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Abstract – The method of calculation of intermediate 

diametrical sizes and allowances is considered in the article when 

designing the technology of manufacturing machine parts. This 

method makes it possible to ensure the quality of manufacturing 

machine parts by preliminarily determining the adjustment 

dimensions before machining. The proposed method allows 

determining allowances for machining, taking into account the 

error of the previous processing. 
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I.  INTRODUCTION 

Analyzing standard ISO 8402-94, which defines the 
concept of "product quality", it is possible to characterize it as 
a set of properties and signs of products, goods, services, 
which determine their ability to meet the needs and demands 
of people, meet their purpose and requirements. At the same 
time, quality is determined by the measure of the conformity 
of goods and services with the conditions and requirements of 
standards, contracts, contracts, customer requests. In addition, 
quality is the main tool to reduce costs, that is, it is always 
cheaper to produce correctly the first time than to eliminate 
the error later [1]. 

Technical quality of products is laid and provided at the 
stages of research, development (design) and production. At 
the same time, technological support of quality indicators for 
parts begins already at the design stage [1, 2]. 

At the present stage of development of production, the 
following point of view on the quality of products is finally 
established, based on the fact that the buyer must purchase 
defect-free products. This means that the quality of the 

product offered to the consumer should not be 90 or 99%, but 
100%, and its production must be conducted without a 
correctable, and even more so, an incorrigible marriage [3]. 

The quality of products is determined by the system of 
indicators. Among them, first of all, the product designation 
indicators that characterize the main functions of the product 
and the scope of its application, and which include 
classification, operational and structural indicators, are 
highlighted. The latter, in particular, include the dimensions 
(subject to their tolerances) of the product and its parts [3, 4]. 

Ensuring the quality of manufacturing parts has always 
been and will be an urgent problem, as long as there is an 
industrial production. 

In any production, the quality of the product is closely 
related to the accuracy of manufacturing parts that make up its 
composition. It is known that the precision of the part allows 
understanding whether it meets the requirements of the 
drawing or not: on the sizes, the geometrical form, correctness 
of an interposition of processed surfaces and on degree of their 
roughness [5]. 

The specified accuracy is obtained (provided) by one of 
two methods: either by trial passes and measurements, or by 
automatically obtaining dimensions on pre-tuned equipment 
[6]. In the conditions of automated production, for example, 
when using CNC machines, the second method is preferable. 

When using the automatic dimensioning method on pre-
configured machines, the task of ensuring the required 
processing accuracy is transferred from the machine tool to the 
machine adjuster  or programmer. The advantages of this 
method are obvious - this is an increase in the accuracy of 
processing and a reduction in rejection; increased processing 
capacity; a reduction of qualification requirements for 
workers; an increase in the economy of production. 
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The technological process (TP) of manufacturing a part is, 
as a rule, a multi-operation process. Therefore, to efficiently 
implement the method of automatic sizing on pre-tuned 
equipment in production, it is necessary to calculate all 
intermediate (linear and diametric) dimensions and allowances 
for processing its surfaces beforehand at the design stage of 
the TP. 

With the automated design of routing technological 
processes (RTP) for the manufacture of parts, especially 
axisymmetric, it is important to develop such MTFs which, at 
the design stage, would reliably guarantee the required 
accuracy of manufacturing parts and specified roughness 
parameters of the treated surfaces. That is, they would allow 
abandoning the experimental and installation batches during 
the introduction of designed TP in production. This is 
facilitated by appropriate calculation methods. 

The establishment of optimal allowances for processing 
has a significant technical and economic importance in the 
development of TP parts. 

The increased allowances cause material overexpenditure 
in the manufacture of parts and the need to introduce 
additional technological transitions, to increase the 
laboriousness of the processing processes, the consumption of 
the cutting tool, to increase the prime cost of processing the 
workpiece. 

