
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/355768460

Comparative Analysis of Energy Performance of Induction Single-Motor and

Multi-Motor Traction Electric Drive

Conference Paper · September 2021

DOI: 10.1109/KhPIWeek53812.2021.9570063

CITATIONS

2
READS

32

3 authors, including:

Vladimir Vodichev

Odessa National Polytechnic University

9 PUBLICATIONS   6 CITATIONS   

SEE PROFILE

Alexander Kalinin

National Academy of Sciences of Ukraine

3 PUBLICATIONS   2 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Vladimir Vodichev on 09 May 2023.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/355768460_Comparative_Analysis_of_Energy_Performance_of_Induction_Single-Motor_and_Multi-Motor_Traction_Electric_Drive?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/355768460_Comparative_Analysis_of_Energy_Performance_of_Induction_Single-Motor_and_Multi-Motor_Traction_Electric_Drive?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vladimir-Vodichev-2?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vladimir-Vodichev-2?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Odessa-National-Polytechnic-University?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vladimir-Vodichev-2?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kalinin-12?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kalinin-12?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Academy_of_Sciences_of_Ukraine?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Kalinin-12?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vladimir-Vodichev-2?enrichId=rgreq-0784059bb360b12e646f5da9b1cce6cb-XXX&enrichSource=Y292ZXJQYWdlOzM1NTc2ODQ2MDtBUzoxMTQzMTI4MTE1NjczNjE4OEAxNjgzNjE4MDc3MDQ0&el=1_x_10&_esc=publicationCoverPdf


Comparative analysis of energy performance of  

induction single-motor and multi-motor  

traction electric drive 
 

Vladimir Voytenko 

Institute of Electromechanics and Energy Management  

Odessa Polytechnic State University 

Odessa, Ukraine 
elektrik.wa@gmail.com 

Vladimir Vodichev 

Institute of Electromechanics and Energy Management  

Odessa Polytechnic State University 

Odessa, Ukraine 

vavodichev@ gmail.com 

Alexandre Kalinin 

Institute of Electromechanics and Energy Management  

Odessa Polytechnic State University 

Odessa, Ukraine 
agk@opu.ua 

 

 
Abstract – The aim of the work is to carry out a 

comparative analysis of the energy indicators of induction 

single-motor and multi-motor traction electric drive based on 

the assessment of energy losses in traction induction electric 

motors of different power when using frequency control, which 

ensures the speed regulation of traction induction electric 

motors with constant magnetic flux. As a result of the analysis, 

a formula was obtained that allows to determine the number of 

low-power motors that are part of a multi-motor electric drive, 

in which the energy effect will be provided from the use of a 

multi-motor electric drive instead of a single motor electric 

drive. 

Keywords – induction motor, vehicle, power, energy losses, 

single-motor and multi-motor drive, voltage frequency, voltage 

amplitude. 

I. INTRODUCTION 

In vehicles with an autonomous energy source, it is 

important to minimize energy losses in the motors of the 

traction electric drive, since this allows you to increase the 

vehicle's mileage without additional recharging of the 

autonomous energy source. Comparison of the overall 

energy efficiency for internal combustion engine vehicles 

and electric vehicles was carried out in [1].  If renewable 

energy is used, the overall efficiency for electric cars will be 

around 40–70 % depending on the source and the location of 

the renewable energy systems. When the load of the multi-

motor electric drive of the vehicle changes, in order to 

minimize the loss of electrical energy, it may be necessary 

to use a different number of traction motors that drive the 

driving wheels of the vehicle. 

In modern vehicles, as a rule, synchronous motors with 

permanent magnet excitation or induction motors (IM) are 

used. IM are simpler in design, more reliable and cheaper 

[2]. Therefore, the article discusses an induction traction 

electric drive of urban public transport. 

A significant number of publications have been devoted 

to methods for determining and reducing the power losses in 

IM. In [3], a mathematical model is proposed for the 

analysis of energy losses in the IM, which is connected to a 

frequency converter (FC). In [4, 5], methods of IM control 

were developed, which ensure the minimization of losses in 

the IM windings with vector control of the stator current and 

with direct torque control [6]. In [7], an analysis of the 

energy efficiency of  IM was carried out when powered by 

sinusoidal and non-sinusoidal voltages. 

