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ABSTRACT 

Additive manufacturing technology provides extraordinary handling of producing mechanical parts 
regardless of their geometric complexity which traditional way are not sufficient. Furthermore, in the 
global automotive industry, replacing body components with lightweight designs is an important 
advantage which distinguishes from competitors. In recent years, topology optimization used as a tool 
for optimum solutions throughout the product development phase. However, automotive manufacturers 
must think the global technical regulations. In this study, mechanical properties of different build 
directional (0°, 45°, and 90°) tensile specimens fabricated from aluminium alloy (AlSi10Mg) using 
direct metal sintering (DMLS) have been investigated. Specimens are analysed by the mechanical tensile 
test and the Vickers hardness test. As a case study the development of the vehicle liftgate door hinge 
will be presented, which has been topological optimized. Complex geometry hinges component designs 
are manufactured in EOS M290 additive manufacturing system using aluminium alloy (AlSi10Mg) 
powder. This paper presents, numerical and experimental solutions for behaviour of liftgate door hinge 
under the regulatory conditions. Referring to the results obtained, an interpretation was made to increase 
the use of potential of additive manufacturing technology in the automotive industry. 

Keywords: Additive Manufacturing, Finite element analysis, Mechanical properties, Topology 
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INTRODUCTION 

 The additive manufacturing enables innovative thinking of design perspective in 
opposition to traditional manufacturing methods which consist of removing redundancy of 
material. Although traditional manufacturing tools are being improved, but it is still challenging 
or even infeasible to produce parts with geometric complexity. Furthermore, increasing of 
demanding for lightweight designs naturally make topology optimization substantial. The use 
of numerical simulation to structural optimize the parts has become required to obtain minimum 
mass without process restriction. Since the additive manufacturing enables to fabricate parts 
regardless of their complicatedness, topology optimization has become substantial technique 
for convenient design [1].  
 

Although, several materials are used for additive manufacturing, aluminium alloys are 
increasingly becoming desirable due to their density-strength ratio [2]. AlSi10Mg using by EOS 
for their Direct Metal Laser Sintering (DMLS) systems is one of the materials for use of additive 
manufacturing. Materials fabricated by additive manufacturing need further development for 
requirement of isotropy, mechanical properties, fatigue resistance, porosity and surface 
roughness [3, 4, 5, 6]. Therefore, it is considerable to optimize process parameters in order to 
obtain optimum properties and consistency [7]. This study aims to investigated influence of 
different build directional on the mechanical properties of DMLS produced AlSi10Mg alloy. 
In this direction, tensile specimens were built in three orientation of horizontal, 45° diagonal 
and vertical using with fixed laser processing parameters. Additionally, hardness, mechanical 
properties and microstructure was examined in order to use in industrial applications.  
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The obtained results were used in Optistruct® software to optimize vehicle tailgate door 
hinge mechanism. To determine the boundary conditions, global technical regulations (ECE-
11) were used [8]. Optimized vehicle tailgate hinge system is numerical and experimental 
analysed. 

MATERIAL AND METHODS 

1. Fabrication on Specimens 

 
AlSi10Mg tensile specimens were produced in three different orientation (0° horizontal, 

45° angle inclined and 90° vertical) on EOS M290 additive manufacturing machine (Fig. 1a). 
A set of four specimen per orientation was fabricated for tensile test in process working area. 
This represents influence of different build orientation on anisotropy level of additive 
manufactured parts. The testing procedure was based on ASTM E8 standard. The fabricated 
specimens were machined and surface-grinded to standard geometry and tolerance which is 
shown in Fig. 1b. EOS Additive manufacturing system default process parameters were used 
while specimens’ fabrications procedure. The building parameters of samples were stable for 
all production phase. 
 
 

 
(a) 

 

 
 

 
 
 

 
(b) 

 
Figure 1. (a) built orientation (b) geometry and dimension of test specimens according to 

standard ASTM E8 (all dimensions in mm). 

 
Chemical composition of AlSi10Mg alloy was shown in Table 1. Measured particle size 

distribution of AlSi10Mg alloy powder was mainly range of 25-35 µm. Recommended 30 µm 
layer thickness was applied for tensile specimens, hardness specimen and vehicle liftgate door 
hinge. Nonetheless, heat treatment for age-hardening didn't implement to samples.  
 