The reduced allowances do not provide removal of 
defective surface layers and obtainment of the required 
accuracy and roughness of the treated surfaces, and in some 
cases create unacceptable conditions for the cutting tool to 
work on the casting crust or scale. As a result of insufficient 
allowances, rejects increase, which leads to an increase in 
production cost. 

Initially, an experimental and statistical method of 
establishing allowances based on available tables for general 
and intermediate allowances was widely used in industry. A 
significant drawback of this method is that the experimental 
and statistical allowances are in many cases overstated, since 
they are oriented to processing conditions, in which the 
allowance should be the largest to avoid a reject. At it 
appointment, the technologist does not analyse the conditions 
of performing operations. 

In this connection, a calculation and analytical method for 
determining allowances has arisen. According to this method, 
the intermediate allowance having the minimum value should 
be such that when it is removed, various defects and 
inaccuracies, obtained in the previous technological transitions 
and arising on the performed transition, are eliminated. This 
question will be discussed in more detail below. This method 
of establishing allowances (a generally accepted method), 
developed by prof. V.M. Kovan, is based on taking into 
account the specific conditions for performing TP of 
processing and is described in detail in [7]. When designing 
the TP for manufacturing axisymmetric parts, the method of 
professor V.M. Kovan is used both for calculation of 
interoperational linear dimensions, and for determining 
intermediate diametric dimensions. 

With reference to the determination of intermediate 
diametrical dimensions by the method of professor V.M. 
Kovan, there is also an alternative calculation and analytical 

method, described in [8] and developed in due time in North-
Western Polytechnic Institute (Saint Petersburg, Russia). 

Let us compare these two methods for calculating the 
intermediate diametrical sizes and allowances in the design of 
manufacturing techniques for axisymmetric parts and for 
identifying the significant drawbacks of the first method. 

II. COMPARATIVE ANALYSIS OF GENERAL AND 

ALTERNATIVE METHODS 

At the heart of both methods, there is the calculation of the 
minimum allowance (zmin i). 

According to the conventional method, the minimum 
allowance should be such that, when removing it, the surface 
layer defects (Rzi-1 и hi-1) and the shaping or processing the 

errors ( i-1), obtained at the previous technological 

transitions, are eliminated, preforms ( i), appearing on the 
performed transition [7]. Its value is determined by summing 
these components. When determining the allowance necessary 
for the processing of external and internal surfaces, the so-
called two-sided (double minimum) allowance is calculated. 

All the components of the minimum allowance (Rzi-1, hi-1, i-1 

и i) are reference data. In view of the vector nature of the 

errors i-1 and i, their vector sum is determined as the square 
root of the sum of the squares of these errors. 

According to the alternative method, the minimum 
allowance for the side is determined, taking into account 

surface layer defects (Rzi-1 и hi-1) and vector sum i-1 and i is 
replaced by the unevenness of the allowance (emax). 
Unevenness of the allowance is the total vector value of the 
spatial deviations arising during the considered and previous 
operations (transitions), and includes the error of installation 
and uncontrolled errors in the shape or processing. It is 
determined based on the calculation of the beats, arising 
during the production and processing of the surfaces of 
rotation of the workpiece along the entire TP of manufacturing 
the axisymmetric part [8].  Unevenness of the allowance is 
determined only after checking the possibility of automatic 
provisioning without reconciliation (or with reconciliation) of 
the specified requirements for the mutual location (radial beats 
or misalignments) of the revolution surfaces  between 
themselves. However, this issue is not considered in this 
article. Thus, the unevenness of the emax allowance is the 
design value, not the reference parameter. 

According to the conventional method, taking into account 
the two-sided allowance, the minimum diametrical size of the 
previous machining stage (Dmin i-1) for the shaft or the 
maximum diametrical size of the previous machining stage 
(Dmax i-1) for the hole are calculated by the following formulas: 

Dmin i-1 = Dmin i + 2zmin i   (1) 

Dmax i-1 = Dmax i – 2zmin i   (2) 

where Dmin i and Dmax i are, respectively, the minimum and 
maximum diametrical sizes of the processing stage to be 
performed. 

