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Abstract: This study aims to display and explore patterns of expertise on defining the specifics of metalworking over the technology cost. 
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machine production, as well as for expert analyses of operational cost of the product in different versions of the technology routes. 
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1.Introduction 

The production process of a given product allows for the 
application of alternative processing routes. This circumstance is 
dictated by  the various alternatives of the treatment processes and 
mainly on the choice of the type of the original blank.  On the basis 
of analysis  criteria are defined for selection of a rational for the 
situation route. The crucial factors  taken into account are the 
impact of technological bottlenecks, the fund duration, the cost of 
the process, the degree of complexity of the product made and the 
necessary materials and the energy resources. In this analysis part of 
the indicators are based on different legal grounds, while others – 
by experts procedures.  

The conditions for the application of expert knowledge of the 
above-defined characteristics  take timeAlso during the expert 
determination it is possible to make mistakes, especially with large 
nomenclatures of the equipment and of the processes, too. For this 
reason, it is necessary that the process of making expertise is 
computationally and programmably secured. 

The software of the expert  estimates may be based on industrial 
experiments, wherein each value of the analyzed parameter of a 
technological range is formed by the combinations of the selected  
term [1, 2]. Experiments can be planned / active / or they may be 
based on direct production surveys – unplanned / passive /. During 
unplanned experiments it is not always possible to provide  certain 
acceptable results of the research. The main reasons for this are 
centered at the impossibility of accurately fixing the predefined 
level of simultaneous variation of all factors, which occurs in the 
planned experiment and during the further evaluation of the 
specificmeaning , corresponding to the  sample of the output . 

The disadvantage of passive experiments is the limitation of the 
observations and the unnatural  changes  of factors in the process. In 
this approach descriptively is executed a procedure determined by 
the entire list of influencing of impact from the group of 
independent factors directly affecting the outcome [3]. 

The ultimate goal of the presentation of mutual factors is to 
determine the competitive technology, defined by optimal 
combination of  control factors. This methodology has been 
developed by us regarding the relationship between the properties 
and шге composition of the material and various  technological 
parameters / factors / having an influence on the technological costs 
for metalworking. 

 

2. Purpose and Methodology of the  Research  

This  research aims to display and explore patterns of expert 
knowledge  related to the determination of  specifics of 
metalworking over the technology cost. The obtained results are  of 
applied nature and they can be of principal importance to design the 
process of technology development of machine production, as well 

as for expert analyses of operational cost of the product in different 
versions of the technology routes. 

The  influence of the type of material and the characteristics of 
metalworking technology  over the costs is presented in [4]. 

(1)  

 factor considering the type of material of the workpiece and the 
method of acquisition;  the mass of detail;  coefficient of mass 
accuracy;  performance of the regression equation;   volume of the 
production program;  factor that takes into account the structural 
and technological complexity of the piece;   group number of 
constructive-technological complexity of the piece. 

In [4] are given specific meanings for different types of 
materials and the technology cost is determined according to the 
introduced in the Russian Federation regulations and its normative 
dimension is ruble / pc. This formula is difficult to apply in terms of 
the other party due to the specific values of the coefficients  of the 
materials in the chemical composition, the different methods of 
preparation of the blank and the different complexity of the part. 
This  disadvantage can be eliminated by simulating a planned 
experiment using the formula (1) for specific values of the 
parameters and the technological cost is examined in the 
corresponding interval. Values obtained in the analysed interval can 
be normalized related to the extreme values of the examined 
parameter. Thus, for the analysis of different technological options, 
the expert opinion on the definition of the process cost can be 
reduced to the coefficient of the metal -  . This factor is designed for 
direct expert evaluation of the various options in the preparation of 
production. It depends on the type of the material, the coefficient of 
mass accuracy, weight and complexity of detail and scope of the 
production program.  

3. Definition of  the Range of  Control Parameters of 
the  Research  

The expertise depends on the  control  factors and 
parameters on which the analysis of the possible alternatives is 
carried out. Different parameters of designed experiments are 
described below. 

At the stage of preparation of production, one of the 
parameters on which is projected a technological process is the type 
of workpiece and the degree of its complexity. In our study, these 
two parameters were examined by the coefficient of weight 
accuracy     and n   the exponent produced by the group number of 
constructive-technological complexity of the detail, described in (1) 
and noted in our study as X4. Table 1 specifies the range of 
variation of the coefficient of mass accuracy labeled X1 and the 
relationship between this factor and the type of the workpiece. 
Controlling factors in the expert assessment almost always involved 
and  organizational factors of production, batch production, which 
is strongly influenced by the weight of the piece. Table 2 indicates 
the range of variation of the other parameters in the research : X2 – 
, the weight of the workpiece; X3  , annual production program; X4  
,  number of the group  of constructive-technological complexity of 
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the piece. 

