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Research on a novel power regulation mode of water turbine governor based on
characteristic curve
LI Guilin', FENG Chen', ZHANG Yuquan', CAI Weijiang’, DU Yuzhao’, ZHENG Yuan'

(1. College of Electrical and Power Engineering, Hohai University, Nanjing 211100, China;
2. NARI Group Corporation ( State Grid Electric Power Research Institute) , Nanjing 211106, China)

Abstract: To enhance the rapid response capability and operational stability of hydraulic generating units, a unit simulation model was
established to investigate the damping characteristics, frequency characteristics, and stability under the novel power regulation mode of
the governor derived from water turbine characteristic curves. Two improved strategies for the novel power regulation mode were
developed. Results demonstrate that compared with conventional power regulation modes, the novel power regulation mode exhibits
greater negative damping of the units, leading to inferior stability in small-grid operations but better frequency-modulated fast-acting in
large-grid operations. Both the interpolation output control strategy and the guide vane speed control strategy can effectively suppress
reverse regulation of power but both partially sacrifice the system’ s primary frequency-modulated fast-acting. The guide vane speed
control strategy shows superior suppression of reverse regulation of power, whereas the interpolation output control strategy offers better
compatibility with other governor regulation functions.

Key words: water turbine governor; power regulation mode; primary frequency regulation; water hammer effect

K HE AL AT AR IR A5 0 0% o R 2 ST A A, 7E I R D R) R G v R H 8 G AT B
ORUR” H BRI HL I AR " AR bR S L SR RUBTRT RE IR L ) R G A L R G
K H LA A — U RS MR RE B T R R R T A T TR AR R BRI R TR PR RSO AR R
TR S 10 22 5 KA LIRS 5 ) S T AR nT 43 S 30 ) A Tl SR 4 A ORI T B A R
1117, B B A A A SR R, R A S P T2 2 N Rs AT 00 5 e R s AT I O B
AR A AL SRR AR E YA 1 BRI AR WIS A WK A AL VAL f 42 1 0 4
FHABAL T ZR G REL R R 5 (] JPk AT A5 1 S ek s K 3L F SORSA ARRER 53 1 R BE TR AN Ty 39
BT/ NS T e, K L R R S RO EA G B 5 | R RIS . HAh AL G T3 A

HEHE . FRARBFILEWH (52209110,52339006,25171257) 5 o FE W J5 L2 54000 B (2022M711017) 5 P o A S A RHIF AL 55
P BT 42 H (B220202005) ; VLA A QBT S #1HRl E bRk & VR D H (BZ2023047)

BT/ AR (2000—) , 55, W-EAFSE A, E 2 NFOKEEHL A SIFEHIFTSE . E-mail: 1945871663@ qq. com

SI AR Zfdk, Bk, ok R 4, S5, B TR e i K S8 AL e 2 2 S AR S [ D] N KA AR ( A A RLE R L2025, 53
(6):110-118.
LI Guilin, FENG Chen, ZHANG Yuquan, et al. Research on a novel power regulation mode of water turbine governor based on
characteristic curve[ J]. Journal of Hohai University ( Natural Sciences) ,2025,53(6) ;110-118.



%5 6 10 REMR,SE L TRRIE I R A 7K S AL e A D AR A U Y 111

FEFHTHR A SS RIS B 3h & B (automatic generation control ,AGC) Z[BIE 7 i , ) S5 812
f— R RE 1)

R KA LA B4 R 1, X/ A O SR BHLJE B S 40 T IR Bh LI YT 2R G A T 3 3R T 1Y
TRHJE G, FF4 th 1 58 TR A MY I 3 2500 FL ) 2R GEFe 2 #8% (governor power system stabilizer, GPSS) 5
Wil AR S KR ML i R G A e M s e R 7 ddesr T 290 S s R R AR BRI AL Bk Ak
ALl L 0 AR AR AR 377 5 L AR gh Y Wang 451 Yan % 3 BIR A BESE S B WiARih 4 BT 1
LXK AL AR S E0E AT 2 BAs A, el T R g imisoe M5 — IR P v

