%34 K% 5 M # o

Vol.34 No.5

¥ XK ¥ F R
Journal of Hubei University of Technology

2019 4 10 A
Oct.2019

[XEHS] 1003—4684(2019)05-0046-06

IR K A EVERY R G AME AGC 7

% 72—\’ ﬂ/ﬁB\']é}» —*%'?F;]C’ /fgyﬂaﬂﬂ%
(BT RXFPEAE5EFIEFRE, #Hb XX 430068)

[ ZE]UEESERERFTIWSMEBRRE AR BER (AGO AR5 G, B8 i3 #ME IR 1T I 51A X R
GRS R HEAT IR L, DATH BR O OB 2 M AGC T RISE I . B 2% I EE BRI B AGC REB, FF ek ek &
HLARS B0 8 PEXT AGC W52 M HEAT 23T s SR G - B0 3T 4 R 1T I 308 3oz 7 B A6 4k 55 1 e 50 2 B0l A 4 Ak L R BB A 4B
Rl SR 5 I3 40 A 2R I8 T ] (DMP OO B2, DA Bl AL 6747 il 2k O B8 30 28 i, O B30 0IE 1% 2R 40 400 56 A8 b B X 3k
BEHmE., SREWE. ELRE B REH BT . AGC R85 B I AY 3h 75 i B P A 25 2042 0E . AT 385 7 it

J7 L W AT A R

[RiE] A gL RER (AGO s 2 Ai BRI BEUE K (DMPCO) 5 ek & s R A

[FEHES] TM732

H zh & i & il AGC ( Automatic Generation
Control, AGC) J& A HL ) & 48 52 B — R R A3 (1Y) o
BB PR UETE W BB AR5 AN P I, ST BB D) AR
i 26 - 4 35 1L IR AE SRV R N, Bl R
VAR5 BB 5 Qe o Ji 19 H 25 2 B0, 1 Uit Ae TR R AL
HEAWR G L5 AGC R N 24, X
AR BLTE : 1) JGAR A H AN W M AN AT sl £ 25 XoF
AGC F= A BT B 2) AGC H X 55 5 8 14 s /)N
SEIFCRW A K, EFXF LR R, Aryalt!  \Moha-
nty-)  Kart™ S 54 16 BORI 2 ) 55 PID #2146 45
B AGC & g8 45 il 3R ms , B A% 5t L ) AR g o
(PID) ¥ il , 68 A & w35 W & 3 S PEfE. Da-
hiya ™ 48 A EF %P XK ok BBCHL F) R G4 T —
SR PID £ 4 &% iz s il 07 200 fa 308 ik R A R
R, B R R TR o 2R O i e
HOEMAARS S, #ARE® | Apostolopoulou™”
SR AR T — L TP A Bl AR Y
AGC J5 s —Fp Jo R B [ 5 42 i 50 L DR AIE &R 48
AL B] CPS 845, Dahiya"" 45 £ XF £ X 5 5 1K
AGC RGN T — P B T4 R L 00 A 2
PRIERGEEIRL LR T BA B L msh Sk, H
GRGORE B Oy vk N & TR B R
5.

[(Y#HEE] 2019—08—05

[CkFRiRAS] A

PR I o AR SR DA A5 £ Ak B8 Sk PN A 1 A5 7R 5
W4 H (MPO)E A AGC #2572 . MPC AL fig
PETEEAT B R ARG N E M R G
P LRl 2 A o S A AR (AR TS
RER (5 LB RIS 0 AGC LA AH W 5% 3 18 5 [
B B R X B A . Xt A A %o A2 XU BE W VR S ) A
AGC T —Fh s 3 25 5 4 (DGTCO) 7 ik, A 5
HAORGET AR ST E PLER S8, IF
2 O SR X i I Sl M K B IL R R ) R XL L AL
AW T —F LA )E WT-AGC & Hl 5w, Ku-
mart LA X RKUBE AT AE 19 0 A Xk L R 5 AGC
P T — A TR RN B AR TEL A 34 25
TS (AGTA) L 1% 7 i AR 4l AU HL T 2% 1 A5 4k [
SRR A 35 DA B A e, B E IR
T RG R RAE AL A B 0 AR AR G A DL 3R A
TG A s o Ak S LR I 5T R AL LA 4 A 5
KL AGC F G0 WF 58 6 42, g A5 780 T 00 45+ 5 9%
N B B N AGC of B, fE% B EDGIR & H
Ly S5 1 2 A8 A 0 5 LA X s B H A L A
#T AGC RS  EAR, G it R Gz iy 5 XL
W /N AR & L ) e g8 A B AR IR 8 1 A fE X AGC
FR 5% ] 5 R 4 A 2SS 28 3900 42 7 ( DMIPC) T
S AR GEAT R

