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ABSTRACT

Power system load modeling is one of the most difficult problems in power
system modeling. So far component-based modeling approach and
measurement-based modeling approach has become the mainstream of load modeling.
Among them, measurement-based modeling approach with its simple, convenient gets
the attention of masses of the modeler.

Measurement-based modeling approach hopes the grid disturbance is large, but
this is not consistent with actual situation. In reality, most data measured in the grid is
small disturbance near the steady-state value. The author hopes to use these small
disturbance data to obtain the parameter, Pct, an important parameter of load model,
shows the static load in proportion to the total load.

The author uses PSCAD/EMTDC to set the composite load model constituted by
ZIP load model in parallel with asynchronous motor. Add the small disturbance and
measure the active output of each load. Using the output of the asynchronous motor
load has linear characteristic, the author put forward a load model of asynchronous
motor in small disturbance, and verified it.

Finally, the author gives the identification algorithm of the model, and use the
data from the simulation identified the model parameters, verified the feasibility of
the method.

Key words: Power system simulation; Load structure; Parameter identification;
Load identification; Small disturbance; Genetic algorithm;
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Results

Linear model:
flx) = axl/zx + b
Coefficients (with 95% confidence bounds):
a = 0.2507 (0.2432, 0.2583)
b = -0.1727 {-0.1849, -0.1608)

m

Foodness of fit:
S5E: 7.116e-005
F-square: 0.5989
Adjusted E-square: 0.8987
EMSE: 0.003188

K 2,15 t0 5 n L EEER

2.5 KE/NE

AR ESCREN G 7T EEAT, IR LR M R A A R
Rk, R HTBOHEIN KR S ML 2 MEA R, JF B Se i AT 15
ik, A H/NLED A BT RN

— E{L 2 E{L El&é& n

R-—A&UQ +BAUO)+CP+MP(UO)

Z G, XNEEN T B AR AT TR AT, R IUBN H A HL I 4R B0 n 5
FEI t0 (LR —AE N LA, ANEE T 2L LB R E i ok &,
HIL S B E X AR £0=0. 2507/n-0. 1727, #—HHEE, sRTFEHHN T t0 5%

nJe, AULH SRS IRl H A
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B3T AT IREREENOTEMYHR AT

3.1 53|§

WAL EVE (genetic algorithms, GA) & —FPEReftfb® vk, B J Holland
T 1975 FERRME AR TR I (9] o 8% 5LV BR A 1 B AR B E v —Fh
“HREET, RINEAENAENEZ T ) MR, AN BRI EE Y
X% BT ENARE, SR T B REREEATEN, IR
AR AMA, —ARAHEA 5 B IS S B B i N2 A B ) Ak

WHE e — M EIRAT . BENLA BE R B, A A R R, 2
— Ml A SE . AR S TUHRAE S g 5 A, TR R, HARMEA %
BRIV S AT B2, LA B KA MU B & AT PR 2 R i s (e R . H AT,
A T EALBOR AR, A% Sk Bk 32 B B, ERIZCIR . P k2%
BURALEE ., BLES ) S 2 U IR 31 T N .

VEF IR FEZSLRAEHAT T RER LR G RE R . JRARVEE R IC LR
AL RACAR K T VAR R ) S Bt AT 1 R, B, 25T s 2 — M IME.
KRR K, RIS R SYMER RRK, RAEYMEARH S s
RSB AR A BOYEAER, AU S — S IR <3 2 R s uw,
EFERI] . LA RAFLAE AR AR ) AL matlab P C4H 5 IFHY)
fminsearch O , Z%R#E H HAETEE KA B AR B i/ IME ) . JER, 1EE
ARE, W TALRE fmincon O KRBT, 207122 FA LR &AL
fitt, (HIRIRBIRAIE, EZRERT, ZREHIERIR BIRRTT exitflag HI{A
90, BPFEAT FZeR Hod AT I K R rh, IR ZHA PR AR

PEEX LA BSR4, o 7 B0 R @ I R R . B SRR 45 E 1Y
Hbr BUFAEZ A R R, HAaRmsIwx TRl & it mnA A gLr.
H, HTXSERBUIY N matlab K E W REL, WESEMARIR T, AREXT B
BEATARGFAOIAEE . T UL L RE S, 1E#RE H OB HHRRE, R R
SR RIBES, HX EAR R EE ZA AT RN, AR AN Rl A0 B H bR eR 4
HZIAZERINREE . BT LR, 1 e R AL 5k,

AR AR R DU DU AE B R
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S

v Ttz s L2
v +E BRI (9)
i
PR | it i
R SY B, (k),0, (k)
PRI | .

