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RESEARCH OF DYNAMIC PARAMETERS OF THE ELECTRIC DRIVE ON THE BASIS 
OF ROLLING ROTOR MOTOR 
 
Purpose. Development and investigation of a dynamic model of electric drive on the base of the rolling rotor motor (RRM) which 
reflects the positioning of the actuator of the locking and regulating equipment in time. Methodology. Analytical description of 
electromagnetic and mechanical processes in the electric drive during the RRM shaft movement by using a system of differential 
equations. Numerical imitation modeling with the processes visualization in the Matlab environment of the RRM rotor displace-
ment with mechanical load in time. Results. It is shown that the degree of influence of the value of the load inertia on the dynam-
ics of the object obtained by the waveform changes the rotation angle of the rotor and motor speed in time. The degree of influ-
ence of the value of the electromagnetic time constant of the dynamics of the positioning of the actuator, and the nature of tran-
sients during acceleration and fixing position of the rotor with a predetermined moment of inertia for different values of induc-
tance. The effect of the ratio of electromechanical and electromagnetic time constants of the nature of the transition processes 
accompanying jog mode angular displacement of the drive shaft on the base of RRM. Originality. The lack of technical means to 
ensure acceptable accuracy time measurement of angular displacement shaft of the actuator in jog mode offset by using a laser 
meter which gives the opportunity to assess the adequacy of the dynamic model of the RRM. Practical value. The results of inves-
tigations allow to create a tool for optimization of structural, technical and hardware and software solutions for the improvement 
and modernization of the projected electric locking and regulating equipment. The direction for improving the dynamics of the 
drive on the basis of RRM is indicated providing for an increase in its torque characteristics of the motor by reducing the influ-
ence of the parameters of transients. References 10, figures 9. 
Key words: rolling rotor motor, time constant, positioning control, dynamics. 
 
Анализируются динамические параметры электропривода на базе двигателя с катящимся ротором. Точность пози-
ционирования такого мехатронного модуля обеспечивается в результате исследования факторов, определяющих 
электромеханическую и электромагнитную постоянные времени. Экспериментальная оценка времени переходного 
процесса при управлении позиционированием модуля позволяет исследовать влияние различных параметров электро-
привода на его динамику. Библ. 10, рис. 9. 
Ключевые слова: двигатель с катящимся ротором, постоянная времени, контроля позиционирования, динамика. 
 

Introduction. A certain segment of the electric 
drive of valves is a mechatronic module combines the 
control system and executive of electric single-turn actua-
tor (ESA) which consists of an asynchronous motor and 
gearbox. Tasks of improvement technical and economic 
performance of these modules require the search for alter-
native actuators, such as rolling rotor motors (RRM). Be-
sides being able to combine the functions of the motor 
and the gearbox, which significantly improves the per-
formance characteristics of the module, an additional ad-
vantage of the RRM is to achieve a predetermined starting 
torque at a relatively low starting current. 

The main trend in the development of the RRM is to 
increase the power of these motors as their energy per-
formance indicators are improved with an increase in mo-
tor power. 

 From the perspective of improving the RRM pa-
rameters used in the valves a decisive role in research 
play opportunities torque, which prevents violation of 
synchronous rotation and slippage of the rotor relative to 
the stator. 

Problem definition. Defining the research aspects 
of dynamic parameters of trees and shrubs, we note that 
the methods and modeling techniques are determined by 
the specifics of the simulation object. Specific to the 
RRM which operates in the valve drive is a universal in-
dicator of the dynamic that characterizes the performance 
- its response П [1]: 

rr JM 2 ,                                  (1) 

where Мr is the RRM torque; Jr is the RRM rotor moment 
of inertia. 

Evaluation of the dynamic characteristics of the ac-
tuator can be made at the time of acceleration and the 
engine stops at a given position, given the resistance mo-
ment and the moment of inertia of the load on the shaft of 
the RRM. 

Such a formulation of the problem is typical for the 
step [2], induction [3] and DC motors used in mechatronic 
systems [4]. 

Features of formation of RRM torque [1] are small 
angular displacement of the motor shaft at predetermined 
control actions, not allow the use of the mentioned ap-
proaches to assess the dynamic parameters of the electric 
drive on the basis of RRM in jog mode. 

