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Fig.1 E, under partial working conditions at

63 m reference head
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Fig.2 No load opening line, full load opening line and
qualified working condition area during

primary frequency modulation

3 —XRIAmSHML

— U I AR 37 3o R Y b T e AR 4R LA —
PEATUT B 3] 52 Bt 3 3k PR G 6 R 90 0 Y
FF ) 771 40 5 B I 2 4 B2 — U AT 4 B 52 B
D IR RRE (B R IE ], AR E SO, T 45 A SRR
TAREZY AT IR R — A — U 5t o A T
5B T O 2 AN PID 5 2 BOBRAE B9 52 i, 1 Tt
FI ) 118 5 B ) 22 [ fg X6F 17 56 28 0 A 522 00 o B Jd
8 R P L 3l 1) 3 P AR S LR O B R A



541 B 7

BUT R 3T 2 BB T RESE 2k 0K v LA — YR AP E S0 AT K 2 B

+ 203 -

I JE R B — S M RE SR AR B Ak S 51 5y —
AMERETR bR 4k . B X2 B AR A ) L SR
Z HbrRLFRERAE N AR MR T £ h T
etk B ¥5 Z 8] IF Tefw &, R A1 3 T Pareto P fL1fE
UUENEASE 7Y A i - RE RS nW R Bt S & 2 Y §iia
it
3.1 BEiREHER

B B TR ¢ R 0L L 3
P WK PID B0 B K — [k, kb, ]
RS T Y AR R AT T R A
ML D) 2405 FE Y , 15 28 30 Pk Re 48 A 1 H 5345 3] )
T =[t,,,t,], ECHRMEE K 3@ T 0BG ¢
AT =0K) 1EH Hbrek%L,

EP
AL |
F, _4&F
| ¢ |
r
P, -
o e
o, i

3 MEIEETE
Fig.3 Performance index calculation
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Fig.4 Block diagram of primary frequency modulation

calculation model
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Fig.5 Unit frequency, guide vane opening and head distribution
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Fig. 8 Performance index optimization process
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Performance Analysis and Parameter Optimization of Primary Frequency Regulation of
Hydropower Units Based on Multi-objective Particle Swarm Optimization Algorithm
YAN Ning-jun
(Datang Hydropower Science &. Technology Research Institute, Nanning 530000, China)

Abstract: At present, in the region of China Southern Power Grid, there is a case that the actual load adjustment a-

mount of primary frequency control of some hydropower units cannot reach the theoretical value under certain working

conditions, resulting in the assessment of primary frequency regulation. This paper processed the original operation data

of a unit, and calculated the actual load adjustment amount and actual adjustment rate of primary frequency regulation.

Compared with the theoretical value, the qualified working condition area of the primary frequency regulation process was

found out. The characteristic operating points were selected in the qualified working condition area, and the multi-objec-

tive particle swarm optimization algorithm based on Pareto optimization criterion was used to {ind the optimal PID param-

eters. The simulation results show that the optimized PID parameters can make the unit have better primary frequency

regulation performance index than the actual parameters of the governor.

Key words: hydropower units; primary frequency regulation; performance analysis; parameter optimization; multi-

objective particle swarm optimization algorithm





