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Abstract 
 

Many enterprises, including repair ones, face the problem of losses due to measurement errors. It has 
established that the number of losses from the measurement error has affected by the type (error) of the 
measuring instrument used, the dispersion of the controlled parameter (the distribution law, the scattering 
zone), and the features of the technological process. The article presents a generalized theoretical 
mathematical model developed by the authors, which describes the procedure for the formation of losses 
from measurement errors. The developed model has adapted in relation to repair production, using the 
example of controlling the diameters of the main journals of the crankshaft of the YaMZ-238 engine. The 
approbation of the developed technique made it possible to determine the losses from the measurement 
error in the control of the root diameters of the crankshaft journals using various measuring instruments. 
It has established that the greatest losses have obtained when using measuring instruments with the largest 
error, and the smallest ‒ with the smallest error. The use of a more accurate measuring instrument instead 
of the recommended one will reduce the losses from the measurement error during the input control of 
new crankshafts in the repair shop by more than 77%. 
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1. Introduction 

Measuring processes are an integral part of any technological process, they are necessary for 

quality control and management decisions. Any measurement result contains an error. Due to the 

presence of measurement errors and the dispersion of controlled quantities, there is a possibility of errors 

of the 1st and 2nd kind, these errors lead to losses. Losses due to measurement error have classified as 

follows: 

 losses due to measurement error - when measuring equipment control parameters, final control 

and product quality control; 

 loss, arising from measurement errors in the implementation of consumption, accounting and 

dosing; 

 loss, deviation from the deviation of the technological process parameters from the optimal 

indicators due to measurement errors. 

With regard to the control of the dimensions of parts, the probability of errors of the 1st and 2nd 

kind leads to the fact that some of the good parts can be rejected, and some of the defective ones fall into 

the good ones. In addition, losses from measurement errors can also have more serious consequences 

when, based on information about the controlled object, a conclusion is made about a batch of parts or 

products (Chiu et al., 2021; Razmkhah et al., 2021).   

2. Problem Statement 

Many businesses, including repair shops, face loss due to measurement errors, reading errors, or 

poor management of data collection systems (Alves et al., 2006; Chang & Hoi, 2001). In modern studies, 

issues related to the assessment of losses from measurement errors have considered from the standpoint of 

assessing the risks and opportunities of the process (Koksal et al., 2013; Koksoy et al., 2019). This 

approach makes it possible to consider measurement processes as processes of an enterprise management 

system and manage them in accordance with the requirements of ISO 9001 (Leonov & Shkaruba, 2020a). 

An analysis of existing methods for calculating losses due to measurement error showed that all of them 

are purely theoretical and do not take into account the specifics of a particular technological process (Wu, 

2013). A feature of modern engineering production is the appointment of such tolerances that allow for a 

certain margin of accuracy in the joints (Leonov & Shkaruba, 2019; Leonov et al., 2020c), as well as the 

necessary accuracy of dimensional chains (Erokhin et al., 2021), but at the same time there is a decrease 

in tolerances, an increase in the accuracy of processing and, as a result, the need to use more accurate 

measuring instruments.  

The object of research is the measurements carried out during the control of the linear dimensions 

of parts in the repair industry. The subject of research is economic losses from measurement errors. 
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3. Research Questions 

The following questions had posed during the study: 

i. What factors influence the amount of loss due to measurement error? 

ii. How to mathematically describe the order of loss formation in relation to a real measurement 

object? 

iii. What are the economic losses from measurement errors in the control of a real object in repair 

production? 

4. Purpose of the Study 

Answers to the questions posed will allow solving the identified problems, developing and testing 

a methodology for assessing economic losses arising from measurement errors at each stage of control in 

repair production. 

5. Research Methods 

Theoretical and experimental methods were used in the research. Compiled and analyzed are 

mathematical models of the influence of measurement errors on the results of sorting parts in the repair 

industry. For the processing of experimental data, methods of probability theory, mathematical statistics, 

standard and specially developed algorithms, as well as a computer program developed in the Delthe7 

environment had used.    

