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Abstract: : The examination of the failure of electric connectors of electric powered vehicles is at the
forefront of current vehicle developments, because the connector’s operating time increases significantly in
comparison with internal combustion engine vehicles. It was observed that the low amplitude fretting
corrosion plays the most important role in failure, so the lifetime of the failure process is decisive in the life
span of the connector. Typically, the failure of an electrical connector in terms of product is an increase in
electrical resistance that can even cause malfunction of the drive within the product expected lifetime
because of the generated Joule heat that causes temperature rise.

The aim of our work is to study the fretting corrosion process in a given geometry and material quality of
electrical connection by experiment and numerical model.

In the experimental test, an experimental construction was set which simulated contact properties of the
built-in connectors. Tests for failure-life were performed as a function of the clamping force of the mating
members and the amplitude of the relative displacement of the contact surfaces, of which magnitude can
be typically for fretting. The change in resistance at the contact surface was measured and examined when
this value reached the limit value for failure, thus determining the life span for fretting corrosion.

The experimental set-up was then modelled by finite element method. The purely elastic FE model made it
possible to model the gradual removal of the material for given force-amplitude-frequency values by using
the Archard’s theory. The valid wear coefficient was searched that creates the same wear crater in the
calculation as in the measurements.

Then, using the measured data, the FE analysis revealed the mechanical stress conditions, the electrical
current flow conditions, and the resulting thermal conditions during the wear process both on and below the
contact surface, which provides additional information on the details of the fretting corrosion process.

Keywords: fretting, corrosion, wear, failure, FE analysis, lifetime

1. INTRODUCTION in the case of internal combustion vehicles are
not relevant, as the operating times of the

As regards the electrical connectors of connectors are significantly higher.
cooling fans used in electric cars, the results of Consequently, the expected lifetime of the
the standard lifetime testing procedures used connectors will be higher in the standards of
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electric automotive industry under
development than in the internal combustion
specifications. This requires the introduction
of accelerated standardized lifetime tests.

In our work, one of the main factors
influencing the lifetime of the connector, the
fretting corrosion process, was studied using
experimental and numerical tools to develop the
testing standards for electric cars with the help
of this knowledge. When the contact surfaces
have oscillatory displacement at small sliding
amplitude (smaller than 100 um), electrical
insulating oxidation products are continuously
generated at the contact surfaces and cause
fretting corrosion [1-6]. When fretting corrosion
occurs, the contact resistance is increased,

resulting in malfunction of the electronic devices.

And the fretting corrosion has a chance because
the small sliding amplitudes occur when the
electric cars are operating.

The geometry and the material quality of
the investigated connector were given in
advance which was used by the cooperating
automotive company for cooling fans.

In a first step, a simple geometry physical
simulation was constructed in which a point
contact properties are formed that
corresponds to the average mechanical stress
on the line contact surfaces of the electrical
connector calculated by Hertz theory. The
material was the same: industrial purity tin
coated industrial purity copper.

The end-of-life phenomenon was
determined with the help of a collaborative
industrial partner, defined by a limit value for
transition electrical resistance on the contact
surface. In the first step, the limit value for the
connector was assumed to be 10 mQ. This
value was converted according to the contact
area of the experimental design. Thus, in our
physical fretting simulation the electrical
resistance was measured until the limit value
of the transition electrical resistance was
reached and then the process was stopped.

Vincent et al. [6] investigated the fretting
sliding transition from partial slip to gross slip
for electrical contacts with noble and non-
noble material coatings. They reported that if
the displacement amplitude becomes higher

than the transition value, the generalized gross
slip condition activates debris formation over
the whole contact surface, resulting in
unstable electrical resistance for non-noble
material coatings. When the displacement
amplitude is lower than the transition value
then the partial slip regime occurs. Partial slip
causes an annular slip area on the outer
periphery and a stick zone in the center area
where slip does not occur. The stick zone in
the center has metal-to-metal contact and
therefore the electrical resistance remains low
in a stable way during the lifetime. So it is
possible to achieve an infinite lifetime of the
electrical connector. In contrast, when a gross
slip occurs, slip occurs over the entire contact
area and oxide debris is created in the entire
area. As a result, the electrical resistance
rapidly increases with the number of cycles.

