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Abstract- the choice of asynchronous motors for different systems of a controlled electrical drive, It 
is suggested to consider possible technical solutions (the stator winding connection diagram either 
star or delta, independent cooling modules), as well as the setting of the converter parameters. In the 
mathematical modelling, the functional indices and density of the elements of asynchronous 
adjustable motors, this allows considering the technical and economic aspects.   
With the help of the software developed, a direct choice of the asynchronous motor is realized, which 
consists in using energy indices and the density for the selection. After the thermal calculation, it is 
checked whether the appropriate temperatures satisfy the given constraints. An automated choice is 
considered to involve an evaluation of the choice by the point. 

 KEYWORDS:  Adjustable electric drive; choice of induction motor; converter setting; independent 
cooling; choice criteria. 

1. INTRODUCTION 

The wide use of adjustable asynchronous motors providing the solution to complex 
technological tasks, significant savings of energy and resources, increasing the life of 
electro-technical and mechanical equipment, automation of technological processes, 
predetermines the need to improve their performances. 
The good choice of the motor should be economically justified (cost indicators) and ensure 
reliable and efficient operation of the induction motor (high energy performance in the 
operating process) for a definite time. 
The operation of the induction motor (IM) in an adjustable electric drive is explained by 
adjustment characteristics which represent the dependence of the electrical, mechanical, 
energetic, thermal, acoustic vibration and other values of the rotational speed in a given 
range of its variation operating with some load. Many authors [1, 2, 3] have considered 
such characteristics in various electrical drive systems. 
The character of the load on the motor shaft may be different (constant resistive torque, 
constant load power, degree of dependence of the torque as a function of speed), as a 
function of the value, according to the operating mode (variation of the speed of rotation 
describes by the tachogram in the considered range). The heating of the electric motor 
depends on the operating regime and the nature of the transient regime. For the choice of 
the motor, it is crucially necessary to carry out the complete thermal calculation, in order to 
determine the most intense temperatures of the stator windings and the bearings. One of the 
main problems is to ensure that the corresponding insulation of the stator winding of a 
certain class of thermal resistance used of the motor within a given regulation range, and 
for a given type of operation and size of the load on the shaft. 
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2. METHODS 

Most of the proposed methods of choice of the IM are based on an indirect assessment of 
the temperature regime. At the same time, with direct selection [4, 5, 6, 7], it is possible to 
calculate the temperature values of the structural elements of the IM, provided that, they do 
not exceed the temperature limits. 
To implement automated selection of the IM, taking into account the criteria and above 
constraints, complex mathematical models (MM) are required, including converter models. 
Two models are used for the MA (in established regime based on the T type equivalent 
scheme and in dynamic mode the model is based on the system of differential equations of 
the generalized machine). 
For the analysis of the thermal state of MM, described in [8, 9, 10] and load models, 
including if necessary n (t) - tachograms which allow the analysis of the electromagnetic, 
electromechanical processes , thermal, mechanical, vibration-acoustic during the running of 
the IM with different types and size of the load. The mean-range energy design criteria [11, 
12, 13] should reflect the energy status of the IM over the entire control range from n1 to n2 
and are defined as equivalent for this range. The same goes for the generalized criterion for 
the reduction of engine costs[14;15], which takes into account the cost of production and 
the cost of operation. Since the costs depend on the performance and the power factor, the 
generalized criterion of discounted expenditures have different values in the different points 
of the range and it is appropriate to determine the scoping value of this criterion, i.e. say the 
equivalent average over the entire range. If the energy index values of the range are 
calculated as average values for the whole range. 
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Then, the criterion of annual range of engine expenses can be determined on the following 
basis. Knowing the total price of the engine, the value of the criterion is calculated as 
follows: 

                   
 ( )[1 ( )]  ,АД АД и н a o аАДПЗ С C Т k k С= + + + +                                   (3)                                                                

