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Abstract

At a time when environmental problems are severe and energy is facing depletion,
large-scale investment in new energy power generation relieves environmental pressure
on the one hand, but due to the intermittent and fluctuating output of new energy, the
utilization rate of wind power and photovoltaics when connected to the grid is not high,
giving the grid under the new structure has brought a lot of pressure. Due to the influence
of the inertia of the power system, the frequency regulation capability of the power
system has been reduced, threatening the safe and stable operation of the power system.
Therefore, how to take advantage of new energy sources, and take advantage of the high
proportion of new energy characteristics of modern power grids, incorporate new energy
frequency regulation capabilities into the existing frequency regulation system, and find
new frequency control theories with new energy sources, is the general trend. Therefore,
this paper mainly analyzes the strategy of new energy cooperating hydropower units to
participate in the automatic generation control of the grid, and optimizes the design for
the frequency regulation command of the units participating in AGC.

The main work of this paper includes the following contents. First, the active power-
frequency control characteristics of new energy are analyzed, and the negative impact of
new energy on the frequency of the power grid is analyzed based on the initial frequency
decrease rate, the lowest frequency. and the steady-state frequency. The characteristics of
the interaction between new energy and hydropower, and the frequency control methods
of wind power and photovoltaics illustrate the potential of new energy to participate in
the frequency regulation of the power system.

In this paper, a calculation method of ACE considering the fluctuation of new
energy and system power deviation is proposed, and on this basis, the power command
allocation method of AGC in the two-region system is analyzed, including the power
command allocation between new energy units and traditional units and the new energy
units. The internal frequency regulation factor allocation method is based on the
MATLAB/SIMULINK simulation environment to design a two-area AGC model
considering new energy units. The simulation results show that new energy has the
ability to regulate frequency. which can improve the frequency fluctuation in the case of
pure hydroelectric units, that is. the addition of the new energy unit reduces the pressure
on the secondary frequency regulation of the system and improves the overall frequency
regulation effect.

Finally. in order to further enhance the ability of new energy to participate in AGC
and make the operation of the unit more economical. safe and efficient. the participation

factor of secondary frequency regulation is reasonably optimized. In this paper. an

111



o IR FER A8

optimization model is designed using three objective functions of frequency regulation
speed, the number of times the hydropower unit passes through the vibration zone, and
the frequency regulation cost. Combined with the constraints of each unit's operation,
through Pareto theory and the use of multi-objective particle swarm algorithm, the
frequency regulation of the units participating in AGC is carried out to optimize the
instructions, the traditional IEEE standard two-region model is improved, and the
rationality of the proposed method is verified. It shows that the optimization strategy
proposed in this paper can more effectively utilize the frequency regulation capability of
new energy sources and improve the dynamic response capability of the system.

Through theoretical analysis and simulation verification, the AGC coordination
optimization model proposed in this paper can not only stimulate the potential of new
energy to participate in AGC, but also take into account the regulation performance of
hydroelectric units, effectively suppress system frequency oscillation, and improve
system frequency quality.

Keywords: new energy, hydroelectric unit, AGC, MOPSO, co-optimization
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WORSINLALRT, ARIEZ RIAM0T, FASBE% 1 MR/,

2) FERICHE

BRSO Rt T R R E IR, RAENS% KRS S
%uﬁﬁiﬁﬁﬁﬁoﬁ$%ﬁﬁﬁﬂ%%ﬁ=mﬂm

RAF, () ot e,
mx[—fwne “ortin sin(a,t_, + @)+ w,e "= cos(a,t, . +¢):|= 0 (2-11)

A 1, —RAEMERAME TR .
KIEFREIEH MG, ¢, HEARX AKX (2-12):

fmm=m_¢'=itan"(——m"T" ) (2-12)
@ By so, T, ~1
BB RGHISRBRRE AN (2-13):
—50— _so_ RAL (1)
fﬂve(tmin)_so Afave(tmin)_so RD +1 8

_éﬂtaﬂ—l 94Tg (2'13 )
{1+ae oy (s'w,,TR—lJSin [tan—l (Ew‘}iij"'¢:'}
a)n R

HEXFTUEH, H MRERETUE, o, 0, ¢ESEBHSRETW,
I H, 1 R ¥ aE RAERKE.
(3) FERESH
2z dAf,..(1,) o fE 2z 5 . .
MEIBERS, $=0, A, (t)=c. cRIBEME, 1, RRAGEINME
RASHEE. KREIFGEEFMNE, WERRESREEAN, ) FTHRBEHE
fo ) AR (2-14) FI5X (2-15):

. RAP (1)
A, (1) =limAf, (t) = ——= (2-14)
Yoe (1) = M A ., (1) = =055
RAP,(2)
L(2)=50~Af, (t,)=50-———2 (2-15)
S (8) Yowe (L) RD+1

B (2-15) T4, BAEIRAIINAN, 1/R/D, MERSEREZ B,

LR, KIBEHERNIMA, R ABEBIEANANREGTTE, MBR
SR VEMIEMEE . REEMRANS, FEVIRBLERMR, EFEELE
T AGC, REGMBREMERIER.
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s RS
2.2.2 XURE 57132 0 o 45 1 K% L Xt R PS50 B R M 34

(1) BRI NRE

B NEHANRAZRE, FTCERERUT RS PUA R E SR T R,
{HR B HLA R RSB R A B RARER A FTEER, EmRERREERIR
SCEEMASA—FE . TSR LN DR &5 RUE T MPLRESER, il 2-1
Bz e

fA
Jotes
f N+ :
Iu-
f;nin
I l [ I
>
O Pmm })a,m 1 Pﬂrr’ 2 P P

B 2-1 285 XML 25 H 3 A 1 i 2

S~ fo, NEBEHIFEX, MEREXBRXEA, HEKETRXRYI TIEEYIR
BEIKET, AETN TR T/ ERSHAEENTIE. d% AVI56ERE
KF, P(i=1,2,3) RARIKENRIK IR EIE, EFHELT, HlARKHIHER
N(A-d%)P,, -

LR £, B, BUHARRESES, HERKERSP, £TE, &
REEXFRAIERZN.

BIE EFA KT £, B, RYLIREE T E #2240 S0 1T0ER, BB F X Y
&, EETMUKEEFMIFBMTIERP, » B THRE EANHIIEER.

(2) BhASTRER A Nt

RV F R EFAEERE, HRER ZRBERTEEA, PARBE
HWTAE, MHE, HBEIBETFRRABEHITEDDERES, fJUEBRE. BEMN
WHBR. BIRERBSIMAZRRINERAT F, BLRERRENRGEDE
ABRRATIET), HrEEmaeiizmp, MM EEESEE. XL
BriEshlife A (2-16):

do,

P —-P=Jw—" (2-16)
dt
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b R L AR

R B —— RHHLRIIE:

P——RHL R Ih = ;
J,—RHEHHRE;
o,—FETHHE.

