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ABSTRACT 

The article highlights the principle of creating a control system for a two-motor asynchronous electric drive. The 

principle is based on the identification of the electromechanical time constant of each motor. Based on this, the adjustment 

of the number of revolutions of the “slave” electric drive to the number of revolutions of the “master” electric drive is 

achieved. The developed experimental unit for rotating a large object consists of the following elements: a rotation frame, a 

two-motor electric drive, a control board based on an ATmega2560 microcontroller, digital highly precise angular 

movement sensors, as well as power converters and reducing gearboxes. The obtained result of time of the transition 

process of synchronization of speeds satisfies theoretical calculations but requires optimization for real industrial facilities. 
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INTRODUCTION 

The systems of two-motor asynchronous electric 

drives are quite common for industrial facilities. These 

systems can be used in conveying units, elevator systems 

or large objects rotation systems. In the works [1, 2] 

mathematical descriptions of these systems are presented. 

Nowadays, there are quite a large number of 

ways to control and synchronize the speeds of two-motor 

electric drive based on the operation of asynchronous 

machines. In the works [3, 4], such method is considered 

based on sensorless control systems. This method is based 

on a mathematical model of actuating mechanism (electric 

motor). Such method is rather complicated, because it is 

based on determining rotor speeds on the basis of a system 

of differential equations. 

A sensor for determining the angular velocity of 

the rotor of the "master" electric drive is used in the work 

[5]. The rotor speed of the "slave" electric drive is 

controlled based on the measured rotor speed of the 

“master” electric drive. This method is quite convenient 

but complicated by the fact that it takes more time to 

synchronize the speeds of rotors of the two-motor system. 

This leads to the fact that the transition process of 

stabilization of speeds becomes large.  

There is a third way to control the rotor speeds of 

the two-motor asynchronous electric drive [6]. This 

method is also based on the principle of synchronization of 

two asynchronous motors according to the "master"-

"slave" system. However, this system has insufficient 

speed and does not allow precise synchronization of the 

number of rotor revolutions in the two motors. This 

happens due to the lack of precision digital sensors for the 

angular displacement of the rotors of both motors. 

Thus, there is a need to develop an adaptive 

system for asynchronous two-motor electric drive. The 

basis of the method being developed is laid in additional 

blocks for speed regulation and synchronization. Also, the 

developed system will use the method of the reference 

model of an asynchronous electric drive. A similar method 

is considered in the work [7]. 

 

THEORETICAL PART 

Figure-1 shows a functional block diagram of the 

developed adaptive control system for a two-motor electric 

drive of the rotation mechanism intended for large objects. 

The analysis of the operation of this system was given by 

the authors in the work [8].  

 

 
 

Figure-1. Functional block diagram of the adaptive 

system of a two-motor electric drive. 

 

The following abbreviations appear in the above 

diagram: 

SEL  - general speed selector of two electric drives; 

SC1,2  - speed control systems for two electric drives; 

Sum  - summators; 

PD  - proportional-differentiating elements; 

PC  - power converters; 

EM  - asynchronous electric motors; 

TM  - transfer mechanisms (gear reducer); 

WM  - working mechanisms (first and second rotor); 

S  - precision angular displacement sensors; 

DIF  - differentiators; 
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A  - angular displacement adjuster; 

INT  - integrator; 

Id  - identifier of the mathematical model of the 

asynchronous electric drive; 

М  - mathematical reference model of the 

asynchronous electric drive.  

 

The operation of this functional diagram is based 

on the following algorithm. The objects of control are two 

interconnected electric motors, one of which is "master",  

the other is "slave". The speeds of the first and the second 

rotor are set by a general speed selector at the system 

input. Precision sensors are fixed to both rotors and 

measure their angular movements. Differentiators act as 

converters of angular displacement to angular velocities. 

The measured angular velocities are subtracted from the 

program specified input velocity. This allows calculating 

the speed deviation of the first and the second rotor. Based 

on these deviations, the speeds of both electric motors are 

corrected by proportional-differentiating units.  

After passing through the power semiconductor 

converters, the deviation signals are sent to each electric 

motor. The rotation of the output shafts is transmitted by 

means of gear reducers to the rotors of each electric motor.  

