the 
sake of results robustness and reliability, many impact tests were performed on beams with 
diverse geometries and in different boundary conditions (free-free and one fixed support). The 
damping ratios (ζ) were calculated through both the “half-power bandwidth” and “logarithmic 
decrement” methods (Rao, 2004) after band-pass filtering the beam signal vibrations around the 
natural frequency of the first flexural mode (fn1), which dominates the free response.

RESULTS AND CONCLUSIONS

The results of just one case are here reported, i.e. impact tests performed on a steel beam 
(section 100x50mm, length 750mm, thickness 5mm) excited in free-free condition. Five 
tests were performed for both the hollow and concrete-filled beams. Table 1 lists fn1 and ζ  
– estimated through the logarithmic decrement (δ) method – of the hollow and filled beams. 
Figure 1 shows the signals of the two beams free responses, filtered around fn1. The dash lines 
spot the instants when the acceleration amplitudes drop to 5% of their maximum values. Just 
from the limited selection of the reported results, the suitability of the polymer concrete as a 
filler material of machine bed components to damp vibrations appears evident.

Table 1 – Modal parameters and logarithmic decrements of the two beams tested in free-free condition

Specimen fn1 (Hz) δ (-) ζ (-)
Hollow beam 601 0.004 0.07%

Concrete-filled beam 501 0.020 0.33%

Fig. 1 – Filtered signals of the beam free responses: (a) hollow section ; (b) beam filled with polymer concrete
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ABSTRACT

The goal of this work was to explore the possible effects of applying learning theories and the 
cognitive apprenticeship instructional model to a graduate engineering course. The professor 
learned about the cognitive apprenticeship model and associated learning theories while enrolled 
in a faculty development course, Engineering Education Theory and Practice. After a course 
revision using the cognitive apprenticeship model, the students reported excellent feedback 
relative to the teaching methods applied to the first module of the curricular unit Computational 
Fluid Mechanics of the Master Computational Mechanics at Engineering Faculty of University 
of Porto. This paper describes those results and the six teaching strategies incorporated in the 
revised module.
Keywords: engineering education, teaching methods, cognitive apprenticeship, computational 
fluid mechanics.

INTRODUCTION

The International Society for Engineering Education (IGIP) oversees a professional development 
curriculum designed to enhance the pedagogical skills of professors. The courses in this program 
encompass a wide array of topics within the teaching field at universities. One such course, 
Engineering Education Theory and Practice (EETP) was offered by the Faculty of Engineering 
of the University of Porto (FEUP) during the spring term of 2018. This work describes how one 
participant, a professor at FEUP, applied concepts from the course, specifically the cognitive 
apprenticeship instructional model (Collins et al., 1987), to the redesign of the first module 
of the Computational Fluid Mechanics (CFM) curricular unit of the Master of Computational 
Mechanics at FEUP. 
The goal of a cognitive apprenticeship (CA) is to help students acquire and integrate cognitive 
and metacognitive strategies for using, managing, and discovering knowledge (Collins et al., 
1987). The CA facilitates the growth and development of complex, expert-level problem-
solving abilities. Students work with the assistance and guidance of those who are experienced 
in the subject, gradually taking on more difficult tasks as their need for support lessens (Dennen 
and Burner 2007). This instructional model is especially appropriate for graduate studies where 
learners are making the transition to careers in their chosen fields and faculty members can play 
a mentorship role in the process.
The CA model has been used to design a wide array of disciplines and in diverse learning 
environments.  Some of the more recent examples of its use are in mathematical modelling 
(Wedelin and Adawi, 2015), software development (Christensen, 2016), and graduate-level 
statistics (Sadaati et al., 2015).  Non-course-based applications of the CA are found in clinical 
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practice for medical students (Stalmeijer et al., 2009), faculty development for online course 
design (Wiss et al., 2018), training for psychiatric rehabilitation providers (Bates et al. 2012), 
and mentoring doctoral research assistants (Maher et al., 2013), as just a few examples.
In 2018, one of the authors enrolled in the Engineering Education Theory and Practice (EETP) 
course, and began to associate theory with her teaching practice. She realized that the teaching 
methods of the CFM course unit could be improved by applying learning theories and procedures 
of  validated instructional models for course design. 
The first module of the course unit CFM was taught in 2017, before the EETP course was 
offered. With only her previous teaching experience (and good sense) as a guide and without 
the use of any formal pedagogic theory, the professor had applied a framework quite like the 
cognitive apprenticeship instructional model, based on Collins et al. (1987). The goal of this 
method is to help students acquire and integrate cognitive and metacognitive strategies for 
using, managing, and discovering knowledge (Collins et al.,1987).
While participating in the EETP course in 2018, this professor decided to align the activities 
of CFM with the cognitive apprenticeship approach in a more direct and purposeful manner.  
The revised first module of the course unit is built on the theoretical bases of behaviorism, 
cognitivism, and constructivism as the backbone of the instructional model. The relationships 
between the theories, the cognitive apprenticeship model, and the course components have 
guided the decisions of the professor to strengthen the course unit design.

