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Abstract. The paper considers one of the ways of
improving the technical and economic performance of
ship autonomous electrica plants by using asynchronous
generators with capacitor excitation instead of traditional
generator sets with synchronous generators.

The following advantageous characterigics of an
asynchronous generator in  comparison with a
synchronous one are defined. An asynchronous
generator has smaller dimensions and weight aswell asa
simpler construction of the squirrel-cage rotor; there are
neither multiturn rotor windings, nor diding contacts and
rotating semiconductor elements, nor current insulation
on the rotor, which increases the limiting heating
temperature and provides high limit speeds of the rotor.
The higher efficiency of an asynchronous generator due
to the smal value of rotor resistance ensures its
economy. The asynchronous generator has a sinusoidal
waveform of the generated voltage, symmetry of the
three-phase voltage at an uneven load. Rapid attenuation
of currents in the case of loss of excitation ensures the
safety of short-circuit modes for the asynchronous
generator. The regulation of capacitive excitation of an
asynchronous generator along the stator circuit allows
the creation of high-speed and invariant voltage
dabilization systems. Simplicity and safety of
paralleling, absence of rotor oscillations at significant
changes in the load ensure the stability of parallée
operation in multimachine power plants.
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1. Introduction

Ensuring the reliability and economy of eectric
power sources of autonomous power plants in industry
and transport is a mandatory requirement. Currently,
autonomous power plants use aternating three-phase
aternators.

Traditionally and in most cases, synchronous
generators (SG), the production of which is wel
established and their design is optimized, are used as a
source of power, [1-3]. The contact version of the rotor,

as the main disadvantage of synchronous generators, has
been overcome by mastering the brushless technology of
its excitation by ingtalling a reversed synchronous
machine and rotating redtifiers on the rotor (see Fig. 1, a).
However, this complication of therotor design has led to
the SG complication and price rise. In addition,
synchronous machines have a number of features and
limitations of their usein stand-alone installations, which
will be discussed below.

An alternative to using SG at autonomous power
plants is utilizing asynchronous generators (AG) with a
squirrel-cage rotor (see Fig. 1, b), [4-6], which have
practically displaced the SG in the windpower
engineering.

2. Compar ative technical and economic analysis

The asynchronous machine has a simple design of
the squirrel-cage rotor with a diecast aluminum winding
of “squirrel-cage’ type with closed dots. This winding
design alows a significant decrease in the air gap and
reduction of losses along the path of the main
magnetizing flux that make it possible to reduce the
geometric dimensions of the rotor and the machine as a
whole. The absence of dliding contacts and rotating
semiconductor elements, replacement of insulated
copper winding with cast aluminum make it possible to
raise the operating temperature of the rotor and increase
its maximum speed, which expands the operational range
of using the asynchronous machine in comparison with
the synchronous one.

Thus, with the same mechanical characteristics and
degree of protection, the asynchronous machine will
have less weight and size. According to the designers of
electrical machines, the weight-size parameters of
asynchronous machines will be 1.4 times less than
synchronous ones with dlip rings on therotor [5, 6].

A small resistance of the asynchronous machine
rotor and a smaller air gap determine the higher
efficiency n of the AG compared to the SG, which
ensures greater economy of the AG, [4, 5].

Fig. 2 shows the dependence of efficiency (n) of
both a number of synchronous and asynchronous
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generators produced by different manufacturers and the
asynchronous machines of AIR series on their nominal
active power Py [1-4].

The AG efficiency is about 2 % higher than that of
the SG with the same power, which makes its use more
economical. For example, the annua savings from
replacing a ship synchronous generator with 1 MW
asynchronous one will be about 12,000 USD.

Fig. 1. Sand-alone dectrical installations with brushless
synchronous (a) and asynchronous (b) generators.

Fig. 2. Efficiency of generators

The man reason for AG not being used in
autonomous power plantsis the technical need for using
power capacitors as an additiona source of reactive
power to excite and control the AG voltage, Fig. 1, b.

