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Abstract. This paper presents the synthesis of an automatic control system for a traction induction mo-

tor used in a transport diesel-generator power plant. The objective of the study is to improve the stabil-

ity and dynamic performance of current regulation under varying operating conditions. The research 

covers three main aspects: analysis of the diesel-generator plant as a control object, development of a 

methodology for designing current regulators, and validation of the synthesized regulators against real 

transient processes. The proposed methodology provides a systematic approach to constructing struc-

tural schemes of the current control loop and the closed-loop system. A new regulator transfer function 

is synthesized based on transient performance criteria, specifically limiting settling time and over-

shoot, while maintaining robustness to parameter variations caused by ambient temperature. Analysis 

shows that the fastest current regulation loop, which determines the system’s overall dynamics, be-

comes unstable when a conventional regulator based on subordinate control is applied. In practice, 

widely used serial diesel-generator plants exhibit temperature-induced variations in stator resistance 

during warm-up, leading to significant overshoot and reduced responsiveness. These effects highlight 

the limited robustness of existing regulator designs. In contrast, the newly synthesized regulator 

demonstrates stable transient responses even under resistance variations, confirming its adaptability 

and efficiency in real conditions. The results provide a foundation for the development of modern con-

trol systems for transport diesel-generator power plants, ensuring stable operation, required dynamic 

properties, and improved reliability. Consequently, the findings have practical significance for creating 

next-generation traction drive control systems for railway and other transport applications.
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Sinteza sistemului de control automat al motorului asincron de tracțiune al centralei electrice cu motor 
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Rezumat:Această lucrare prezintă sinteza unui sistem de control automat pentru un motor cu inducție de 

tracțiune utilizat într-o centrală electrică diesel-generator pentru transport. Obiectivul studiului este de a 

îmbunătăți stabilitatea și performanța dinamică a reglării curentului în condiții variabile de funcționare.

Cercetarea acoperă trei aspecte principale: analiza centralei diesel-generator ca obiect de control, dezvoltarea 

unei metodologii pentru proiectarea regulatoarelor de curent și validarea regulatoarelor sintetizate în raport cu 

procesele tranzitorii reale. Metodologia propusă oferă o abordare sistematică pentru construirea schemelor 

structurale ale buclei de control al curentului și ale sistemului în buclă închisă. O nouă funcție de transfer a 

regulatorului este sintetizată pe baza unor criterii de performanță tranzitorie, limitând în mod specific timpul de 

stabilizare și depășirea, menținând în același timp robustețea la variațiile parametrilor cauzate de temperatura 

ambiantă. Analiza arată că cea mai rapidă buclă de reglare a curentului, care determină dinamica generală a 

sistemului, devine instabilă atunci când se aplică un regulator convențional bazat pe control subordonat. În 

practică, centralele diesel-generatoare de serie utilizate pe scară largă prezintă variații induse de temperatură ale 

rezistenței statorice în timpul încălzirii, ceea ce duce la depășiri semnificative și la o capacitate de răspuns 

redusă. Aceste efecte evidențiază robustețea limitată a proiectelor de regulatoare existente. În schimb, regulatorul 

nou sintetizat demonstrează răspunsuri tranzitorii stabile chiar și la variații de rezistență, confirmând 

adaptabilitatea și eficiența sa în condiții reale. Rezultatele oferă o bază pentru dezvoltarea unor sisteme moderne 
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de control pentru centralele electrice cu generatoare diesel pentru transport, asigurând o funcționare stabilă, 

proprietățile dinamice necesare și o fiabilitate îmbunătățită.

Cuvinte-cheie: centrală electrică, control automat, invertor autonom de tensiune, aparatură electrică, mașini 

electrice, modelare matematică, sisteme și rețele electrice.

Синтез системы автоматического управления тяговым асинхронным двигателем транспортной

дизель-генераторной энергетической установки
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Аннотация. Основная цель исследования — синтез системы автоматического управления тяговым 

асинхронным двигателем транспортной дизель-генераторной энергетической установки. Для достижения 

поставленной цели были решены следующие задачи: анализ транспортной дизель-генераторной 

энергетической установки как объекта управления тяговым асинхронным двигателем, разработка 

методики синтеза регуляторов тока системы автоматического управления асинхронным двигателем и 

проверка соответствия полученных результатов реальным переходным процессам. Наиболее важными 

результатами являются получение структурных схем контура регулирования тока и замкнутой системы, 