RESULTS AND CONCLUSIONS

The CA instructional model of Collins et al. (1987) is divided into six teaching methods: Modeling, 
Coaching, Scaffolding, Articulation, Reflection, and Exploration. In the first, Modeling, 
the instructor demonstrates the tasks explicitly, so that students can later build a conceptual 
model of the process independently. In this curriculum unit of CFM, the professor showed the 
construction of the computational mesh, ran simulations, and analysed the desired results on the 
computer (displayed via projector), while students followed along on their computers. During 
Coaching, the professor gives feedback and hints to the students. For example, in the previous 
tutorial task, there was an ongoing discussion between the professor and students in which they 
could ask questions and get immediate guidance and feedback. 
The teacher uses Scaffolding to support students with aspects of the tasks they cannot yet 
manage on their own. After the tutorial (with modelling and coaching) students were required 
to construct other computational meshes, other simulations, and other results on their own and 
the professor was available to assist only if necessary. The Articulation teaching method has 
the instructor question students to help them clarify their knowledge, reasoning or solving-
processes in the domain. In the CFM unit, the professor asked students a series of questions 
related to the computational mesh reconstruction, such as, “Which is the accurate mesh? 
Tetrahedral? Hexahedral? Hybrid?” related to the simulation process, “Which the appropriate 
numerical method?” and related to the desired results “Which is the most important parameter 
that indicates atherosclerosis formation? TAWSS? OSI? RRT?” Students answer the questions 
to refine and restate their understanding and to form explicit conceptual models. 
In Reflection, students consider their strengths and weaknesses, comparing their own problem-
solving processes with those of an expert, of another student, and ultimately of an internal 
cognitive model of expertise. In an advanced phase of learning the CFM tasks, students look 
back and analyze their performance with a goal of moving toward the behavior of an expert, 
asking themselves questions such as, “Is RRT the hemodynamic parameter that most effectively 
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shows the tendency to atherosclerosis appearance?”. Finally, during Exploration, students 
formulate and pursue personal learning goals and can frame interesting problems and take the 
initiative to solve them. In this final phase, students should be able to solve computational 
mechanics issues by themselves.
An anonymous survey about the six teaching methods of the CA was provided to the students 
who attended the CFM curricular unit in 2017 and in 2018. All of the student responded to 
the survey, and although these were very small groups (seven in 2017 and six in 2018) their 
answers revealed notably different points of view about the teaching methods used in each year.
Students were asked, for each of the six teaching methods, if the professor had included one or 
more of those strategies during the course and students answered on a scale of 1 “(No, not at 
all”) to five (“Yes, definitely”).  Fig. 1 represents a summary of the answers of the students. The 
students from 2017 were less sure about the inclusion of the various instructional strategies, which 
is not surprising since the CA model was applied (unknowingly) in a somewhat sporadic manner. 

Fig. 1 – Student responses to survey recognizing the use of the cognitive apprenticeship strategies.