R T B R A AN [FIK Sk S v TR RS AGC Z IR P Ji , [P A R 40 H 3 R FH B
RIS SR, B I AE K 22 3 T /K S ML £ G0 ) 5 08 5 B R B 8 1 A 2, ot e 4o i
BRI R PR Y — DR AMIFE . I, A SCHEST K FE ML M R AR AR Y | SR AR 72 RN BHL R 6 1
X 7R EE AL Y D) 288 B AT RN /A, FEHE Gk S | DA Az =X 0 RS A0 7 FH B s S At

1 FEDRFTEARER
11 FEIRATEANARAESRGELE
P A B TE AL G A IR b I . R R Gk 1 B AGC RyBAS

ATy T R A 22 15 5 B, A% 48 o 0 B OB O 22 15 5 A B - B - 348 ((proportional-integral -
derivative , PID ) 45 il 4 , 32 i 5 T 0 JF B 25 5 HART RN I RS TF I, LR i 2540 WL IR 1,

ﬁbﬁi%'é)iiﬁzf_ ) /J | }’“Pﬁl‘]a)gg e
PRSELT e soeRtin o
F4{AGC
i | 1P am
g IR SRR

1 R RFTRA RS
Fig.1 Traditional power regulation mode control structure
Gt DA T IR T N
- KpAf - Au - erpAPt = KAf + KiepAP[ (1)
s AF AR 22 AR XA ; Aw S PID P &4 Hh A0 TT BE Qi 22 AHXEL; AP, S D3R 22 AHXS (B s e, S DRI
ZERBGK, IR EG K, BT R, SR, AL Ge Dl 38 1 5 ) sl 2 g 1o 518, I 1 o 7 0 A e 1)
AREIRBENRRAS . AR RO T RSN B9 FF B R R AR A s A ), A R PR R TR
PID S EBOR , 25 | BRI ERRON, , 73 BURRUIR 5 52 IS, DN G 75 200 4% 48 2h 2 8 35 A Uitk Ay
Gigii
AT AR TR R FEAR AR AR < 24 R ST o O 3R i 22 52 AGC B R 45 7 Ml 22 I, 113
H EARDE ; [ A0 A YR IS AT/ Sk AR K R LI S Rt i 2 | o 4 (B 5k 113 1 532 E AR D 3
KRS I AIARZS HAR TR 5 21 TR RE VR 22 F bR T HERRT I i, Y145y PID 42 i g AT (58], AT 206
AT TR] 7 A S AR A AR A5k WL 2,
*Fﬁi%“ﬂ!ifir‘if_® /_/ |
WERAEL " piasei WO

1/e,

IKEEHLK K-~
i e S IE"

N
PID +
il

TFEEMES

R AGC
YR

_ -+
TP fjf+7 )
ATER SRR

B2 HEmh Rt s

Fig.2 Novel power regulation mode control structure




12 ERCPNE N 453 %

TENRBN AT T 8 SOKFEHLIIFERS T TP AL 338 R ECh e, MRAEKEHLIHEIR, MR GAL T
SIS KRB L, TR REDK R LI AR P S M IFIE y ZIAIHC R A
AP =e Ay (2)
K Ay ST R,
TE— WML AR DR E (ORI, WA AP, = Af/e, , ORI 4587 51 D) 488 1 A6 28 s 4 ) R A T
(|
- (1/epe, + Kp)Af— Au - erpA]:’I =KAf + Kee AP, (3)
R MR R D AR T BT/ N 8 T T AR AR | BELJE AR A5 AR SO PR AT LM BEA T T Ak, TR AL )
A PAT LA RS DT 2 h
T Ay =— Ay + Au (4)
NG LV A SE £k IR AT %
1.2 HAHMABSEE
1.2.1 RétA
IKEEHLEEA S A% HR Y W T A B 2 4% 50 w5 KBS AILD U e e Ml 38 L sh ek . d it
IKEEHUA I 25 G R i 4 T ARAG B A B e | L o LA S e T B Z I Y E 2R (3 (5) ), AT 2
SEIKEEHLR GEAR R AR
{Mn =F(y,ny) (5)
Qi =6(y,ny,)
X0 My, ny, S RKEEHLERAL G B B AR AL T F (- ) SRy B R DG T I 3 AR A6 2 i 1Y)
FELEMEBI s G( - ) BRI OC T I BE AN B B A AR MW o S e PR 2 H i B D R A B A Rk
TERUE TR KA HLAR L MR HEATEMEA ST K EE LA AR AL AN T
AP =eAf + e Ay + e, Ah
{Aq =e, Af +e, Ay +e,Ah (6)
X : Ag it i i 22 XA ; Ah 7K AR 22 A0 s e, ve,, 20 A /K AR AL Ty XK EEHLAL 3« Kk b 14535
RHse, e, o SRINIH o XKESHLEHE  SIFTFRE K MR AL,
1.2.2 FlKA%
FUKRGERIE S5 R A ST R