B 3. 1 A R S R B

3.2 Ei&ik

WAFERN BB WS AR A — AWM, s E R RO
HAREAAMAEXS “IEE” PG MNARRE, MRS “EE” HEpAME, HE g
7 HATER T X R E RS E B — AR, IR COEE” KB
EFE—A—AR “EAT” T %, MRS AW R 2 SR 4 R ) B DL A B S TR
TE 2R A

T TN B ) S P R AR B T
3.2.1 FAERB AR

FH Tt A% SR I 48 2 28 A AN Be B E N I i e s [R), (R 7R 4R 3 —
P RIRFR, W8 A% S 145 2R 25 1] 5 ) ) e 2 TRV R R Tk, X Poxd B o B A
St o Y I BB S BRI 1) B, R BRI I b T SN Il R A ) 2k
HHEIBRIIFM.

PR ECAL 7] R e R 30 5 B S s R G b A SE R e A 5

R S A R 1) i A gk R 0-1 FAFE SRR BT VE. B, A
KRN 1B 3 F R/ s RERXE] [a, b] IS x, MHIE KA TR R
B

SZ
x:a+2[|—]_1-(b—a)

T A AR SR S TR AR ], R O-1 FATER BN 0 B 9 T
FrEEIAL, PR Z A .
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S A R AR SEBOR R R 7 . 2T R s Y, g T
G 5 AT T3 1) 20 % (RS PE AN A B S 1R, [RD I R BAEE SN TR AR SR B R,
PG B A o SCB i mT DU 358 % S0 B A A 2 TR AT LA R, X a4
DAL TP A B IROR, 3380 7T iZ A .

AR, FIBRFIRRIRCR A2 B S A H B AR, B8 1 ey
%, BENMEUSEAEN “Qetafk” Pi—»Ar,

3.2.2 EEERBABE

TERCAE PR BRI AR “IEME” , SHZAMEXS “IEE” [idE AR A BT
MR E, ] DK L R B E AN “ A A7 (1) “IRABR7 o FEE TS X AR
R E AL R E R I DUMA RS BB NI B TR, EEUER B EE S & EHEY
M B 254 1) R 465 SR A 15 1A o

T PO AR R R P e B DL SRR ) g v, T 1T R ) SR AR IR T
AT UL E K H bR R B E 0 IE BAE pR 2 7008 608 PO pR 2 I8 2 = 1 — U 1%
ERCE R SR B AR, IERCE 2 2R IR, AP AMARFEXT 55 A
PRI “IEE” ZRAR, N R IR, FF 0T Ee HI0F 2SS 1) @l
H X A LB F5 A IEBCAE AT T, W 55 2R A Fa 3 e #e 5%,
PR A RIERCE R AL (x) B e ™,

AIGENE P SHOEATHAR, DRSS IIE N ELER, DlBEERN
W, SRS BORE, K I A R, BN SRR A I A5 ARG
PRI, i L B 5 ) A BV DB A i ) 5 0 f A R )R 22
3.2.3 #EEVIIRL

HGER e R, e BAMTe R, YT DUIS s — Lk, AT
PR, BEARSXT R R A fm, HEA K. fEE 1A Je 2T
VWGP RE, MR B EE I E — A, "UERE —MuIfE. AT ib#
AR Z RN, MR T RIEE R, VI — e AL T .