BT, WHRBLERMNRE 6 E,, REXAK (2-17):

wardw, xwedwedt=J.Jwa)edwe (2_17)

B, =~ R)dt =[x

Xt o, —FBHAEREAEE;
J, . ——RHLETRE .
Ko, J,REAAK (2-18):

Jw—, _ J“.a),dco, _ ACU, % a,, Jw =ﬂ,ﬂfw (2-18)
wdo, Ao, o, o,

R A—FHA R
@, —— S R B AT I R TG B 3

B R, RALESBE. WkkE. BEiEHREHLEmIEIEE.
EATS, FHEEETERATRAHARREEE, Ao >An,, WAEERML
TUBKENEXBETEN G SRE, SMENBRETUEGILE AL,
EEMERMPBUERE, KEARREE, #—PRET RENBERE.

RHLHRG REAERBRETERRTUTIIAEE:

1. REFHFR: KEEHIREZANEEURARS RS, ERMREHR
BT R IR BGIR B TR, BRI FASEMEKR, WaEEMRERIRH RS
ThEGE, HTREZENFERHRESED.

2. RG—WRiEH: TLERBRERNRAERS. LAGHRKR, BB
AT — KRR RO BT VR R S MLA I TIER, AR M P4 .

3. WREBEE. MMERTASRAEGHER, WZRENREGLHARTENS
[ERRTE, FEER S RNEERP HERERAME.

4, HIEER. HETERNSSBR BRI, EaiERE.

5. RHUEIHThEES:. YEAH AR, ERAATHRET, heK
RGHE,

6. RHLEHAHERE: TEFEETBIONE, AVREETHRTEN, HREE
BREIET— BN A, AL B HESI RN BIHEE.

RHLRE H MBI R, REH D RE T ER AR RE N ZHLA RIS

12



e I RFER A F AR

Biz. RAMEEHLAIN, REFHREENREEE L. FER, FHEFER
Y B, B RIGAERREM “FaIRML”. CRKITIH” &, EREEIL
RAFERAPHIRIAE T -

HAlE EEMZERFRI. EEXIKNETHIUS REAEE, BREBBS
R EMRE, BEENIMEBLHUER/D, TEMAK. BENHES RERE
BRIATHAS, ATRERHHE, —BATRRDFIERRS, BEXHHE
AT HIRHLAGEmI N RGEME RS . LR, RAKBER EF, W MaE
FarE T RS

2.2.3 JetR3FER e R K EL) o I SR B 22 0 53 A

(1) BSHREE

ThERZ(E I HI AT AR s BIE 1T, AWHSZERIL R Hreikd
DATRSIE T s S

1) FERPLA DR

RAHAT R OFE R, ARG RER DR AERA, R
e el NmE . KEVARTHRESEERBONA (2-19):

AR /B, AR

ko = A1 S, :_Af* (2-19)
Kb AP,—— BN E R
P, —— R EHA T EE NI,
A — B
fu—RGHESHE.

RANRLAR, SNAKEIASHSHEREORAELNPEIIR, KEFHER
GURBUE T, BERGIARRE.

2) ARG THIEFE

T ZHAAEMLALSREAT RS, MR TSR, Tuothnfiske
EREE. BtRBENBREBKTEX No%, AR (2-200:

(2-20)

c% =

R AP IR,
P B BRATTRINE.
LR AR T DR B TN (1— %) « AR FEL I U1 5 5 1 R 2 3 A
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b e ) KRR A8

X, WEECREHITREREAT, w221 Fir:
S
1000

% = 20%x (2-21)

A S—RRE.

JeREARERE, RGTHERBCA M A KENTIA SR, BEnf B EEEAKT, 7R
ThRGRE; RZ, WMBRBRAKFREBAERNTE. ET, TOREERKZ
R T8 B B L R R R 1 R AR R B2 3«

(2) YR s b shS MR

FeRFIFM AT pAEF MG AR THAAMAERBESERS, —BAES
BREN RGN ERFTE, RRHERRE—F, SROAHESE RS
MEIERNAR IR . 53K E, RGBT RIINAREMA LB, K
Ext T HEZSIEARBTRENRE 2-1 R, ARAR, HERLEDLRNE
SGHIBIHEE, HRBHEBRE, RER S RERREL.

&K 2-1 HARBISIBEATHE

WE BITER
<48Hz RN IR o R e
48Hz < f <49.5Hz ZE/DERIEST 10min
49 5Hz < f <50.2Hz ELEBIT
S0.2Hz < f < 50.5Hz Z/DREAT 2min AT BN TERES, FERERE
N
>50.5Hz SEMEIRIXE, (FIEHER BN G

HRFMTERRE, ZIBETEIIAK. BREEFESDE B R BN
BIshARrE; BT o rRE, X BRI E L R teE, M
BDERFMAER, FXLRHE, TREBCREM; ZARBETWE, B
REBHERABRABGR LM rdr RYE, B8 G B H) RARBR AT AR R K D)
RAFREM I LA EIXEEERAT RERZ M YR BN I 1) B B AT 5 4

2.3 FaeiR 5K B R4 3R

KERAIETERL R, e 8 IRt 5 K e B B3 i i& B A & 45 4 45
REHN . HER—T LK EFEMKEHTIHM, TUOERBRSERE RGN
NEMRT, B PEXERIENUSEMEARE, MAEEMLIEAPESH
MRrRaEd fr, AMUATLUEINAR BRE, TRNEBMETHRME.
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AL IR AR 3

B AETR S K A R AL AT AT AR A LATR JUAS 77 T R A

(1) HxBE., £ARAFERMANER, SCEITHE T RGN B R
TR R A AT AN TSR GEH /1. SRR, AT BLgERoK s A I D EOR AR 2
KEEFF RN . ML, JeRBEEE RS ES R M), EREES, XH
G gkaE kR ROK R AIEEM, FBXREF TRKRERTH 71, BIA
B AR R . RERNAHRED, KEshbEEREH 7, EmESR; X8
ARG R REFERIF U ISE T RIE, NEREF BT

(2) ZFHREE. REBETNEKELTAENEKS, K. 6l SE
BN, BGAE F KB SRIRAN BRI BN 77 #FFKBATHAK, EXH
REMINXAER R, FEKERBZRAAE, KEBEMERBAAXKBRHTHTE. B
22 PR ARER L EMIEFERNA. . KBEFRFHR . NEPRE, X=X8
VARBARAR, DEobAh7E, A {UEERTHEE IR BAES, BT DI — IRAE T
L BE T FE .

(3) BELELFEH. AMaEtEAELA, K. SRR rn B X ars
FERRFESR, BT RANEDMBARNFE, XEERRGEEARLEN
FRAEUX RAR NG P shBET e, KBREE RFREYEE, o
LA G S KB AR N s M f5 Fris s I 1T MR . WETHERE R, K.
Yo K=ZFHAEEERE, S EI106 2 A B T X — R asE 8 A
6, MNHBMAE. BERANZR. ARESRENAR, KFEREFRFAAR,
REIRIR RGO B AEE, NEXKIKIEERMIFFHFRGTERE, K. J6. KBE
EHASTERFRH S . HRIER. SN EMH, n_LKBNEKEKEE
71, ZFMRREMUAT USRS FAGRIR, BETFMAERNEMIIER, MEK
.