Where, иC - the cost of the expenses for the compensation of the réactive power;
 аАДС - 

the annual cost of electrical energy losses; нТ - standard return period for engine 

investment, years; ak - the part of amortization expenses; -; ok - the part of the expenses for 

the operation service of the motor. For adjustable asynchronous motors the values 
5нТ = лет, 0,065ak = , 0,069ok =  are considered as those of industrial asynchronous 

motors, then: 

                    
 1,67( ) ,АД АД и аАДПЗ С C С= + +                                              (4) 

                          1 1( – 0,484),и creС С P tg= ϕ                                                        (5) 

                    1 (1,04 ),      аАД cae АД АДС С P= − η
                                            (6) 

Where caeС - coefficient, which takes into account the cost of the losses of the reactive 

energy, which is a product of the cost of 1 kWh of electrical energy during the life of the 
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engine (0,1 u.c for kWh), The number of hours of engine operation during the year (2100), 
the years  number of work before the overhaul (5) and the engine relative load factor (0.8). 

creС  , is a coefficient which takes into account the cost of the reactive energy compensation 

and is the product of the cost of 1 kVAR reactive power compensation devices (10 uc for 1 
kVAR), the coefficient of participation of the motor in the maximum system load (0.25).
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It should be noted that during the operation of the IM in a modern electric drive controlled 
by a frequency converter, due to the proximity of the power factor of the actuator to 1, the 
component corresponding to the cost of the compensation of reactive energy can be 
excluded from the criterion ПЗ expression of the electric actuator: 
 

                     [1 ( )]  ,ЭП ЭП н a o аЭППЗ С Т k k С= + + +                                  (8) 

Where СЭП- the total price of the electric actuator: 

                    1 (1,04 ).аЭП cae ЭП ЭПС С P= − η                                                (9) 

The modified criterion ПЗ of the electrical drive [16] takes into account the influence of the 

inflation processes and the priority of the energy component in relation to the investment 

costs. This is done by introducing the coefficient of significance of the operation kзэ and the 

factor of inflation kинф. Then, the expression for the modified criterion has the form: 
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Where, 
kзэ – coefficient of exploitation size;  kинф – coefficient of inflation.  
The value kинф is calculated as follows: (11) 
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Where,   dинф – average index of annual inflation (in %); 
                
The values of coefficients and prices, as well as the hours and years use the same values to 

determine                            
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3. RESULTS AND DISCUSSIONS 

To limit our research, the study is based on a most used transistor frequency converter with 
an autonomous voltage inverter and a PWM control. The converter had standard nominal 
settings (Unom = 380V and fnom = 50Hz) and a modulation frequency of 4 kHz. The most 
widespread law of U / f = const frequency control was considered. The backup voltage was 
absent. The influence of the converter settings on the characteristics in a certain way affects 
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the choice of the motor. The load was an elevator load with a constant torque of 75 Nm. 
The regulation range was considered to 300 to 2300 rpm. 

The 4A160M4U3 induction motor with the connection of star stator windings has been 
studied. At the same time, the motor operated in two modes: up to 50 Hz with a rated 
current and over 50 Hz with a weakened flux. According to the required range, it is possible 
to operate the motor with a nominal current up to 87 Hz. This is ensured by connecting the 
stator windings in a triangle and changing the converter settings (Unom = 380 V and fnom = 

87 Hz). at the same time, the output power at 87 Hz increases by 3  compared to the 

nominal power, the current also increases by 3  in the whole range of high speeds (should 
be taken into account when selecting a converter). The motor insulation must withstand a 
higher peak voltage (560 V in delta coupling instead of 320 V in star coupling). 
In Figure 1 are presented the dependencies of the variation of the stator winding 
temperature for four variants. All the variants considered satisfy the temperature restriction, 
determined by the resistance class of the winding. With the independent cooling, the fan 
speed was 2950 rpm. 

 

 
Figure 1. Dependencies of the temperature variation of the stator winding at star and delta 

coupling (the dotted lines show the options with forced ventilation). 