oH 190 fil Q!
al gAat 2gDA*
# (7)
¢ GQ _
Aal o

AP Q A BB s H R B R4S K Sk s 1 A UE Be K D I BE AR s A S RS B A
e KT f, WIEEBL R g ME TGRS ;¢ MBS, SRATRFIEZR L, 51 B R IEKE R84 K
ML SRR ST T i KRG AR AR W, SR AT A T A T 2 MK T AR R o AE B
PR BRI T 1AL 8 R ECH
Ah -T.s
6= 8 "1 vo, 12572 (8)

A6 (- ) AT TR K 0 1 38 pR B T, SRy K S B B ] 85 4805 T, S K el AR Bk ] 8 485 s S o
T i AE i
1.2.3 791%#}1& B

AR B FEMLATZ AR % E S MU Z A S 5, DR 1R P T Ak FL R 3 43 5 50 O B bl — s
R A3 A K LIRS R N

; e 1
Af=- SAf + —AP 9
S = A AP, )



%5 6 10 REMR,SE L TRRIE I R A 7K S AL e A D AR A U Y 113

el 7, SgHUALIERT L3 K e, S % LGRS R KL
2 AR BETEH NS

TENLEE I A/NRIEFT TOUT ML BRSSP S B 2 F bR, e 2 Dy 53 1 A X7 /N
BB AT R E M A SCESE T R (TSI | SR A R ML — BTS2 S LA A 2 ) S 9 9 U A2 4
B, RS L O R AT E PER R

HRSZF(1) ~ (9) Al B R A R LR T R

(Af,Au,Ay,Ah,, Ah) =A - (Af, Au, Ay, Ah,, Ah) (10)
Hrp Ah, = Ah
fay, =1 ay; 0 as]™ b, 0 by 0 by]
0 0 a3 0 O 0 1 -1 0 O
A=|lay; O 0O 0 O by, 0 by 0 by
0 0 0 0 1 0O 0 0 1 O
| as, 0 a5 ay asg L0 0 0 0 -1]
a, =-— erpex - l/epe}, - Kp a,; =-— erpe}, a5 =— erpeh ay =T, ay, =T,

as; =Te, as; =Te,, as, =0.1257° ass =Te, by, =K, + Kiee,
by =Kiee, bis = Kiee, by =e, —e, by, =e, bys = e,

KARREHE A PR RRGERRFEAR, 55 i DRERAEN (A = +8,j(i=1, 2, --,5) P o, I
ANFRHIERR A SEER B, S i ANRHIEAR A4 B AR . R R R RS 1R ) BEE , R G BT AT AR IEAR B o, 2/ T 0
W, RGRBLE N IE, Z RS R TRE . RS L FRmR N

¢ =-a/ m (11)
Ap & e i MRGETRIBLE L, BT IR G R/ NEIE L €, 1E8 FEHR R E R G T E
PE, £, <O I RENATERE,

RSO B TR P 0 2 B U5 1 7 9 ok o, il O B R B 1 e = 0. 6,e,=0. 11,e,=0.5,e,=-0.9,
e,=1.5,e,=1,7,=0.2,7,=2.5,T,=0.23,T,=9,¢,=0.04,

P 3 FIE 4 2 T e, e i 2 5008 A X 7 20 2 32 3045

Smin
B RG R/ NHJE LAY mT . N 3 AT LI AT 1.0
ZHRK, BZAE e, BZACRT BT R0 1 B R SRR e MR 52 05
Wi B 35 2 e MR, RGEAGE I R T 2Y e /N, 3R 0
GRGETENIAR2E . XHELIE 4(a) (b) H5E 4(c) (d) AT, {2555 0

