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Sliding wear is a key determinant of the performance of electrical sliding contacts used in electrical
machines. The behavior of the contact in sliding couple is controlled by the mutual metal transfer, friction
and wear. Product life and reliability of sliding contacts are dictated by wear phenomenon. The present
paper focuses on evaluation of tribological performance of copper–graphite composites using reliability
theory. These composites are made up of a high electrical and thermal conductivity matrix with a solid
lubricant reinforcement, making it most suitable for sliding contacts. Traditional life tests under normal
operating condition would be a time consuming process due to a very long expected life of the composite.
Hence, accelerated wear testing was carried out for evaluating the life characteristics. Analysis was then
performed on the times-to-failure data and reliability models were developed. Life-stress relationship
based on the inverse power law-Weibull model was used to make reliability predictions at normal usage
level.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The functioning of many mechanical and electromechanical
components/systems gets affected by friction and wear. For such
components/systems, the friction and wear mechanisms should
be studied thoroughly in order to address the tribological issues.
In electrical motor/generator industries, there is a high demand
for electrical sliding contacts like electric brushes. Severe friction
and wear conditions are experienced by the brushes since there
is a relative movement between the brush and slip ring/commuta-
tor [1,2]. In electrical machines, the electrical sliding contact usu-
ally consists of carbon and electrographite brushes. These
materials do not last long due to the generation of carbon dust
when wear process commences [3]. As these brushes fall in the cat-
egory of non-repairable components, they are expected to be re-
placed at regular intervals according to a preventive replacement
schedule. Since this adds to the life cycle cost of the equipment,
it is desirable to have a material with improved properties with re-
spect to self lubrication, wear resistance, good conductivity and
resistance to arcing [4,5].

It was found from the literature that microwave sintered cop-
per–graphite composites possess the properties suitable for elec-
trical sliding contact applications [6,7]. The present study
proposes to use and evaluate the tribological performance of cop-
per–graphite composite, processed through microwave sintering,
ll rights reserved.
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as a potential material for electrical sliding contact. Due to a very
long expected life of the composites, carrying out the traditional
life tests under normal operating conditions would be time con-
suming. Hence, accelerated wear testing was carried out for evalu-
ating the life characteristics, within a shorter duration. Reliability
assessment was done based on life-stress relationship using
inverse power law-Weibull model.
2. Accelerated life testing (ALT)

2.1. The concept

In conventional life data analysis, the life data of a test sample
operating under normal (or usage) condition is analyzed in order
to quantify the life characteristics of the product and make reliabil-
ity predictions. However, due to time or budget constraints, it may
be necessary to obtain test results more quickly than the normal
operating condition. This can be achieved using quantitative accel-
erated life tests (QALT) to capture life data of the product under
accelerated stress conditions. The QALT approach is to use life data
obtained under accelerated conditions and estimate the probabil-
ity density function (pdf) for the product under normal usage con-
dition, which can then be further used to do a variety of reliability
analysis [8,9].

To accelerate the time-to-failure for the products under test,
two approaches viz. usage rate acceleration and operating stress
acceleration can be employed [10,11]. Usage rate acceleration is
appropriate for products that do not operate continuously under
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Fig. 1. Microstructure of copper–graphite composite.

Nomenclature

Y represents Weibull scale parameter
b represents Weibull shape parameter (or slope)
c represents Weibull location parameter
K is one of the model parameters of life-stress relation-

ship, (K > 0)
n is model parameter of inverse power law

T is time-to-failure
T is mean time-to-failure
f () is probability density function (pdf)
L represents a quantifiable life measure
P is the pressure level
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normal conditions. Acceleration in such a case means operating the
products under test at a greater rate than normal to simulate long-
er periods of operation under normal conditions. Once failure data
is obtained, standard life data analysis techniques can be used.
Employing stress acceleration means increasing the level of envi-
ronmental factors, which cause the product to fail under normal
conditions (like temperature, voltage, humidity, etc.), to stimulate
product failures more quickly. For this type of tests, special accel-
erated life data analysis techniques are required. The objective is to
develop a mathematical model that predicts the parameters of the
time-to-failure pdf at normal usage condition from those at accel-
erated stress conditions. However, in order to do this, it is neces-
sary to have a mechanism to relate stress levels with distribution
parameters. In QALT terminology, these are called life-stress rela-
tionship models.

