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Abstract. The paper examines problematic areas of electromechanical systems unification, 

formulates and presents formal writing of problem for systemic unification of electromechani-

cal systems and its solution procedure, describes general evaluation scheme of technical-and-

economic effect from implementation of different variants of electromechanical systems unifi-

cation. Presents results of the calculation relations that allow to carry out full and thorough 

formulation of technical specifications with due consideration of possible unification variants 

that brings out maximum result at the designing and execution project stage, operation and ser-

vicing of the electromechanical systems. Method is designed to evaluate values of technical-

and-economic outcome from work that is being conducted in the interests of the suggested uni-

fication variants implementation for electromechanical system specimens at the development 

stage. Presented method is the primary way to construct criterial function of system unification 

problem. Project`s future outlook can be determined at any point of the designing stages with 

consideration to service life of the product that is being in development, product family, its 

components, which included in the electromechanical system, as a separate entity and also as a 

part of an entire system. 

1.  Introduction 

As of now electromechanical systems consist of a big number of interdependent parts that are diverse 

by function-based tasks and structural design nature. Development of component parts (CP) for elec-

tromechanical systems should be done with unification of this systems in mind. This kind of work is 

critical for the electromechanical converters due to a variety of structural designs, that limits area of its 

application. Electromechanical systems converters assortment acknowledges insufficient unification in 

this industry. [1]. 

Electromechanical systems development and operation requires a lot of time, material and financial 

spending. Existing limitations on this kind of expenses makes unification work during the develop-

ment of this systems very important. [2]. 

2.  Materials  and Methods 

Conducted analysis of existing way and content of complicated technical systems unification work, 

which electromechanical systems part of, and also status analysis of this kind of work allows to make 

several very important conclusions that outlines directions for improvement of not just unification 

work itself but also methodological support for this kind of work. 
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In the first place, while unification work for complicated technical systems is conducted at the re-

search and project justification stages, impact from its implementation should be evident and assessed 

for all stages of the life cycle. However, at present time, process of unification, continuous in terms of 

content, its results and subjects, practically «disintegrates» into several independent and consequent 

work efforts for unification at every stage of the life cycle. Those inconsistencies, in the first place, are 

connected to the different degree of detail consideration in these systems as a subject of unification 

[3].  In fact, if during research and project justification of electromechanical system subjects, within 

the context of strategic (program) planning, all interdependent advanced electromechanical system 

entirety at the related planning period considered as a subject of unification, then at the development 

stage of specific subject of energy system as a subject of unification, in general, considered specific 

subject excluding its place in the advanced entirety of such systems.  Therefore, in fact, at present 

time, during unification work at this stage, results of the previous stage are not considered.  In addi-

tion, when choosing ways of subject unification at this stage, influence of this choice on the whole 

advanced entirety is not considered. In other words, influence of the chosen way of unification of the 

subject in development on the degree of unification and other technical-and-economic and operation-

and-maintenance characteristics of other system specimens, that are part of advanced entirety, is not 

being taken into consideration. In addition, influence of these specimens on the under development [4] 

is also not being taken into consideration. Disadvantage of the existing approach to organize imple-

mentation of the end-to-end unification process of electromechanical system specimens also deter-

mines disadvantages of the existing methodological support. 

This allows to establish that existing methodological support is not sufficient to make well founded 

system-based decisions about electromechanical system unification problems, which are relevant to all 

levels of its disaggregation, interconnected with life cycle stages [5] and with all possible directions of 

unification. 

In view of this, facts of research work duplication are present, especially at the CP elements level 

of electromechanical systems, also reduction tendency to borrow ready-made, previously developed 

CP, and, as a result, this creates increase in assortment of non-compatible but with similar characteris-

tics CP, and increase of expenses for development and operation of electromechanical systems in gen-

eral. 

All of this suggests a necessity for improvement of methodological support for electromechanical 

systems unification work from the prospective of system approach. In other words, review unification 

work and outcome evaluation from it, in the context of all life cycle stages, and as a unification subject 

– all advanced entirety of one-type electromechanical systems on all levels of its disaggregation and in 

the context of all possible directions of unification. 