Students were also asked to comment on the helpfulness of each method and to provide 
suggestions for improvement.  In the Modeling step (Fig. 1a), two students of 2017 suggested 
that a more in-depth demonstration of the software should be emphasized, while all the students 
of 2018 totally agreed with the teaching step the way it was, focusing on “time-saving.” Students 
of 2017 and 2018 affirmed that Coaching was essential to clarify doubts while the professor 
explained the tasks. Students of 2018 were in agreement with this method,  but fewer students 
of 2017 answered “Yes, definitely,” recognizing its use (Fig. 1b). 
Students from 2017 and 2018 gave similar responses concerning the Scaffolding method (Fig. 
1c). They remarked that this step was indispensable and agreed that students must perform 
examples of the tasks on their own with the support of the professor. A student from 2018, for 
example, commented that, “Working on your own lets you understand the deepness of what 
you have learnt in class, improving new skills and honing the ones you got from classes.” Two 
students from the 2017 group believed that the Articulation step (Fig. 1d) could be improved. 
One student remarked, “Allowing students to develop their own logic and being questioned 
more on why some decisions were made would absolutely be more beneficial.” In 2018, the 
professor asked a more diverse set of questions to help students clarify their thinking and all of 
the students were satisfied with this approach. 
Three students of 2017 and one of 2018 felt that the Reflection step (Fig. 1e) should be improved, 
by providing more time to use the software so they could analyse their strengths and weaknesses. 
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The professor plans to improve this teaching method for the future, although the time allotted 
(two months, five hours per week) may limit how much this can be changed.  When asked about 
the Exploration method (Fig. 1f), two students from the 2017 group focused on the problem of 
not being totally independent when using the software because of time limitations (again). An 
example comment was, “After the course, the student would have the basic knowledge about 
the software and the method. Not enough to solve real life problems.” Because of the time 
constraints already present, the professor chose to present more complex problems, thus giving 
the students more in-depth experience using the software. The feedback of students of 2018 was 
much more positive as a result.
In general, the students of 2018 had very good and positive opinions about the CA teaching 
method. These general results suggest that the EETP course, attended by the professor in 2018, 
led to more effective teaching methods. The professor became more aware of the relationship 
between the theoretical pedagogic methods and the practice. When teaching the course in 2018, 
the professor applied the cognitive apprenticeship model in a purposeful and intentional way 
and the answers of the student responses confirm its value.
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ABSTRACT

This work deals with an experimental study on the frictional properties of connecting rod high 
strength screws. Considering that friction has a significant impact on the achievable preload for 
fixed and controlled tightening torque, the question of friction reduction was tackled by suitable 
surface treatments. Deep-rolling and shot-peening were involved in the campaign that proved 
the latter has a highly beneficial effect at reducing friction. Moreover, bearing friction coefficient 
is made barely steady versus repeated tightening in both lubricated and dry conditions.

Keywords: connecting rod, big hole bolts, tribology, shot-peening, deep-rolling.

INTRODUCTION

Connecting rod may be regarded as one of the most critical components in an engine. In 
fact, it transfers loads from the piston to the crankshaft and operates under high fatigue loads 
during service. Some previous studies have been focused on the failures of rods, which in 
turn caused engine catastrophic failures. The primary reasons for rod breakage were many 
times related to the fatigue cycling that triggered crack initiation in presence of high stress 
concentrations due to poor design (Witek, 2017). In some cases, failure occurrence could 
be related to rod big hole coupling by bolts, whose design or tightening may have triggered 
some issues. For instance, in (Witek, 2019), the authors pointed out that a too high tightening 
torque induced a too high preload. This caused, in turn, a high tensile stress concentration 
in the rod area close to the bolt hole, as well as a local bending effect, which led to the rod 
fatigue failure. In (Griza, 2009) it is highlighted it is usually desirable to tighten screws up to 
a remarkably high tightening torque, in order to achieve a sufficiently strong preload. In fact, 
the higher preload, the lower stress amplitude on the screw under the fatigue load in service 
condition. These two studies highlight that big hole bolt preload does have a significant 
impact on the screw behavior and on the rod response. On one hand, a too high preload may 
generate a too high load on the rod surface, thus weakening this component. On the other 
hand, a too low preload leads to an increment of the stress amplitude affecting the screw 
under fatigue, with consequent risk of bolt failure. 

Previous studies from the same group (De Agostinis, 2016; Croccolo, 2017) have indicated that 
the bearing and the thread frictional coefficients have a strong impact on the achievable preload 
for a fixed tightening torque being controlled by a torque wrench upon fastening. In addition, 
specifically regarding connecting rod screws, it must be emphasized their fastening procedure 
requires a retightening, meaning that they are tightened, untightened and retightened again. 
Further retightening(s) may occur upon maintenance or refurbishment. Multiple tightening may 
also affect the tribological behavior, as the mating surfaces get gradually deteriorated with 
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consequent wear that increases friction. Its underestimation or overestimation may lead for 
fixed applied torque to too low or too high preload. The subject of this research was the proper 
selection of suitable treatments having the capability of reducing friction and its variation with 
multiple tightening. 