2.2. Life-stress relationship models

As mentioned above, life-stress relationship models allow the
analyst to extrapolate a time-to-failure pdf at usage level from fail-
ure data obtained at accelerated stress levels [12,13]. These models
describe the degradation path of the life characteristics from one
stress level to another. The life characteristic can be expressed as
a function of stress. It gives any life measure, like mean life and
90% reliability life etc.

A Weibull distribution has been used to model the time-to-fail-
ure distribution [14,15], where the scale parameter is stress-
dependent. Developing a life-stress relationship model in this case
would mean predicting the scale parameter as a function of stress,
which in the present study is the pressure on the electrical contact.

Various types of life-stress relationships have been proposed in
the literature and the appropriate one should be selected. One of
the ways to do this is to look at similar experiments and the life-
stress relationship used. Some of the available life-stress models
most commonly used for accelerated life test (ALT) with single
stress is the Arrhenius, Eyring, and inverse power law models
[16,17]. Degradation of composite occurs with the increase in
mechanical loading and thereby results in reduction of the life
time. Inverse power law (IPL) life-stress relationship is well suited
for such wear-out condition. Thus, IPL-Weibull model is applied
here.

2.3. Designing accelerated tests

While designing an accelerated life test, appropriate stresses
and stress levels should be chosen so that they accelerate the fail-
ure modes under consideration but do not introduce failure modes
that would never occur under use conditions. One guideline is to
use stress levels that fall outside the product specification limits
but inside the design limits or below the destruct limits. However,
if these stresses or limits are unknown, multiple tests with small
sample sizes need to be performed to determine the appropriate
accelerated stress levels. The normal pressure acting on an electri-
cal brush in normal use condition in DC motor (up to 1500 rpm)
application is 27–34 kPa. Wear rate increases with normal pressure
which results in a reduction of the brush life. The predominant fail-
ure mechanism of DC motor is due to the worn-out brushes [18].

3. Material and its properties

Copper matrix composite specimens, reinforced with 10 vol.% of
graphite particles were manufactured through microwave process-
ing route. Centrifugal ball mill was used to mix copper (grain size
12 lm) and graphite (grain size 50 lm) powders too uniformly.
The mixed powders were then cold pressed to fabricate a pin of
14 mm diameter and 10 mm height. The green specimens were
sintered in an industrial microwave furnace (2.45 GHz) at 850 �C
for 45 min excluding cooling time. The average values of mechan-
ical properties such as density, porosity and hardness of the fabri-
cated composite were 7.54 g/cc, 8.75% and 98 HV (±2%)
respectively. The detailed discussion on the sintering process and
the characteristics of composites are published elsewhere [7].

To obtain an understanding of distribution of graphite particles
in the copper matrix, micro structural studies were carried out.
Microwave sintered specimens were mirror polished using a stan-
dard metallographic technique and then scanning electron micro-
scope (SEM) image was taken. SEM image of copper–graphite is
presented in Fig. 1. The black areas in copper matrix are graphite
particles. These graphite particles are uniformly distributed
throughout the copper matrix due to adequate ratio of the surface
areas of copper particles and graphite particles. Near equiaxed
grain morphology and finer microstructure can be seen in Fig. 1.
No cracks or fissures are seen in SEM micrographs which confirm
the advantages of microwave sintering. It is also seen from the
micrographs that the pores are of relatively smaller percentage.

4. Experimental procedure

4.1. Initial analysis

A pin-on-disc type wear testing machine was used to study the
tribological performance of the composite [19]. Composite pins
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were rubbed against an EN30 steel disc. This steel disc composition
is similar to actual steel slip ring used in the DC motor electrical
machine [20]. Prior to the test, all the contacting surfaces were pol-
ished with 800 grade silicon carbide paper, then cleaned in acetone
and dried. In order to find out the accelerated pressure, the preli-
minary experimental trials were conducted on the copper–graph-
ite samples in pin-on-disc machine with EN30 steel disc. The
selected testing parameters are as follows: pressure 1250–
5000 kPa, sliding velocity of 0.88, 1.88 and 2.88 m/s and a constant
sliding distance of 13,000 m. The selected applied pressure here
was higher than the usage pressure in order to accelerate the wear
process. It was observed that the coefficient of friction increased to
some extent above a sliding velocity of 1.88 m/s. Generally in slid-
ing wear out process, coefficient of friction is recorded in a steady
state condition. The wear test should be conducted at a longer slid-
ing distance to minimize the fluctuation of coefficient of friction.
The variation of wear rate with applied pressure is shown in
Fig. 2. It was observed that the increase in applied pressure in-
creases the wear rate of composites. As per Archard’s wear theory
[21], the increase of applied pressure or load the wear rate of the
material is increased. In the case of copper–graphite composites,
the increase in applied pressure causes the squeezing out of graph-
ite particles from bulk towards the contact surface. This happens
till 2500 kPa. It can also be seen that 2500 kPa is the transition
point from low to mild wear rate. Beyond the transition pressure,
though more graphite particles are squeezed out, localized stress
is predominant to cause the worn out of copper matrix.