R R G TR EEZ e, M50 835/ T 7 AL T 22 90 4y
B, UEBTE KRN e, AT 2 XA GE D AR A UL
AR EME A R, (D) FI(3) il e, XHRITIR B3 RE e, THEDRFHRARGERN
IR T S A 00 A8 5 0 A TG T — A S5 AR G B3 Y PEELLRE K, MWL
1/6),61) NER:EE l/eyep LT Kp , A, e, AR Ak %f )5 fe A5 2 P Fig. 3 Variation of system’ s minimum damping
E’g%}u@ HjjﬁEEEjﬁﬂﬂ{jo HEI:—EE(Q) ﬂ%ﬂ , %/l e, ?chjqﬁj‘ , Ij]%fﬁﬂg?]ﬁ ratio of novel power regulation mode with K,
FTF AR | RS RE PR, PR, 9 B g 3] 1 A =X under different ¢, values
BT e, BORHY THLE e, BORMIKEEHLA

Kl 4(a) (b) AT AR IEFTSCR T B AP B AR E VS e, SEMARR” 58, XTHEE 4(a) (b) 5
Kl 4(c) (d) AT G 3 s S B o i 1 ) R GT B e LU BER R G 28 K K, B2 AL L AH
LRI e BUNIE K, K SR FERGRENE TR, 24 o, BORRE A5 K, BRI K, RAFALE, REFAE
PSR R, HIZ AR K, BRI AN ., SR FEAR R S EOR AT B s i i fe R e
HAR TR e SR8 1A, W I ) R e A e MR B 2




114 WK AR R ) e

§min

(o) IR, e=1.0 (d) SR IIR, e=2.0
B4 RE[SHTUXNAHINZATEX RGN ER LM

Fig.4 Impact of governor parameter variations on system’s minimum damping ratio with two power regulation modes

K5 25t T AN e, T PR ZCAY AL P PR A4 0 1 ggvgwfzfg &=1.0

> « L " S — G YRR, e=1.5
L, Horp 7 = f750, &5 AL, 25 e BN BRI ;ﬁfjﬁm@ma&%. &=1.0
RPN BT R IR Y, I T RS e F R e LOSp — Bl Ra ik, e=15

BRI LN T2 e, B, AL T He e R 1, R
BRI B SRS, P AR | AN e
AT A K HL AL BT S Sl AT 1 B 3, (LR
Reus M A R 19 TR HOAHE 5 7/ N R 2T

3 B FFNEXH KNS "% 10 20 30 40 50

t/s
3.1 MR B 5 RE e, FAMYEEHHERBYAR
TETHTHLLEL A4 BELJE A PRI, 38 5 2R T Phillips-heffron SR 2 (K, =2. 0,K,=2.0)

)Fﬁ?_ﬂm ,TZE‘;@%ZQ%HLZB% PLICTT KRG L EAL Fig.5 Single-machine closed-loop frequency response
R, e A & L F R B L R s HRAEE 6 T curves for two power regulation modes under different
R BT R D AR AR K AR ML 2 R LS, AT A e, values(K,=2.0, K,=2.0)
TR K ES AL 2 JR G814 12 R BCH
AP, [(1/eye, + K )s + K ][e (1 +0.125T}s°) = ET,s]

Canl$) = T8 = (T,s + D[ (1 +0.1257%*) +e,T,s]s + [e,(1 +0.1251%%) - ET,s]e K,
Hp E=e e, —e,e
AP Ao AR 2E AR XA

VIRE E kSR Wi IR B
s | g5 [ KA

Ly

6 FRBThHRPFFEKX KB -RAER R LS

Fig. 6 Water turbine and governor system structure under novel power regulation mode

(12)




