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ABSTRACT: Power flow (PF) calculation plays a critical role
in active distribution network (ADN) planning and operation.
The existing Newton Raphson (NR) and forward backward
substitution (FBS) methods can solve the PF of ADN, but they
may fail in convergence and computational efficiency. The
holomorphic embedding method (HEM), as a novel PF
method, can effectively avoid the above problems, but the
existing HEM does not fully consider the different types of
distributed generation (DQ), the diversity of the control modes
of soft open point (SOP), or the voltage and frequency
characteristics of the loads. This poses a challenge in resolving
PF of ADN under different operating modes. Aiming at the
above problems, this paper firstly proposes a unified HEM for
ADN, which can solve PF of ADN including multiple types of
DG, SOP and operating in grid-connected or islanded mode.
Next, according to the static voltage and frequency
characteristics of the load, HE PF models of the loads are
constructed. Then, according to different grid connection
methods of DG and the different operation modes of ADN, DG
is equivalent to different types of buses, and HE PF models of
various DG are formed. Further, considering the different
control modes of SOP, HE PF models of SOP are formulated.
According to the principle that the same power coefficient is
equal, the holomorphic functions are solved to get the recursive
relationship, which is used to solve each power coefficient.
Meanwhile, the approximation values of voltage, frequency
and reactive power are obtained by using the analytical
continuation to realize the accurate PF solution of ADN.
Finally, the accuracy and effectiveness of the proposed method
are validated by using the modified IEEE 33-bus and IEEE
123-bus test systems.
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Table 2 Power flow results of IEEE 33-bus test system

under grid-connected operation mode
TR i FUE R/ pu R LR A A
%i'5 NRM UDHELM X i%%/% NRM UDHELM X %%/%

1 1.0000 1.0000 0.0000 0.0000  0.0000 0.0000
2 09979 0.9979 0.0000 —-0.0300 -0.0300 0.0038
3 09877 0.9877 0.0000 -0.1335 -0.1335 0.0055
4 09830 09830 0.0000 -0.2078 -0.2078 0.0057
5 09786 0.9786 0.0000 —-0.2886 -0.2886 0.0058
6 09689 0.9689 0.0000 —0.6425 -0.6425 0.004 8
7 09707 0.9707 0.0000 -0.9079 -0.9078 0.004 1
8 09687 0.9687 0.0000 -1.1932 -1.1931 0.003 8
9 09698 0.9698 0.0000 -1.6967 -1.6967 0.003 5
10 09705 0.9705 0.0000 -2.2036 -2.2035 0.0033
11 0.9703 0.9703 0.0000 -2.2841 -2.2840 0.0033
12 09700 0.9700 0.0000 -2.4395 -2.4394 0.0033
13 09698 0.9698 0.0000 -2.8949 -2.8949 0.0029
14 09710 09710 0.0000 -3.0980 -3.0979 0.002 8
15 09698 0.9698 0.0000 -3.1645 -3.1644 0.0028
16 0.9686 0.9686 0.0000 -3.2243 -3.2242 0.0028
17 0.9673 0.9673 0.0000 -3.3769 -3.3768 0.002 7
18 0.9669 0.9669 0.0000 -3.4248 -3.4247 0.0027
19 0.9980 0.9980 0.0000 —0.0553 -0.0553 0.0022
20 0.9991 0.9991 0.0000 -0.2590 -0.2590 0.0008
21 1.0000 1.0000 0.0000 -0.3095 -0.3095 0.0007
22 09996 0.9996 0.0000 -0.3647 -0.3647 0.000 6
23 09841 09841 0.0000 -0.1642 -0.1641 0.004 6
24 09775 09775 0.0000 -0.2520 -0.2520 0.0032
25 09742 09742 0.0000 —0.2953 -0.2953 0.0028
26 0.9675 0.9675 0.0000 —-0.5949 -0.5949 0.0052
27 09655 0.9655 0.0000 -0.5275 -0.5274 0.0059
28 0.9552 09552 0.0000 -0.4596 -0.4596 0.0068
29 0.9478 0.9478 0.0000 —-0.3943 -0.3943 0.0080
30 09447 0.9447 0.0000 -0.3038 -0.3038 0.0102
31 09414 09414 0.0000 -0.3930 -0.3930 0.0082
32 0.9408 0.9408 0.0000 -0.4165 -0.4165 0.0078
33 09409 0.9409 0.0000 -0.4229 -0.4228 0.0077
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Table 3 Convergence comparison of algorithms with
different load levels
RRKEERE
AR 2 AR R 2
a(°) Ul% 9%