From the stated above follows that during development of the problem statement for systematic 

unification of electromechanical systems it is necessary, as a unification subject, consider all entirety 

of such systems, having in mind all its structural and functional complexity and inconsistency, and 

also dynamics of its evolution on all life cycle stages. Estimating potentially possible outcome from 

electromechanical systems unification work one should consider that this outcome is achieved by im-

plementing specific directions of unification during development of isolated samples of such systems. 

In such case, during development of the problem statement for systematic unification of the ad-

vanced electromechanical systems we should consider the following model of unification. 

For any direction of unification, according to the P 50-54-102-88 «Operating procedures for inter-

sectoral, sectoral and factory unification», which included into possible variant of electromechanical 

system specimens unification [6], as a result of implementing one of the unification variant, some el-

ements (subjects of unification) of the initial homogeneous elements set remain unchanged, and some, 

that form subsets, replaced by the others, as a rule, more advanced elements. Therefore, set of ele-

ments split up into several subsets, to be exact, subset where elements are not being replaced (not uni-

fied) and several subsets, where elements being replaced with one more advanced element. As a result 

of this, set (manifold) with a smaller number of elements is obtained [7]. From this kind of unification 

model follows that all ways of getting technical-and-economic outcome from different variants of uni-
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fication implementation are connected with reduction of elements manifold – subjects of unification. 

Mainly, in the context of different life cycle stages of specimen, these are gains obtained by means of: 

 cutback in a number of engineering designs (newly designed specimens and their CP); 

 cutback in number of types, mass-produced and purchased specimens of electromechanical 

systems and its CP; 

 cutback in an assortment of electromechanical system specimens and their CP which are on 

supply and in operation. 

In addition, it is necessary to consider fact that for the accepted model of unification, some ele-

ments of initial manifold (set) are being substituted for more advanced elements, this creates excessive 

quality, and, therefore, creation of extra expenses for «servicing» this excessiveness [8].  

Keeping in mind the suggested model of unification, problem of systematic unification of electro-

mechanical systems can be formulated in the following way. 

For given initial set of required specimens, and also for initial set of required CP, included in it, one 

should chose variant of advanced entirety unification of electromechanical systems, that provides 

maximum technical-and-economic outcome from its implementation for given efficiency level of elec-

tromechanical system specimens, technical level of its CP and given amount of financing for devel-

opment and operation of electromechanical systems advanced entirety.    

When selecting measure for technical-and-economic effect, one should consider [9] fundamental 

matching principle: «to what extent one state or process is better (worth) that the other state (process) 

». From this perspective, using accepted model of unification, as a basis for criterial function construc-

tion of formulated problem of systemic unification is appropriate to take full impending expenses for 

engineering and operation of electromechanical system specimens, that has been developed using one 

or another variant of unification and included into the advanced entirety of electromechanical systems. 

In the interests of formal writing development of formulated systemic unification problem, let us 

introduce the following notations. 

Let us denote by: 

m = 1, 2,…, M – work stage number, and M - its total number;  

i = 1, 2,…, I – electromechanical systems disaggregation level number, and I - its total number;  

k = 1, 2,…, K – homogeneous specimens group number, and K - its total number; 

n = 1, 2,…, N – electromechanical system specimens and its CP numbers for the initial group sets 

of homogeneous specimen (CP) sets, respectively, and N - its total number; 

n* = 1, 2,…, N* – electromechanical system specimens and its CP numbers for the resultant (uni-

fied) group sets of homogeneous specimens (CP), and N* - its total number; 

 nO  and  O n
   – sets of homogeneous specimens (CP) of electromechanical systems before 

conducting unification work (initial) and after it (resultant); 

jH  – j - th direction of unification, where j = 1, 2,…, 5; 

 jB  – sets of unification variants of electromechanical system specimens (CP), in addition, unifi-

cation variant Bj described by mapping    *

ˆ

*
jH

n n
O O ; 

jH  – operator, which transfers the initial set into the resultant on j - th direction of unification. 