%5 6 10 REMR,SE L TRRIE I R A 7K S AL e A D AR A U Y 115

IKECHL-VR A 2R Geka 1 MU P AT AL 1 b IO R LR T 18 3 5 R

MddA—tw—AP _AP. - DAw

dAé (13)

w,di
K, N RGN MW TR ) 8505 AS Ry T fa 1 i s AP, b % FUHLHL R SR L AR
BELJ o L RS | W LB DI 8 15 it L T o 2 B S R R ST I R, T A0 1 15 — Ao AT
BB LA I - Aw IEASHRIEREAE . 4 s = jo, ARAR(12) 115
- AP, =Rel G, (jw,) ]Aw - jIm[ G (jo,) ] Aw (14)
% D —Re[G (jo,) ] Dy =Im[GSyS(jwd):|
D, BB HERE F G D, WIFHEIE R 80, HRGIRS AR, D, KB T LA B A, S
Dy>0 B AKE L85 28 R Ge R 1E BLR , BTG R Ge s 1, R THRAAS 24 D, <O i, KL Tk e
SR 67 LIS S TERELIE R 5 2 5 I A A | AR R e R
7 451 T R IR e, 35 280 oy e 3 5 4 i K 40
RS 2R 5 10 BELJE 5 A 2 B 2R A 3R 1 2 208

ol

Aw =

folli g Rty PRSI S 2HF ek TR
WHERATIIZE. HE 7 ARG R o Y e
VTR BRI T L AR e, ] o] | e i%;i;wg;;f%;ge;:;og
(T FRMAROR B R ROEBOR s (R Rt sop |~ _g%ﬂj@;gggj—g
AR GBI 3 4 o 1 R AT X R (A /N T jgg e | AU R, ¢, =2.0
0.1 Hz) , i 250 21y 8] 4 A Ay ek L ) 3 2 ) 5 20

AL TR X IR (WK TF 0.2 Hz) , RIALETCIEIX
PR S5 A L PR R I, 5 A D 2 X By 5]
RGO, KPR T T H e, A,
TE e, BORRYTBLT , KA HL- T4 2 4% 2 48 10 T B e
TN X5 5 AT A AR B EDIE
3.2 FHAR—XiEmERE

TENLAR IR IS AT R v, — YR A3 ST DG T i s Dy 38 g 7, A SCHEST. 1 B35 B IX | BRI A A 4 1k 7k
TI-HUHE G R BK AP R A AR, 7 B AL BCE LRI bR 1R 80% %50 th 7, K Sk A s 7K
SRIFORIEAAE X HLALIE N 10% D588 30, MR T IS BIIBOE R K, =3, K 8 Zith THLAM ST
Ko AR R R BRI ag 0 HA R RRSE,y " =y/y, P, =P /P, v, N RMHEZN#RETRE, P, WBUEN IR,

— BRI, Ki=05  —FIRIRIEI, K=2.0 - ARSI, K=2.0

7 B e, THBIhEIF TN KRH-PERS
RGP RRIE R BB R SN E T i 2k
Fig.7 Damping torque coefficient variation of water
turbine and governor system under novel power regulation

mode with system frequency under different ¢, values

0.85 0.851
0.80 0.80
%075 A- 075}
0.70 e — -
0.65 L 1 I I ) 0.65 1 1 L I 1
0 20 40 60 80 100 0 20 40 60 80 100
tls tls
(a)ye (b) R’

8 HE—KiESR{A E LI FF A0 T 2R Mg R i 2%
Fig.8 Opening and power response curves of primary frequency regulation simulation experiment of units
H1 [ 8 AT UL ZEAH R ST |, B A D 8 o A = g il 1 s 30 o e U ok e i) b iz s sl i & T
SRy PR (R KRN, BRI SR A R Y R PR A R A B AT RE S PT FE I e R 0 SR
BN, FEOTRE R, AR B AR RET 9y K, rT e ] (H 23 S Th 38 i 22 HOTH BRI 1], 7E S PR



116 ERCPNE N 453 %

IEATIL AR, P T I 3EIX M A, ORI 2k DI L PR TR FH o T L%
4 FrEThRE TR R

B HL IO 32 4 PR A0 SR A St 7K P AT L2 e A e AR o K Al R, 5 | R 1 ) 3 S O 22 ) ik
GO BT R AR R AR BB AT E KB B AR TTEE IR ) S i B R % H AR T (F R R
FE P 51 it KA ERRON , 80 R R, 75 Bt b A e A etk . R UL, B F S K RS E
o[, A A G R A5 2BAR L, W5 DT il SR e 3 T, 4l e AR SR A 1 i ) 4 o SR ek
TG I 3R 4 ) S WS PR R A £ R
4.1 fRERHESRE