= KL A
) o R -
60% A AR g -

"
A
0 A @ & A
A
0 . o
40% A
A
g |

A %

% =
30 * -
{0} ] @

= ]
= a e

10% =5 o . o
0% T T T T T T T T T T T T

13 2H 3H 4H s5H 68 7H 8H 98 108 1A 1248

B 2-2 FEHIR . O, K EIEAIT Sy H4k



b KSR 2208
2.4 FhaeiRE 5 A e 57t
2.4.1 REBE5MRFHEEHS

REHTMRABEWBOEBERE: D BIMHFEREREMIRE: 2) &
HHEERETERENIIR. N TE-HoRERE, £FHZEEN, XHLH
SWMEFEARRRINELA, ArIREMEN _RE%E. IMERT, #iFE
KIS EIETFAPINE, REZINFE, BREBEEARNZEAME,
BR RZAGMEFE K BIHESAHNIE M I TE W ERE, NEEKIER
T, KU CART — R KRR HB R IR BE, XA EE 120 KOE &
RERT, BB TRERFERIFBHIIE, EABZREZHELT, Hi
H PR B R A L R R R & O BE A T 22029, HE Ak, A XGE R AL
WSREE 1B AR TIRRE .

MK @ ek, DFIG A Thia th vl KA SR RECREE, 2R BEER
HUEE A R BE A AR, T ai AR 3 ) B A AR SRR a0 F

(1) HBEE

P -
Pl A

l{ . :Zi}f ______ %i

F, !

RERIET 1
BRERMAZE, 1 )

00w, ©
] 2-3 i gk 4% ] S [

BEERESRVEE, FNARERAERS, BEARY, WERBHSE
. B 23, A SATERRINERERS, REFREERT, WMBIEEKX.
SYAREET A 8, HAEHEAEA, EITRABIEEIET, ATARE T &
HEE. WREFEMYLAL 7, FTRIRENARE, miEfTT C 5, EFHTFE
FLARIPMAI B EThE, KHLEYH S B2 1k

(2) ZRE

KA RGeS XK EAE X, HEREATUENARSERNIIE L, L4
ErRRE &N . NEE R, ZEMABA, YAKEDEHEHEX,
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b R 2 AR

mE 2-4 fros, RALEIER ZE1T T4 1, REMER, MELBETR, &)
MHHER 1 ZHIER 3, A R IR AR, KL T WE0E1T . XRhz ] 7 3k
ADAEARE T TS, HHEET . BT ERTHNEVARYIRESGH, A
BRI RGE AR, R RS R, SERYARIREH, BIERRPLE .
PRl ki 07 @ A T e G BA R T

P4 MPPT fi £&

S}

/[ 2-4 2BR fishldheg
T _ERarthr, WM ERE SRR S ISR 2-2.

*® 2-2 RABEREERIBAR LR

B SERZ T A B
PR ER AT EE
o "
R R SR A 5 25 /N
o . E TS FUREE K
R Rk A o L 18

242 A EMBFENIH

WERNR K BEHRME 2-5 . BF, G G, L AAREREKBRE
i IER R Uy, v U, 73R ISR SR M ERBE: R, L2514
LB MAER; U, U, 7383 M s femMKeE; B, Z7%4.

o yowog g ‘ p U,Z6, U,/8,
sal | L1 1 DC DC L i R 1 ¢
{ 7 SN g
A o T j = L ) e —
| | C/v)‘ / Clu] v : . }
e o DC AC
P = e Um R \
5 . Boost P,

B 2-5 WERNARKBRAEEW
Z AR ER BRI T E 2-6 Fias:
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ks SRR AR

[ ‘ L—‘J‘T" \
4 F R T
[M. } ‘ Y'» ’ V'L

' i, 1 e
S ( L R, V| R,

| T

J' =
2-6 YR I SR Y
fE BRI, AR (2-22):
q(V+IRg) V+1R
IL=Iph_Id0(e KT "1}“ R . (2-225
sh

X I, —BtRER R, FREBRERL,

I, —PaFBER CEXR);

g~ K—HXRYESH:

V —— bR s O HLE

A—FEHHETF, ERBEERRNE 1, /MEE2;

R R,— R EHMH. ZIWAEME.

PR b AMEE S BONERE, HHEXRRERE. BEERKNEFRETREAN
ek BB R A (2-23):

)
1L=1“[1—c;[e9“w-4J] (2-23)

L) o
C&=(1——ﬁ)equ (2-24)

( ()( J (2_25 )

XF U, —ITREHE;
U, I,—B&KNFESBEMBR.

KREEESHOBERTUEZMABHIIE, BESHOEE RS LEZmEEH
Tha&, EndFEamE 2-7. 2-8 Fis.
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HAb s HREBIEAB X

I, A "
IR BRI 1
e TR

[

JERE 58 1 1 ik
M R E
SR SR AERE (K

I 88 R AR (L ES

o
5y

B 2-7 R E Sum O B kR m

2 pA

WA g, A

B BRI

. \

A 2-8 15% 5% 1 B R

SREBHFEEER, BREAREH . BEA s H e 3h g8 R # T R
MR BAT AR AT HRREELERIEERE: D BMRAGEHFERFTHHEER;
2) BRI SRS TR HITh

FMER, AR ZERATRSHF L, ZHFTREKR, HiAMEE
hog, RZBEMAEIE. EXFERTRT, MR ZIRBE R RERHEIED.

FEApER, EERRRE—. BB 2-7. 2-8 ATLIEE, GERBERE. BE. N
OB EAZEeRrmt . BERRAFmHBERTZN. Eik, EEH D
BIE, EHRRAGHRERRIIRL, #ITHHERHNME, BN EXMEARF
B, TARGMFZRMAN, FARSEHRFT. ROUTXE, SHEE, HwRAE
FIRSUERESR, K A EBRRTERENTEDE;: k2, AR IBS.

HARZ HRMK T AT -

(D BB

JeR s TIEE R RTIER MPPT R, AEAEFINEN, AN &M

W PR, BRI

U

"L
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HJb e R F B2 iR 3
Al . RS, BRI RATHERIRER A B R RSN T SEfr TR, BUAsEtIT
BEIEAT, HHEH—ERNERLZH, ARGRAANMERENHES. Bz
ITHEADNRERME 2-9 .

______________

2-9 MR TRE & A EE
(2) BHUFEZRBIER
EXFEARRFUENRKBRG TS 5, @ EhEE 0B ss i1 st
Kt 5 HEAMPLALE ML, #E— BRI HTREIRAE RS TH g RE
BRUFEDS R BEARAEHERETE 2-10 Fin. BRAELEDS IS8
TEHHNRER D, X—HMORSERGHMERERIMN ALK, MERELTR
ERER, HIRERIHAZT, Fr£EH.