As indicated above, the choice problem must be solved by taking into account other 
functional indices of the engine, namely the mechanical, vibration-acoustic, dynamic 
indices, the starting indices, the indices of the mechanical characteristics. The results of the 
calculations of some of these indices, carried out with the help of the DIMAS Drive 
software, are presented in Table 1. Average range costs, average energy indices, mass-
volume parameters of IM and AER and some functional indicators are given. The other 
functional indices in the specific case considered are the same and are therefore not 
included in Table 1. 
With the help of the DIMAS Drive software, the automatic selection was carried out 
according to a generalized criterion, the results of which are presented in the form of point 
evaluations [17, 18, 19]. At the automated selection, the expert evaluations of the selected 
IM are generated as follows: for the energy criteria of the IM and AER range, the efficiency 
(ηsd) and power factor (cosφsd). The engine, which has the best indices among a number of 
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engines involved in the selection, they are considered 100 balls, for the rest, we take a 
percentage of that of 100 points. 
The density parameters of the independent cooling module are included in the AER 
indicators. At the same time, with the lack of fan, the mass-density and engine cost 
parameters are reduced. In the independent cooling study, the control range of 250 to 1700 
rpm was considered. The independent cooling modules studied are proposed by Kurt Maier 
Motor-Press GmbH, Germany. 

TABLE 1. COMPARISON OF THE INDICES OF THE ENGINES IN OPERATION IN THE CONSIDERED 
REGULATION RANGE 

 
 
The following cooling system options were analyzed: 
1. Self-cooling; the quantity of air produced: for 250 rpm - QB = 0.025 m3 / s and for 1700 
rpm - QB = 0.220 m3 / s. 
2. Independent cooling with a two-pole motor (FBI 160 S-RBK); quantity of air produced: 
QB = 0.526 m3 / s; 
3. Independent cooling with four-pole motor (FBI 160-4 RBK); quantity of air produced: 
QB = 0.405 m3 / s. 
The technical specifications (weight and size, efficiency, etc.) of the converters and 
independent cooling modules as well as the actual dimensions of the fans are defined by the 
specifications. 

           MOTOR 

INDICEs 
Auto-ventilation independante Ventilation  

Stator winding coupling Y ∆ Y ∆ 

ПЗсд  АД, тыс. у.е.  2,654 2,640 2,635 2,621 

ηсд АД, % 85,26 85,33 85,57 85,66 

cosφсд  АД, о.е. 
0,885 0,857 0,885 0,8567 

IM mass, kg 
172,67 172,67 169,23 169,23 

Cost of IM, u.c. 908,9 908,9 890 890 

Volume of  IM, DM3 
9,62 9,62 9,14 9,14 

ПЗсд  РЭП, тыс. у.е. 5,232 5,213 5,351 5,331 
ηсд РЭП, % 83,59 83,66 83,88 83,96 
AER mass, kg 187,67 187,67 199,21 199,21 

AER cost, Milles. U.c. 2,409 2,409 2,491 2,491 
 AER volume, dм3 

36,62 36,62 37,14 37,14 

 max level of magnetic vibro-speed (DB) 
105 106 105 106 

 max level of  magnetic vibro- speed, (DB) 100 99 100 99 

Maximum level of magnetic noise, (DB) 83 82 83 82 

Maximum level of  ventilation noise, (DB) 90 90 97 97 

Possibility of  aximum oveload , u.c.е. 3,15 3,52 3,15 3,52 

Maximum heating of the rolling , ºС 40 50 14 7,5 
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Figure 2 shows the dependencies of the variation of the temperature of the heating of the 
stator winding for the three cooling modes. 
 
 

 
 

Figure 2. Dependency of the temperature variation of the heating of the stator winding for different 
ventilation systems: 1 - self-cooling; 2 - forced cooling of the FBI 160 S-RBK; 3 - Forced cooling of 

the FBI 160-4 RBK. 