Noble material coatings can only extend the
lifetime of the electrical contacts. Wearing-out
of the substrate coating material caused high
and unstable electrical resistance [6].

To obtain as much information about the
transition value of the amplitude and the
changes in the lifespan as we can, the
amplitude and the clamping force between the
mating parts were varied and the lifetime was
detected for each measurement. Also the
effect of previous aging of the materials of
connectors was studied.

In order to obtain more detailed data about
of the degradation phenomenon a FEM
numerical model was created. The built FEM
model was a coupled structural-electrical-
thermal model which was also able to the
modelling of wear. The modelled geometry
was the geometry of the physical simulation
which is a contact of a surface of a hemisphere
and a surface flat block. Also, for the electrical
calculation, the measured transition electrical
resistance were used.

The basis of the wear modelling was the
Archard’s equation. The calculation’s time
requirement of wear simulation was so high that
an acceleration method was used which was
implemented in the Archard’s equation. The
model was validated by the comparison of the
measured and calculated wear depth and width.
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2. EXPERIMENTAL PROCEDURES

A specific electrical connector of cooling
fans used in electric cars was studied which
can be seen with its CAD model in Fig.1. These
are industrial purity copper connectors coated
by 3um thick industrial purity tin layer.

FEMALE

Figure 1. Female and male parts of the electrical
connector of cooling fans and its CAD model

In order to study the contact properties,
specimens with simpler geometry and with the
same material and coating as in the electrical

connectors were used for fretting experiments.

The aim of the experiment was to compare the
resistance values of the test specimens
produced by the male terminal of connectors
at different amplitudes and clamping forces as
a function of the number of cycles. Knowing
this information, lifetime graphs similar to
strain-cycles curves were determined based on
different parameters.

RS

specimen B

specimen A

Figure 2. A and B parts of the contact specimen of
the fretting experiments

The test specimens were prepared as
shown in Fig.2. The relatively large surface of
male terminal of connector provides the
opportunity to form the required specimens
(specimen A and B). The A specimens were
embossed by a steel ball with R1 = 5 mm
diameter (in Fig. 2). Then the specimen A was
attached to the test equipment by soldering
to avoid the unwanted vibration and backlash
of the specimen. After the test, the soldered
specimen can be removed without

destruction and a new specimen can be fixed.
The specimen B was cut from the male
connector as it can be seen in Fig. 2.
Specimen B was attached to the copper
sample holder using screws.

Figure 3. E10000 electrodynamic test equipment
with the developed fretting test holders

Figure 4. Schematic illustration of E10000
electrodynamic test equipment

The test equipment The tests are carried
out on the E10000 electrodynamic test
equipment with the developed fretting test

16th International Conference on Tribology - SERBIATRIB ‘19

267



holders as it can be seen in Fig. 3 and 4. The

soldered horizontal part was created the

uniaxial clamping force between the specimen

A and B. The copper sample holder moved

vertically in accordance with the given

frequency and amplitude. The specimens are
electrically insulated from the rest of the
equipment so the electrical resistance change

can be measured (Figs. 3-4).

Electrical resistance measurement s
performed using a Keithley 2410 resistance
meter. Temperature measurement was also
carried out on the specimens during the
fretting tests by thermocouples.

The lifetime test plan was:

e In the first series of tests, they were carried
out with a force of 5N at room
temperature (23°C) with a relative
humidity of 50% at a frequency of 30 Hz.
The variable parameter was the amplitude.

e In the second series of tests, the effect of
the compressive force was tested up to a
pressure of 10 N.

e Inthe third series of tests, aged specimens
were examined. Aging was done at 140 °C
for 14 days.