Then formulated problem can be written in the following way: 

* *

,
1 1 * *

, 1

, ( , , ), ( )argmax
i k

i k k ki i i k ki i
i k

ki

K J
m m m

k j j j j j
k j

j

B E B B H O O W O 



     
 (1) 

* *

* 0( , )
ki k ki i
j j j

F H O F
 

(2) 

* *

* 0( , )
ki k ki i
j j j

ТY H O ТY
 

(3) 
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(4) 

where: W(On) – electromechanical system specimens (CP) demand function; 

E – function that characterizes difference of full impending expenses for development and operation of 

electromechanical system specimens, which are being developed without unification and with imple-

mentation of unification variant which is under consideration;  

F – function that characterizes the electromechanical system specimens effectiveness; 

F0 – required levels of the electromechanical system specimens effectiveness;  

TY – function that characterizes technical excellence of electromechanical systems CP;  

TY0 – required levels of technical excellence of the electromechanical system specimens CP;  

C – function that characterizes full impending expenses for the development and operation of the ad-

vanced entirety of electromechanical system specimens;  

C0 – given financing volume for the development and operation of advanced entirety of electrome-

chanical system specimens;  

ki – group numbers of the electromechanical system homogeneous specimens (CP) on i-th level of dis-

aggregation;  

ikj  – unification direction number for ki - th group of homogeneous electromechanical system spec-

imens (CP).  

General scheme of the presented procedure which solves systemic unification problem for electro-

mechanical systems (1)-(4), based on suggested approach, chosen principles and corresponds to its 

content and specific, described earlier, is presented on figure 1.  

Figure 1 also presents the assortment of methods, which are necessary to solve systemic unification 

problem (1)-(4). 

For evaluation of technical-and-economic effectiveness of work, which is being conducted in the 

context of the suggested unification variants [10] of electromechanical system specimens implementa-

tion as part of systemic unification of electromechanical systems and its development, procedure is 

presented, which is the basis for construction of criterial function of systemic unification problem. 

In accordance with this and with systemic unification of electromechanical systems problem state-

ment, value of technical-and-economic effectiveness of work to unify electromechanical systems is 

taken as a difference in full impending expenses for development and operation of electromechanical 

system specimens, which is being developed in accordance with chosen variant of unification and be-

ing developed without its unification, therefore: 

uE С С   (5) 

where E – technical-and-economic effect value;  

Cu, C – full impending expenses for specimens considering expenses for its unification work and 

without such work, respectively.  

Therefore, in general case: 

dd n opС С СW C WT  
 

(6) 

,u u u u u u u

dd n opС С С W С W T  
 

(7) 

where ,  ,  , ,u u u

dd dd n n op opС С С C C С  – costs of development, production and average cost of specimen 

operation over the year period in accordance with its unification and without it, respectively; 

Wu ,W – demand (requirement) for a specimen in accordance with its unification and without it, re-

spectively; 
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Tu , T – useful lifetime of specimen in years in accordance with its unification and without it, respec-

tively. Then: 

( ) ( ) ( )u u u u u u

dd dd n n op opE С С СW C W С WT C W T     
 

(8) 

 

 

Figure 1. Problem solving procedure general scheme. 
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To receive calculation relations to estimate value of technical-and-economic effect of electrome-

chanical systems unification work, on the basis of routine unification problem formulation [6], and 

without constrains for generality of received results, let us be guided by the following unification 

model [11] of advanced electromechanical systems. 

Set of homogeneous electromechanical systems is given, which are part of the advanced electrome-

chanical system specimens entirety {Oi}, where i = 1, 2,…, I, basic characteristics of these specimens 

and demand for it are given 
iW  , respectively. At a later stage, during problem solving of technical-

and-economic effect evaluation to determine value of demand for component parts (CP) it is necessary 

to consider demand, caused by inclusion of component parts into the SPTA and further use of CP dur-

ing specimen operation. Also, initial set {CPi} of required homogeneous CP is given, which are part of 

the electromechanical system specimens, and its main characteristics, full impending expenses for it 

are given as well, in other words ,i

ddС  ,i

nC  ,i

opC  
iT  are given. It is supposed that CP, which are parts 

of different specimens, also different. It is assumed that CP aligned in increasing order of its quality 

and technical level (values of its main characteristics), and therefore, its development cost. 

