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' UCTION
;,ul_\TPi(::l)umon machines (IMs) with three phase
configurations can be used as generators in electr!c power
—_—— apart from their general use as motors. _The induction
seneralor is advantageous mostly in hydro and wind power and
playsamajor role in the renewable energy industry. However, the
iduction generator is limited in terms of excitation. This means
that it is difficult to employ induction generalors in remote areas
where there is no electrical power supply network. Off grid
excrianion can be achieved by connecting a three-phase capacitor

bank shunted at the terminals of the stator to supply the reactive
power requirement, [1, 2].

Once the power source is externally engaged to drive

such machines, electromagnetic force EMF is produced by the
residual magnetism emanating from the rotor as a result of the
windings in the stator. The current flow in the stator at this point is
&saresull of the EMF generated and establishing a magnelizing
flux in the machine, Real power supply induction generator is
achieved if the connections are done this way and it could serve as
¢ standalone generating plant or generator. This is capable of
tarmying reactive loads,

Hulwcver, induction generators that are self-excited
have 5 terlain setback which is that system frequency and voltage

Moduced by the sysrem js highly dynamic under various fault
onditions,

Many findings have been made in the quest to effect;
the speed and voltages of induction generators
excited under variable loads conditions yet the
have not satisfactorily ascertain the its level of performance a5 2
result of its non-linear behavior of the machine i question [2.3)

[nan attempt to better understand the above problem. this work s
focused on studying the transient behavior of the inducnion

generator with self-excitation (SEIG) system under faai:
condition.
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II. Self-Excitation Process and Voltage Buildup SEIG
Self-Excitation Process and Voltage Buildup in induction
generators that are always self-e

xcited is a commen and quck
process as compared to the non-self-excited opes. Self-excred
induction generator works Just like an induction machine in the
saturation region except that it has excianon capaciors
connected across its stator terminals. In the absence of power
supply from the national grid, these machines are the best
available alternative stand-alone energy producing sources o
meet the teeming demand for electricity in that region. The rotor
here must have an accurate and adequate capas:ime‘ power
attached to it externally as a backup for the magnetic ficld. To
obtain affected output parameters such as frequency, volage.
torque, speed ete. The induction generator must be in the excited
mode with capacitance, [7].

Figurel: Equivalent Cireuit of an induction
generator with per-phase variables
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Figure 2: DQ model of SEIG in stationary reference frame (All values
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DecioBispo (6] takes the magnetic saturation effects and third

harmonics which are generated due to this magnetic effect in
analvsis fyy selt<excitation process. The mimimum termmal
vapaciton required for induction generator to build up is the main
concern. Elamaly (7) Proposed technique, which use nodal
analvais instead of loop analysis to nhlalnjust one formula for the
mhnitesimal capacitive effect required for induction generator

operation at different load and speed conditions. In this
techmique, the operating freque
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the value of X, D-q transforn
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Computational approach used here for the machine model.

stationary reference frame (All
values referred to Stator). From figure 2, representing its
equivalent circuit, the stator parameters are unaffected or

Ynamic nature of the capacitor
shunted at the terminals of the induction generator,
The equivalent circuit of Fig

storage bank

nmatrix formas in equation (1)
Where the symbol P is used to denote differentiation with respect
1o time
_d
i 3)
The machine equation becomes as follows
V] = [RIN + [L)p(n) + wr(G][1) @)
Pl = (L] (V)[R [1] - wr(6](1)} )
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Torque Equation
The electrical torque expression can be expressed as
3
T,= TPL-(‘-: e = loa Uyy) ()
2
Ta =T, +1(5)* por ®)
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Load Side Equations

1
[v,] = Riplv,] + () ()

1 1 (12
plve] = g (7= ¢ (%]

Where [v,] = [v,. "..r

Table 1. Machine Parameters Specification

MACHINE PARAMETERS :m
POWER, (P) 3 5kW

PHASE - PHASE VOLTAGE, (Vph) | 3157
CURRENT, (I)

T3A
FREQUENCY, (F) | 50Hz
POLES PAIR, (P) (4

SYNCHRONOUS SPEED, (Ns) |
STATOR RESISTANCE, (Rs) 1 0433
ROTOR RESISTANCE, Rr) | o35
STATOR INDUCTANCE, (Ls [ 012995 —
ROTOR INDUCTANCE, (Lr) 0.12925
MUTUAL INDUCTANCE, (Lm) 69