In [8], the analysis of the influence of the fundamental 

and higher harmonics of voltage and current on losses in 

steel for motors of different power is carried out. The 

analysis of energy losses in the IM during voltage dips [93], 

and also the analysis of energy losses in various elements of 

the FC-IM system [10 - 14]. In [15] a simplified equivalent 

scheme is proposed, which takes into account additional 

energy losses from spatial harmonics. In work [16] the 

method of equivalent load was proposed to determine the 

losses in the IM. In [17], a new subway drive control 

scheme is proposed based on a linear IM with minimization 

of energy losses. A method has been developed for 

determining the optimal speed of movement of elevators 

with minimization of losses in the IM [18]. 

A mathematical description of the operating modes in 

which it is possible to reduce losses in the IM when 

powered from a thyristor voltage converter is carried out in 

[19]. 

In the literature, there is no study of electrical energy 

losses in single- motor and multi- motor induction electric 

drives in steady-state and transient operating modes. This 

makes it difficult to choose a single-motor or multi-motor 

electric drive intended for a vehicle, in terms of energy 

indicators. 

II. RESEARCH OBJECTIVES 

The aim of the work is to carry out a comparative 

analysis of the energy indicators of a single-motor and 

multi-motor induction traction electric drive based on the 

assessment of energy losses in induction electric motors of 

different power when using frequency control, which 

provides control of the speed of traction induction electric 

motors with a constant magnetic flux value. 

This article provides a comparative analysis of the 

energy performance of a single-motor and multi-motor 

induction traction electric drive designed to modify the 

«Bogdan» A-092 bus, which is equipped with an 89 kW 

diesel internal combustion engine (ICE). Therefore, when 

designing an electric bus based on the city bus «Bogdan» A-

092, an induction motor with a power of 90 kW with a 

synchronous shaft speed of 1500 rpm was chosen as the 

base motor. 



In accordance with the traffic rules in the city, the speed 

of the city bus should not exceed 50 km / h. In addition, a 

fully loaded bus must overcome an uphill slope of up to 

20%. Taking these requirements into account, the resistance 

force was calculated for the movement of an empty and full 

auto-bus "Bogdan" A-092 on a horizontal road, as well as 

when a full bus moves up the road with a slope of 20%. 

When calculating the force of resistance to the movement of 

the bus, the rolling friction force of the wheels of the bus on 

the asphalt road, the rolling force, as well as the force of air 

resistance were taken into account. Taking into account the 

results obtained and the nominal parameters of the traction 

IM, the main parameters of a 3-stage gearbox were 

determined. The first stage of the gearbox is designed for a 

full bus to overcome an uphill of the road with a slope of up 

to 20% at a speed of up to 15 km / h, and the second stage of 

the gearbox is designed for a full bus to overcome an uphill 

road with a slope of up to 20% at a speed of up to 30 km / h, 

the third - for movement of a full bus on a horizontal road at 

a speed of up to 60 km / h. The reduced radius of the 

translational movement of the bus to the rotational 

movement of the IM shaft in the first gear of the gearbox is 

ρ1 = 0.0278 m, for the second - ρ2 = 0.0595 m, for the thirds 

- ρ3 = 0.1 m. 

Calculation of load diagrams showed that when a 

traction motor with a power of 45 kW, a fully loaded bus on 

a horizontal road can move for a long time in 3rd gear at a 

speed of 60 km / h. When using a traction motor with a 

power of 90 kW, a full bus can move for a long time in 1st 

gear up the road with a slope of 20% at a speed of 15 km / h, 

which corresponds to the technical parameters of the 

movement of the «Bogdan» bus with an internal combustion 

engine, and when a full bus moves by 2nd gear up on the 

road with a slope of 20% at a speed of 30 km / h, the 

traction motor with a power of 90 kW will be overloaded in 

power and torque by about 2 times. Table I shows the results 

of calculating the force of resistance to the movement of the 

bus «Bogdan» A-092. 