The exact synchronization of the number of revolutions of 

the rotors of both electric motors is ensured by the angular 

displacement adjuster. When rotating large objects, this 

ratio is set to 0 in order to eliminate additional dynamic 

loads. Also, an adder unit is introduced into the system, 

which calculates the difference in the angles of rotation of 

both rotors and a given value: 

 

𝜑 = 𝜑1 − 𝜑2 − 𝜑𝑔𝑣.                                               (1) 

 

The signal at the output of the angular 

displacement selector is integrated and then sent to another 

adder unit, which is a part of the regulator of the second 

electric drive. Thus, a negative corrective feedback is 

realized based on the difference in angular displacements 

of the first and the second rotors. The operation of these 

units maintains high accuracy while regulating the given 

deviation of the rotor angle of the "slave" electric motor.  

The introduction of additional blocks of 

identification and adaptation makes it possible to increase 

the speed of transient processes and the accuracy of 

control in steady modes. The relationship between the 

supply voltage (output of the correcting element) 𝑈 and 

the rotor speed 𝜔 can be represented by the following 

linearized differential equation: 

 

𝑇𝐸𝐷
𝑑𝜔

𝑑𝑡
− 𝜔 = 𝑘𝑈,                                                (2) 

 

where 𝑇𝐸𝐷  - electromechanical time constant of electric 

drive (identification parameter), 𝑈 - control voltage 

(PWM-signal), 𝜔 - angular velocity of rotor of electric 

motor, 𝑘 - proportional gain (determined experimentally). 

With the help of transformations, the transfer 

function of each electric drive as a control object can be 

represented as follows: 

 

𝑊𝐸𝐷(𝑝) =
𝑘

𝑇𝐸𝐷𝑝+1
,                                                          (3) 

 

where 𝑝 =
𝑑

𝑑𝑡
– Laplace differential operator. 

In this case it is necessary to achieve 

compensation for the response rate of each electric drive. 

For this, the correcting elements are chosen precisely 

proportional differentiating. These elements are 

determined by the following transfer function: 

 

𝑊𝐾(𝑝) = 𝑇𝐾𝑝 + 1,                                                          (4) 

 

where 𝑇𝐾 = 𝑇𝐸𝐷. 

This adaptive two-motor system provides 

automatic setting for 𝑇𝐾  parameter.  The setting is carried 

out in the transfer function (4) using mathematical models 

of electric drives and an identification block. The 

mathematical model used in Figure 1 is expression (3).  

Obviously, it is necessary to identify the 𝑇𝐾  

parameter of the electromechanical time constant. This 

parameter is further required to adjust it to the similar 𝑇𝐸𝐷  

parameter. All this will allow you to change the transfer 

function of the proportional-differentiating element (4). 

Thus, the approximation of the transfer function of the 

control system to the proportional element is reached with 

sufficient reliability. Further, this will allow accurate 

synchronization of two electric motors and increase the 

speed of the system. 

 

EXPERIMENTAL RESULTS 

Functional block diagram (Figure-1) can be 

implemented in MATLAB program. Similar Simulink-

models were presented in the works [9,10]. Figure-2 

shows a computer model that fully describes the above 

algorithm. 

In Figure-2, proportional-differentiating blocks 

are implemented by the elements gain1, derivate and 

gain2, derivate1. 10 - proportional gain of the gain block 

of integrated difference of the angular displacement 

(chosen experimentally). Speed reference - general speed 

selector. Load torque and load torque1 - electromechanical 

torque selector for both electric drives. With the use of 

Scope and Scope2 blocks, the oscillograms of changes in 

the number of revolutions of the RPM rotors and the load 

torque M can be observed. Space Vector PWM - 

subsystems of speed controllers based on the identification 

of the electromechanical time constant of each electric 

drive (Figure-3). 
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Figure-2. Twin motor electric drive system with corrective feedback based on proportional-differentiating elements. 

 

 
 

Figure-3. Subsystem of speed controller identical for both electric drives. 

 

The speed control method in this case is based on 

space-vector modulation. This method is considered in the 

work [11]. This method is based on the generation of 

voltage vectors for switching a semiconductor three-phase 

inverter. From the output of the inverter, the control signal 

goes to the motor windings (induction machine). In 

Figure-3, the adaptation subsystem gives the possibility to 

determine the electromechanical time constant of each 

electric drive and use it in setting up the mathematical 

model of electric motors in expression (3).  