Table 1. Chemical composition (wt%) of AlSi10Mg powder. 

 
 

2. Characterization 
 

For the evaluation of mechanical properties, specimens were tested tensile and hardness 
test, moreover printed hinge parts were investigated for United Nations Agreement of Uniform 
Provisions Concerning the Approval of Vehicles with Regard to Door Latches and Door 
Retention Components (ECE-11). Tensile measurement was carried out on 3 samples of each 
build orientation and average of this results was received for consideration. Tests were 
performed using of the * Tensile tester (ASTM E8).  

Alloying Element Ti Al Fe Mn Ni Si Cu Mg Zn Pb Sn 

wt (%) ≤0.15 Balance ≤0.55 ≤0.45 ≤0.05 ≤9-11 ≤0.05 ≤0.2-0.45 ≤0.1 ≤0.05 ≤0.05 
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Hardness measurement of AlSi10Mg were conducted using of *Vickers Hardness tester. 
The specimens were built and polished at 6mm × Ø12mm dimensions. The specimens were 
built directly on the base plate with a support structure. Measurement was performed on two 
surfaces at four different locations. Average of this these results was taken into consideration.  

 
ECE-11 Regulation applies to vehicle door retention components such as hinges and 

other supporting parts. According to regulation each door hinge system shall not separate when 
a longitudinal load of 11 000 N is applied, and a transverse load of 9 000 N is applied.  

 

  
Figure 2. Static load test directions for doors [8] 

 
3. Topology Optimization 

 
Topology optimization process is basically mathematical mothed of removing material 

in design space where it is not necessary, under specific loads and boundary conditions. In this 
worked, topology optimization was conducted on a vehicle liftgate door hinge mechanism with 
Altair OptiStruct software (Fig. 3). Interface surface (connection between hinges and door or 
body), pin holes, bearing hole, and a flat surface for hard stop were considered as non-design 
space. The basic idea of this approach, fixed hinges where door must connect to the body and 
correspond to attachment will remain as it is, and mobile hinges geometry will be optimized. 
For simplicity of design, loading orientation on the hinge system was designated based on the 
regulatory conditions. Also, washers were design and utilized for each side of the hinges to 
functionality of rotational movement. Material properties of AlSi10Mg produced by DMLS 
were adapted from the experimental data from tensile tests. Furthermore, anisotropy level of 
AM materials was ignored at these phases. Results of the topology optimization are discussed 
in the results and discussion section. 

 
4. Finite Element Analysis 

 
The analysis of hinge strength under regulatory condition was performed with Altair’s 

Radioss as a solver. The critical loads and boundary conditions were considerate similar as 
optimization procedure. However, FEA assumed mechanical behavior is isotropic, even though 
AM materials show build direction dependent anisotropy. Experimental results of mechanical 
properties of AlSi10Mg which is assumed nonlinear plastic material, were employed in 
structural analysis. Similar procedures were repeated to the topology optimized hinge system 
for the different directions of failure loads.  
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Figure 3. Loading directions for baseline geometry made with AlSi10Mg alloy. 

 
RESULT AND DISCUSSION 

 
1. Mechanical Properties 
 

Tensile stress (σ)-strain (ε) curves and measured values of produced by DMLS with 
different build directions is illustrated in Fig. 4 and Table 2. Curves of tensile diagrams show 
that slightly anisotropy has been confirmed. As a result, yield strength and ultimate tensile 
strength significantly similar for specimens’ curves. Nonetheless, elongation at break decreased 
when the inclined build angle scales up. Oriented specimens’ measured values are nearly 
identical to referenced reports.  

 
 

  
Figure 4. Stress (σ)-strain (ε) curves of AlSi10Mg test-specimens 
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Table 2. Mechanical properties data retrieved from MS1 produced by DMLS  

Orientation E [GPa] Rp0.2[MPa] RUTS[MPa] At[%] 
EOS Horizontal 75±10 270±10 460±20 9±2 
EOS Vertical 70±10 240±10 460±20 6±2 
Horizontal 55 240 440 9.3 
45° Angle Inclined 65 240 453 8.2 
Vertical 65 238 460 6.5 

 
 
The hardness measurements of AlSi10Mg alloy made by DMLS are shown in Fig. 5. 