In the following table are given the average range of expenditure, energy indicators in the 
average range, the density-mass indices. A study was made of the problem of selecting an 
AM forced cooling system for the required control range. 

TABLE 2 COMPARISON OF OPERATING INDICES IN A GIVEN REGULATION RANGE 

ENGINES                  INDICES Self-colling FBI 160 S-RBK FBI 160-4 RBK 

ПЗсд   IM, mille. u.c. 2,045 2,083 2,092 

ηсд IM, % 82,775 83,299 83,299 

cosφсд  IM u.r. 0,88408 0,88408 0,88408 

weight  IM, kg 119,35 124,46 130,26 

cost IM, u.c.. 644,34 681,45 686,45 

Volume IM, Dм3 9,62 10,62 11,12 

ПЗсд AER, mille u.c. 4,603 4,642 4,651 

ηсд AER, % 81,152 81,655 81,655 

weight AER, kg 134,35 139,46 145,26 

cost AER, mille. u.c. 2,144 2,181 2,186 

volume AER,  dm3 36,62 37,62 38,12 

 
The results of the automatic selection of the cooling system were obtained with the 
significance coefficients of all the components of the generalized criterion equal to 100 
(Table 3). 
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TABLE 3 RESULTS OF AUTOMATIC SELECTION (VALUES ARE GIVEN IN POINTS) 

ENGINES                    INDICES Self-colling FBI 160 S-RBK FBI 160-4 RBK 

ПЗсд  MA 2,219 0,399 0 

ηсд MA 99,3703 100 100 

cosφсд  MA 100 100 100 

Weight of IM 8,38 4,45 0 

The cost of  IM 6,13 0,73 0 

volume of IM 9,58 4,7 0 

ПЗсд  AER 1,019 0,18 0 

ηсд AER 99,384 100 100 

Weight of AER 7,513 3,993 0 

The cost of  AER 1,926 0,229 0 

volume of AER 2,708 1,328 0 

The result of the choice (point) 438,23 416,01 400 

 
 
On the basis of table 4 for this task, the necessary temperature of the heating of the stator 
winding is guaranteed in a concrete control range with an elevator load, it is preferable to 
provide an independent cooling module FBI 160 S -RBK. In the same way, a choice can be 
made for other parameters of the choice problem, for a variety of controlled drive systems 
and load mechanisms. 
With the help of the proposed DIMAS Drive software, it is possible to obtain characteristics 
at different values of the back-up voltage, different offsets from the nominal setting point of 
the converter, as well as their different combinations. 
Figures 3 to 6 show simulation results for several cases considered and for different settings 
of the frequency converter. 
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Figure 3. Frequency and supply voltage dependencies according to the frequency control law U / f = 
const (a) and the families of corresponding mechanical characteristics (b): 1 - The back-up voltage 
and the offset of the nominal point are missing;  2 - The back-up voltage is absent, the offset of the 
nominal point of 45 Hz; 3 - Backup voltage of 5.5 V (2.5%), there is no nominal point shift. 
 

(a) (b) 



V. Petrushin et al.: Choice of Stator Winding Coupling and Converter Adjustment… 
 

 8

 

(a) 

100

80

60

40

90

70

50

30

θc ,ºC

1 

2 

3 

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 0 ×10
3
 tr/min

   
 

(b) 

1,6 0,2 0,6 1 0,4 0,8 1,2 1,4 0 ×10
3
 tr/min 

90

70

50

30

80

60

40

20

η,%

1 

2 

3 

 
 

(d) 

1 2 

3 

χ , .u.r.

