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Purpose. Evaluation of the adequacy of the statistical simulation modeling method developed for examining the 
measurement error effects on the results of components presorting while their acceptance inspection. 

Methodology. Parameters of components presorting calculated by statistical modeling method are compared with 
parameters of presorting which were determined by common alternative methods: 

- graphic-analytical – according to the National Standard  8.051-81 (appendix 2); 
- numerical integration of definite integrals in the equations of the mathematical model of the process. 
Findings. For the purpose of the measurement error distributions according to the normal law as well as equal 

probability law it is shown that the calculated parameters do not differ significantly from the parameters listed in the 
standard. Thus the adequacy of the statistical simulation modeling method is confirmed. 

It was found that the method is distinct in simplicity of calculations on a PC, clearness of the obtained results and 
the possibility of their accurate interpretation. 

The statistical simulation modeling method can be used for modeling of both random and systematic measurement 
errors. 

Originality. The mathematic models and statistical simulation modeling methods of acceptance inspection of the 
geometries of components and calculation of the parameters of their presorting are developed. 

Practical value. On the basis of the developed mathematical models, the guidelines on the computer modeling using 
the method of Monte Carlo presorting processes during the acceptance inspection are compiled. The realization is car-
ried out on the basis of Microsoft Excel program. Methodical instructions are used in academic activities. They can be 
used in the process of drafting business plans for making decisions during pre-production, which is characterized by a 
stochastic character, including for the purposes of enterprises of mining machinery. 

Keywords: acceptance inspection, statistical modeling, presorting, measurement error, adequacy 
 

Problem formulation. 3 Quality of engineering pro- 
ducts equally depends on technology of its manufac- 
turing and control effectiveness. Prestart passive 
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acceptance control is widely used by manufacturers and 
consumers of production. The components or their 
geomeytrical elements are sorted into accepted and non-
acceptable ones during the reception control. 

Measurement error of components controlled 
geometrical parameters leads to acceptance of compo- 
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nents, which are considered as corresponding to the 
accepted tolerance, however the true deviation is out of its 
limit. The same way some number of components, with 
dimentions inside the tolerance zone, but close to limits, 
are faultily recognized as defective. The measurement 
error influences negatively the technical and economic 
indices and leads to unjustified excessive costs. 

Analysis of recent researche and publications. The 
detailed analysis of publications, which describe design 
methods for components presorting probabilistic. 
characteristic for different distribution forms of 
parameters measured and measurement error, is shown at 
the work [1, 2]. It is mentioned that the complication of 
the probabilistic characteristic calculation is in 
calculation of multivariate integrals at analytical form 
even for the easiest laws of distribution. 

Approximate calculative methods are graph-analytic 
and tabulated ones. 

The main disadvantage of these methods is inadmis-
sible level of calculation errors of component presorting 
probabilistic characteristic (up to 10%). 

Later numerical methods were suggested, including 
the method based at factorizing to Taylor series density 
of distribution of parameter controlled within tolerance 
limits, and matrix technique. At the work mentioned the 
particularized program based at Delphi 7 is suggested for 
estimating of the quantity of wrong accepted and wrong 
rejected details. 

So, today the common control calculating methods of 
probability characteristics are used for different kinds of 
distribution law of parameter measured and measurement 
error or in the form of bulky analytical expressions, nu-
merous tables, diagrams, or on terms of using of speciali-
ty application-dependent software.  

Not previously solved issues of main problem to 
which the article is devoted. To overcome the mentioned 
difficulties, authors suggested to use simulation statistic 
method, adapted for components or their elements presort-
ing processes and realized by Microsoft Excel program.  

The positive results were partially published earlier [3]. 
At the same time the questions of comparison with the Na-
tional Standard ГОСТ8.051-81 recommendations and ade-
quacy of method developed were not considered in litera-
ture. 

