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Application of Intelligent Governor Control in hydraulic turbine

Yichen Pan
Xinjiang Shuifa Power Energy Group Co., Ltd
[Abstract] as an important equipment of hydropower generation, the control accuracy of the governor of the
hydraulic turbine has a critical impact on the stability and efficiency of the entire power system. The traditional
governor control method often has some problems of hysteresis and insensitivity in the face of complex working
conditions. With the rapid development of intelligent control technology, intelligent control of governor has
gradually become an effective way to improve the control performance of hydraulic turbine. This paper
discusses the application of intelligent control technology in water turbine from the current situation of water
turbine governor control. Through the introduction of advanced control theory and algorithm, such as fuzzy
control, neural network and adaptive control, combined with the specific characteristics of hydraulic turbine
system, a new intelligent governor control strategy is designed. Through simulation analysis and experimental
verification, it is proved that the strategy can significantly improve the response speed, stability and regulation
accuracy of the system. Finally, this paper looks forward to the future development trend of Intelligent Governor
in hydraulic turbine, and puts forward the possible direction to further improve the intelligent level of control
system.

[Key words] water turbine; Governor; Intelligent control; Fuzzy control; Neural network; adaptive control

ElE

IK IR AR —Rhag TS I REUR L 3, B B 8 0F
AIASFAME ALK TR ARG, AKEEH LR R A B R A e i 4,
HAERE BB B A AR A ) R E VR o KEE LI
S ST KA AL R I8, DR DRI IS AT 78 B 1 A 2 SR,
A 28 (0 VR T 247 1) A TN ST Bl AR AR 2 T
I, HATAEMA R R AN RS I, A ITRZNE 1 ZKEEHL
FFEIBAT AR LA o TR, BRI AE 2% T T4 THK A AL

A PR BEAIRRE E, O T 2 T 7K 0 R FL e AR AR ) B 222
W R

IEAEK, BEE N TR REROR AU HGE A J, B REA A IR Z
A ISR R LI A5 1 F2 ) R gt . B Refbdz il R i
BN SR RE DR HL AR, BENS £ B0 AR IR 58 S B S
HRF AN R AR o M LE T e 2 R 7 i, B R AR R
A SR I NE B RVEN B 2 ST RE ), BERS A RO Itk e
TTERIAN AR, e R GAE R A O HAa 8 VR R B . DA,

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 299



Hydropower and Water Resources

IR IR FY
FoLeF 2 HeRA 1.0€2025F
WEAM . W FIS (ISSND: 2529-7821 / (FFETIS): 868GL002

BIF 0 I 5% 8 e AL A% Rl AL KR LA N, BT A BR R
SCRISEBRAE -

ASSTHIRZ A HAR AR T 8 4% 8 RE A% A KRB A (R 2
H, 2 T HORBEBOR, JF4 Hh— ik 8 e 42 i i) TR R A L AL 5
W% o SRS XT P G PR 7 i RV R ) 75 3, SR RE Ak 4% il 7E
IKEEHLAH I SERR R, I il — 2B 5 TR EE ML B BEAL KT 2
SENOS XS

1 KEHIREFEARRIE SE SR %

L IKEE ML 5% ) HE A 250 5 Th RE

IKES LI I 28 fE 7K K B AR G b B B B, A 5T
HIKFEHL e, DA A AL D% . fEIEH TOU T, i
A L T K AL K R R S A A Pt . AKEEHL IR
FREE HE I AR RS S HI ST S AL R AR A
R i A St B U5 ) e s M 7 e 45 I8, T 5L BT 1O T 2, sl
PATEXKEEHUBEAT T o T I 2% XORS E EL R RS R B K B ALY
B RGN, PR, Bt — AN RS L s ) S 33 P2 )

L ARG AR RS A 2

FRGEI K FE AL IR 247 1 7 12 2 R HIPTDEAA | LE A7) 2 ]
A E 7K S F i 5 o IX BT VA — R L L RERE T 2 /K EE ML
R REAEER, HAESE PRI A7 AR — S8BT (KA 2 . ¥ %, PID
P A R G5 R T B, L DL KRS ML R Gt b S A A etk
Ui R S O35 3% kil WU R BRI S NTETD s & N
AR T UL, e DLORAIE 28 S8 R BRI M SR o B A o )i,
PR GEFE ) T ik RO 1 L R B AR AR — R I 1, R 5 LR &
G FR G AT E «

L. 33 A4 1) 2 4 i i A P il

IKEEHL A £E SE PRz AT F i I (P il E 2L R e AR
etk S EN R AR R . KM A AU B
B EEER R KR, 852 BIPAT AT AU 155 P 3R
2y DAL, R S R G BRI B R AT IE R, BE
i 2 5% M R 2% T UL T ORFF R GEI AR E MERI R AL E . D 1 ki
S i), % G PR AR I A WL, IR 5N T St
REALAZHIHAR .