In Figure-3, the identification subsystem is 

integrated into the speed controller subsystem of each 

drive. Single-phase supply voltage of the electric motor is 

supplied to the input In1, and the number of revolutions of 

the rotor of the electric motor is supplied to the input In2. 

Electromechanical time constant of the electric drive T is 

an output parameter. 

Computer models in Figures 2 and 3 can be used 

as a graphical program code for 8-bit microcontroller 

ATmega2560. This microcontroller is equipped with built-

in 10-bit analog-to-digital converter and 54 digital inputs-
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outputs. This architecture makes it possible to implement 

this speed control algorithm, i.e. the microcontroller will 

control the system, and the control elements are two 

interconnected asynchronous electric motors. The Arduino 

Mega 2560 board can be used as a control module, which 

supports communication with MATLAB. Arduino Mega 

2560 board can be used as a control object with a 

downloaded Simulink-model. This approach is based on 

the possibility of MATLAB to interpret a graphic code 

into C++ language. This approach was implemented in the 

work [12]. 

LIR-390А were used as precision sensors of 

angular displacement in the project. These sensors are 

optical incremental encoders. The appearance of LIR-

390А is shown in Figure-4. 

The developed test stand for the experiment is a 

synthesis of the following elements: Arduino Mega 2560 

board as a process controller fixed on the both rotors of the 

encoders, power converters, reducing gearboxes and a 

rotating frame for fixing the object of rotation. The 

developed test stand is shown in Figure-5. 

 

 
 

Figure-4. Appearance of LIR-390А sensor. 

 

The program in the form of Simulink-model is 

compiled to the Arduino Mega 2560 hardware platform. 

The electric motors are powered by a separate 220V unit 

with a semiconductor frequency converter. The control 

can be carried out both from a personal computer (for 

entering the values of the initial speed and the initial load 

torque), and autonomously. Low-power (20 kW) 

asynchronous motors 4AX80A4Y3 are selected as 

experimental electric motors. These electric motors make 

it possible to implement the power efficient mode.  

 

 
 

Figure-5. Stand with wagons in a different perspective. 

 

Figures 6 and 7 show the simulation results for a 

two-motor electric drive with a subsystem for identifying 

the electromechanical time constant T and a subsystem for 

adapting to the changing parameters of the 

electromechanical system. Oscillograms are made from 

Scope and Scope 2 blocks in Figure-2. 
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Figure-6. Simulation results of performance of 

the "master" electric motor in the adaptive 

control system. 

 

 
 

Figure-7. Simulation results of performance of 

the "slave" electric motor in the adaptive 

control system. 

 

As you can see in Figures 6 and 7, the transient 

time (final synchronization of the number of revolutions of 

both rotors, approximately 1390 revolutions per minute) is 

about 2 seconds. This result is obtained due to the fact that 

the MATLAB program (when controlled from a computer) 

refers to a large number of data packets and drivers that 

slows down the system. In this case, the changes in the 

electromagnetic dynamic moment on the "master" electric 

drive are recorded, which can lead to an overload of the 

entire system. This can cause a turnover of the object 

being rotated. To increase the speed of the system and 

eliminate fluctuations in the electromagnetic torque, it is 

planned to use a more powerful microprocessors with a 

12-bit analog-to-digital converter as a control unit in the 

future. 

 

CONCLUSIONS 

The theoretical calculations presented in the 

article have been confirmed experimentally. It has been 

proven that for effective synchronization of the speeds and 

the number of revolutions of the rotors of two 

interconnected electric motors, it is necessary to identify 

the electromechanical time constant of both electric drives. 

This parameter is further used as a variable in the 

mathematical model of an asynchronous motor. This 

approach makes it possible to determine the deviation 

between both rotors and achieve a relatively fast transient 

synchronization of the speeds of both asynchronous 

motors. 

ATmega2560 microcontroller does not allow 

achieving the required speed (0.5 - 0.6 seconds) to 

synchronize the number of revolutions of two rotors in a 

two-motor system. AТMega2560 10-bit analog-to-digit 

converter does not provide highly accurate measurement 

of the angular displacement of the two rotors. To optimize 

the operation of the control system for a two-motor 

asynchronous electric drive, it is worth using the 

SAM3X8E ARM Cortex-M3 microprocessor with a 12-bit 

analog-to-digit converter available. The system simulation 

results based on SAM3X8E ARM Cortex-M3 were 

reviewed by the authors in the article [8]. 
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