¥ /<!«‘ 7 1 Af
el - Mi3men | "

& 2-10 FEAULIRE] AP AL il 5 44 1)

2.5 KE /)&

FEHAELRABREMNTERERINSHNRMAS TR EIFEREREZEAN
E¥RAGRRBIEMREMEE VB A TR, HAETHREOHEELCE. AEHKE.
PRBSE=AFREGEREMEIE T AR FTRANZNER. EE
ST R REE - PRANEE ST THEEZER. MREBEAEER
XHEMIER AL HK, REKBNFHEIFEREHNAES, 27 HEERSK
R E Y, BIEROGKEARBRATHEME M. &EHXTIAE X,
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b Y RFRR AR

JeRE HRMKEG FERERAFEELG 2 5 BMNEMNE .
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e AR EM AR

F3E HeEFES 58N AGC K

31818

HEE R TR FEE R RS BN T R B ARRE . LA HTEEIRAE
HBTF—MBRARKNBIR, BEE—-FHM0H, FREFMIGRENTIR. HME
P e RARFE AR I, BIRHT R 48 A4 ThTh 3 8 BEAN 4 A 4t T e o O
HIARAERIESR . EREFIRITEENAS KENANFRSERG AGC KIFZHI KR,
R ReIREE R R A B SRR, N AGC BINThEIES, LN RERM
R BEFRIMEIER .

A TLMEG ZIIRRIZ HISRIK 2R, BT EHEEIRK AGC AL, HE,
R T EEFRENAMRREDRMER ACE KTHET L, A EAFTH
KB RGETHEESRZE] YRS ARSI ARRRE I RTE. &E,
£ MATLAB/SIMULINK {5 EH 85 F#E2 A& KOKHIMXE RS AGC A, If
HEBIE T AAFEFESZERTHSERG AGC KHIARIRR, Kk T FriRRgr
AT

3.2 R4 R A I SR R

BMARGHEEENMCPETEENTTZ —3E AGC, AGC REEHIERZE
BT 3ANEHITA, wHE 3-1 .

— | s |

R | srummes | oo || AR
.’L (=Yg Rt BN IE= 0
| At |
| R |
+ M - v
‘ : <P s HCE -
o (i)
Af 't
4
- v s P
L2 % il Sy vt on G
(— Wi i ¥ e "

Kl 3-1 AGC 2451
=RESF R RIERER IS, FEMNEBEIEPHNEFEESR, K, &
G RBETRIEKETR. R HEAS, FREXEEPEE T ZIKIARM
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HAbR SRR 2R

IR B EEHE T P, DL R RS R T P . ORRSE XA T 42
& AGC R4IME R, FEIHEXBIESIMZE (Area Control Error, ACE), RJF4&
DEBLIERAT, SEEKEVATEERDIE, XNXHEAKKEIE#T
V¥, 450 ACE W{E. PIABSEAFTRESS, o] IR B (8] A SR
MRS EXHRGET, ETEREVNANEIMETUH— &8 BHl8S
X#E. PREZGAESEEZRNEDIRRE, BREEH] BHl&E, T 24
FENHRZERH ), XERBANBHIIE.
BIE ACEZHI5SHESR, "L AGC 4324 3 Pz, 4HwT:
(1) EHFLGHBN FFC:

ACE =—10BAf -1
R B—IRFEM N R
N —IRERE .
(2) TEINERBHEKX FTC:
ACE = AP, (3-2)

AF AR —ERE L ERIThEMmE .
(3) EHEETIREF|HEA TBC:

ACE = AP. —10BAf (3-3)

3.3 FigeiEES 5 AGC IE#IRRg
3.3.1 ZEEHAHHRER ACEHE X

RS T REEN. EMESI NN MR EE. FalEEAS
MEfLLEES BMNPIEM T — M A RENIEHTE, RS RGMENRE.
B KA, FEANANRRKEHEE S, MAAHARROAE, FHibR.
HETE Z RIS H P EL L.

AGC FLLEZIH ., EEHBIEREFTRATENTIE, EEEERRIENX
BEAN, BN ACE MitEMITRELAERAREAT AR, FEZEHER
HMH RO RBNRRES) . BB NIERIERIBESWE DA, XHaeRE &t
fTHE%, W) ACE Bt & ARN:

ACE = KAf + AP, + APy, + AP, (3-4)
X AP, —RAELBRII A 5iHRITh i H K mE;
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Hdbs R FB A28

AP, —— 3 BEUR S bR Th 3R 4 th 15 TR Th e i th iR 22

XA THMBME) ACE tHEER, FRETHEHFEFENTERE, RTMH
AT AR MEMRBLINEWME, BEE T HERENA. FANANERDRE
HEMMTHEM B HRE . ST L 2NN, RER R KBTS EM
R AMREREZFEME, FINASHE - SREEER N BL2FERE
AR, P PFEREDIE. EHik, FREMAKNEDIRSG S, EXNE
BRI MR B I J1, HH AR, ; AEFEMNENEN AR MEAR, H#5
AF AREEHE, BEIRE ACE 55. 2FRIEHIEE, RIB\HEXRERERD
ERH B AGC KXBRAFHA T K AKIES, BERD A HKEEF. FE
FREIRI B ACE tHEBRAE R WA 3-2 iR

'fv
f—»f\—>\K——
PG]ﬂ VPZG
m & }—»

For™ L S I
y R p' igf; sk :gg -

' //’J {E [ 2
P(”—_wa / | 1

v])[?/ — a; —»
i +”:i,,

A 3-2 B R SG ACE 1HHAER
3.3.2 FeeilE SRR EMEFRHRE

RENZKIASBEECS T RGRE. B ENEYE, B W00, &
THB3 ACE 25, EER] BHITIRSE. UMKEASGAS, FXEH A F
HEGRIT 1 MFaeiRE 2, WREKES, &8 2EINERESARK G-5
F7R

2 (3-5)

X P—XEAE M BRRITIREGHIES;
o, —F i NS BE T .
ETHEeEE 5, Aresfhil H#T AGC HiFkEh|, WHERERIF
XN S RHARETHRL S, 25 AGC.
AREFBEEERE R OMA, ERTEEHEEN AGC WRIEHKge, 2
fE RERGRNF L LIAFEEEL 7, B, RARERNERFETHERL
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L VPN T e e

. SGEARNANSISRYE, E#TESIER, BHH o 2 A=MENR:

D RGIhERK, BEXPRF, EMATUEREAY, R ARREINSS
Y, FREASS, Mg =1,a,=0;

2) RGThERGE, HHEEBRRENREZMWE, X, A RFTERIER S,
o, =0,a,=1;

3) REThERGE, HFEEEHARL, L BRI YA F ZE F o,
o, =05,a,=05.

