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Online dynamic equivalent modeling of power system based on characteristic model

JIANG Yefeng, XIONG Hao, FU Wei
(State Grid Jiangsu Electric Power Maintenance Branch Company, Nanjing 211100, China)

Abstract: Aiming at the problems that the existing dynamic equivalent modeling based on component mechanism may lead to the
complex model structure and the difficult parameter identification, by introducing a feature modeling method with simple model
structure and easy engineering implementation, this paper models the dynamic equivalence of the lower-level grid (or regional grid)
online and realizes the hierarchical and zonal modelling of modern power grids. Firstly, the input and output variables of the
characteristic model are determined by theoretical analysis and simulation comparison. Voltage is selected as the input variable, while
the real part and imaginary part of current are selected as output variables. Then, to address the problem that the operating conditions
of actual grid change at any time, the recursive least squares algorithm is used to identify the slowly-time-varying parameters of the
characteristic model, when the component mechanism model undergoes slow time-varying. The results show that the fitting error of this
kind of characteristic model is small, and the parameters have high stability.
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1 HHEEENEIE

XTI R A PR AR LR R G a0 — R Ar 2R AR AR R AL S AT LU — A~ —
B Ak A2 22 50 D7 RER A A -
x(k + 1) =f(k)x(k) +f,(k)x(k = 1) + g (k)u(k) + g, (k)u(k - 1) (D
A FPIRAS I w0 A kOIS of, f, gy & BRI AR RS AL
XEFECL) AR RN AR AEARE R S BOEEACR e R A2 A, T DASR Fl /s — R SETE BRI % T 280
B AE AR B, AT LR 3k /D R FEAE LR BHA R R SH

2 HEMEFIEEETTIE

2.1 FHERBV@A BHTERIEE
Y J2 HL AT B0 A A AR R TEABE AR fy e A AT DA B2k R I, SRR 8 R R (L
JEHL HAEA T 7228 O R GRS A SRR TE T Bl 38 | BH I IS AR AR
2.1.1 AFAEBEAGIMAT F
X T J2 H R AE AR AR ) g AR B2 A5 2% SRR AR, AT DA, AR 3 AR (LA BB R 1))
a. PQ-U KA, H 2% g IR s AR &, A5 s AR B A8 i o
AP(k +2)=0,AP(k +1) + 0,AP(k) + ,AU(k +2) + ,AU(k + 1) + ;AU(k)

AQ(k +2)=6,AQ0(k +1) +0,AQ(k) + 0,AU(k +2) + 0, AU(k + 1) + 0,AU(k) (2)
b. PQ-Up BHY, LI H MR (B AR RLVE Jdim AL & i th A2 B T
AP(k +2)=0,AP(k +1) + 0,AP(k) + 0,AU(k +2) + ,AU(k + 1) + 0;,AU(k) +
0Ap(k +2) + 0,Ap(k + 1) + 0, Ap(k) (3)
AQ(k +2)=0,AQ0(k +1) +0,,AQ(k) + 6,,AU(k +2) +0,AU(k +1) + 0,AU(k) +
0.,00(k+2) +0A0(k+1) +60,,Ap(k)
¢ PQ-uyu, B, LI IR AL ) AR FE SR AMIE u, FE AL F s il 2,
AP(k +2)=0,AP(k + 1) + 0,AP(k) + 0;Au,(k +2) + 6,Au,(k+1) + 0;Au,(k) +
O Au, (k +2) + 07Auq(k + 1) + 0,Au, (k) (4)
AQ(k +2)=0,A0(k + 1) +0,,AQ(k) + 0, Au,(k+2) +0,Au,(k+1) +0,Au,(k) +

0, Au,(k +2) +0;Au,(k+1) +6,Au, (k)
2.1.2 HFAEEA G H BT F
TR R A Te o A LA
a. REHLTTH % d g A — SRR Sedl, WA d Bl g s S R
U, =6(s)u; - X,(s)i, !,qu—Xq(s)iq (5)
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K G(s) MIBTHWR T X, (s) X, (s)9500 d 3l K q s BBt ¢, W, 530008 d il g BwgsE i, 0, 735l
Hh d S q BT s u WG ;s PR

TR AT 15 BFE X & B ML Park D5 RREA TR MEAL , ZWE A5 /NI, MG 3T 1, — 28 20 T LB
(R FE R, o AU 2 O A

AU (s) == Ay (s)  AU(s) = A¢,(s) (6)