0,9

0,7

1,0

0,8

0,6

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 0 ×10
3 Tr/min 

(c) 

I1, A

24

22

20

18

16

14

12

3 

1 

2 

1 0 1,6 1,4 1,2 0,8 0,4 0,6 0,2 ×10
3
 Tr/mn 

 
Figure 4.Control characteristics according to the frequency control law of U / f = const - Motor 

heating (a), the motor efficiency (b), current consumption (c) and power factor (d): 1- The booster 
voltage and the nominal point shift are missing; 2- The booster voltage is absent, the offset of the 

nominal point of 45 Hz; 3- Backup voltage of 5.5 V (2.5%), there is no nominal offset. 
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Figure 5.Voltage as a function of the supply frequency according to the frequency control laws 

U/f = const and Ψ2 = const (a) and the corresponding set of mechanical characteristics (b); 1 - The 
law U/f = const the makeup voltage and the offset of the nominal point are absent; 2 - Law Ψ2 = 

const, the nominal shift is absent; 3 - Law Ψ2 = const, the nominal offset is 60 Hz. 



J. Automation & Systems Engineering 12-3 (2018) 1-11 
 

 9

 

100 

80 

60 

40 

90 

70 

50 

30 
0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 ×10

3 Tr 
min 0 

θc ,ºC 

1 

2 3 

(a) 

x10
3
 tr/min 

 

90

70

50

30

80

60

40

20
0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 ×10

3  tr  

η,%

1 

2 3 

0 

(b) 

x10
3
 tr/min 

 

 

(c) 

0,2 0,6 

22

18

14

24

20

16

12
0,4 0,8 1 1,2 1,4 1,6 ×10

3  tr  

I1 ,A

1 

2 
3 

0 x10
3
 tr/min 

 

(d) 

χ , u.r

0,9

0,7

1,0

0,8

0,6

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 0 ×10
3  tr  

min 

1 

2 

3 

x10
3
 tr/min 

 

Figure 6. Setting characteristics for the control laws U / f = const and Ψ2 = const - heating of the 
stator winding (a), motor efficiency (b), current consumption (c) and power factor (d). 1 - The law U / 
f = const, the makeup voltage and the offset of the nominal point are absent; 2 - law Ψ2 = const, there 

is no shift of the nominal point; 3 - law Ψ2 = const, offset of the nominal point is 60 Hz. 

 At the second level control law Ψ2 = const, the voltage drop across the active resistance of 
the stator winding is automatically compensated; this law guarantees the reduction of the 
currents and the reduction of the heating of the stator winding at the beginning of the zone 
of the regulation range. At the same time, there is an increase in engine efficiency. 
 The largest mean value of the motor power factor in the relevant control range is observed 
with the law Ψ2 = const and the offset of the nominal point of 60 Hz. 

 

4.   CONCLUSION 

The choice of the coupling mode of the stator windings of the MA, the independent cooling 
module for different AER systems requires the use of the energetic criteria, the density and 
the costs. This choice is made after checking the simulation results of the thermal 
calculations and that the temperatures of the structural parts of the MA satisfy the 
predetermined limits. (The choice is made after verification of the thermal calculation). 
1. From Figure 1, the delta-coupled winding control range can be considerably enlarged 
compared with the star coupling range. The used self-cooling allows a significant reduction 
in the stator winding temperature in the specified control range 
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However, in delta coupling and at high-speed, the temperature of the stator windings 
approaches and exceeds the temperature at self-cooling because the self-cooling fan 
productivity is increased. 
2. Considering the selection requirements, a self-cooling motor with a delta coupling 
obtains a large sum of bales (Table 2). In the case of use, other significant factors, or only 
separate components of the generalized criterion, the automated choice results change. 
3. It is possible to use the functional parameters and mass-density of the independent fan 
modules to perform an automated selection of an acceptable module (Table 3). The 
mechanism described for the selection of IM forced cooling systems is realized when using 
the DIMAS Drive software. 
4. The choice may be made taking into account certain limitations, including mechanical, 
vibro-acoustic, dynamic indices and mechanical characteristic indicators. 
5. For the specified voltage and frequency base values, the corresponding booster voltage 
must be selected. 
6. Similarly, it is possible to analyze the characteristics of the AM for other types of 
converters, types and laws of regulation, converter settings and other loads types. 
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