FhFE AR BV )RR A o0, — OB B YE & 50 2 200, 8% “ Gutufik”
P EERG, MPEERBIRORS, BARBUE TR YR 75 20 .
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3.2.4 B{EIRME
1 EERE

R PR S NP HR IR BOE BAE & AR 3R, 238 mT LK 25 3R
KR, PRUEDLTS I 2L ERLs A% 21 F — 14X

BRI T EA IR Z M, A e B e S L BT HEA kA
AR FRIE RV

RS R S Ik BE e —, R TTE A AR I BB AR 2 IS T
AR SR LE], e R ARk Bt 2 . IAREG R RN

i-1 i
21 21
j=1 j=1

popsize 5 — popsize
2f X
j=1 j=1

s T A MKHGERUE, popsize AFMBEIUSUES, & NIAIMENLE
{10, 11 HIBEHLAL.

ST 4 R T T A AR, AR E T AT HE R, e
B IEPEMERE, 44 55 T 1t 30 2 X O 7 M PR 5K, S S A
BARIEN 1.

HRR ST R RO REF BELIERE 1 AN, SRIEHER 1 Ak e E RO 55 1
AN, AR 1 Y.

ARSCR 7 R ST SR, B S S RV 2 R, 5
BB LG, S U B Yt | U 2. BkAh, T ARE IR A
R AR SRS, ESEFEIT 2o e/ P 20 S5 R — AR TR 228 i A 7
.

2 XX#ME

X ERE R R EBRAREAED R, BT A8 —RRF R, SCILFE AR A (]
AR 2R . AR AR MR IR BN E AR, AR 28 SUME B 0 H gk AT
X, X TTERGE RIS ARG LR LR 7 2.

TS Tk A X7 AL, AR IR N2 A . B
AN RAEAAR “Yetifie” PREALER —00, Kz R R “getpk” g0
o DLZ@ERAE], BASARBIPAAMARCN (1100 101 A1 (0101 100D , FlEHL™
WA XALE R 5, RS X ERAE G A0y (1100 1000 F1 (0101 101) &
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P RSSO BN AP SE XL B, R IX M R ) “ etk ” BT k. 2 5
A XM REFEHVE LN SSHALE, SRR A B R “ e tifh” BEATACHR.

SRR A2 SOEH R BHCF B J7%, M IAAOAR x1 5 x2, Fr AR
AMATY x=akx1+ (1-a) *x2, Hrra NEEHLARHIL0, 1] Z [ H % . SEEgma tm] LA
MEAAERHATAZ S, WA 1 DAME x1, x2---xi fEARA, HERHA
x=alkx1+a2kx2+e----- aixxi, H™ai [0, 1] [8 H al+a2+:----- ai=1,

R UL BRI XA, AW AE X IRFAE AT 7%, 2R
I SE B ] T 7€, AE BBAEAS 28050 B

ARICRHAT TSR BmnY, SEAE Rk 7 AR L, AN S
TR XA, fE et BEHLIERE 7 AL R AR R R AT T
HOF B AE

3 BREBE

SRR X RN, R LR GEEIRN AR, 2
SERAE RS P AT LA YR D P R A SR 3 B e 00 AR R i AT S ) A ), SR R 2
FEME, RS 4 R A A -

S B A R B s, QiR ERENLGEEE A s A
BHbr, HIREREHROHARR IR, WRREAR 0 BN 1.

SEH A R A R R B BN ERBN R iR AT AR S, AR R )
N x=x0ta*s, A x NEFEHME, a A0, LIIBEHLEL s NBIIIRME .

TEERERE, T2 R e E 2N R MAR TR A, PR 75
(1) DUAEL AR HH A 2 18], W DU RS HR 5 B R 1 A

3.2.5 &IFFH

IR BAT LIRS, BIAE DS R LR, B SRt S AMERRFS T &,
DR (P A 38 A AT RIS 45 Y 25 1R 2% A

HI T AR AT R AR RN, R EN B TR B S EmR AR . FH
MLk 26 AT [ E D FOP I, gl BB E AT BB I S G RCE R T 1%,
BEREHH, ABEEEER N SRIUEREEE R T2 &b, A RE
BRI B PR TR, RSO A HAREN, 38 N AR S U A el 2e
WHE ISR . BANEGIR 2 H Al 7R
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ARSI A S E T RO E R, ARG WE T AT E R, R R W
53 B B AR & B I Z A S TR .
3.2.6 BEAPESHINEE

