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Abstract. This work is devoted to improving the quality of engineering design solutions in 
mechanical engineering on the basis of the comprehensive qualimetric evaluation of ‘shaft’-type 
part that takes into account cost, complexity, design and technological unification of the parts. 
Introduction 
In today's competitive environment, product quality is the ultimate goal of any manufacturer and 
determines its value in the eyes of the consumer. A machine-building product designed to meet 
certain needs has properties that form its quality. 

The development of a new product is a complex design task associated not only with achieving 
the required functional, but also technological level. 

The process of ensuring the manufacturability of the product is contradictory and difficult to 
formalize, and during its implementation, conflicts of professional interests are inevitable between 
the developers of the design solution and its external and internal consumers. For the objective 
resolution of such conflicts, it is necessary to introduce a qualimetric assessment of the quality of 
the design solution according to the criterion of manufacturability, taking into account the 
following parameters: labor intensity, cost and unification of the design. 

An important quality indicator is the degree of unification of the designed part both in relation 
to its actual design, and in relation to the possibility of using a unified standard technology for its 
manufacture. The implementation of an operational assessment of the processability of a design 
solution in the context of computer-aided design is possible in the form of an appropriate intelligent 
CAD subsystem. 

Thus, the task of revealing the regularity of the manifestation of information, economic and 
organizational relations between the design, technological and metrological aspects of machine-
building production in the qualimetric assessment of the manufacturability of the design of parts 
of the "shaft" type based on the construction of mathematical and information models of their 
condition and quality dynamics is relevant. 

The set of product properties that determine the adaptability of its design to achieve optimal 
resource costs during production and operation to achieve the specified quality indicators is the 
manufacturability of the product design. 

Ensuring the manufacturability of the product design at the design stage is a significant and at 
the same time the most difficult task of the designer. If the conformity of the machine design to a 
given functional purpose is easy to assess with objective numerical indicators, then such a complex 
and multifactorial concept as manufacturability is very difficult to quantify. The absence of 
generally accepted methods of numerical evaluation of technological efficiency does not allow to 
objectively resolve the inevitable conflicts of professional interests between the designer as a 
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supplier of design documentation (DD) and the technologist as its consumer.  
It is obvious that each set of parameters of the part (shape and dimensions of surfaces, 

roughness, tolerances, design bases, the coefficient of workability of the material) corresponds to 
its own coefficient of manufacturability kN . Criterion of adaptability of the part is exceeding the 
minimum permissible values допN , which is determined by technological possibilities of 
production, as a detail, quite technological for an advanced plant with modern equipment, can be 
unviable or unfeasible for a plant with outdated equipment.  
Mathematical modeling 
The number of processability indicators should be minimal, but sufficient to assess the 
processability. 

The nomenclature of technological performance indicators and the method of their 
determination at each stage of CD development depends on the type of products and the type of 
production. Suggested list of indicators of technological items according to GOST Standard 
14.201–83 "Integrating technology into product design" includes the complexity of manufacturing 
the product, the cost of technology and the coefficient of unification of the elements. The analysis 
of the research of Russian and foreign scientists in this subject area of science was carried out. The 
works of B. A. Yakimovich [10], V. I. Averchenkov [1], M. V. Novikova [5, 6], M. E. Popov [8] 
were studied. In these works, the complexity of manufacturing the product, the technological cost 
and the coefficient of unification of structural elements were considered. 

The analysis of the above mentioned and works [2, 3, 7, 9] showed: 
1. The authors did not consider the totality of all three indicators together; 
2. To calculate the unification coefficient, only the applicability of structural elements in 

production and their standardization were taken into account, and the production capabilities of 
the enterprise and the unification of geometric dimensions were not taken into account. Its value 
is deterministic, either 1 or 0. 

Since labor intensity has a direct monetary value, it is usually included in the cost price. 
Therefore, the proposed assessment of manufacturability includes two main components: 
technological cost C  and unification, expressed by design duk  and technological tuk  coefficients. 
Then 
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The weight coefficients 2/3 and 1/3 are introduced to reflect the fact that according to GOST 

Standard 14.201–83, cost, labor intensity and unification make an equal contribution to the 
manufacturability of the part. 

Let's consider a mathematical model for determining the technological cost. The cost rate is 
calculated using the formula: 
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and is the ratio of the actual technological cost to the value ,nomC  that is either a 

technological cost of a detail-analog (previously manufactured item of similar size and design with 
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a known cost), or nominal technology cost of a "simple" detail, for the calculation of which we 
take smooth shaft, dimensions of which coincide with the dimensions of considered details, and 
the surfaces have an average roughness avRa : 
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where jRa  – roughness of j -th treated surface; jl  – length of j -th surface; n  – the number 

of treated surfaces; l  – overall shaft length. 
The technological cost is calculated using the formula [4]: 
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and to calculate the labor intensity T , an empirical dependence [6] was used: 
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where mat

totC  - the total cost of raw materials, RUB; wW – the average hourly wage of the worker 

for the relevant production, rubles/hour; mhC - cost of machine-hours RUB/hour; 
'K – average 

overhead costs, %; n – the number of design-technological elements (DTE); matk – coefficient that 

takes into account the machinability of the material; M – mass of the part, kg; iS – the area of the 

shear layer of the i-th surface, mm2; iRa – the required roughness of the i-th surface, µm; it – the 

tolerance of the i-th surface, mm; n – the number of the processed surfaces; a , b , c , y – 
empirical power indicators determined by the regression analysis method. 