6. Findings 

6.1. Theoretical Substantiations of Losses from Measurement Errors 

The measurement error during the input control of materials and the control of products during the 

technological process leads, firstly, to false rejection and loss of suitable materials or products, and 

secondly, to skipping unsuitable materials and semi-finished products for further processing, which leads 

to unnecessary costs for subsequent technological and control operations. 

The output control error affects losses due to false rejection of finished products or losses 

associated with the passage of defective products to the consumer. The error in measuring the parameters 

of the technological process determines the percentage of the yield of good products in a given 

technological operation. 

The frequency of control leaves an imprint on the number of rejected and missed products, 

including falsely rejected and missed defective ones. 

The volume of the controlled object determines (together with the characteristics of the controlled 

parameter of the products and the measurement error) the probabilities of making decisions during the 

control, and, consequently, the proportion of rejected and accepted products. 

The number of measured parameters during control determines the methods for calculating 

probabilistic characteristics and all the above-mentioned consequences of control. 
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The dependence of annual losses on the measurement error can be obtained as a result of (Leonov 

& Shkaruba, 2020a): 

 conducting an appropriately planned active factorial experiment; 

 theoretical analysis of the technological process, the parameters of which are measured during 

the process control; 

 simulation of the procedure for optimizing the mode of the technological process using computer 

technology. 

In general terms, annual losses from measurement error during the control operation have 

calculated by the formula 

 ( ),mnc LmLnBL ⋅+⋅⋅=                                                         (1) 

where В – the total number of products subject to control during the year, pc.; n – is the share of 

falsely rejected products from the total number; Ln – average losses arising from false rejection of the 

product, rub./pc.; m – share of defective products recognized as fit; Lm – losses caused by the penetration 

of defective products into the production process or to the consumer, rub./pc. 

Formula (1) describes only the general concept of losses. Let us consider the formation of these 

losses at a deeper level. Economic losses associated with the occurrence of control errors have due to the 

occurrence of defective products at a given technological operation and have defined as losses for the 

rejection of these products at subsequent technological or control operations, taking into account the 

probability of their detection at each operation: 

jссi

k

i
dim РLРLL ⋅+⋅= ∑

=1
,                                                       (2) 

where  Ldi – losses when a defective product is detected at the subsequent i-th operation, rub./pc.; 

Рi – probability of detecting a defective product at the i-th technological or control operation;  k – the 

number of control or technological operations where it is possible to detect a defective product that occurs 

in a given technological operation; Lcс  –  losses of the enterprise upon presentation of a claim or a fine in 

case of a defect found in the consumer, rub./pc.; Pj – the probability of detecting a defective product at the 

output control operations or at the consumer. 

Losses associated with incorrect rejection errors do not have a single calculation formula. Firstly, 

this is due to the fact that this category can have qualitatively different characteristics (incorrectly rejected 

parts that fall into the group of unrecoverable defects, incorrectly rejected parts that fall into the group of 

correctable defects) and, secondly, the losses will depend on the type of operation control and its place in 

the technological process (intermediate control or final control of finished products). 

Economic losses on intermediate control operations as a result of the delay in the annual part of 

consumption: 

 

for the case of falling into the group of irreparable defect 

  ( ) ,ismp
ic
cd PСCL ⋅−=                                                           (3) 
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where Сp – the cost of the part for the i-th operation, rub.; Сsm – residual value (cost of scrap 

metal), rub. in the correctable defect group 

 ,ic
ic
id

PSL ⋅=                                                                   (4) 

where Sc – the cost of correcting the defect, rub. 

Economic losses during the final control of finished products, when serviceable parts were rejected 

due to the influence of measurement errors:  

 

for the case of falling into the group of a correctable defect: 

,irc
fc PSL
cd

⋅=                                                               (5) 

where Src – costs for rechecking (sorting out) or reworking the product, rub. 

to the group of an unrecoverable defect: 

  ,ilc
fc
ic PLL ⋅=                                                               (6) 

where Llc – losses from the rejection of one product, numerically equal, in accordance with the 

procedure for the sale of defects: 

 

the difference between the lowest quality category and the cost of parts: 

Llc = Cp – Pp,                                                                  (7) 

where Pp – product selling price, rub.;  

cost of the product minus the residual value: 

Llc = Cp – Co,                                                                 (8) 

where Рg – the probability that the part will be good. 

