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Abstract

The paper is devoted to determining the output parameters of a servomotor, which belongs to
synchronous machines with permanent magnets, in order to further determine the characteris-
tics of transient modes in the software package ANSYS Electromagnetics. RMxprt, part of
ANSYS Electromagnetics, allows to determine the parameters of windings, losses, motor per-
formance, but requires filling out a form with a complete set of geometric dimensions and
winding data. Of course, such data are not available in the motor data sheet, so the first task
solved in the paper is to determine all the necessary and sufficient parameters to perform the
calculation in RMxprt. The results of the calculations were compared with the measurements
on the experimental servomotor EMG-10APA22. This paper shows how to export a servomo-
tor object from RMxprt to the Simplorer workspace, which is also part of the ANSYS Electro-
magnetics. According to the simulation results in ANSYS Simplorer, the characteristics of the
transient modes of the servomotor powered by a stable three-phase source are obtained. Pro-
spects for further research related to the improvement of the simulation model in ANSYS

Simplorer are presented.

INTRODUCTION

A servomotor is a motor that allows to control the
precise position of the motor shaft as well as the
speed and/or acceleration. For this, appropriate
sensors and automatic control methods are used.
Servomotors used to be auxiliary drives that were
designed for machine tool applications [1-3].

Servomotors can be divided into synchronous
and asynchronous [4]. But it is always a drive oper-
ating under conditions of electronic control of posi-
tion, speed or torque - or a combination of these
parameters. This places very high demands on dy-
namics, control ranges and/or movement accuracy.
Servomotors are usually used in combination with
automation and control systems, for example in
packaging machines [5].

Synchronous servomotors are drives in which
the rotor is synchronously driven by a rotating field

in the stator using permanent magnets attached to it.

The synchronous motor rotates synchronously with
the applied frequency of the rotating field. This
version of the drive is powered by a frequency con-

verter that provides a suitable, controlled three-
phase current. The servomotors can be adapted to
high dynamics or high loads, depending on the
application. Typical applications are food pro-
cessing, construction, automotive, packaging and
woodworking [4]. In this regard, the analysis of the
parameters and characteristics of the servo motor
for subsequent optimization in specific areas of use
seems relevant [6-8].

The aim of this paper is to analyze the character-
istics of the servo motor used by the authors in the
mechanism for moving the axes of a gantry CNC
machine in the drive of longitudinal displacements.
The obtained data will allow to optimize the ma-
chine control system, having previously tested it on
a simulation model. In turn, this will avoid costs
both when performing tests and selecting associated
mechanical components, as well as when setting up
a control system.

The portal-type machine, on the basis of which
the experimental complex is created, in the factory
configuration of the supplier is equipped with a rail-
gear transmission on the axes of longitudinal
movement X, Y (Fig. 1).
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Figure 1. The main elements of the longitudinal drive to
move the axis of the portal-type machine

The rack-and-gear 2 is fixed on the frame 1, and
the drive gear 5 is driven by a servo motor 6
through a gear-belt gearbox 4. The gearbox is
mounted on the movable support of the portal-type
3 by means of a rotary axis 7 and the gap in the in-
stalled gearbox provides reduction of turns with a
gear ratio R =72/22 =3.27.

Servomotor EMG-10APA22, which is the aim of
calculations, is shown in Fig. 2 [9].

The AC EMG-10 servomotor [9] comes standard
with a 2500 pulses per revolution. Incremental en-
coder, runs at a maximum speed of 3000 RPM, pro-
vides peak values up to 300% of the rated torque
and current values, and has a rated torque of
4.78 Nm with a 1.0 kW power rating. These enclosed
and self-cooled motors also provide longer motor
life and higher reliability. The EMG-10 AC servomo-
tors enable industrial motion control applications
with medium inertia to attain a great combination of
speed and positioning functionality.

The passport (rated) data of the servomotor are
given in Table 1. Outline drawings of the machine
are shown on Fig. 2 (legend corresponds to the di-
mensions in millimeters given in Table 2).

Fig. 4 shows the rated characteristics of the ser-
vomotor operating mode.

Table 1. Rated data of the servomotor EMG-10APA22

Name Symbol Value
Rated power, kW P, 1000
Line voltage, V Uy, 220
Phase current, A I 6
Rated speed, rpm n 2000
Frequency, Hz f 133
Rated torque, Nm My 4,78
Number of phases m 3
Winding connection - star
Winding resistance, Ohm z 0,8
Electric Time Constant, ms T 11.57
Inertia, N/s2 J 0.004014

The main parameters, geometric dimensions and
winding data of the experimental servomotor are
given in Table 3.

