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Abstract

The paper discusses failure states of a small water power station
system with an asynchronous generator with capacity compen-
sation. The failures occur during the disconnection of one or
two phases from the involved transmission line. The study
demonstrates the undesirable voltage changes and the current
overloads in various phases.
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1. Introduction

The rapid utilization of fossil-fuel resources and the glob-
al movement for clean environments have accelerated the
research and development of energy systems using renew-
able energy sources such as water or wind. The induction
generator is discussed as a very suitable machine for this
type of applications due to its low cost, simplicity,
ruggedness, brushless rotor, ease of maintenance, etc. The
induction generator is a three-phase induction machine
working either in cooperation with the network or, in case
of the self-exciting induction generator (SEIG), with an
external capacitor battery, connected across its terminals.
The battery provides the magnetizing reactive power that
is necessary to establish the air-gap flux. Its shaft is driv-
en by a prime mover.

The paper presents a mathematical model of a small
water power station, which supplies the local
consumption area and which is connected to the grid. The
model can be used for a system working as an
independent source of energy as well. In such a case, the
system is disconnected from the network. This model is
suitable for the design and optimization of the fed
condenser battery, so that the value of the power factor
corresponds with the Power Company requirements.

2. Description of the modeled system
The paper discusses one of the types of failure of the
asynchronous generator connected to the grid and provid-

ed with the capacity compensation. The mentioned failure
occurs during the disconnection of one phase from the in-
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volved transmission line. The study discusses an actual
occurrence at a small water power station in Slovenia and
demonstrates the possibility of an undesirable voltage
change in the disconnected phase as well as the current
overloads in the remaining phases.

The mathematical model of the system consists of an
asynchronous generator, compensative battery, transmis-
sion line, local consumption network, and the grid. The
model is based on the circuit model (Fig. 1) and for the
mathematical description uses the nonlinear differential
equations.
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Fig. 1. Circuit diagram of the modeled system

The presented model is a 3-phase model in the reference
frame transferred into the stator. Saturation of the mag-
netic circuit is respected. The system of nonlinear differ-
ential voltage equations is completed by torque and mo-
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tion equations. The DYNAST software was used to solve
the system.

3. Mathematical model
The system of differential equations describing the effect

mentioned above is as follows:
Voltage equations for loops
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When R ,R are models of breakers. R, ,R,, —0
before and R, ,R  —> 00 after the failure.
For the currents in the nodes it can be written
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and also
du du u
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The equations of the asynchronous generator’s stator and
rotor in the matrix form are

[usg J= [ng ] [isg ]+\1(% [ sg ]

(16

)

[0]=[R,, }-[i, ]“L‘l(%[ o] (17
)

where
18
(R, ][R,] )
are diagonal matrixes of stator and rotor resistances.

The relation for linkage fluxes can be presented in a short
form with the help of a matrix

e ] 0
I:Trg:lz[Lsr]T < |:isg:|+ [Lr]' |:irg:|
(20
)
when the matrixes of inductances are
I LS _MS _MS_
[Ls]: _Ms Ls _Ms ’ (21
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[L ] =|-M L -M
T T T T (22
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[L,]=|Mcos(3-a)  Mcos§  Mocos(3+a)| (23)
Mcos(3+a) Mcos(8-0)  Mcosy
oa=2n/3 24

Due to the configuration of the circuits (see Fig. 1), it is
possible to determine the voltages across the condensers
as follows:

Relations hold

ucuv :uug_uvg

Uy, =U, — U, @5

(2%

Uy, = Uy, — U,

CcwW

The whole equation system is completed by an equation
for the internal electromagnetic torque deduced with the
help of a two-phase transformation

26

T =W,i, —¥.i, ;
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and by the motion equation

T-T, do

L= 27
dt ()

4. Description of the failure states

Based on the mathematical formulations mentioned in the
previous chapter, a computer model has been created.
The disconnection of the phase is modeled by a time-vari-
able resistance, designated as R« (t) in the phase a. The
value of this resistance increases by several place values
during the given time interval. The moment of the phase
disconnection has been set as the instant when the current
1. passes through zero.

