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Abstract  
Mechanic load tests for electrical contacts for different components have been performed and related standards have been 
developed for various use cases. Even though there are readily available literature and standards, conditions of the testing 
for various components under mechanical loading remain similar. Real life operating conditions usually different then 
the testing conditions and even the slight differences can influence the precision of the prediction mechanisms. We pro-
pose an automated mechanical loading system to mimic real life operating condition and test lifetime of the contact parts. 
A cost effective, compact experimental test system was designed, produced and tested for stability issues. The automated 
test system successfully completed one million mechanical loading cycles on the samples and surface deformations as 
well as lifetime of some contact components were determined. A correlation has been found between computational 
model and the experimental results.  
 
1 Introduction 
Lifetime and failure prediction of contacts in various fields 
have been investigated due to their importance in crucial 
components such as mechanical relays [1] and solar panels 
[2]. Due to continuously rising demand of metals in crucial 
industrial sectors, demand for low prices and scarcity of 
metal resources create demand for better predictive testing, 
standards and systems. Failure mechanism and surface de-
formations on metal contact surfaces heavily depend on the 
type and the condition of the loading mechanism [1-5]. In 
this study, we concentrated on the lifetime of a metal con-
tact comb-rubber dome structure under automated and re-
petitive mechanical load. Even though existing automated 
industrial test machines are fast and reliable, they are not 
designed to test specific cases and can be improved to 
mimic real operation conditions more efficiently. They are 
also not widely available for mid-sized companies. There-
fore, a cost effective, compact and efficient automated test 
systems that can mimic real-life conditions better are al-
ways in demand. 

2 Computational Modelling 
Computational modeling at ICP ZHAW makes a comple-
mentary with automated   experimental tests established at 
HFU for a perspective of a model-based button’s design. 
Indeed, numerical simulations were conducted using input 
from experimental setup, like surface roughness, loading 
rate and force inclination. In the first step, modeling was 
based on a global approach by solving an elasto-dynamic 
friction contact problem on the whole contact surface using 
an open-source finite element package [6] (Figure 1). This 
calculation was conducted under following input condi-
tions: 
 
• Strip vertical motion at 10 cm/s 
• Foundation horizontal motion at 20 cm/s 

• Friction coefficient   µ = 0.1 
• Yield stress σY = 50 MPa 
• 2D Strip gold domain of 40 µm length 
A local contact area of high shear-stress was identified. 

 

Figure 1 Global FEM approach of dynamic sliding friction 
contact: a) Strip simulation in vertical motion of 10 m/sec 
before impact. (b) Strip is reaching the foundation level un-
dergoing a sliding speed of 20 m/sec, the deformations are 
scaled for visualization and Von Mises stress are shown 
dominant on the side part. c) experimental setup with in-
clined loading test. (d) A patch sub-domain is identified of 
concentrated stress region to be analysed using local adhe-
sive wear model. 

In second step, a local approach was applied using bound-
ary integral method to solve adhesive contact problem 
(Figure 2) in aforementioned local area.  A random-height 
rough surface was generated corresponding to measured 
surface amplitudes Figure 1 (d).  



 
Figure 2 Schematic representation of a periodic elastic-
plastic contact problem, B: Elastic-plastic body is repre-
sented in deformed shape, where h is the height and u is the 
displacement. 

This local modelling approach is based on solving a math-
ematical system of contact problem that is summarized as 
follows: A function gap between two surfaces is depending 
on the displacement field and the surface height: 
 
𝑔𝑔[𝑢𝑢] = 𝑢𝑢𝑒𝑒3|𝜕𝜕𝜕𝜕 − ℎ 
 
The model is constrained by the following Hertz-Signorini-
Moreau conditions: 
 
𝑔𝑔[𝑢𝑢] ≥ 0,  
𝑝𝑝[𝑢𝑢] = 𝑇𝑇[𝑢𝑢]𝑒𝑒3 ≥ 0, 
𝑔𝑔[𝑢𝑢]𝑝𝑝[𝑢𝑢] = 0 
 
Considering the strain tensor defined linearly as: 
 

𝜖𝜖[𝑢𝑢] =
1
2

(𝛻𝛻𝑢𝑢 + 𝛻𝛻𝑢𝑢𝑇𝑇) 
 
the Cauchy stress tensor is given by: 
 
