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ABSTRACT Recently, there has been an increasing application of squirrel cage induction generators to small hydro power plants due
to their simple and rugged structure, low construction cost and easy of maintenance. Induction generators receive a large inrush
current at the time of grid connection, which causes a drop in the system voltage. The remaining voltage must be high enough to ensure
the starting current of the motor. Induction machines have been designed with a variety of rotor shapes with the aim of reducing the
current. In this paper, we analyzed the effects of induction generator capacity in order to ensure that the voltage drop does not exceed
the allowable range during connection to the grid connection system.

Key words Grid connection(A| £ ¢4 7)), Induction generator(-3- =2 7]), Inrush current(E ¢} 4 5), Small hydropower(2=4>3),
Voltage drop(A %73}
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AL
D/L : distribution line
TR : transformer
IG :induction generator

P,Q,S: active power, reactive power, apparent power
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Fig. 1. Connection schematic diagram of Induction generator
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Fig. 3. Equivalent circuit diagram of deep bar induction
generator
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Table 1. Induction generator specification

Quantity Value
Voltage 0.69 kV | 0.69 kV | 0.69 kV | 0.69 kV
Rated output | 100 kW | 500 kW | 1,000 kW | 1,500 kW
Pole 10 10 10 10
Power factor 0.84 0.84 0.84 0.84
Efficiency 90% 91% 92% 93%




Table 2. Generator parameters according to output

T= 100 kKW 500 kW | 1,000 kW | 1,500 kW
r, (€Y 0.26951 | 0,04841 | 0,021392 | 0.012403
1,[H] 0.00189 | 0,000132 7TE-5 4,9E-5
1, [H] 0.01959 | 0,003982 | 0,002083 | 0.001451
1.[H] 0.00189 | 0000132 | 7E-5 4,9E-5
r [Q] 0.13304 | 0.02689 | 0.013734 | 0.009192
r, [Q] 0.05661 | 0,011624 | 0,005937 | 0,004102
1,[H] 0.00146 | 0,000302 | 0.000156 | 0000108
J[kgm’] 21.9 163 389 646
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Fig. 4. Power and power factor at the power & generator side
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Fig. 5. Inrush current & voltage drop of the 100 kW generator
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(b) Voltage drop

Fig. 6. Inrush current & voltage drop of the 500 kW generator
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Fig. 7. Inrush current & voltage drop of the 1,000 kW generator
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N
lo
to
2
1
H1
;:i
offl
N
1
Hi
=2
H1
E
3.'4
rr
>
o
)
N ol
2
re
2

780l Aike f17t thedRt A7t A=A &2
HRNAAE A7]oAAAR o] 83h7] 217t ol gt
TAlo] oFA|AL QlTh. A S Eae] S|
off vlsl Bl w& FEEVE AEsh= Aot A
A Aol FoMA AL Sl §F =t

=
QA E EYAFI WY AL B0

o2

l=dl A8

A7} ZapAio]7] wiitof & AtollA o5 A&ttt
& drold e A 2] RS A 29T o
7P 2AE B EdAdRel ot AdTdskel -84l

QoA 21§ 7R3 GS AFISH] $IH 1,000kW A
o JAGFS BEHAT. A Fol2l WA &

AslolA] Wd7] 228a0] 1,000kW7HAE 715,

AS AAM R=EE7| E20| OE MUt =

1z

References

[1] MOKE & KEMCO, 2012, “New & Renewable Energy”.

[2] Research Report of Korea Rural Community Corporation,
2012, “A Study for Characteristics Analysis and High
Efficiency Operation of Small Hydro Power Plants”.

[3] M. Godoy Simoes & Felix A. Farret, 2004, “Renewable
Energy Systems-Design and Analysis with Induction
Generators”, CRC Press.

[4] Jong-Gyeum Kim, 2015, “A Study on the Voltage Drop
of Induction Generator Along the Rotor Shape”, KIEE,
Vol.64P, pp.62-66.

[5] Jong-Gyeum Kim, 2014, “Characteristics Analysis for
Motor or Generator Operating of Induction Machine
with Deep or Double Cage Rotor”, New & Renewable
Energy, Vol.10, pp.3-8.

[6] Jong-Gyeum Kim, 2014, “Analysis for Voltage Fluctuation
and Power Flow at the Grid-Connected Time of Squirrel-
Cage Induction Generator”, KIIEE, Vol.28, No.6, pp.45-51.

[7] K. S. Pankaj, J. P. Nelson, 1997, “Application Guidelines
for Induction Generators”, in Proc. International Conference
on Electrical Machines and Drives, Milwaukee, Wisconsin,
May 18-21, Paper WC1/5.1 - WC1/5.3.

[8] Masaki Sato et al., 1991, “Study on the Inrush Currents
of Induction Generator due to Abrupt Connection Utility
Power Networks”, TIEE Japan, Vol.111-D, No.8, pp.
689-697

[9] K-Water Report, 2006, “Design Criteria of Hydroelectric
Power Equipment”.

[10] H.W. Dommel, 1986, “Electromagnetic Transients Program.
Reference Manual (EMTP Theory Book)”, BPA.

2015, 12 Vol.11, No.4 45



	계통 연계시 유도발전기 출력에 따른 전압강하 분석
	ABSTRACT
	1. 서론
	2. 계통구성과 유도발전기
	3. 계산 및 결과 분석
	4. 결론
	References