3.  Results and Discussion 

Variant of electromechanical system specimen unification has been developed (generated), which 

means that truncated resultant is determined after work completion for unification of CP set, which are 

part of electromechanical system specimens, meaning that also given a scheme to divide initial set 

{CPi} into subsets {CPi}j, which are being replaced, on the basis of the unification work results, for 

one of the component part of truncated (resultant) CP set  * ,jСP  where j = 1 ,2,…,J. Basic character-

istics are also given 
* .jСP  

Let us introduce notation for the scheme to replace CP of initial set for CP* of truncated (resultant) 

set: 

   1 1
: 1, : 1, ,i iСP i I СP i i  

 
 

   1 2 2 32 3
: 1, : 1, ,i iСP i i i СP i i i   

 
(9) 

   1 1: 1, : 1, , ,i j j i J Jj
СP i i i СP i i I    

 
 

where ij can take a value from 1 to I - 1 if conditions are met: 

 


J

j
j Ii

1  

(10) 

1 IJ  (11) 

In addition, every subset {CPi}j of the initial set is replaced for single element (component part) of 

the truncated (resultant) set  * .jСP  Let us denote full impending expenses, development, production, 

annual operating costs and time in service of j-th CP of truncated (resultant) set by ,* jС * ,j

ddC ,* j
nC

* j

opC  and 
* jT  respectively, and by 

* jW  – demand for it. 

In this case, value of technical-and-economic effect from implementation of considered unification 

variant of considered electromechanical system specimens can be written as follows: 
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* * *

1 1 1 1

* * *

1 1

.

I J I J
i j i i j j

dd dd n n

i j i j

I J
i i i j j j

op op

i j

E С C C W C W

C W T C W T

   

 

  
      

  

 
  
 

   

 
 

(12) 

Having in mind the accepted replacement scheme we can write that: 

.
11

*




ji

jii

ij WW

 

(13) 

It is obvious, that summarized for the whole group of homogeneous electromechanical system 

specimens demand for CP stays unchanged, which means that: 

 
 

J

j

ji

ji

i
I

i

i
J

j

j WWW
1 1111

* .

 

(14) 

Let`s describe, in addition to that, the following limitations for determining calculated relations 

which are perfectly acceptable for the considered problem statement and accepted scheme of advanced 

electromechanical systems unification, meaning that 
*i j

op opС C  and 
ji TT *  for all values i and j. 

Then: 

 

1

1

* *

1 1 1 1 1

* *

1 1 1

.

j

j

j

j

iI J I J
i j i i i j

dd dd n n

i j i j i i

iI J
i i i j j i

dd n dd n

i j i i

E С C C W W C

C W C C C W





     

   

  
        
   

 
    

 
 

    

  
 

(15) 

Obtained expression for E is the general expression for value evaluation of the technical-and-

economic effect from unification variant implementation. 

To obtain much more simple relations to calculate E et us assume that: 

i i i

n ddС C
 

(16) 

Coefficients αi, which connect development cost with mass production cost [12], can be deter-

mined on the basis of available statistic support and equal to 0,1÷0,4. 

In addition, let us take into account that production cost (manufacturing) is defined in the context 

of product cost decrease at the expense of series production increase [13], meaning increase of de-

mand. With that the following relation is true: 

,

11

*





























ji

jii

i

ji

ji

n
j

n

W

W
CС

 

(17) 
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where γ - measure, which takes into consideration decrease of product cost at the expense of series 

production increase.  

Value γ can also be determined on the basis of available statistic support and equals γ = 0,3. 

Then: 

1

*

1 1

1

(1 ) .
j

j

j

j

j

iI J
ii i i j

dd dd n i
ii j

i i

W
E С W C C

W







 

 

  
  
  

     
  

  
  

 


 (18) 

At the same time, for 
ji

nС  and 
ji

W  we take a value of mass production cost and demand for the 

last element of j-th subset of initial CP. 

Let us assume that j-th CP of truncated (resultant) set, which can replace, based on its own capabil-

ity, any CP from j-th initial subset of CP, will possess certain excessiveness, and, therefore, its devel-

opment is going to be more expensive. 

Having in mind, that dependence of CP development cost on its quality and technical level (its 

basic characteristics) is continuous and not decreasing, we can write 
* ,jij j

dd ddС C  where 
j  – co-

efficient, which corrects for increase (cost increase) of the CP development at the expense of its exces-

siveness. 

Then expression (18) can be written as follows: 

 

1

1 1

1

1 .
j

j

j

j

j

iI J
ii i i j j

dd dd i
ii j

i i

W
E С W C

W



  



 

 

  
  
  

     
  

  
  

 


 

(19) 

For ji

ddC  we take development cost of the biggest by number CP in j-th subset of the electrome-

chanical system specimen`s life cycle. 