Next, we will consider the definition of the coefficients of design and technological unification 
of a body of rotation part type. The coefficient of design unification duk  is defined as 
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where n  - the number of construction elements;  

iкуk  - the coefficient of design unification of 
the  i-th structural element of the part, depending on the shape and the value of the landing size 
(the size responsible for the accuracy of the location of the part in the assembly): 
for cylinder:  
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for cone:    
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where iα  is the angle at the top of the cone; 1, 2A A - the series of preferred angles according to 
GOST Standard 8593-81. The given constants (1,6; 1,25...) express the series of preferred numbers 
for the cylinder diameter according to GOST Standard 8032-84. 

For structural elements of other types (for example, shaped grooves, spherical surfaces), 
their presence in the catalog of analog parts is analyzed. If a similar element is found, then the 
coefficient 1

idu =k , otherwise - 0
idu =k . 

In [4] it is indicated that from the point of view of manufacturability, it is necessary to 
observe a certain ratio between the dimensional tolerance on the surface and its roughness, due to 
the impossibility of achieving and measuring a rigid dimensional tolerance on an excessively rough 
surface. Therefore, for each surface to be treated, the following coefficient is introduced, taking 
into account the correctness of the roughness ratio and the tolerance field: 
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According to the data collected from the enterprises of the Tula region, it was revealed that one 

of the main reasons for the return of DD (45% of the number of returns at the stage of technological 
preparation) is the inconsistency of the basing schemes. In some cases, due to incorrect design 
bases, the tolerances for the closing dimensions turned out to be impossible, which required the 
re-processing of the DD. Therefore, the coefficient of technological unification of the part should 
primarily assess the degree of unity of the design and technological bases as the most important 
indicator of manufacturability. This coefficient cannot be calculated only on the basis of the data 
presented in the DD – it does not specify the technological bases. Therefore, according to the 
drawing, a lot of design bases (structural elements from which dimensions with tolerances are set) 
of the part КБM  are identified . Further, on the basis of a suitable typical technological process, a 
set of hypothetical technological bases ТБM  is determined . The coefficient туk  is the ratio of the 
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number of matched bases ( совk ) to the number of technological bases. ( ТБk ): 
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When generating a hypothetical technological process, we should select typical equipment for 

each operation, if there is no additional information about the features of the equipment of a 
particular production. The equipment depends on the content of the operation itself, the overall 
dimensions of the workpiece, the properties of the material, the accuracy of the resulting size and 
the serial production. Next, you need to select a base scheme for each installation. For bodies of 
rotation, it depends mainly on the overall dimensions of the workpiece. By expert estimates were 
identified based on schema-based (in the cartridge, in the cartridge with the rest, in the Chuck with 
a steady rest and center, in the cartridge with the center, floating center, in centers, in centers with 
steady rests) from the length and diameter of the workpiece. The coordinates of the distribution 
center ( ц ц,D L ) for the i-th base scheme will be calculated using the formulas: 
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where i – number of a schema-based; ik  - the number of parts defined by experts, for which 
the i-th scheme-based is used; ,i id l – diameter and length of the i-th part. 

The choice of the optimal layout оптi  of the part with overall dimensions ,d l d is based on the 
condition of the minimum difference in the distance of points in the phase space ( ,D L ) for the 
selected material grade: 
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Summary 
For each operation, we should choose a standard equipment. It depends on the content of the 
operation itself, the overall dimensions of the workpiece, the properties of the material, the 
accuracy of the resulting size and the serial production. Next, we need to solve the problem of 
building technological dimensional chains and checking them. 

To check the adequacy of the model, a correlation coefficient was determined between expert 
estimates of the level of manufacturability of a number of parts of the type of bodies of rotation 
and estimates calculated according to the proposed method. The correlation coefficient was 0.84, 
which indicates the adequacy of the mathematical model. 

To effectively manage the processability at the design stage, it is not enough to simply evaluate 
it – we need to give recommendations to the designer, specifying the most non-technological 
parameters of the part. 

The paper proposes a mathematical model of the state and dynamics of the quality of machine 
parts at the design stage, characterized by a qualimetric assessment of the manufacturability of 
their manufacture, taking into account the cost, labor intensity and technological unification of the 



Modern Trends in Manufacturing Technologies and Equipment  Materials Research Forum LLC 
Materials Research Proceedings 21 (2022) 460-465  https://doi.org/10.21741/9781644901755-75 

 

 

 465 

elements of the part. 
The developed method of qualimetric assessment of the manufacturability of design solutions 

and the optimal assignment of bases for parts of the "shaft" type, implemented in the future in the 
form of an intelligent CAD subsystem, allows us to increase the level of manufacturability by 
analyzing the information obtained during the development of the CD. 
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