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Purpose. To choose general control algorithm for asynchronous motor, to obtain mechanical specifications for

different parametric control circuits and compare them.

Methodology. A generalized scheme of parametric control for asynchronous motor and its mathematical descrip-
tion was used for automatic selection of power converter circuits. Based on them, comparative analysis of mechanical
characteristics of the motor was performed regarding changes of the parameters of the converter.

Findings. The simulation showed that the type of static mechanical properties of the asynchronous motor depends
on the selected power converter circuit, the values of opening angles of the thyristors of stator and rotor switches,
control mode and changes of their equivalent resistance value. Calculated mechanical characteristics of the asynchro-

nous motor are supported by experimental results.

Originality. Methods for analytical calculations of mechanical characteristics of the asynchronous motor with

various parametric control circuits were proposed.

Practical value. The proposed technique can be used for practical engineering calculations, while the mechanical
properties obtained can be applied when designing asynchronous motors with parametric control.
Keywords: asynchronous motor, generalized circuit, converter, switch, module, thyristors, resistors, characteristics

Introduction. Construction of electric drives for dif-
ferent technological mechanisms includes calculation of
mechanical characteristics of an asynchronous motor
(AM). The task of precise calculation of the mechanical
characteristics with parametric control over AM pres-
ents difficulties associated with the solution of nonlinear
differential equations that determine the electric work in
the stable and transient modes. With this type of asyn-
chronous motor, the control is reduced to continuous
changes of the AM connection scheme; as a result, its
work modes represent a sequence of the transient pro-
cesses, caused by swaps of the switch thyristors. Calcu-
lations are also complicated because they should be per-
formed taking into account the asymmetry of the con-
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nection scheme of the AM stator and rotor windings, its
multiphaseness, mutual influence between the phases
and influence of the rotor rotation speed on the nature
of electromagnetic phenomena. All this points to the ur-
gency of the problem, which is a practical task and re-
quires solutions via simple engineering methods.
Analysis of the recent research and publications. Most
of the calculations of mechanical characteristics are pre-
sented via thyristor control over AM [1]. Analytical cal-
culation methods performed for asynchronous-valve
cascades or thyristor frequency converters can be par-
tially used for calculation of the AM mechanical charac-
teristics while it is controlled by switches with resistor-
thyristor modules (RTM) [2—3]. The main differences
are caused both by peculiarities of regulating the current
value via controlled valves and by possible schemas of
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the resistors, thyristors, stator and rotor windings con-
nection. Besides, it is known that there occur changes in
the AM parameters, such as opening angle of the thyris-
tors, voltage of the stator, EMP of the rotor, currents of
the stator and rotor, electromagnetic torque, its slip, and
other interrelated dependencies. It is not possible to
identify expressions in the form of precise analytical for-
mulas in general even for the most simple power circuits
of parametric control. Considering the above difficulties
in practice, the calculation of AM mechanical charac-
teristics is performed by close methods featuring very
high accuracy. At the same time, these issues require de-
tailed study of starting and braking modes of the AM
with different power schemes and the ways of RTM con-
trol, separately or simultaneously inserted into the stator
and rotor of the AM. The coefficient of efficiency, cos @,
reliability, economy and other indexes of the AM largely
depend on the solution of these issues [2—5].

Objective of the article. To obtain a systematic analy-
sis or rational options of AM power circuits, the most
convenient way is to use generalized control scheme
over AM and its mathematical description, which allows
creating a generalized control algorithm and effectively
use it while performing research via PC. Moreover,
qualitative and quantitative analyses of static mechani-
cal properties are most convenient to carry out using
mathematical modeling.

Presentation of the main research and explanation of
scientific results. It is widely known that the resulting
electromagnetic torque is equal to the algebraic sum of
torques from different harmonics. For example, for a
generalized scheme of parametric control of §}; type the
AM torque is determined as follows

M:M1+M5+M7+M]1...,

where indexes near M correspond to the harmonics
number.