3.3.3 HifNER A E FRHE

2l 332 WHERE, EXRGHARERERE P AN _KEFESE,, W
A (3-6):

P, =K (P, +kAf —) AR+ K[ [(P,+kAf — ) AP,)dt (3-6)

Rt F—RWEREG
m——H] i NI m EHLA;
AP, ——HB] i NS j AR ENERMLE.
RGBT 1 WRSES P, 5, REEARVAR#THEEMNGES, Hig
s S iHERER RN G-

APlj :ﬂleerl (3-7

HE AR, — #1718 j AU KRS HIE S,

B, — 2 j GHUATERT | FIES 5ET.

FIREH, BraelEmp N ARNES TAERROTRT, NHEESEHN=
YRS B B AR S A

ZHEEHIANEANE RS L IEME, ERES 6 FaENART IS
SHBIRS, U — S ERENANETRE S EA ST INAR S K. B
Rt — BT AR L A R TR E S, BRAEE 2 WA m GHUVA, B
BLIEHLALS S RSN THEE N B, TN P, 9k (3-8):

(3-8

wj

' - })wj —Pz.vel7PMf[ > ‘PZ.s‘el
0,P, <P

2sel

HPRENAS S KM, LREERHKAST R, BUAGEENRGER
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el I R B 2R

HET AGC 1842 5. %, W AGC HBANEMIAKIRSS5ET 6, it
BREXN (3-9):

P,
ﬂ2j= m j'
2Py
< = (3-9)
Z:sz =1
LJ=!

W EAPARBI T EIELET AR, AR (3-10):
AP, =p, P, (3-10)
FrBL RSN RIS S ThE AP, AN (3-11):
AR, =AF; +AF, (3-11)

XA AR, AR, —Z 5 RIASKFALSYL. FieeEyESIhE,
WRIE_ LT, X% AGC Ml R A 3-3 Fizs.

BRI \

Y
{ v R

T\,\ //-- |

C(I »/‘/\ : /\Tl\\‘< = az
EGa -] ——F - [Rem |
= 2% s = il 2% |
LT i3 Rl R: L. Ak VJT—J
AP AP, ,.vgzL AP,

'y 5 A A |

G w) (w) )

A 3-3 BiX I R4 AGC &5 15 HIHeE
3.3.4 AXBARK ZIE AGC thEliITH|RE

ELMAUBFEHNFRXIBLERESR AGC hFEHIERINE 3-3 fix, AGC #&HI346
THEBHSMINENEERS. HP, BF P BHBHNEANNRELHEFHH
ACE 55, BELATIIRAPEAHE; RAMXEZEESH] BoEAP, #
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—3$EE AGC HLARSE ZIKiIASIES . XMEHFTEAFESIFERFL, T
RASFHTHEENRIE S, FREEFHSERSE AGC £5%. BIREANT
AGC —f&FI LA A=A REIR:

1) FERATHER AR, FESRETHHM AGC VAR ITLEA
%

2) TRBUFEEIRM Sy, FBERAMT RS, lth=H kBT

3) WHFRENAERS S RGEES, X IFRANTIR. MEEKF),
FEF BB AN AGC FTHIF T .

i | _
B, AP, —» —
- " ) ) Pe o
L oy —ap Y 1+ 5T, 1-T,s e e 1 Afy
PID  —» - B < = = —
KACE, i R+sR,.T, 1+0.57, s AP, > + 2H s+ D,
’ o HE ) WRAGCHE S IFN gl - o
BRAHL AT S
27T,
= -
s
\A AF, 1+sT 1-T s AR, 1 A,
PID > B > - G2 > + >
o . R+sR,T 1+0.57 s 2H,s+D,
A + : AP/: 2 -
BZ
A

A 3-4 FetIRE I RESNA S5 AGC FIEHHEY
HREZHMS, FVE - RKIASREFZANE, BRELERFE—ETLE;
KR, AGC EHIRAFRE ACE E5, RIE\EL AGC HLAKETIRES, TRINEM
MNfES: BE, SHERERSMNARAAMERE, LWULER.

3.4 HBI5th

3.4.1 AGC ESER

(1) SR E

#T MATLAB/SIMULINK 2 # X HES2 T AGC thEEH| B, wmE 3-5
e B, XA AEERME 3-6 Fix, B, 1 SXIEN PIIEFIEE, 2 SXI
N AGC ThZERRASSEHR. 2 SRIEAMETWE 3-7 fir, HEET/KE. R
B, BREFRBF) R BHLA.
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o0 )

Tl

; Offline
P> Tie-line H s : B * B Dr Al

Frequency bias

of area A
Tie-line power [:J
Frequency bias
- of area B ] b
! Tic-line Freg;:;n;yénas > Tie-linesystem
‘ ®
AreaB

Steady value

Area A

Y

& 3-5 B X 5 AGC th ElEHIE

=7 P ~ ~ S
L ACE 7, dp_CPS ‘
O re— | ! dp CPS —— Pout ‘
Tie-line ~ﬁ o T dPg f , o
- 4 /r‘ li 20541 S T
BT s +
S~ AGC AGC.order distribution | | Equivalent funcion Frequency bias of area A
H 9 | il sl response to frequency
= wiE=——————= = . of area A
dPLA |
[_J' J To worker
b | [ | [—
L* | 7>|u|]7>.‘l—.‘ I
* s Sl - B

e
& 3-6 X1 A EBRSAE R

2 —» e dPe
Pg | | Hydro_1 +
e » Distribution factor
Hydro #1
» Pout ‘
> dPo
Pout_wind1 AL RS MY e
— = Distribution factor + N
e = Ny Pout
1 ——PROP} Ly Wind #1
dP CPS ) 1
> dPg ‘ {

Pout PVIL gl |

——m» Distribution factor |
|
|

PV #1

B 3-7 2 5 [X 15 Py &R
(2) S ETIR&E
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F AL AR L T RS HINER 3-1 Fior.

F3-1RAMETRSHEE

e LR E TS TR (MW) TR (MW)
7K B8RS -10 20
J28: R -5 15
N -10 10

3.4.2 FEERINEIZS AGC iERIE

RNTHEIE AGC BB KA., KRIPEKBESE AGC KA B, KF0t
SHTCA T U T T PR3, Bl

(1) NAEEKBIASE Z KA, FENWAALS SR,

(2) AHFEeIENAFBI/KENAE S S M KR, KBYLHEMFTEIRHLA
BE¥H 5 &, BEENSE KRBT RENAPEE, 2R IEK+R. K+
FHAFEE I ZIRRSRIE DL

R B4 R ThZ P Fasc bri Hi T 2 18] 59 T AR K/ S B Wi i ATk SR A S -
Casel: 5 §/KBHHASE AGC:
B 3-8 8 5 A/KHBEHADST AGC, MRBMICRILELRTS 5RHM.

60 l T | | T | T T

50 -

w0k .