P T A 2 ) 2R 5 AR OB R (A5 2 AR S T BE 3 4 BLIE M B A AT HLA , S B TR SR B,
SR 5 | 2 R A A RS, T s R0 080 4 3 o e = A A, DRI, 5 B AR A (B R 19 IS A — > — B I 1 3R

O R TR
T B — BB 2019 i A% 326 pR AT 7R
G.(s)=1/(T,s+1) (15)
L6, () I—Br IR AL bR T, S — B IR e () 8, AR SCHUE R T, =4,

P19 Ay im A K (FL iy S 45 1 50 s F 9 R Dy o3 AR e — U R A B R oy i iy i £k, Hodb PT I 28 1)
SR N K, =3.0,K,=0.5, HE 9 AT UL, A — B BEIR 1 5, D3 SO0 A sy, (B I8 55 B 8] A i 1
T M A RS T A R A Yo s Al g s A A S

— itk - BulhE
0.851 0.851
0.80 0.80
A 075¢ A 075F
070 (1% 1] S N —
0.65 L I 1 L ) 0.65 I I I I )
0 20 40 60 80 100 0 20 40 60 80 100
t/s tls
(a)y (b)E”

B9 hnNIE{E R 4 6 SR RE fo R Y T Z2 R T AR sC R — R R S I BE 0 Th 2= e R e £k
Fig.9 Primary frequency regulation opening and power response curves of novel power regulation mode after

incorporating interpolation output control strategy
4.2 SITEREH R
5 1k 5 Bl AR PRI AR A AN M B T — b G A i e LARR ) S as sh R i
SR 5 T ) R A TR DI R € nUAILZE A — ORI, S I AR T SR B R e 4 R AN 10 B, Herh
wy BT ZRGETT RE i ZE AN (L

PIDIFEIS, ) PR e 15001 B IR et (—f RN )
%FEEL’%T \/ ]

B 10 SIEREGRENEERSTLSEN
Fig. 10 Hydraulic system structure of guide vane speed control strategy
P11 A A Pk 3 7 o SRS I 7 28 ) 3 308 1 A X ) — O At i oty 2k, G Pl s e 2 80 K =
3.0,K,=0.5, S BORBRHIE L E A [u, | <0.005, 1235 i FEmE e 50 I8 5400 300 R FHAS s il iﬁFWﬁ
BN SR PR ] DA R SR S MK, DAL 11 AT AR Y, AR T4k (e At A28 T SR 5 P o442 o S g
N T A AT I RSB ORI AT AN, i TR T AT LR R 5 TR
Xof 8 e A 2 R 2 A ARSI ) A AETTAIL | T B0 46 A5 X e i AR PAT S AR SR A e i R v AT

ST




%5 6 10 REMR,SE L TRRIE I R A 7K S AL e A D AR A U Y 117

B B 258 A8 A 23 AEAB AT IR ) AN T HILZH A DR w1
— T - SOk

0.85 0.851
0.80
0.80
- ar 075
0.75
.| S . N —
0.70 N , . ; . G5 . . . . |
0 20 40 60 80 100 0 20 40 60 80 100
tls /s
(a)y: (b) B’

11 IO\ 5P 3E 2450 o 3R W Jo 37 B T 22 /8 5 8 2 B9 — DR R 350 FE 0 T 2R i 7 B
Fig. 11 Primary frequency regulation opening and power response curves of novel power regulation mode
after incorporating guide vane speed control strategy

5 & it

a. SGEGUPRITTEAH L, B R D AR AR TR /N B AT IR AR E VS 35T B, B B 5 | R R IR
i, IR Tz HLA AN S 7R/ R iz T

b. SEGEIARP TR B DRI A R E BN RERRENEZ o, BIEIC B, 4
e, BUNK | RGAGEMEN 22 52 e, BRI, BRGEFGE MEA A iles , HLUG IR 2R o 3l 3 AR S A s gl 1 B -

c. TERBIYIRPETRIT KA HL- T R 4 2 AR I B e Rk, AR T R Gk E . 1EIF R IN
R B R ) 8 5 AR A — W S 5 0 38 B B PR (B2 5 | R B R DA S A TRl P — 5 B0 ), 7l e
BN K S

d. A7 L S A7 ) SR 1 A T SRS P BE A M R HLA LB AT KRR, HEr 4 i i 4 42 ol
SRS L 23 IS ] A1 1] 205 R AN 01 i 3 7 o SR L2 3 b 34 o SR et 2 X 9 o i P FL A 9 3 M B
HEAHIE

SENW:

[ 1] N IR G B IR) A BE A B A58 D 1. U5 R « 1A K%, 2016.