The relevance of research results from opportuni-
ties to increase torque RRM to values that are imple-
mented in the ESA with the gearbox. This definition of 
the relevance of the benefit is due to the operating pa-
rameters of RRM on the parameters of ESA. The process 
of an adequate comparison data on the dynamics of the 
start-stop mode is inhibited imperfection of methods of 
assessing the dynamic parameters of the drive, especially 
with the random nature of the positioning valves (valve 
position control). Results of valves operating modes 
simulations make it possible to obtain data that are neces-
sary for improving motor control algorithms based on 
RRM, as well as optimizing its design. 

Known mathematical models of RRM based on the 
equations describing the electromagnetic processes of 
electric machines [6] allow to improve the design of trees 
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and shrubs on the analysis of the angular displacement of 
the rotor at high and low speeds in stationary modes. 

At investigations of the influence of stator coils 
switching modes RRM its torque shown that in conditions 
of changing load [7] is its dynamic characteristics deter-
mine the operational capabilities of the transmitter in 
various fields. By selecting the settings of switching 
modes for RRM given design, the desired speed at differ-
ent points of resistance on the motor shaft. 

More effective to assess the dynamic parameters 
RRM seems a simulation model [8] in which As the result 
of solution of the equation 
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where U(t) is the supply voltage; i is the winding current; 
Ф is the magnetic flux of the stator winding; R is the 
winding resistance; υ is the rotor rotation angle, we can 
obtain electromagnetic torque values Ме depending on the 
rotation angle: 
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The position of the rotor which is determined by the 
angle of rotation υ is calculated by solving the equations 
of equilibrium of torque on the motor shaft, whose mem-
bers include the moment of resistance of the rotor move-
ment, the dynamic moment of resistance, depending on 
the moment of inertia of the rotor and the load. The result-
ing static electromagnetic torque of this model does not 
reflect the nature of the transients which accompany 
switching operation of the rotor movement and depend on 
the electromechanical parameters of electric drive. 

The goal of the work is to develop and investigate 
the drive dynamic model based on RRM which reflects 
the positioning of the valve actuator mechanism in time. 

In addition, the results of the work provided for the 
formation of the requirements for the hardware and soft-
ware components of the electric drive control systems on 
the basis of the RRM which is a tool to optimize the pa-
rameters of valve. 

DKR transition from synchronous to asynchronous 
mode depends on the ratio values of the frictional force 
and the component of force of unilateral magnetic attrac-
tion (FUMA) creating a movement of the rotor on the 
stator bore. In the transition of the RRM in asynchronous 
mode accompanied by a rotor slippage the task of retain-
ing the executive valve mechanism is in position by the 
action of the moment of resistance on the drive shaft. In 
this case, the objective of research is to assess the feasibil-
ity of the required value of the electromagnetic torque 
RRM. 

Influence of magnetic properties of materials of 
RRM magnetic system on its dynamics. Since RRM 
shaft movement occurs as a result of the magnetic field of 
the stator to the rotor, it is necessary to assess the effect 
on the electro-dynamic performance parameters RRM its 
mathematical model. This approach stems from the fact 
that the absence of mechanical load on the motor corre-
sponds to the idle mode in which the slip does not occur. 

Increase of the RRM torque as a necessary condition 
to improve its dynamic parameters, is focused on achiev-
ing the optimal proportions of electromagnetic parameters 
that characterize the operation modes of the RRM. 

The motor torque depends on the angular position of 
the rotor relative to the stator field and the value corre-
sponding to the angle of magnetic induction in the air gap 
of the RRM [9]: 
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where Fδ is the MMF of the air gap in radial direction; δ 
is the air gap; φ is the angular coordinate determining 
radial value of the air gap length; ch is hyperbolic cosine; 
n is the number depending on the motor design. 

Analysis of changes in the values of magnetic induc-
tion in the air gap range by changing the angle of rotation 
of the rotor shows that the change in rotation of the rotor 
Bδ induction are 6%. Accordingly, taking into account the 
non-linear nature of the FUMA depending on the angle of 
rotation of the rotor, it is possible to estimate the range of 
variation for the two extreme values of the angle of rota-
tion. 

Using the magnetization curve of the steel rotor 
(curve 3, Fig. 1) we can calculate the value of the mag-
netic induction in the air gap between the stator and the 
rotor, depending on the intensity of the magnetic field for 
the minimum (0.001 mm) and maximum (0.08 mm) air 
gap which in Fig. 1 are displayed by lines 1 and 2. 