PRELIMINARY CALCULATION OF
MAIN DIMENSIONS

The data obtained as a result of disassembling
the servomotor, as well as the information available
on the dimensional drawings, is not enough for the
verification calculation in ANSYS, where a complete
set of geometric and winding data is required [10-
18]. Therefore, preliminary design of the machine
must be completed, including the determination of
power factor and efficiency targets.

According to the principle of operation, the ser-
vomotor belongs to permanent magnet synchronous
motors, therefore, the design methodology of such
machines will be applied to its calculation [11, 14-16,
19]. The calculation is not performed completely,
but only until the point, when the parameters neces-
sary for starting the design in ANSYS are obtained
[19]. Thus, it is possible to end with the determina-
tion of the basic geometric dimensions and winding
data and not perform the calculation of the magnet-
ic circuit, active and inductive resistances of the
windings, operating and starting characteristics [20-

Figure 2. Views of the investigated servomotor: (1) - appearance of the EMG-10APA22 servomotor; (b) - servomotor
with the endshield removed (experimental photo); (c) - view of the servomotor coils (photo of the experimental sample)
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Figure 3. Servomotor EMG-10APA22 outline drawings
Table 2. Servomotor EMG-10APA22 dimensions
Flange Slide Key
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Figure 4. Load characteristics of EMG-10APA22: 1 - con-
tinuous working area; 2 - repeatedly working area

Table 3. Servomotor EMG-10APA22 measured dimensions

Name Symbol Value
Stator and Rotor core length, L 50
mm
Stator external diameter, mm D, 122
Stator inner diameter, mm D 74
Rotor external diameter, mm D, 72
Rotor inner diameter (for the D 36
shaft), mm s
Number of stator coils W, 12
Number of permanent N 3
magnets r
Magnet thickness, mm hm
Inductor pole shoe height, mm hp1

¢ phase voltage

e number of pole pairs

60- f
p= ’
n

¢ rated electromagnetic torque

M, —9.550 ;
n

e rated phase current

P

lp=0—n
" 73.U;-PFq

where PF is the power factor; 1 is the efficiency;

e pole pitch

n-D
T=——rij
2-p
e pole length (rotor package)
L5 =A-T ’

where A is the relative ratio of length and pole pitch;
e air gap magnetic flux
_BsD-Ls,

D5
p
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¢ phase EMF (preliminary)
Ef =ke-Us,
where k, is the magnetic field form factor;

e number of turns per phase

Et
Wl =,
4.44.f -

e number of turns in a coil
_W-a

pa’

where a is the number of parallel branches; ¢ is the

We

number of slots per pole and phase.
e cross-section of the winding wire

I
Ot =
Jeu
where J¢, is the winding current density;

¢ elementary conductor cross-section

_ Cef

Ot =—
Ng|

where ng is the number of parallel conductors;

e pole height:

(D, - D) :
hp = aT —hp1;
e number of conductors by pole height:
N, = hp _hins )
dey + Ajns

where hy,s is the insulation thickness at pole height;
Ajps is the double-sided insulation thickness of
winding wire;

In this case, the total thickness of the pole win-
dow will be:

W,
Ny =[N—C+1J-(de| +Ajns )5
C

¢ pole thickness

_05:71:(Dy+D)

b
p NC

NCW _AC ’

where A, is the air gap between coils.

The calculation results of the servomotor, per-
formed according to the presented formulas, are
summarized in Table 4.

The received data is now enough to continue the
calculation of the parameters and characteristics of
the servomotor in RMxprt. In the presented paper,
only key formulas are given.

Table 4. Servomotor parameters in addition to the rated
data

Name Value
Phase voltage, V 127
Number of poles 8
Poles pitch, mm 29
Air gap flux density, T 0.75
Air gap magnetic flux, Wb 0.000694
Number of slots per pole and phase 1
Number of parallel branches 1
Phase EMF, V 123
Number of turns in a coil 75
Number of elementary conductors 2
Conductor section, mm? 0.636
Conductor diameter, mm 0.9
Double-sided conductor insulation
. 0.065
thickness, mm
Pole height, mm 21
Pole thickness, mm 13
Insulation thickness along the pole
. 5
height, mm
Total thickness of the pole window, mm 6
Air gap between coils, mm 7
Power factor 0.61
Efficiency 0.72
Field shape factor 0.97
Ratio between stator diameter
) 1.7
and pole pitch

A detailed calculation was performed by the au-
thors in a Python program [28, 29]. This approach of
preliminary determination of parameters was given
the author’s name “Python Hot Start”.

