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Abstract

This paper presents the development of a platform for coupling modeling (co-simulation) of
an electromechanical energy converter using ANSYS Maxwell and ANSYS Twin Builder. The
researched electromechanical energy converter is based on the operation principle of an induc-
tion motor with an external hollow solid rotor. The paper reveals the specifics of modeling this
type of special electric machine. In the work, step-by-step modeling of the machine in ANSYS
RMxprt, export of the model in ANSYS Maxwell 2D and 3D with further co-simulation in
Twin Builder was performed. It shows how to set up the project to import an object calculated
by the finite element method from ANSYS Maxwell into the Twin Builder sheet. Coupling
simulation of an electromechanical energy converter with a stable three-phase power source
was performed. The simulation model considers the presence of a step mechanical load during
the run-up to the rated speed. Such structure of a coupling project gives better simulation
results compared to the use of simulation models with concentrated parameters, based on the
implementation of differential equations of electromagnetic transients using functional blocks.
The obtained characteristics showed a high coincidence of the expected results according to
the indicators of phase currents of the stator winding, moving torque and rotation speed. This
paper will be useful for coupling modeling special-purpose electrical machines that are not
available in the ANSYS Twin Builder library as ready-made blocks.

INTRODUCTION

Technological processes related to heating, mixing
and transportation of viscous and loose materials
have found wide use in various branches of the
national economy (industry, agriculture, energy) [1].
Increasing the efficiency, economy and versatility of
devices that provide processing of the specified
materials is determined by the level of development
and implementation of scientific research in indus-
try, operation, in the development of new design
solutions, technologies. The primary importance is
the use of electromechanical devices as nodes of a
technological chain, which undoubtedly refers to
modern trends in the field of scientific achievements
of the XXI century [2-4].

The problem of creating energy-saving and envi-
ronmentally friendly raw material processing tech-
nologies in various industries and agriculture has

become particularly acute in connection with the
rise in energy prices and the resulting impracticality
of operating old-style energy-intensive complexes
[5-14].

A reasonable alternative to traditional complexes,
which contain separately formed units of equipment,
are electro-technical complexes based on multifunc-
tional energy converters (MFEC) of the electrome-
chanical type, which provide for the effective use of
dissipative component energy, structural, functional
and thermal integration [15]. In Fig. 1 shown a typi-
cal simplified scheme of fuel preparation for ther-
mal power plants.

Such complexes occupy several floors of the
workshop, require the presence of a gas boiler room
to produce steam, electric motors, reducers, voltage
regulators, fans and electric heaters, magnetic sepa-
ration and magnetic processing systems.
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Figure 1. Traditional scheme of processing raw materials to produce CHP fuel: A - phase of mixing and preparation of
raw materials; B - primary drying phase; C - final drying phase; D - phase of magnetic processing; 1 - bulk bunker; 2 -
gas boiler room; 3 - electric motor; 4 - reducer; 5 - screw; 6 - fan; 7 - frequency converter/voltage regulator; 8 - electric

heater; 9 - magnetic separator

In addition, environmentally harmful additives
are used during fuel preparation. According to a
similar principle, of course, considering the specifics
of the technological process, complexes for the pro-
cessing of grain, paraffin, fuel oil and other loose
and easily melting substances are being built. All
these complexes are connected by the following
functional features:

e presence of a voltage regulation system;
e presence of an electric motor;

e presence of a reducer;

o the presence of an auger;

¢ availability of a material heating system.

Such complexes have low energy efficiency due
to energy losses both in individual nodes and in the
material transfer links between processing phases.
Due to the use of a gas boiler house and chemical
impurities, the level of environmental danger is
increasing. In addition, the overall reliability of the

complex is very low, as it is determined by the
product of the reliability coefficients of individual
elements of the system [16, 17].

In this regard, the development of such complex,
which would be able to perform the above functions
of the already existing complexes, but devoid of
economic, mechanical and environmental disad-
vantages, is proposed. In a schematic form, the im-
proved complex for the production of fuel for ther-
mal power plants has the form shown in Fig. 2.

The technological process involves the use of on-
ly one electromechanical MFEC device, which com-
bines several functions for material processing:

¢ ensuring a low rotation speed without using a
mechanical reducer or frequency converter;

¢ mixing and transporting material;

e grinding of large fractions of raw materials;

¢ heating;

e electromagnetic processing.
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Figure 2. Modified scheme of processing raw materials for
the production of CHP fuel: 1 - bulk bunker; 2 - unregu-
lated or regulated power supply system; 3 - multifunc-
tional energy converter (MFEC)

The aim of this paper is to develop a simulation
model of the system of stabilization of the speed of
rotation of the rotor of the MFEC. Because the de-
sign of the hollow solid rotor makes it difficult to
install a speed sensor, in the model, as in real fre-
quency control systems, the speed will be calculated
from flux linkages and stator winding currents. The
results of the research are the basis for the produc-
tion of an experimental sample of the MFEC control
system.