- THEAER /s
Bufi 7K P15

NRM UDHELM  U/pu

1.00 0.173 0.064 0.0000 0.0001 0.0000 0.0102
1.50 0.194 0.073 0.0000 0.0000 0.0001 0.0257
2.00 0.226 0.114 0.0000 0.0000 0.0000 0.0185
2.50 0.279 0.157 0.0002 0.0163 0.0000 0.0136
2.75 0.302 0.195 0.0001 0.0131 0.0001 0.0362

3.00 Ak 0.263 — — — —
T ARFFHTKE T NRM 5 UDHELM it 524E
i, HLLNRM RS R GEENE, 4th 7 A E S
7KV~ UDHELM 545 2 (1) 75 i o i@ A A AH £
MR KR

2 3 W) A 9 R G S KRB ZERS 1 3.0
5, UDHELM 15 B4 R st {5 NRM H
AW ;s Ay, AH%ECT NRM, UDHELM £
PRUETVHSERG B2 R, WSk i a2, B B i ) v

gi b, MXTF NRM, M4ECHMZEEE R/X HEH
BRBARG KB =, Frdg UDHELM {75 ]
AERF SR Mt cH G F P (R, LA SR G B
3.2 {2248y IEEE-33 Tl R % : MBIBITIRR

BEE 2 d IEEE-33 79 sk 2 45 B
W, B2 I IX oA 4R R e s AT gk AT RIS
BT, B, XM T DG BIZ4T1E Tk
77 WE A N EEEIE) DG & R IRE
BT IAR LA 5 3N U=0.998 pus £,=0.998 pu.
WE A9 WHEAHG A A 00, REPRN VG
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WorA, % 4 LUNRM THESE RONEAE, XfEgs
1R A UDHELM 545 2 175 r A He g 48 AR £
R ZE BRI 6 AN AU H S R A A H R AH A

#4 MBEBITER T IEEE-33 TS RGN EER
Table 4 Power flow results of IEEE 33-bus test system

under islanded operation mode

- A5 LR IEME Ulpu i 5 R HLUE AR 1 61(°)

NRM  UDHELM NRM  UDHELM
12 0.9792 0.9790 12 —-0.1659 —0.1658
13 0.9798 0.9796 13 -0.3204 —0.3203
15 0.9795 0.9794 16 -0.5009  —0.5009
14 0.980 6 0.9806 14 -0.3786  —0.3786
16 0.9782 0.9782 15 —-0.4430 —0.4430
17 0.9770 0.9770 17 —-0.6488 —0.6488

TR 4 T E S R TR K INRIEAT
BAR, RGAHEREE. 5 AR EAEA R EK
o Xt 5% 25 R B KA XF R 2 43 5 A 0.0002 pu
0.0204%7#110.000 1°.0.060 3%. {1 NRM ;2 UDHELM
THE BT AERAE 23734 0.996 2 pu AT 0.996 1 pus,
BFRAR 228 0.0001pu. ik gs BIGFE T B2
UDHELM 0] {R 47 #3 H F I B iE 47T 30
HLRIR R AR . AR, T B th 2. BASZIX I
AN ST, XN DG ¥ HIEA & E D)
75 A e Bt ) Oy I e i o N BRI, B
$& UDHELM A7 A] R bR A H A5 X 45 R0 3 43

i, FIAFTHE UDHELM J5i% A A 201 & DG # il
TR e 45 S R DR R O R AR, R R
R

B, K S A HINEEAT KL% DG H Y.
T I BL K SOP A T Uy 22 F0 0 Dy Uy 2 i A% O
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FETTIE AT BRI 2 288 DG A SOP H T ig477E
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BUNMEINDREGHIFER
Table 5 Active power and reactive power output of
DG and SOP

DG/SOP A DD # kW T /KV-A)

DG-1 967.2 376.3

DG-3 405.0 315.2

DG-4 673.7 608.7
VSC1-33 53.0 75.0
VSC2-18 -54.0 98.0

3.3 1&AY IEEE-123 TRt B4t : H MBI TR
A 3E— S UK 6 Fias IBEE-123 5 Sl &
Gt N9 B8 A0E BT $i SV R 5 R A i FE PR ) 9 T A
HRIAATYE . Hodr, DhERIEAE Spae N 10MV-A,
R RS Ubase N 12.66kV, ZRERS L) J 3 A7
Aot VE DL SCHR[37]
53 HIFEE 6 BRI R A1 55 64 14, 27, 68