In addition, development of the wear track
was studied by measuring the surface
roughness using Altisurf surface profiler with
CL2 chromatic confocal sensor and the
dimensions of the crater created by the wear
track using a microscope. For this purpose,
measurements were made up to different parts
of the previously measured number of failure
cycles, and the craters thus obtained were
examined by surface profiler. The selected test
parameters were 10 um amplitude, 30 Hz
frequency, 5 N load, 23 C ambient temperature
and 50% humidity. In this case, the maximum
number of cycles was 35620, at which we
reached the critical value of the electrical
resistance of failure. An additional 5
measurements were made up to 1/6, 2/6, 3/6,
4/6, 5/6 of the maximum cycle count.

2.1 Evaluation procedure for lifetime
experiments

In the experiments, electrical resistance-
cycles graphs were recorded. The actual

electrical resistance values cannot be
accurately determined even with the electrical
resistance measured on the wires and
connections During the electrical resistance
measurement, only the electrical resistance
change is recorded, which was used to
determine the cycle value of the failure, i.e.
when the critical resistance value is reached.
The value of the critical electrical resistance
for each sample is different, depending on the
size of the contact surface. Therefore, for each
specimen, the extent of the critical resistance
change was determined individually, based on
the measured contact surface after the test,
calculated by the following equation:

Reric = Ry * Zterminal (1)
specimen

Ry is equal to 10 mQ. Aspecimen is the
measured contact area on the specimen which
varies in size around 0.09 mm? as a function of
the test amplitude and cycle number. Aterminal
is the measured contact area on the terminal
of the electrical connector of which size is
around 2.91 mm? Thereby, the critical
electrical resistance to be measured on the
surface is increased from the required 10 mQ
to more than 300 mQ.

Knowing the defined critical resistance
values, the critical cycle number for the test
amplitude can be read from the electrical
resistance - cycle number diagrams obtained
from the experiments.

3. COUPLED NUMERICAL MODEL

FE analysis of contact properties of
specimens of fretting experiments was
carried out. The finite element model was a
coupled model containing structural, wear,
thermal and electrical analysis. The modelled
geometry of specimens can be seen in Fig. 5.
However, to save calculation time, only a
small part of bodies of specimens were
modelled around the contact area where the
contact exerts its effect. In that parts of the
bodies, a mesh were created as it can be
seen in Fig. 5. The mating surfaces are
smooth and the FEM was quasi-static.
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There were 3 um thick tin layers on mating
surfaces while the material of other element in
the body is copper. Because of the elastic
model is more conservative and the
calculation time was shorter than the elasto-
plastic model the elastic model was used for
this study.

Mechanical properties of industrial purity
copper:

e Young’'s modulus: 117000 MPa

e Poisson ratio: 0.33

e Density: 8960 kg/m>

Mechanical properties of industrial purity
tin:

e Young’s modulus: 41600 MPa

e Poisson ratio: 0.33

e Density: 7310 kg/m>

Boundary conditions:

e The nodes on the bottom surface of the
part of specimen B are fixed

e The motion parallel to the mating surface
and the clamping force were defined on
one node on the upper surface of the part
of specimen A

e The friction coefficient between the
mating surfaces 0.15

e There was no buckling of the parts of the
bodies which was ensured by links defined
on the side nodes

The boundary condition can be seen in Fig.
5 where the fixing is marked with green arrows,
the motion definition with pink arrows and the
clamping force definition with orange arrow.
The clamping force was 5N. The motion was
defined by sine curve where amplitude 10 pum
and frequency 30 Hz.

Electrical properties of the coupled model:

e Specific resistance of copper: 1.68-10% Qm

e Specific resistance of tin: 1.09-107 Qm

Boundary conditions:

e 0V potential sinks defined on the nodes
of the upper surface of the part of
specimen A

e 25 piece of point current source are
defined on bottom surface of the part of
specimen B, 4 mA in each of them

e 20 mQ was the assumed contact electrical
resistance between the mating surface.

Figure 5. Meshed parts of the specimens A and B
with structural boundary conditions

The electrical boundary condition can be
seen in Fig. 6 where 0V potential sinks is
marked with green arrows and electrical
sources with purple arrows.