а также синтез передаточной функции нового регулятора по критерию обеспечения требуемых 

характеристик переходного процесса (ограничение времени переходного процесса и показателя 

колебательности) при наличии изменения параметров объекта регулирования под влиянием температуры 

окружающей среды. Исследование показало, что самый быстродействующий контур регулирования тока,

определяющий динамические свойства всей системы, при использовании базового регулятора, 

синтезированного методом подчиненного регулирования, демонстрирует нестабильные переходные 

характеристики. В частности, для известных серийных дизель-генераторных транспортных 

энергоустановок, при изменении сопротивления статорной цепи под влиянием температурных колебаний 

в процессе прогрева энергоустановки возникает значительное перерегулирование, что приводит к 

уменьшению быстродействия регуляторов. Это свидетельствует о нестабильности работы таких 

регуляторов при вариации параметров объекта. В отличие от этого, полученные переходные 

характеристики нового синтезированного регулятора тока подтверждают стабильность его работы даже 

при изменении активного сопротивления статорной цепи, что доказывает его лучшую адаптивность и 

эффективность в реальных условиях. Результаты исследования позволяют проводить разработку 

современных систем управления дизель-генераторными энергетическими установками транспортных 

средств, обеспечивая при этом стабильность и требуемые системные свойства в условиях эксплуатации. 

Значимость полученных результатов состоит в практическом приложении, поскольку они способствуют 

созданию более надежных, эффективных и адаптивных систем управления для транспортных средств.

Ключевые слова: энергетическая установка, автоматическое управление, автономный инвертор

напряжения, электрические аппараты, электрические машины, математическое моделирование, 

электрические системы и сети.

INTRODUCTION

A considerable body of research [1-4] is 

dedicated to establishing the scientific 

foundations for the technical operation of 

transport energy system components. Several 

studies [5-8] emphasize the mutual interactions 

between subsystems and their aggregates —

particularly combined configurations such as 

converter–motor assemblies, motor–drive units, 

and diesel–generator sets — and their impact on 

the overall energy efficiency of the drive system. 

Practical experience in the operation of transport 

energy systems [9-12] demonstrates that their 

energy-saving potential is inherently more 

complex than that of isolated subsystem groups. 

Consequently, it is essential to investigate 

transport energy systems not only at the level of 

individual components, but also with regard to 

the emergent interdependencies that determine 

total energy consumption [13, 14]. Enhancing 

the energy efficiency of such systems requires a 

comprehensive approach — optimizing the 

operating regime of the system as a whole, 

ensuring the rational performance of its 

components, and exploiting the energy-saving 

potential arising from their functional 

interrelationships.

Neglecting this principle in practice leads to 

situations where the energy-efficient operation of 

individual units of the power plant, or their 

optimal control from the standpoint of energy 

performance, does not guarantee the effective 

functioning of the system as a whole. As a 

consequence, this results in increased fuel 

consumption [15, 16]. Similarly, operating the 

diesel engine within its economic performance 

range often induces non-optimal behavior of 

other elements of the power plant, preventing 
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them from realizing their maximum energy-

saving potential [17, 18].

The application of an integrated approach to 

power system control — whereby the system as 

a whole operates in the most energy-efficient 

regime achievable while meeting technical 

performance requirements, and each subsystem 

functions in a mode that maximizes the overall 

energy potential of the system — enables the full 

realization of the energy-saving potential of the 

entire drive installation [19, 20]. 

Such an approach can be implemented by 

accounting for the synergistic properties of the 

power system, whereby the operating regimes of 

the thermal engine, synchronous generator, 

frequency converter, auxiliary power system, and 

drive motor are selected not with regard to their 

individual energy potential, but with the 

objective of maximizing the energy potential of 

the system as an inseparable whole. In this 

context, addressing the energy-efficiency 

requirements of individual components is 

necessary only insofar as it ensures the 

realization of the overall energy potential of the 

entire power system.

The development of a control system that 

exhibits low sensitivity to parameter variations 

of the controlled plant — an inherent 

characteristic of transport power systems during 

operation — can be achieved on the basis of 

regulators synthesized using the polynomial 

method [21, 22]. The application of such 

regulators in electric drive systems has been 

validated and substantiated with respect to the 

resulting transient characteristics [23, 24]. At the 

same time, the problem of reducing the 

dependence on plant parameter variations 

through the synthesis of automatic control 

system regulators and the optimal design of such 

regulators remains highly relevant and has been 

addressed by numerous researchers [25, 26]. 