PARAMETERS CALCULATION
IN ANSYS RMXPRT

ANSYS RMxprt it is needed to select the IPM Syn-
chronous Motor (Incorporated Permanent Magnets)

project type that matches the servomotor being test-
ed (Fig. 5).

Machine Type X

Drezign Flow

7 Maxwell Model \Wizard + Generate RMxpit Solutions

tdachine Type

&+ General " Standard

-3} Induction Machines
@} Inner-Rotor Induction Machine
&} Outer-Rotor Induction M achine
& Solid-Rotor Induction Machine
18} Wound-Rator Induction Machine
i#} Double-Fed Induction Generator
1&% AxialFlux Induction Machine
;83 Hysteresis Machine
=%} Synchronous Machines
= Fiotating-Field Synchronous Machine
Fiotating-srmature 5 pnchronous Machine
Reluctance Synchronous Machine
. ;¥ PM Synchranous Machine
= iﬂ AxialFlux PM Synchronous Machine
[]--‘ﬁ Electronic Commutating b achine

0K Cancel |

Figure 5. ANSYS RMxprt: project type selection
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Next, in the tree of the project manager, it is need
sequentially fill in the tables of motor parameters
and select the required materials (Fig. 6). Let’s con-
sider each of the steps of entering parameters [19].

Project Manager . x
=3 Servo_1kw_2000rpm

£-{8 RMxprtDesign_StPoles (Generic Rotatir
=38 Machine

! E Field
() Winding
Rotor

&

G

Core
45 Pole
i 204 Shaft
[—]ﬂ Analysis
ﬂ Setupl
l@ Optimetrics
3] Results

Figure 6. ANSYS RMxprt: machine characteristics tree

Machine. This section (Fig.7) selects the stator
type and rotor configuration. For the problem under
consideration, a salient-pole stator with an internal
rotor with built-in permanent magnets was chosen.

Properties x

Name Value | Unit |Eva||.|atw

Source Type AC
Structure

Stator Type
Rotor Type

Inner Rator
SALNT_POLE
PM_INTERIOR

Machine

Figure 7. ANSYS RMxprt: global machine properties

Stator. Only the number of poles is specified on
the stator properties tab (Fig. 8).

Properties x
Name Value | Unit |E
Number of Poles 12
Machine

Figure 8. ANSYS RMxprt: stator properties

Stator Core. For the stator, the previously calcu-
lated geometric dimensions (Fig. 9), the steel filling
factor are indicated, the steel material is selected
from the program database (it is possible to create
user material by setting the magnetization curve)
and the pole type is selected (Fig. 10).

Stator Core Pole. In this section, the dimensions of
the pole are set. The pole suggested by the program
(Fig. 10) does not correspond to the real pole of the
tested servomotor, however, by specifying the di-
mensions of the pole, shoe and the length of the arcs,
an acceptable match can be achieved (Fig. 11, 12).

Properties
Name Value | Unit | Evaluzted Value

Outer Diameter 122 mm 122mm
Inner Diameter din Tamm
Length 55 mm 55mm
Stacking Factor 0.95
Steel Type M22_26G
Press Board Thickness 0 mm
Maanetic Press Board [~
Skew Width 0 deg Odeg
Pole Type 1
Machine

Figure 9. ANSYS RMxprt: stator core parameters

WidthBody

WidthShoe

Figure 10. ANSYS RMxprt: sketch of poles

Properties

Name

Value

‘ Unit |Eva|uaied Value

Second Air Gap
Pole Body Width
Pole Body Height
Fole Shoe Width
Pole Shoe Height
Fole Arc Offsst
Second Pole Arc
Stacking Factor
Steel Type

Bpl

Bp2

1 mm
13 mm
21 mm
18 mm
3 mm
05 mm
I
0.57
M22_26G

1 mm
0.5 mm

1mm
13mm
21mm
18mm
3mm
0.5mm

1mm
0.5mm

Pole

Figure 11. ANSYS RMxprt: inductor pole parameters

Figure 12. ANSYS RMxprt: sketch of a stator with poles
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Stator Field. The coil parameters window (Fig. 13)
shows the pole insulation, power supply efficiency
and field current.