Task description. The tasks of this article are: 
1. To determine indices used with simulation statistic 

methods, which characterize the accuracy of component 
technical producing process and measurement error 
according to the National Standard ГОСТ 8.051-81 
recommendations (apprndix 2).  

2. To compare calculated quantities of wrongly 
accepted and wrongly rejected details with the same 
facts, which the Standard mentioned contains and to 
estimate adequacy level of the method developed. 

In fig. 1–2 the common (National Standard 
ГОСТ 8.051-81) dependences of indices m and n from 
technology accuracy are shown, where: 

m – number of accepted components (percentage), 
whose measurements are out of tolerance zone limits and 
accepted as suitable (wrongly accepted); 

n – number of rejected details (percentage), whose 
measurements are within limit parameters (wrongly re-
jected). 

 
 

Fig. 1. Common dependence index “m” on technolo-
gy accuracy index IT/ тех while different value of 
parameter АМЕТ( ): 1  АМЕТ( ) =16%; 2  АМЕТ( )  

= 12%; 3  АМЕТ( )  = 10%;  4  АМЕТ( )  = 8%; 5  
АМЕТ( )   = 5%; 6  АМЕТ( )   = 3%; 7  АМЕТ( )  = 1,6% 

 
To use the graphs we should calculate the ratio: 
- IT / тех  technology precision factor, where IT is 

tolerance value, тех   standard deviation of the compo-
nentsʼ demensions; 

- AМЕТ( ) = ( /IT ) 100, where   standard deviation 
of measurement error. 

Description of main investigation material with prov-
ing of the obtained results. Simulation statistic modeling 
of presorting processes are made as applied to shaft 

100h6(-0.022) production, because this example is shown at 
appendix 2 to the National Standard ГОСТ 8.051-81. 

Let us suppose, that acceptance limits concur with limit 
deviation: upper (es = 0μm) and lower (ei =  22μm). In this 
case the tolerance  IT is equal es  ei = 22μm. 

 

 
 

Fig. 2. Common dependence index “n” on technology 
accuracy index IT/ тех while different value of pa-
rameter АМЕТ( ): 1  АМЕТ( ) = 16%; 2  
АМЕТ( )  = 12%; 3  АМЕТ( )  = 10%; 4  АМЕТ( ) = 8%; 
5   АМЕТ( ) = 5%; 6  АМЕТ( )  = 3%; 7  АМЕТ( ) = 
1,6% 
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The method is realized in Microsoft Excel software, 
using additional function “Analysis package”. The elec-
tronic table is created. Its separate fragments are shown 
in table 1. The table lines show the results of component 
production and measurements modeling. The columns 
show the results of statistic modeling. Therefore Elec-
tronic table is simulation statistic model of component 
measurement and control. 

Suppose that in column 2 the true deviation values 
from rating value are modelled. In real conditions of 
measuring there is no possibility to do that. 

In the dialog box from “Analysis Tool Pack” –
“Random Number Generation” fill in the following mar-
gins:  

 number of Variables  1 (variable is one – true de-
viation from rating value); 

 number of Random Numbers  5000 (Sample Size); 
 distribution  normal (suppose, that there is no 

dominating factors, which influence deviation from aver-
age value);  

 distribution parameters: average value (average) 
and standard deviation (stdev).  

Table  
Electronic table of simulation statistic modeling of the production, control and presorting process  

of shaft  100h6 (to reduce the table volume part of lines is not shown) 
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1 2 3 4 5 6 7 8 9 10 
Shaft 1 -14,0 1 5,0 -9,0 1 0 0 1 0 

Shaft 25 -3,6 1 4,3 0,7 0 0 1 0 0 

Shaft 26 -17,1 1 1,3 -15,8 1 0 0 1 0 
Shaft 320 1,4 0 -2,6 -1,2 1 0 0 0 1 
Shaft 4997 1,4 0 -2,6 -1,2 1 0 0 0 1 
Shaft 5000 -5,5 1 2,5 -3,0 1 0 0 1 0 
Sum total details at 
column 3 4743 Sum total details at col-

umn 6 4086 502 412 3935 151 

Sum total 
at column 3, % 86,94 Sum total 

 at column 6-10, % 81,72 10,04 8,24 78,7 3,02 

 
Average value of deviation from rating value is taken 

as equal to the coordinate of center of tolerance zone, μm  
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High level of tuning of technological production pro-

cess is supposed. Also, the low level of tuning can be 
modeled. High level of tuning of technological produc-
tion process is supposed. 

