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METHOD OF QUASIFREQUENCY-PHASE SPEED
CONTROL OF INDUCTION MOTORS
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Summary. Method of speed control of induction motors dowandrthe nominal, multiple of integer, by
overturning the corresponding half-waves of sindabioltage is proposed. Through the use of thes@ha
method of voltage regulation, this method allowsvthstand the constant ratio between the frequemdy

voltage. The circuit diagram that implements quasifiency-phase method is developed, and desigrufarm

for determination of the moment of time of the ghasglet, of the speed of asynchronous motors. Figs. 3,
sources 20.
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INTRODUCTION

Speed control of induction motors (IM) is necessfry many technological
processes. For example, IM are used as a drivheirexhaust fan on the boiler and,
depending on the intensity of the burning fuelésessary to adjust the value of draught
in the exhaust air ducts, notably, induction maipeed.

There are following methods of speed control of iange in the number of
pole pairs, undervoltage, rheostatic control (dolyIM with wound rotor), frequency
control. Undervoltage is inefficient because thétage drop leads to a reduction in the
rigidity of the mechanical characteristics,so tiisthod is used for speed control drives
with a fan loading. Rheostatic speed control ofigMused only for motors with wound
rotor, and electric drive that implements this noethhas low efficiency. These two
methods allow to adjust the speed of IM just dowemf the nominal. Frequency method
allows to adjust the speed of IM both up and dowomfthe nominal. However to
realize this method is not always possible, becéusexpensive due to the presence of
controlled rectifier, autonomous inverter, whicltoghl work in the modes of forced,
artificial and natural commutation. For IM of higlapacity to solve problems with
commutation is rather difficult because of the é&argductance value. [Chilikin M.G.,
1981]
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UNDERFREQUENCY OF SUPPLY SINUSOIDAL VOLTAGE OF IM BY
PARTIAL RECOMMUTATION OF HALF-WAVE

The essence of the proposed method is to lowerfrigguency of supply
sinusoidal voltage in integer number of times brniteg relative to the axis of tinte
some half waves of sinusoid. For example, with el@sing of frequency in half, as
shown in fig. 1, is necessary in the first periddl to turn the negative half-wave, and
the secondT2 turn positive half. Next, in odd periods all reeas in the first period
T1, and in even periods, as in the second periodx esult, in odd periods will be two
positive half-wave, and in even two negative.

From the oscillogram in the fig. 1, shows that tis& harmonic of voltage on the phase
winding of IM has period:
Ty =T+ T, (@h)

Hereby, the frequency of the supply voltage in B&pd two times, compared to
the frequency of the network, properly, and theespdecreases two times.

In this case, the ratio should be maintained:

fﬂ =const (2)

where: U - the effective voltage on winding of IM; - the frequency of 1st harmonic of
supply voltage of IM [Gusev V.G., 1990].

Fulfilment of the correlation (2) is realized bysing the phase method of
regulating the effective supply voltage, notablgnirol valves are opened to the delay
in the phase angla and, properly, the winding of the IM is fed by pthe shaded part
of the half-wave of sinusoid (fig. 1). Due to thibe area of half-wave of the first
harmonic of supply voltage with low frequency coblel equal to the sum of the areas
of shaded parts of two half waves of supply voltage the condition (2) will be
implemented.
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Fig.1. Oscillogram of underfrequency of supply agk in 2 times
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With decreasing frequency in three times as shawfigi 2, it is necessary in the
first period T1 to turn a negative half-wave, the second pefi@dto leave intact and in
the third T2 to turn a positive half-wave. Next, all repeatsairtycle: in 4, 7, 10, ...
periods of half-waves turn, as in the 1st perigd3,511, ... periods remain intact, as in
the second period, and periods of 6, 9, 12, .f-vales turn, as in the 3rd period.

From the oscillogramin the fig. 2, shows that tisé Harmonic of voltage on the
phase winding of IM has period:

Tys=Ty+T+Ty 3)
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Fig.2. Oscillogram of underfrequency of supply agk in 3 times

The proposed method allows to adjust the speedladdwn from the nominal
and in reasonably wide range, while the frequerfcgupply voltage of IM is a multiple
integer.

SCHEME AND OPERATION
OF QUASIFREQUENCY-PHASE CONVERTER

The process of turning half-waves of sinusoidalpbyproltage is realized by
thyristor quasifrequency-phase converter, by coratrar of windings ends of BP at a
certain time with a corresponding phase, or "zero".