 

 
mWb

A/m  
Fig. 1. Depending of the magnetic flux on the magnetic field 

strength 
 

Two values of magnetic flux (points р1 and р2) cor-
responds to two values of magnetic flux Ф1 = 0.015 
mWb; Ф2= 0.0155 mWb and magnetic flux density 
В1 = 1.515 T; В2 = 1.565 T. 

This fact, with sufficient accuracy for practical pur-
poses, enables approximate function flux density in the air 
gap of the stator and the rotor of the linear dependence of 
the angle of rotation of the rotor. 

The value of the magnetomotive force (MMF) Fδ of 
the stator winding, which causes the value of magnetic 
induction in the air gap depends on the value of the stator 
current I flowing through the N turns of the coils of the 
stator winding. Since the coil current when applying a 
voltage pulse is changed according to the law: 
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where UP is the voltage on the winding terminals with 
resistance RN; τ = L/RN is the time constant; L is the coil 
inductance. Under this law, the rate of rise of EMF in the 
air gap, a change in magnetic flux and magnetic induction 
will be determined by the time constant which depends on 
the parameters of the stator winding. 

Thus, the desire to increase the torque by increasing 
the RRM MMF is limited not only design considerations 
but also increase the inductance coil which together with 
the winding resistance time constant, and hence the dy-
namics RRM. 

In [9] it is shown that the transition process in the 
stator winding of much longer rotor rolling, so the influ-
ence of electro-mechanical time constant of the process 
dynamics can be neglected. However, increasing the mass 
of the rotor, and respectively, its moment of inertia Jr 
which is essential for powerful engines disregard electro-
mechanical time constant leads to errors in the estimates 
of the dynamic characteristics of the RRM. 

The factors affecting the modes of RRM you should 
pay attention to the ratio of the electrical and electrome-
chanical time constants, with time winding switching, 
since these parameters, together with the rotor friction 
regulate the mode change RRM from synchronous to 
asynchronous mode or slippage. 

Formalization of the mathematical model of the 
RRM. Formulating objectives DKR simulations that de-
termine the structure of the model, we take into account 
the fact that the investigated object is used in the compo-
sition of the gas throttling mechatronic module. This 
means that in addition to the requirement value of torque 
and holding torque pipeline throttle position, engine real 
part of a module must provide the necessary speed and 
positioning accuracy, that is, the proper control action 
pickup. Accordingly, model RRM should reflect the con-
nection of said parameters from the control channels. 

Specificity of functioning throttle module is the time 
change in the nature and direction of the mechanical 
stress. Therefore, developing a model should reflect the 
speed and mechanical characteristics in different modes 
of operation of the actuator based on the RRM. 

Since the processes occurring in any motor, influ-
ence each other, for the study of dynamic modes mecha-
tronic module is necessary to consider the relationship of 
energy balance equations and electromagnetic torque with 
the equations of motion of the components of the module. 
As a result of solving these equations numerically ob-
tained time dependence, reflecting the dynamics of the 
process of functioning of the module with the RRM. Ap-
plication of numerical modeling techniques is due to the 
nonlinear character of the equations describing the state of 
the trees and shrubs. 

The structure of the model mechatronic module 
based RRM present scheme consisting of 4 blocks: 

 block emulation movement of the magnetic field of 
the stator (BEFS); 

 logic block (LB); 
 emulation block of Bδ magnetic flux density in the 

air gap of the stator and rotor (BEMI); 
 mechanical block (MB). 

Mechanical block of the model, in accordance with 
traditional approaches to describing movement, can be 
represented by the following equations: 
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where ωr is the rotor rotation angular frequency; Jm is the 
total reduced moment of inertia of the rotor and the load; 
Te, Tf are the electromagnetic torque and the moment of 
resistance to rotation; φ is the rolling angle of the rotor 
relative to the stator field. 

In the environment of MATLAB Simulink simula-
tion corresponds to a block diagram shown in Fig. 2 cor-
responds to (7). 

 

 
Fig. 2. Block diagram of the modeling MB 

 
A feature of modeling MB RRM is a reflection of 

fixing the rotor position as a result of the voltage pulse off 
applied to the stator coil. At the time when the electro-
magnetic torque Te = 0 but continues to operate the time 
Tf resistance, the rolling speed of the rotor begins to de-
cline. After the rotor speed reaches zero, the circuit pat-
tern using the element MB Switch deactivated the moment 
of resistance. 