Figure 6. Meshed parts of the specimens A and B with
electrical boundary conditions (sources and sinks)

Thermal properties of the coupled model:

e Thermal conduction of copper: 400
W/(m-K)

e Thermal conduction of tin: 67 W/(m-K)

e Specific heat capacity of copper: 385
1/(kg-K)

e Specific heat capacity of tin: 210 J/(kg-K)

e Transition thermal conduction between
the mating surfaces: 10000 W/(m-K)
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The given value of transition thermal
conduction is an overestimation of the real
value which was unknown before the
examination.

The initial condition was 293 K. With the
exception of the mating surfaces, there was
not heat transfer through boundary surfaces
on both bodies.

The frictional heat and the Joule heat were
calculated together with the heat transfer.

For numerical simulations MSC Marc finite-
element software was used.

Wear was modelled by Archard’s
equation. This equation is the most widely
used for adhesive and abrasive wearing
simulation [7-16]. MSC Marc implements
wear by moving the nodes of the contact
surface to the direction of wear with the
extent of the wear depth.

The wear depth can be calculated by the
next time-dependent equation based on the
Archard’s equation [7]:

W*:k'O"Urel (2)

where Ww* [mm/s] wear rate (temporal
change in wear depth), k[mm?3/(Nm)] is the
specific wear rate, o[MPa] is the normal stress
on the contacting surface and vq[m/s] is the
relative velocity in a mating point of the
contact surfaces. The exact value of k was
determined by comparison with validation
measurements.

For reducing the time consuming of the
coupled model an acceleration technique was
used for the wear model where the increase of
the wear depth calculated for a step was
multiplied by a factor. In case of the
acceleration method, the (3) equation was
used to calculate the position change of the
nodes of the contact surface due to wear in
each time step:

Xpi1 =X +f WAt 3)

where x,, [mm] and x,,; [mm] are the
position of a node in n-th and (n+1)-th time
step, f [-] is the acceleration factor, w*[mm/s]
wear rate (temporal change in wear
depth), At[s] is the time step of the FEM
calculation.

4. RESULTS AND DISCUSSION
4.1 Experimental results

The experimental lifetime tests were
performed for given force, ambient
temperature, frequency, amplitude and the
electrical resistance data were recorded as it
can be seen in Fig. 7. When the magnitude of
the resistance change belonging to the failure
phenomenon was reached, the test was
stopped. After measuring the wear trace, the
value of the exact critical electrical resistance of
the failure is determined based on Eq. (1). The
lifetime of the critical resistance was then
determined inversely from the diagrams similar
to Fig. 7 obtained from the measurements. This
allowed us to determine a point on the strain-
cycles-like amplitude-cycle curve.

Contact resistance measurement
F=5 N, T=23°C, f=30 Hz, A=11 pm
0.7

c 0.6

Y 0.5

c

S 04

o

é> 0.3

-g 0.2

£ 0.1

8 0 I T T T
0 5000 10000 15000 20000 25000

Number of cycles

Figure 7. Measured electrical resistance as a
function of the number of cycles for fixed
parameters

Number of cyclesto critic contact
resistance - Amplitude graph
F=5 N, T=23 °C, f=30 Hz
||y =64.513x0177 ¢ Damaged
R?=0.571 © Not damaged

8, o o — — o?——
> 0> 0>
o>

00> 6> o>

8 um

1000 100000 10000000
Number of cycles to failure

Figure 8. Lifetime diagram for fixed force
temperature and frequency
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According to the test plan, only the
amplitude was changed with fixed force,
frequency, humidity and ambient temperature
in the first measurement series. The resulting
amplitude-cycle lifetime curve can be seen in
Fig. 8. As it can be seen, there is an 8 um limit
amplitude value below which the failure
phenomenon does not occur.

In case of the second measurement series,
the clamping force was increased. The resulted
lifetime diagrams can be seen in Fig. 9-10. Fig.
10 clearly shows that with increased power,
lifetime was increased. Also the limit
amplitude belongs to “infinite” lifetime was
increased with the clamping force.