At present, there have been changes in the
technology of producing AC capacitors, significantly
reducing both their cost and weight-size parameters. So,
polypropylene capacitors basically have a thin polymer
film with aluminum spraying of eectrodes, i.e. cheap
and light components. The specific gravity of such
capacitorsis approximately equal to 0.1 kg / kVA, which
are 50-100 times less than that of eectric machines
[1-4]. Besides, the cost of modern capacitors is an order
of magnitude lower than the price of generators.

The reduction in the price of cosine capacitors and
thyristors has currently stimulated the production of
controlled reactive-power compensating ingallations
with semiconductor switching of the capacitors and their

wide application in industry and transport.
Technologically, such ingalations differ from AG
excitation systems soldly by controllers.

AG and SG are significantly different in the design
of the rotor, as well as in the method of excitation and
control of the generated voltage (see Fig. 1).

In SG, the excitation is caused by the rotor circuit,
and the electromagnetic field of the generator is created
and changed by the excitation winding by regulating the
current in it. A SG voltage regulator changes the current
in the excitation winding as a function of deviation of
stator voltage from the set value. As arule, the analogue
voltage regulator of a synchronous generator realizes the
proportional or proportional-integral control law. To
reduce the control power, it is necessary that the
excitation winding be multiturn to create the required
field a a small current. However, due to this the
inductance and the time constant of the excitation
winding substantially increase, which reduces the
regulation rapidity of the SG.

To increase the speed of the voltage regulation
system, the SG controller has boosting capabilities,
i.e. the maximum value of the excitation voltage in
the transient process allows a 5-8 multiple of the
nominal value.

In AG, the excitation is provided due to the
oscillatory process of energy exchange between the
inductance of the machine and the excitation
capacitance connected to the stator circuits of the
AG. The AG voltage will depend on the
magnetization curve of the machine, the speed of
rotation, the load and the magnitude of the capacitive
excitation current [6, 7].

The AG excitation regulator changes the capacitive
current of the capacitors as a function of the deviation of
its voltage from the nomina value. A load current and a
capacitive excitation current flow along one stator circuit
of the generator, which alows almost instantaneous
compensation of the generator's response to the load with
a capacitive current. The only problem to be solved is
connected with the rapid measurement of the regulated
guantity and the choice of the optimal control law. The
regulation of the AG excitation in the stator circuit
makes it possible to create high-speed and invariant
voltage stabilization systems|[8, 9].

If voltage measurement and capacitor switching are
performed within one period of the generated current,
then the transent process of voltage restoration of the
AG after load switching ends in 2-3 periods, i.e. in
0.04-0.06 s. At the same time, the minimum time of the
transient processinthe SGis0.5 s Fig. 3, 4[10].
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Fig. 3. Transient process of voltage recovery
of the SG and AG after switching on 50 %
of therated load with a power factor 0.8; A=0,02U;,

Trandent processes of the synchronous and
asynchronous electric power installation areillustrated in
Fig. 4. The magnitude of the dynamic dip of the voltage
of an asynchronous installation is two to three times less
than that of a synchronous one. The time of transition
processis very different. In the synchronous generator, it
is 0.5-0.6 s, and asynchronous — does not exceed 0.05 s,
i.e. 2-3 periods of the voltage generated.

Fig. 4. Transient processes of switching on 50 %
and 100 % active-inductive |oads to synchronous
and asynchronous power plant.

The processes occurring in the voltage control
channel are significantly different. The inertia of the
excitation circuit of the synchronous generator does not
allow a quick compensation of the demagnetizing effect
of the switching load, which delays the process of
restoration of the generator voltage. In an asynchronous
generator, the voltage control is performed in the stator
circuit, i.e. in the same place where the load changes.

This enables the effect of the load to be compensated for
amost instantly, over the period of voltage generation.
The dectrical ingdlation with optimum adjustment
parameters of the AG excitation regulator makes it
amost invariant to the load.

The difference in the excitation systems of SG and
AG has an effect on the overload capacity of the
generators and their response to short circuits. With a
double (or more) overload and a limited capacity of the
AG excitation, the voltage sharply drops to zero, which
does not occur in the SG when overloaded, so it needs
protecting from such emergency modes. In the case of a
short circuit, the excitation capacitance is shunted, and
the AG is rapidly deexcited due to the small time
constants of scattering loops of the generator.