30 F .

)
o
T

1

T EE (mw)

| SFERH)AP
10 1 —— Jb??%ﬁ &P
| — BRI EHL,,
P I I L ] | 1 1
200 400 600 800 1000 1200 1400 1600 1800

wa (s)
3-8 47K AL BRI I
Case2: /KE+RABE5 AGC, /KENHZE—BHHRE R EHA:
3-9. B 3-10 HHBART 3 GAKEH+2 EREFEEF 2 GKEHH3 ER
EHLA A FIRSIE AL -
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50 b s

HINE (mw)
(V%]
o
T

5 |- r
o L — THERFHAP i
— ThEiESP,
SRR P,
| | 1 | 1 | | |
200 400 600 800 1000 1200 1400 1600 1800
i al (s)
& 3-9 3 7k+2 KRB
60 T T T T T T I T
50 |
- |
sl | :
T30 | | -
] .
pu iy
20 f -
|
B
ok — THEEARE AP
W — nEEer, [
— SRR,
[ | | | | ] L 1 1
200 400 600 800 1000 1200 1400 1600 1800
Bfial (s)

& 3-10 2 7K+3 RiASE R
Case3: KA+ IRES AGC, KENHBR—BEREICARILA:
B 3-11. B 3-12 3 RBART 3 G/KEN+2 8 RILAEEM 2 G/KEH+H3 &%
PRI & B RIE I -
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60 | | T T | T | T
50 r
240 || -
B '
®30 |+ s; 5
B I
20 -
e HEIRFAP
i | — Thxiade,
| — SEEIEG P,
1 | S | | | ] | |
200 400 600 800 1000 1200 1400 1600 1800
WAl (s)
& 3-11 3 JK+2 SeiRTE R
60 T T T T T T T
50 e
=
!/
g / /
40 - If
=00 |
=30 f o
R
20 | / .
; ; — HEREAP
L = 1 — BEIRSP |
| — SEBRIhEE A,
| I T M 1 1 1 ] ]
200 400 600 800 1000 1200 1400 1600 1800

fFE] (s)
3-12 2 7K+3 JEiASRTE R

AT BEM A DA R KK BV AN RN AR S B AR ASECR,
BAPHI P, Z MBJHRKPREAFEME S, HELERNEK 32 for, S56H 3-
8~ 3-12, AL LA TSR

2% 3-2 K HLE A B IR AL A RS & BB L

ML JKER S KR, 3+ REYE 2 K, 2+ BT BEIE 3
K, 4126 — —
7K+, 4126 4017 3818
K+ 4126 3920 3819
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(1) B 3-8, WEMIHFLFRINF R H Z BMEIR 4126, KEHLAKH
AL SIIEFT B, TOSEhrfaitiThE P, I T IEEF), XRHTRAHRTMKNT
BhAE—WIRMSMNER, TKBIERKERSFERE~E TIER R FEERN
B, ZRNME-REARREWATE, BNEERE, BRLEPIRMAGE
BT, {B/KENLARK AGC BRI LB,

(2) BHFRIZLPN AGCHMAS G, HMEKBIHAPBERD, ZKE
BB RN, FTUAIRGEFR A, —ERE L&) T K BHLAE — Rt
R KERRL, & TN

(3) FaelthEK BYLEMT KRS, AP0 P, 2 I8 B EAREA B4k,
KE+REHEST, mEAHERK 4126 BE 4017, H3F 3818, ZFHFRR; Kb+
NRAEH, ERBEE 3920, B3 3819, T FE. FEHAEVIAREM,
LKZRFTR, AIBERHNE. XUAFRETUE —EBE L BEREGNA
S5 RSEM, BRERRE_RRAMKIES, RABERFERBER.

3.5 FE e

FEBAT K. HFRIFES S5 RS AGC KKK, o 7 EESIA D HRE.
RGMERE . BRBLTIRMEM ACE IHEHE, #iE T XBRAFEHS SR
SR AR &SRS IARERE TR, ERUY THEESRD
WHTARPAEBITTARLRET, S5IARSEITHERERSERHGER AGC
WA, BETESKEKEBXBERA AGC HE, HAEMAKBEHAE., KEH
H+REHNA. KBHASRIATRKAES TRASER £2dBRNHES
SR T 4R:

(D KENAKKERNSEZWE RARNMREY, ERERATIREFHFE
—ERIRY, ERENRIESERNEM, KENALLFIED, TUE—EEE
AR 7K R SR B AR RS 5

(2) FEEFETRS S5 AGC, BAHMRRE T HE, RANRETUE—EE
EEBRRAGNA, EFREERERESRIES, SEBERORAHNR.
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F4EF XKIEESS AGC HEMELRES

415|858

AT RAE KA HEMGT I, KR — R BTt BRI, Hl
AR HERAERARELANE A S, AXFEEEEESRENANEL
FEZFrR. ATHIABITHENZS. ZEM&E, XN RAKIE AGC HZ
S5RT7F#HTAENARIFFLEN. ZERMAAMEE. KEHNAFBIRSHX K
B FAHRE=ABHIFRE, G NHABITHARENE, XAZ BN THE
%, MYASE AGC KiAHHR#TMAL, 7 IEEE FrHEm KSR RAE E,
TN T FRETENLA, W UERTIRILLSRRE B Rtk .

4.2 KK INA B IES
4.2.1 B¥REAE

TR, JBEZERIMFTHRARE, RHESSHRBEASREEMR
A6 B AR BT AL '

AT REEE IS EME RN RAMEES], X REF A PEDFRBHTHE,
AR 3 B AR R EGHATE AL, BT

(1) FAHERERR

AAEE BirR B 4-1):

N
3,4, AP, +Z v, A, AP, +ZvH,AH,AP
max F, == =1 1= (4-1)

N, Ny
ZA“AP +21p, AP, +>" A, AP,
i=]

i=1

6 KEHARFERETEE.

ﬁEF] vw.i ~ Y

P v
(2) KEFIRS X KD
EREXEA, KEVHH IR, FHENMEARGREREX, &GS
RN EHIRERAEM, KERRE AN (4-2):

min F, = Z[

x=1

e”ZNQMW)] (4-2)
ANF N, —FVHIEARSX, N =1, BUWAN, =0;
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A—WH — KRS BL 7
x PR Z B 47 s
AP ——RE R x% it A hIh
H—235 AGC /KHHLAHE.
(3) ZHFHERR
NTRAFRERAE, BAEEFAFRENTEEH, EEFREH+H
BIAFER. FAEIETF. HPFRA. FAERZIFREBTEEARES S
AGC FriatizhE. S5t BEfrRBEE AR (4-3):

min F, =lz°j[5412_” e (iq(mphyicj (P —lePLx)H (4-3)

x=1 i i

Rt C,—KEHAS SEFNEE;
C,—F A FHETRA;
P,— WRIETE A, —IR 0.1 {5 FE;
N. M— %15 AGC KK SHL4 LU R AN A1 50 .
1) KA RS
w4 FRAR AR, BUMARETKRR, HEH, EKSG AN — &R
B R AR
2) ARSI
PRATBERETER. Fh, XRETFERERMES 0T SEEALHE
©, TERRAFEERBRNERES SEHONE.