It is  acceptable for methods of machining to define a complex 
indicator of manufacturability, taking into account the parameters of 
the metal workpiece. This would allow the comparison and the 
assessment of treatment in various preparations, materials, 
complexity and others during the process of feasibility analysis of 
various technological solutions. 

In the section  for the results, specific values of the coefficient of 
metal -   are shown and the appropriate checks are made. 

Table 1.: Range of variation of the coefficient of mass accuracy and its 
relationship to other technologies. 

Type of 
Preform WPК  

( X1 ) 

X1 

Coded  Real 

Roll profile 0,7…0,5 - 1 0.6 

Forging / 
stamping 

0,7…0,55 0 0.7 

Cast 0,85…0,8 + 1 0.8 

Table 2. Range of variation of the control  parameters in the research of 
metalworking . 

Parameters    
X2 X3 X4 

Lower level ( - 1) 1 1 1000 

Middle level( 0 ) 50 3 5000 

Upper level ( + 1) 100 5 10000 

This representation is the basis for the formation of an expert 
assessment on the basis of a planned experiment. 

4. Results 

Model and analysis of research value / the coefficient of 
metalworking    metal / from the planned experiment is defined and 
displayed as follows: 

№ Coefficient of  
metalworking 

Type of steel 

1. Y1 exper. 1 quality carbon and low-alloy 
constructional 

2. Y2 exper. 2 middle-alloy constructional 

3. Y3 exper.  3 high alloyed constructional 

Table 3. Experimental values of the coefficient of  metalworking  for 
different / planned / combinations of controllable parameters. 
 X1 X2 X3 X4 Y1 

exper.. 
Y2 

exper. 
Y3 

exper.. 
1. -1.0 -1.0 -1.0 -1.0 0.007 0.010 0.051 
2. 1.0 -1.0 -1.0 -1.0 0.0110 0.016 0.033 
3. -1.0 1.0 -1.0 -1.0 0.153 0.140 0.324 
4. 1.0 1.0 -1.0 -1.0 0.0985 0.133 0.386 
5. -1.0 -1.0 1.0 -1.0 0.392 0.462 1.08 
6. 1.0 -1.0 1.0 -1.0 0.345 0.434 1.05 
7. -1.0 1.0 1.0 -1.0 1.0 1.150 2.69 
8. 1.0 1.0 1.0 -1.0 0.895 1.100 2.75 
9. -1.0 -1.0 -1.0 1.0 0.019 0.034 0.150 
10. 1.0 -1.0 -1.0 1.0 0.061 0.044 0.109 
11. -1.0 1.0 -1.0 1.0 0.028 0.043 0.120 
12. 1.0 1.0 -1.0 1.0 0.017 0.030 0.156 
13. -1.0 -1.0 1.0 1.0 0.158 0.212 0.492 
14. 1.0 -1.0 1.0 1.0 0.155 0.178 0.44 
15. -1.0 1.0 1.0 1.0 0.629 0.770 1.80 
16. 1.0 1.0 1.0 1.0 0.5670 0.713 1.830 
17. 1.0 .00 .00 .00 0.2680 0.335 0.85 
18. -1.0 .00 .00 .00 0.2920 0.355 0.84 
19. .00 1.0 .00 .00 0.4870 0.624 1.49 
20. .00 -1.0 .00 .00 0.202 0.286 0.66 
21. .00 .00 1.0 .00 0.546 0.620 1.49 

22. .00 .00 -1.0 .00 0.001 0.048 0.21 
23. .00 .00 .00 1.0 0.265 0.369 0.90 
24. .00 .00 .00 -1.0 0.423 0.546 1.97 
25. .00 .00 .00 .00 0.302 0.417 1.00 
26. -1.0 -1.0 .00 .00 0.182 0.219 0.526 
27. 1.0 -1.0 .00 .00 0.182 0.211 0.491 
28. 1.0 1.0 .00 .00 0.422 0.536 1.36 
29. -1.0 1.0 .00 .00 0.490 0.569 1.32 
30. -1.0 .00 .00 -1.0 0.429 0.483 1.320 
31. -1.0 .00 .00 1.0 0.249 0.309 0.750 
32. .00 -1.0 .00 -1.0 0.288 0.382 0.89 
33. .00 .00 -1.0 -1.0 0.048 0.105 0.276 

With the determined experimental values based on a numerical 
experiment, regression models are derived for different materials. 