The wear mechanism operating in copper–graphite composite
is analyzed by studying the worn out surfaces of tested pins. Dur-
ing sliding, the rubbing of composite pin against the counter sur-
face leads to the formation of copper oxide film [4], besides the
smeared graphite film. This graphite lubricating film reduces the
metal to metal contact and thereby reduces the wear rate of com-
posite. SEM images of worn surfaces of the composites are shown
in Fig. 3. It can be observed from Fig. 3a and b that the worn out
surfaces have considerable amount of grooves and scars. The worn
out surfaces have exhibited a certain degree of roughness at lower
and higher pressure. At 1250–2500 kPa, a considerable deforma-
tion of the worn surface structure is observed. It is observed from
SEM (Fig. 3 a) that white batches (oxide film) is scarce and there is
a smaller wear scar due to lower applied pressure and thereby
wear rate of composite is reduced. The oxide film formation is ob-
served to be increased with the increase in applied pressure. Due to
increased applied pressure, the composite surface underwent plas-
tic deformation in the sliding contact zone. Fig. 3b reveals the
white batches (oxide film) with considerable wear scars. When
composite pin is running against countersurface for a larger dura-
Fig. 2. Variation of wear rate with pressure for copper–graphite composite.
tion, there is an increase in temperature of bulk material. It results
reduction in the strength of the matrix with increase in tempera-
ture rise. This temperature rise leads to weaken the microstructure
of composite. Micro-volumes of composite material adjacent to the
contact areas and the bond between matrix and graphite particles
are weakened. With sliding, sub-surface deformation occurs which
leads to peeling of tribo layer of the worn surface i.e., larger wear
flakes are formed. This is similar to the delamination wear mecha-
nism operating at low wear rates (Fig. 3a). Mild wear rate produces
considerable deformation and fragmentation at tribo surface and
sub-surface (Fig. 3b). This wear mechanism is also similar to
delamination. Oxidative and sub-surface delamination wear mech-
anisms are predominant for copper–graphite composites at low
and mild wear regimes. This has been also supported by the find-
ings of Moustafa et al. [4].

4.2. Accelerated wear life test

Pin-on-disc type wear testing machine was used to study the
accelerated life testing of the composite. The wear tests were con-
ducted at accelerated pressure in the range 1250–5000 kPa at a
constant sliding velocity of 1.88 m/s. The times-to-failure of copper
matrix composite reinforced with 10 vol.% of graphite particles for
each pressure were noted separately. The failure occurs when the
wear depth reaches a certain value in the substrate of sliding mate-
rial [22]. Time-to-failure of composite is calculated on the basis of
time at which wear depth reaches 0.4 mm. In the preliminary wear
test trials, heavy fragments dislodged from the worn surface of
composites was observed when the wear depth reached 0.4 mm
at pressure 1250 kPa. This wear depth was kept constant for all ap-
plied accelerated pressure in ALT test.

4.3. Experimental data

Accelerated wear test was conducted for copper–graphite com-
posite with different applied accelerated pressures. Pressure was
selected in such a way that it could be extrapolated to normal
usage condition where the same failure mechanism prevails. Four
different accelerated pressures were selected in the range of
1250–5000 kPa. The times-to-failure data in ascending order for
applied accelerated pressure is presented in Table 1. In this case,
the times-to-failure data are used for selecting statistical distribu-
tion and reliability model. The wear depth was continuously mon-
itored by the linear variable differential transformer (LVDT) probe
that was incorporated in the wear tester. From the Table 1, it is ob-
served that as the applied pressure increases, the time-to-failure of
the composite decreases (i.e., the wear rate of the composite in-
creases). The applied pressure increases the squeezing out of
graphite particles more from the composite sub-surface to contact
zone and simultaneously more composite pin deformation is oc-
curred [23]. The smeared graphite particles form the graphite film
at contact surface. At lower applied pressure, balancing actions of
smeared graphitic film and modest deformation composite micro-
structure make composite to fail after a longer time. At increased
pressure (5000 kPa), though more graphite squeezes out from the
sub-surface to the contact surface the predominant action of defor-
mation of microstructure results in. It weakens the formed graph-
ite film during sliding. As a result of that the time-to-failure at
higher pressure is short.

