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Abstract: An assumption of data distribution is of great 
importance because in many cases it determines the 
method that ought to be used to estimate the unknown 
parameters in the model. In this paper we performed a 
study of unevenness height distribution for three 
graphite plates, with different wear degree, used as 
pantograph contact strips. Using roughness diagram we 
determined the height, number of asperities and 
statistical values. With Kolmogorov test we verify the 
unevenness height distribution for two cases: 
exponential and normal distribution. We assumed a 
theoretical repartition, which is compared with 
empirical repartition. The obtain values for random
variable are compared to verify the hypothesis 
assumed. Then we verify the equality  of variance with 
Fischer-Snedecor test and the equality of mean with
Student test for two probes which have the same 
repartiton.  The study results of unevenness for three 
graphite plates used as pantograph contact strips, based 
on roughness diagram, let to conclusion that the 
unevenness height distribution vary with degree of 
wear. 
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1. INTRODUCTION 

Many data analysis methods depend on the 
assumption that data were sampled from a normal 
distribution or at least from a distribution which is 
sufficiently close to a normal one[1]. An assumption 
is of great importance because in many cases it 
determines the method that ought to be used to 
estimate the unknown parameters in the model and 
also dictates the test procedures, which the analyst 
may apply. 
The influence of unevenness height statistical 
distribution on contact pressure variation with 
displacement is pointed out in [2]. 
The Kolmogorov test is the most well known test for
normality and it is applied in many studies [3]. 
In [1] is presented an improvement Kolmogorov test 
for normality where a sample is compared with a 
normal distribution. It proposes to select the mean
and variance of the normal distribution that provide 
the closest fit to the data. If the result does not lead to 
an acceptable fit, the data is probably not normal.

In this paper we perform a study of unevenness 
height distribution for three graphite plates with 
different degree of wear, use as pantograph contact
strip. Using roughness diagram we verify the 
unevenness height distribution with Kolmogorov test.

2. BASIC EQUATIONS OF KOLMOGOROV 
TEST 

With a series of n independent observations of a 
random variable (a series of data), we construct the 
empirical distribution function ( )nF x  using the 

cumulative frequency in the predefined interval [4]: 
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We assumed a theoretical repartition ( )F xξ , which 

must be compared with empirical repartition. Let 
denote the maximum difference between the two 
distributions [4] as: 

D sup ( ) ( )n n
x

F x F xξ= −         (2) 

If the proposed repartition ( )F xξ  is well, when 

n → ∞  the empirical repartition is close to 
( )nF x (Glivenko, 1933): 

( )lim D 0 1n
n

P
→∞

= =  (3) 

Maximum difference is also a random variable and 
its reparations results from Kolmogorov theorem: 

 If ( )F xξ  is absolute continuous then [4]: 
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For large enough values of n, the function K(z) can 
be considered like a repartition function of random
variable Dn nnλ = ⋅  [4]: 

( ) K( ) K(1) 0.73 K(1.5) 0.97nP z zλ < ≈ = =  (6) 

The values of nλ  can be utilized like a test. If 

1 5n≤ λ ≤  the hypothesis is suspect and it is 

recommended to increases the experience number. If 
1.5nλ >  an event almost impossible is happened and 

the assumption that the distribution function is ( )F xξ

must be rejected. If 1nλ <  there are no reasons to 

rejecte the assumption. 

3. UNEVENNESS HEIGHT DISTRIBUTION 
EVALUATION 

Figure 1 present the roughness diagram for three 
graphite plates with different wear degree.  

Figure 1 Roughness diagram for graphite plates 

In table 2 the next notations are used: 

�� n is samples size; 

�� m, M are minimal and is maximal value; 

�� mean is mean value of sample; 

�� Stdev, Var are standard deviation and 
variance. 

Table 1 give the experimental values for graphite 
plates obtained from roughness diagram. 

  h1 N1 h2 N2 h3 N3

1 14 0.5 11 1 5 

3 9 1.5 8 3 5 

5 6 2.5 3 5 9 

7 6 3.5 2 7 1 

9 3 4.5 4 9 0 

11 2 5.5 2 11 1 

13 3 6.5 3   

15 2 7.5 1   

17 1 8.5 2   

19 3 9.5 4   

Table 1: Experimental values for graphite plates 

n m M mean Stdev Var 

Sample 1 49 2 19 6.26 5.25 27.65 

Sample 2 40 0.5 9.5 3.57 3.13 9.81 

Sample 3 21 1 11 3.95 2.41 5.84 

Table 2: Statistical values for graphite plates 
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Figure 2: Histogram and density repartition for sample 1 

       

Figure 3: Empirical distribution function and repartition function for sample 1 

Figure 4: Histogram and density repartition for sample 2 

    

Figure 5: Empirical distribution function and repartition function for sample 2 
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Figure 6: Histogram and density repartition for sample 3 

Figure 7: Empirical distribution function and repartition function for sample 3 

Solving equations 1-5 we obtain nλ (table 3). 

Distribution Sample1 Sample2 Sample3 
normal nλ 0.76 1.05 0.47 

exponential nλ 0.47 0.47 1.15 

Table 3: Values for nλ

Since nλ have the same value for samples 1 and 2 we 

can verify the equality of variance with Test F of 
Fischer-Snedecor [4].  

The random variable wich satisfies the density 
distribution F-S is: 
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The density distribution F-S with m and n free 
degrees is given by relation (8). 
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The test value t is the ratio between the two samples 

variance. Critical value for a trust α  is 1 2q α= −  of 

repartition with (m-1), (n-1) free degrees 
( 1, 1)qx m n− − .  

The hypothesis of equality variance is rejected if 
( 1, 1)qt x m n> − −  or the repartition function 

( ), 1, 1pF t m n q− − > .The results of Test F obtained 

by solving equations (7-8) are given in table4. 

1 2t Var Var= qF pF q 

2.83 1.85 0.99 0.975 

                Table 4: Results of Test F 

Analyzing the results of table 4 we can conclude that 
the hypothesis of equality variance is rejected. 
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We can verify the mean equality for samples 1 and 2
with Student test . The density distribution with m
free degrees is given by relation [10]: 
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The value of test t for two samples with dimensions 
m and n is:  
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where: 

- x , y  are statistical means; 

- xσ , yσ  are variances. 

Critical value for a trust α  is 1 2q α= −  of 

repartition with 2x ym n n= + − , ( )qx m .  

The hypothesis of equality mean is rejected if the 
next conditions are satisfied:  

- ( )qt x m> ; 

-  the  repartition  function ( ),pt t m q> . 

The results of Student test for sample 1 and 2 are 
presented in table 5. 

   t qt pt q 

2.87 1.98 0.99 0.975 

Table 5: Results of Student test  

Analyzing the results presented in table 5 we can 
conclude that the hypothesis of mean equality is 
rejected. 

4. CONCLUSIONS 

In this paper we perform a study of unevenness 
height distribution for three graphite plates with 
different degree of wear, use as pantograph contact
strip.  

Using roughness diagram we verify the unevenness 
height distribution with Kolmogorov test.  

From Kolmogorov, Fischer-Snedecor and Student 
tests we can conclude that: 

�� sample 2 is more worn, polished with 
smaller roughness and dispersion than 
sample 1; 

�� samples 1 and 2 could have exponential 
distribution; 

�� more worn is sample 3 wich distribution 
became normal; 

�� after large roughness disappear by wear, the 
distribution approaches to the normal; 

�� the unevenness height distribution vary with 
degree of wear. 
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