However, the synthesis of control system 

elements for a traction asynchronous motor 

within a transport diesel–generator power plant 

has not yet been comprehensively investigated.

A critical issue is the analysis of the 

performance of synthesized control regulators 

under parameter variations, a feature particularly 

pronounced in transport power installations. 

Consequently, the topic of this study is of 

significant relevance. The objective of this work 

is the synthesis of automatic control system 

elements for the traction asynchronous motor of 

a transport diesel–generator power plant.

To achieve this objective, it is necessary to 

analyze the transport diesel–generator 

installation, develop a methodology for 

synthesizing the automatic control system 

elements for the traction asynchronous motor, 

and validate the adequacy and consistency of the 

obtained results with real transient processes. 

The synthesis of the transfer function of the new 

regulator will be carried out according to the 

criterion of ensuring the required transient 

process characteristics — specifically, limiting 

the transient time and overshoot factor — under 

conditions of parameter variations in the 

controlled plant caused by ambient temperature 

effects.

I. RESEARCH METHODS

The power system, whose structural diagram 

is presented in Fig. 1, functions as a combined 

power source for the drive installation and the 

general onboard electrical consumers.

1 — primary thermal engine (predominantly 

diesel); 2 — synchronous generator (the dashed 

line indicates the synchronous generator–exciter 

system); 3 — automatic control system; 4 —

traction converter; 5 — asynchronous machine.

Fig. 1. Structural diagram of the transport 

power system (illustrated for a single circuit).

The corresponding structural diagram of the 

control system for the traction asynchronous 

motor of the transport diesel–generator power 

plant is shown in Fig. 2.
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1 — frequency regulator; 2-1 — first current regulator; 2-2 — second current regulator; 3 — signal 

limitation unit; 4 — autonomous inverter control system; 5 — autonomous voltage inverter; 6 —

reference generator; 7 — electromotive force sensor; 8 — voltage sensor; 9 — active current sensor; 

10 — filter unit; 11 — rectifier; 12 — asynchronous motor; 13 — centralized information and 

measurement system.

Fig. 2. Structural diagram of the automatic control system for the traction asynchronous 

motor of the transport diesel–generator power plant.

Strict market requirements necessitate the 

development of frequency converters for AC 

asynchronous drives with improved technical 

and economic performance, specifically with 

respect to meeting the required transient 

response characteristics. The conducted studies 

indicate the need to modernize asynchronous 

drive control systems by enhancing regulator 

parameters and implementing new control 

algorithms.

During the development of the automatic 

frequency control system for the asynchronous 

drive, the feasibility of applying the primary

control principles — amplitude, vector, and 

quasi-vector — was analyzed. A comparison of 

the advantages and limitations of these 

approaches led to the conclusion that optimal 

control can be achieved by directly influencing 

the frequency and amplitude of the fundamental 

harmonic components of currents and voltages, 

while phase control should be implemented 

through additional modulation of the frequency 

control channel. Consequently, a combined 

control principle was adopted, integrating pulse-

width modulation (PWM), amplitude, and two-

zone control. This approach is currently 

considered promising due to its significant 

economic and technical advantages in the design 

of drive systems.

According to recommendations [27, 28], in

the low-output-voltage regulation zone, the 

PWM control principle should be applied, as this 

type of control eliminates the discrete rotation of 

the motor shaft, which can occur, for example, 

under amplitude control. Therefore, during 

motion phases with maximum acceleration, 

while maintaining constant wheel-rail adhesion 

at low speeds, the use of PWM control is most 

appropriate [29, 30]. Consequently, when a 

motion command is issued by the drive control 

system, the generation of control pulses for the 

inverter switches should be performed according 

to the PWM principle.

Based on an analysis of frequency drive 

control principles [31, 32], it can be concluded 

that the most economically efficient control is 

achieved following the Kostenko law. That is, 

after exiting the low-output-frequency regulation 

zone, PWM control alone cannot provide the 

most economically advantageous system 

operation, as can be achieved under the 

Kostenko law.
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Thus, when the output voltage of the 

autonomous voltage inverter (AVI) reaches the 

nominal operating voltage of the auxiliary power 

system, the generation of control signals for the 

AVI switches should be performed according to 

the amplitude control principle. In this mode, the 

traction power installations operate until the DC 

bus reaches the nominal operating voltage of the 

traction power system. During this period, 

motion occurs with increasing power draw from 

the diesel engine and a corresponding rise in 

speed. Subsequently, depending on the speed 

command from the information–control system 

— i.e., when operating in the zone of maximum 

diesel power extraction and the need for further 

speed increase — the control system transitions 

to the weakened flux linkage control zone. The 

reduction of the rotor flux linkage vector 

magnitude is achieved at a constant AVI output 

voltage by further increasing the frequency 

reference for the traction motor. The adjustment 

of the rotor flux linkage vector magnitude is 

performed proportionally based on the 

modulation signal.