IMITATION MODEL

In the previous work, the construction of the MFEC
model in ANSYS RMxprt [18] using a specialized
template for electric machines with an external solid
rotor was given in detail [19]. The study of an induc-
tion motor with an external solid rotor was de-
scribed in works [14, 20, 21]. The study of a special
electric motor in ANSYS Maxwell and Twin Builder
is presented in [22]. The conducted studies finished
with the calculation of the MFEC parameters and
obtaining the working and mechanical characteris-
tics under static loading in ANSYS RMxprt and
Ansys Maxwell 2D.

Studies of electric machines in ANSYS Maxwell
and Twin Builder (also known as Simplorer) are
present in works [23-30]. These papers, like many
similar ones, are devoted to the study of standard
types of electric machines, which are significantly
different from MFEC. In this regard, the materials
presented in this paper have differences that reveal
the specifics of special performance electric ma-
chines simulation.

In this paper, the MFEC model obtained earlier
(Fig. 3) is used, with further studies of transient

electromechanical processes in ANSYS Twin Builder.

Figure 3. MFEC model in RMxprt: cross section (a) and
stator winding (b)

To do this, it is needed to import the field model
in Twin Builder, but before some additional opera-
tions must be performed:

e create a 3D model of the machine to consider
the features of the MFEC geometry and im-
prove field calculations (Fig.4). The figure
shows the main calculation objects of the
model: the inner stator, the outer hollow solid
rotor, the shaft and the three-phase winding.
Areas of symmetry (dependent, independent)
and additional geometry (inner region, outer
region, band) are hidden on the figure;

e change the stator windings excitation from
the direct assignment of currents or voltages
to the use of an external circuit in the Circuit
Editor (Fig. 5);

e perform the calculation of the MFEC charac-
teristics in Maxwell 3D in the transient mode
with a run-up from zero speed to the rated
speed, considering mechanical transients and
load torque (Fig. 6) [18];



Lighting Engineering & Power Engineering (ISSN 2079-424X / eISSN 2415-3923) 24

0 100 200 (mm)

Figure 4. Model of the MFEC in Ansys Maxwell 3D (1/8 part) taking into account longitudinal and transverse symmetry
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Figure 5. Scheme of excitation of the stator windings in the Circuit Editor
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Figure 6. Characterization of the speed of the MFEC run-up in Maxwell 3D
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Figure 7. Twin Builder box: MFEC object imported from Ansys Maxwell 3D

e in the project "Design Settings", "Advanced
Product Coupling" tab, activate "Enable tran-
sient-transient link with Twin Builder" check-
box.

Only after that, the transient Maxwell 3D co-
simulation component can be added to the Twin
Builder project (Fig. 7) - this is only way for correct
import to perform co-simulation of ANSYS Twin
Builder and ANSYS Maxwell.

The first stage of the calculations consisted in
checking the fundamental possibility of compatible
modeling without technical errors. For this, the elec-
trical input ports of the MFEC object (PhaseA_in,
PhaseB_in, PhaseC_in) were connected to a stable
three-phase power source with a frequency 50 Hz
and the output of the windings was connected in a
star node (PhaseA_out, PhaseB_out, PhaseC_out).

The output mechanical ports were connected to a
static load (MotionSetupl_out) and the grounding
element (MotionSetup1_in), which blocks the stator
rotation (Fig. 8).

After importing an object from Maxwell 3D, the
active resistances and inductances of the stator
winding are not automatically transferred, so these
elements were placed into the scheme with the val-
ues specified in the Circuit Editor scheme (Fig. 5).

In addition, the rotor moment of inertia is not
transferred from the Maxwell 3D model. To take it
into account, the MASS_ROT1 element was added
to the model, in the parameters of which the mo-
ment of inertia of the MFEC is set at 7 kg-m2.

In the STEP1 step function block, the initial value
of the load torque is 10 Nm, in a simulation time
0.2s-120 Nm.



Lighting Engineering & Power Engineering (ISSN 2079-424X / eISSN 2415-3923)

26

SIMULATION RESULTS

The results of the simulation of the ANSYS Maxwell
- Twin Builder coupling project are shown in Fig. 9-
12.

Comparing the characteristics of the MFEC rotor
run-up under load in Maxwell (Fig.6) and Twin
Builder (Fig. 12), the speed dependences are identi-
cal, and the markers at the corresponding moments

of time have a high convergence of the rotation
speed values.