When conducting a comparative analysis of the energy 

indicators of a single-motor and multi-motor induction 

traction electric drive for the electric modification of the 

«Bogdan» A-092 bus, two technical solutions were 

considered: 

- a single-motor electric drive, which uses one 90 kW 

motor (which corresponds to the power of the internal 

combustion engine) and allows a full auto-bus on a road 

with a slope of 20% to move for a long time in 1st gear at a 

speed of 15 km / h; 

- a multi-motor electric drive, in which several 45 kW 

motors are used (one 45 kW motor is enough for a full bus 

in 3rd gear to move for a long time on a horizontal road at a 

speed of 60 km / h); 

The main technical parameters of induction motors are 

given in Table II. 

A comparative analysis of the energy indicators of a 

single-motor and multi-motor traction electric drive at the 

nominal values of the amplitude and frequency of the 

voltage on the stator windings of the IM was carried out on 

the basis of the analysis of energy losses in IM of the 

4A250M4 and 4A200L4 types with a power of 90 kW and 

45 kW respectively. 

Let us determine the power of energy losses in induction 

motors with a power of 90 kW and 45 kW on the basis of 

the technical parameters of IM 4А250М4 and 4А200L4 and 

on the basis of their equivalent circuit’s parameters at a no-

minal voltage on their stator windings (380V, 50Hz). 

TABLE I 

RESULTS OF THE CALCULATION OF THE RESISTANCE FORCE TO THE 

MOVEMENT OF THE «BOGDAN» A-092 BUS 

Bus traffic conditions The total load tor-

que on the shaft of 

the traction motor 

The movement of an empty bus on a 

horizontal road at a speed of 60 km / 

h at ρ3= 0.1 m  

179.16 Nm 

The movement of a full bus on a ho-

rizontal road at a speed of 60 km / h 

at ρ3= 0.1 m 

240.63 Nm 

The movement of a full bus up the 

road with a slope of 20% at a speed 

of 15 km / h, with ρ1= 0.0278m  

540.60 Nm 

The movement of a full bus up the 

road with a slope of 20% at a speed 

of 30 km / h, with ρ2= 0.0595 m  

1165.2 Nm 

TABLE II 

MAIN PARAMETERS OF INDUCTION MOTORS OF TYPE 4А250М4 AND 

4А200L4 

IM parameters 4А250М4 4А200L4 

Rated mechanical power Р2НОМ, 

kW 

90 45 

Efficiency at power Р2= Р2НОМ, 

% 

93 92 

cos φН, at power Р2= Р2НОМ 0,91 0,90 

Rated angular speed of the shaft 

ωН, rad / s 

155.0 154.5 

Rated mechanical torque МAD.Н, 

Nm 

580.5 291.3 

Critical torque on natural me-

chanical characteristic МК.Е, Nm 

1335.8 728.2 

Rated effective value of the 

phase current of the stator 

winding I1F.Н, А 

161.1 82.3 

 

The total power of energy losses in the IM for the no-

minal operating mode 

2

1
 -1

 
   

 
H H

Н

P P


,   (1) 

where Р2Н – rated mechanical shaft power of the IM; ηН 

– rated IM efficiency.  

For the nominal operating mode, the total power of 

energy losses in the rotor consists of losses in the active 

resistance of the rotor winding, losses in the rotor steel and 

mechanical losses in IM 

.2. . 0 .     H AD H H H AD H HP M s M  , (2) 

where МAD.Н – rated mechanical torque of the; ω0Н – 

synchronous angular speed of the IM shaft, which 

corresponds to the nominal value of the voltage frequency 

on the stator winding; sН – nominal slip of the rotor relative 



to the rotating magnetic field; ΔωН = ω0НsН – absolute slip 

of the IM shaft relative to the rotating magnetic field, which 

corresponds to the nominal value of the mechanical torque 

of the motor. 

If we neglect the energy losses in the rotor steel and the 

mechanical energy losses in the IM then we can take power 

losses in the active resistance of the rotor winding  

.2. .2.  M H HP P .  (3) 

On the basis of the L-shaped equivalent circuit of the IM 

at nominal slip, it can be assumed that the branch of the 

rotor winding has predominantly active resistance, and the 

magnetizing branch has predominantly inductive resistance. 