A. Disconnection of one phase; cos@ = 0,98, C=240 uF

The presented mathematical model simulates connecting
a machine running in a constant speed to the transmission
line. After the transient phenomenon caused by this con-
nection has been stabilized, one phase gets disconnected
with the help of the previously mentioned pulse function,
and the modeled failure is executed.

The model was created for an asynchronous machine with
the parameters of 30 kW, 400 V, 58 A. The load before
the failure was 18% of the nominal value, compensated to
cosp = 0,98 by a compensative capacity C=240 uF. Be-
sides the voltage and current in the disconnected phase,
the torque, the speed, and currents in the stator were mon-
itored. The results of the solution are presented in the fol
lowing figures:
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Fig. 2. Current of the disconnected phase, current
and voltage across the load impedance
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Fig.3 Torque and speed of the asynchronous machine
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Fig. 4. Stator currents

B. Disconnection of two phases,; cosp = 0,98, C=240 uF
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The parameters of the modeled machine are the same as

in the previous failure state.
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Fig. 5. Current and voltage across the load impedance
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Fig. 6. Voltages across the load impedance
of the disconnected phases
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Fig. 7. Torque and speed of the asynchronous machine

C. Disconnection of two phases; cosp = 0,95, C=175
a

The failure state is identical to the previous one, only

the

compensative capacity is different, C=175 pF, and the

load has a purely ohmic character R ;= 240 Q
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Fig. 8. Voltages across the load impedance
of the disconnected phases
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Fig. 9. Torque and speed of the asynchronous machine
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Fig. 10. Voltages across compensative capacitors
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Fig. 11 Stator currents

5. Conclusion

The presented results of a simulation of two unsymmetri-
cal failures demonstrate certain hazards in the operation
of a small water power station system with an asyn
chronous generator. In case of an island mode in unsym-
metrical failure states, inadmissible voltage changes are
involved. These changes (both over-voltage and under-
voltage) can jeopardize the connected apparatuses. The
values and characteristics of the voltage changes depend
on the relation between the power of the generator and
the degree and character of consumption in the discon-
nected phases. Their elimination is feasible with the help
of a properly designed protective system, which would
for instance register an unsymmetrical regime, and upon
its appearance disconnect the generator and the power
factor capacitors at the same time. Another option how to
eliminate the undesirable over-voltage is to reduce the ca-
pacity of the power factor capacitors. However, this
method causes a power factor drop. The Power Distribu-
tion Companies require a specific value of the power fac-
tor (in the Czech Republic it is cosp = 0,95). The results
of mathematical modeling indicate that the solution to
this problem consists in reducing the power factor to ap-
proximately cose = 0,9.

The above considerations are valid not only for the pre-
sented small water power station but, in general, for all
sources of energy using asynchronous generators with ca-
pacitive compensation, provided their performance corre-
sponds with the required output of the supplied area.
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Nomenclature

i ug,vg,wg
[i Sg]
o]

1 uv,vw,wu
i e

1 ul,vl,wl

1 ut,vt,wt

C
(L]

R;
Ruw (D)

R,
U uv,w
ug.vg.wg

sg

£ € C

st

generator stator phase currents

matrix of the generator stator phase currents
matrix of the generator rotor phase currents
power factor capacitor currents

neutral earthing current

load phase currents

transmission line phase currents

power factor capacitors

matrix of the self-inductance of the genera-
tor stator phase

matrix of the self-inductance of the genera-
tor rotor phase

matrix of the mutual inductance

load inductance

transmission line inductance

mutual inductance between corresponding
stator and rotor phases

mutual inductance between generator stator
phases

mutual inductance between generator rotor
phases

mutual inductance between transmission
line phases

generator stator winding resistances
generator rotor winding resistances

neutral earth resistance

transmission line resistance

resistance for modeling of the phase discon-
nection

load resistance

transmission line phase voltages

generator phase voltages

generator stator linkage fluxes

generator rotor linkage fluxes
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