As can be seen from Fig. 2, in the membrane via the 
damping factor is taken into account the time dependence 
of the resistance on the rotor speed. 

The block of emulation of magnetic flux density Bδ 
reflects the change in the value of the magnetic flux den-
sity in the air gap of the stator and rotor rolling. These 
changes are described by (4). 

Work BEMI synchronized switching pulse generator 
motion control circuit RRM. As a result of applying a 
voltage pulse in the windings of the stator coils RRM, the 
current MMF and forming the magnetic induction in the 
air gap varies exponentially (5). Model changes can rep-
resent aperiodic link with a time constant τ winding. Ac-
tually, it is this constant corresponds to the electromag-
netic time constant of the RRM. 

For the time varying magnetic flux density values, 
take into consideration the magnitude of the air gap, 
which also changes periodically as a result of movement 
of the rotor. Calculations are performed in the gap δ by 
linear interpolation of δ depending on the load angle Θ 
which is connected to the rotor rotation angle φ. BEMI 
simulation diagram is shown in Fig. 3. 

Emulation block of motion vector of the stator mag-
netic field displays discrete changes of the magnetic field 
vector angle in accordance with a frequency set by exter-
nal switching pulse generator. 
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Fig. 3. BEMI diagram 

 
In accordance with the switching rules 8 stator coil 

RRM angle displacement vector of the magnetic field of 
the stator is α = π/4. For the rotor in one direction or an-
other switching pulse generator (Fig. 3, 4) generates sig-
nals which effect movement provides discrete induction 
vector at an angle α = π/4. Violation of balance of forces 
acting on the rotor caused by switching the coils of the 
stator winding sets it in motion, resulting in a change of 
the current position of the rotor angle φ with the changes 
and load angle Θ = (α – φ). 

Electromagnetic RRM time dynamic model by mov-
ing the magnetic induction vector associated with the load 
angle Θ calculated by [1]: 




  sin
2

)(
0

2



 r

e
dSB

T ,                  (8) 

where S is the surface area through which the main mag-
netic flux; dr is the rotor diameter. 

As a result, the time can create electromagnetic 
simulation RRM circuit shown in Fig. 4. 

 

Switching pulses 
generator 

 
Fig. 4. Diagram of the RM electromagnetic torque modeling 

 
Since the objective of the simulation is to study the 

dynamics of the parameters of the RRM, the results of 
modeling should reflect the interaction of acceleration and 
deceleration processes of the rotor over time. Characteris-
tic of these processes is a change in velocity and accelera-
tion values of the rotor not only in time but also in direc-
tion. The logic of the relationships of parameters and 
ranges of restrictions are implemented in the logic block 
(LB). LB model allows reflect the direction of rotation of 
the rotor switch RRM and to exclude the value of the 
model parameters, which are contrary to the physical 
meaning of the engine operation. These problems are 
solved by a combination of logic functions simulation 
environment Matlab. 

LB Interaction with other blocks of the model is re-
flected in the overall block diagram of the dynamic model 
RRM shown in Fig. 5. 

The input parameters of the model are given by the 
characteristics of the RRM and the parameters of mecha-
tronic module of valve. The simulation results are ob-
tained in the form of time-varying output dynamic model 
parameters - the torque and rotational speed of the rotor 
angle RRM. 

 

 

BEMI 

Control pulses 

LB 

 MB

generator 

generator 

 
Fig. 5. Block diagram of the RRM dynamic model 

 
These changes are the output parameters are visual-

ized using Matlab user interface environment. The nature 
of the perturbation modeling object parameter is defined 
on the basis of the simulation tasks. 

The simulation results. Exploring the value of the 
degree of influence of the dynamic moment of inertia of 
the object, received waveform changes the angle of rota-
tion, trees and shrubs of the rotor speed with time for 
various values of the moment of inertia Jm (Fig. 6). 