5. Building a reliability model

5.1. Choice of distribution and assumptions

Since Weibull distribution provides a closer approximation to
the probability laws of many natural phenomena [24,25], it is used



Fig. 3. SEM images of worn out surface of composite at: (a) 1250 kPa and (b) 3750 kPa.

Table 1
Times-to-failure with applied accelerated pressure.

Serial No. Applied accelerated
pressure (kPa)

Times-to-failure (min) Serial No. Applied accelerated
pressure (kPa)

Times-to-failure (min)

1 1250 41,145 13 3750 19,315
2 1250 43,065 14 3750 21,205
3 1250 45,096 15 3750 23,134
4 1250 47,759 16 3750 25,051
5 1250 49,420 17 3750 26,984
6 1250 51,355 18 3750 28,765
7 2500 30,415 19 5000 10,235
8 2500 32,135 20 5000 11,765
9 2500 34,038 21 5000 13,357
10 2500 35,952 22 5000 14,953
11 2500 37,812 23 5000 16,468
12 2500 39,965 24 5000 17,986
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as the underlying life distribution. In recent years a lot of attention
is focused on the use of Weibull distribution due to its greater flex-
ibility and simplicity. It can also give a good fit to experimental
data [26–30]. The following assumptions were made prior to the
reliability analysis and model building.

1. The underlying life distribution has a common shape parameter
across different pressure levels.

2. The initial life parameters are constant over the life of the
product.

3. The material property is isotropic and homogeneous.
4. Real contact area is equal to pin contact area.

Generally accepted practice is to assume a constant shape
parameter across the different stress levels (independent of stress)
when analyzing data of an accelerated life test [31]. It implies that
the unit/component will fail in the same manner or with the same
failure mode across different stress levels.

5.2. Life-stress model

The inverse power law (IPL) model is used to model the effect of
stress levels on the characteristic life of the Weibull distribution.
The model is widely used in reliability engineering for non-thermal
accelerated stresses such as pressure and stress [16,32].
LðPÞ ¼ 1
KPn ð1Þ
As the value of parameter ‘K’ increases, the life of the compo-
nent decreases. The parameter ‘n’ is a measure of the effect of
stress on life. Higher absolute value of ‘n’ indicates that stress
has a significant effect on the life of the component.
5.3. Reliability model

The Weibull distribution function can be expressed mathemat-
ically as

f ðTÞ ¼ b
g

T � c
g

� �b�1

e�
T�c
gð Þ

b

ð2Þ

where g represents Weibull scale parameter, b represents Weibull
shape parameter (or slope), c represents Weibull location parame-
ter, and T is time-to-failure.

Two parameter Weibull distribution is assumed by setting the
location parameter c, equal to zero. The above pdf can then be writ-
ten as

f ðTÞ ¼ b
g

T
g

� �b�1

e�
T
gð Þb ð3Þ

while, the Weibull reliability and mean life functions can be written
as follows

RðTÞ ¼ e�
T
gð Þb ð4Þ
T ¼ g � C 1
b
þ 1

� �
ð5Þ

where b and g are the shape and scale parameters respectively.
In order to use a model based on accelerated test data, the scale

parameter g of the Weibull distribution has to be replaced by L(P)
of the inverse power law (IPL) model. Accordingly, the modified
Weibull pdf, reliability and mean life functions can be written as

f ðT; PÞ ¼ bKPnðKPnTÞb�1e�ðKPnTÞb ð6Þ
RðT; PÞ ¼ e�ðKPnTÞb ð7Þ
T ¼ 1
KPn � C

1
b
þ 1

� �
ð8Þ



Fig. 5. Variation of life of composite with applied accelerated pressure.
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The approach involved separation of the data set on each stress
level and calculating the distribution parameters for each data set
assuming Weibull distribution. Kececioglu Dimitri [33] reported
the procedure of estimating the correlation coefficient, Accordingly
the correlation coefficient is estimated and it confirms the fitness
of life data in probability plot for Weibull distribution. The absolute
value of the correlation coefficient for the Weibull distribution is
0.99, almost equal to 1. Correlation coefficient for lognormal distri-
bution is 0.92 which is less than the Weibull correlation coefficient.
This validates the assumption of fitting the times-to-failure data to
the Weibull distribution.