WL RVE R ) R B S o I BUE R 51

FHEERIEL: 50-200, ERIAME 100

TXREZ: 0.5-0.85, BRIME 0.8

AR ERER . 0.05-0.2, BRIAHE 0.1

AR E: 100-1000, ERIAE 100

3.3 RE/NE

AR B SF VR S0 I HHR ST T VRN, B FEIR I 0 S AR 7 B
SEMISTT % WhE G E R A VIR R, 8. X, BREBERIE. &
B BN EAE RS RT DUS pn TP IR

WL VIS, W FEER S SEE, 4 k=0, RN N 1Y)
aa A pop (0)

AR 2 PNFIEE pop (k) FEEANAMARIEECAE, Fd Be e SR AR S |
1 115 B A

IR 3 4 m=1

ABR 4 WRIEECE KA, WIEFIEE pop (k) Fk MM AMENE N ACA,
AR 0 2] 1 IBENLEL 2, # a<=pc, pc WA MR, NP AN SCARATE X
AR, AR AME; £ adpe, MIAPATE AR, B A SARE NI
AN

B S: ER—AN0 B 1 IBENL b, %5 b<=pm, pm AZAZFHEZ, XTI A
AMEEAT A AR, FEROE RO B S NG R R 2 bopm, M E R A A
G MAFERCE, FERERE S AR R . 4 n=ntl.

A6 Hm/NTN, MEREDDIR 4; BN ZDET.

IR T AR IR IR VARG N R AT OE , AR BT e s A ik
BLAZEH], MR BET—ARF R pop (k+1) o

AR 8: FIWTFIEE pop (k+1) 2 Hi R L ILAME, WENEH, FN4 k=k+1,
HEERIPIR 2.
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BEMLFAE N AN MR ) G T BEpop(0), 4k=0

4

XtAidfEpop (k) AT, R LA E I B A

A

A

Emﬂ

PATIEFRHR A NSACHE B P A A

4

X3 R AMASAT B S A P I I A

K Pt p AR A 9l 44

<

A
X Il A AR S pm PAT 2 S 8R4, K AR 0
PANET AR I BC AR e (KRN I AR R, @ m=me+

4
HBrm<N?
N

PRI, R A PR P R AR B R A,
JH AR BRI 0T i B b B AT 97 8 2 RGBT B pop (k1)

4

PRGN

\\Eﬁﬁf%m%ﬁ?

N

\ﬁm%&%%\

3.2 BAEFIEMTER
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BAT AfrPHR BRI

i

4.1 SEEER BRI

52 VAN T AR NS SLS B o RE,  FEX IR EAT T SEER S
iE, ARG AR AR TR
U, U, Ui s
Pt = AP(U_O)Z + BP(U_O)+CP + MP(U—O)
B3 EFEMN A T HRCR NS AR L (EEBAER S NBEREF, X2
AT THHR, RS R RN x=[Ap Bp Cp Mp n tOJILHARA, Z2—4N
e AR, WETMET, HEB T 2M0M%, T 20 R4 E R4S

=5,
F 4.1 FEHRREE 20 IR 45

% | Ap Bp Cp Mp t0 n f(x) e | 1817

1=k IS

(s)

1 7.695 | 11.683 | 5.8773 | 11.754 |0.337 | 0.9000 |3846.3 |0 79.5
2 1 8 4 9

o |6.648 | 10.134 | 10.109 | 10.111 |0.308 |0.8804 |5452.2 |1 |10 4

»
oo
o~
o~
—_

4
3 |95.603 |5.7969 | 16.254 |9.3635 |0.242 |0.5659 |7487.7 |1 |5 49
6 4 2
4 [5.897 |5.1995 | 11.819 | 14.094 |0.243 |0.5002 |7336.6 |1 |13 9
9 1 5 2
9
5 | 7-437 |9.9377 |9.3595 | 10.279 |0.333 |0.8969 |4671.6 |1 |15 ¢