6.2. Methodology for assessing losses from measurement error when controlling the 

diameters of the crankshaft journals 

Formulas (1) - (8) are of a generalized nature, therefore, in order to calculate losses from 

measurement errors, these formulas must be adapted taking into account the specifics of the technological 

process. We will draw up a methodology for estimating losses using the example of controlling the 

diameters of the crankshaft journals during the overhaul of engines. 

New crankshafts supplied for the acquisition of parts, assembly units and assemblies are subject to 

control. Errors that occur in this operation due to measurement errors lead to losses. Shafts that do not 

meet the requirements for manufacturing accuracy are returned to the supplier, including incorrectly 

rejected ones. Therefore, in the calculation of losses, we take into account only losses from errors 

associated with defective shafts accepted as good. These losses have calculated by the formula  

   ,ccccfcfcpppp
cf
m РLРLРLL ⋅+⋅+⋅=                                               (9) 
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where Lpp – losses when a defective shaft has detected at the stage of completing and assembling 

parts, assembly units and assemblies, rub.; Lfc – losses when a defective shaft is detected during running-

in and testing (output control). 

 
ppdgnpp SРВL ⋅⋅= ;                                                               (10) 

( )[ ] ( )fcppppdgnfc SSРРВL +⋅−⋅⋅= 1 ;                                            (11) 

 ( )[ ] ( )cсrcppfcfcdgncc SSРРРРВL +⋅⋅−−⋅⋅= 1 ,                                    (12) 

where Bn – the number of new crankshafts received for control, rub.; Pdg – the probability that a 

defective shaft will be assigned to the group of suitable shafts coming for picking; Spp  – costs for 

completing and assembling parts, assembly units and assemblies, rub.; Sfc  – cost of running in and testing 

the engine, rub.; Scс  – costs for fines and complaints from the consumer, rub. 

6.3. Investigation of the Dependence of Losses on the Measurement Error in the Control of 

the Main Diameters of the Crankshaft Journals 

To test the methodology, 100 crankshafts from YaMZ-238 NB engines had selected. The 

parameters of the studied parts have shown in Table 1. 

 

Table 1.  Parameters of the main journals of the crankshafts of YaMZ-238 NB engines 
Name of the 

measured diameter 
Nominal size 

with deviations 
Tolerance, 

mm 
Size permissible in 

conjunction with new parts 
Repair 

  the size 

Main journal of the 
crankshaft 110-0.015 0.015 109.95 

1R – 109.75-0.015 
2R – 109.5-0.015 

3R – 109.25-0.015 
4R – 109-0.015 

 

A preliminary assessment was made of the dispersion of the dimensions of the main journals of the 

crankshaft. The distribution law and standard deviation have determined. 

To study the dependence of losses on the measurement error during the control of the root 

diameters of the crankshaft journals, several measuring instruments were selected, several measuring 

instruments with different accuracy. In the technical requirements for the overhaul of engines, it has 

recommended to use micrometers to measure the diameters of the crankshaft journals. Therefore, a 

smooth micrometer of the MK type had adopted as the basic measuring instrument. 

For comparison with the basic measuring instrument, the following have selected: one measuring 

instrument with an increase in error and four - with an error less than that of the basic measuring 

instrument. All selected measuring instruments are universal and have used when working in the hands. 

The selected measuring instruments and their metrological characteristics have shown in Table 2. 

 

Table 2.  Metrological characteristics of measuring instruments for monitoring the main journals of the 
crankshaft YaMZ-238NB 

Name 
instrument Symbol 

Accuracy 
divisions, 

mm 

Range 
measurements, 

mm 

Range 
readings, 

mm 

Accuracy, 
µm 
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Micrometer MK-125 0.01 100-125 – ±15 
Lever micrometer MR-125-0.002 0.002 100-125 ±0.14 ±7.5 
Indicator bracket SI-150-0.01 0.01 100-150 0…10 ±20 
Indicator bracket SI-150-0.002 0.002 100-150 0…2 ±6.5 
Micrometer with 
digital indicator MKD-125-0.001 0.001 100-125 – ±3 

Lever bracket SR-125-0.002 0.002 100-125 ±0.14 ±2 
 

The initial data for calculating dependencies (9) - (12) have presented in Table 3. The results of the 

calculations have summarized in Table 4. To calculate the probability that a defective crankshaft journal 

will be recognized as suitable, a special computer program had used (Leonov & Shkaruba, 2020b). 