CAPACITANCE, (C) Jm
The measured machine parameters were:

R _s=0.4350; R_=0.816Q-L S=L_R=0.1200 Lm=68 1),
3Hand capacitance C=58uF.
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IV. Results and Discussion
A.Transient analysis under Different Unbalanced Conditisas
Transient analysis of the induction

conditions produces different
Tesponses are presented using M
conditions. For validation of
‘omputer programs is ep
performance simulations
TESpect presents of the capacitor bank connected x
generator's terminals angd when absent. Fault copdimes
Tesponses are shown as: T capaci
C2=C3=38yF.

generator &t difers

responses as well Tramses
ATLAB/SIMULINK uner izt
results obtained, more thes
hanced 10 Carry oul sepans
and the results being compared we

B.The Self-excitation Induction Machine

Transient analysis of the induction generator at il

conditions produces different responses as well I.—ms_v-f‘
TeSponses are presented using MATLAB. SIMULINK M":
conditions. For validation of results obtained, more -

computer programs is enhanced to carry oul “;.“.‘;
performance simulations and the results being ‘”"wu;[ .s
fespect presents of the capacitor bank connected (8
generator's terminals and when absent. Fault wn:n"'
fesponses are shown as: Three capacitors are sehected ©
L’E-L'.‘HSR;IF.
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Figure 4: Performance of Stator Voltage
‘during normal operating conditions
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Figure 5: Performance of Stator current during
normal operating conditions

(.Sudden Short Circuit At Machine Terminals

Immediately the machine de excites, the voltage collapses, as
seen from figure 6, The voltage output at this point of induction
generator performance is expressed technically. Figure 7, is the
Line current of the induction generator. The short circuit is applied
at1=0.1sec and reaches to zero voltage at t=0.1sec. From these
figures we can clearly find out that the responses of SEIG in case
of abrupt voltage surges at machine terminals, voltage quickly
reach zero value at about £ =0.01sec Lo when the fault is remove at
1=l 2sec.
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Figure 6: Performance of SEIG during sudden
voltage short circuit occurrence
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cirewt sudden application
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FIGURE 9: Performance of SEIG during
normal operating conditions 3

D. Snddep Disconnection Of Excitation Capacitance
R_‘e-cxmtatmn takes place again when the fault was removed.
Figure 6: performance of the induction generator during sudden
voltage surges Figure 7: performance of the induction generator
during sudden current surges. Figure 8: performance of the
induction generator during sudden disconnection from self-
excitation capacitance / FIGURE 9: performance of the induction
generator during normal operating condition and the transient
responses simulated and their results for the loaded SEIG
subjected sudden Switching on and off the self-excited capacitor
under the loading conditions. The capacitance of self-excitation
is isolated from the machine once steady state condition 1s
reached. By disconnecting the excitation capacitance, the
machine lost its generating mode. Parameters such as speed 1
decreased, voltage generated mode is lost, the line current tends
to zero as well as its torque. Figure 8 gives this curve response
illustration. Response time 1=0.03sex.
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Current protective devices are non-applicable in this kind of
condition as a result of the fast dis- appearance of the de-
excitation process. Thus. for most critical applications certain
excitations are required for the use of self-excited generator. 1et
the process encourage deduction in the voltages and currents
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3 Performance of Torque, Speed under normal

Figure | . Speed L
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The transient analysis of the machi'nle studied was analyseq |

determine the effects of fault conditions on the SEIG, [ o, n‘;
excitation. de-excitation, poor voltage regulations ang oy
overload capabilities are the common challenges faceq by the
three phase induction generator under \self~e:‘:c|talmn Serioy
voltage drop is observed asa result of the fault The generatq, hag
the inherent capability to rchuﬂd ity loss voltage, hence it i
unnecessary to source for an auxiliary or external excitation atgl|
conditions under operation. Voltage build up process iq fay,, it
the load is momentarily shortened Self-excitation ooy Al
when capacitive power is unaltered .'l_l the terminal of the
generator. after its separation from the grid. provided a torgy, ,,
conveyed to the shaft. If the system s o he connected to grud, e,
the expected voltage at the RMS value has to depend un i1,
loading condition. Other factors such as the feeders pos..,
factors, capacitance of the system has to c-"l;thl‘mh excellens
conformability of the induction generator that 1s self-excited w1,
asimple, rugged and self-regulated attributes

A.CONCLUSION
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