MATERIALS AND METHODS

This topic was tackled experimentally and the campaign involved MJ9 and MJ10 screws 
respectively made of 36 NiCrMo 16 and 42 CrMoV 5-7, in both lubricated and dry conditions, 
for a total amount of four experimental plans. Each of them investigated the impact on friction of 
three factors, i.e. deep rolling at the screw underhead fillet, shot-peening and multiple tightening. 
The first factor was regarded as on-off with deep rolling being performed before shot-peening. 
The latter was investigated over three levels: no peening, Z100 10-12 N and UFS70 10-12 N 
treatments. Finally, 1, 2 or 3 tightenings were considered, based on the most frequent number of 
tightenings in the screw life. The tests were conducted (with five replications) by a commercial 
test bench, in agreement with ISO 16047 (ISO 16047, 2005) for the determination of the total 
and of the bearing frictional coefficients (with reference to the treated zone). The results were 
then processed by the tools of three-factor ANOVA and F-test, to investigate the significance of 
the main effects and interactions. 

RESULTS, DISCUSSION AND CONCLUSIONS 

The outcomes indicate that shot-peening, as an effect of the generation of dimples and surface 
porosity with multiple contact points, is highly effective at lowering (up to 30%) the bearing 
frictional coefficient in both dry and lubricated conditions. In addition, shot-peening is able to 
make friction have a steady trend vs. repeated tightenings, when lubrication is applied (Fig. 1). 
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Fig. 1 – Bearing friction coefficients trends vs. repeated tightenings for unpeened and peened screws in 
lubricated conditions

In case of a dry surface (Fig. 2), the resulting trend is not flat, but the increase rate is reduced 
with respect to untreated screws. Deep rolling proved not to have effect on friction; however, 
it is also important, as it significantly affects the fatigue response, to be studied in a separate 
paper.



8th International Conference on Mechanics and Materials in Design Recent Topics on Mechanics and Materials in Design

M2D2019 337

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

1 2 3

Be
ar

in
g 

fri
ct

io
n 

co
ef

fic
ie

nt
 [-

]

TIGHTENINGS

Untreated

Z100

UFS70

Fig. 2 - Bearing friction coefficient trends vs. repeated tightenings for unpeened and peened screws in dry 
conditions
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ABSTRACT

This work deals with an experimental study on the frictional properties of connecting rod high 
strength screws. It is a follow-up of a previous work: at the initial stage, a careful microscope 
analysis of the previously tested screws under tribological tests was carried out. These 
observations suggested that the peening treatment could be optimized by either increasing the 
shot size or decreasing the Almen intensity, thus achieving a better impact load distribution, as 
well as a surface roughness reduction. The results indicate that the modified peening parameters 
are able to lead to a significant drop of friction and to its steady trend versus repeated tightenings 
even in dry conditions.

Keywords: connecting rod, big hole bolts, tribology, shot-peening, repeated tightenings.

INTRODUCTION

The screws involved in the experimentation described in (Croccolo, 2019) underwent careful 
observations by stereoscopic microscope, as well as roughness measurements. In particular, 
the roughness measurements highlighted a quite high roughness, i.e. 1.5 and 2 µm for the two 
peening treatments (Z100 10-12 N and UFS70 10-12 N respectively), if compared to that of 
untreated screws (0.4mm). These results were obtained for both MJ9 and MJ10 threaded screws, 
regardless of their materials. This so high level of roughness was regarded as undesirable, as 
it was likely to have a detrimental effect on the fatigue response, considering also the high 
resistance class of the two screws (12.9), which could promote a high notch sensitivity. The 
microscope analyses (Fig. 1) were aimed at the estimation of the dimensions of dimples created 
by the shot impacts. These dimples were in the order of 85mm and 55mm for the Z100 and UFS70 
treatments respectively. The morphology of the pitted surface and the retrieved dimensions 
indicated a remarkable amount of impacts with high impulsive load by a large quantity of very 
small sized shots that had significantly altered the surface. Therefore, as a follow-up of the 
previous research, further peening treatments were studied to achieve an acceptable value of 
roughness, not exceeding 1 mm. The expected results consisted in a further reduction of the 
bearing frictional coefficient both in dry ad in lubricated conditions, as well as a steady trend vs. 
repeated tightenings even without lubrication. Previous results from the literature (Witek, 2019; 
Griza, 2009) and by the same research group (De Agostinis, 2016; Croccolo, 2017) indicate that 
the tribological properties have a large effect on the achievable preload upon tightening under 
torque control. In addition, a not conformal (too low or too high) axial force may lead to bolt 
or rod failures. 
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(a) (b)