Properties X
Name Value | Unit | Evaluzted Value
Shoe Insulation 05 mm
Fole Insulation 05 mm
Winding Clearance 1 mm
Exciter Efficiency 0.95
Exciting Cumrent & A 6A
Machine

Figure 13. ANSYS RMxprt: excitation system characteristics

Stator Field Winding. For the coil winding, its type
is selected (the program includes coils with rectan-
gular conductors wound flat and on an edge), the
number of conductors, their dimensions, as well as
the material of the winding wire (Fig. 14).

Properties x
Name | Value | Unit | Evaluzted Value
Winding Type RoundWire
Farallel Branches 1
Conductors per Pole |75 75
Number Of Strands 2
Wire Wrap 0.065 mm
Vire Size R
Conductor Type copper_75C
Auial Clearance 0 mm Omm
Winding Fillet 0 mm Omm
Limited Cross Width 0 mm Omm
Limited Cross Height |0 mm Omm

Winding

Figure 14. ANSYS RMxprt: winding parameters of induc-
tors

Rotor. For the rotor, as before for the stator, the
number of poles is indicated (Fig. 15).

Properties -4

Name Value

Number of Pales ]

| Unit | Evaluated \Ialue|

Machine

Figure 15. ANSYS RMxprt: rotor properties

Rotor Core. In the parameters of the rotor core,
the outer diameter was given in the form of a for-
mula (Fig. 16), relating its value to the air gap and
the inner diameter of the stator. The rotor length,
core material and pole type are also indicated.
Among the types of poles available in the program,
the one corresponding to the prototype was chosen
(Fig. 17).

Rotor Core Pole. In this tab one can set the dimen-
sions and select the material of the permanent mag-
nets. (Fig. 18).

After the performed operations, a complete sketch
of the servo motor becomes available (Fig. 19).

Properties X
Name Value | Unit | Evaluzted Value
Quter Diameter din-Z"gap 73mm
Inner Diameter 36 mm 36mm
Length 50 mm 50mm
Stacking Factor 0.95
Steel Type M27_26G
S > |
Machine

Figure 16. ANSYS RMxprt: rotor core parameters

Select Pole Type X

e [l [

. Rib
1

o]

Cancel |

Figure 17. ANSYS RMxprt: selection of the permanent
magnets type

Properties X
Name Value | Unit | Evaluated Value
o din-2"gap-2bridge 71mm
02 14 mm 14mm
B1 25 mm 2.5mm
Rib 1 mm Tmm
Layers 1 1
Layer Pitch 0 mm Omm
Magnet Thickness 3 mm Imm
Magnet Width 15 mm 15mm
Magnet Type NdFe30
Fole
Figure18. ANSYS RMxprt: permanent magnets

dimensions

Figure 19. ANSYS RMxprt: servo motor sketch
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Shaft. For the shaft, the presence of a magnetic ma-
terial is selected in the properties, ventilation and
friction losses in the bearings are set at the nominal
speed (Fig. 20).

Properties x
Name | Value | Unit | Evaluated Value
Magnetic Shaft 2
Frictional Loss 5 W 5W
Windage Loss or Power 5 W W
Reference Speed 2000 pm
Shaft

Figure 20. ANSYS RMxprt: shaft parameters

Analysis. The analysis tab initially does not con-
tain attached properties, in order to create them, after
clicking the right mouse button, the context menu
item “Add Solution Setup” is selected.

Analysis Setup. This group of properties is final
and consists of two tabs. The first (Fig. 21a) selects the
operating mode and nominal motor data, and the
second (Fig. 21b) selects the operating frequency and
power factor.

Properties x

Name | WValue
Name Setup1
Enabled [v
Operation Type Mator
Load Type
Rated Output Power 1000 w 1000W
Rated Voltage 200 v 200V
Rated Speed 2000 pm 2000mm
Operating Temperature 75 cel 7heel

‘ Unit |E\raluaied Value

Const Power

General | GRM
(a)

Properties x

Name | Value | Unit | Evaluated Value
Rated Power Factor 0.65
Capacitive Power Factor [~

Frequency 133 Hz 133H:z

General GRM

()
Figure 21. ANSYS RMxprt: solver properties: (1) solver
properties (part 1); (b) solver properties (part 2)

The results of the analysis are shown below and
show satisfactory convergence with the servo motor
nameplate data. In particular, the main key parame-
ters coincided (torque and phase current), and the
rest are within acceptable limits in terms of the re-
quirements for electric machines in general (magnetic
flux density, current density, losses, efficiency).

Fig. 22-26 shows the servomotor characteristics
obtained in RMxprt.