[ 2] B XU, FEE, 5. KL RS0 MU R R RS )]. i 4% AR ,2021,45(5) « 1852-1861. (XIAO Yang, LIU
Wei, WANG Guanhong, et al. Source-grid coordination of hydraulic turbine governing system[ J]. Power System Technology,
2021,45(5) : 1852-1861. (in Chinese) )

[ 3] 234K, Jefd, X, FETAORH 1 RGP A P B R K G ORARE LEFFE [ )] T R 2% 25 4 ( A SRR ) , 2024,
52(1): 1-10. (LI Jiging, LONG Jian, LIU Yang. Study on optimal ratio of water and light based on time-series production
simulation model of hydro-optical power system[ J]. Journal of Hohai University ( Natural Sciences) ,2024,52(1): 1-10. (in
Chinese) )

[ 4] 500y, 34, B0A T, 45 KR IARBREAR B ST SRIHDE L T, W R4 (A AR EM) ,2023,51(4) @ 1-9.
(GONG Li, DONG Zhouquan, JIA Zhiyuan, et al. Low carbon technology research hotspots and frontier trends in the water
conservancy industry[ J ]. Journal of Hohai University ( Natural Sciences) ,2023,51(4) : 1-9. (in Chinese) )

[ 5] 405, MK E RIS S5« A" 30T [ 1], K F 537K % 6E,2019,5(3) : 116-120. (PAN Jufang. Participation of
pumped storage power station in the management analysis of “two rules” [ J]. Hydropower and Pumped Storage,2019,5(3):
116-120. (in Chinese) )

[ 6] A2 JO0L, LU, 55, BT i el ) RGUE WARAE o 5 % ) D7 i 808 [T ], R s AL TR 4l , 2023, 43
(5): 1672-1694. ( WANG Mengjun, GUO Jianbo, MA Shicong, et al. Review of transient frequency stability analysis and
frequency regulation control methods for renewable power systems[ J]. Proceedings of the CSEE,2023,43(5) . 1672-1694. (in
Chinese) )

[ 7] RN, Bsbar. BT A4 K BplH AGC 5 —wiRaBi kit [ 1], T4 R ,2018(17) ; 38-43. (WU Fan, RAO

Shili. Optimization design of AGC unit in hydropower and primary frequency regulation based on two rules [ J]. Electric



118 ERCPNE N 453 %

Engineering,2018(17) ; 38-43. (iin Chinese) )

[ 8 ] XUGERR, RAELR B AR T, 45, K A8 A W HLZH PR PR T AR 0 L D2 A0 A [0 ). 0o R~ 24 ( AR ,2016,44(3)
209-213. (LIU Zhimiao,ZHANG Dehu,CAO Linning, et al. Simulation and optimization of closed-loop start-up characteristics for
hydraulic turbines[ J ]. Journal of Hohai University ( Natural Sciences) ,2016,44(3); 209-213. (in Chinese) ).

[ 9] Bk, SRILHE. AKEHL A ST [ M. Lt o KRR L At 2010.

[10] B30, B AR, 4 . K AL = e 1 B AR 1k L BERIE S [ 0. K 0 R L2 41, 2014, 33 (4) ¢ 255-262. (GUO
Wencheng, YANG Jiandong, YANG Weijia. Comparative study on stability of three hydraulic turbine regulation modes[ J ]. Journal
of Hydroelectric Engineering,2014,33(4) : 255-262. (in Chinese) )

[117] R X, &0, 45 K Fi LA 7K g 28 G0 08 25 42 i) AL AR 0T H 1) R e R E SR [0 ] sRDUR 222 4 (T3
2008,41(4) 59-62. (CHENG Yuanchu,ZHAO Jie, YE Luqing, et al. Effects of water inertia and control action of turbine
governor on power system stability[ J]. Engineering Journal of Wuhan University,2008,41(4) ; 59-62. (in Chinese) )

[12] EBZ, Rgm T, 2308 5. IR ah L RGExT i) RS ASTE M2 [ 1], b gL TR 41,2008, 28 (34) : 80-86.