𝜎𝜎[𝑢𝑢, 𝜖𝜖𝑝𝑝]  =  𝐶𝐶: (𝜖𝜖[𝑢𝑢] − 𝜖𝜖𝑝𝑝) 
 
where C is the elastic tensor and 𝜖𝜖𝑝𝑝is the plastic strain.   
The static force equilibrium is given by 
 
𝛻𝛻.𝜎𝜎 =  0     in plastic body B 
 
The traction force along the outer normal vector n of the 
boundary of the domain is given by:  
 
𝑇𝑇[𝑢𝑢, 𝜖𝜖𝑝𝑝]  = 𝜎𝜎[𝑢𝑢, 𝜖𝜖𝑝𝑝]𝜕𝜕𝜕𝜕𝑛𝑛 
 
One can split the displacement field u into elastic and plas-
tic components: 
 
𝑢𝑢 = 𝑣𝑣 + 𝑁𝑁[𝐶𝐶: 𝜖𝜖𝑝𝑝] 
 
The boundary integral method is based on the energy min-
imizing of the potential energy of the system. It is to find u 
verifying: 
 
𝑖𝑖𝑛𝑛𝑖𝑖 �1

2 ∫ 𝑇𝑇𝜕𝜕𝜕𝜕 [𝑣𝑣]𝑣𝑣𝑣𝑣𝑣𝑣�  
 
such that (no-penetration constraint): 
 
𝑔𝑔�𝑣𝑣 + 𝑁𝑁[𝐶𝐶: 𝜖𝜖𝑝𝑝]� ≥ 0 

 
The adhesive effect is incorporated in the contact model by 
considering the total potential energy as summation of elas-
toplastic energy and adhesive energy: 
 
Epotential   = Eelasticplastic + Eadhesion 

 
where the adhesion energy is defined as 
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Here γ is the surface energy and ρ is the adhesive charac-
teristic length and g is gap function (Figure 2).  Local con-
tact problem was solved in the Fourier domain of the gen-
erated surface spectrum allowing a computational time 
which is two-order of magnitude faster than traditional 
FEM [7]. Traction, contact and adhesive zones were ob-
tained in the local contact surface (Figure 3).  
 

 
Figure 3 (a) Generated local rough surface. (b) Space dis-
tribution of adhesive contact forces. (c) Distribution of 
contact and adhesion zones. 

3 Design of the Automated Test 
System 

Commercial automated loading systems usually apply me-
chanical load normal to the sample surface. In this study 
the automated system was designed to mimic a specific 
real-life condition and test the electrical contact compo-
nents durability under inclined mechanical loading. 2 
phases Nema 17 stepper motor with step angle of 1.8° was 
used for movement and the stepper motor was controlled 
by Arduino. Burster 8523 compression sensor with a meas-
urement range between 0-100 N and a deviation of 0.1 % 
was used as a sensor. Sensor and specifically designed 
sample holder were placed on V rails, pulley-belt-gantry 
plate system was used for smooth movement. Four-tips 
were designed to test four samples at once and alignment 
was made between tips and samples. Alignment and the 
design of the system was shown in Figure 4 below. 
 



 
Figure 4 a) Designed system with sensor head and sample 
holder (red arrow represents alignment between sensor and 
sample holder) b) Four tips for multiple tests samples. c) 
Designed sample holder (inclination can be arranged ac-
cording to need). 
The designed system was modified and upgraded over time 
and some tests such as vibration, temperature and move-
ment nonlinearity were performed to ensure the stability of 
the system. Automated system can apply 2.5-3 N for each 
cycle and the duration of the loading cycle (load and un-
load) is as short as four second. Duration of one cycle was 
reduced to one second with a slightly higher deviation 
value of applied force. Applied forces and number of cy-
cles can be monitored instantaneously via Digivision data 
acquisition system and Arduino. As an example, a small 
portion of acquired data is shown in Figure 5. 

 
Figure 5 Measured applied force over 90 seconds. Preci-
sion and stability of the applied load can be seen from the 
graph. 