Calculations and experiments have shown that the
impact of higher harmonics on AM electromagnetic
torque with parametric control is minor, so for practical
purposes, only electromagnetic torque of the first har-
monic should be taken into account; this torque is de-
termined by known methods and mathematical expres-
sion from the theory of automated asynchronous motor.

AM mechanical characteristics with parametric
control in the stator and rotor circuits, as previously
noted, can be calculated by PC using SXEP routines [5].
When performing calculations into SXEP, the following
groups of initial data are entered which include:

- network voltage Uy, Uy, U, for each A, B, C phase,
which powers stator windings, frequency of power net-
work f,, and phase shifting of the power phases ¢, @3,
?c;

- circuit parameters of the stator and rotor: ry, rp, re,
Tas T'ps Tels LA’ LB: LCa La’ Lb: Lc’ M12a M2lap’ MZ; IBB;

- current scale for the stator and rotor, electromag-
netic torque, rotary rotations, consumed power, etc.;

- sign of mode — PR (rotary rotations ®, = var or ®, =
= const);

- criteria of reaching a sustainable mode — KP and
required precision of calculation E;
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- nominal step of integration — H, minimal step —
H,, which is equal to 107 ¢, the number of points per
one period (commonly it equals 20);

- nonzero initial conditions and features selected to
calculate the power switch circuits that establish limits
and intermediate values of the RTM resistances.

Verification of the sustainable integration mode is
performed after a given number of periods of the power
network (the so-called macro step). Prior to the next
macro step, two previous steps are compared according
to one of the selected criteria. If KP = 1 the average val-
ues of variables are compared, at KP = 2 instantaneous
values are considered, at KP =3 the average frequency of
the rotor rotation. If the achieved value of the power sat-
isfies E specified value, then a sign of the end of the cal-
culation is established. When PR = 0, there is a non-
constant rotation frequency mode ®, = var, calculation
is performed and the instant values of variables are dis-
played. When PR > 0 o, = const mode is set, an average
electromagnetic torque, rms currents, consumed power
and losses in the stator and rotor circuit are calculated.
Then a new value of velocity is set up and so on, until the
entire set m, is not processed.

The simulation showed that the type of static me-
chanical properties of AM depends on the selected pow-
er circuit, values of opening angles oy and o,, SK and
RK valves control method of switches and equivalent
resistance values of the RTM. Changes of these factors
can provide a different form of mechanical characteris-
tic of the asynchronous motor. It is enough to compare
the characteristics shown in Fig. 1, obtained on a PC
from generalized scheme of the parametric control over
AM and marking of the scheme of §},Zr;, type and all
other circuits.

The AM mechanical characteristics are not only ob-
tained by calculations on the PC, but are also proved
experimentally. The graphs show calculated characteris-
tics as solid and stroke-dotted lines, and experimental
characteristics are marked with asterisks. To obtain the
AM mechanical characteristics, electric motors of two
MTF 411-8 and MTF 211-6 types were used that func-
tion in a move mode with parametric control. On the
graphs, electromagnetic torque M is expressed in parts
of nominal torque Mn of the electric motor, and the ac-
tual value w, in parts of the synchronous frequency ®;
of rotor rotation. In the stator circuit a switch of S}, type
is used, but other types such as 5, S5, can be applied.
Type of the mechanical characteristics has no significant
changes. A switch of Zyr;, type is used for the AM rotor.
The same mechanical characteristics are valid for other
types of switches that comprised into the rotor circuit,
for example, ZgR;, type. The calculated characteristics
(Fig. 1, a) for the asynchronous motor of MTF 411-8
type are identified in the process of changes of the thy-
ristor’s opening angles o,y of the stator switch with values
of 60°, 70°, 80°, 90° and 110° and two values of the angle
ar of the rotor switch that equals 30° and 120°. The same
characteristics are calculated for the asynchronous mo-
tor of MTF 211-6 type with o of the stator switch with
values of ¢°, 60°, 80°, 110° and two values of the angle o,
of the rotor switch that equals 0° and 90° (Fig. 1, b). Ex-
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Fig. 1. AM mechanical characteristics with phase control via the RTM thyristors, scheme of S12Z0r32 type:
a— MTF411-8;1-5 respectively ag=60°, 70°, 80°, 90°, 110°; b — MTF211-6; 1—4 respectively ag=¢°, 60°, 80°, 110°; M and Mn
are electromagnetic and nominal torques of the asynchronous motor respectively; o.. and o.g are opening angles of thyristors of the
switch of the rotor and stator respectively; o, and . are actual values of the velocity and asynchronous rotation frequency of the

