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Note: K,, K; and Kp are hydro turbine governor parameters, K, is the
proportional gain, K; is the integral gain, K is the derivative gain; 7, is the
servomotor response time constant, s; e, is the transmission coefficient of hydro
turbine to guide vane opening; e is the transmission coefficient of hydro turbine
to head; e, is the transmission coefficient of discharge to guide vane opening;
e, is the transmission coefficient of discharge to head; s is laplace operator.
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Fig.1 Block diagram of turbine load regulating system
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Note: Feature point 1 is on the boundary of stability region, feature point 2 is on
the upper right of stability region boundary (outside the boundary), and feature
point 3 is on the lower left of stability region boundary (inside the boundary).
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Fig.4 Results of stability region and verification calculation
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Fig.6  Hill chart for francis turbine A551-35.2
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Table 1 Turbine transfer coefficients at different water heads
(guide vane opening is 66.12%)

7Kk Water head/m e, e e ee,
38.00 0.9680 0.4520 0.658 6 0.637 5
42.40 1.151 1 04323 0.591 0 0.680 3
45.00 1.208 2 0.409 7 0.573 6 0.693 0
49.00 1.297 8 0.3933 0.5557 0.7212
52.00 1.380 8 0.374 4 0.5470 0.755 4
54.99 1.4399 0.3649 0.5250 0.7559
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Fig.7 Stability regions at same guide vane opening and different
water heads
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Table 2 Turbine transfer coefficients of different guide vane
opening under three water heads

7Kk FHIREE
Water Guide vane e, [ e ee
head/m opening/%
92.04 (HUEIFFE) 06743 05226 1.0755 0.7252
81.15 09608 05198 08767 0.8423
38.00 (/b 73.36 1.0813 04935 0.7800 0.843 4
KD 66.12 09680 04520 0.6586 0.6375
57.72 1.0362 04323 05402 0.5597
45.09 12198 02968 03854 04701
92,04 (HESFE) 07101 05128 11534 08190
81.15 1.0018 04877 09348 09365
4240 (e 73.36 13105 04610 06665 08735
K3 66.12 11511 04323 05910 0.6803
57.72 12317 03981 04742 0.5841
45.09 14627 02902 03239 04737
73'“&%\2?;?%% 15351 04119 05686 0.8728
49.00 66.12 12978 03933 05557 0.7212
57.72 14201 03723 04619 0.6559
45.09 17081 02659 03097 05291

rHTE 8 AT RN, 3 Rk TR BN E I i R AR
HIF N 73.36%81.15% I 73.04% 1) T s Ak, % EL 2 2
AIAN, 3 3 FhFF R R T A eye {E 5 2 AR R 7K Sk
T RAE. AT A, A KK T AR s AR
TN eve (KA.
5 Guide vane opening/%

——=92.04 81.15 —-— 7336
----606.12 — 5772 —--—45.09

0.2 0.4 0.6 0.8 1
LEf 445 Proportional gain K,

a.38.00 m

e —
e
-

0.4

I

AN 135 Integral gain K
[=]

| I} PR
07 04 06 03 1
L3435 Proportional gain K,

b.42.40 m

KI
o o
&=

o135 Integral gain
(=]

! L
0.2 0.4 0.6 0.8 1
LLf4% 25 Proportional gain K,

c.49.00 m
B8 ARFIKKTARE eI AT 094272 5
Fig.8 Stability regions at different guide vane opening with
different water heads
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Stability of load regulation transition process of hydro turbine
governor in power regulation mode

Bao Haiyan®, Long Liting®, Fu Liang?, Wei Jiafu?
(1. School of Hydraulic Engineering, Changsha University of Science & Technology, Changsha 410114, China; 2. State Grid Hunan Electric
Power Company Limited Research Institute, Changsha 410007, China)

Abstract: Whether the load regulation transition process of the hydropower unit can be stably carried out will have an
important impact on the safe operation of the power grid and the coordination of the source network as it is the backbone
power supply for peak and frequency modulation in the power system,. During the load regulation transition process, the
governor power mode automatically completes the power closed-loop regulation by the governor, and quickly responds to the
load adjustment command issued by the AGC, which responses fast and realizes the coordinated control of the primary
frequency modulation and the AGC. Due to the combination of water hammer effect, the nonlinearity of the turbine and the
time-varying parameters, the stability characteristics of load regulation transition process of hydropower units become more
complicated than imagined. At present, the research on governor power mode mostly focuses on control logic, experimental
simulation and control parameters optimization and rarely involves the stability problem of load regulation. Yet there are
actually more than one hydropower plants that have experienced instability during operation. The problem of instability in the
power mode leads to power oscillation, endangering the security of the grid and the coordination of the source network. In this
paper, the method of theoretical analysis and numerical simulation is used to deeply analyze the stability of the transition
process of load regulation under the governor power mode of hydraulic turbine, therefore the stability region of unit operation
with the governor parameters as variables is obtained and the discriminant for the stability of load regulation transition process
in the power mode of governor is deduced. Through this discriminant, the stable condition of load regulation transition process
can be obtained quickly, and the parameter setting of governor in power mode can be effectively guided to ensure the stable
operation of hydropower unit. The influence of water flow inertia 7,, , servo response characteristic 7, and turbine
characteristics on the stability domain are analyzed. The results show that the value of T, has a great influence on the stability
region. As the value of T, increases, the area of the stable region decreases, which is not conducive to the stability of the
system. With the increase of 7,’s value, the area of the stability region increases, which is conducive to the stability of the
system. When 7},’s value decreases, the governor parameter K, should be reduced in order to ensure the stability of the power
regulation process. The study also indicates that the operating condition of water turbine has a great impact on the system's
stability region. The size of the stability region is closely related to the product value of the comprehensive characteristic
coefficient of water turbine e and the transfer coefficient of water turbine e,. The larger the product value, the smaller the
system's stability region. Based on the research results of this paper, a detailed analysis of a case of hydropower unit is carried
out. According to the comprehensive characteristic curve of the turbine, the most unfavorable working condition of power
regulation stability can be accurately found. The research results of this paper can effectively guide the safe operation of
hydropower units, which is of great significance to the safety of the power grid and the coordination of the source network.
Keywords: hydropower station; hydro turbine; power mode; load regulation; stability; governor parameters
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