The parameters of the model were obtained using the test data
in Table 1, through maximum likelihood parameter estimation
method. Obtaining numeric values for the model parameters using
maximum likelihood estimator requires the use of a computational
algorithm imbedded in a software package like ALTA 6 PRO. The
obtained parameters are b = 5.917, K = 9.748 � 10�08 and n = 0.737.

The obtained times-to-failure for different applied pressure
were used to construct the Weibull probability failure plot. The
Weibull probability failure plot for different applied pressure is
shown in Fig. 4. The constant shape parameter (b) at each applied
pressure and zero location parameter (c) were used for each distri-
bution so that the distributions of times-to-failure data were sep-
arated along the abscissa. Similar usage of constant shape
parameter for accelerated wear testing of an induction motor bear-
ing was reported [34]. The plotted points for each applied pressure
tend to follow straight line, and thus the Weibull distribution can
be assumed to describe the times–to-failure data adequately. In
addition, the fitted straight lines appear to be almost parallel.
The parallelism of all fitted lines indicates the same failure mech-
anism and it also reveals that the Weibull distribution at different
pressure has a common value for the shape parameter, since the
wear mechanism remains unchanged for different applied pres-
sure. It clearly indicates that degrading path was not changed
due to the unchanged shape parameter for any time and any accel-
erated pressure.

The validation of assumed model can be carried out either
through likelihood ratio test or by graphical method (Weibull
probability paper). The graphical method is used to estimate the
shape parameter from the times-to-failure data of Table 1. The
estimated shape parameter (b) from the graphical method is
5.92. The shape parameter calculated by the maximum likelihood
parameter estimation method is 5.91, which is used for the param-
eters estimation in this study. It is confirmed that the assumed
model is well fitted with the times-to-failure analysis of acceler-
ated wear test data. Similar graphical method is reported for vali-
dating the assumed Weibull-inverse power law model for the life
Fig. 4. Weibull probability plot.
prediction of mylar-polyurethane laminated high voltage insulat-
ing structure [35].

The estimation of shape parameter is biased, even though the
maximum likelihood method produces a closer value of model
parameters due to the smaller sized samples. The unbiased estima-
tor of b can be obtained by using the formula [36].

bu ¼
bb

1:0115þ 1:278
r þ 2:001

r2 þ 20:35
r3 � 49:68

r4

ð9Þ

where bu is the unbiased estimator of b, bb is the biased estimator of
b, r is the number of times-to-failure.

The other parameters were recalculated by using the value of
unbiased bu. The unbiased parameters are bu = b = 5.532, K =
9.492 � 10�08 and n = 0.741. The value of b is greater than one,
and this confirms that the material fails due to a degradation based
failure mode. Using the above the unbiased shape parameter and
model parameter, the life of the composite at accelerated pressure
level can be extrapolated to the usage pressure level. The life vs.
pressure plot for the copper–graphite composite is shown in
Fig. 5. The three lines in the Fig. 5 correspond to the component life
at 1%, 50% and 99% reliability for the usage level pressure of
27–34 kPa. The 99% reliable life of the composite at the usage pres-
sure condition of 27–34 kPa is 6149 h. Similar ALTA 6 PRO software
package imbedded with maximum likelihood estimator was
reported for predicting the life of optical products and thin film
transistor gate line interconnects [37,38].
Fig. 6. Variation of reliability of composite with time.



Table 2
Variation in Sensitivity Index with model parameter.

Parameters of IPL-
Weibull model

Variation
(%)

Model parameter
value

Mean
Life (h)

Sensitivity
Index

b 2 5.643 13,058 0.06
�2 5.421 13,028

K 2 9.682 � 10�08 12,776 1.02
�2 9.302 � 10�08 13,310

n 2 0.756 12,394 2.49
�2 0.726 13,692
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Fig. 6 shows the reliability vs. time plot at the normal usage
condition. Initially the wear rate of composite pin with time is
higher due to direct metal to metal contact established between
the sliding surfaces [5]. With the continuation of sliding, the graph-
ite from the composite pin surface is exposed to the contact zone,
and then the contact between them is changed to mixed contact
which includes direct metal to metal and contacts separated by
smeared graphite film. This condition exists up to certain duration
till the contact zone is covered with complete graphite film. The
complete coverage of graphitic film in the contact zone is termed
as steady state which can be understood from the constant slope
of reliability vs time plot (Fig. 6). It is usually known as useful life
period. During this period of time, the lowest wear rate occurs. The
reliability prediction is made from this useful life period. The mean
life of composite under usage condition also lies within this useful
life period. After the longer duration of operation, delamination of
formed graphite film occurs [4]. This leads to more rapid wear rate
with time, as seen from tail end of the plot. Similarly, the mean life
can be calculated from the Eq. (8), the mean life of the copper–
graphite composite at normal usage condition will be 13,043 h.