Fig. 5 shows the processes of changing the phase
current and voltage with a five times increase in the load
conductivity.

Fig. 5. Short-circuit processesin SG and AG.

Thus, the short circuit mode for the AG is safe. In
this case, the sdectivity of protection againg short
circuits in the branched eectrical network of the AG
must be provided in 2-3 current periods, [6].

It should be noted that the limitation of the overload
capahility of the AG is proportional to the magnitude of
the excitation capacitance. If the generator is calculated
for a nominal power factor cos ¢=0.8, it is possible to
directly start an induction motor with a power of up to
30% of the generator's power. If the excitation
capacitance of the AG isnot limited, it is possible to start
the motor commensurate with the power generator, [7].

By virtue of thefiltering properties of capacitors, the
asynchronous generator has a sinusoidal waveform of
the generated voltage with a low harmonic content [7]
and the symmetry of three-phase voltage with the load
being distributed unevenly [6].

The vector of the electromagnetic field of the SG is
rigidly attached to the geometric axis of the excitation
winding. An increase in the load angle (between thefield



60 Mykola Mukha

and the winding axis) by more than 90 degrees leads to
an emergency mode of loss of synchronism. The mode
of “swinging the SG rotor” is especially dangerous when
paradlding and when the load is redistributed during the
pardle operation. In this case, loss of synchronism
leads, asarule, to de-energization, [11].

Unlike the SG, the technological presence of diding the
AG rotor relative to the fidd dgnificantly increases the
gahility of the system of parallely operating generators. At
the same time, there are no redrictions on the number of
generators operating in the same nework, which is
confirmed by the experience of usng AG inwind power.

The mode of AG paralldling is not dangerous for the
generators, and if the phases do not coincide up to 90
degress, the voltage dip does not exceed 30 %. At the same
time, when the phase difference of the connected SGs is
more than 60 degrees, the voltage drop exceeds 50 %.

Fig. 6 shows the synchronization processes of the
moments, rotation frequencies and the establishment of
generator voltages with the phase difference when
switching on a 90 degrees. The synchronization
moments M;, M, reach 5 nominad values, and the
frequencies w,, ®, deviate by 57 %. The attenuation of
the moments and frequencies oscillations with the SG
being included in the parallel continues for 0.7 s, and at
the similar inclusion of the AG — 0.2 s. The dynamic
deviations of the modulus of the voltage vector Uy, of the
SG are +50 — -80 %, the process of voltage establishment
lasts 0.35 s. When the AG is switched on, the voltage is
deflected by +20 —-30 % within 0.2 s.
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Fig. 6. Processes of generators parallelling
with a phase difference of 90 degrees.

If another non-excited AG, which rotates at a
synchronous speed, are connected in parale with the
AG, the synchronization will occur with a double

moment, with a frequency deviation of 3 % within 0.2 s,
a (the) voltage drop will be 50 % within 0.15 s.

3. Conclusions

An asynchronous generator has smaller dimensions
and weight, Smpler construction of the short-circuited
rotor of the generator, no multiturn (multi-coil) rotor
windings, diding contacts and rotating semiconductor
elements, no current insulation on the rotor, which
increases the maximum heating temperature and
provides high limit speeds of therotor.

The higher efficiency of the AG due to the small
value of the (active) rotor resistance ensures its
economy.

The asynchronous generator has a sinusoidal
waveform of the generated voltage and a symmetrical
three-phase voltage at an uneven load.

The rapid attenuation of scattering currents and loss
of excitation ensures the safety of short-circuit modes for
the AG generator.

The regulation of the capacitive excitation of the AG
in the stator circuit makes it possible to create both
expeditious and invariant voltage sabilization systems.

Simplicity and safety of paralleling, absence of rotor
oscillations at significant changes in the load ensure
stability of paralle operation in multi-generator power
plants.