X AU, AU, 535000 d il q Sl G5 A, Ay, 53001k d il R g SlmG SR

éu’%?ﬂﬁ]ﬁmﬁﬁ EAZR AU(s)=0, 3 (5) 2 (6) T 15
AU, (s) U,(s)
Xy(s) =~ AL(s) X,(s) = AI( )
A AL AL 535000 d K g Rl

b. )\ﬁfnﬁﬁ ) IE@HEE@JHL@H%D*%DS@H CIRSIE N R YN BT L ENER Bl Y63 & Sl =R
(PIRFE Ty RREAS B S MR 1Y, 83t P 30722 4 v A5 A H, H A H i 9 e M DG R 2K
Al(s) G +(C,-BG-BB)s+ (BC -BC,)

(7)

YT(S)ZAU(S)_ §2 —(Ar+Bj>3+(ArBj _AjBr> )
_AIG) =B+ (€ +AG - AB)s + (CA - CA)
YJ<S) - AU(s) B s — (A, + BJ—)S + (Al-Bj _AjBr) )

AP AR R LW SCHR[ 17 ]
X FEEa i S HURCR (CLM B8 ) bR B B S i, 28 E D G +jB, , WIZE5 T i G -5
s Z [A) A 32 R By
{Yﬁ(s) =Y.(s) + G,
Yi(s)=Y,(s) + B,
25 LRIk et TR LT AR 2 ST o, LA o0 iR Dy S i OB S PR AR T R e
8 T A I3 gt 72 e AR R AR 2RV R o A SCRT T A R A B S A P 1) 22 73 Dy RS EY ) PR B R
PR A A R A Y % i AR I Y HE DA D R B S
TS HE )AL A3 I A R AR AL i A ORI RP AL AT L . DPQ-U B i A
A U AR s AR WK (2) o @LL-U BRL S AR i i S R S LR, R DT R
{Alr(k +2)=0,AI(k+1) + 6,AI(k) + 0,AU(k +2) + 0,AU(k + 1) + 6;AU(k)
AL(k +2) =0AL(k + 1) + 0,AL(k) + 6,AUCk +2) + 0,AU(k + 1) +6,)AU(k)
2.2 FFEEBGAN HHTERXTEE
PL CEPRI-36 19 i R GE M ], X LU RE A R B e AL i i 285, D LR GE WL SCRRL 18 ] (R MR
P by A 1465 L K — 15 R FLPILEE A, BUSTS i 25 SR A 280 i ShATL LU 1) 8 30% , 285 S s 788 R
fEBHFUREAL , BUSS0 i fi il HIEW HL SRR BUSS & FUBLRHT 5 Bl
2.2.1 AFAEREAGG N T F AT
TS L it 20 < 1 s B, BUS16-BUS29 £k BUS16 — Il 15 T o AR J s 122 b e 8, #22 M BEL BT 4 0. 3+
i3,0.2s J5VIBR . FIFH PSASP 405 Hic 5% F 2 W M B A HL R I Zh R DL R T PR, R 2K
F18y i A\ PR S MR (B R S A2 AR T 8] 1 s
R B/ Z B4 BN PO-U KBRS PQ-Up BIRIFN PQ-u u, B SHGHATHER T HIFER I S0
OIS , SRS R IR | PR, YR A4 LA 2 Jos,
®1 PQ-UEE PQ-Up &2 PQ-uu, BEISHIHALER
Table 1 Parameter identification results of three models ( PQ-U model, PQ-U¢p model and PQ-u u . model )

(10)

(11)

AR 0, 6, b5 04 0 06 07 05 0y b O 0 s 0 O b1
PQ-U 179 -0.82 6.17 -11.49 543 1.71 -0.74 7.00 -12.64 5.70

PQ-Up 1.79 -0.81 5.54 -10.14 4.71 0.02 -0.04 0.02  1.64-0.68 4.33 -6.76 2.51 0.07 -0.15 0.07
PQ-uqu, 1.75 -0.79 4.95 -8.84 4.03 7.51 -15.53 7.94 1.61-0.65 5.76 -9.65 3.97 4.34 -9.76 5.38
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Fig.2 Dynamic responses of characteristic model

TSRS S22 R4 07 AR IR 2% 4547 ( RMSE ) 52 3 HEEAA S
AL} :U‘ 5&% PQ- U)F?EJFU PQ-Up B P Q- uqu, ESITiNIEN Table 2 Fitting error comparison of three models

ZEXFHNERE 2 o, MR 2 fi5& 2 nf LIE H 3 A Rl A aE

RMSE/1073
BRI TR M B A IR AR, PO-Up BERVRT M T
PQ‘uduq *ﬁﬁgﬂgi%ﬁﬁzlgjﬂgl ,PQ-U *ﬁ’ﬂﬁ% e PQ-UQD *ﬁﬂ PO-U 0.338 0.336
N PQ-uu, BAFE R — i ABWAR N, fI AT DL 2O AR L S PQ-Ug 0.235 0. 139
0. 181 0.129