6 183489 IEEE-123 T5 5K R4
Fig. 6 Modified IEEE 123-bus test system
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Table 6 Power flow results of IEEE 123-bus test system

under islanded operation mode

g VBIRIRE Upu | RIERA 6C)
el A Rt A
NRM UDHELM NRM  UDHELM
78 1.0024 1.0023 78 -0.0101 -0.0100
79 1.0024 1.0023 80  —0.0105 -0.0104
80 1.0024 1.0025 79 -0.0102 -0.0102
81 1.0024 1.0024 83 -0.0131 -0.0131
82 1.0023 1.0023 81  -0.0117 -0.0117
83 1.0023 1.0023 82 -0.0126 -0.0126
84 1.0023 1.0023 86 —0.0047 —0.0047
85 1.0024 1.0024 84  -0.0133 -0.0133
86 1.0023 1.0023 85  -0.0038 -0.0038
87 1.0025 1.0025 87  —0.0092 —0.0092
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Table 7 Computational efficiency comparison between
UDHELM and NRM
S UDHELM NRM

B3] twis  Mhos tays Mhiws thas bas ANt INus
3£/ IEEE-33 0.064 3 0.036 4
}3 TEEE-123 0.142 3 0.072 6 0.025 0.387
P& IEEE-33 0.036 1 002 4
3 TEEE-123 0.065 1 5

& 7 R0 FMisTiRAT, B
UDHELM X+ 2 MR R Ge ik B AER 235108
0.064 s £110.142 s, 1] NRM i HFERT 20 54 0.173 s
A1 0.387s, Frik UDHELM i85 M%F NRM 4>
BIERTET 63.01%F1 63.31%; IRSIE T T, pr
& UDHELM X 2 MR R G0 e v HAER 73510
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A1 0.127s, Frit UDHELM i+ 50% A% NRM 43
WIHRTF T 58.62%A1 48.82%; ALt NRM, it
UDHELM 4} ZEARIREL ny; /T NRM U EARIR
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POERITH R

R PRI G ) E B R 2 FIFH UDHELM
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B, BRI R T X B R R EE B AT — IR
LU ZffRIA) T8 0086 SR 55 B e 5 R 40
BT SERER . TR NRM SR fE R G
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0.011 0.127 0.042

3) 5 NRM ML, ASCHrRFEAKBRIHE 1%
W, FEORUERIR A AERTE RO TR T, TH R E
iy, HEAESREETE, sl i MRt
S oE B

AR A s ASOT I8 T = H
A EZHECHLRY, # R DG AT SOP 42k A
W EAR R LUK Bt UDHELM AT f# R =4
AP BRI AR 2 S, XK
ARG BT TR E

B35 3R

(1] EERE RTFH, FXE, 55 700 0 S HC H R H
JE 53 A I EMELT]. #8703 S8 E B4k, 2004, 28(16): 56-60.
WANG Zhiqun, ZHU Shouzhen, ZHOU Shuangxi, et al.
Impacts of distributed generation on distribution system
voltage profile[J]. Automation of Electric Power Systems,
2004, 28(16): 56-60(in Chinese).

(21 T8, B8 AR EOR ], B B S, 2004,
24(7): 31-36.

DING Ming, WANG Min . Distributed generation
technology[J]. Electric Power Automation Equipment,
2004, 24(7): 31-36(in Chinese).

[3] BLOEMINK J M, GREEN T C. Increasing distributed
generation penetration using soft normally-open points
[CY/IEEE Power and Energy Society General Meeting.
Minneapolis: IEEE, 2010: 25-29.

(4] Epali, #hsesh, 205, 55, FT SNOP ML HMIE(T
AT HT[T]. ARG H 3Nk, 2015, 39(9): 82-87.
WANG Chengshan, SUN Chongbo, LI Peng, et al.
SNOP-based operation optimization and analysis of
distribution networks[J]. Automation of Electric Power
Systems, 2015, 39(9): 82-87(in Chinese).

[5] TENGJH, CHANG CY. A novel and fast three-phase
load flow for unbalanced radial distribution systems [J].
IEEE Transactions on Power Systems, 2002, 17(4):
1238-1244.