rotor respectively

perimental characteristics for the asynchronous motor
of MTF 411-8 type are obtained with the thyristor’s
opening angles ag = 60° and o, = 30°, and for the asyn-
chronous motor of MTF 211-6 type with oy = ¢° and
a,=90°.

Fig. 1 shows that precise accuracy of calculated and
experimental characteristics is achieved. Latest charac-
teristics proved the admissibility of using the asynchro-
nous motor with parametric control for practical engi-
neering calculations and design. According to the results

of research, with reduction of opening angle oy of the
stator switch (a, = const) critical slip Sk decreases and
the critical torque My of the AM increases. At the same
time with angle a, (o, = const) increasing, the critical
torque decreases and the critical slip of the AM increas-
es. Adjustment of the thyristors opening angle causes
changes of the equivalent resistance of the RTM — r,,,
rh4, that causes change of the critical torque MC and
critical slip SC. As an example, in Fig. 2, a, b dependen-
cies are shown respectively: M-=f(ryy, rhy, S) and S¢=

=— Calculation
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Fig. 2. Dependencies of equivalent resistance of the RTM on:
a — critical torque; 1—4 respectively 1y, =r5,= 05 ry =14, Fh, =051y =0, rh, =28} 1y =1y, e =2 1y b — slip; 1—4 respec-
tively rh, = 2rb; =05 1y =1y 15, = 0; ¢ — inrush torque; 1—6 respectively rh, =1l 1o, =0; 1= 05 Fyy =145 Fhy =30 Pl 1y =
=20rA; M, M, and M are values of the starting, nominal and critical torques of the AM respectively; r,, and r’, are equivalent
resistance values; S and S, are critical and nominal slips of the AM respectively
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=f(ry, r5,). In these graphs values of the critical torque
M, and critical slip S¢ are indicated, respectively, in
parts of the nominal moment M, and nominal slip Sy.
As it follows from the charts, the highest value of the
critical torque is achieved with r,, = r, = 0, and the low-
est — at = ry, rhy = 2 r). Increase in the value of the
equivalent resistance in the rotor circuit , results in in-
creasing slip, while increasing r%, reduces the value of
the AM slip. To ensure smooth acceleration of the AM
the RK’s ar, angle should be adjusted, as a result, equiv-
alent resistance of the RTM and the ratio between the
active and inductive resistances will change. It is possi-
ble to achieve an increase in the starting torque M, while
reducing inrush currents simultaneously.

Inrush torque Mi of the AM depends on the value of
the RTM equivalent resistance in the rotor circuit 75,
and in the stator circuit (Fig. 2, ¢). With huge increase in
r5, 2 50 r] the starting torque rapidly decreases. De-
crease in the resistance r,, < 0 noticeably increases the
starting torque. That is why the values of the resistors
which is comprised into the RTM must be selected to
provide necessary starting torque of the AM with mini-
mal losses in the stator and rotor circuits.

RTM presence in the rotor circuit allows the AM
with the pulse adjustment of valves in schemes of Z; R,
and Z; R;;, type to expand the range of regulation of the
rotary rotation and to get artificial characteristics, which
are quite close to the natural mechanical characteristics.
To confirm this, it is necessary to point out the charac-
teristics that are shown in Fig. 3 with the thyristor’s
opening angles a.g and a, being equal to zero and poros-
ity y = I. Increase in the porosity y provides tougher me-
chanical characteristics. At the same time the critical
torque is growing and the critical slip is decreasing.