422 AREH
(1) RATHERFEHLIHR:
AP, =i/1k,,APL +zN:AjAPL +KAf (4-4)
k J

AP K, —RmERH .
(2) KEHAE LR

By in <Pt <Py (4-5)
R B, P, — AENEKEHE LB SRR IR,
(3) FreeiRtH J129K -

0<P <P, (4-6)

Jmax
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A P, —HEEIRH T,
(4) KEPLABHEERRLAR:
Dy, <PBut+)—-B, ) <U,y (4-7)
X D, v Uyy—KENELRT. a5 1 B fE -
(5) KEBPLAIRNX 21K
W 4-1 fioR, A IEEEITE[a,d1W, [a,d] Wb, ] HIRENIX . BT HESD

a<P, <b8ic< P, <d (4-8)

N R |
a b c d

41 KRB HE TR
4.3 ZERAILREKERE

tF % HArR4L (Multiple Objectives Programming, MOP) Ja] &, Hi@ % F LA
THE#HATHRR: (1D 3IANE, KL BHRSERBEREE; (2) XAZRN
. Ko, FoMaEGERAERBENEMHLSEE S, o LAk R AR
BHREE, MATZ.

BHRRBNRIE - RE A, BT MOP W&, 84BN EER
m, —RARENRERIAE SEFERMREAN B IR A BB AMEN &
o FTEAXT MOP @R, 3IAIEHBEKISR S —Pareto AR,

4.3.1 BT Pareto UMK Z BEr{E (L BEIA

MOP KEFEBITEMEL, HE Pareto RIRTHMITEME, DULERNIEX
B . B aFb RN BIFEREF, 5 F, ) Pareto i, ENIFELLTILMXAR:

(1) afiTFb: HANaFIREBHF 5 F, (&K BUEEET b 3T 7 # ok FE 6.
A 4-2 9B, Ko, e FEEFES N . dEE, BT cH
do

Py

(2) aBZEMNTFb: EXNF, athTb, BXNTF,, biiTa, AT
ZulTb. B42%, c5dRAEEMNRE.
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F;A
o~ et
o8
\1‘ —od
L g ' >
| 5 € AT AT HE X 45k
«
o) |
k
Paretof th AT jA ‘ | \ +.> P

4-2 Pareto fiERIK R
(3) Pareto Jfiff: M FF5F,, TEFKEAFERMET « K1/, WK

a A Pareto UME. WE 4-3 B, x A2 FREBHEDFE, W x K F # Pareto &
i, FEB3E, x,’8F, 1) Pareto Btifif. LBREBS, MBRE[x,x ] CENKMEET
Pareto B ALA#. Btb—8RIE, BAEKZ BirEBFLEZS A Pareto BN, Xttt
=BG AL FE T RK.

FA

N, ) o

B " |

& 4-3 Pareto LA REE
(4) Pareto BtLATIR
WA 4-2 FioR, Pareto RILMEEFEEFHE Parcto RILAR, XLEAFET H AR
PRSI AR T Pareto BALAETE . Bl Pareto BACARAII XN B Fr ok BE —ABHR

Pareto SHLETHS -
4.3.2 % BArhl F R B AR

A iz % Btk T B ¥ (multi objective particle swarm optimization
algorithm, MOPSO)Rf# TR LR, MOPSO 7ERFRRT, RIT4LE £ inl B,
EBRHHFHMEEHEERE, TABRMIKRKBENRHE. BB R AIET
N, AREBEZEIAGROIMEYER. KNEESHERAAR—FE, BIIHHBR
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£, EEEEHNI RS FEtl.
MOPSO B ERIZFTRINT -
(1) ZHRE, VGEEEAR, ZFENIESHBB Archive EHER 4,, ¢
(2) WRLF jIEE#H L, FFET—R:
D HERTEE: AMERS Birz20E, 8NN EEF RTS8l kT

B

B

2) FEAPRERIRNT g, , HEERUEE MOPSO HiEIA R,
EHRART 3T Archive PRI FHES, RRWERB BE, RZEB5;

3) BRHTSH, #g P, HNESTHEIENE.

(3) EH Archive 5, R B, FHIIESL#E.

(4) BBM¥r Archive ££: 4i¥F Archive EFIHE R E, MR-

(5) #HH Archive EF KR TF.
FI A MOPSO Xt A SCHR H UMMAIR BT SRR, SRIBES RINE 4-4 Fios.

i

Y )
| HINAGCRIFE M Ha8HE |

; e
| BB AGCHLALIE ST

A 4
| PIAE TR R
- Y
MR AL B B

: B
| OREHRRERES e

- : -
[ mee R A

)

| T B A

— mikmr

y

L
B 4-4 B RARIRFZE
7E{F H MOPSO KR HHATiR £ H AR R B Pareto FIVRHIZ 5, R ZERE
ihfd. i NME. BEm N BHFREAFEEERENN (4-9):

. —F
Uy = (4-9)
F;’max - Jmin
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K Fon~ Fon——F m A BiRRBAIRKE/ME.
BH—#EREERE AR (4-10):
Z“jm

U, =—5"5 (4-10)
$5n,
Keh I, M —AEXEHEAN B iRk
3 (4-10) FrK i RIRR/MERI AR -

4.4 EHEl53 4

4.4.1 AGC BRBIE AR

AHi LA IEEE HrAE I X IBAE R G EERE, FFE Bt B3t g, &
A, EIXREERPXIR A PRMASEEYA, BEY RBE 3§ AGCHL4A,
SRIAKENE. REBENE. HRHA. B 4-5 2 AGC FLABIZSH R KPR,
HUBERRBRAE 4-1, HENSHAE 4-2; R43#HRT AGC HLATEHTHE
WHESH: R 44450 T YA R ARSI AL R EE .

e ——»] 1/(1+sT}) > G(s)—» o
K B
PihE. wES
B 4-5 AN [[ AGC P R 3h 75w R A
R 4-1 AGC HLAAFNAM R Gsyfk @R
b3t 2B R
(1-Ts)(1+7T;s)
KA (1+0.5T;5)(1+ Tys)
¥ of 1
FRLIENLA I+Ts
& 4-2 AGC HIH G(s)ZH
Pl B/ ~Lit] R RBBH
G, 7K BB A2 T,=1,7,=5,T,=0.513
G, R 3% 7,=0.0}

G; SR s 7,=0.01

38



Hb s AR EB 2RI

KA3AGCHIADIF AT FTESH
P T,/s AP™ [ (MW [ min) AP™™ | MW AP™ | MW
G, 5 150 20 -10
G, 1 — 15 -5
G, 1 — 10 -10

R 4-4 B HUE B AL SR AR S

HLA BALRSRA/ (MW/TE) S HASEE/ (MW/min)
G, - 10.62 28.63
G, 12.66 1.92
G, 12.66 225
4.42 EHIEE FOR R

AT RAEEBI A M, ASCRE L TIHANEFIBHT 7T X

Casel: EMALE 300MW HKITHZENZ), &AL AL SRS L IR W37 )
EIRAR

Case2: HHEMAKLE 300MW HIThEEF), SYIARBAHR T HREELEST
EELSHISE.