[6] EsFAH, WA, Eaul, . oMk RENAF
M =AW TEET]. H B 3Ek&, 2007, 27(8): 11-15.
WANG Shouxiang, HUANG Lijuan, WANG Chengshan,
et al. Unbalanced three-phase power flow calculation for
distributed power generation system[J]. Electric Power
Automation Equipment, 2007, 27(8): 11-15(in Chinese).

[7] #f, BRis, Ze0g, 5. JeT AR R AR de S AT i )
WAL, mEEHAR, 2017, 43(1): 189-194.
YANG Xiong, CHEN Bing, LI Qiang, et al. Power flow
algorithm of radial distribution networks based on variable
substitution[J]. High Voltage Engineering, 2017, 43(1):
189-194(in Chinese).

[8] %&b, FRAEAE. FET WA = ik e S BT A 1o A 131
EERD]. EEALTAR AR, 2000, 20(6): 13-16.



11

e o | N PN e eI N RS 4223

CAI Zhongqin, GUO Zhizhong. Newton load flow for
radial distribution network based on upstream labeling
technique[J]. Proceedings of the CSEE, 2000, 20(6):
13-16 (in Chinese).

[9] MUMTAZF, SYED M H, HOSANIMA, etal. Anovel
approach to solve power flow for islanded microgrids
using modified newton raphson with droop control of
DGJJ]. IEEE Transactions on Sustainable Energy, 2016,
7(2): 493-503.

[10] CESPEDESRG . New method for the analysis of
distribution networks[J]. IEEE Transactions on Power
Delivery, 1990, 5(1): 391-396.

[11] TRIPATHY S C, PRASAD G D, MALIK O P, et al.
Load-flow solutions for Ill-conditioned power systems by
a newton-like method[J]. IEEE Transactions on Power
Apparatus and Systems, 1982, PAS-101(10): 3648-3657.

[12] HUBBARD J, SCHLEICHER D, SUTHERLAND S.
How to find all roots of complex polynomials by newton's
method[J]. Inventiones Mathematicae, 2001, 146(1):
1-33.

[13] SUCHITE-REMOLINO A, RUIZ-PAREDES H F,
TORRES-GARCIA V. A new approach for PV nodes
using an efficient backward/forward sweep power flow
technique[J]. IEEE Latin America Transactions, 2020,
18(6): 992-999.

[14] B4, 5k%%. & PV RoAn=CRIER S9N N =
ABRRR VT ELLI]. P E AL TRE SR, 2012, 32(4): 128-135.
LI Hongwei, ZHANG An’an. Three-phase power flow
solution for weakly meshed distribution system including
PV type distributed generation[J]. Proceedings of the
CSEE, 2012, 32(4): 128-135(in Chinese).

[15] X R AR, 250, V. & oA SRR A = A AST e
RO SL], ECR, 2009, 33(3): 94-98.
ZHAO lJingjing, LI Xin, XU Zhong. Calculation of
three-phase unbalanced power flow in distribution
network containing distributed generation[J] . Power
System Technology, 2009, 33(3): 94-98.

[16] T B3, FR=2 . & 2 Fh oy A s 5524 B HL R = AH )
FHED]. FEELTREYR, 2009, 29(13): 35-40.
DING Ming, GUO Xuefeng. Three-phase power flow for
the weakly meshed distribution network with the
distributed generation[J]. Proceedings of the CSEE, 2009,
29(13): 35-40(in Chinese).

[17] ZHU Y, TOMSOVIC K. Adaptive power flow method for
distribution systems with dispersed generation[J]. IEEE
Transactions on Power Delivery, 2002, 17(3): 822-827.

[18] TRIAS A . The holomorphic embedding load flow
method[C]//2012 TEEE Power and Energy Society
General Meeting. San Diego: IEEE, 2012: 1-8.

[19] SUBRAMANIAN M K, FENG Yang, TYLAVSKY D.
PV bus modeling in a holomorphically embedded power-
flow formulation[C]//2013 North American Power

Symposium. Manhattan: IEEE, 2013: 1-6.

[20] WANG Tao, CHIANGH D . Theoretical study of
non-iterative holomorphic embedding methods for solving
nonlinear power flow equations: algebraic property [J].
IEEE Transactions on Power Systems, 2021, 36(4):
2934-2945.

