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Abstract: 
A method is proposed for the calculation of the recoverable/incorrigible reject and of accepted products in the case when the dispersion of 
the quality characteristic exceeds the width of its permissible value range. Graphic results of a sample calculation are presented. The 
diagrams make it possible to assess quickly the amount of losses and to determine the optimal value of the adjustment midpoint offset that 
ensures minimal economic losses.  
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1. Introduction 

There are cases when the accuracy of the manufacturing process 
is not high enough, when the dispersion of the quality characteristic 
exceeds the width of its permissible value range (tolerance). This 
inevitably results in some reject the share of which in relation to ac-
cepted products depends on the accuracy and adjustment coeffi-
cients of the process [1, 2]. 

Of the most practical interest is any case when a movement of 
the quality characteristic beyond the tolerance zone in either direc-
tion differs in its effects (the recoverable reject or, conversely, the 
incorrigible reject is produced). The manufacturer seeks to adjust its 
process so as to obtain a larger share of the recoverable reject and a 
lower share of the incorrigible reject. For this purpose, the adjust-
ment midpoint (scattering center) is displaced, relative to the middle 
of the tolerance zone, by the value D towards the tolerance limit 
beyond which the recoverable reject area is located (Fig.1). 

 
a 

 
b 

Fig.1. Reduction of reject due to the displacement (D) of the ad-
justment midpoint when machining a hole (а) and a shaft (b) 

 
It should be noted that a similar pattern is observed in many 

areas of manufacturing. E. g, any ‘under-annealed’ material during 
heat treatment can be subjected to additional annealing (recoverable 
reject), while ‘over-annealing’ of the material often results in 
incorrigible reject. Therefore, estimation of the amounts of both the 
reject and accepted products on the basis of the machining accuracy 
and the value of the adjustment midpoint displacement is of both a 
universal character and a practical interest. 

The subject matter of our work was to construct visual and clear 
dependencies of both the reject and accepted products on the width 
of the tolerance zone (T) and the value of the adjustment midpoint 
displacement expressed in fractions of the  root-mean-square 
deviation (rmsd, σ). 
 
2. Means and Methods of the Work 

The baseline characteristics were the value of the tolerance zone 
(T) and the value of the adjustment midpoint displacement - in other 
words, of the mathematical expectation of the quality characteristic 
(D). We assumed that the quality characteristic is a random variable 
distributed according to the ‘normal’ Gauss law. An array of data 
was studied in which the width of the tolerance zone (T) varied 
within T = (1 - 6) * σ every 0.1 * σ, while the value of displacement 
(D) varied within D = (0 - 4) * σ every 0.1 * σ. The calculations 
were made in the office application “MS Excel” [3], using, in par-
ticular, the statistical function NORMDIST the arguments of which 
are shown in Fig.2. 

 
Fig.2. Arguments of the function NORMDIST 

 
The probability of obtaining accepted parts is determined by the 

difference of the normal distribution integral functions calculated 
for the upper (x2) and the lower (x1) tolerance limits (shown as 
shaded areas in Fig. 3). The ways of calculating both the recovera-
ble and incorrigible reject are also presented here. 

 
Fig.3. Scheme for the calculation of accepted products, recoverable 

and incorrigible reject using the NORMDIST function. 
 
The task was rendered more complicated by the need to input 

the tolerance limits (argument x, see Fig. 2) in absolute physical 
units rather than relative ones. The solution consisted of the follow-
ing stages: 

- Calculation of the mean value (evaluation of the mathematical 
expectation, x ) and evaluation of the rmsd sample in the values of 
absolute physical units regardless of the nature of these values; 
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- Calculation of the tolerance limits x1 and x2 in the values of 
absolute physical units for the entire array of the tolerance zone 
width (T) and the value of the adjustment midpoint displacement 
relative to the middle of the tolerance zone (D); 

- Calculation NORMDIST for the upper (x2) and the lower (x1) 
tolerance limits; 

- Calculation of the share of accepted products, as well as both 
recoverable and incorrigible reject according to the scheme - see 
Fig. 3. 

 
3. Results and Discussion 

The facilities of the “MS Excel” made it possible to extend, 
quite easily, the results of the calculation obtained to the entire T-D 
array under examination and to construct the graphs of dependen-
cies of both the reject and accepted products on T and D that are 
shown in Fig. 4-6. 
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Fig.4. Share of accepted products depending on the scattering 
centre displacement relative to the middle of the tolerance zone in 

rmsd values for various widths of the tolerance zone (T). 
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Fig.5. Share of the recoverable reject depending on the scattering 
centre displacement relative to the middle of the tolerance zone in 

rmsd fractions for various widths of the tolerance zone (T). 
 
It is evident that the results obtained are of a universal cha-

racter irrespective of the type of the quality characteristic under ex-
amination. They enable the production engineer to estimate, on the 
basis of T and D control results, the probabilities of manufacturing 
accepted products, the recoverable and incorrigible spoilage. 
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Fig.6. Share of the incorrigible reject (FS) depending on the 
scattering centre displacement relative to the middle of the 

tolerance zone in rmsd fractions for various widths of the tolerance 
zone (T). 

 
The latter are of interest in themselves. They are also required 

to determine the extremum of the saving function according to the 
displacement value D. When determining the optimal value of the 
scattering centre displacement (D) depending on the value of the 
relative width of the tolerance zone (T), it is convenient to use a 
joint graph similar to the one shown in Fig.7 rather than individual 
graphs based on the type of reject and accepted products. The 
logarithmic scale (Fig. 7b) can be useful for an accurate 
identification of a usually small amount of the incorrigible reject. 
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b 
Fig.7. Share of accepted products (SP) as well as the recoverable 

(RS) and incorrigible (FS) reject for the relative width of the 
tolerance zone T = 4*σ, T = 3.5*σ, T = 3*σ, T = 2.5*σ expressed in 

an ordinary scale (a) and a logarithmic one (b). 
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4. Conclusion 
The results obtained make it possible to carry out, regardless of 

the product type, engineering calculations provided that the scatter-
ing of the quality characteristic corresponds to or is close to the 
Gaussian distribution. 
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