6 | 5.100 |[8.7030 |15.659 |7.5459 |0.281 |0.7938 [4588.0 |1 |19 3

7 16.220 | 6.0873 | 16.400 |8.2934 |0.251 |0.8142 |6587.6 |1 |g 90

g |4.851 | 10.209 | 11.328 |10.620 |0.281 |0.7149 |8634.4 |1 |17 ¢4
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3 4 2 ]
1927 [5.0021 [16.115 |8.9570 |0.300 |0.6952 |4502.6 19,9
’ 6
| |3.455 |7.5320 |19.687 |6.3415 |0.183 |0.7783 |7680.7 10. 8
1
0 0
| | 1736 [12.300 [12.077 [10.891 [0.197 |0.4225 |5827.0 9. 55
| 1 5 9
| | 7.157 [6.3278 [ 13.523 | 10.001 [0.293 |0.7126 |6217.7 119
2 i 0 8
| | 1,905 [8.3307 |18.378 [8.3909 |0.127 |0.7244 |5702.4 2 10
; 2
1 2395 [13.990 |11.663 |8.9611 [0.289 |0.5902 |4952.2 10,3
4 i 0 8
| |5.569 [9.9598 |11.551 |9.9160 |0.315 |0.8918 |4642.8 8. 18
- 1
| 3242 [13.137 [12.657 | 7.9671 [0.262 |0.7417 |4651.8 174
6 0 0 4
| 3914 [6.2048 | 15.410 [ 11.483 [0.178 |0.5333 | 14324. 19. 4
2 9 8
7 7
| 8678 [2.1717 | 14.802 | 11.368 [0.281 |0.7065 |7109.2 113
2 1
8 9
| | 2.968 [8.8629 |18.939 |6.2499 [0.200 |0.7765 |5797. 1 117
2
9 4
o |7.493 |3.8446 |18.625 |7.0582 |0.283 |0.9000 |6942.4 9.6
7
0 2
| 5.116 [8.0912 | 14.440 [9.3629 [0.255 [0.7179 [6479.4 16.0
1 5
53] 2
R 4.2 PR R GIEAD
Bp Cp 10 n
1. 9452 10.3901 [ 15.9665 7116 0. 1735 0. 7178




LN 6 ORSHRRI B 5 T IORIRE P AR, Ltk
S ik R AR B, B AR IS AR, £ AT
4500 BN A2 of Cexitflag) MHURIL 1 ARFARIN AL IL KL ME,
0 MFRIAHE): L1 KAF B R T 4500 SUsBURA T 2K e
G SR IB TN K, BORB . BUE IO TREIE R, 1 8 Sk
S AP ITEACRAR I — A1 O ) TS5 RUPHE 55— B0 072U 8Dt I AT T 2
i

WA AT LA HE, 35— 0T ZORBEIR BN L AR PR IOR, 217 K K,
9 T2 B, SRR L LA I\ £ (0 B T DL, JE R IR g
o AW B P T RIS RO R BOALE R R, (I
B A £ (0 BT L, 2R HODL 20 REAE AL T BB . {1122 15 25 #0249 5
ML RATE, WBMRIREEER BRI, JHO FRATHER Vo T, FiR %Rt
KRBT 62T B M O, 4 R T I

Ap73 i B &

9 L U L L

4.1 JRAFREEYER Ap f12 A
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1
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Mp 73 i &
15 T T T T T T

14~ -

13- -

10~ -

B 4.4 FRARRGEAER Mp (17347 &

tORT R FE IR 45 2R 15 2 il 28 % L
05 L C C L L C C

L L
t PR
0.45 EE)[//E\A =

0.4

0.35

0.3

0.25

0.2

0.15

r r

Ol r L L
04 045 05 055 06 065 07 075 08 08 09

r r r r

B 4.5 FEHREESHR t0. n oS “Hn” Xt
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FER KR RIE t0 5 n K (LS53R 55 2 maihEE
1) t0 5 n FIRRMZL CGEEMZ) MXTHE. VX E AT PRI, KREZEHHAE
Mz Ry “Hw” thEMERIT, WA MEMZLNIT. Hit, F#%E3n 6
52 t0 5 n FIRREAEWHAIH, Hmr=4 T ZMHIINE.