In this case, it can be assumed that the vector of the current 

flowing in the rotor winding coincides in phase with the 

vector of the voltage applied to the phase of the stator 

winding, and the magnetizing current vector lags by π / 2 el. 

radians from the voltage vector applied to the phase of the 

stator winding. Whence it follows that the magnetizing 

current vector lags behind the current vector flowing in the 

rotor winding by π / 2 el. radians. Therefore, the value of the 

magnetizing current for the nominal mode of IM can be 

determined by the formula 

2
0. 1 . 1 . sin  1 cos  Н F Н Н F Н НI I I  , (4) 

where I1F.Н –  rated effective value of the phase current 

of the stator winding. 

Power of energy losses in the active resistance of the 

stator winding from the magnetizing current for the nominal 

mode of operation of the IM 
2 2 2

.1.0. 1 0. 1 1 . 3  3 (1 cos )   M H Н F HP R I R I
н

 . (5) 

Power of energy losses in the stator winding from the 

current that flows in the rotor winding for the nominal 

operating mode of the IM 

1
.1. .2.

2
'

 M H M H

R
P P

R
,  (6) 

where R1, R2
'
 – active resistances of the phases of the 

stator and rotor windings, reduced to the parameters of the 

stator winding, respectively. 

The total power of energy losses in the active resistance 

of the stator winding and the rotor winding from the current 

that flows in the rotor winding for the nominal mode of 

operation of the IM 

1
.1. .2. .2.

2

1
'

 
    

 
 

 M H M H M H

R
P P P

R
. (7) 

We assume that the power of additional energy losses in 

the IM does not depend on the value of the load torque on 

the IM shaft and on the angular speed of the shaft 

20.005  H
DOB

Н

P
P


.  (8) 

Power of energy losses in IM steel for the nominal 

operating mode 

. .1. .2. .1.0.( )       С Н Н М Н Н М Н DOBP P P P P P . (9) 

III. MATERIALS AND RESEARCH RESULTS 

The results of calculating the power of energy losses in 

an IM 4А250М4 and 4А200L4 for the nominal operating 

mode, carried out in accordance with the presented method, 

are shown in Table III. 

Table III shows that when each of the 4A250M4 and 

4A200L4 IMs operates in the nominal mode, the total power 

of energy losses in a 90 kW motor is 1.73 times higher than 

the total power of energy losses in a 45 kW motor. The 

power of energy losses in steel of a 90 kW motor is 2.34 

times higher than the power of energy losses in steel of a 45 

kW motor. The power of energy losses in the active resis-

tance of the motor rotor winding of a 90 kW motor is 1.62 

times higher than in the motor of a 45 kW. The total power 

of energy losses in the stator winding of a 90 kW motor is 

1.36 times higher than the total power of energy losses in 

the stator winding of a 45 kW motor. 

TABLE III 

POWER CALCULATION RESULTS OF ENERGY LOSSES IN IM WITH A POWER OF 

90 KW AND 45 KW FOR NOMINAL OPERATING MODE 

IM type 4А250М4 4А200L4 

Rated power, kW 90.0 45.0 

Total rated power of energy losses,  

ΔРН, W  

6774.2 3913.0 

Composition of energy losses in the IM 

Power of additional energy losses 

ΔРDOB, W  

483.9 244.6 

Power of energy losses in IM steel for 

the nominal operating mode ΔРС.Н, W 

2631.1 1122.4 

Rated power of energy losses in the 

active resistance of the rotor winding 

ΔРМ.2.Н, W 

1185.4 731.7 

Power components of energy losses in the stator winding 

Rated power of energy losses in the 

stator winding from the rotor current 

ΔРМ.1.Н, W 

2034.6 1463.4 

Rated power of energy losses in the 

stator winding from the magnetizing 

current ΔРМ.1.0.Н, W 

439.2 350.9 

 

Let us carry out a comparative analysis of the energy 

indicators of a single- motor and multi-motor traction 

electric drive at a nominal frequency and voltage amplitude 

on the stator winding when the load torque on the IM shaft 

changes. 