2 Fee iz SR AR K E AR 2% H A R

2. VDR oA 182

B2 ) AR A — A e T RO 3 A A B 1Y Y e A T ik,

M R A A B A N AR B, B G T A GEPTDR il U7 v rh R A AL
SR SR . RO 2 BB A RS X R G AN B 2 A AR
LEVERRTE, HA BURAIE S A G . SRR AR LIRS 4%
i o, ORI T DR S i B . el SRR, 45
ZRRO AN, T B BRI TAE S8, TS B AR ML R
Rz .

TE FE R T, R P RRORA $22 1) £ 7K e AL 18 5% FE % 8 9743
2y WEANE IR TOU T RFRONRE INIZAT, IF B & m
BRSO S5 P o 368 T AN [RIAR R F2 1] S s (140X 23 A,

BE— PO 2 1 3 S HOR E, AT — BRI ARG
FERIRCR .

2. 22 I L8 AR B P

PZE X 255 2 ) B R T N A2 I 2% £ 27 20 b5 O L
VAR RUROPN TS €I R A N Pl O E | 22
W 9% 2R o FE K FE WL 55 v, o 22 I 2% RE S AR AR /K FE LI
SEIRBAT IR, 327 >) A0 G R B SR, 8 sh DA R

28 X 255 2 ) O I8 e AE T L RS A T o P2 R ) e P 1)
A, I B AR A 2% ST Re 7l i KE LR G IS 4T Bl
HEAT UL, 22 90 2% RE 6 HE R I 28 58 (0 R RCIR A, 32 70 4
A IR SRS o BT U R, MR AR R RE S AE R UL
S BB WL o A RS FEA% ], JF B35 3R R ST AR 2 A
B,

2. 3 ML AR R B

B & N I BOR BRI R AR SE 12T IRES, BBl
PR B 1 S5, OGN RGeS BN AL AR K FE AL IR 48 10 22 )
o, B AU R A (AR K, A G 4% i A TR AT TOIE S
PRI 24, S BRI RCRANE o I N 138 i S I R e R
B, Sh B H SIS, R A GRIGAARDIRE T
B4,

3 A BORTE K A LR S 25 T KR, 7T EAAT RO
A G5t 42 8] vk T W ) J R AN SRR IR, 8 v 2R 4 11 ) S
AR RE 1 o AL DA 1 3 M ) 53k, mT LA — 2D 3T K e AL
AR I TERE, AL RS N6 BN B AR IIZAT T

3 HREMIEHRARNTES KBS

3. 1T AR AL v

9T B e A ) B AE KR L R S 2 e 1 S R,
AN TR RSB A AL 2R3 1 KA AL
O E R N L DR el RPN K & Kt o 2 1 TR ]
RIS AR AL HEAT 07 FOS AT, RE NS TN AS R4 i S R K EE ALY
B A AT ) 28R

17 A5 R, L0 AL GEPTDR il R, 22 45 1 i Jo7 538 i %
18, IF HAFAE— € IRV IR o TR F ORI 1) e 2 o0 2% s
A& 5, 2R GE R R 5, B AR SEAe e s
Rl B Lip

3. 2R IR UE S 45 SR AT

FESEIGRIY B, SR 1 — & SEF/KEE LR R GE AT 0IE - i
TL AN R ] SR AR 25, WLSE R G AR A L S
2R, B R AL B BE 5 S 25 1 R R R AL A 3 % (0 1
AR M, JCHRAE S AL AR B I R 2 TOU T, B Reft
P SRR T 00 S (0 N P R R 1

S0 HOHR I 2 B, ASORY F ] o £ ) 245 42 o) e 6 A 2k ek 2D
REMIRG R, HAARIRAR R . fEKIEE1T T, B
Pl RS AT BRG] T B R8Tt

4 JRER B RIS TE KB PR R AR [

230 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Hydropower and Water Resources

IR IR FY
FoLeF 2 HeRA 1.0€2025F
WEAM . W FIS (ISSND: 2529-7821 / (FFETIS): 868GL002

4. 1E | B — DAk

B e H AR AL RS DA e T RER
RO, AR T ) SR AT SR AR AE — 2 0 R PR A, AR Sl 2 A T b
SN A NS 2 0 LHUR, A% G RO ) L #2224 | i |
T A8 ) B 5 1 AR R T AT AL R R P R R ST
B3R T AR I — ) J, SRSk BRI 7 W] LAZE IR B4 Reda il
BEEA B TIRAMRAL B 5, TREE 2 S BEAE N L R
W E BEHOR, BAA 9K AR A FE AR =R A B8 ), T hdid
K 7 LB 2 =, 4 sl RS R B RE 7 AR SR RE 7T o 7R
AL R A5 v, TR B 2% ST AL AT DUAR R Sk R AR I HE 30 &
TGS EL, AR SRS, ITAE ORI R G A AL
FREHEFIT AR PE . 8T 45 A IR M A M 45 (DNN) 5 G 4 W 45
(ONN) Z5JR FE 22 IR, REuReN% B 3 R DU TE AN 5 1
B, SEIUR AKECHLEL TR . G 55 2 F S HUR RS AR