The graph comparing Vickers Hardness value of supported surface and non-supported surface 
shows notable discrepancy between variables. Non-supported surface shows much lover 
hardness values. Moreover, to determine actual sample hardness, surface of the sample less 
hardness than the center of the sample. 

 
 

 
Figure 5. Ratio of hardness (HV) 

 
2. Optimization Result 
 

Topology optimization was performed on the baseline geometry at regulations norms. 
Under the optimization phase, vertical oriented AlSi10Mg data was used to modelling of 
material behavior of baseline geometry. Left and right hinge components were considered as 
symmetrical, and Fig. 6 shows the structures that were obtained. For optimized components, 
%60 weight was significantly alleviate from baseline geometry. Due to definition of materials 
in Inspire optimization software considered as linear isometric, some unrealistic geometries 
were eliminated. Additionally, undercut and overhang angle was adjusted for DMLS process 
support parameters. 
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Figure 6. The topology optimized component. 

 
3. Finite Element Analysis 
 

Based on the ECE-11 regulation, failure loads were applied separately all hinge system 
and under these loads separation must not be observed. As a result of this, plastic deformation 
will be considered as acceptable unless it is not surpassing the plastic deformation limits of 
materials which include fix hinges and central pins. Their mechanical behaviors were analyzed 
and compared all directions. For the rest of the data collecting from analysis, Von Mises stress 
are shown in Fig. 7. For this set of tests, it is worth noting that failure is defines as above the 
elongation at break strain levels. That means, it is important to excerpt the fix hinge and central 
pin materials suitable for the tests. 

 
Based on the maximum Von Mises stress under longitudinal test, 390 MPa was observed 

on optimized mobile also fix hinge part which meet safety criteria. Fig. 7 (a, b) shows 
longitudinal analysis results with maximum Von Mises stress on mobile hinge below the 
elongation at break values of AlSi10Mg materials. For the vertical test results, Fig. 7 (c) shows 
maximum Von Mises stress which is observed in the fixed hinge. Although, for hinge material 
this value is also higher than the yield point, but it is acceptable for regulation norms. Also, on 
the optimized mobile hinge, observed plastic deformation considered as in safety regions. For 
the transverse loading scenario, Fig. 7 (e, f) shows maximum Von Mises stress under 9 kN load 
is measured 353 MPa on the fix hinges. Although, 325 MPa Von Mises stress observed on the 
optimized Alsi10Mg hinge parts, it is also considered as reasonable. All these results emphasize 
that, plastic deformation on the hinge system is inevitable, but separation of hinge system is 
improbable. 

 
Moreover, experimental results show that all the three load simulations met the 

specifications defined in regulation norm. The experimental data obtained confirm the validity 
of the three numerical models tested. No separation was observed.  
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Figure 7. Optimized structure solutions resulting from the model (a) longitudinal test 

(b) vertical test (c) transverse test 

 

CONCLUSION 

For adaptation of additive manufacturing into the automotive industry, a case study has 
been demonstrated to be successful under safety regulations by using topology optimization 
which reduce reduces weight of functional hinge system. The following conclusions can be 
made based on the above research. 

(1) There are some challenges associated with anisotropy level of AM materials. 
Characterization of AM AlSi10Mg alloy hinge components using DMLS is still a 
merging area, but standardization of process is noticeably.  

 

(a) 

(e) 

(c) (d) 

(b) 

(f) 
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(2) Topology optimization simulation leads to multiple solution, especially under 
failure loads above the yield point of material stress-strain curve. It needs 
intervention of designer to determine right solutions.  

(3) While optimized parts met the mass target, it is also meet the safety criteria. Potential 
of using AM technology in automotive industry is inevitable, we foresee rapid 
progress in the near future. 

 
(4) The aim of this study was to demonstrate value of topology optimization combine 

with the simulation of AM materials parts. It was found that significant weight 
reduction is feasibly due to simulation approach.  
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