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Abstract - reactive power compensation remains an im-
portant factor for energy keeping. Usually, kondenser banks
are used for compensation, the disadvantage of which is the
difficulty of regulating the capacitance value with variable
consumption of reactive power. For smooth regulation of
reactive power, synchronous motors and semiconductor stat-
ic compensators are used. But the search for using other al-
ternative means of reactive power compensation remains
relevant.

As an alternative compensator for reactive power, the ar-
ticle proposes the use of an induction motor with dual power
supply. This problem is solved in two stages. At the first
stage, a theoretical analysis of the process of generating reac-
tive power by a dual-supply induction motor is considered.
With dual power supply, a sinusoidal voltage is supplied to
the stator, and a direct voltage is supplied to the rotor. In this
case, the rotor winding turns into a DC electromagnet, which
rotates synchronously with the rotational magnetic field cre-
ated by the fixed stator windings

The magnetic field of the rotor winding moves relative to
the stationary stator windings with the speed of the moving
magnetic field of the stator. Their magnetic axes coincide
because the engine is idling. To justify the reactive power
generation mode, vector diagrams of the stator and rotor
voltages and currents were compiled for three dual-supply
asynchronous motor operation modes: 1) reactive power con-
sumption mode, 2) non-consumption mode and 3) generation
mode.

At the second stage, a power circuit and a control circuit
for a dual-supply asynchronous motor are developed. The
power circuit includes a phase meter in the stator electric
circuit to measure the phase angle of the stator current from
voltage, an ammeter of the electromagnetic system to meas-
ure the magnitude of the stator winding current. The rotor
circuit includes additional active resistors for accelerating the
motor to under synchronous speed, a direct cur-rent electro-
magnetic relay that measures the magnitude of the electro-
motive force of the rotor winding. A thyristor rectifier with
feedback on the rotor winding current has been adopted as a
direct current source.

A relay circuit has been developed for controlling a dual-
supply induction motor. Experimental research have been
carried out to determine the dependence of the stator current
and its phase shift relative to the stator voltage on the value
of the rotor winding current.

According to the results of the experiments, a graph of
the dependence of the stator winding current on the value of
the direct current of the rotor winding is constructed. From
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the graph it follows that with increasing rotor cur-rent, the
stator current changes. First, the stator current decreases to
a minimum value and then increases. This means that the
type of stator current varies from inductive to active and to
capacitive.

Thus, the use of an induction motor for generating re-
active power has advantages over capacitor banks, as it al-
lows its smooth controlment. But the power loss for generat-
ing reactive energy is greater than for capacitor banks.

Keywords - induction motor, phase rotor, duble supply,
reactive power, compensation

l. FORMULATION OF THE PROBLEM

Reactive power compensation remains one of the im-
portant factors for energy conservation. Typically, capaci-
tor batteries are used to compensate for reactive power, the
disadvantage of which is the difficulty of adjusting the ca-
pacity for variable reactive power consumption. Synchro-
nous motors and semiconductor static compensators pro-
vide traditionally smooth reactive power control. But it
remains relevant to use other alternative means of reactive
power compensation.

Il.  ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

In [1-3] the analysis of electric drive modes for realiza-
tion of their energy saving properties is carried out, but the
possibilities of an induction motor as a generator of jet
power are not considered. Generation of reactive power by
an asynchronous motor with a phase rotor occurs in dual
power mode, when a sinusoidal voltage is applied to the
stator windings, and an adjustable DC voltage is applied to
the rotor windings. In [4-6], the analysis of the components
of the power balance in networks with nonlinear load and
methods of reactive power compensation. In [7], an analy-
sis of the energy-saving properties of an induction motor
with a short-circuited rotor when powered by a semicon-
ductor frequency converter. In [8-10], a theoretical analysis
of the reactive power compensation process with the use of
active filters based on inverters was carried out.

Ill.  THE PURPOSE OF THE ARTICLE

Theoretical substantiation of the principle of generating
reactive power by an asynchronous motor with a phase
rotor, development of a control scheme and experimental
study of the dependence of the stator jet current on the di-
rect current of the rotor.
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IV. BASIC RESEARCH MATERIALS.