Hk, 342> Reinforcement Learning, RL) /E N —
M WIHLAR 2 2] U5, AR I S B B K A8 LR A A ok S
VEI L U ) A B i 5| R B sa el SN W R S T <
i H SSEN ST R B R M E R, s>
DA 22 AR 95 [ 52 v 5 A ST S R, 328 A5 it 4 ) SR, DLIE
RGBS A SRR 2 T . i B RS Ak 2 )
(Deep Reinforcement Learning, DRL), &%t n] AFEE 254
IR AN WAL D S I R, SR T A P R B3

AR, FE TR TIN5 §1] (Model Predictive Control, MPC)
HISEA LA 3G T2 BN T 35  MPCRE S 388 3o 22 37 R 48 1Y) il
DAY, o oS — B ] Y 1 R GEAT g AT T, A dE ek B
P Xt 428 1) SHE W AT TR o 5B ML 2 STRIUR BE 2 ST 3002, m DAk
— 3 RRMPCTE K FEHL IR 2% P B SRR, $2im RAAEN DA
A TR F 47 ) 58 AR o 7 3

4. 2Z U Ak B R &

Bt 5 2 B AR s AR BN W R e, AR SR B K R B TR R 4 0
T 2 JeAC IR A AL, B — P R T RE TR VR A T R B
e LT BB R o K 22 P REAE I BOR S & ke, T G o
i ZS5ORI SR B [ 428 i SR, AT DUE— 2B 4R KR WL E R 4
HIR REALIKT, B0 R GUAE AN [A) AR BB IR IE Rk

T, R ) S e A P 2 1 45 A AT LA R S SR TR AR T
T XSS AN P R 2 P Il R PRI P o AR 428 ) S I T S ASE R
FUANHEEEHL ], A RORR T RS0 H R RSB 138 4, T
2 W 25 I BE A% Ab B R 4 (1 AR 2 R, LA B AR =0 )
FEIERLRE T o X PR B AR AH 45 A, AT CATE BRI 42 il FAE
BOR, R E RT3 &R, A5 s R4
HE At Re . R R AE TN AKEEN IS AT I A S8 Wi

AR 5T A LA, R ASTR 4 o) A 228 D 5% 1) o) SR ]
DA R0 I R G AN 8 T, 1R RG IS

FLR, BE AR ) 5 RS ST I 85 A O K EE AL VR A8 1
R RITTRE T HI0 7. HIE R HI R R I RGNS
1k B Bh AR R H 88 IS4, AIE RASRI ) TARRAS o T s b % 2
D@ o R G S S kAT 5 2], AN S SR L 25
T 4 R Ak S ], R S BE 0 7E B A PRI v i e 1 4 )
Femg, LRI KRBT . RS2 TH. FE, &8
TGN I R0 X 4, 3 — 25 1 5 2R G R RN R SR Y0
P, 45 K S0 AL R S 28 75 A R Ak v T AT e R RE R A 1%
il RE .

5 #£iE

2 3L K EC ML T8 38 (R e Ak B B R R, SRR T
AT REAR R T IE KRN R R R R R BEE R AE
ACEAR WIS 2D , £ 20 1) R 3 35 428 il 07 2 T I o AR SR ek 22 11
Bk, JoHORIE R 2 TR, AR G5 S 5 VAR AR R L S
JE R RO TSR BRI R, SRR ]
L2 [ T AR 5 v, SRS FEAE AR 2R 1% I AR P AR 2
T RIS, T &KL RS H BB 7 A R, B
TRBFBIHR.

A B S SEIR IR E, ASSCUE B TR RE s B RE S B
EET B WU 2% s A 5 i 3ol B AR R 1, TR AE
SRS MEREERTH . KK, BHERES . 58k
5 ) SR RN I R R, KB AL R T B 1 RE AL i — 2
RERT, B ARG R GRS REAE . . G E

(5% k]

L1177 A AR ¥ & G 8y & 6 35 % 51 % (). & 6
,2021,7(11):49-50.

[21K . /N AL K i 3 K 46 AL 4% %1 45 3 (D). IR 5 & A
#,2019,3(20):139-140+142.

(3198 B, ¥ K 58, 4 3 IR . 1L e BP A 42 I 48 A2 K B AL 2
G5 iy b R A AR LO0. o B R KA K L,2017,(11):189-193.

[41% A 58, F T2 & .BP# & W 25 22 K SR ALV 4 1t 72 o 8 2 Al
[J1.7K ¥, B8 9B A} 2,201 7,35(07):1 76—178+57.

(IR Z K 4w, i, £ REL Ul kRIET £
401 Bl 3 (WA MIPID AT L [J). V0 b R AR A A 5 (B R
#7),2013,41(09):229-234.

EB B

% 25 B (19840——), ik, 37 5% & & K F A AL R 5247
T A T AR ] R FE R W SE AU Ak KA AL S S A T
Y, BER 61 KREEHLIA R 35 69 % AR AL IR .

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 231