FIRTESE 2 TX N RENA ThA AR IR ARG R, S8 n 5 10 FIFH X R
t0=0. 2507/n-0. 1727 A N—DZHU5E, HHRAMCRE 7o, BRI H
HERZE R B AR IR

EARFFR G AL i, (R NEATR B E T LURIL, XS5 5
iaHs RAERREE T, XTI, (EEEE R RIS LT, &
AR IS o, SRR AR, B B — 33, SEEEE
AR TS Rk, BT BAR 2 RSB B R T Rk, AR
AR

NPEEHERECR, (B RO HHR S e S A R AL, SO RN
o FHUARMASHHE, BRANE. i EUOE TRSEN KR shE.

Wy, =P, xt:Llj‘, A R Ay

0
yt = Apxt2 + BPXt +Cp + M pXt+tOn

Yo+ AY = A (% + A% )" +Bo (% +A% ) +C + M (X0 + i)
WA 2SS & 1) S ] 15
Ay, =(2A,+B,)-Ax +n-M - Ax_,
B
AY, =K, - A% +K, - AX i
For k1=2Ap+Bp, k2=n#Mp. hENEFRETEFEZFRKSEoRED R 7 =
A, XA Db RSB R, FER IR o A R I, BRIRIE
MRS S AR, T HE I R G R, T DA B R A AR R BN S
[ &R . FEBHT TS EHR, B3] k1. k2. 0 &, 3@iL k1=2Ap+Bp; k2=n*Mp;
t0=0. 2507/n-0. 1727 IX =K R, WLAHEH Mp #n, F06 Ap #1 Bp A2
B> —A, Ik Cp, IAF T RIRIERISER RFBTFH AT .
2k, EFRE SR A R SOR TR HRR, PR 3 NS
B UBHER 2 A, IWRCERURS R L ES R TR

30



4.3 FEHHRENE S SR P PHR SR

S Ap Bp Cp Mp t0 n Time (s)
7% 5.116 | 8.0912 | 14.4401 | 9.3629 | 0.2555| 0.7179 16
2 2.5697 | 9.7799 | 15.0043 | 9.6584 | 0.1911 | 0.6891 4
AFERHER | 1.9452 | 10.3901 | 15.9665 | 8.7116 | 0.1735| 0.7178

RJa — IR RIS Ta], AT LA 2 2000 I T s 22 J5U07 i
HIU7r 2 —o MHFREIRKRE, PIEN REEA R Ap TR HHR SRt R
JREEY, HARSHh A E G “HSHE (P EHRREIR) 7 o X Mp Wik
MZEE RN, £ 20 IRPTBEHARE R A — OO REREL “ HSHE” Buz,
EF 719, HEMERELASRVIEEN, AR . T EDM
AEHER B Mp #7047 1 -

195 45 v Mp R 5 SR 3 A T
20. C L L C L L L

18

]

16~

14

]

]

12

]

10

0 2 4 6 8 10 12 14 16 18 20

Kl 4.6 PIAREHEHR Mp 45 501 K]
MEIFRTPUR IR, B T A LIRHER B S R 2 KA, RS R “Sihr
B” 8.7 LTSN M, 1EEFEAERRRAAEML L ECFE AN, B A7 A2 HoAth
AU BRI O HAZ AR B S BRI . A RS, U () W]
R By — MER PR 1]
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4.2 BiRgit 552

AR Bl R LI 0], #hAT Rk BAR S B . FrFRI S 30 k1, k2,
t0,

SRtk F e 8 x=[k1 k2 t0], Jreghifgasiayall, K ERAAEE LB, H
BRAFAE 2 UB. FhEEAIAG 0 T VAN AEAR S (0] R BEAT Y 5] o0 A, BAKHIAAS
x=rand (1, length (x))* (LB-UB) +UB, HH length (x) A] AR H x IS EA2KL,
rand (m, n) AT DAAE B mekn B [0, 113953 70 A O BEALRE RS, i it mT RAAS 21 = 18] Y
(P35 73 A BT RE Fh B o