PFEE T, SEXARIKERE, HAMSHHKREERAEK 4-5. K 4-6.

RASAEGHRTHESFRFAR
%% ARin A])zin Af)ain
Casel 128 96 76
Case2 142 103 55

R 4-6 RSSO SE th

AR 7K EEHLAH Tk _ SR
78 18 43
s (MW/min) RHXBH (K AR GE) (Hz)
Casel 13.70 5 3536.88 0312
Case2 15.83 4 3505.32 0.263

FERES, DRBLSRTHERKE SLEFRS, ZREAMNTE, K
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EAY, BAESMEAMR, mEETERER, mAKBIARE RIFHRMEES.

At s R FEBR L E AR S

4.4.3 BT MOPSO B ILE R o540

MFE 4-6 TUFEH, ERARCRBHMICKRE, BEF L RIEH IR ME I
TR, MU A MRS R A, FNEREEE KBV AERS X KHE
w. FHit, ATUBHERFRESS AGC INEHR AGC R, NKBEYLAEKH
PUE SV K KGR, RNk aE s K LA RIS RE -

MR T RGN RN RS R INE 4-6 Fras.

T T T T T T T T
150+ |
" - Gl -
125 o -
z L | 6 [
E 100 =
:_4: — -
:‘E 73 -
=50 | / -
Ros L ’ .
0 B | 4 | ] | I 1 i ]
50 100 150 ZQO 250 300 350 400 450
mFE] (s)
a) Z&T MOPSO HLAH R Th RS 1E
100 T T T T T T T T
0 t— - P —
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! S
§ -100F // i
o i ji/
2 200 ‘; / -
\ /
V.
2300+ \/ A
= (;usel
-400 | l | ] ] l ! l
50 100 150 200 250 300 350 400 450
el (s)
b) ACE fh%k
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T | | S T T I T
300} e e
i ; / i
250
// // T
7~~~ I~ 2 (/ -
; 200 /‘I ,/ =
~r } /.’ _
# | b
R150 P/ -
N i i
o = 1/
100 T K i .
i I — TERFAP |
50 + ;// — — Casel AP™ 1
- / —— Casel AP _
0 | | | | | i | |
50 100 150 200 250 300 350 400 450
B 1E (s)
¢) Casel BINEFTI LR
I I | T I I I T

PR R

9
wn
o
I

|

2200 b= .
| .
=150 i
- i
o
100 -
i [ — sEpsnar]
50 | | — = Case2aP" |
- / ’ = (Case2 AP™ _
0 L / L1 | 1 | 1
50 100 150 200 250 300 350 400 450

mfm (s
d) Case2 SINFEATTHLK
Bl 4-6 Casel 1 Case2 AL RXTEE (AP, =300MW )

M EBE A5 -

(1) FRREZERR AGC 5, B HREEMTFMRAAMENZTL,
MA AR R TR RSN, REMELERAELF. &£ Casel B, HERE
73 0.312Hz, T Case2 PHAA LMK L RRIIME 0.263Hz. FHILA L
Wit RIS, RKE 7 HaeiEth R K B LA R RMS R .

(2) FH MOPSO HiE#H TR, MAKH IS RET,
BATHERE, RN ACE MEAKEEED, MATHRFTHEAB AR,
BLhr LRt ML 5 SmEAEMES;

(3) B 9% Ge VR AL 4E R me S B EL R AR, THERIFF a8 R A AL, BTLA
FHENEFESHWINERNRS), XEMETHEFEHEOKE.
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HREHEMAHPEEE, WREZING RS EMRER B K RIIHEHME.
SR IR SR G, BRI BN K HREIR AR e . K ETREIR AN
KEHA AGC 24, EHRBHEALKNK, FERERAERLFES.

4.5 KEIN G

FER HRAKPA AGC hREHEER, ET Pareto HidiBid £ HAvk
THEERB="HHEE RHETEMANIEIERE, FEHETE
UE 7RSS A E, BHUTER:

(D) FRESERGEMEFNR, TUERRBRENARRRBELRL,
WMRGMEREKERE: (2) SEEGHSFHHITRETEMRL, AXHARER
THHsEE, RAERARMENRER, SEIFRBESER.

BAEPTIREN, TUAE—EBRE LRSI REFRENLS, RBEREZN
HNEZMPE, REATHRERFRRZAANARKE.
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FISHEFZLESRE
5.1 4518

FEEBRMNBEAMNZEDRE, NS RBENEEMEREKR. GHAEE. B
ZHHZERBEAN, EBRHOMHESHENERL, DXE, SRAEH
FRREABERZEH B AARAREMEBERNELR. MTEAEBRBEENARE,
FRRBERBHIBZES . KERNFEEFMN, B TESGNAEANREED,
FERHISE T RAMMEBHXERE . FHik, mEFRERANFIRBAFEAR,
BEANBEROEMNFERFRY, BUEEMARNRFABEREMEELRT.
Ak, ARCHEREEIH ST :

(1) MRATREAFERELEMMERFETROAEER, BFERAMR
HHTEREMNE, UMERYVIHRTHE, AERMKENFERSENER,
BHBE TIHAFRENHTRANBERTES: AR, HRIEKR SR
MFRESKEXAREEAE, WRRA THEEHITHRERENLEEM
AT

(2) BETHEG_RABEHEN, RUEEBEARBEETHRESS
AGC WMH L. ZHEETHE ACENIIAT FEEM R BThEES), HEET
RALFESTUKINERE:; REEZEHRENLES S AGC HEITTHEINERN
WHRERFIESE. FEERRA, FIRFESE5RSE AGC, AILUHEREN
WM, BMEFRBBERAEM, KEyApm/h, FTelE—eRE
LA EZ N ERTIBEPRFRAOSFEZE, RBRRAGA - KAMPES, &
EBEHAMMER. .

) HNEEFRFEENARLEN AGC XHEFF AR, REEER
GURSUEE . KBEVAF BRI X RS . ASRE=BiREH AR ER,
45 & Pareto BiX MOPSO #HATRMBRE, FHBMHVAIESERE.
R TGS G GIREMA R B I Erg, (FEERRE, 5
R FEML, KXHAEITHTE, TUEFRES R, ACE g
BE4a/h. AR EE. BERER, RORATHEENLAMRSE, KE
HRABEA, mERgnE, BABEENRET RENMAERE.

52 REE
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HTFMARAKFER, XNHFEFEARZLE, FEHE—PRHEMST
%,

(D) AXUEEMSLAFER. SR ETFREAERRBRITH
i, BEFELE, ZEHEMERSBEM, MAXESTPEESSHM AGC &
BE T, WEERERIHEMUKER FLC N TREMEBEMEAME, Hik,
FEH-PBAFEESH T BRI EIE AR

(2) AXERTEHT RN, RofTHEESES AGC 126 %K%,
HEAEHZERERE - RRFHETRS, HEETERARAGLEAIFRERS
B — —IRERE AP R .
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