(WANG Guanhong, TAO Xiangyu, LI Wenfeng, et al. Influence of turbine governor on power system dynamic stability [ J].

Proceedings of the CSEE,2008,28(34) : 80-86. (in Chinese) )

TR B, B St A5 K AL 5 AN ] 42 i A 0T v 19 B AERBUAIR 7 52 i 707 [ ). /K AL REJRUR) 27, 2023,41 (12)

195-199. (HE Shengming,ZHANG Jian,DUAN Guijin, et al. Analysis of ultra-low frequency oscillation mechanism of hydraulic

turbine governor under different control modes[ J]. Water Resources and Power,2023,41(12) : 195-199. (in Chinese) )

[14] YANG W, NORRLUND P, CHUNG C Y, et al. Eigen-analysis of hydraulic-mechanical-electrical coupling [ J]. Renewable

Energy,2018,115. 1014-1025.

g i, ek BN, S5 K LA — WAL S AGC Mt AU 2 ) e m ) T ARE e A S ARAR LD ). HB 1 R S8 A 4k, 2015, 39

(3): 146-151. ( HE Changsheng, DONG Hongkui, ZHAI Peng, et al. Engineering analysis and optimization on typical control

[13

—

[15

[

strategy of primary frequency modulation and automatic generation control of hydropower units[ J]. Automation of Electric Power
Systems,2015,39(3) ; 146-151. (in Chinese) )

[16] XA, ELEA, D, 45 K LA 5 L A AR IR 5 v S A R O 52 [0 ] oh B A AL TR 2441, 2019, 39(18)
5354-5362. (LIU Shaobo, WANG Delin, MA Ningning, et al. Study on characteristics and suppressing countermeasures of ultra-
low frequency oscillation caused by hydropower units[ J ]. Proceedings of the CSEE,2019,39(18) ; 5354-5362. (in Chinese) )

(17] Shefs, BF, T35 0, A5 1] B AR AR 0k 7 A9 7K L 22 OB 1 ) S B A [0 ] 0 R~ 224l ( A AR B2 R L 2023, 51
(5): 126-132. (MA Xiaowei, WEI Ping, WANG Jili, et al. Optimization of multi-stage frequency control parameters of hydro
power unit for ultra-low frequency oscillation suppression|[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(5) ; 126-
132. (in Chinese) )

(18] sefesly BRN, T HIA, 45, Hemi— U A AE AR (AU 32 400 1 () /K S DL B % PID SRR ). HL 4R 2019, 43
(1): 221-226. (SHI Huabo,CHEN Gang, DING Lijie, et al. PID parameter optimization of hydro turbine governor considering
the primary frequency regulation performance and ultra-low frequency oscillation suppression [ J]. Power System Technology,
2019,43(1) : 221-226. (iin Chinese) )

[19] WANG G, XU Z, GUO X, et al. Mechanism analysis and suppression method of ultra-low-frequency oscillations caused by
hydropower units[ J . International Journal of Electrical Power & Energy Systems,2018,103. 102-114.

[20] YAN W,SUN Y. Research on governor parameter optimization to suppress ultra-low frequency oscillation of power system caused
by hydropower unit[ J]. Journal of Physics: Conference Series,2021,2087. 012001.

[21] T o5 BRI, XSO, 25 R T /K R ALz 2 o 2 F) ] o g 8] 5 SR (AR 5 SBR[ ] /K e S5 ok 26 66, 2023,9(4) ¢ 92-
97. (DING Zhantao,CAI Weijiang,ZHAO Wenli, et al. Regulation strategy optimization and practice of governor based on turbine
operating curve[ J]. Hydropower and Pumped Storage,2023,9(4) : 92-97. (in Chinese) )

(e B 12024 -09 - 04 ZkE . )