 

 
Fig. 6. Waveforms of changes the angular velocity and the angle 

of rotation of the rotor windings during commutation 
 

Fig. 7,a shows the changes in the angle of rotation of 
the induction vector control, Fig. 7,b - electromagnetic 
torque Те fluctuations Fig. 7,c - the angular speed varia-
tion, Fig. 7,d - the angle of rotation of the rotor for differ-
ent values of the load torque. From these data it follows 
that increasing the time constant of the module due to the 
shaft torque load up to a certain value, it is necessary to 
limit the switching frequency of the windings. Fig. 7,c,d 
is evident that under certain loads on the shaft of the 
RRM control rotor motion is meaningless because there is 
no fixation of the rotor in the previous position. 
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To assess the impact of the value of the electromag-
netic time constant of the dynamics of the positioning of 
trees and shrubs, consider the nature of the transients dur-
ing acceleration and fixing position of the rotor with a 
predetermined moment of inertia for different inductance 
values (Fig. 8). 

In relative terms in Fig. 8,a shows the variation of 
the electromagnetic moment in time; b - the resultant 
moment, c - change of angular velocity, d - the angle of 
rotation of the rotor to the winding time constant τ = 5 ms 
and τ = 50 ms. 

 

a 

b 

c 

d 

 
Fig. 7. Waveforms of changes of the torque, the rotor speed 

angle and rotation angle 
 

 

a 

b 

c 

d 

 
Fig 8. Waveforms of changes of electromagnetic  

torque, angular velocity and the angle of rotation of the rotor 
 

The curves 1, 2 on the waveform 8,d correspond to a 
change in the angle of rotation for the inertial torque Jm1, 
and curves 3 and 4 - for the moment of inertia Jm2. 

The values of angular velocity for a moment of iner-
tia Jm1 (curve 1) and Jm2 (curve 2) in Fig. 8 differ appre-
ciably, while, as a result of the difference signals changes 
inductance value on the order of (τ = 5 ms, τ = 50 ms) 
unobtrusive. 

It should be noted that an increase in inductance of 
RRM more 500 mH (which is no practical necessity) also 
degrades engine dynamics, particularly in the starting 
torque / braking. 

From the transient analysis implementations ob-
tained shows that the positioning control device of valve 
in which RRM are used, should be developed taking into 
account the ratio of electromechanical and electromag-
netic electromechanical time constants valve drive. De-
spite the fact that the value of the inductance of the stator 
winding in MMF electrical state significantly affects the 
formation of MDS stator winding RRM increasing the 
electromechanical constant as a result of increased me-
chanical load increases the transient driving, up to a loss 
of accuracy of positioning of the shaft. 

To assess the adequacy of the dynamic model RRM 
used experimental setup diagram is shown in Fig. 9. 

 

Control 
system 

 
Fig. 9. Diagram of the change of duration of the RRM shaft 

displacement on the given angle  

 
On the SSR shaft 1 laser emitter 2 is mounted the 

movement of the beam is perceived laser photodetectors 
3. When moving the laser beam, the locking position of 
the shaft RRM through radiation photodetectors state is 
changed by trigger 4. Use measuring time intervals 5, 
which serves as a storage oscilloscope RIGOL SDS 
1022DL, estimated travel time from one shaft RRM posi-
tion to another. 

This time clearly depends on the time of the tran-
sient change of the rotor position. The values of angular 
displacement are determined by the coefficient of reduc-
tion of the RRM, respectively, RRM design features. The 
need to use the laser measuring instrument is the diffi-
culty of measuring small values of angular shaft dis-
placements RRM feeding unit of the switching pulse. 

With the help of the described installation (Fig. 9) to 
assess the impact of different windings switching modes 
RRM on the nature of transient electric [10] is carried out. 
The results of the time correction of the transition process, 
which takes into account the ratio of the electrical and 
electromechanical time constants, indicate the possibility 
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of improving the dynamic parameters of the drive and 
increase its torque. Continued use of the results of model-
ing the dynamics of jog mode electric drive on the basis 
of the RRM opens the possibility of using energy-efficient 
control algorithms. 

Conclusions. A dynamic model of the electric 
drive on the basis RRM reflecting the positioning of 
the drive shaft at the time taking into account the influ-
ence of the valve parameters on the parameters tran-
sients is developed. 

Data obtained as a result of the simulation provide 
an opportunity to formulate the requirements for the 
hardware and software components of the electric drive 
control system based on the RRM. 

Experimental evaluation of the time of transients in 
the management of valve positioning modules allow us to 
state that the improvement of the electric drive on the 
basis of the dynamics of RRM aimed at increasing its 
torque, it is advisable to carry out on the basis of hard-
ware and software systems that provide reducing the in-
fluence of the characteristics of RRM on the parameters 
of transients. 
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