A distinctive feature of the developed system 

is its rotor-speed-based partitioning, i.e., the 

absence of a mechanical speed sensor, where 

vector orientation relies on the electromotive 

force (EMF) of the motor, measured indirectly 

through active current and effective voltage 

sensors in the DC link.

The transfer functions of the frequency 

regulators, corresponding to the tuning of the 

frequency control loops at the modular and 

symmetric optimum, are defined by the 

expressions [33-35]:

2

m r 1 r

k J
W (p)=

1 4 T k k



      (1)

.m 2

2

m r 1 r

(8 T p+1) k J
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2 32 T k k p

   
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  (2)

where 1k and 2k — frequency- and current-

dependent gain coefficients; Тμ — rectifier time 

constant; J — equivalent drive moment of 

inertia; р — Laplace operator; ψr — rotor flux 

linkage vector magnitude.

Since the internal coupling through the EMF 

degrades the quality of the motor current and 

speed control, it becomes necessary to 

compensate for it. The influence of the EMF in 

the system is significantly greater compared to 

DC systems, and compensating for the motor’s 

rotational EMF allows the autonomous inverter 

system to be linearized and, in most cases, the 

motor couplings to be neglected. The transfer 

functions of the current regulators, synthesized 

using the subordinate control method, are 

expressed as follows:

m

1
W (p)=

2 -1 4 T
  (3)

s

k
W (p)=

2 - 2 T p+1
  (4)

where Ts — stator winding time constant; k

— coefficient accounting for the inverter 

commutation function magnitude, filter 

resistances, controlled plant parameters, and the 

voltage transfer ratio of the power electronic 

converter.

Since the fastest-acting control loop in the 

automatic control system of the traction 

asynchronous motor of the transport diesel–

generator power plant is the current regulation 

loop, which determines the dynamic properties 

of the entire system, there is an evident need to 

improve the traction drive system and enhance 

operational efficiency (including improving 

dynamic parameters and achieving standardized 

transient characteristics of the energy circuits

and control systems).

To increase operational efficiency, it is 

necessary to employ control system design and 

synthesis methods that provide high dynamic 

performance, robustness to disturbances, and 

resilience to parameter variations in the loops 

during operation, which is especially relevant for 

transport systems operating under rapid changes 

in temperature, load, and corresponding energy 

circuit parameters. The polynomial method, used 

for the synthesis of regulators and control system 

structures, meets these requirements and 

provides more stable performance of the 

controlled plant compared to traditional design 

approaches. The use of this method is promising 

for optimizing and improving traction, dynamic, 

and energy performance.

We proceed to synthesize the second current 

regulator for such a loop, as it determines the 

quality of the transient response. The closed-loop 

current control system of the asynchronous 

motor can be represented as a series connection 

of the controlled plant and the corresponding 

regulator, enclosed within a feedback loop.
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The asynchronous motor is a nonlinear, high-

order system. Its behavior is described by a 

complex system of differential equations that are 

difficult to solve analytically. Transitioning to a 

transfer function, expressed as a ratio of 

polynomials, allows the use of classical 

automatic control theory, simplifying the 

development of regulators [36-38]. Based on the 

transfer function, the regulator parameters can be 

readily calculated [39].

For synthesizing the current regulator, the 

transfer function of the controlled plant should 

be expressed as follows [40, 41]:

0 ( ) ( ) ( )( )
( ) ,

( ) ( ) ( ) ( )

k n

оb s

k n

k P p P p P pP p
W p

Q p Q p Q p Q p p

+ + −

+ + −

  
= =

  
(5)

where the polynomials P-(р) and Q-(р)

respectively contain the right-hand and neutral 

zeros and poles of the controlled plant, excluding 

those located at р = 0;

The polynomials Pn+(р) and Qn+(р)

respectively contain only those left-hand zeros 

and poles of the controlled plant that are not 

compensated;

the polynomials Pk+(р) and Qk+(р)

respectively have as their zeros only the left-

hand zeros and poles of the controlled plant that 

are compensated by the regulator;

the coefficient s takes values of 0, 1, or 2, 

corresponding to the number of poles of the plant 

at р = 0;

the coefficient k0 is the gain factor of the 

controlled plant loop.