[(E&TE] #E SR H FER BL201411685) s #iHLA BOF T HEWFLH A (HBSY2017—10, 4 2017304)
[E—1EE] 22 HA995—), ., #dL A EHE Tl R -L W50 A TR 98T 1) 4 i 30 5 4 o) T
CEFEE] BRI 969—), J, WAL BA, Tali-f WAL Tl s 8% W5 J7 10 s J1 R 48 A sk



%

BLoF EFEAKRALRAHZY R %AME AGC F %

47

1 SHRAKLKEERES AGC A
DTG X 350 Hi, 190 7 1B A ) 30k 4T 49 BT #2 B AGC

R GULL I P S5 R, AT R s LA A AR T X I
HIRE M AGC REEHY S SBALILIE 1,881 T 248
LAEw R 1,

AP, —

1 AX,, |1+sK,, T, | AP, 1 %» 1 |AP
1+5T,, 1+sK,, ﬁi} T, s |
E
1 1+sK,, T ,| AP, . 1 % 1 |AP,,
1+5T,, 1+5K, ,® T, s

12—

A1

*®1 AREEBEAGCERELESHRETE
SR/ AR P

T, T 25 1 ) R
D, 147 BELJE 5 4K
AP, S HLBLAR T R
T, K HLAIL IS [E) R A
T, TR ] R A
AP, FRAA K H ML A i P oy R0
K. KPR
R, ML A 2 R 8
AX,, TR 7
M, ML 5 Bl 15t ik

B, REWERK
AP 2 Tl 45 4 1 et
Af, R AR 1 AR A
T 2% 4R W) R W] 2P R4
APy A [ 48 Ak
AP, Y 2% £ A8 4 1y A Ak 1

o3 A MPC 5 il 5 09 BT 5 20 B 1R R e

RO i B 2 5 R, Y LT AR S D&
il X3 G =1,2) , AT BRI DXl 3R e R 07
X, () =A X (O+B, U +F; W, () +

DUALX, () +ByU, (1) +F W, (),

i

Y, () = C,X, (1) D)
K (DOH,X, €R",U €ER" ., W, ER",Y, € R" 451K
T AR GERE L& Y3
s e A G AR v O R R B S 2
ZIR AR 5 i AR R B O b eR B B
DA il A ik P ) H B 1 810 OGR4 il AR D >
A o), DA S B o o A A
JetkZ 5 AGC PRI 08« — 2O IR R Gefk

G =1,2;7 =1,2)

93 DX 3 B L R 0 A S L AGC R BTl A5 R

N AGC JHBEHLA  H R IR RGEA R TAEE R R
DA s IR K v AR G S SO B A AL A AR A B
HE 2% BB L hrid B A s X AR FOBER .
1 iR A SC LA 43 A 30 MPC Sy B A 42 1l 7 i, X
SR EL TR L K 20 il O A% AR GRS LU IR B R G A
FHAE . B B FDER LA S H AGC I8 %, Bt LA X
e R L e S A T Rk 5l

2 HXREBARARTEZ M

LR R G WA % 5 GE G fi T AR 5
Wi F, Ty 2R 46 g 5 B8 R K T Al . SR Bk R R G
() T AR AL R AN AT Y . AN E M BT
RUPREREE (MPPT) f 5T H Y238 5K i K%
L TR