The decreasing starting torque of the AM suggests
the possibility of providing modes with adjustable cur-
rent in the rotor circuits and required electrical losses in
the AM by changing porosity y.

Conclusions. Analysis of the AM mechanical charac-
teristics allows making a conclusion about appropriate
variation range of a.g and o, angles in the process of reg-

as=0

ulation; that allows forming the required mechanical
characteristics. Theoretically, for the stator and rotor
switch schemes, the change of angles oy and o, is in
range j < o< 180° and 0° < o, < 180°, respectively. How-
ever, with large thyristor opening angles (og > 115°) the
electromagnetic torque of the AM on the regulated
characteristics cannot be greater than 3—5 % from their
values on the real characteristic. Further increase in the
angle oy makes no sense in practice, because the lowest
value of the torque of the AM idle for most drives makes
up to 10 % of the nominal torque. Thus, the required
range of angles ag changes as follows: j < ag < 115°. At
the same time, the range of variation of the angle a,
should be maximized and is: 0° < o, < 180°.
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Mera. O0Opatu 3arajJibHUIN aJTOPUTM YIPaBITiHHS
ACHMHXPOHHUM CJICKTPOABUTYHOM, OTPUMATH MEXaHIq-
Hi XapaKTepUCTUKU IJISI Pi3HUX CXeM ITapaMeTPUIHOTO
YIIPaBJIiHHS Ta BUKOHATU 1X MOPiBHSIHHSI.

Metonuka. BukopucraHa y3arajibHeHa cxema Iia-
paMeTPUYHOTO YIPAaBIiHHSI ACMHXPOHHUM €JIeKTPO-
JNBUTYHOM Ta il MaTeMaTUYHUI OMKUC ISl aBTOMAaTU30-
BaHOTO BHUOOPY CUJIOBUX CXeM IepeTBoploBayiB. Ha ix
OCHOBi BUKOHAHO MOPiBHSIHUI aHaTi3 MEXaHIYHUX Xa-
PaKTEPUCTHK €JICKTPOIBUTYHA TIPU 3MiHi ITapaMeTpiB
nepeTBopioBaya.

Pe3syabraTu. ¥ pesyabrati MOAEIIOBaHHS BCTAHOB-
JIEHO, 110 Bl CTATUYHUX MEXaHIYHUX XapaKTePUCTUK
ACUHXPOHHOTO €JIEKTPOIBUTYHA 3aJIEXKUTh BiJi 00paHO1
CUJIOBOI CXEMU MepeTBOpIOBaya, BEJIMYMH KYTiB Biml-
KPUBaHHSI TAPUCTOPIB CTATOPHOTO i1 POTOPHOTO KOMY-
TaTOpiB, CIOCOOY YIpaBJIiHHSI HUMU Ta 3MiHU B HUX
€KBiBaJICHTHOI BeJIMYMHU OIopiB. Po3paxyHKOBi Mexa-
HiYHI XapaKTepUCTUKHA aCUMHXPOHHOIO €JIEKTPOIABUTY-
Ha MiATBEepKEeHi pe3yJbTaTaMU eKCIepUMEHTAIbHUX
JOCTiIKEHb.

HaykoBa HoBU3HA. 3amporioHOBaHA METOAMKA ISt
AHAIITHYHUX PO3PaxXyHKIiB MEXaHIUHUX XapaKTepUC-
THK eJIEKTPOIBUTYHA TIPU Pi3HUX TTApaMEeTPUIHUX CXE-
Max yrpaBJliHHS.