With the loading  torque of on the IM shaft, which 

satisfies the condition 0≤М≤0,7МК.Е, it is possible to 

represent the working section of the mechanical 

characteristics of the IM as a straight line. Then at the 

nominal value of the amplitude and frequency of the voltage 

on the stator winding, the power of energy losses in the 

active resistance of the rotor winding for whatever value of 

the IM torque  

.2 0      M AD H ADP M s M  , (10) 

where МAD – the current value of the torque developed 

by the motor; s – slip of the rotor relative to the rotating 

magnetic field, which corresponds to the current value of the 

torque developed by the IM; Δω = ω0Н s – absolute slip of 

the IM shaft relative to the rotating magnetic field, which 

corresponds to the current value of the motor torque.  

If we assume that the rigidity of the working section of 

the mechanical characteristic does not change at a constant 

value of the frequency and amplitude of the voltage on the 

stator winding, then we can write 



.

  AD
H

AD H

M
s s

M
.   (11) 

After substituting the right-hand side of formula (11) 

into formula (10), we obtain 
2

.2 .2
.

  AD
M AD H H

AD H

M
P M

M
 .  (12) 

Taking into account formulas (2) and (3), formula (12) takes 

the form 
2

.2 .2.2
.

  AD
M M H

AD H

M
P P

M
.  (13) 

With a constant nominal value of the frequency and 

amplitude of the voltage on the stator winding, according to 

the formulas (6) and (13), it is possible to determine the 

power of electrical energy losses in the active resistance of 

stator winding from the rotor current at the any IM torque  
2

1
.1 .2.2

2.

  


AD
M M H

AD H

M R
P P

RM
.  (14) 

When using the law of frequency control, which ensures 

the constancy of the value of the magnetizing current 

corresponding to formula (4), the power of energy losses in 

the active resistance of the stator winding from the 

magnetizing current at the current value of the torque 

developed by the IM will be constant and equal to 
2

.1.0. 1 0.3 M H HP R I .   (15) 

The power of additional energy losses in the IM ΔРDOB 

is considered constant in accordance with the formula (8). 

With a constant nominal value of the frequency and am-

plitude of the voltage on the stator winding the power of 

energy losses in steel will be constant  

.  С C НP P .   (16) 

With a constant value of the frequency and amplitude of 

the voltage on the stator winding of the IM constant energy 

losses, the power of which does not depend on the moment 

of load on the motor shaft, include energy losses in the 

stator steel, energy losses on the active resistance of the 

stator winding from the magnetizing current and additional 

energy losses. At constant values of the amplitude and 

frequency of the voltage on the stator winding, the power of 

constant energy losses does not change with a change in the 

load torque on the motor shaft  

. .1.0.    CONST С Н М Н DOBP P P P . (17) 

Variable losses include energy losses on the active 

resistance of the stator winding and on the active resistance 

of the rotor winding from the current flowing in the rotor 

winding. For a constant voltage value on the stator winding 

of the IM, the power of variable losses 

 . .1 .2   VARIA М МP P P .  (18) 

Table IV shows the power of constant and variable ener-

gy losses for the nominal operation mode of the motors 

based on the data given in Table III. 

In the nominal operating mode, the power of constant 

energy losses in a 90 kW motor is 2.07 times higher than the 

power of constant energy losses in a 45 kW motor. The 

power of variable energy losses in a 90 kW motor is 1.47 

times higher than the power of variable energy losses in a 45 

kW motor. 

TABLE IV 

POWER OF CONSTANT AND VARYABLE ENERGY LOOSES FOR NOMINAL 

OPERATING MODE OF THE IM 

 IM type 4А250М4 4А200L4 

Power of constant energy losses 

ΔРН.CONST, W 

3554,2 1717,9 

Power of variable energy losses 

ΔРН.VARIA, W 

3220,0 2195,1 

From formula (18), taking into account formulas (13) 

and (14), it follows that the power of variable energy losses 

in the IM at the nominal value of the frequency and voltage 

amplitude on the stator winding and at an arbitrary value of 

the load torque on the IM shaft can be determined by the 

formula 

.

2

.

 


    


VARIA Н VARIA

AD

AD Н

М

M
Р Р .  (19) 

where РН.VARIA – the total power of variable energy 

losses at the active resistances of the stator winding and the 

rotor winding from the current that flows in the rotor 

winding, for the nominal mode of operation of the IM. 