(c) (d)

Fig. 1 – (a, b) Screw bearing after (respectively) tribological tests in dry and lubricated conditions; (c, d) surface 
morphology for (respectively) Z100 10-12N and UFS70 10-12N peening treatments

MATERIALS AND METHODS

The study was focused on 42 CrMoV 5-7 and involved MJ10 screws. The experimental, 
campaign was regarded as a two-factor design, accounting for the effects of shot-peening and or 
repeated tightening. Regarding the latter, 1, 2 or 3 repeated tightenings were considered. As for 
shot peening, the treatments Z100 4N and S110 8.8N were considered, as well as the reference 
(no treatment level). The aforementioned treatments had the rationale of increasing the shot size 
(thus achieving a better load distribution and reducing the impact concentrated load) and/or of 
reducing the Almen intensity. The effect of deep-rolling was not considered, as it previously 
proved not to affect friction (Croccolo, 2019). The tests were run (with five replications) in dry 
and lubricated conditions by the same test bench according to ISO 16047 (ISO 16047, 2005). 

RESULTS, DISCUSSION AND CONCLUSIONS

The results indicate these shot-peening treatments are able to remarkably reduce friction at the 
bearing. In particular the outcomes, processed by the tools of two-factor ANOVA, indicate that 
shot-peening has a highly significant effect and that these two treatments are even better than 
the previous ones in (Croccolo, 2019) with friction decrease up to 50% with respect to untreated 
screws. Regarding the trend with respect to repeated tightenings, it is interesting to observe 
that, when the surfaces are lubricated, the bearing friction coefficient decreases as the number 
of tightenings increases. This outcome is presumably due to the effect of micro-dimples that 
retain wear debris and gradually released trapped lubricant. When the test is conducted in dry 
conditions (Fig. 2), the trend is flat, which indicates a stable tribological response: it means the 
same required preload can be accomplished only by controlling the tightening torque even after 
three tightenings. Therefore, these two treatments can be regarded as equivalent each other and 
among the best ones to provide an optimized tribological behavior to connecting rod screws. 
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Fig. 2 – Bearing friction coefficient trends vs. repeated tightenings for unpeened and peened screws in dry 
conditions
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ABSTRACT

Nickel coating on zinc alloy is quite promising for the achievement of an additional wear 
improvement in corrosive environment. To investigate this point, block-on-ring tests were 
carried out. 5x5x20 mm3 blocks were obtained from real locking components, made of ZP5 
EN 12844 and coated by Zn/Cu1Ni5s ISO 1458. As counter material, an AISI 304 with a 40 
mm diameter cylindrical geometry was used. Two load levels (5 and 15 N) and three coating 
thickness levels (low: 5 to 10 µm; medium: 10 to 15 µm; high: 15 to 20 µm) were considered. 
The sliding distance was set to 500 m and three replications per test condition were run as a 
total. The results, in terms of volume loss due to wear, were processed using the statistical tool 
of two-way ANOVA and Fisher-test. It was assessed that the wear rate is strongly affected by 
the applied load.

Keywords: Wear; nickel coating; sliding on cylinder test; two-way ANOVA.

INTRODUCTION

In the lock industries where the production batch is very high, in order to reduce the production 
costs, zinc alloys are frequently used. In particular die-casting components, made of low strength 
materials, are used. These components must sometimes withstand cyclic loads in corrosive 
environment. As explained in the European Standard 12209 [1], during the test of durability of 
the latch action, the lock must be mounted to a fixture, which is similar to a door. Afterwards, 
the door is opened by a force that is cyclically applied for several cycles. During this process, 
the components may experience a severe wear, due to the sliding between the components. Due 
to process cost, the most widespread procedure adopted to improve the wear resistance is to use 
electrodeposited nickel coatings on zinc alloys EN 12844 [2]. In fact, the combination of cheap 
materials as well of nickel coatings leads to cheaper products. The testing procedure according 
to the current standard is very expensive in terms of time and costs. In order to respond to this 
issue, Accelerated Life Tests can be a very promising alternative to more economically assess 
the reliability of the product. In order to accelerate the test, it is necessary to know the stress 
field in terms of von Mises stresses and contact pressures during the test. The main failure 
mechanisms involved during the tests are fatigue and wear. In fact, due to the wear of the latch 
the stresses in the other components increase, bringing to the failure of the mechanism. So, the 
wear behavior of electrodeposited nickel coating has been analyzed using a slider on cylinder 
wear test. Two different levels for the applied force were considered (5 N and 15 N) whereas 3 
different levels for the coating thickness were considered (low: 5-10 mm, medium: 10-15 mm 
and high: 15-20 mm).
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RESULTS AND CONCLUSIONS