The advantages of AG confirm the advisability of
wide implementation and application of asynchronous
generator setsin autonomous power stations to increase
their reliability and reduce the cost of eectricity.
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MOPIBHAJIBHUM AHAJII3 TEXHIKO-
EKOHOMIYHUX XAPAKTEPUCTHUK
I'EHEPATOPHUX YCTAHOBOK
HA OCHOBI CUHXPOHHOI'O
TA ACUHXPOHHOI'O TEHEPATOPA

Muxkona Myxa

PosrisiHyro omuH 31 CmOCOOIB TMiJBHINEHHS TEXHIKO-
€KOHOMIYHHX [OKa3HUKIB CYIHOBHX AaBTOHOMHHUX €JIEKTPO-
YCTaHOBOK 4epe3 3acTOCYBAaHHS ACHHXPOHHHX TI'€HEpaTopiB 3
KOH/ICHCATOPHUMH  30y/DKEHHSIMH  3aMiCTh  TPaaWIiHHIX
TeHEpaTOPHUX arperariB i3 CHHXPOHHHMH I'€HepaTOpaMHL.

IMomaHo pe3ynbTaTH HOPIBHSAIBHOTO aHANi3y TEXHIKO-
E€KOHOMIYHHMX XapaKTepPHCTUK T'€HepaTOpPHUX arperariB Ha
OCHOBI aCHHXPOHHOIO  reHepaTopa.
BusHaueHi Taki nepeBakHI XapaKTEPHCTHKH aCHHXPOHHOTO
reHeparopa epes CHHXpPOHHHUM: aCHHXPOHHUI TeHepaTop Mae

CUHXPOHHOI'O Ta

MEHIII PO3MIpH Ta Macy, MpPOCTilly KOHCTPYKLis KOPOTKO-
3aMKHYTOrO pOTOpa TeHeparopa, BiJCYTHI 0araTOXXWIbHI
pOTOpHI  OOMOTKM, KOB3aro4i KOHTaKTH 1 IIOBOpPOTHI
HAITiBIIPOBITHUKOBI €JIEMEHTH, BIJCYTHSI CTPYMOBa i30JIs1lisl HA
poTOpi, WO MiJBHILYe T'PaHUYHY TEMIIEpaTypy HarpiBy i
3a0e31edye BUCOKI I'PAaHMYHI IIBUKOCTI 00€pTaHHS POTOpa.

Bummit  KKJ[ acuHXpoHHOro TeHepaTtopa BHACHIiIOK
MaJioro 3Ha4€HHs aKTHBHOI'O OIOpY poTopa 3abesnedye Horo
€KOHOMIYHICTb. ACHHXPOHHHUI I'€HEepaTop Ma€e CHHYCOifaJIbHy
(dbopMy KpuBOI Halpyru, CUMETpHuHy TpHu(asHy Hanpyry 3a
HEpIBHOMIPHOTO HAaBaHTaKEHHSI.

[lIBunke 3aracaHHs CTPYMIB pO3CIIOBaHHA 3a BTPATH
30y/DKeHHsI rapaHTye Oe3leKy PEeXHMIB KOPOTKHMX 3aMUKaHb
JUISL aCHHXPOHHOT'0 I'€HEepaTopa.

PeryntoBaHHs ~ €MHICHOrO
reHepaTopa B Koii

30y[DKEHHST aCHHXPOHHOIO
craropa Ja€ 3MOrY CTBOPIOBaTH
IIBHAKOJIIOY] Ta iHBapiaHTHI CUCTEMH CTadlIi3amnil Hapyr.
IMpocrora i Ge3neka BKIIOUECHHS B NapalelbHy poOOTY,
BIICYTHICTb KOJIMBaHb POTOPA 32 3HAYHHUX 3MiH HAaBAHTKECHHSI
3a0e31e4yroTh
TOAarperaTHUX eJIeKTPOCTaHLIsAX. YKa3aHi lepeBark aCHHXPOH-

CTiliKicTh TapanenpHoi poboru B Oara-

HUX TEHepaTopiB TMepe] CHHXPOHHUMHU IiJITBEPKYIOTH
JIOLUTBHICTD IIUPOKOTO BIPOBA/DKEHHS ACHHXPOHHUX TI'eHe-
PaTOpPHUX YCTAaHOBOK B aBTOHOMHHX €JIEKTPOCTAHIIISX 3 METOIO
MMJABUIIEHHS IXHBOI HaJIHHOCTI

€JICKTPOCHEPTil.
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