The goal is solved in two stages. In the first stage, the
process of generating jet power into the grid is considered.
With dual power supply, the stator is supplied with a sinus-
oidal voltage and a constant voltage on the rotor. In this
case, the rotor is converted into a direct current electro-
magnet, which rotates synchronously with the rotating
magnetic field of the fixed stator windings. The magnetic
field of the rotor winding moves relative to the fixed stator
windings with the speed of the moving magnetic field of
the stator. Their magnetic axes coincide because the engine
is idle. Consider the point in time when the south pole of
the rotor is below the north pole of the stator (Fig. 1). The
magnetic flux of the rotor intersects the fixed stator wind-
ing of phase A and induces in it the electromotive force
(EMF) of rotation of the rotor, which according to Fara-
day's law is E;=Cg¢w:. The EMF of the rotor is directed
opposite to the voltage of the network, since it is created by
the south pole of the magnetic field of the rotor relative to
the magnetic field winding of phase A of the stator. The
equilibrium equation of the stator phase is of the form

Os—érZRSisr‘i‘jXS isra (1)

where U — stator phase winding voltage;

Ir — the current in the stator winding from the rotor
EMF;

Is+— the resulting stator current as the vector sum of the
stator current and the current from the rotor EMF;

Xs = Xso + Xss — the resulting inductive resistance of the
stator phase winding as the sum of the main and the scatter-

ing.

Fig. 1. Simplified section of the engine

Equation (1) corresponds to the vector diagram in Fig.
2, where the stator current is shown as the vector sum of its
active and reactive components Is = lg + Igp.

Ir-1sp<0

Fig. 2. Vector diagram of voltages and currents in the mode of
consumption of jet power

The magnitude of the rotor EMF is less than the net-
work voltage, and therefore the engine consumes reactive
power. In this case, the angle of shear current from the
voltage behind ¢>0. With a further increase in the direct
current of the rotor the EMF of the rotor increases and be-
comes equal to the stator voltage. In this case, the current in
the stator winding from the rotor EMF is equal to the reac-
tive component of the stator current, that is, the motor con-
sumes the active current ls, and does not consume reactive
power from the network, as shown in the vector diagram in
Fig. 3
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Fig. 3. Vector diagram in stator winding reactive power compensation
mode

As the rotor current increases further, the rotor EMF
becomes larger than the stator EMF, and the current created
by it becomes larger than the reactive component of the
stator current. The resulting current is ahead of the voltage
phase, ie the induction motor generates jet current into the
network, as shown in the vector diagram in Fig. 4.
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Fig. 4. Vector diagram in jet power generation mode
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Thus, an induction motor with dual power can operate
in three modes: to consume reactive power, not to consume
and to generate it in the mains.

In the second stage, the power scheme and control
scheme of the dual-power induction motor are shown,
which are shown in Fig. 5 and Fig. 6. The power circuit
includes an automatic switch QF1, measuring devices:
phase meter pel and ammeter pAl, asynchronous motor
M1. An additional active support R1-R6, a time relay coil
KT3, a controlled rectifier UZ1, the output of which the
ammeter pA2 and a relay coil KA.

Starting the engine is a circuit control by pressing the
button SB1, then triggered magnetic actuator KM1 and its
power contacts KM1 connects the stator of the motor to the
network.
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Fig. 5. Power scheme
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Fig. 6. The control scheme