Number of cyclesto critical contect
resistance - Amplitude graph
T=23 °C, f=30 Hz
¢ Damaged, F=5 N
» Damaged, F=10 N
Not damaged, F=10 N

]y =64.513x0177
R2=0.571

D

s ®
~

SP00
’ (\&
L CW
o) s

y = 56.854x0-16
R2=0.2896 8 um

B
i

~»

Amplitude (£ pm)
o¢]

4

1000 100000 10000000
Number of cycles to failure

Figure 9. Lifetime diagram in case of 5N
and 10 N clamping force (logarithmic scale)

Number of cycles to critical contact
resistance - Amplitude graph
T=23°C, f=30 Hz
16 -
\'\ 5N
14w
= : 10N
212 - 8
3 oe
2 10 - e
a e
E i bt - P——
g 8
6 - 8 um
4 \ ‘ ‘
5000 25000 45000 65000
Number of cycles to failure

Figure 10. Lifetime diagramin case of 5 N
and 10 N clamping force

In case of the third measurement series,
the lifetime results of aged specimens were
compared to results of the first measurement
series where the clamping force was 5 N. The
resulted lifetime diagrams can be seen in Figs.
11-12. The results are indicated that the aging
process decreasing the lifetime of the
electrical connectors. After 14 day aging the
decreasing of the lifetime was so large that the
limit amplitude belongs to “infinite life” was
become less than 4 um.

Number of cyclesto critical contact
resistance - Amplitude graph
F=5 N, T=23 °C, f=30 Hz
y = 64.513x0.177
RZ - 0571 * NOt aged
€ specimens
316 & o=
al RN
v 12 o
S ° T‘%‘
h= RTRe
[l e i ha!
g- R s
<y = 3034.2xc0.604 8 um
R2=0.6258 |
4 +
1000 100000 _ 10000000
Number of cycles to failure

Figure 11. Comparison of the lifetime
curves of aged and without aged specimens

Number of cyclesto critical contact
resistance - Amplitude graph
F=5 N, T=23°C, f=30 Hz
16 v * Not aged
14 specimens
€ N Aged
Fi12 - ’\’\ specimens
210 - e,
= e~
o 8 - S —
£
61 8 um
4 \ ‘ v ‘
5000 25000 45000 65000
Number of cycles to failure

Figure 12. Comparison of the lifetime
curves of aged and without aged specimens

For later validation of the coupled FEM
model, wear traces were examined by surface
profiler as the wear trace evolved. The
maximum cycle was obtained by the previous
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lifetime measurements which was equal to
35620. And additional 5 measurements were
made up to 1/6, 2/6, 3/6, 4/6, 5/6 of the
maximum cycle count.

It was found that the wear depth has already
been reached 11 um at sixth of the total lifetime
which depth is more than three time bigger than
the thickness of the tin coating layer. Only the
specimens B of each measurement was taken
into account for validation because of its plain
geometry since the wear depth can be more
accurately determined. These results can be
seen in Fig. 13-15.

5.380

5.375

5.365

y Imm]
L
w
-
[=]
[ENERERERE INERERENRERENENENENE ARERERERE

5.360

E:II[;IIIIIcll!-ILIIIIIIIcll!lzllIIIIIél!‘lalIIIIIlc:!ql'lllllllc:!sllllllcllllé
X [mm]
Figure 13. Wear depth measured by surface
profiler for sixth of lifetime of given force (5 N),
temperature (23 °C), humidity (50%) and

frequency (30 Hz)

13.200
13.195
E 3
E13.190
el ]
13.185
13.180 7

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIII

0.0 0.1 0.2 0.3 0.4 0.5

X [mm]

Figure 14. Wear depth measured by surface
profiler for half of lifetime of given force (5 N),
temperature (23 °C), humidity (50%) and
frequency (30 Hz)

11.205

11.200

11.195

y [mrm)
NI N TN N N RN A N A MO AN S A A MO O A A O

11.190

TTTTTTTTI | TTTTTTTTIT | TTTTTTTTIT
0.0 0.5 1.0 1.5
X [mim]

Figure 15. Wear depth measured by surface
profiler for total lifetime of given force (5 N),
temperature (23 °C), humidity (50%) and
frequency (30 Hz)

As it can be seen in Table 1, the diameters
and areas of the wear traces are also stabilized
around a constant value very fast as the
number of cycles increased.