So, the set task of MFEC co-simulation using
Maxwell 3D and Twin Builder was accomplished.
The future studies will be devoted to the MFEC co-
simulation, powered by a frequency converter with
the implementation of a rotor speed stabilization
system.
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Figure 8. Twin Builder: simulation model of the MFEC with the Maxwell object
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CONCLUSIONS

In the simulation modeling software ANSYS Twin
Builder, as well as in analogues (Simulink, SciLab),
library blocks are provided for common types of
electrical machines, the construction of which is
based on the implementation of differential equa-
tions with using of functional elements. However,
this approach is significantly inferior in modeling
accuracy to the model built using the finite element
method, since a fundamental transition from con-
centrated to distributed parameters is performed on
the distribution values of magnetic induction and
magnetic intensity in the calculated 3D space. Be-
cause of this, using the coupling field calculation
simulation in Maxwell together with Twin Builder
power and control elements, significantly improves
the expected results.

In this work, a specific design of electrical ma-
chine as the MFEC - an induction motor with an
external solid rotor - does not have any relevant
components in the built-in library at all, so co-
simulation is the only way to study the machine in

transient modes. The task of implementing the spec-
ified approach was successfully completed, and the
obtained results are the basis for further research on
the MFEC.
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Po3po6ka imiTanivtHoi MofesIi eJIeKTpOMeXaHiYHOTO IepeTBOPIOBada eHeprii 3
MacuBHMUM poTopoM B ANSYS RMxprt, Maxwell i Twin Builder

Biagmcnas Imrorin, Mukosa 3abmoncskmin, €sren Lerensumk, Onekcint CJTOBIKOBCHKUT

Anoranis. Y crarTi mpesicTasiieHo po3poOKy IIaTdopMu CyMiCHOTO MOJIeJIIOBaHHS eJIeKTPOMEXaHiuHOTo IIepeTBOpPIO-
Bayva eHeprii 3 BukopucraHHsaM ANSYS Maxwell ta ANSYS Twin Builder. EnekTpoMexaHiqHMIT IepeTBOpIOBaY €HEPTil,
SIKVVL JTOCJIJIKY€ThCS, 3a IPVHLIMIIOM JIii € aCMHXPOHHVM ABUTIYHOM i3 30BHIIIHIM OPOXHMCTUM MacMBHIUM poTopoM. B
CTaTTi po3KpwTa crenudika MoIe/TIOBaHHS TaKOTroO THUITY CITeIliaJIbHOI eJIeKTPUYHOI MalllMHu. B poboTi BuKoHaHO Toe-
TarHe MonemoBaHHs MarvEN B ANSYS RMxprt, ekcriopt Mozmernni B ANSYS Maxwell 2D Ta 3D. ITokasaHo, SIKMM 9MHOM
BUIKOHATV HaJIAIITyBaHHS IIPOEKTY IS IMIIOPTY OO €KTY, pO3paXOBaHOMY MeTOOM CKiHueHHWX ejleMeHTiB B ANSYS
Maxwell y noste Twin Builder. BukonaHo cyMicHe Mope/oBaHHS eJIeKTPOMEXaHIYHOIO IlepeTBOpioBada eHepril IIpu
KVBJIEHHI Bif cTabitbHOTO TpridpasHOTO mKeperta. B iMiTarivHivt Mopesti BpaxoBaHa HasBHICTh CTYIIIHYaCTOTO MeXaHid-
HOTO HaBaHTa)kKeHHJ I 4ac po30iry 1o HoMiHaJIbHOT MIBMAKOCTI. Taka CTPYKTypa CyMiCHOTO IIPOEKTY JIa€ OUTBIN sKicHi
pe3yJIbTaTy MOAE/IIOBaHHS Yy IOPIBHAHHI 3 BUKOPWMCTaHHSAM iMITalliIHMX Mopesiell 3 30cepeKeHVMM IlapaMeTpaMy,
3aCHOBaHMX Ha iMIUIeMeHTallil AudepeHLiHIX PiBHSIHb eJIeKTPOMArHiTHMX IIepexiTHMX MIpOleciB 3 BUKOPUCTAHHIM
dysKiioHapHNX O10KiB. OnepXaHi XxapaKTepUCTVKY ITOKa3aIv BUCOKMIL 30ir ouikyBaHWMX pe3ysIbTaTiB 3a ITOKa3HVKa-
MU a3HMX CTPyMiB OOMOTKM cTaTOpa, 00epTalbHOTO MOMEHTY Ta IIBMAKOCTI. [lara poboTta Oyme KopucHa AJIs IpoBe-
IEeHHS MOMIEJTIOBAHHS eJIEKTPUYHVIX MAIIIMH CIelialbHOro BUKOHAHHS, SKi BifcyTHi y OibmioTewi rotosux Momystis AN-
SYS Twin Builder.

KitrogoBi cj10Ba: acHXpOHHA MalllViHa, MaCUMBHIII POTOpP, 30BHIIIIHIN poTop, cyMmicHe MofemoBaHHsa, ANSYS Maxwell,
ANSYS Twin Builder.
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