Using formulas (1) and (2) and expressing the minimum 
allowance through diametrical dimensions, the authors obtain 
the formulas for calculating the corresponding values for the 
shaft and the hole: 
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zmin i = (Dmin i-1 – Dmin i) / 2  (3) 

zmin i = (Dmax i – Dmax i-1) / 2  (4) 

Let us analyze formulas (3) and (4) from the viewpoint of 
the correspondence of the theory of dimensional chains. These 
expressions are three-tier dimensional chains in which the 
closing link is the minimum allowance, and the constituent 
links are the two diametrical sizes of the previous and 
performed stages of processing of the same surface of 
revolution. One of the constituent links is increasing, and the 
second (with a minus sign) is decreasing. In this case, in 
accordance with the theory of dimensional chains, when 
determining the minimum of the closing link, it is necessary to 
subtract the maximum value of the decreasing link from the 
minimum value of the increasing link. Then the formulas (3) 
and (4) must accordingly have the following form: 

zmin i = (Dmin i-1 – Dmax i) / 2 = z
f
min i (5) 

zmin i = (Dmin i – Dmax i-1) / 2 = z
f
min i (6) 

It is these formulas (5) and (6) that are used in the 
alternative method to determine the actual minimum 
allowance (z

f
min i) for machining shafts and holes, respectively. 

Thus, formulas (3) and (4) contradict the theory of 
dimensional chains. This contradiction for the case of shafts 
(external surfaces of rotation) is clearly illustrated in Figure 1, 
which shows that there is an allowance of a smaller value than 
the minimum allowance, calculated by the method of 
professor V.M. Kovan. Accordingly, the allowance is larger 
than the maximum allowance calculated by the same method. 

Also from this figure, it is seen that the minimum 
allowance on the side includes half the tolerance for the 
diametrical size of the performed transition (the processing 
stage being performed). At the same time, this parameter is 
not included in the equation for calculating the minimum 

allowance determined by summing parameters Rzi-1, hi-1, i-1 

и i. It is noted that according to the method of professor V.M. 
Kovan the doubled (two-sided) allowance on the executed 
transition can’t be less than the tolerance for the diametrical 
size of the resulting surface of rotation. 

 

 

Fig. 1.  Graphical representation of allowances for processing the external 
surface (taking into account its closest states) by the method of professor V.M. 
Kovan and in accordance with an alternative method for their determination 

In [7], an example of a calculation card for processing 
allowances and size limits for technological transitions for an 
elementary surface is presented. Let us analyze it from the 

point of view of convenience of use and simplicity of 
automation of the calculation process. The map in question 
and an illustration of some of the results of its analysis are 
shown in Figure 2. 

As can be seen from Fig. 2, calculation of processing 
allowances and size limits for technological transitions for an 
elementary surface goes in the direction from its state, which 
corresponds to the state required in the workpiece (D), in its 
initial workpiece (3). That is, the direction of calculation does 
not correspond to the sequence of formation of the data array. 
This, on the one hand, is inconvenient to use, and on the other 
hand, complicates the corresponding algorithms and programs. 

 

 
Fig. 2.  The calculation card for processing allowances and size limits for 
technological transitions for an elementary surface 

 

The card contains data that is not used in the calculation. 
The result of determining the estimated minimum 

allowance is written in another line, that is, not in the line in 
which its components are presented, and their sum must be 
multiplied by two in the mind. All this makes it difficult to 
verify the correctness of the calculations performed, and also 
complicates the computational algorithms and programs. 