The stator winding of IM is connected to one endtigh a thyristor or transistor
group of valves (thyristors or transistors) of cerier by turn with phase and with
"zero" (single-phase or three-phase motor, conmectstar) or the other phase (three-
phase motor, connection —delta). The other wineimdj of IM is also connected through
another group of valves (thyristors or transistakyonverter by turn with phase and
with "zero" (single-phase or three phase motornegtion — star) or the other phase
(three phase motor, connection — delta), but ifphase relatively the first group of
valves of the converter.
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Fig. 3. Scheme of thyristor quasifrequency-phaseeder

In parallel, oppositely connect thyristors VS1 wiWls2, VS3 with VS4, VS5
with VS6 and VS7 with VS8. Winding beginning of thhase L1 is connected with
thyristors VS1, VS2, VS5 and VS6, and the end & thinding is connected with
thyristor VS3, VS4, VS7 and VS8. Not connectedhe phase winding of IM leads of
thyristors VS1, VS2, VS3 and VS4 are connected tithphase of the power supply 1,
not connected to the phase winding of IM leadshgfistors VS5, VS6, VS7 and VS8
are connected with another phase of the power gupplthe neutral wire) 2. Block 7
maps connection of winding L1, thyristors VS1-VS#hase 1 and second phase
(neutral wire) 2 for one phase winding of inductimtor. Controlling electrodes of
thyristors VS1-VS8 are connected with control cird®. The other two phase windings
of the induction motor, which are contained in lB®®& and 9 in fig. 3, are connected
with other phases of the power supply (or neutrakw3, 4, 5 and 6 through the
thyristors, which as well as phase windings areshoiwn in blocks 8 and 9. Blocks 8
and 9 are structurally the same as block 7, buhected with other phases of supply
voltage. Controlling electrodes of thyristors irodlts 8 and 9 are also connected with
control scheme 10.

When dividing the frequency of power by 2 circuitfig. 3 works as follows. In
the first period of network frequency when on phasmmes a positive half-wave, then
must be opened thyristors VS1 and VS8 (see figb@),when comes a negative half-
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wave, then must be opened thyristors VS4 and V®Belby, in the first period on the
winding beginning of phase L1 will pass only thespiwe voltage half-waves. In the

second period the network frequency when on phaseries a positive half wave, then
must be opened VS3 and VS6 (see fig. 2), but wibemes a negative half-wave, then
must be opened VS2 and VS7. Hereby, during thimgern the winding beginning of

phase L1 will pass only the negative voltage hafes.

In the control circuit 10 implemented phase voltaggulation, ie by changing
the angle of thyristors unlocking , which is shown in fig. 1 and fig. 2. Changing the
order of the turning on of thyristors can be olgdirdecrease of frequency by 3 times
(see fig. 2), as well as any other integral nundf¢imes.

DETERMINATION OF THE DEPENDENCE OF INSTANT TIME OF PHASE
ANGLE t, ON VALUE OF REQUIRED SUPPLY VOLTAGE FREQUENCY

Since it is necessary to comply with correlatio) {@r voltage and frequency, as
well as frequencies and voltages, decreased in4,6c. correlation (2) is written:
ﬂ:ﬁ:&:_”:ﬁ:const (4)
fn f2 13 fy
where: Uy, U,, U3, U, — effective network voltage, voltages by dividinget
frequency by 2, 3 ank, fy, f,, f5, fy — network frequency, the frequencies of 1st
harmonic, obtained by dividing the network frequety 2, 3 andk [Gusev V.G.,
1990].
Network frequency fy and voltage Uy are known values. Decreased

frequencied,, fs, ..., f, can be determined through network frequehgy

f f f
fo=N: f=N- - =N 5
2= fa= K (5)
Hereof we get the correlation for determining thequired voltage with
decreasing frequency.
UZ:T; Usg=—;..5U =— (6)
In the phase regulation effective voltage with éasing frequency is determined
for the half-period as:

Uk=(tcx_t1)[UN1+(t2_tu)[UN2 @
-4

where: t;, t, — instant time of beginning and end of a half peof network frequency,

sec., t, - instant time of beginning of thyristor unlockimag the phase angle, sec.

U\, Uy, —effective network voltage before and after thynistunlocking [Nevzlin
B.1., 2007].
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Sut
a4
Effective voltage is determined as:
t2 .
S, _ Itu U e Bin@R O )dt -
t, -1, t, — 1t
where: S;;and S;, — curvilinear area on plots frorg =0 to t, and fromt,tot, (see
fig. 1 and fig. 2).
Since voltage Uy; =0 (see fig. 1 and fig. 2), the effective voltage hwit
decreasing frequency is determined for the haliegess:
jtt: U, Bin@ O d)dt
U, = 9)
-t
Since effective voltages of network and decreassgliencies must be equal, it is
appropriate to switch over stom the correlatioreqtiality of effective voltages to the
correlation of areas equality of the half-periodletreased frequency:

Accept Uy, = " =0, since thyristors at this site of half-period atesed.