It is assumed that after the fast fretting
wear, the oxidation process of the copper-
copper contact takes over the role until the
failure phenomenon is reached. In this
second period, the extent of wear is
negligible because of the wear trace
geometry and the debris accumulation
between the contacting surfaces.

Table 1. Sizes of wear traces measured by optical
microscope in case of measurements carried out
different part of the total lifetime

1/6 of 1/2 of Total
lifetime lifetime lifetime
#Cycles 5937 17 810 35620
Length of
trace 382 um | 419,5um | 419,2 um
Width of
trace 304 um | 279,5um | 276,3 um
0,09241 | 0,09561 0,09493
Area 2 2 2
mm mm® |  mm
Wear
trace
(100x 4
zoom)
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4.2 Result of numerical calculation

With the help of FEM numerical analysis the
wear stage of the fretting corrosion was
studied. So the total number of cycles was
5937 in this case.

Half model was used for the calculation
with a symmetry plain which lays in the middle
of the meshed parts of specimens parallel to
the relative movement.

First, the coupled FEM model was
validated by the measured sizes of the wear
craters. The wear depth was measured by
surface profiler. For the latitude
measurements of wear trace optical
microscope was used since the wear under 3
um is difficult to identify with surface profiler
due to the adhered debris and the surface
roughness of the same size. By contrast, the
areas affected by the contact with the optical
microscope are well identifiable.

" 0.0111
0.0100
0.0089
0.0078

" 0.0067
0.0056

1 0.0044
0.0033
0.0022
0.0011
0.0000

Figure 16. Calculated wear depth of the
specimen B as the numver of cycles is 5937

0.0085
0.0076
0.0068

' 0.0059
" 0.0051
| 0.0042
0.0034

1 0.0025
0.0017
0.0008
0.0000

Figure 17. Calculated wear depth of the
specimen A as the number of cycles is 5937

In the end of the validation procedure the
obtained specific wear rate (k) for the
contacting materials was 1.4-10° mm?3/(Nm).
The obtained length of the trace was 483 um
and the width was 237 um for the B part of
the specimens which is quite comparable
with the measured values in the Table 1. As it

can be seen in Fig. 16, the calculated wear
depth is the same with the results of the
surface profiler.

Structural analysis was carried out by the
validated model. The changes of the

distribution of the normal stress on the mating
surface can be seen in Figs. 18-21. It can be
seen that contact surface was increased and
the structure of the distribution of the
maximum normal stress changed significantly.

Figure 18. Normal stress distribution on the mating
surface in the beginning of the wear process

761.3

Figure 19. Normal stress distribution on the
mating surface in the 25" cycle

238.7
214.8
190.9
167.1
143.2
119.3
| 95.5
71.6
47.7
23.9
0.0

Figure 20. Normal stress distribution on the
mating surface in the 5919t cycle

Figure 21. Normal stress distribution on the
mating surface in the 5937 cycle
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435.2
391.7
348.2
304.7
261.2
217.7
174.2
130.7
87.3
43.8
0.3

Figure 22. Von Mises stress distribution in
specimen B in the beginning of the wear process

211.8
190.6
169.5
148.3
127.2
106.1
84.9
63.8
42.6
21.5
0.3

Figure 23. Von Mises stress distribution in
specimen B in the 25" cycle

161.6
145.5
129.3
113.2
97.1
80.9
64.8
48.7
32.6
16.4
0.3

=

Figure 24. Von Mises stress distribution in
specimen B in the 188" cycle

189.4

170.5

151.7
| 132.8
113.9
95.0
76.1
57.2
38.3
19.5
0.6

Figure 25. Von Mises stress distribution in
specimen B in the 5919 cycle

The changes of the distribution of the Von
Mises stress inside of the specimen B can be
seen in Figs. 22-26. In the beginning of the
process, until 180™-200" cycle, the maximum
of Von Mises stress locates under the mating
surface inside of the body.