4  Experimental Results 
Electrical contact mechanism consists of two surfaces 
made of two different materials. One of the surfaces is an 
electrically conductive plastic dome and the other surface 
is a gold comb as shown in Figure 6. Lifetime of both sur-
faces were investigated through one million repetitive load 
(2.5-3 N) cycles. Optical images of the gold comb were ac-
quired by Zeiss Axiovision optical microscope and ana-
lysed by Mountains SPIP software. 

 
Figure 6 Optical image of the gold comb under test. Re-
gions 1 and 2 show typical surface defects after one million 
load cycles. Red circle represents the full contact area.  

Typically observed defects concentrated on two different 
areas. Figure 7 shows the evolution of the surface defect 
number 1 through one million loading cycles.  

 
Figure 7 Time series of the defect area 1 through one mil-
lion cycles. Numbers under the optical images indicate 
completed loading cycles (i.e., 100k corresponds to 
100000 cycles). Red bars indicate 200 µm. 

The first surface defect observed after 300k and became 
more pronounce through time. Surface defect number 2 is 
shown in Figure 8. 
 

 
Figure 8 Time series of the defect area 2 through one mil-
lion cycles. Red bars indicate 200 µm. 

The surface defects in defect area 2 were observed after 
200k and became more pronounced through time. Both, 
concentrations and the depth of the defects increased over 
time. Depth of these surface defects were measured by 
Zygo white light interference microscopy and measure-
ment result for defect area 1 are shown in Figure 9. 

 
Figure 9 White light interference microscope image of de-
fect area 1 with 5X Michelson objective. The graph shows 
the surface profile along the line between two spheres. 

Depth of these surface defects varies between 1-2 µm ac-
cording to position of the defect and completed loading cy-
cles. Thickness of the gold combs also measured by Dektak 
surface profilometer with a stylus that has 12.5 µm radius 
and measurement resolution of 0.33 µm. Three positions 
were marked as shown in Figure 10 and the thickness of 



the combs were measured along these predefined three 
lines after each 100k cycles. 

 
Figure 10 Thickness measurements for gold combs. a) 
Scanning direction and scanned gold combs are shown as 
blue arrows and red numbers respectively. b) Thickness de-
viation from the same direction and on the same combs af-
ter one million mechanical load cycles. Gray lines repre-
sents the interval measurements (i.e., 200k, 300k, 400k…). 

Mean height values were calculated for each comb and 
each measurement (from 100k to 1M). Corresponding 
mean thickness for each comb are shown in Figure 10 b). 
As an example, Step 2 has a mean thickness 37.83 μm. That 
represents the mean thickness of the gold comb number 2 
for 10 measurements. Please note that the difference be-
tween min and max values are not more than 1 μm and the 
resolution of the measurement was 0.33 μm. Data shows 
no significant thickness change after 1M cycles. Localiza-
tion of the defects were observed both in simulations (Fig-
ure 1 b) and in the experimental findings (Figure 6). 
 
Surface defects detected on the gold comb structure are not 
critical to prevent or limit the current flow. In contrast to 
gold comb, the conductive rubber dome part of the contact 
can withstand only 300k mechanical load cycles. 

5 Discussion 
 
The adhesive friction contact problem was analyzed exper-
imentally. The degradation was identified through micro-
scopic investigation as a fatigue wear problem influenced 
by adhesive effects between contact surfaces. A sophisti-
cated automatized system was constructed to reproduce 
such a degradation under controlled conditions of repeated 
loading cycles. A correlation between simulation and ex-
perimental results has been found in terms of localization 
of the defects. This helps for better understanding the prob-
lem and then suggesting a model-based method for an im-

proved design against adhesive wear problem. The simula-
tion tests provide a means to analyze such a contact prob-
lem on macro and the micro scale.  
 
As a future perspective, a fatigue model should be imple-
mented in order to realize a predictive capability of wear 
contact through a computational framework that could be 
validated on the light of experimental output. Effect of the 
cycle number and inclination can be implemented to the 
simulation and theoretical calculations to provide better 
understanding of the defect mechanism. Although the de-
signed automated system is compact and useful for small 
scale samples, it can be modified and useful for large scale 
testing cases (such as wind or snow of the solar panels). In 
order to achieve more accurate results and mimic the real-
life scenarios, local and variable loads can be applied to 
desired areas.  
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