Its KM1 block contact supplies voltage to the KT1 time
relay coils and the KV voltage relay, and the KM1.3 block
contact opens the K2 time relay coil circuit. The KV volt-
age relay is triggered and by its contact KV shunts the SB1
button. The magnetic field of the stator winding induces
electromotive force (EMF) in the rotor windings and trig-
gers the KTZ time relay, which with its KT3.1 contact acti-
vates the magnetic actuator KM4 coil under voltage, the
power contacts of which connect the rotor winding with
additional resistors R1-R6. Torque appears and the rotor
starts accelerating, increasing angular velocity. With time,
the anchor from the core of the KT2 time relay drops out
and closes its KT2.1 contact in the circle of the KM3 mag-
netic actuator coil. After the KM3 is triggered, its KM3.1
contacts shunt additional resistance R4-R6, the engine con-
tinues acceleration according to the second artificial me-
chanical characteristic. As the rotor speed increases further,
the EMF of the rotor decreases and at a speed value of
about 95% of the synchronous speed, the anchor of the
KT3 relay drops away from the core. This closes the con-
tact KT3.2 in the circle of the coil magnetic actuator KM2
and opens the contact KT3.1 in the circle of the coil mag-
netic actuator KM4, power contacts KM4.1 which discon-
nect the supports R1-R6 from the rotor winding circuit, and
block contacts KM4.2 close the power circuit of the KM2
magnetic actuator coil. After KM2 is triggered, its power
contacts connect the rotor windings to the output of the
thyristor rectifier VZ1, a constant current appears in the
rotor circuit and the induction motor goes into dual power
mode. The KA current relay is triggered, and by its contact
the KA is bypassing the contacts of the SB1 button. Then,
with time delay, the time relay KT1 triggers, opening its
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“contacts KT1.1 in the circuit of the coil of the voltage relay
KV, and its contact KV is opened. If, in the time interval,
the KT1 relay KA2 relay does not work, ie, the motor rotor
does not reach at a synchronous speed, then its breaking
contact de-energizes the voltage relay coil and the motor
disconnects from the network.

On the basis of the developed scheme, experimental
studies of the dependence of the stator current on the rotor
current, which is shown in Fig. 7.
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Fig. 7. Experimental graph of the dependence of the stator current on
the direct current of the rotor

The graph shows that as the rotor current increases, the
stator current decreases and the value of the rotor current
TA compensates for the reactive component of the stator
current and consumes only the active current.

V. CONCLUSIONS

On the basis of the theoretical substantiation of the
principle of operation of a double-powered asynchronous
motor with phase-fed rotor, vector diagrams were obtained
for three modes of operation of an asynchronous dual-
power motor: 1) jet lag mode with lagging power factor; 2)
full reactive power compensation mode with one power
factor; 3) reactive power generation mode with ahead pow-
er factor. Circuit diagram for control of dual-power induc-
tion motor and dependence of stator current on rotor cur-

rent. The use of an asynchronous motor with a phase rotor
for generating reactive power has advantages over capaci-
tor batteries because it allows its smooth regulation. But the
power losses for the generation of reactive energy are big-
ger than for the capacitor batteries, so feasibility study is
needed.
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JIBUT'YH 3 aCHHXPOHHUM (ha3HHUM POTOPOM B
PEKUMI1 KOMIIEHCATOpa PEaKTUBHOI MOTYKHOCTI
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KommneHcaniss peakTUBHOI MOTY)XKHOCTI 3aJIHIIAETHCS BAKIUBUM (AKTOpOM eHepro3depekeHHs. 3a3Buuail i KOMIIeHcAIlil
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pEeaKTHBHOI TOTYXHOCTi. I IUIABHOTO pETYNIOBaHHS PEAKTHBHOI IIOTYXHOCTI BHKOPHCTOBYIOTHCS CHHXPOHHI JBUTYHH Ta

HATIBIIPOBITHUKOBI CTATHYHI KOMIIEHCATOPH. AJle MOUTYK BHKOPHCTAHHS IHIIMX AIbTEPHATUBHHUX 3aCO0IB KOMITEHCAIlii pEeaKTUBHOL

