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A method to implement Ward equivalent based on power flow calculation and short circuit calculation

XU Hai"%, YANG Shangjin" %, JIN Xuefen'" %, WANG Yang" >
(1. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China;
2. China EPRI Science & Technology Co., Ltd, Beijing 102200, China)

Abstract: To perform electromagnetic transient calculation on power systems, the equivalent simplification of original
system should be carried out. In the electricity market environment, due to trade secrets, the relevant practitioners may not
have external network information, or do not have software modules for equivalent simplification of large-scale power
system, which brings difficulties to engineering calculation. A method to implement Ward equivalent based on power flow
calculation and short circuit calculation is proposed. First, the currents from internal network to boundary nodes are
treated as equivalent injection currents of boundary nodes. Then the node voltages and short-circuit currents are obtained
by short-circuit current calculation of the boundary nodes of original system. Finally, the equivalent system parameters are
calculated by node voltage equation. Theoretical analyses and results of an actual system simulation show that this
method has high accuracy.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. 52466F150007).
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Fig. 1 Power system before equivalence
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Fig. 2 Power system after equivalence

(S

e S N NN U, N0 i LR
Rk, =X@E)nr4sh

!

4)

s, ) N
~ . [V_BJ - YBEYEIIS (VEJ
|:YBB YBI:||:UB:|: B E

Y, Y, UI SI ’
)

MRQITEER], X TEMERS, Xt ™
R IAEAE T8, AT LAORE P9 0 65 S 5745 r &
Jo B VS ERPED T IR, SR Ward 25 4Y
LA ARG, DRAECR B A O r I S R 4
5, AR SREEAT 5 ) B S Ak HL DR AH SR Y
R AT

ENX@ T UE ], FREABRSHEAR
IR WIS 5 (1 W 48 5 Rk AR A - E L T R,
SHERRIN ) S RGBT AR, HR
GisAT MR R, RIMEAM R GEH Y RTE AT %
A, A R S R AR

Ward SR 5 26 T SRR, HL ) 42
WY RSN T i 25, THEERDR.

HH A5 HI 5 2R G0 L FELUR AR — 550, BT,
I R G R B rR AR AL, IR AR E RS
SHEAT KA

2 ETERAERTERNBENRY Ward
BEXMAZE

HE 2 ATLAE R, X R GERATAHE, Wt
AT IR A SRR SRR ANIE N HL
AR AL, RS RN AR LE,
KA AL S AL R 1 RS AR, RITAT 43
FFERE S WGP FERE S ™

SN, A R AR S HOR I R N 7 R 2 AT



-106 - ® LRGP B R

RN I P e S RS NP

SCRRLLLTXS P 58 199 28 320 5757 Rt 1) 1R £ s 30 4T
TWTZAL I, SRR SR AR T, A
X BAR RGN, SR S R IR L o
IXHURAPBT AL BT, R B AT 199 28 A3 4
) PRIttt K AP 0 8 00 i) 120 51 s KT HRLAUR AL
TN RURE AN, IR T AFEAS AR R e 4
(FUREAk L REAT AR 5

IS 3 ANAFY RS B AT R . 18
3 NHEHERIIEA, Hd, pgv py My IS
TR HETAN, v By, WS SCER TN, T
LRVT S0 N, L~ 1, 1y AR
P AT T R0 HL

3 BEINMARTRNEFERS

Fig. 3 Equivalent system containing 3 boundary nodes
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Table 1 Equivalent machine parameters of method 1
i F FHHT
MRV HIBTC) IE/F/Q FIQ
LP 538.07 41.95 1.10+j11.57 1.84+j13.15
MW 548.58 4.80 1.72+j20.17 2.20+j25.59
BS 500.50 0.15 3.91+j31.47 2.90+j32.88
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Table 2 Equivalent machine parameters of method 2
i I BT
WAV AR 1EFF Q T Q
LP 542.25 11.96 1.09+j11.58 1.83+13.11
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Table 3 Comparison of 3-phase short circuit current

Ik Tk
ARG g M B AR

TR \

LKA MU R WY R

kA % kA %
LP 40.54 38.42 -5.23 40.53 -0.02
MW 29.29 27.80 -5.09 29.27 -0.07
BS 26.57 2498 -5.98 26.59 0.08
LP-BS 1% 11.40 11.10 -2.63 11.39 -0.09

MR
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Table 4 Comparison of single-phase short circuit current
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kA % kA %
LP 35.39 33.55 -5.20 35.43 0.11
MW 23.27 22.10 -5.03 23.26 -0.04
BS 19.83 18.69 -5.75 19.90 0.35
LP-BST £, 15.53 15.13 -2.58 15.52 -0.06
R LB
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Table 5 Comparison of steady state node voltage
LP /i MW i BS H/k
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