AR H it B 5] 2 AR A O AR R Y R R B R R
SR . SEOR H Tt 2 — Fh BB I K BH O RE LD
T 3 O RSO K L A 4 Dy R TR A o R AR A S
14 S ER: B S 6 HE R 1 T =K (2) L (3D TR

Lpy = 1ph

—lp —lg

AKT

U po + iPVR s
R

2 i py s v, 2000 A HRL AL R TR A 57 RO HL U 5
i IR SE LA 52, D BT A M EL 3T 5 g O E T B
K NPIRZEZFERGT IR EMIRE A S
P 5 R Ry 205 R AR HE 1t A 3 3R R K HLRHL
P=VI=

VU .(1—Aexp(B(V—DV)/V,) —1)) +DI) (3
=0 LA O 115 e N I A S S E R (s B o e
TR RIS v b ARSIV F) L 8% R UL 5 V7 A DGR I 9 Y

. . q (v, +ipvR,)
= im =1, (ex (7

(2



48 b I |

I ¥ kK % F K

2019 % 5 4

FFEH R ;D M5 A LB AR AL,

% P8O BRARfR I ) 40 S BE A B 800 W/ m” I
/NE 600 W/m®, SR J5 3G A3 800 W/m” , il i T
T F2 ] A9 A K T R i (MPPT) AR i 61k %
Uyt WE 2 3,

0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08

P/pu

T T T T T

1 1 1 1 J

1
100 200 300 400 500 600
t/s

DXk 1 AR K L AR S i

(=)

Al 2

040
0.35
0.30
0.25
0.20
0.15
0.10
0.05

T

P/pu

T T T T

160 250 360 460 5(30 660
B3 XK 2 ek & R Sk

Bl A Uk R S AGC B L A AT 3kt 4 b
B EOGAR & H it 28R X AR G s M RE R S
D R N Ik TR o ol s o I W S N
B AR & &R gt b s B BR B 8h T 12 48 AGC
A 35 10 4003 4 1l 1) i

M5 far P B i AR B BR AR S B 25 8 DXl 1 B4
giffat AP oA 0.04 pu, X3 2 (9L Eh T AP N
0.02 pu, W ZEE 2, & 3 FiR ek & i &R 4o di i 5
L NP g R i e DA AN S N 3 R

hE 45 TR AR LR E R RS
i 1 Ty 2R R A 9 A R A e g g A R AR R, HLA
I AR, R G B A M REEAIC, DL BOTE Tk i B
FAE A 45 RS E AR BRI O R R Gk T R
X AGC RGN A B,

(=}

10
6
T 2 - l
el \'4
T2 ‘.
_6 1 1 1 1 1 J
0 100 200 300 400 500 600
t/s
Bl 4 BrERGES T Af ma il 22
0.015-
0.010}F
N
= 0.005)
< 0 \ ’
~0.005}F '
— 1 1 1 1 1 J
0-0106700 200 300 400 500 600
t/s
Bl 5 BrERGES T AL, m b il £k

3 AMERE

H1 R IR T 0, £ 58 MPC J5 1 HAT B
EBRMBRE S, HIE. 2% SR IER TR
FIATT LA i R GE A 1 B R PR RE . B PE R 4L
JEUAT 5 e 3 IO B B B0 AR SR L 2B A SR Ok
R G AT A ) T 2 LA G /N B AR S L )
R RAEXT AGC BIFEMR . AMEPR1Y % 13 ok

ms +n
s+q

Hr .2 ¢ =00 ,Gc () RN —APILEERI#F: Y=
0 H n=0Mm,Ge(s) SFERCN—A> eI BT, i) Al s
TL I m (R A R GEHE 25 .