Considering that the compensation of the 

polynomials results in the cancellation of certain 

poles or zeros of the controlled plant, and given 

that not all zeros and poles should be 

compensated (compensating P-(р) and Q-(р)

would compromise system stability), the transfer 

function of the current regulator, which ensures 

satisfactory system accuracy and dynamic 

performance, is expressed as follows:

1 0

1 0

( 1)( )
( ) .

( )
cr

Tp r p r
W p

v p v pk

+ +
=

+
(6)

where r is the satisfactory order of astatism;

R(р) and V(р) are the corresponding 

polynomials formed during the synthesis of the 

current regulator.

To determine the regulator coefficients, the 

values from equations (5) and (6) must be 

substituted into the polynomial synthesis 

expression:

( ) ( ) ( ) ( ) ( ) ( )

( ),

r

n nR p P p P p V p Q p Q p p

H p

− + − +  +    =

=
(7)

where ( )H p — The characteristic 

polynomial of the closed-loop system, whose 

coefficients are determined to satisfy the 

required transient response shape and decay 

time, corresponds to one of the well-known 

standard distributions (Newton’s binomial, 

Butterworth, Bessel, Chebyshev, or the integral 

performance indices I2 and I3). The commonly 

used expressions for the coefficients of the 

characteristic polynomial are widely applied in 

practice depending on the desired transient 

response specifications.

Solving equation (7) provides expressions for 

the unknown polynomials R(p) and V(p), which 

are required to compute the transfer function of 

the regulator (6).

The solution of equation (7) is proposed to be 

carried out using the method of undetermined 

coefficients, due to the relative simplicity of 

implementing this approach in dynamic 

applications.

The minimal solution of the polynomial 

equations corresponds to the lowest degrees of 

the polynomials R(p) and V(p), respectively, and 

allows the establishment of the minimal order of 

the current regulator transfer function (6). This 

approach contributes to achieving high-speed 

performance of the closed-loop current control 

system by selecting the minimal degree for the 

characteristic polynomial of the closed-loop 

current control system.

Let us introduce a general conditional 

expression: let Х denote the degree of an 

arbitrary polynomial X(p). This allows us to 

express the minimal degrees of the polynomials 

in expression (7) as follows:

1,

1,

1.

n

k

R Q Q r

V Q P

H R V

− +

+

= + + −

= − −

= + +

(8)

In accordance with the established form of 

the controlled plant, as defined by equation (5), 

we define the numerator polynomials of the 

specified transfer function of the controlled plant 

as follows:
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( ) 1, ( ) 1, ( ) 1,+ + −= = =n kP p P p P p (9)

and the polynomial expressions of the 

denominator of the specified transfer function of 

the controlled plant:

( )

( ) ( )2 3

( ) 1, ( ) 1 ,

( ) 1 1 , 0.

+ +

−

= = +

= +  + =

n kQ p Q p Tp

Q p T p T p s
(10)

We determine the degrees of the numerator 

and denominator polynomials of the controlled 

plant transfer function and its components, as 

defined by equations (9) and (10):

0, 0, 0, 0,

3, 1, 0, 2, 0.

k n

k n

P P P P

Q Q Q Q s

+ + −

+ + −

= = = =

= = = = =
(11)

Improvement in the accuracy of control 

actions and the mitigation of disturbance torque 

effects in the automatic control system is 

achieved through the use of astatism-based 

regulators. Their implementation significantly 

enhances the control characteristics, particularly 

when an astatism regulator is applied to a static 

controlled plant. Accordingly, in the design of 

the current regulator, the corresponding astatism 

order r=1 is taken into account.

The value of expression (8) is calculated 

based on computations from (11):

1 2,

1 2,

1 5.

n
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+
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= − − =

= + + ==

(12)

Let us denote ( ), ( ), ( )R p V p H p the 

corresponding polynomials with their degree 

reduced by one, which allows obtaining lower-

order polynomials and thereby simplifies the 

implementation and tuning of the system. Using 

this approach, the geometric mean root of the 

characteristic polynomial H(p) becomes uniquely 

subordinate to the system’s dynamic 

characteristics:

0

1
, =

stT
(13)

where Тst — equivalent small time constant of 

the closed-loop current control system.