Table 4. Models of the coefficient of  metalworking  for various test 
materials with appropriate assessments.. 
№ Control parameter  

in front of the due 
coefficient 

Coefficients of the models for different 
materials 

1 2 3 
1 b1 (constant term) 0.318082 0.416329 1.07890 
2 b2*X1 -0.015797 -0.0106185 0.0070869 
3 b3*X2 0.139262 0.168329 0.42176 
4 b4*X3 0.239257 0.285702 0.678007 
5 b5*X4 -0.0788963 -0.088557 -0.232537 
6 b6*X1

2 -0.0303468 -0.071021 -0.196741 
7 b7*X1*X2 -0.0148250 -0.005300 0.0202 
8 b8*X1*X3 -0.0123438 -0.010312 -0.0019375 
9 b9*X1*X4 0.0105949 -0.0010064 0.00021813 
10 b10*X2

2 0.0290092 0.038555 0.0128664 
11 b11*X2*X3 0.115156 0.137813 0.335313 
12 b12*X2*X4 -0.0334222 -0.03214 -0.084731 
13 b13*X3

2 -0.0584397 -0.082412 -0.263805 
14 b14*X3*X4 -0.0621019 -0.0704143 -0.179383 
15 b15*X4

2 0.0259503 0.04027 0.206889 
Coefficient of multiple 

correlation R  0.9991 0.99999 0.9909 

F calculated > F tabular 619.6768 73099.96 69.5002 
F tabular (α=0.05,14,18) 2.2931 2.2931 2.2931 

Received / described in the Table 4 / suitable for predicting the 
ratio of machine models for carbon and low-alloy constructional 
steels - 1, middle-alloy steels - 2 and high-alloy steels   3, allow 
numerical simulation in order to obtain robust estimates by Taguchi. 
A method is used, described in detail in [8], with the only difference 
that in this case, the minimum is sought according to Taguchi [9] 

and the evaluation is given by the formula .  . 
The used orthogonal matrix affords estimates for three noise levels. 
Noise is set as 0.05 and 0.1, for variables reach ± 1 at the end of the 
eligible fields. For a noise levelthere are obtained 297 results. 

The figures below illustrate the minimum values reached in the 
numerical experiment for different variables. The variables along 
the abscissa of the figures correspond as follows: "1" – corresponds 
to the removed noise, "2" –  without  noise, "3" – of added noise. 
Similar to [8], the vast amount of applications noise gives sharper 
results "dotted line – K2.".  

Table 5 presents the assessments of noise levels. 

Table 5. Noise-level based Taguchi assessments. 
variable 1 2 3 

X1 2 2 2 
X2 3 3 3 
X3 3 3 3 
X4 2 2 2 

Analysis of Table 5 shows that models  1 2, 3, have the 
same behavior. Variables X1 and X4 are stable and they do not 
significantly influence the final result. During the numerical 
optimization only X2 and X3 will be changed. Like [8] the search 
of the extremum is realized using the method of Nedler and Mid. 
The result obtained for a minimum of patterns is shown in Table 6. 
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Model        ( 1)      low-alloy constructional steels 

  
Х1 

Weighing accuracy factor 
Х 2 

Weight of the preform 

  
Х 3 

Complexity  level 
Х 4 

Production program 
Model  

    
2    middle-alloy steels 

  
Х 1 

Weighing accuracy factor 
Х 2 

Weight of the preform 

  
Х 3 

Complexity  level 
Х 4 

Production program 
Model   3  high-alloy steels 
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Х1 

Weighing accuracy factor 
Х 2 

Weight of the preform 

  
Х 3 

Complexity  level 
Х 4 

Production program 

 

Table 6. Results of the optimization in  a search for the minimum. 
variable 1 2 3 

Y 0.00145 0.00149 0.0307 
X1 +1 +1 +1 
X2 0.348 -0.557 -1 
X3 -1 -1 -1 
X4 +1 +1 -1 

Figure 1 below illustrates the behavior of the models depending 
on the degree of alloying . Allong the abscissa are respectively the 
models 1, 2, 3 

4. Conclusion. 

 
Fig. 1. Behavior patterns displayed depending on the degree of  alloying (1 
– low-alloy, 2 – medium-alloy, 3 – high-alloy)..) 

An analysis of Fig. 1 is associated with the logically expected 
behavior of the test patterns. 

Based on the performed numerical  simulation there is a 
possibility to form expert knowledge on a formalized technological 
problem in the field of metal processing technology for the cost of 
details, obtained from three types of  performs. After the defined 
procedure, it is possible to make the following important 
conclusions. 

A minimal value of the coefficient of metalworking is 
associated with a maximum weight accuracy and low complexity. 
The mass of the device decreases with the degree of alloying . The 
production program is minimal for high-alloy steels. 

These results are due to the  following  circumstances: 
- The strength and hardness of high-alloyed steels are  

higher, which is associated with greater losses in achieving the 
accuracy requirements and the quality of the received surface; 

- The relationship between weight and low doping is 
confirmed by the practice where from cast iron, carbon and low-
alloy steels are cast and wrought bars with bigger volumes; 

- Lower complexity is associated with less loss of time and 
hence all other losses: waste, instrument settings, etc. are minimal. 

These findings confirm that this approach is correct  (valid) and 
that it can be used for practical purposes. 
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