In case of the first cycles, the Von Mises stress
reaches its maximum value below the mating
surfaces of 25 um which is much larger distance
than the thickness of tin layer (Figs. 22-23).

However, in case of larger cycles, the
maximum of the Von Mises stress moves to the
mating surface (Figs. 24-26). This phenomenon
accelerates the crack initiation and propagation
in the surface layers, i.e. the contact fatigue, and
tearing of small pieces out of the body.

50.2
45.2
40.3
35.3
30.3
25.4
| 20.4
15.4
10.5
5.5
0.5

Figure 26. Von Mises stress distribution in
specimen B in the 5937 cycle
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Figure 27. Current density distribution in the
beginning of the wear process
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Figure 28. Current density distribution in the
5937 cycle
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Figure 29. Current density distribution on the
contact surface in the beginning of the wear
process

The electrical analysis can be seen in Figs.
27-29. It can be seen that in the wear stage of
the lifetime, the area where the current flows
between the two contact bodies is equal to
the contact area. In the initial phase, the
current density in this area is evenly
distributed, only with the exception of a 9 um
band on the boundary (Fig. 29).

The thermal analysis showed that there is
only 3 °C temperature rise in the experimental
specimens  which distribution is quasi-
homogeneous, even with the consideration of
the Joule and friction heat. This result
coincides with the results of temperature
measurements  performed  during the
experiments.

5. CONCLUSION

In this work, a procedure was developed
comprising of experimental and numerical
calculation methods to analyse the ability of
fretting corrosion failure of electrical connectors
of cooling fans used in electrical cars.

In order to better understand of the contact
conditions of the electrical connector, test
specimens were made from material of the
connector and carried out fretting
experiments with them.

Lifetime curves similar to the short cycle
fatigue strain-cycle diagram were determined
by electrical resistance measurements during
fretting tests. In these diagrams, amplitude-
cycle relationships are determined in case of
fixed parameters.

In our case, it was found that there was a
value similar to the endurance limit in the case
of amplitude, where practically endless life
belongs to the value smaller than this limit.
The effect of the load force and the pre-aging
on the lifetime curves were examined.
Lifetime was increased with increasing load,
while aging was significantly reduced lifetime
and amplitude limit for practically endless life.

In addition, the evolution of the fretting
wear process was examined by measuring the
sizes of the wear trace as a function of the
number of cycles within a given lifetime. In our
study, it was found that a 10-11 um deep crater
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was worn out quickly compared to the total
lifetime, and then the corrosion of the resulting
copper-copper contact surface led to the failure
of the electrical connector. The fretting wear
process takes place during the sixth life, and
then no significant wear can be detected.

Numerical coupled FEM model was built
that allowed us to carry out structural, wear,
electrical, thermal analysis in the knowledge of
the measured transition electrical resistance
increase. The coupled model was validated
using the measurements of crater size of the
wear process and determined the specific
wear rate for the particular case.

Structural analysis of the validation
measurements was shown the change in the
contact trace and movement of points of
maximum of Von Mises stress from inside the
body to the surface as fretting cycles increase,
which accelerates contact fatigue and tearing
out of small particles from the surface. It was
found that after 3-4% of number of cycles of
the fast-wear, the maximum Von Mises stress
is already on the contact surface, accelerating
the formation of debris.

Examining the distribution of the current
density of the validation measurements, it was
found that the size of the A-spot was the same
as that of the contact area and was distributed

quasi-uniformly on this area in the initial cycles.

The temperature analysis showed that 3 °C
temperature increase in the test specimens
occurred during the whole lifetime, confirmed
by measurements.

Complementing of our examining
procedure by the thermodynamic analysis of
corrosion and metallurgical processes can be
used to create a knowledge base for the
contact conditions of the tested electrical
connectors, which can be used to develop
accelerated standardized lifetime tests for the
electric car industry.
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