If we graphically represent the results of calculating the 
diametric dimensions from the transitions (see Figure 3), we 
can see the following picture. Cases are possible at finishing 
and finishing operations or transitions, when the value of the 
actual minimum allowance, calculated with allowance for the 
positions of the theory of dimensional chains, turns out to be 
zero. That is, formally there is no minimum allowance 
allowing to provide both the cutting process during the surface 
treatment and the necessary roughness obtained after that. 
Consequently, there is a probability of replacing the cutting 
process by plastic deformation of the treated surface, as well 
as obtaining a correctable or incorrigible reject. The latter is 
unacceptable from the point of view of reliable quality 
assurance of the manufacture of axisymmetric parts by 
accuracy parameters. 

Thus, the analysis of the conventional method (Prof. V.M. 
Kovan's method) revealed the following shortcomings: 

1. Calculation of the minimum and standard allowances 
contradicts the theory of dimensional chains. 

2. If one calculates the values of the minimum allowances 
based on diametrical dimensions by the method of professor 
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Kovan, but with the maximum-minimum method, we can get 
them equal to zero, hence, there is a probability: 
• replacement of the cutting process by plastic deformation of 
the treated surface; 
• receiving a recoverable or permanent reject. 

 

 
Fig. 3. Graphical representation of the results of calculating the limiting 

dimensions for technological transitions for an elementary surface by the 
method of professor V.M. Kovan 

 

3. The probability of obtaining a reject in turn entails the 
need for the introduction of a designed TP based on the results 
of pilot and installation batches. 

4. Redundancy of information not used in the calculation. 
5. The direction of calculation does not correspond to the 

procedures for creating an array of data, which complicates 
the development of appropriate algorithms and programs. 

6. The result of calculating the doubled minimum 
allowance is written in another line, not storing the data about 
the values of the components of this allowance. This also 
complicates the development of appropriate algorithms and 
programs. 

III. CALCULATION OF ALLOWANCES BY AN ALTERNATIVE 

METHOD 

Such drawbacks are deprived of an alternative method of 
calculating intermediate diametrical sizes and allowances. As 
it was said above, this method does not completely contradict 
the theory of dimensional chains since it was developed taking 
into account its provisions. In addition, it is based on the use 
of the calculation of diametric dimensions by the maximum-
minimum method [8], which makes it possible to ensure 
complete interchangeability, that is, the absence of any 
rejection in the manufacture of axisymmetric parts. The error 

in setting the workpiece to be machined is calculated using the 
empirical formulas presented in [9]. It is best suited for the 
conditions of automated design of routing technological 
processes for manufacturing axisymmetric parts. 

In Figure 4, as an example, a table is presented with the 
calculation of intermediate diametric dimensions and 
allowances for processing the outer cylindrical surface of an 
axisymmetric part, along with a graphical representation of the 
results of calculating diametrical dimensions. As can be seen 
from Fig. 4, the direction of the calculation corresponds to the 
sequence of formation of the data array from the final state of 
the surface, corresponding to its state in the part, which 
diametrical size is already known at the beginning of the 
calculation, to the state of this surface in the initial workpiece, 
which diametrical size should be calculated. 

 

 
Fig.4. Table with the results of calculating the intermediate diametrical 

dimensions and allowances for processing the outer cylindrical surface of the 
axisymmetric part and their graphical representation 
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The value of the minimum estimated allowance for the 
side for the performed transition is written in the same row as 
the values of its constituent elements are (Fig. 4). 

Calculation of intermediate diameters is carried out with 
the selection in the necessary cases of a "clean" treatment zone 
to take into account the causes, leading to the appearance of 
the admission. These reasons are very different: the presence 
of slopes in the workpiece obtained by forging, stamping or 
casting; the absence of a clearly expressed preliminary state of 
the rotation element; unification of roughing and semi-
finishing in one operation; presence of significant 
interoperational unevenness of the allowance, which may 
exceed the allowable value for obtaining a given quality of the 
surface when it is processed once. For these cases, the 
calculation of emax is carried out using the refinement 
coefficient [7]. 