1
.2..

2

1
'

 
   

 
H VAR M HIA

R
P

R
Р .  (20) 

To save energy when replacing one high-power (90 kW) 

motor with several lower-power (45 kW) motors, which 

operate at the same frequency and voltage amplitude on the 

stator winding, the condition must be met 

   .45 .45 45 .90 .90    VARIA CONST VARIA CONSTР Р N Р Р , (21) 

where ΔРVARIA.45; ΔРCONST.45 – power of variable and 

constant energy losses in IM with a power of 45 kW; 

ΔРVARIA.90; ΔРCONST.90 – power of variable and constant 

energy losses in IM with a power of 90 kW ; N45 – number 

of IMs with a power of 45 kW, which are used instead of 

one IM with a power of 90 kW. 

In particular, with a constant nominal value of the 

frequency and voltage amplitude on the stator winding in 

formula (21), instead of ΔРVARIA.45 and ΔРVARIA.90, we 

substitute the right side of formula (19), taking into account 

the number of used motors with a power of 45 kW and a 

power of 90 kW. As a result, we get 
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where МAD.Н.45, МAD.Н.90 – respectively, the nominal val-

ue of the moment of one IM with a power of 45 kW and the 

nominal value of the moment of one IM with a power of 90 

kW; МAD.Σ – the total torque developed by all motors that 

are part of the traction electric drive. 

After transformations of formula (22), we obtain 

2
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Inequality (23) can be reduced to the form 
2

445 5 0  NaN b c ,  (24) 

where a, b, c – positive coefficients of the 2nd order po-

lynomial. 
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Solving inequality (24), we obtain 

45.min 45 45.max N N N .  (28) 

where  
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In the domain of real numbers, inequality (24) has a 

solution under the condition 
2 4 0 b ac .  (31) 

If condition (31) is not met, then the use of several 

motors of lower power instead of one high-power IM at a 

given load torque (МAD.Σ) will not lead to a positive energy 

effect.  

The left side of inequality (21) determines the total 

power of energy losses in several 45 kW motors, which are 

part of a multi-motor electric drive, and the right side of 

inequality (21) determines the total power loss of energy in 

a 90 kW motor, which is included in composition of a 

single- motor electric drive. Therefore, in the general case, 

you can write an expression that determines the energy 

effect from the use of a multi-motor electric drive as 

difference between the total power of energy losses in 

several 45 kW motors and the total power of energy losses 

in one motor with a power of 90 kW at a given load torque 

(МAD.Σ). In the case under consideration, this formula has the 

form 

 .45 .45 45    VARIA CONSTР Р Р N  

 .90 .90  VARIA CONSTР Р , (32) 

Expression (32) can be rewritten taking into account 

formula (22) in the form 
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Expression (33) makes it possible to estimate the 

dependence of the energy effect on the total load torque on 

the motor shaft when using a multi-motor electric drive 

when using a different number of electric motors. In 

accordance with expression (33), a negative value ΔРΣ 

corresponds to a decrease in the power of energy losses in a 

multi-motor electric drive in comparison with the power of 

energy losses in a single-motor electric drive. 

Fig. 1 shows the graphs of the dependence of the energy 

effect ΔРΣ =f(МAD.Σ) on the total load torque of the traction 

electric drive of the bus when using a multi-motor electric 

drive with a different number of 45 kW motors. The graph 

number corresponds to the number of 45 kW motors used in 

a multi-motor electric drive. 

 

 
 

Fig.1. Graphs of the dependence of the energy effect on the total load 

torque on the motor shaft when using a multi-motor electric drive with 45 

kW motors instead of one 90 kW motor 

In fig. 1 it can be seen that when using a multi-motor 

electric drive with 45 kW motors instead of one 90 kW mo-

tor, the energy effect takes place at a small value of the total 

load torque (МAD.Σ) and at its large value. With a small value 

of the total load torque, the energy effect takes place with a 

small number of 45 kW motors used. This is due to the fact 

that with a small МAD.Σ the power of variable energy losses 

in motors with a power of 45 kW and 90 kW is much less 

than the power of constant energy losses. Therefore, the 

energy effect is obtained due to the fact that the power of 

constant energy losses in a 90 kW motor is more than 2 

times higher than the power of constant energy losses in a 

45 kW motor (Table IV). Therefore, the use of one or two 

45 kW motors instead of one 90 kW motor at a low load 

torque  gives an energy effect that is approximately equal to 

the difference between the power of constant energy losses 

in a 90 kW motor and in one or two 45 kW motors. 