The expected life of the conventional contact brushes made of
graphite is 2000–5000 h [3], which is at lower order when com-
pared to the mean life of developed composites. The high reliability
of the copper–graphite sliding material avoids frequent down time
and unscheduled interruptions. Thus it can be consistently used for
a longer time. Under normal temperature and applied pressure, the
graphite possessing poor thermal conductivity compared to cop-
per. It could not dissipate the generated heat. As a result, graphite
particles will easily comes out of the contact surface causing higher
wear rate and carbon dusting problems [3,39]. On the other hand,
copper being a good thermal conductor which dissipates the heat
quickly and when it is reinforced with graphite particles, it pro-
duces an excellent tribological composites having longer life.

6. Sensitivity analysis

Life characteristics can be varied due to variation in material
quality and inherent testing error. It would affect the estimation
of the parameters of a given distribution. Under such circum-
stances there is a possibility of variation in estimated parameter
values [40]. Moreover, b, K and n are point estimates [41]. Thus,
it is important to investigate the sensitivity of the reliability esti-
mates to the variations of the estimated changes in parameters.
The variation of estimated parameters value is considered as ±2%.

The sensitivity analysis identifies the sensitive parameters which
need to be estimated with much attention for the purpose of mini-
mizing the risk of obtaining an erroneous solution [42]. A numerical
value of sensitivity of mean life of the composite to each parameter
was calculated, using a sensitivity index, as mentioned below

Sensitivity Index ¼
DT
T
Dp
p

: ð10Þ

where T represents the mean life of the composite obtained by using
the estimated parameters, DT represents the variation in the mean
life of the composite, p represents one of the estimated parameters,
Dp represents the variation in the estimated parameter.

Table 2 presents the mean life of the composite. The mean life of
the composite was calculated by varying one parameter with ±2%
variation while keeping the other parameters as constant. The
mean life of the copper–graphite composite under accelerated
pressure condition appears to be the most sensitive one to the
changes of the parameter ‘n’. The sensitivity of ‘n’ depends on ap-
plied accelerated pressure on the composite pin. The parameter
‘n’ in the inverse power relationship (Eq. (1)) is a measure of the
effect of the stress on the life. The applied pressure can invariably
influence the wear rate of composite and the wear mechanism.
With the increase in applied pressure increases the wear rate of
composite increases. The wear mechanism depends on the applied
pressure and formation of self lubricating film and copper oxide
film. However the wear mechanism is not changed for the entire
range of applied pressure. It can be understood from above discus-
sion that the selection of accelerated pressure is very crucial for
extrapolation of life from accelerated level to usage level. Variation
in the value of b does not affect the mean life of the composite due
to the constant shape parameter for any applied pressure and time.
Variation in the values of K causes insignificant variation. The mod-
el is robust to changes in the parameters b and K. But variation in
the values of ‘n’ causes significant variation in the mean life of the
composite. So the estimate of the parameter ‘n’ should be accurate
to reduce the error in the life estimation.

7. Conclusion

Life testing of components having high reliability under normal
usage condition requires a longer time. Hence ALT is a highly useful
method to estimate the life characteristics and reliability aspects of
the component in a shorter period of time. The life prediction of
microwave sintered copper–graphite composite for electrical slid-
ing contact application under accelerated pressure condition was
performed through accelerated wear testing methodology. The
reliability analysis was performed, based on complete failure time
data. Times-to-failure data were well fitted by a Weibull distribu-
tion as confirmed by a high value of correlation coefficient. The
life-pressure relationship is established using IPL-Weibull model
to demonstrate the ALT methodology for life prediction. The Wei-
bull probability plot is in agreement with the assumption of a com-
mon shape parameter for all accelerated pressures to extrapolate
to usage condition. The life of the copper–graphite composite at
normal usage condition at 99% reliability is up to 6149 h. The mean
life of the composite at normal usage condition is 13,043 h which is
much higher than that of the traditional materials.
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