HOTy)KHOCTi 3aJIMIIAETHCA aKTYaJlbHUM.
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B SIKOCTi aIbTEPHATHBHOTO KOMIICHCATOPA PEAKTHBHOI MOTYKHOCTI B CTAaTTi IPOMNOHYETHCS BHKOPHCTOBYBATH ACHHXDPOHHHI
JBUTYH 3 NOABIHHMM [DKEpesioM jkuBJeHHs. Ha mepiiomy eTami po3riisiacThesi TEOPSTHYHUI aHali3 Mmpolecy reHepanil peakTuBHOT
MOTY>KHOCTI aCHHXPOHHHMM JBUTYHOM TOjBiifHOTO XuBIEeHHs. IIpu mojBifiHOMY >KHBIEHHI IO CTaTOpa MOAAEThCSA CHHYCOifalbHA
Harpyra, a I0 poTopa MOoAa€Thes MpsiMa Hanpyra. Y I[bOMY BHIIAJKy 0OMOTKA POTOpaA MEPETBOPIOETHCS HA €IEKTPOMArHiT MOCTIHHOTO
CTPyMY, SIKUI 00€pTaeThCSI CHHXPOHHO 3 00EPTOBIM MarHiTHUM HOJIEM, CTBOPEHUM (HiKCOBaHUMU OOMOTKAMHU CTaTOpaA.

MarsiTHe noje 0OMOTKH POTOpa PYXAE€ThCS BIAHOCHO HEPYXOMHUX OOMOTOK CTaTopa 3i MIBUAKICTIO PYXOMOTO MAarHiTHOTO MOJIS
cratopa. IX MarmiTHi oci 36iraroThes, TOMy IO JABHTYH MpAIio€ HA XONOCTOMY XOAy. JIns OOIpYHTYBAHHS PEXHMY TeHepalii
PEaKTUBHOI MOTYXHOCTI OyJM CKJIaJeHI BEKTOpHI JAiarpaMy Hampyrd Ta CTpyMy CTaropa Ta poTopa Uil TPbOX PEXHUMIB pobOTH
ACHHXPOHHOTO JIBUTYHA 3 MOJBIHHNAM JXMBJICHHSIM: PEXKUMY CIOKUBAHHS PEaKTUBHOI MOTYKHOCTI, PeXXUMY HE CHOXKHUBAHHS Ta PEXKUMY
reHeparii.

Ha npyromy etami po3poGIIsIIOTECSI KOO XKUBJICHHS Ta KOJO YIPABIIHHA Ul aCHHXPOHHOTO IBHI'YHA 3 MOABIHHUM JKUBICHHSM.
Po3po6iieHO perieiiHy cxeMy Uil YIpaBiHHS AaCHHXPOHHHMM JIBUTYHOM 3 MOJABIMHHM jkHBIeHHsM. [IpOBeIEHO eKclieprMEHTalbHi
JOCTIKEHHSI [T BU3HAYCHHS 3aJICKHOCTI CTPYyMy cTaTopa Ta Horo a30BOro 3cyBy BiIHOCHO HAIPYyTd CTaTOpa Bijl BEJIUYHHH CTPYMY
00MOTKH poTOpa.

3a pe3ynbTaTaMH €KCIIEPUMEHTIB 1MoOynoBaHO Irpadik 3aleXHOCTI CTPYMy OOMOTKH CTaTopa BiJl BEHMYHHH IOCTIHHOTO CTpyMy
00MOTKH poTopa. 3 rpadika BUILIMBAE, IO 31 30UIBIICHHSIM CTPYMY pOTOpa CTPyM cTatopa 3MiHIOeThesl. CroyaTKy CTpyM cTatopa
3MEHIIYETHCS 10 MiHIMAJIBHOTO 3HAUCHHS, a MOTIM 30UIbIIyeThes. Lle o3Havae, Mo THIT CTpyMy CTaTopa 3MIiHIOETBCS BiJ iHIYKTHBHOTO

JIO aKTHBHOI'O Ta [0 EMHICHOTO.

TaxkuM 4MHOM, BUKOPUCTaHHS aCHHXPOHHOTO JBHI'YHA JUISl T€HEpyBaHHS PEaKTHBHOI MOTY)KHOCTI Mae IepeBary mnepex 6atapasmu
KOHJIGHCATOPIB, OCKLIBKY JO3BOJISIE HOTO TUIaBHE YIIPABIIiHHS.

Knrouogi crosa - acunxponnuii 08ucyn, gpaznuii pomop, noosiiine JHCueieH s, PeaKmueHa NOMYHCHICMb, KOMREHCAYIs.
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