During the tests, the applied force, the tangential force and the LVDT output signal were 
determined. It made it possible to investigate the evolution of the friction coefficient throughout 
a test. Typical trends of friction coefficient and of system wear versus distance are shown in Fig. 
1. An abrupt transition, in terms of friction coefficient, was generally retrieved after 70-150 m. 
At the same distance, the system wear also significantly increases.

Fig. 1 – Wear test output

In order to detect the impact of each factor on the wear behavior of the studied coating, the 
results, in terms of wear volume lost (Fig. 2) during the test were treated by the statistical tools 
of two-way ANOVA and Fisher test. These tools make it possible to state if the factors involved 
in the experimental tests have a significant effect on the wear volume loss. 
The outcome of the performed analysis indicate that the wear is strongly affected by the applied 
load (p-value=2.4·10-8). Furthermore, there is no significant effect of the coating thickness on 
the wear volume lost. This outcome, as mentioned before, suggests that the coating thickness is 
worn out completely during the first stages of the test. Finally, no significant interactions were 
found between applied load and coating thickness.

Fig. 2 – Wear volume lost at the end of the test
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ABSTRACT

The focus of this study was to design a new magneto-rheological shock absorber (MRSA) 
that is capable of limiting the crippling impact force in car collisions. A number of possible 
conceptual designs were considered and a radial flow type MRSA was selected using a design 
matrix. Computer-aided FE simulations were conducted using ANSYS platform for the selected 
MRSA design to determine the magnetic circuit requirement. Crashworthiness analysis were 
also conducted, using LS-DYNA platform, to predict the energy absorption capabilities of 
the absorber. The results of our comprehensive design assessment reveal the feasibility of the 
MRSA and the validity of its use in crash boxes to reduce the severity of car collisions and the 
survivability of occupants.
Keywords: crashworthiness, magneto-rheological fluid, radial flow design.

INTRODUCTION

One of the most important safety features in a vehicle is an effective crash management system 
that is capable of absorbing the crash energy and reducing occupants’ fatalities. These systems 
make use of effective crash boxes to absorb the crash energy. Key components in the crash box 
are the two collapsible thin walled tubes that absorb the majority of the impact energy. In order to 
optimize the crash response and energy absorption capabilities, different active shock reduction 
devices using magneto-rheological fluid have recently been proposed. In contrast to passive 
systems, the active MRSA will quickly determine the specific energy inputs and vary the stiffness 
of the crash box to mitigate the impact severity to the occupants during car collision. In this paper, 
we provide a number of conceptual designs and focus our attention on a selected design.

RESULTS AND CONCLUSIONS

The design specifications stipulated the following requirements. (a) Controllable active design 
of MRSA, (b) the crushing energy absorption should be controlled by adjusting the stiffness 
of the structure; (c) reduction of the collision kinetic energy, (d) MRSA should be responsive 
within 2-3 ms, (e) reliable and repeatable performance, (f) easy to manufacture and maintain 
and (g) cost effective.
Let us elaborate on items (c) and (d) above. From the legislative crash regulations of Europe 
and USA, the crash box has to be able to dissipate 100% of the kinetic energy during a frontal 
collision at 16 km/h. Since the average weight of a compact car is about 1350 kg, this means 
that 11.8 kJ has to be dissipated in the crash box. This means that during high speed impact 
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(48.3 km/h), neglecting the weight of the passengers, the crash box has to be able to dissipate 
10% of the kinetic energy. Figure 1 shows an isometric view of the new radial flow MRSA. 
Details of all design concepts will be discussed during the presentation. 

              (a)Assembly of MRSA                     (b) Radial Flow Channels                       (c) Regulating Valve

Figure 1: Isometric views of the shock absorber with a pressure regulator valve

To design the magnetic circuit, the required number of 
coils and the amplitude of the current should be defined. To 
define these parameters, we ran a number of simulations 
considering: copper for coil materials and steel 1018 for 
the baffles, and the board. The outer cylinder was also 
made of steel 1018, to ensure high permeability and rapid 
demagnetization capabilities, while the inner cylinder is 
made of nonmagnetic 304 stainless steel. The variation 
of the controllable pressure drop due to the change of 
the magnetic field intensity is determined and analyzed. 
The required value of the magnetic field intensity is then 
identified using MATLAB. As expected, the pressure 
drop increases with the increase in the magnetic field intensity. 