T A BR 2 B R i 5 SRl & R 22 R E i, A RAR SRR N

e= [0 Y/

f(x):%

b yi N i FZIEREH, Yi N i N2 A, o RIS SEBRI &
WIFERZE, £ (08 x IIERCE, BT iR ZRIEIEL

A XHAERI T EART ARG R XN, el S 17PN XA
B, R ANLE R R AT T S RCT R AT

S EAERM I R ITr ik, A QiR POl S, KA
AR 122 B0 g 2 TR BpU{EL Y L e R AR, F 55— N9 20 00 A i (0, 1) BEHLECRH 3R
PSR BE A AL BB R R o A2 22 5B B MR REAT R A, A B 1 v
BRI E SO A

BRI MARSRIERT Tk, e RILERE. RFUIERERIFEATI,
SR AL BRI BT AT, XA R SRR SR FE, AR IR 1 AAME,
Red B ER MR H . HERIRRER 2 REVESS R, e RERSeE)E, 1k
FOEEL L MEN 2.

ZARSFAF RPN, H AR ORI 50, 3 — TN W iR L A )&
B RN T 45000 383 BA_E P AN 53 AT DA SR AL SO (R I 8] A 45 R
i B ) A e KA A P LR AN RO TR B A seie h R B, — B
WSk 2 7 I R AR AL, AR MR SR/, SREGER AR, TSk
RICSGE B R AR R . D T AL BRI 18], 1B DO RRIE AT Bl KA
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BN EE R RATTHUR, AR T IEREIU 4 R A AT R

M, BIREVEBAT R B RFRAE 0. 5s /o, HAFRIRISS REAE T .
FAEP B SR WOE EAER S
24 FBR: LB=[30 10 0.5];
ZHCFIR: UB=[1 1 0.1];
e RNHFWARE: eranum=50;
PR : popsize=100;
XM : peross=0. 8;
AFEMEZ . pmutation=0. 1;

4.3 IMRBIPEAPHRALER
4.3.1 WMMHERBEPHANER

M PSCAD/EMTDC A i FCH — 4L L& 54 Th i, K3 A matlab . JEIEAE
55 2 BB M AT 1 FHRA B ER, KAy “ Bl RS IR

MEIHHRFFRF R S HU XL

AL X P A 2 1B

R 44 BB PHREE R
Ap Bp Cp Mp t0 n
1. 9452 10. 3901 15. 9665 8.7116 0.1735 0.7178

FH AT PATHS Y k1=2Ap+Bp=14. 2805, k2=Mp#n=6. 2532, t0=0. 1735,
A7 20 IR R A R W T

R 4.5 20 YIRS

e |kl k2 t0 f(x) exitflag | B1THK/s
1 13.5313 | 6.3919 0. 1606 10643. 91 1 0. 5512
2 19.1141 | 6. 3755 0. 2661 7409. 03 1 0. 5245
3 13.0135 | 7.0095 0. 1681 6364. 83 1 0.5713
4 12.9706 | 6. 3891 0. 1508 7251.77 1 0. 5561
5) 15. 2208 | 5. 9553 0. 1867 8614. 60 1 0. 5421
6 12.9521 | 6. 3381 0. 1668 4899. 11 1 0.5471
7 23.2170 |9.8b516 0.3171 6109. 82 1 0. b455
8 12. 8453 | 6. 3863 0. 1591 5711. 36 1 0.5334
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Fig. 1. Measurement-based load modeling.
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Fig. 2. Equivalent circuit of the composite load model.
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TABLE 1
NUMERICAL INTERVEL OF THE LOAD MODEL PARAMETER
Load Model Parameters Range
Rs [0.1, 0. 35]
Xs [0.1,0.18]
Xm [2,3.8]
Rr [0. 01, 0. 08]
Xr [0.07,0.18]
[0.5, 1.5]
[0.2,1]
B 0, 1]
Kpm [0.2,0.95]
Mg [0.2,0.65]
P, [0.1,0.9]
Py [0.1,0.9]
Qo [0.1,0.9]
Q, [0. 1, 4]
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TABLE 11
LoAaD MODEL PARAMETER OF HUSHITAI SUBSTATION

Load Model MNumerical Value Variance
Rs 0.3441 0.00048145
X5 0.1781 0.00094501
Xm 2.0424 0.0001687
Rr 0.0322 0.00014986
Xr 0.1765 0.00081106
1.4569 0.00015055
0.3475 000042412
0.9216 0.0007566
Kpm 0.3382 0.00044861
My 0.2688 0.0010084
P, 0.1031 0.00016689
Pz 0.6490 0.00011447
Qo 1.8894 0.0004549
Q, 0.2757 0.0009818
Maodel Error 3.9e-4
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Fig. 3. Bus voltage of HuShiTai substation on 14:38:54, July 24, 2003.