4.  Conclusion 

In summary, it is worth noting that obtained relation allows reasonably accurate prediction of the tech-

nical-and economic effect using sufficiently small volume of initial data, which allows to determine 

optimal values of unification measures for advanced electromechanical systems by way of problem 

solution of electromechanical systems systemic unification [14].  

Solution of the formulated problem for electromechanical systems systemic unification, in accord-

ance with suggested solution procedure, allows to preset, in the request for proposal for its develop-

ment, optimal values of unification measures and, therefore, ensure obtaining optimal volume decrease 

for development and operation of advanced [15] electromechanical systems expenses. 

Reference 

[1] International Electrotechnical Commission (IEC) URL: http://www.iec.ch 

[2] Ramani K, Cunningham R, Devanathan S, Subramaniam J and Patwardhan H 2004 Technology 

review of mass customization Int. Conf. on Economic, Technical and Org. Aspects of 

Product Configuration Systems pp 5-11 

[3] Dennis P Hobbs 2003 Lean Manufacturing implementation: A complete execution manual for 

any size manufacture (Fort Lauderdale, FL: J. Ross Publishing) 



IV International Scientific and Technical Conference “Energy Systems”

IOP Conf. Series: Materials Science and Engineering 791 (2020) 012036

IOP Publishing

doi:10.1088/1757-899X/791/1/012036

9

 

 

 

 

 

 

[4] Stephen A Ruffa 2008 Going Lean: How the best companies apply lean manufacturing 

principles to shatters uncertainty, drive innovation, and maximize profits (New York: 

AMACOM) 

[5] Iyer N, Kalyanaraman Y, Lou K, Jayanti S and Ramani K 2003 Early results with a 3D 

Engineering Shape Search System Int. Symp. on Product Lifecycle Management (PLM '03), 

Indian Institute of Science (Bangalore, India)  

[6] Tret`yakov V M 2013 Ob unifikacii promy`shlennoj produkcii [On the unification of industrial 

products] Standarty` i kachestvo 6 38-41 

[7] Halman J I M, Hofer A P and van Vuuren W 2003 Platform-Driven Development of Product 

Families: Linking Theory with Practice J. of Production Innovation Management 20 149-62 

[8] Lou K and Prabhakar S 2004 Content-based Three-Dimensional Engineering Shape Search Pr. 

of the 20th Int. Conf. on Data Eng. ICDE04 (Boston, USA) pp 754-65 

[9] Andersen A-L, Larsen J K, Nielsen K, Brunoe T D and Ketelsen C 2017 Exploring Barriers 

Toward the Development of Changeable and Reconfigurable Manufacturing Systems for 

Mass-Customized Products: An Industrial Survey Customization 4.0 ed S Hankammer, K 

Nielsen, F T Piller, G Schuh and N Wang (Cham: Springer) pp 125-40 

[10] Brunoe T D and Nielsen K 2017 Data-Driven Product Family Modeling with Feedback Survey 

Customization 4.0 ed S Hankammer, K Nielsen, F T Piller, G Schuh and N Wang (Cham: 

Springer) pp 469-78  

[11] Pandremenos J and Chryssolouris G 2009 Modular product design and customization Proc. of 

the 19th CIRP Design Conf. – Competitive Design, Cranfield University (Cranfield) pp 94 

[12] Allen-Bradley White Paper, “Perspectives on future of Automation Control” URL 

http://www.ab.com/events/choices/ 

[13] Valtonen V, Parviainen A and Pyrhonen J 2006 2D-FEM Modeling of an Axial-Flux Solid-

Rotor Core Induction Motor Book of Abstracts of XVII Intern. Conf. on Electrical Machines, 

ICEM (Chania, Greece) 

[14] Anosov R S, Glazunov Yu M and Zelenskaya S G 2017 Metodika ocenki texniko-

e`konomicheskogo e`ffekta ot realizacii variantov unifikacii e`nergeticheskix sistem 

[Technique for assessing the technical and economic effect of the implementation of options 

for the unification of energy systems] E`nergiya – XXI vek 4(100) 86-91 [In Russian] 

[15] Anosov R S, Glazunov Yu M and Percev Yu A 2017 Postanovka zadachi sistemnoj unifikacii 

e`nergeticheskix sistem [Statement of the problem of systemic unification of energy systems] 

E`nergiya – XXI vek 3(99) 17-24 [In Russian] 