CONCLUSIONS
We have conducted comprehensive design and analysis and devised a novel radial flow MRSA 
for crash attenuation. Our work reveals that the minimum value of the magnetic field needed to 
transmit 20 kN force to car chassis resulting from a crushing velocity of 4.17 m/s is 115 kA/m. 

ACKNOWLEDGMENT
Alessandro Carrettin wishes to thank MADL of the University of Toronto for hosting him as 
“Visting Graduate Student” to conduct this research on MRSA for crash attenuation.

REFERENCES

David Woo et al, Frontal Crash Mitigation using MR Impact Damper for Controllable Bumper. 
Journal of Intelligent Material Systems and Structures, Vol. 18, 2007.
Choi, S.B., Han, Y.M, Magnetorheological Fluid Technology. Boca Raton: CRC Press, 2013.

Figure 2: Response of magneto-rheological 
fluid to magnetic field intensity
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ABSTRACT

Precision-guided projectiles (PGPs) are operated and guided by embedded electronic systems 
(EES). These PGPs are subjected to propellant induced shock loads often lead to the failure 
of the EES. In this study, we use multiphysics analysis of the launch process of PGPs 
accounting for propellant, PGP, confined volume and free space. In particular, we studied the 
entire launch process to observe local and global features of the setback, set forward pressure 
and acceleration histories using explicit axisymmetric Lagrangian-Eulerian finite element 
simulations. Furthermore, we examined the severity and frequency of the reflected waves 
as well as the springback of the PGPs resulting from these local oscillations as they exit the 
muzzle. Our results reveal the complex phenomena associated with the dynamic response of the 
PGPs and pressurization process resulting from the ignition of propellant during launch that are 
characterized by high oscillatory pressure profiles and projectile springback.
Keywords: Projectiles, Propellant, Shock, Multiphysics.

INTRODUCTION

Precision-guided projectiles (PGPs) are operated and guided by highly sophisticated embedded 
electronic systems (EES) that include onboard computers, GPS, micro-electro-mechanical 
systems and integrated circuitry. PGPs are subjected to severe shock loads resulting from the 
ignition of the propellant during their launch. Upon ignition, the combustion of the propellant 
produces high-pressure gases that lead to the acceleration of the projectile within the confined 
volume of the barrel. Such a launch process can be divided into two phases: the confined volume 
acceleration and free flight that are known as set back and set forward phases, respectively, with 
the transition between these two phases known as muzzle exit. During setback, the projectile 
is compressed due to the intense pressure loading from the combusted gases. However, at the 
muzzle exit, these gases are able to expand freely causing the base pressure and axial acceleration 
of the projectile to drop rapidly (Carlucci 2006). 

This sudden decrease in loading causes the projectile to spring back inducing oscillation 
around its centre of gravity (Carlucci 2006). Since the barrel walls are no longer constraining 
the transverse movement of the projectile, the balloting accelerations in the set forward region 
increases to about the same intensity as the axial acceleration (Carlucci 2006). Consequently, 
these accelerations are transmitted to the EES, which causes great concern for the survivability 
of these components. It has been observed that the EES experience the greatest chance of failure 
at the muzzle exit and not at the maximum axial acceleration at setback (Carlucci 2006).There 
has been increased need to design PGPs to minimize failure of the EES. However, experimental 
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testing is both expensive and time consuming with complex and at times unreliable highly 
specialized instrumentation leading to an interest in using numerical models (Chakka 2008). The 
numerical modelling has been split primarily two types of works, characterizing the propellant 
behaviour and the projectile response.

RESULTS AND CONCLUSIONS

Finite element, using Autodyn, was used to simulate the dynamics of the launch process. The 
system is composed of the propellant, the simplified PGP, the confined volume, and a free 
space extension (Fig. 1). The confined volume enables modelling of the flow and expansion of 
the gases during the acceleration of the projectile. The free space models the muzzle exit and 
the initial free flight of the projectile. More details specific to the individual components are 
discussed in the following subsections. Proper modelling of both the solid and fluid domains 
and the coupled interaction dictates the use of two different element types. Lagrangian-type 
solid elements were used for the modelling of the projectile. The fluid domain consisting of the 
propellant, confined volume, and free space were modelled using Eulerian-type elements. The 
discretised model showing these two element types is provided in Fig. 2.