P LR AN IR TR R L O 55K R A A 4 Bk
S AR S R TR (PSOY P ik AT & R S
AN B S BUR AR A L DL R o sl N R & R
WX AGC MR X 2 S8k 47 42 4 52 B )5

G.(s) = D

KX I 6,
ACEl APK] mls+n] APmm, .
—7| MPC1 MGCK 1 F—
S+ql
AP, s+n,|AP,,..
M MPC2 —= mi e ol MGCIK 12—
ACE, A
B 6 fMEERGEHER

AP 6 Jr 7 7 i A 5 AT AL ()3 b2
T LSBT 4 ) A B A B2 . AR
qiamony s qo N D RE AR AL 2 80 AR SORL T B ROk
(PSO) IE AR B 01 R Ak 50 A4Sk 1 #EAT 50 Ik
LA

M R GRS AL B P AL B Bl A o
AR R0

X, = [Af, AP, AP, AX, AP, AP..]"
U = [AP.]
W, = [APL]
Y, = [ACE, Af, AP.]"
H
DL 0 1y ]
M, M, M,
0 EN 0 0 0
T. T.
—m K, 0 ;1 L,K’l 0
A,—| RiTa T. T. T.
" 0 o0 ! o0
R. T, T,
2xT 0o 0 0 00
_"‘;"1“(11 0o o0 0 0 —q




% 3455 58 £ F.F FEARACRALMENRLEIME AGC F % 49
—D, 1 0 0 1 0 7 X2 AREBEREAGCCESEISHEBBESH
M, M, M,
S8 X3k 1 X 15 2
-1 1
T, T, 0 o 0 M, 11 12.5
—my K 0 —1 1 K. 0 0 D, 2.75 2.0
A, — | R.Tp T, T. T B, 28 19
—m, 0 0 —1 0 0 R; 0.04 0.06
R,Te Te K., 0.3 0.4
2Ty o 0 0 o 0 T, 0.15 0.1
ny ;7I72(12 0 0 0 0 — ¢ T, 11 9
- L . - T, 0.2 0.3
0 00 0 0 0
T, 0.85
0 00 0 0 0 — —
0 00 0 0 0 DL 7 8] 8 BT 715 fh 55 791X s, v, [0 5 1 B i 1L 11
A = 0 00 0 0 0 far A5 Ak B 26 R ) L 25 R SR AN A8 P, BB A
—2zT;, 0 0 0 0 0 Bl 2 & 3 s B, %P X8 B R B AGC #E17 f
L0 00 0 0 0] H L bR REE B (PSO) HEA T4 R S0 15 2 19 2 5K
0o 0 0 0 0 0] T LA A L 3 A DX 3R A ol i o7 R 2R 43 51 DL IR 9 — 12,
0 0 0 0 0 0 0.05F
0O 000 0 0 0.04
0.03
Ay, = 2
' 0O 00 0 0 0 £ 0.02f
< 0.01
22T, 0 0 0 0 O N or
-0.01F
L 0 0O 0 0 0 0] ~0.02 | | | | I )
K ) : P20 100 200 300 400 500 60
Bu = [O O T, T, 0o ”“] "
K ) . K7 BENLEAES APL,
12
Bzg == [O 0 ng ng 0 ny *7)‘12(]2] 0.03-
0.02
B, = B, =044 5 0.01F _l—
N
—1 T =
F,, = F; = 04 F,, = [ 0O 0 0 O O] s —0.01F
M, ~ _0.02F
3 T -0.03" L
— 1 1 1 1 1 J
Fo = [M2 0.0 00 0] 004760 200 300 400 500 60
B, 00 0 1 0 v
A =)
Cc, = 1 00 0 0 0 [zl 8 %HL%‘JALI? APL,
0 0 0 0 1 0 *x3 HHIESTSHRMME
B, 0 0 0 —1 0 P34 AR
Cx=11 000 0 0 m 5.187 793 973 963 098
6 000 1 0 " 4,591 708 935 793 283
X, €ER".U,€ER" W, ER" Y, ER" /MK HH i a 0.763 401 703 669 231
AR AR AR B 2R 5 A X R 48 B AS AR i L ¥ AR ms 5.107 249 768 899 896
o s A E M A e, A, LB, F,.C, A, .B,, ", 6.428 451 138 599 305
F ;5351 R %ot o7 4 B 1) 2 56 [ q: 0.579 802 457 772 249

4 hEDH

TE Matlab/Simulink 1 #]FH MPC T H45 /%4
TR ER RGN kB RG AGC fj LB,
TES B 2% 2, 97 %11 DMPC #2688, % & #i
A8 Np =10, ¥ N, =3,