With a large value of the total load torque the energy 

effect takes place with a large number of low-power motors 

used. As follows from Fig. 1, for motors with a power of 45 

kW, in order to obtain an energy effect with a large value of 

the total load torque, the number of motors should be at least 

3. This is due to the fact that with a large value of the total 

load torque, this torque is distributed equally between 

several motors of lower power, which leads to reducing of 

the load torque on the shaft of each motor. As a result, the 

total power of variable energy losses in motors with a power 

of 45 kW becomes less than the power of variable energy 

losses in a motor with a power of 90 kW. The total power of 

constant and variable energy losses in several 45 kW motors 

becomes less than the total power of constant and variable 

energy losses in one 90 kW motor. 



The total load torque on the IM shaft when an empty bus 

moves on a horizontal road in third gear at a speed of 60 km 

/ h is 179.16 Nm (Table I). Since the nominal torque of the 

45 kW motor is 291.3 Nm (Table II), the movement of an 

empty bus on a horizontal road at a speed of 60 km / h can 

be ensured with a single 45 kW motor. In this case, the 

power of energy losses relative to a 90 kW motor will 

decrease by about 1200 W (graph 1 in Fig. 1). 

The total load torque on the IM shaft when a full bus 

moves on a horizontal road in third gear at a speed of 60 km 

/ h is 240.63 Nm (Table I). Since the nominal torque of the 

45 kW motor is 291.3 Nm (Table II), the movement of a full 

bus on a horizontal road at a speed of 60 km / h can be en-

sured with a single 45 kW motor. In this case, the power of 

energy losses relative to a 90 kW motor will decrease by 

about 800 W (graph 1 in Fig. 1). 

The total load torque on the IM shaft when a full bus 

moves up the road with a slope of 20% when using the first 

mechanical gear with a maximum speed of 15 km / h is 

540.596 Nm (Table 1). Since the nominal torque of the 45 

kW motor is 291.3 Nm (Table 2), the movement of a full 

bus up the road with a slope of 20% at a speed of 15 km / h 

in first gear can also be provided with the help of two 45 

kW. In this case, the power of energy losses relative to a 90 

kW motor will increase by about 800 W (graph 2 in Fig. 1). 

The total load torque on the IM shaft when a full bus 

moves up the road with a slope of 20% when using the 

second mechanical gear with a maximum speed of 30 km / h 

is 1165.2 Nm (Table 1). Since the total rated torque of four 

45 kW motors is 1165.2 Nm (Table 2), the movement of a 

full bus up the road with a slope of 20% at a speed of 30 km 

/ h in second gear can also be ensured with the help of four 

45 kW. In this case, the total power of energy losses relative 

to a 90 kW motor will decrease by about 830 W (graph 4 in 

Fig. 1). 

IV. CONCLUSION 

1. As a result of the analysis of the energy indicators of a 

single-motor and multi-motor induction traction electric 

drive, the formula (23) was obtained, which makes it possi-

ble to determine the number of low-power motors, which 

will provide the energy effect from the use of a multi-motor 

electric drive instead of single-motor electric drive. 

2. Condition (31) was formulated in violation of which 

the use of several motors of lower power instead of one IM 

of high power at a given load torque will not lead to a posi-

tive energy effect. 

3. Based on formula (33), it is possible to build graphs of 

the dependence of the energy effect on the total load torque 

of the traction electric drive when using a multi-motor elec-

tric drive with a different number of low-power motors. 

4. The resulting formula (33) can be used to assess the 

energy effect from the use of a multi-motor electric drive 

instead of a single-motor electric drive at other constant 

values of the frequency and amplitude of the voltage on the 

stator winding of the IM, which correspond to other values 

of the angular speed of the traction induction motors. 
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