71 Solutions: Serva_TkW_2000rpm - RMxprtDesign10 - 0 X

| [Peomance =l

Design Variation:  [bridge="mm din="74mm’ gap="0.5mm

Simulation [setupt

Perfomance | Design Sheet | Curves |

Dats: | Ful-Load Dperalion ~|
Name Value \ Urits \ Description
+ | RM5 Amature Current S03%E A AC curient thiough the winding

| 2 | Amature Thermal Load 4274 A2t
| | Spesific Electiis Loading 326245 A_per_meler
| ¢ | Amature Curent Density 12651200 A_per_m2
[ "5 [ Frictional and Windage Loss 0.0 Kt
| & [ lron-Core Loss 0.00484377 k'
[ 7 [ &mature Copper Loss 0246804 k'
| & | Transistor Lass 0 Kt
| #|Diode Lass 0 Kt
[ 0] Total Loss 0261848 kw
[ | Output Power 1 Kt
[2 [ Input Power 1.26165 Kt
[ Efficiency 732615 %
[ Torque Angle 75276 deg
[ & |Rated Spesd 2000 pm
[ & | Rated Torque 47767 Newtoneter
| 17| Fundamental AiM3 Phase Back EMF 5237 v

| Close

L 4

Figure 22. ANSYS RMxprt: Servomotor calculation report
(data under load)

7 Solutions: Servo_1KW_2000rpm - RMxpriDesign10 ~ o x|

| [Perfomance ~| |

Desian Variation: [bridge="Tmm' dir='74mm’ gap=0.5mm

Simulation: [setupt

Performance | Design Sheet | Curves |

Data | Permanent Magnet ~
Mae Walue | Urits \ Description

+ | Fesidual Flu Density 11 tesla
|2 [Coercive Force 38000 A_per_meter
[ = [Maimum Energy Density 230450 J_per_m3
|+ |Relative Recoil Pemeabilty  1.0448
| s | Demagnetized Flux Density 0 lesla
| & | Recoil Residual Flus Density 1.1 tesla
| 7 |Fecoil Coercive Force 38000 A_per_meter

Close

Figure 23. ANSYS RMxprt: permanent magnet solver
report

TRANSIENT MODELING IN ANSYS SIMPLORER

The ANSYS Simplorer software package allows to
simulate the transient characteristics of electrical
machines not only on the basis of mathematical mod-
els set by differential equations or built-in machine
models, but also in coupling with previous projects in
RMxprt or ANSYS Maxwell 2D/3D [19]. That ap-
proach in ANSYS called Twin Builder. To solve this
problem, a Twin Builder component was inserted
into the Simplorer worksheet for coupling simulation
analysis of the servomotor dynamic modes based on
a machine object from the RMxprt project.

In this paper, the first phase of the problem is
solved - to link the RMxprt project with the Sim-
plorer power supply and obtain the output character-
istics.
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THREE_PHASE1 SIMPARAMT
3PHAS
A% sin (2% pi* =t +PHI + phi_u)
O PHI =0
=
MASS_ROTT
VM_ROTH
PHI = -120° @
[ ~ |
+
@ PHI = 240°
4 =
STEP1
E F_ROT1

Figure 27. ANSYS Simplorer: simulated servomotor with a stable power supply
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Figure 28. Rotational Speed vs Time
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Figure 29. Phase Current vs Time
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In future works, more complex circuits for simu-
lating transient processes in a servo motor, taking
into account power from a frequency converter, us-
ing a speed sensor and variable loads, will be shown.

Fig. 27 shows a simulation model, which shows a
three-phase power supply 3PHAS, a servo motor
object from RMxprt RMx1, an amperemeter AM1I, a
tachometer VM_ROTI1, a rotor inertia source
MASS_ROT1, a step load generator STEP1, and a
torque sensor F_ROT1.

In the settings of the three-phase power supply
and the element characterizing the inertia value, the
data from the project were passed. The rated load in
the STEP1 block was applied at the time 0.1 s. The
simulated characteristics are shown in Fig. 28 and
Fig. 29.

The values of the rotor speed and the value of
the effective value of the stator winding phase cur-
rent, obtained during the stabilization of the transi-
ent process correspond to the values obtained both
as a result of preliminary design and the rated data
of the servomotor.

CONCLUSIONS

The use of the ANSYS software package for the
analysis of parameters and characteristics of electri-
cal machines in general and the servomotor consid-
ered in this article in particular is justified in cases
where geometric and winding data are known.
Therefore, in this article, the problem of preliminary
design of a servomotor was solved for subsequent
calculations in ANSYS.

