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Influence of a turbine model on frequency oscillation characteristics and its adaptability
in a high hydro-ratio power grid
DING Lijiet, LIU Shanmei?, SHI Huabo*

(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, China;
2. Sichuan Shuneng Power Co., Ltd. High-Tech Branch, Chengdu 610041, China)

Abstract: In a small power grid, frequency stability is one of the most important issues. The hydro-turbine and its speed
governor model directly affect the accuracy of frequency stability results in a high hydro-ratio power grid. To examine
this issue, the frequency dynamic characteristics of a power grid using ideal, operation point change and transfer
coefficient models are compared and analyzed. Based on the transfer function of hydropower units, the oscillation
frequency and damping characteristics of different water head and units with different output are quantitatively analyzed.
Through transient simulation, the frequency oscillation characteristics of different models at different operating points of
the unit are studied. Finally, some suggestions are made for a turbine simulation model suitable for engineering
calculation.
This work is supported by the National Key Research and Development Program of China (No. 2018YFB0905200).
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Table 1 Hydro-turbine transfer coefficients on the
hydraulic head of 130 m, h=1
Vivios ey ey en eqy [ €qh o e
100% 099 -136 168 099 -036 0.68 100 -1.00

80% 111 -128 147 111 -045 063 081 -0.83
60% 105 -097 111 107 -035 049 063 -0.64
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45% 114 -080 086 122 -036 042 049 -0.50
30% 091 -057 061 106 -028 033 038 -0.39

2 Kk 145 m Bp B 5B HR Y, h=1.115
Table 2 Hydro-turbine transfer coefficients on the
hydraulic head of 145m, h=1.115
B fif ey ey en Eay Eax €qh o e
100% 1.28 -143 152 113 -040 060 087 075
80% 128 -1.33 132 116 -047 056 073 -0.63
60% 137 -0.89 096 127 -025 039 058 -050
45% 116 -074 073 117 -030 035 044 -0.38
30% 076 -047 046 088 -021 025 032 -0.28

& 3 Kk 161 m B & 15 A %, h=1.238
Table 3 Hydro-turbine transfer coefficients on the
hydraulic head of 161 m, h=1.238

i ey ex en eqy Eqx g o e

100% 145 -1.64 146 120 -055 061 080 -059
80% 144 -114 111 122 -031 044 067 -049
60% 150 -101 088 134 -039 041 051 -0.38
45% 129 -075 066 123 -031 033 042 -031
30% 085 -049 044 092 -023 025 031 -0.23
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Fig. 1 Transfer function diagram of hydro-turbine

governing system
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Fig. 2 Phase-frequency characteristics of speed-governing
system on different hydraulic head with 100% load
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Fig. 3 Real part of speed-governing system on different
hydraulic head with 100% load
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Fig. 4 Amplitude-frequency characteristics of hydro-generator
on different hydraulic head with 100% load
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Fig. 5 Phase-frequency characteristics of speed-governing
system on different load rate

IEfE

0 0.1 02 0.3 04 0.5
T Hz

& 6 REH A TKEHBETER
Fig. 6 Amplitude-frequency characteristics of
hydro-generator on different load rate

g b, KA S EFMARST, 2
IBAT TRk, SEANK LA EHL(RD B AL S A
K, HNIEHEX), IR R g A g5k e
IR (1 A o

3 AEEETHRTHFENE

3.1 IBFERRBIAE KL TIE N

KN 5 EFHINN R G, S fae e
RGN E fHRA5], DR ) o — /N X
WA NN IE AT AT A B b SR E N 5 s
IR H 2R R A A B 1 s S E AR

INPRBN T K EC LA 16 22 B2 (1 o s 1k A5 2
BGUFR28, a7 BraN, 3l A ar ISR A B AR AR Y A
&1 RBUBERULE 130 m FiE 7Kk N BIA e 4iR; Hh 28
ML B, RS B R 1.12 pou., B fERATE
4351124 0.88 p.u. 1 0.86 p.u.. 5 7K Sk i 5 I B9 40 2
Kk, FHIFEIPLSN T BRARAR R RN A% 36 2R BB AR 4R
M P 2 AT 8 0.11 pou. (BN 5.5 HZ)LL F, 7 E 5] iR %
AL ECEH REIENLAL. TS A SR E VIR, &
AT TR AR IR R

B[] /s
B 7 FEIKLTRiERBUR BRI B R B Rt EE

Fig. 7 Comparison with the transfer coefficients model and
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ideal model at different hydraulic head
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Fig. 8 Comparison of the 3 models at rated hydraulic
head and 80% load
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Fig. 10 Availability of the Tw varied model at different
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1.010

.-

— EEEA T, B T
== MR R 145 Ak ||

S | T R 161 A

1.006

——

1.004 +

#iE /pu.

1.002 +

1.000

0.998 ¢

0.996 ¢

0 3 10 15 20 25 30 35

11 RREI7KKAN 30% AT Tw BHIRRIELER
Fig. 11 Availability of the Tw varied model at different
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