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When processing statistical data, the standard 

deviation (x) is often taken as the main 
numerical characteristic of the dispersion of a 

random variable x. Since the scattering of a 

random variable x is associated with the 

deviation x-a of this variable from its center of 
distribution a=M(x), then it can also be 

characterized by a coefficient of variation V 

equal to the ratio of the standard deviation to the 

mathematical expectation of the random 

variable 

V= (х)/ М (х) 

The coefficient of variation shows how large the 

dispersion of a random variable is compared to 

its mathematical expectation. Unlike the 
standard deviation, the coefficient of variation, 

being a dimensionless indicator, also makes it 

possible to compare individual samples obtained 

under different conditions. 

When analyzing the reliability of mechanical 

systems, the following distribution laws of the 

probability of random variables are most often 

encountered: truncated normal, Weibull, 

exponential; somewhat less often - Rayleigh's 

law and gamma - distribution.  

Among the listed distribution laws, due to its 
universality, the Weibull distribution occupies 

an important place. The density of this 

distribution (for t> 0) has the form: 

f (t)=  a∙m∙tm-1 exp(-atm) 

Where, a is the distribution parameter that 

determines the scale, m is the parameter that 

determines the skewness and kurtosis of the 

distribution. 
In particular, the Weibull distribution gives a 

fairly good approximation both for sudden 

(m≤1) and gradual (m>1) failures. 

The coefficient of variation in the Weibull 
distribution is determined by the following 

relationship [1]. 
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Where Q(x) =         
 

 
  - is the gamma 

function, the values of which are tabulated. 

As can be seen, dependence (2) establishes a 

relationship between the Weibull distribution 

parameter m and the coefficient of variation V 

and does not depend on time t. Therefore, it can 

be used to estimate the distribution parameters 

according to statistical data, based on the sample 

value of the coefficient of variation 

V=/T. 

Using the known value of V from the 

nomogram (see figure) or by calculating the 

dependence (2), the value of the parameter m of 

the Weibull distribution is found. The second 

parameter a, taking into account the known 

value of the mean time to failure T, is 

determined from the formula: 
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(3) 

The most typical for the Weibull distribution are 

the values of the parameter m=1; 2; 3.5 (see 

figure). With the parameter m=1, the Weibull 

distribution becomes exponential. For m ≥ 3.5, 

the Weibull distribution can be approximately 

considered normal. The region m=2 is typical 

for the Rayleigh distribution. 

With the indicated values of the Weibull 
distribution parameter m, according to 

dependence (2) we have: at m=1, V=1; at m=2, 

V=0.52; at m=3.5, V=0.34. 

As can be seen, in the zone of predominance of 

gradual failures, the scattering of a random 

variable decreases significantly. The estimate of 

the coefficient of variation for the case of a 

truncated normal distribution is quite fully 

considered in [2]. It is shown that in the range of 

changes in the ratio b0=a0/0 (truncated normal 
distribution parameters) from 0.5 to 4, the 

coefficient of variation changes from 1 to 0.25. 

For Rayleigh distribution 

2/
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xV               (4) 

That is, in this case, the value of the coefficient 

of variation is V0.52 (which coincides with its 
value given above with the parameter m=2 of 

the Weibull distribution). 

For the gamma distribution, the coefficient of 

variation is determined [1]: 

kV /2 , 
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Where k is the distribution parameter 

characterizing the skewness and kurtosis. 

For k>1, the failure rate increases, fork<1 it 

decreases. When k<1, the gamma distribution is 
considered a convenient characteristic of the 

time of occurrence of system failures during the 

run-in period. However, in the region of positive 

values of k, the coefficient of variation has a 

value of V>1 (at k=0.9), which indicates a 

significant scattering of statistical data. 

The gamma distribution has a certain 

relationship with the Weibull distribution. Thus, 

in the range of values of the gamma distribution 

parameter k>1, it was established [3] that if each 

of the elements of the system is characterized by 
a gamma distribution, but the parameters of 

these distributions fluctuate somewhat from 

element to element, then with a sufficiently 

large number of elements, the distribution of 

elements, the distribution of the failure-free time 

works are well approximated by the Weibull 

law. In addition, the gamma distribution also has 

exponential distributions in the composition [1]. 

For equipment that differs in design, 

manufacturing technology or operating 

conditions, the sample values of the coefficient 

of variation can naturally differ. To assess the 
significance of the difference between the 

Gamma distribution of V1 and V2, the Student's 

t-test is used [4]. 
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Where, n1 and n2 are the volumes of the cutouts. 

At t>3, the difference in the values of V1 and V2 

is not significant. 
Along with this, the above values of the 

coefficient of variation, characteristic of the 

considered distribution laws, make it possible to 

make a decision on the need to check the quality 

and homogeneity of statistical information, in 

cases of a noticeable discrepancy between the 

sample values of V and the expected ones. 

Systematization of the accumulated statistical 

data on failures of oilfield equipment allows us 

to formulate some recommendations on the 

characteristic values of the coefficient of 
variation V and the area of their use in relation 

to mechanical systems. Cases with values 

V≤0.3÷0.35, obtained from the operation data, 

are quite good in terms of the stability of the 

developments of the research objects. 

At V=0.35÷0.5, the obtained results can be 

considered satisfactory. Values V>0.5 indicate, 

first of all, the possibility of a predominance of 

sudden failures in the flow, which for 

mechanical systems is a consequence of the 

undeveloped design, instability of 

manufacturing quality, or violations of the 
equipment operation modes. 

As an example, the table shows the results of 

processing statistical data on failures of the U8-

6M mud pump, breaking them down into two 

subsystems (samples), taking into account the 

categories of failures according to the nature of 

their manifestation [5]. 

 

 
Exponential 

law 

 

m  V 

1,00  1,00 

1,10  0,90 

1,20  0,84 

1,30  0,78 

1,40  0,72 

1,50  0,68 

   

1,75  0,58 

                        
        Law Reel                          

2,00  0,52 
2,25  0,47 

2,50  0,43 

2,75  0,39 

3,00  0,36 

3,25  0,33 

Normal law 

 

3,50  0,31 
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No. subsystem 

(sample) 

 

MTBF 

T 

Standard deviation, h 

σ 

The coefficient of 

variation 

V 

Coefficient Law of 

distribution of time 

between failures of 

variation 

I 51,46 50,92 0,99 Exponential 
 

II 687,50 184,65 0,27 Normal 
 

 
 

The first sample included mainly parts and 

assembly units of the hydraulic part of the 

pumps, which have a low level of reliability and 

are characterized by sudden failures due to 

hydraulic erosion of the working surfaces of 

parts with a high intensity of development. The 
second sample included parts and assembly 

units of the drive part of the pumps, which have 

a high level of reliability and are characterized 

by gradual failures. 

As can be seen from the table, the obtained laws 

of distribution of the time between failures of 

subsystems and the values of the coefficients of 

variation correspond to the noted categories of 

failures, and the evaluation of the Student's 

criterion according to dependence (6) confirms 

that the difference in the values of the 

coefficients of variation of the subsystems is 
significant t=7.662. 

Thus, the results of estimating the coefficient of 

variation not only make it possible to speed up 

the analysis of statistical data, but also to obtain 

a preliminary conclusion on the nature of 

failures, the maturity of the design and 

manufacturing technology. 
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