 

Table 3.  Initial data for calculating losses due to measurement error of new main journals of the 
crankshaft of the YaMZ-238 engine 

Indicator Symbol 

Measuring instrument 
SR-
125-
0.002 

MKD-
125-
0.001 

SI-150-
0.002 

MR-
125-
0.002 

MK-
125 

SI-150-
0.01 

The number of new crankshafts 
supplied for the acquisition of parts, 

assembly units and assemblies 
Bn 100 100 100 100 100 100 

The cost of completing and assembling 
parts, assembly units and assemblies Spp 34780 34780 34780 34780 34780 34780 

Break-in and testing costs Sfc 6170 6170 6170 6170 6170 6170 
Defect elimination costs Src 26340 26340 26340 26340 26340 26340 

The cost of fines and claims from the 
consumer Sсc 77000 77000 77000 77000 77000 77000 

The probability that a defective 
crankshaft journal will be recognized 

as good 
Рdg 0.0170 0.0273 0.0571 0.0571 0.0744 0.0759 

The probability of detecting a defect 
during the assembly and assembly of 

parts 
Рpp 0.05 0.05 0.05 0.05 0.05 0.05 

Probability of detecting a defect during 
running and testing Рfc 0.12 0.12 0.12 0.12 0.12 0.12 

The probability that a good crankshaft 
journal will be recognized as good Рgg 0.05 0.05 0.05 0.05 0.05 0.05 

 

Table 4.  The results of the calculation of losses from the measurement error of the connecting rod 
journals of the crankshaft of the YaMZ-238 engine 

Indicator Symbol 

Measuring instrument 
SR-
125-
0.002 

MKD-
125-
0.001 

SI-150-
0.002 

MR-
125-
0.002 

MK-
125 

SI-150-
0.01 

Losses during the control of new 
parts of parts, assembly units and 

assemblies arriving for the 
acquisition of parts arising from 

unusable parts accepted as suitable 

cf
mL  18570 29820 62372 62393 81269 82908 

Losses in case of detection of a 
defective part at the stage of 

assembly and assembly of parts, 
assembly units and assemblies 

Lpp 59126 94949 198594 198663 258763 263980 

Losses upon detection of a defective 
part during running-in and testing Lfc 66134 106204 222133 222211 289435 295270 
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(output control) 
Losses in case of detection of defect 

at the consumer Lcc 153543 246571 515722 515903 671975 685522 

  

On the basis of the calculated data, graphic dependences (Figure 1) of losses on the measurement 

error had constructed. 

 

 

 Dependence of losses on the measurement error during the control of the main journal of the Figure 1. 
crankshaft YaMZ-238 engine 

From the graphs presented in Figure 1, it can be seen that the largest losses have obtained when 

using measuring instruments with the largest error, and the smallest - with the smallest error. The 

percentage ratio of the specific components of losses from the measurement error remains constant and 

does not depend on the measuring instruments. The largest share of the measurement error falls on losses 

when a defective product has detected at the consumer (51.6%). The use of a more accurate measuring 

instrument (SR-125-0.002) instead of the recommended one (MK-125) will reduce the losses from the 

measurement error by more than 77%. 

7. Conclusion 

The conducted research made it possible to identify problems that arise at enterprises due to 

measurement errors. It has been established that the number of losses from the measurement error has 

affected by the type (error) of the measuring instrument used, the dispersion of the controlled parameter 

(the distribution law, the scattering zone), and the features of the technological process. 
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Taking into account the influencing quantities, a generalized mathematical model has been 

compiled that describes the order of loss formation. The compiled model is adapted in relation to repair 

production, using the example of controlling the diameters of the main journals of the crankshaft of the 

YaMZ-238 engine. The approbation of the developed technique made it possible to determine the losses 

from the measurement error in the control of the root diameters of the crankshaft journals using various 

measuring instruments. As a result of the research, it has found that the greatest losses are obtained when 

using measuring instruments with the largest error, and the smallest - with the smallest error. 
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