The software module RMxprt, included in ANSYS
Electromagnetics software, allows, after the trans-
formations shown in this article, to obtain, based on a
standard design of a synchronous machine with
built-in permanent magnets, a design of a servomo-
tor with salient stator poles and a concentrated wind-
ing. The criterion for the correctness of the calcula-
tions is the maximum approximation of the key char-
acteristics to the rated data of the tested motor. Thus,
the target values of the phase current of 6 A, the rota-
tion speed of 2000 rpm, the torque on the shaft of
4.78 Nm and other parameters were achieved.

The Simplorer software module, included in AN-
SYS Electromagnetics, made it possible to simulate
the dynamic modes of a servomotor without using
the standard blocks of electrical machines and math-
ematical models. Instead, an alternative way of em-
bedding a servomotor object, calculated in RMxprt,
into the Simplorer simulation field was shown, and
then obtaining the transient characteristics of the
machine.

In this paper, we examined the simulation of the
dynamic modes of a servo motor in ANSYS Simplor-
er using a stable three-phase power supply (ampli-

tude 127 V, frequency 133 Hz), considering the rated
load connection during the acceleration phase. In
future work, it is planned to perform a detailed simu-
lation of a servomotor using an embedded servomo-
tor object from RMxprt and using power from a fre-
quency converter together with implementing speed
feedback.
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ITpoekTyBaHHsA Ta MOJIe/IIOBaHHsI CEpBONPMBOIHOIO IBUTYHA 3a IOIIOMOI0I0

BukopucraHHst ANSYS Electromagnetics

Bragmcnas I Imrorin, Onexcarmp AxcboHOB, €BreH LlerensHnk, Ceprivt [ lTaHkoBcbKm,

Bonomymvup Kombapos, JTigis ITimmy6Ha

Amnoranis. CraTTs npucBddeHa BU3HAYeHHIO BUXiTHMX ITapaMeTpiB cepBOJIBUIyHa, SIKUV BiTHOCUTBCS 1O CMHXPOHHMX
MallMH 3 IIOCTIHVMM MarHiTaMy, 3 MeTOIO IIOJaJIBIIOrO BU3HAUYeHHS XapaKTepPUCTUK OMHAMIYHIX PeXMMIB B IIporpa-
MHoMy 11aketi ANSYS Electromagnetics. ITporpama RMxprt, sika BxomamTs 10 ANSYS Electromagnetics, mossosisge Bu3Ha-
YUTH IIapaMeTpyi 0OMOTOK, BTpaTyi, poOoYi XapaKTepuCTVKI IBUTYHa, ajle BMarae 3alloBHeHHs (POpMYJIsipy 3 IIOBHUM
HabOpOM reOMeTPUYHVIX PO3MipiB Ta OOMOTKOBMX JIaHMX. 3BMUAVHO, TaKi JaHi BIZICYTHIi y IIaCIIOPTi JIBUTyHa, TOMY IIe-
plla 3a7a4a, SKa BUpILIeHa y CTaTTi — L BU3HA4YeHHs BCixX HeoOXiTHMX i MOCTaTHIX MapaMeTpiB /I BUKOHAHHS po3pa-
xyHKY B RMxprt. PesysibraTi po3paxyHkiB Oy NOpiBHSHI i3 BUMipIOBaHHSIMM 3a JOIIOMOTOIO €KCIIePVIMEHTAIBHOTO
3pasky cepsomsuryHa momesti EMG-10APA22. Y craTti mokasaHO, K BMKOHATM €KCIIOPT OO €KTy CepBOABWUIYHa 3
RMxprt y pobouiit mpoctip nporpamm Simplorer, sika Takoxx BXxoguTb 110 rmakeTy ANSYS Electromagnetics. 3a pe3ysibra-
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Tamu MopermoBaHH: B ANSYS Simplorer oTprMaHO XxapaKTepUCTVKY IIepexiTHX peXXUMiB CepBOIBUTYHa TPV KMBJIeH-
Hi Bix crabiteHOrO TpMdasHoro mxepena. [TokasaHo IepCHEKTMBY NONAJIBIINX JOCIIPKEHD, IIOB SI3aHNX 3 YHOCKOHa-

JIeHHsIM iMiTanivHoI Momerti B ANSYS Simplorer.

KorouoBi cy1oBa: cepsonpmBogHMTI ABUTYH, BOymosaHi MarHiTH, ANSYS Simplorer, Twin Builder, mapamerpu gsurysa.
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