Considering (12), the following expression 

applies:

1 1,
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Let the polynomials have the following 

complete form:

1

1 1 0
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where i and j are the highest degrees of the 

corresponding polynomials.

Using relations (9) — (12), equation (7) can 

be rewritten in expanded form:

( )( )1 0 1 0 2 3

4 4 3 3 2 2

4 0 3 0 2 0 1 0 0

( ) ( ) 1 1

,

r p r v p v T p T p p

T p T p T p T p
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(16)

where 0 1 2 3 4 5, , , , ,      — the 

coefficients of the polynomial H(p) (for the 

fourth-order case, they are calculated and 

presented in Table 1).

Table 1. 

Coefficients of the characteristic polynomial 

distribution for the fourth-order current control 

loop H(p).

Forms of stand-

ard coefficient 

expressions
0 1 2 3 4

Integral quality 

index І3
1 2.7 3.4 2.1 1

Newton’s bino-

mial distribution 1 4 6 4 1

Bessel distribu-

tion
105 105 45 10 1

Butterworth dis-

tribution 1 2.61 3.41 2.61 1

Chebyshev dis-

tribution 0.38 1.03 1.72 1.20 1

Integral quality 

index І2
1 2 3 1 1

To prevent overshoot in the current control 

loop during subsequent regulator calculations, 

the distribution of the characteristic polynomial 
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coefficients is performed using the Butterworth 

method.

Let us determine the coefficients of the 

polynomials ( ), ( )R p V p . As a result, analytical 

expressions are obtained for calculating the 

transfer function of the current regulator of the 

automatic control system of the traction 

asynchronous motor of a transport diesel-

generator power plant:

4

1 4

2 3 0

v
T T

=



(17)

2
12

(1) 0

0

2 3

v

v
T T

−

=
+




(18)

3
1 2 33

(2) 0

0

2 3

( )v T T

v
T T

− +

=




(19)

1

1 0

0

r v= −



(20)

0

0 0

0

.r =



(21)

Using expressions (18) and (19), the values of 

the geometric mean root are determined under 

the condition that the right-hand sides of the 

formulas are equal, which is required for the syn-

thesis of the regulator. 

It is necessary, however, that at least one so-

lution of this formula be a positive real number, 

as this determines the feasibility of physically 

implementing the regulator.

The transfer function of the resulting current 

regulator is defined as follows:

1 0

1 0

( 1)( )
( ) .

( )
cr

Tp r p r
W p

v p v pk

+ +
=

+
(22)

When analyzing dynamic processes in the 

electric drive, it is acceptable to represent the 

asynchronous motor and the mechanical compo-

nents of the traction drive as a lumped-parameter 

system. In this case, the drive system, consisting 

of the asynchronous motor and a specified me-

chanical component with elastic couplings, can 

be represented, for transient analysis, as a two-

mass electromechanical system, as shown in Fig. 

3.

М — electromagnetic torque of the motor;

J1 — rotor moment of inertia;

J2 — equivalent total moment of inertia of the 

mechanical components of the drive system;

С12 — equivalent shaft-referred total stiffness 

coefficient between the drive system elements; 

1с — magnitude of the stiffness of the 

asynchronous motor’s mechanical characteristic; 

2с — viscous friction coefficient; 

 2 — rotor angular velocity;

ω3 — angular velocity;

Мс2 — static load torque.

Fig. 3. Structural diagram of the two-mass 

electromechanical system.

To analyze the general properties of the sys-

tem, let us write the mathematical model of the 

induction motor in a rotating orthogonal coordi-

nate system with angular velocity, oriented along 

the x-axis by the rotor flux linkage vector.

The motor equations take the following form 

(23) [42, 43]:

( )2

1 2

;

( );

0 ;

0 ;

;

.

r

r

r

sx s sx s sx

r r s sy

sy s sy s sy

s sx r r

r r r r r r sx

r r r sy r

r r sy

c

u R i X Di

k D X Di

u R i X Di

X Di k

T D k R T i

k R T i

M k i

M M J D

= + +

+ −
 = + +

+ +


= + −
 = − + −

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

= +









  



  

 

  





(23)

In this case, the following system of notations 

is used: the indices “s” and “r” denote the 

belonging of a variable to the stator or rotor, 

respectively; the indices “x”, “y” indicate the 

projection of the vector onto the corresponding 

axis in the rotating coordinate system ( ),х y ; ML

— the equivalent mutual inductance of rotor and 

stator; Xs — the reactance of the stator winding; 

, , , ,u i R L — voltage, current, flux linkage, 

resistance, and self-inductance, respectively; z —

the number of pole pairs; Мс — the load 
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(resisting) torque; T — time constant; D —

operator of differentiation with respect to time.