ORI BURA DD 2 B AR, R IR BEX TR s

LY (8 3B HE S TR F AR A At A T 2% FEOE L R IR (B A A
2.2.2 AFAEBEAR M H i T E ATk

MRS B, %t PQ-U BERYURI 1 1-U BRIAE 3% 5% \10% \15% 20% F1 30% 6 F KN [ $t 5 vt 6 k% A2
JEE IS (AR S M ) B4 e L e A5 v e I R AN T ) AR R 3 7 e

IS 1 A6, iR A DLE 1 (a) , 3030 1
N PQ-U BRI UG W 2,1 1-U BRI, 6
TALE WL 3, 2.64
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BORRRER IR 4, LISl 1 THRSEOTMER SR TR ALY s T 2R E T e, ik 5,
®3 PQ-UHEMNII-UBEBRKUAIREIILL
Table 3  Fitting error comparison between PQ-U model and 7 1;-U model

RMSE/1073
Heah PQ-U i) 11;-U B
P Q Ir Ij P Q Ir [i
a1 3%) 0.338 0. 336 0.337 0. 336 0.334 0.324 0.333 0.323
Wah2 (5%) 0. 541 0.618 0. 540 0.615 0.524 0.528 0.522 0.527
W3 3(10%) 1. 390 1. 140 1.410 1.130 0. 828 0. 850 0. 831 0. 855
Hsh4(15%) 3. 160 1. 600 3.260 1. 590 1.570 1.530 1. 590 1.570
W3h5(20%) 3.720 2.230 3.910 2.220 2.730 2.250 2.780 2.300
#316(30%) 5.390 3.760 5.750 3. 890 5. 640 3.470 5. 740 3.470

R4 PQ-UHEEMNII-UHBENIHABH
Table 4 Identification parameters of PQ-U model and I,1;-U model

PQ-U K LI-U AL
S8
6, 6, b3 0, Os b b O Oy b 6 6, O 0, 05 b b O by O
ez 1 .79 -0.82 6.17 -11.49 1.71 -0.74 7.00 -12.64 5.70 5.43 1.79 -0.82 3.60 -6.91 1.71 -0.74 5.59 -10.22 4.65 3.34

#sh2 179 -0.82 6.02 -11.17 1.74 -0.76 6.91 -12.63 5.78 5.26 1.79 -0.82 3.50 -6.70 1.72 -0.75 5.56 -10.24 4.69 3.22
Pzh3  1.75 -0.78 5.70 -10.32 1.74 -0.76 6.69 -12.28 5.63 4.75 1.77 -0.80 3.28 -6.20 1.70 -0.72 5.51 -10.02 4.53 2.95
g4 1.62 -0.67 5.32 -8.92 1.71 -0.73 6.43 -11.58 5.20 3.79 1.73 -0.76 3.01 -5.53 1.63 -0.66 5.43 -9.47 4.07 2.55
#shs  1.35 -0.45 501 -7.02 1.61 -0.64 6.20 -10.54 4.41 2.37 1.61 -0.67 2.78 -4.76 1.54 -0.59 5.36 -8.90 3.57 2.04
ishe 1.10 -0.20 4.34 -4.9101.54 -0.58 5.69 -9.31 3.68 0.92 1.53 -0.57 2.24 -3.61 1.50 -0.55 5.17 -8.37 3.22 1.41

RS PO-UREMILI-UBREMRHTSHER 1 SHWREFT S

Table 5 Percentage of error between parameters of PQ-U model and I,1;-U model under other disturbances,

and parameters of disturbance 1

PQ-U BIIRZET 43 L/ % 11U BERIRIE T 5 L %
0, 0, 6 0, 05 O 0, 0O O O 0, 0, 05 0, 05 05 0; 6 0y Oy
a2 028 0.57 2.37 2.79 1.40 2.67 1.34 0.08 1.35 3.13 0.11 0.31 2.78 3.00 0.64 1.19 0.39 0.20 0.82 3.27

Ysh3 2,40 470 7.68 10.18 1.75 3.21 4.47 2.85 1.21 12.53 1.0l 2.21 9.10 10.28 0.58 1.33 1.43 1.96 2.60 11.51
Pzh4  9.67 17.81 13.71 22.35 0.18 0.80 8.19 8.39 8.70 30.07 3.52 7.08 16.54 19.90 4.97 10.24 2.81 7.31 12.66 23.29
55 24.75 44.97 18.76 38.90 6.13 12.84 11.44 16.61 22.58 56.42 10.05 19.24 22.95 31.02 9.88 20.21 4.10 12.90 23.31 38.85
Yidhe 38.90 75.92 29.63 57.29 10.05 21.24 18.73 26.42 35.43 83.11 14.68 30.49 37.82 47.73 12.51 26.00 7.48 18.12 30.81 57.70
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Fig.4 Dynamic responses of /./,-U models in real power grid



