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Static equivalent parameter identification method of multi-port external network based on
recursive least squares algorithm
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(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. State Grid Beijing Economic Research Institute, Beijing 102209, China)

Abstract: In order to estimate the equivalent parameters of the external network online when its external network
information is insufficient, this paper proposes a method to real-timely identify the static equivalent parameters of
multi-port external network using recursive least squares algorithm. This method utilizes the one-step state estimation of
the internal network after blocking the external network, and obtains the actual measurements of optimized boundary
information of the internal network branches without outage the branches. Based on the boundary information, the
multi-port extended voltage source network model and the n-type equivalent branches are selected to model the external
network respectively. The two-step recursive least square method with data correction function is adopted to identify the
equivalent parameters of the external network. The simulation results of the IEEE30 system and Hunan 528-node system
verify the accuracy of the algorithm and it can be applied to the static equivalence of the online external network.
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Fig. 1 m type equivalent branch model of multi-port

interconnected power grid
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multi-port interconnected power grid
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Table 1 Equivalent parameter identification results from

three models of IEEE30 system

FEHSH Ward 25{ti/pu.  n B%H/pu.  EVM Zii/p.
chl -0.333 64 -0.321 78 —0.324 28
chl —0.024 39 —0.024 396 —0.024 65
chz -0.259 77 -0.257 67 -0.257 27
Qeqz -0.091 94 -0.091 78 -0.091 85
Zey — 0.295-j0.0103 0.295-j0.022
Z, — 0.244+0.042  0.240+{0.085
B, 0.2363 -0.0118 —

B, 0.0167 0.0433 —

Y, 0.882-j1.6712 — -0.003+j0.004
E — 0.9472£-15.74° 0.955£-15.67°
B, — 0.977£-14.96° 0.99£-14.92°
AP 0.20% 0.77% 0.25%

AQ 0.16% 0.14% 0.90%
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Fig. 3 Curves of equivalent parameters in different load levels

(.04 T v oo
= === P
L = i —#— Ward
g W42 ‘a\‘"’\,\m ~*_ x
£ | L -&- EVM
= 0 \“\sk e
oy e
00 R S
:1: 0.04 “\Zgﬂ R
w2 —
0.06 F \\\'
-0.08 : : : i
2 4 6 8 10
Bk
(a) ChTha ek
-0.25 e
=== BN
#- Ward
5 030+ b
£ B - EVM
& 035 «p“i*““& e
= 040} ~— b
T 045} T 1
-0.50 RS
2 4 6 8 10
A Kk
(b) YA 2%

4 SEURHERHZEESHE ML

Fig. 4 Curves of equivalent parameters with fault condition

HIP 4 W5 AE k=6 I Z0 R AL Wi s e, 34
FEAT AR B NAT D AT B8, T DRI K



-32- @A &R B R

Ward 25 AT R R AR 22 10— K, HLGTk ke

W I 2 (P IR AR, LRSS H FAE Bk AT

GYBTs T B )N ey A i I e 2 Th R T

RAT, I EREEBEARAL . 2 T ANE Gy

KIKTH0.4%F1 0.8%) I ks K A= R R EE S
%2 FRIMRBSHPHAER

Table 2 Parameter identification results in different moments

it Fei Ay E, R, X, g, £
M nf 1.02£-108 0.092 -0.005 0.02 006
4% EVM  1.04£-165 0.029 0054 006 086
WK n® 11342790 0731 -0.056 083 074
8% EVM  1.02£-185 0.117 0208 005  0.78
W2k n 1.04£-188 -0.017  0.004 0.18 0.64
%l EVM  1.02£-17.9° -0.102  0.021 0.29 0.79
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Table 3 Parameter identification results of Hunan 429 node

ST i Epy R Xeg & &

wg  mA 1039£-1560 0292 0015 0.16% 0.19%
4%  EVM  1.05£-195 0229  0.034 0.09% 1.01%
wg T L10Z-178 0623 -0.039  041%  0.89%
8%  EVM  1.04£-192°  0.751 0.122  0.15% 0.93%
Wk w0 1.04£-241 -0097 0073 0.17%  0.64%
MZl EvM  1.04£-230° -0.115 0093  023%  0.98%
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Table 4 Voltage comparison before and after system

identification in Hunan

ST

SHHNE

Vip.u. S/p.u. Vip.u. d/p.u.
97 Xzz3S 1.0 0 1.0 0
98 Xzz4S 1.0 0.822 1.00 0.831
167 X02yze 1.02 —5.346 1.02 -5.339
172 X02wijp 1.015 -6.259 1.015 -6.099
173 X021ds 1.014 —-6.259 1.014 —-6.250

174 X02kongZ 1.016 -6.002 1.016 -5.992
179 X02zhonx 1.014 —6.243 1.014 -6.231

235 X06jwnc 1.014 -8.192 1.014 -8.181
243 X06xhs 1.013 -8.449 1.013 -8.440
249 X06hengd 1.015 -8.249 1.015 -8.230
417 X02zzB 1.021 -5.118 1.021 -5.110
163 X20bml 1.019 -5.273 1.019 -5.119
232 X06zjt 1.013 -8.787 1.013 -8.778
461 X02zznz 1.015 =6.165 1.015 =6.155
492 X06hydz 1.021 ~7.811 1.021 ~7.803

% 5 REHHRATE IR L
Table 5 Power flow comparison before and after system

identification in Hunan

SRR

SRR G

HREA ORTR HIh T/ 1/ JLhi
MW Mvar MW Mvar
167 417 —248.44 -63.00 —-248.26 -63.44
461 172 -10.85 2.04 -10.79 1.78
172 173 48.33 13.98 48.33 13.98
172 179 43.19 12.27 43.19 12.29
172 174 -69.98 -23.87 -69.98 -23.90
163 167 20.10 -17.99 20.21 -18.12
167 172 189.48 37.41 189.38 38.11
167 235 146.12 -9.55 146.13 -9.71
235 243 80.22 6.64 80.24 6.82
235 249 9.83 -12.97 9.82 -13.22
232 243 -33.97 0.96 -33.92 0.74
492 249 37.39 17.61 37.43 17.84
417 97 -230.14 -65.25 -229.67 -65.67
417 98 -267.00 -61.68 -267.02 -62.03
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