Standard deviation cam be modeled for technological 
processes, which differ by accuracy level: 

 lower accuracy, when the ratio of tolerance zone 
value IT to standard deviation   is less than 6; 

 normal accuracy (ratio of of IT/  is equal to 6); 
 higher accuracy (ratio of IT/  is more than 6). 

In the example from table 1 lower technology accura-
cy level is accepted, when the ratio mentioned is equal to 
3 (to compare with data in fig. 1–2). 

Then standard deviation will be, μm  
 

337
3
22

3 ,
I . 

 

The results of statistical modeling of shaft deviation 
from rating value in case of measurement zero error are 
in column 2. Capacity of values is 1 digit after comma, 
that is 0,1 μm, which is enough for accuracy of modeling 
deviation from rating value. 

In column 3 the shaft acceptability is estimated by 2 
point scale: acceptable components get point tr = “1”, and 
unacceptable once get point tr = “0”. True deviation value 
from the rating value of the good detail tr is within toler-
ance zone.  

So to complete column 3 electronically we use the 
formula 

)0;1;( eieesIF tr , 
 

where etr is true deviation from the rating value. 
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Fig. 5. Point estimation of presorting index m for the 
uniform distribution law of random measurement 
error if: 1   АМЕТ( ) = 16%;  2  АМЕТ( ) = 1,6% 

 

 
 

Fig. 6. Point estimates of presorting index n for equal 
distribution law of random measurement error if: 
1   АМЕТ( ) = 16%;  2  АМЕТ( ) = 1,6% 

 
Resume and prospects for future developments in 

thes direction. 
1. Adequacy of statistic modeling method is 

confirmed, because calculated indices m and n do not 
essentially differ from parameters of the National 
Standard 8.051-81 for distribution of random error for 
the normal law and equal probability law.  

2. Simulation statistic modeling method has certain 
advantages and prospectives, such as: 

- the structure transparency of simulation statistic model 
allows to include additional blocks into the model composi-
tion if necessary, which takes into account the new factors 
of additional properties of the simulated object;  

- the obviousness and traceability of modeling results, 
which essentially increase adequacy of the received re-

sults because it allows to analyze influence of every sin-
gle factor at forming of final result step by step; 

- possibility to use this method in describing process-
es and devices which belong to the adjacent areas of ma-
chine-building, for example, to study of problematic as-
pects of prestart control of tooth gear profile geometrical 
parameters; 

- using built-in Microsoft Office Excel functions 
which allows to essentially facilitate program realiza-
tion of investigated simulation statistical model with-
out accuracy losses and as a result reduce require-
ments for the qualification level of the engaged staff 
to bachelor level; 

- there is no necessity to purchase special high-cost 
software and engage high-qualified programmers. 

3. Simulation statistic modeling method of 
measurement and control process is implemented into 
educational process of the National Mining University. It 
can be used in technological preparation of a new 
product manufacturing while choosing the corresponding 
measuring instrument characterized by optimal 
combination of instrument accuracy and its cost. 

4. Further development of simulation statistical mod-
eling method is necessary for: 

- using it in researching adequacy of components pre-
start control quality, which differ by higher constructive 
and technological complexity, for example, involute 
gearwheel; 

- automation of time-consuming calculation on PC 
using Office Microsoft Excel or MathCAD software. 
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