Fig. 1: Model description: geometry and materials

Fig. 2: Discretised mesh with Eulerian and Lagrangian domains

A comprehensive dynamic multiphysics axisymmetric Lagrangian-Eulerian finite element 
model is developed to study the launch process of PGPs. The model accounts for coupling 
and interactions effects between the different media. In addition, the flight state transition 
due to muzzle exit in terms of pressure and flow velocity is determined and discussed. Our 
results reveal the complex phenomena associated with the dynamic response of the PGPs and 
pressurization process resulting from the ignition of propellant during launch. It also gives an 
overall guidance as to the placement of the EES in PGPs.
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ABSTRACT

In this study, we examine the transient dynamic response of a rotating blade under periodic 
impact force at the tip of the blade due to unbalance created by blade shedding. The analytical 
formulation is derived assuming the blade to be non-uniform Timoshenko beam with nonlinear 
thickness variations. The deceleration of the rotor, because of blade shedding, is accounted 
for by subjecting the blade to a varying centrifugal force field. The transient analysis revealed 
significant effect of nonlinearity in the thickness and varying centrifugal force field on the 
dynamic response of the system.

Keywords: transient response, blade out, periodic impact force, non-uniform beam.

INTRODUCTION

Gas turbine engine manufacturers have always 
been concerned about the vulnerability of the 
engine to fully contain a failed blade within 
the engine casing and ensure the mechanical 
integrity requirements of the rotor. The problem 
is exacerbated by the pulsating contact between 
the blade and the casing as a result of the dynamic 
unbalance of the rotor (Haidari, 2008; Sinha, 2009). 
It is imperative that the dynamic stability of these 
blades are examined to ensure that no subsequent 
blade failures occur. In this study, the authors 
have presented an analytical formulation of the 
dynamic response of a blade based on Lagrangian 
mechanics taking into account nonlinearities 
associated with blade geometry, impact forces and 
centrifugal forces. The system envisaged is of a 
non-uniform rotating Timoshenko beam as a rotating blade under a periodic force at the tip as 
shown in Fig. 1. Coriolis coupling between axial and lateral displacements, rotary inertia and 
friction between the blade and the casing are also accounted for in the formulation.

First, the parametric analysis of axial and lateral natural frequencies of the beam is performed 
to examine the effect of geometric nonlinearity and centrifugal force field on the dynamic 
characteristics of the beam. In the next step, the non-uniform beam is subjected to loading 
conditions as experienced in blade shedding for the evaluation of the transient response.  

Fig. 1 – A schematic diagram of a rotating 
Timoshenko beam under periodic force at the tip
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The tip of the beam is subjected to periodic sinusoidal pulses representative of the impact 
forces at the tip of the blade due to periodic contact with the casing. In addition, the effect of 
rotor deceleration is examined by subjecting the rotating blade to linear and nonlinear decaying 
centrifugal force field. 

RESULTS AND CONCLUSIONS

The results of the selected case of an exponentially taper beam are presented here. Table 1 
shows the variation of lateral natural frequencies of the beam in non-dimensional terms with 
the change in taper and rotational speed. The results show that the lateral natural frequencies 
decrease with the increase in the taper, except for the first lateral natural frequency which shows 
increasing trend with the increase in the taper. All later natural frequencies increase with the 
increase in the rotational speed.

Table 1 – Variation in lateral natural frequencies ω of a beam with taper ratio h and rotational speed Ω

Ω = 5 Ω = 10
h ω1 ω2 ω3 ω4 ω5 ω1 ω2 ω3 ω4 ω5

0 5.94 26.23 62.60 111.53 169.63 9.96 37.30 77.22 129.11 189.64
0.4 6.22 23.45 52.62 92.98 142.45 10.33 34.58 67.30 110.33 161.91
0.8 6.71 18.96 35.98 59.54 89.86 11.18 30.59 52.37 79.06 111.66

The effect of constant, linear and exponential decay of the centrifugal force field on the transient 
response of a beam under periodic pulsating force is shown in Fig. 2. The decaying centrifugal 
force field due to deceleration of the rotor increases the vibration by an order of magnitude and 
can severely affect the stability of the blade.

Fig. 2 – Effect of (a) constant, (b) linear, and (c) exponential decaying centrifugal force field on the transient 
response
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