Unz =

S, =k ;2 Uy Bin( Gt )t (10)
_km2Upp
SN % $in(2 DTEE d)dt (11)

where: S, —the total area which consists & half-periods in the half-period of
decreased frequenc$, - the area of half-period of decreased frequency.

After integration, the dependence (10) and (11¢ thke form:
EposQ 0nd @, ) —cos i [12)

S =k, > (12)
U CO{ZBT% mj—co{zm% [112)
S,=—m23 (13)
k 2En%

With the fulfillment of condition of areaS; and S, equality (see fig. 1.) obtain:

KU, $OSRITIf [t,) —cospIn(f(t2) _ Uny 3—co£2[n[f [t2) (14)

20 20
As a result of (14) gives the dependence of indtere of the phase angle, on

network frequency and division factor of frequency:

. arccoEl— n —00{2 b, Ew/kj

15

a > (15)

Parametert, directly depends on network frequenttyand can be defined as:
t, = (16)

T of
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After the transformation (15) with (16) finally @bh the dependence of instant time of
the phase anglé, on network frequency and division factor of freqeyn

o
arccop™
e 17

t. =
° 20l
The results of calculations with underfrequency2i times are tabulated in
Table. 1

Table. 1. The dependence of the instant time of phase angle t
on thedivision factor k of frequency at network frequency f =50Hz

k 2 3 4 5 6
sec. 0,005 0,006082 0,006667 0,007048 0,007323

ax

The received analytical dependence of instant tfrghase anglé, on network

frequency f and division factor of underfrequendy, allows to calculate precisely
instant time of phase anglg at which the ratio will be observed (4).

CONCLUSIONS

1. The proposed method quasifrequency-phase speedokarft induction
motors allows discretely control the speed with stant rigidity of mechanical
characteristics of IM.

2. The analytical dependence of instant time of prasgle t, on network

frequency f and the frequency decrease facté&r at which the observed
correlatiorlJ / f = constis obtained.

3. Proposed a method for decreasing of electrical lossesBP with
guasifrequency-phase speed control of IM by chandiegrstant time of phase angle
tyx depending on sequence number of half-wave of supgtage during half-period

of decreased frequency.
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CNOCOBb KBABUYACTOTHO®A30BOI'O PEI'YJIMPOBAHUS YACTOTbBI
BPAIIEHUA ACUHXPOHHBIX IBUT'ATEJIEU

Bopuc Hes3aun, Imutpuii IlosoBunka, JImurpuii Cepruenxo

AHHOTALMS. HpeI[J'IO)KCH c1rmoco6 pEeryjanpoBaHrsA 4aCTOThI BPaIICHUSA ACUHXPOHHBIX JIBUTATENCd BHU3 OT
HOMHUHAJIbHOM, KpaTHOI;'I LEJbIM 4YHUCIaM, 3a CYET MNEpPEBOpAYMBAHUA COOTBECTCTBYIOIIHX I1OJYBOJIH
CUHYCOMJAJIbHOI'0 HAIIPSHKCHUA IMUTAaHUA. 3a cyer WCHONb30BaHMS (1)8.30B01"0 METOJAAa PETYIMPOBAHUA
HarpsHKCHUsT 3TOT croco0 TO3BOJISET BBIICP)KUBATh IIOCTOAHHBIM COOTHOIICHUEC MEXKIY YacToToOl U
HaNpsHKECHUEM. Pa3pa60TaHa TIpUHIUIIMAJIBHAA JJICKTPHUYECKasA CXEMa, peaIn3yrolias KBa3H'-IaCTOTHO(1)aSOBLIﬁ

CI0CO0, M NPEIOKEHBI pacueTHEIC (GOPMyIIbI JUIsl ONPECICHHsS MOMEHTa BpeMeHH (asosoro yrma Ty or

YacTOTHI BpaLlleHHsI aCHHXPOHHBIX JBurarene. Puc. 4,uct. 20.

Kawuesbie cioBa. KBaSM‘IaCTOTHO(baBOBBIfI CHOCOG, PETyIUpOBaHUEC YaCTOTHI BpAIICHUSA, MTOHHKXCHHUC
HacCTOTHI, aCHHXpOHHLIﬁ JBUTaTCIIb.