BB ELREE R R 0.01 s, %GR & RS
By AR, R A ER R G AME T LB AGC F2
IE55 A A KMETT Y 0 FLE5 SR FETT X

9—12 FKHIFE DMPC #4757 :UF . 4ok &
MR GAT AR H O )R 7= A R AR 00T L AR EE
TR GAMER AGC R X R G AT AME 5 & fi th
b AN (SO B i R R I /0 o T EL 9 9 I (] 4 R K 4
B HARGRE B TRE . WXL R R
FEM A R B R 58 AGC, LA F 58 #2385 7 B AR
A E W/ G AR A v B 2 25 AGC Al R 1Y IR
Pzl o Pl AR A



50 1 I | X ¥ F 2019 5% 5 47
05 Btk
0.4r1
0.3
2 o027
EJ; 011 s
< of f [ 2 % x & ]
-0.11
-0.2 1
-03 s . . ‘ ‘ . , . . . .
0 100 200 300 400 200 600 [1] MilanS. calovi ¢. Advanceses[J]. Electric Machines &
t/s Power Systems, 2012, 40(7) :807-828.
B0 BEHLEE T AACET Wi R 2 [2] 9625, T B, 24K B B 28 %5 001 i B AGC BLAL
AL AL gt SR g BF 5T 5 RN LT . o Rk i 5 4%
il :2016,44(17) :159-164.
025 (3] ZErhge, MuzeR. i, 4. SR AR B3 25k
Lok 1 1 8h s b g W BF AT (D). ) R G
5 00 1 1 2016, 44(4) :44-50,
[®) 1 Ao ¥
< 0 ‘{( 1 [4] Arya Y, Kumar N. BFOA-scaled fractional order fuzzy
_ F il |
0-101 i} - PID controller applied to AGC of multi-area multi-
-0.20 X ' ' ' ' . .
0 100 200 300 400 500 600 source electric power generating systems[ ] ]. Swarm &
t/s Evolutionary Computation, 2016:202-218.
[5] Mohanty P K, Sahu B K, Pati T K, et al. Design and a-
nalysis of fuzzy PID controller with derivative filter for
0.025 AGC in multi-area interconnected power system[]]. et
r Generation Transmission & Distribution, 2016, 10
5 0.015 (15) :3764-3776.
w\é 0.005 [6] Kar S, Panda S, Pari T, et al. Design and analysis of
0.005 | i "fv a ! P Fuzzy PID Controller with Derivative Filter for AGC in
~0.005 ! i
F ; E g multi-area interconnected Power System[]]. IET Gener-
~0.0154 100 200 300 200 500 600 ation Transmission & Distribution 10 (15), August
ts 2016.
K11 BEBLES T Afy e ng 4R [7] Dahiya P, Sharma V, Naresh R. Solution approach to
automatic generation control problem using hybridized
0.025 gravitational search algorithm optimized PID and FOPID
0.010f controllers[J]. Advances in Electrical & Computer En-
.« ‘ gineering. 2015, 15(2):23-34.
T 0.005 o A - e e :
R o N | - (87 HoHhug, BREEI. TR e, . MR [ 4 Bk
~ / i ) N . , - »
oondl ! v . | FETLHR R AGC B LD, o) 3R 4 B 1 B A2
o010 S ‘ ‘ ‘ #it, 2016, 28(4).78-84.
o 100 200 300 400 500 600 [9] Apostolopoulou D, Sauer P W, Dominguez-Garcia A D.
t/s
N ‘ Balancing authority area model and its application to the
12 BEPLES T AL, ma 2k . . e .
design of adaptive AGC Systems[]J]. IEEE Transactions
N on Power Systems., 2016, 31(5):3756-3764.
5 #FRiE . . 4
[10] Dahiya P, Sharma V, Naresh R. Automatic generation
A SCEF X EAR K R Gk AR E X AGC control using disrupted oppositional based gravitational
SR AAAE A S IR T — M T RS ML search algorithm optimised sliding mode controller un-
F 4 A 2 A 700 50 42 2 Oy L 5 ok A HEAL AR % der dereg&ulated environment[ J ]. Tet Generation Trans-
N . N o g mission & Distribution, 2016, 10(16):3995-4005.
ARG A X kB R MW X 3 AGC BLAY, & X)
. s T e v L] e . [11] Paola Falugi. Model predictive control for tracking ran-
DMPC # il &5 A & 48 #h 4315, 42 R+ #E L1k . .
L ¥ . e e . . domly varying references[J]. International Journal of
FVE AT 2 R RS BAME S BRI , JE X R e Ah .
Control,2015,88(4) :9.
a2 2 > Ve 4 o ALY 0 > 3 N . > e N S,
B PURR A7 AT T 07 SOSUE AT B 055G (1) o, IR, EBRE0L S, 35 TR 00 B 19 79