In Fig. 4, the block diagram of the induction 

motor corresponding to equations (23) is shown, 

taking into account the variable value of the 

magnetizing component of the stator current isx, 

and accordingly, the variable rotor flux linkage.

Fig. 4. Block diagram of the induction motor.

In (1), the following formulas are adopted for 

determining the leakage coefficient and the rotor 

time constant, respectively:

2

1 ,M

s r

L

L L
= − .r M

r

r r r

L L
T

R k R
= = (24)

where rk — rotor winding transformation ra-

tio.

To implement the control system of the fre-

quency converter, we define its key switching 

function, which equals unity when the corre-

sponding power module of the converter is con-

ducting and zero otherwise. In the case of opera-

tion with an induction motor and when using a 

voltage-source inverter topology with an isolated 

neutral point, the simplex switching method can 

be represented by the following expressions:

1 4 2 3

1 3 2 4

3 6 4 5

3 5 4 6

5 2 6 1

1 5 2 6

1;

0 1 1;

1;

0 1 1;

1;

0 1 1.

d

AB

d

BC

d

СA

U if S S or S S
U

if S S or S S

U if S S or S S
U

if S S or S S

U if S S or S S
U

if S S or S S

   =
= 

 =  =

   =
= 

 =  =

   =
= 

 =  =

(25)

An inadmissible condition occurs when

1 2

3 4

5 6

1;

1;

1.

S S

S S

S S

 =


 =
  =

(26)

An extended description of the switching se-

quence for the frequency converter keys can al-

low the parallel connection of two phases of the 

induction motor in series with the third phase. 

Meanwhile, the remaining two phases of the in-

duction motor change their state only with re-

spect to the common DC bus, meaning that

1 4 5 2 3 6

1 5 4 1 5 4

3 5 2 4 1 6

3 5 2 3 5 2

5 2 4 6 1 3

4 2 5 2 4 5

, 1;

0, 1, 0 0, 1;

, 1;

0, 1, 0 0, 1;

, 1;

0, 1, 0 0, 1.

d

AB

d

BC

d

СА

U if  S S S or S S S
U

if S S S or S S S

U if S S S or S S S
U

if S S S or S S S

U if S S S or S S S
U

if S S S or S S S

     =
= 

 = =  = =

     =
= 

 = =  = =

     =
= 

 = =  = =

(27)

II. RESULTS AND DISCUSSION

Using the data for the Caterpillar 3516 

transport diesel–generator power plant [44-46] 

(maximum power: 2500 kVA / 2000 kW; rated 

power: 2275 kVA / 1820 kW; generator type: 

Caterpillar 1844, 50 Hz), the transient responses 

(unit step response) of the synthesized current 

regulator (22) and the baseline current regulator 

of the power plant were obtained, as shown in 
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Fig. 5. The control plant parameters are listed in 

Table 2.

Table 2.

Control plant parameters.
Parameter Value

Rated power, kW 240

Rated RMS phase stator voltage, V 665

Rated RMS phase stator current, A 135

Rated RMS rotor current, A 128

Rated magnetizing current, A 36

Starting phase current, A 300

Rated current frequency, Hz 33.8

Maximum stator voltage frequency, 

Hz
95

Rated rotor speed, rpm 1000

Rated absolute slip, % 2

Rotor moment of inertia, kg·m² 21

Rated electromagnetic torque, N·m 2366

Stator resistance, Ω 0.083

Rotor resistance, Ω 0.068

Rotor electromagnetic time 

constant, s
1.294

Rated efficiency, % 93.7

Values of time constants of the regulator is 

0,0809 s and the controlled object is 1.294 s.

Fig. 5. Transient responses of the 

synthesized regulator (2) and the baseline 

current regulator (3) to a unit step command 

signal (1).

As shown in Fig. 5, the baseline regulator 

reaches the required command signal level 

faster, as it exhibits an overshoot of 

approximately 5%.