IIpakTHYHA 3HAYMMICTB. 3aIIPOTIOHOBaHA METOIMKA
MOXe OyTM BUKOPHMCTaHA IS TIPAKTUIHMX iHXEHEep-
HUX pO3paxXyHKiB, a OTpMMaHi MeXaHIuHi XapaKTepuc-
TUKM — TIPU OPOEKTYBaHHI €JIeKTPONpPUBOIIB 3 Tapa-
METPUYHUM YIPABIiHHSIM.
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KimouoBi cioBa: acuuxpounnuil eaekmpodeueyH, y3a-
2aNbHEHA cXeMa, nepemeopiosai, KOMymamop, Mmooy,
mupucmopu, pe3ucmopu, XapaKmepucmuku

Heas. BpiOpaTh oOIMI aJIrOpUTM YIpPaBICHUS
ACHMHXPOHHBIM 3JICKTPOIABUTATEIIEM, ITOJYIUTH MeXa-
HUYECKUE XapaKTEePUCTUKU IUIST PA3IMUYHBIX CXEM ITa-
paMeTPUUYECKOTO YIIPaBJICHUS W BBIIIOJIHUTH UX CPaB-
HEHUE.

Metomuka. VMcnonb3oBaHa 0000IIeHHAs cXema T1a-
pPaMeTPUYECKOTO YIPaBICHUS aCUHXPOHHBIM 3JICKTPO-
JIBUTaTeJIeM U ee MaTeMaTu4ecKoe OMucaHue 11l aBTO-
MaTU3UPOBAHHOIO BbIOOPA CUJIOBBIX CXEM IMpeodpas3o-
Baresieil. Ha MX OCHOBE BBITIOJIHEH CpPaBHMUTEIbHBIN
aHaJIn3 MeXaHWYeCKUX XapaKTepUCTUK DJIEKTPOIBUTA-
TeJIsI TPU UBMEHEHUHU TTapaMeTPOB Mpeodpa3oBaTesis.

Pesynbratel. [Ipy MomeampoBaHUM YCTaHOBIICHO,
YTO BHUJ CTATUYCCKUX MEXaHWUYECKUX XapaKTEePUCTUK
ACMHXPOHHOTO 3JICKTPOIBUTATENIS 3aBUCUT OT BBI-
OpaHHOM CUJIOBOI CXeMbl TIpeoOpa3oBaTeisi, BeJIMYNH
VIJIOB OTKPBIBAaHUSI TUPUCTOPOB CTATOPHOTO M POTOP-
HOT0 KOMMYTaTOPOB, CIIOCO0A yIpaBIeHUsS] UMU U U3-
MEHEHMSI B HUX 9KBUBAJICHTHOW BEJIMYMHBI COITPOTUB-
JieHuit. PacueTHble MexaHWYECKHe XapaKTEePUCTUKU
ACMHXPOHHOTO 2JIEKTPOJBUTIATE ST MOATBEPKACHBI pe-
3yJIbTaTaMU 9KCIIEPUMEHTAIbHBIX MCCIICIOBAHUIA.

Hayunas noBmusna. Ilpemioxena MeToauka s
AHAIMTUIECKUX PACUEeTOB MEXaHWUYECKUX XapaKTepH-
CTUK 3JICKTPOIBUTATENICH TIPU pa3HBIX IMapamMeTpuie-
CKHUX CXeMaX yIIpaBJICHMUSI.

IIpakTHyecKas 3HaYMMOCTb. [1pemiokeHHAsS METO-
INKa MOXKET OBITh MCITOJIb30BaHA IS IMPAKTUYECKUX
WHXXEHEPHBIX PACUCTOB, a TTOJTYICHHBIC MEXaHUIECKIE
XapaKTePUCTUKU — IIPU IPOEKTUPOBAHUM 3JIEKTPO-
MPUBOJIOB C TTapaMeTPUUYECKUM YIIPaBICHUEM.

KiioueBble clioBa: acuHxpoHHblil 31eKmpoosueaments,
0b60buweHHas cxema, npeobpazoeamens, KOMMYmMamop,
MOOYAb, MUPUCIMOPbL, PE3UCMOPbL, XAPAKMEPUCTMUKU
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