28 T T T T T T T T T

27 }

26_ -

257

24 F

231

Active Load (MW)

22 -

21

2ﬂl‘.'fl 01 02 03 04 05 06 07 08 09 1

Time (sec)

Fig. 4. Active load of both model output and the measurement.
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Fig. 5. Reactive load of both model output and the measurement.
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TABLE I

GENERALIZATION CAPABILITY ESTIMATE ON LoaD MODEL OF
HUSHITAI SUBSTATION

Data Subset Training Error Validation Error
1 4.163356e-004 1.388901e-003
2 3.980500e-004 1.316049¢-003

3 4.501120e-004 8.381140e-004
Estimate on the Model Error for | 0.12%

Unseen Data
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Fig. 6. Bus voltage of HuShiTai substation on 18:17:21, Aug. 21, 2003.
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Fig. 8. Reactive load of both model predication and the measurement.
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TABLE IV
LoaD MoDEL PARAMETER OF JIXI SUBSTATION
Load Model Numerical Value Variance
Rs 0.2010 0.00080033
Xs 0.1791 0.00013736
Xm 2.0141 0.00041536
Rr 0.0424 0.00012675
Xr 0.1507 1.3653e-005
H 1.4529 0.00031992
0.6267 0.00018455
B 0.4471 0.00050259
Kpm 0.4676 2.5813e-005
Mye 0.3976 1.6333¢-005
Pp 0.1094 0.00040187
P; 0.7463 0.00019959
Qo 3.1588 0.00079837
Q, 0.3071 0.00016075
Model Error 1.5e-3
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Fig. 9. Bus voltage of JiXi substation on 5:54:27, March 10, 2003.
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Fig. 10. Active load of both model output and the measurement.
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Fig. 11. Reactive load of both model output and measurement.
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Fig. 12.  Bus voltage of JiXi substation on 10:29:11, March 1. 2003.
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
4. 8510 10. 2093 11. 3284 10. 6202 | 0.2815 | 0.7149 | 8634.4 1 17. 61
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
10 | 3.4553 | 7.5320 19. 6871 6.3415 | 0.1838 | 0.7783 | 7680.7 | 1 10. 80
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
11| 1.7365 | 12.3001 | 12.0775 | 10.8919 | 0.1972 | 0.4225 | 5827.0 | 1 9.55
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
12 | 7.1579 6. 3278 13.5238 | 10.0010 | 0.2937 | 0.7126 | 6217.7 | 1 11.98
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
13 ] 1.9056 | 8.3307 | 18.3782 | 8.3909 | 0.1270 | 0.7244 | 5702.4 | 1 | s 10
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
14 | 2.3958 | 13.9909 | 11.6636 8.9611 0.2893 | 0.5902 | 4952.2 | 1 10. 38
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
15| 5.5694 | 9.9598 | 11.5511 | 9.9160 | 0.3150 | 0.8918 | 4642.8 | 1 | g 18
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
16 | 3.2425 | 13.1370 | 12.6576 7.9671 0.2627 | 0.74178 | 4651.8 | 1 17. 44
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
171 3.9146 | 6.2048 | 15.4102 | 11.4839 | 0.1787 | 0.5333 | 14324.8 | 1 | 19 47
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
18 | 8.6783 2. 1717 14.8022 | 11.3681 | 0.2815 | 0.7065 | 7109.2 | 1 11. 39
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Ap Bp Cp Mp t0 n f(x) ef | time(s)
19| 2.9682 | 8.8629 | 18.9392 | 6.2499 | 0.2000 | 0.7765 | 5797.1 | 1 | 11 74
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Ap Bp Cp Mp t0 f (x) ef | time(s)
20 | 7.4931 3. 8446 18. 6257 7.0582 0.2839 | 0.9000 | 6942.4 | 1 39. 62
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