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Fig. 1 Traditional linear model of two-area power system
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Fig.2 Linear model of two-area power system based
on differential games

RYGRE TN
X () =Ax()+Bu, () +Byu, (1) +TAP;,  (9)
A
x(t)=
[Afi APy AXa Af, APy AXe APo AP "
A —
r—1 Kpl *Kpl_
—_— = 0 0 0 0 0 —
Tpl T])l Tnl
—1 1
0 _— 0 0 0 0 0
T’I'I T’I']
0 (— 0 o 0 0 0
T(}]
~1 K, K,
0 0 0 T, T, 0 0 T,
—1 1
0 0 0 0 Tr, Tu 0 0
—1 —1 —1
0 0 0 r Te, 0 e T 0
A 0 0 Az Azs 0 0 Az
L2xT, 0 0 —2xT, 0 0 0 0
Ki') K
An=—"2xrT, Ky, An=— = +2xT, K,

_K12Kp2 _K\ZKp27
A75 N Rz sz A78_ ) sz Kiz
1 T
B,=B,=|0 0 0O 0 0 0 O
! ’ [ T(;l }
T
—& 0 0 0 0O 0 0 O
r= T
0 0 0 Ky 0 0 0 0
T
APL: [APLI APLZ :|T

(9 2 (2) 7R 19 oy T ZR AR 78 1) — I =X
ZW T RE s I CAP, . 2% & L 7 1 28 AL i,
TR E S EE 0 A s & B § CAGCO) 3R 1% b
SR T2 SR DIk, ek 14 1R
IR 2 U AR A T 6 s P Bl SCRik [ 15 13 1 X Al
BAR R IE B T W0 BB L R 8T, B S MAEK
S SCHRLS . 8 JWFSY T FE AL g B A (1 g vk . (HL
A SCAR B VE B a8 M o BR AR A B RT SR T SCEk
LL6 M ik, It sh I MRS EAE WS % S H T E

x, (OD=x)—x.,()

i () = u; (1) — i (0) (10)

IAPL,,(t)=APL(t)—APw(t)=0
AKrri=1,2; Fhr ss BoRFaB(E.

MNTT wy FT 0y (0] B 300 T PR AR B fe A R R AN R
(i=1,2):

Jmin ] = J %(xg(t)Q,-x,,(t) T (DR () de

0

lxnu) = Ax, (1) +Byu, (0) + Byu,, (1)

(1D
A.B, B, £FFAAE.Q, MR, BUEWNT .
m 0 0 0 0 0 0 0]
00 000000
00 0000 0 0
o000 00 0 0
2710 0000 0 0 0
000 0000 00
000 0000 0 0
0 0 0 0 0 0 0 0
m 0 0 0 0 0 0 0]
00 0000 0 0
00 0000 0 0
000 1 000 0
sz
00 00000 0
00 00000 0
000 0000 00
0 0000 0 0 2




2011, 35(20)

® » £

h, A &

Rlzlo Rzzl
B A (D =AM (D) = A (1) = AP (1) =
0, Al A1

I = j %(Aﬁn(l‘) +10ut, () dt =

0

J %(Aﬁ(z‘) 104t () de

0

= J %(Aﬁn(z) + S5 (D + 20PL, (0 +

0

£ (D) dr = J %(Af?(t) AL+

0

2AP% () + ui, () de
FZEXTT Al AR F O 4 T 2 LR @ MR,
AR IR 7R ST BUE R U7 B9 ST BRBCE N = wy
TSRSy S AU LR 1 1) Bl A R R D s we
JBSRf1 R P o O ST A (L A D S A R o 8 R
R B R A AR A OO 2 SR X 2.

3 HEHIELH

3.1 EZsEREIENEER

LA TEEE 2 DX 48 B 1 28 5 51 fif 450 5 2t A5 70
YERA BREFEAT G, S M HE K18 1 s . RS H
EMME S 60 Hz, Tgy, =T, =0.08 s, Ty =T, =
0.3, 7T, =T,,=20s,K,,=K,;=12 Hz,a1,=—1,
B =B =0.45 Hz ', T,,=0.005 45 s,

FEEUNT 3 MR T RAEX I 1 mEHRIROCR .

T5 %8 VORZZ [l ) 28 L2 1 7 580+ 2 DXl g
il s o2 A E, — W 22 RE = =
2.4 Hz, Z R W8R8 PT 1, B4 38 25
K, =K;,=0.02, Ltz K. =K.=1,

TR 2CH BRI 2 B 7 0D R
DI 2 AR AR DI T AT — Uk R A P
MASHCRERL I T RIETES .

D558 3CEE T3l 7 PR B8 W P M O 520« IR 7
DB 2 AR T X1 AT — O ki, Al
MATLAB 7. 8.0 #7 — . R EHE GIE 5 w
Fwy [T PR LAY, 40 2. 2 5 T ik, SR 45 35 3
TEER A 1 i 0 42 1) SR W% Lo, o JA0TT S Ricceati
TR ARG Ry 1070,
ul,=—0.070 43x,,—0.012 18x,,—0. 003 19x;, +

0.011 877x,,—0.002 21x5,—0. 000 58z, —

0. 054 97, 1+0.183 717z,
usn——0.903 32,,—0.153 142,,—0. 039 96x;, —

0.084 7x,,+0.006 804x:,+0.001 806x, 1+

0.272 167x;,—0. 108 66xs,

w2 X B kR B BR AT R AR, AP =

—0.005 (kR % ), AP, = 0.01 (hr % ). £
Simulink & b &7 BLAG 5] 3 AN J7 22 19 32 I RUR
WE 3 R .

60.004
60.002

5 60000 ) . _a

i/ Hz

59.998 I

59.996
0.004 1

0.003

0.002

0.001 1

TR LR A ) 5 M 22

0
0.002

0.001

AP,
o

-0.001

-0.002
-0.001

-0.003

AP

-0.005

-0.007 . . . . .
0 200 400 600 800 1 000
P ELh I/
— R ——- IR — I RE3

B3 3IMEHAERNFEER

Fig.3 Simulation results of the three control methods
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Fig.5 Curve of J, versus k,
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A Coordinated Frequency Control Method Based on Differential Game Theory

YE Rong, CHEN Haoyong, LOU Erjun
(South China University of Technology, Guangzhou 510640, China)

Abstract: Differential game theory is introduced as a new method to solve the problem of coordinating a large number of varied

controllers in a power system. The coordination between primary and secondary frequency controls is used as example

application, whose differential game model is established and open-loop Nash equilibria are solved. The simulation results on

the two-area connected system show that the proposed method can alleviate the conflict between primary and secondary

frequency controls, and verify that the application of differential game theory in the field of power system coordinated control is

feasible and effective.
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