SER LI AL R B9 DMPC J7 ¥k B AT 347 1 450K 5
HHIZOR M 58 E T A% SCRT £ 05 s i i) AT P R A

KIRE B P AGC REHR]]. A RGEHRP 54
. 2012(22); 46-51.



%34 5% 5 M % B.5 FEARALRAHILRY E%AME AGC F % 51

[13] Venkat A N, Hiskens I A, Rawlings J B, et al. Distrib- 69-74.
uted mpc strategies with application to power system [17] Kumar L V' S, Kumar G V N, Madichetty S. Pattern
automatic generation control[ J]. IEEE Transactions on search algorithm based automatic online parameter esti-
Control Systems Technology, 2008, 16(6):1192-1206. mation for AGC with effects of wind power[ ] ].Interna-
[14] Yan Y. Zhang Y. Liu X. Distributed MPC strategy with tional Journal of Electrical Power &. Energy Systems,
application to AGC in the presence of variable speed 2017, 84:135-142.
wind turbine [CJ. Control Conference. IEEE, 2015: [18] #X BRIl , faf & &k, 53, 25, 2 5 X 35 18] T 1% ey o] fof 4 22
4151-4155. SR A 30 AGC JriELT ], BR R EM A RFL ¥
[15] Xu Y, Li F, Jin Z, et al. Dynamic gain-tuning control R, 2018(3) :439-444.
(DGTC) approach for age with effects of WindPower [19] Z855, PMEE . BRFr. Stk RS b & KR G R T i 1)
[J]. IEEE Transactions on Power Systems, 2016, 31 WFoEL)]. B FH R, 2009, 43(11):21-23.
(5):3339-3348. (20 EAR, i mi . R0 HEOL A 33k 1 2 E 53 A0 2 M0k %
(161 ¥ & . B, 29, 5 KREKAEPLAILAZ AGC 2] (10, Bk, 2016, 42(10):1552-1561.

R [T] B R 5N, 2017, 45(2).

An AGC Method Based on System Compensation Considering

Uncertainty of Photovoltaic Power Generation
GONG Meng, ZHAO Xilin, MA Jimin, HE Jingjing
(School of Electrical& Electronic Engineering » Hubei Univ. of Tech., Wuhan 430068, China)

Abstract: The existence of distributed generation will complicate the traditional automatic generation con-
trol (AGC) of regional interconnected power grid. The distributed generation system AGC, which includes
photovoltaic generation, is selected as the research object. The system structure is adjusted through intro-
ducing compensation link to eliminate the negative impact of illumination uncertainty on AGC. Firstly, the
AGC system model of the interconnected power grid including the photovoltaic power station is construc-
ted, and the influence of the photovoltaic power uncertainty on the AGC is analyzed. Then, the compensa-
tion link is designed and introduced to make the system structure change to eliminate the adverse effect of
illumination uncertainty on AGC. Furthermore, based on the distributed model predictive control (DMPC)
theory, taking the step load curves as disturbance variables, the frequency variation and the regional con-
trol deviation curves of interconnected power grids are simulated and verified. The simulation results show
that the proposed method can guarantee the good dynamic response performance of AGC system under the
output fluctuation of PV system, and the feasibility and effectiveness of the proposed method is also veri-
fied.

Keywords: automatic generation control(AGC) ; distributed model predictive control(DMPC) ; photovolta-

ic power generation; system compensation
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