Knowing the value of the diameter of the processing stage 
(Di), the value of the minimum estimated allowance (zmin i) 
removing for obtaining Di, the deviation of the previous 
processing stage diameter (eii-1 –for the shaft, ESi-1 – for the 
hole), and also taking into account that the intermediate 
dimensions have basic deviation h (for the shaft) or Н (for the 
hole), the value of the nominal diameter of the previous 
machining stage (Di-1) for the shaft or hole, respectively, is 
determined according to one of the following formulas: 

Di-1 = Di + 2 zmin i + eii-1   (7) 

Di-1 = Di – 2 zmin i – ESi-1.  (8) 

If for the final state of the surface, the main deviation 
indicated in the figure differs from h or H, then for the outer 
surface of rotation in the box "Rounded size", the authors 
specify the maximum diameter and in the "Deviations" cell, 
the lower deviation, corresponding to basic deviation h. And 
for the inner surface of rotation in the box "Rounded size", one 
should specify the value of the minimum diameter, and in the 
"Deviation" cell one should enter the upper deviation, 
corresponding to main deviation H. 

The upper and lower deviations are entered in the 
corresponding cell only for the state of the surface in the initial 
workpiece (rolling, casting, forging, stamping). In this case, 
according to the formula (7) or (8), the nominal diameter of 
the surface of revolution in the initial blank is calculated. 

For all intermediate states, the nominal diameter of the 
surface of rotation, corresponding to its maximum (for the 
shaft) or the minimum (for the hole) size, is calculated by 
formula (7) or (8). 

IV. RESULTS 

The calculated values of the diametrical dimensions, 
depending on the accuracy obtained by machining, or the 
accuracy of the method for obtaining the initial blank, should 
be rounded off to tenths or up to an integer in the direction of 
a slight increase in the allowance, for the shaft in "plus", and 
for the hole in "minus". 

After determining the nominal diameters of intermediate 
stages of processing, the actual values of the minimum and 
maximum allowances for processing are calculated for each 
rotation element. 

As it was mentioned before, the actual values of the 
minimum allowances for processing are calculated using 
formulas (5) or (6). In this case, the actual values of the 
maximum machining allowances for the shaft or hole are 
calculated according to formulas (9) or (10) below, 
respectively: 

z
f
max i = (Dmax i-1 – Dmin i) / 2  (9) 

z
f
max i = (Dmax i – Dmin i-1) / 2  (10) 

With the correct rounding of the calculated diametrical 
sizes, the actual values of the minimum allowances will never 
be less than their calculated values. In this case, for all 
transitions, the actual values of the minimum allowances are 
greater than zero, that is, there is a guaranteed size of the 
allowance to ensure the required processing quality. 

V. CONCLUSION 

Comparative analysis of methods for calculating the 
diametrical sizes of operating blanks and allowances for 
processing the surfaces of rotation of axisymmetric parts 
allows us to draw the following conclusions. 

1. An alternative method: 
• does not completely contradict the theory of dimensional 

chains; 
• allows one to abandon the experimental and installation 

batches when implementing the designed TP in production, 
since an analytically justified calculation of intermediate 
diametrical sizes and allowances for processing the surfaces of 
rotation is carried out; 

• allows one to guarantee the absence of rejects in the 
manufacture of parts, since the calculation of maximum 
permissible diametrical dimensions is carried out, realizing the 
method of complete interchangeability. 

2. When calculating the processing allowances, the 
calculation data for their irregularity are used, which are 
determined after calculating the beatings that occur during the 
implementation of the technology of manufacturing the 
axisymmetric part and checking the possibility of automatic 
provision without reconciliation (or with reconciliation) of the 
specified requirements for the mutual location (radial beats or 
misalignments) of the revolution surface between themselves. 

3. An alternative method is suitable for use in CAD-system 
of TP from the point of view of the ease of development of 
appropriate algorithms and programs. 

4. An alternative method can be used to calculate the 
diameters of the main holes in the body parts and allowances 
for processing these holes. 
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