The synthesized regulator, however, shows 

no overshoot, which affects its stability and 

accuracy in achieving the desired value, since it 

does not incorporate overshoot coefficients 

(Vyshnegradsky coefficients). This influences 

the robustness of the transient response with 

respect to variations in the parameters of the 

control loops.

For instance, when the command signal 

reaches 0.92 of its set value (Fig. 6), the baseline 

regulator attains the target signal 0.71 times 

faster. Nevertheless, the response time of the 

synthesized regulator is within 10–13 ms, which 

is sufficient for the power system.

Fig. 6. Transient responses of the 

synthesized regulator (2) and the baseline 

current regulator (3) to a unit step command 

signal at 0.92 of the full command value.

The stator resistance of the induction motor 

varies during the warm-up process, as the 

temperature of the transport power system 

components can fluctuate between –45 °C and 

+65 °C. This results in a resistance change by a 

factor of 1.47, reflecting the impact of 

temperature variations on the system 

characteristics.

Fig. 7. Transient responses of the 

synthesized current regulator: with nominal 

stator resistance (1), with stator resistance 

decreased by a factor of 1.47 (3), and with 

stator resistance increased by a factor of 1.47 

relative to nominal (2).

Automatic control systems synthesized using 

traditional approaches differ from those designed 

via the polynomial method in that they cannot 

maintain the required control quality when the 
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stator resistance of the induction generator 

changes. To evaluate this, the stator resistance of 

the induction motor is decreased and increased 

by a factor of 1.47 relative to its nominal value. 

This allows assessment of how resistance 

variations affect the transient response of the 

synthesized current regulator, as shown in Fig. 7.

This test enables analysis of the regulator’s 

stability and effectiveness under resistance 

variations.

For comparison, the performance of the 

baseline current regulator is also evaluated under 

the same conditions, with the stator resistance 

varied by a factor of 1.47 from its nominal value. 

This allows assessment of the baseline 

regulator’s effectiveness under identical 

conditions and comparison of the results, as 

shown in Fig. 8.

Fig. 8. Transient responses of the baseline 

current regulator: with nominal stator 

resistance (1), with stator resistance decreased 

by a factor of 1.47 (3), and with stator 

resistance increased by a factor of 1.47 

relative to nominal (2).

According to Fig. 8, it can be concluded that 

the regulator synthesized using the subordinate 

control method exhibits unstable transient 

responses when the stator resistance of the 

induction motor is varied by a factor of 1.47 

from its nominal value. An increase in stator 

resistance leads to a significant reduction in 

regulator speed, while a decrease in resistance 

results in overshoot of up to 46%. This indicates 

the instability of regulators synthesized using the 

subordinate control method under variations in 

the controlled plant parameters.

In contrast, the transient responses shown in 

Fig. 8 confirm the stability of the synthesized 

current regulator when the stator resistance of 

the induction motor is varied by the same factor 

of 1.47. This demonstrates its ability to maintain 

stability even under variations in plant 

parameters.

As a result of experimental testing, 

oscillograms of the stator current is, the active 

component of the stator current isy, and the air-

gap flux linkage of the induction motor were 

obtained, as shown in Fig. 11. These 

oscillograms confirm the conclusions drawn 

from the simulation results.

Fig. 11. Oscillograms from the 

experimental testing.

III. CONCLUSIONS

The fastest-acting control loop in the 

automatic control system of the traction 

induction motor in the transport diesel–generator 

power plant is the current control loop, which 

determines the dynamic properties of the entire 

system. Based on this, the block diagram of the 

induction motor current control loop and the 

closed-loop system control scheme were 

developed. The transfer function of the 

synthesized regulator was established, 

reproducing satisfactory system errors and 

dynamic properties, and relationships were 

derived to determine the coefficients of the 

corresponding current regulator.

The obtained transient responses (unit step 

response) of the synthesized regulator and the 

baseline current regulator indicate that the 

regulator synthesized using the subordinate 

control method exhibits unstable transient 

behavior when the stator resistance is varied by a 

factor of 1.47 from its nominal value. 

Specifically, a decrease in stator resistance leads 
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to an overshoot of 44%, while an increase in 

resistance significantly reduces the regulator’s 

response speed. This demonstrates the instability 

of subordinate-method regulators under 

variations in the plant parameters.

In contrast, the transient responses of the 

synthesized current regulator confirm the 

stability of its operation even when the stator 

resistance varies, demonstrating superior 

adaptability and effectiveness of the regulator 

under conditions of plant parameter variations.
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