[211RAO S, FENG Yang, TYLAVSKY D J, et al. The

embedding method

holomorphic applied to the

power-flow problem[J]. IEEE Transactions on Power
Systems, 2016, 31(5): 3816-3828.
[22] ¥, KH, &, %. W RRERR AR
AR T HEAR SR, 2021, 36(21): 4429-4443, 4481
JIANG Tao, ZHANG Yong, LI Xue, et al. A holomorphic
embedded method for solving power flow in hybrid
AC-DC power system[J] .
Electrotechnical Society, 2021, 36(21): 4429-4443,
4481(in Chinese).
T, P, 2V, & BT EIVEAGRETT M A
ZER NI ST VA]. B BB, 2023, 43(2):
142-150.
LI Xue, YAO Chaofan, JIANG Tao, et al. Constant values
and priori buses based holomorphic embedding load flow

Transactions of China

[23

—_

method[J]. Electric Power Automation Equipment, 2023,
43(2): 142-150(in Chinese).

[24] ASL DK, MOHAMMADI M, SEIFIAR. Holomorphic
embedding load flow for unbalanced radial distribution
networks with DFIG and tap-changer modelling[J]. IET
Generation, Transmission & Distribution, 2019, 13(19):
4263-4273.

[25] SUR U, BISWAS A, BERA J N, et al. A modified
holomorphic embedding load flow method for active
power distribution networks[C]//2019 IEEE Region 10
Symposium (TENSYMP 2019). Kolkata: IEEE, 2019.

[26] JONCKHEERE E A, KE N P. Complex-analytic theory of
the /spl mu/-function[C]//Proceedings of the 1997
American Control Conference. Albuquerque, NM, USA:
IEEE, 1997: 366-371.

[27] LIU Chengxi, WANG Bin, HU Fengkai, etal. Online
voltage stability assessment for load areas based on the
holomorphic embedding method[J]. IEEE Transactions on
Power Systems, 2018, 33(4): 3720-3734.

[28] IEEE Task Force on Load Representation for Dynamic
Performance. Bibliography on load models for power flow
and dynamic simulation[J] . IEEE
Transactions on Power Systems, 1995, 10(1): 523-538.

[29] FEIJOO A E, CIDRASJ. Modeling of wind farms in the
load flow analysis[J]. IEEE Transactions on Power
Systems, 2000, 15(1): 110-115.

[30] XBALE, TKFHM, FEEE, &, &R
L = AR ST EOTIAT]. RS R SEH,
2020, 48(14): 10-17.

DENG Honglei, ZHANG Libin, TANG Chongwang, et

performance



4224 i oML T O % # 44 3

al. A hybrid calculation method of three-phase power flow
with distributed generation resource on a distribution
network[J]. Power System Protection and Control, 2020,
48(14): 10-17(in Chinese).

[31] %M, W—5, #/NK. 2T BFGS {58 A% /90

8 e WA T[] P L TR AR AR, 2014,
34(16): 2629-2638.
PENG Hanmei, CAO Yijia, HUANG Xiaoqing. Power
flow calculation of islanded microgrids based on BFGS
trust region method[J]. Proceedings of the CSEE, 2014,
34(16): 2629-2638 (in Chinese).

[32] &, WRE, &8s, 5. B THERPOTCEHREIT R

IR PR 2 PR IE P ) EL IR S5 4 45 P BRI 5] P P
PLLFE4R, 2022, 42(13): 4749-4760.
LI Yan, CHEN Xia, LI Weiwei, et al. Research on
interconnection structure and control technology of
flexible distribution network based on soft open point in
parallel with interconnection switch [J]. Proceedings of
the CSEE, 2022, 42(13): 4749-4760 (in Chinese).

[33] £, #h7Esh, &2 . A BRI A
B EPIEMRH sait&, 2013, 33(4): 8-15.
WANG Chengshan, SUN Chongbo, PENG Ke, et al.
Study on AC-DC hybrid power flow algorithm for
microgrid[J]. Proceedings of the CSEE, 2013, 33(4):
8-15(in Chinese).

[34] KRB, Phoesh, M, 5. TR EEHIT RIA RN A
WL B T 0]. R E B L TR SR, 2018, 38(15):
4390-4398, 4639.

SONG Yi, SUN Chongbo, LI Peng, et al. SOP based

ZY;: L]+ jW,[010,,[n] = P3W, [n—1]

k=1

U, [01U,, [n]+

A Ui N RIS RIS, ) RIEA A

Ui O]Ub ,B(”)( ZU

supply restoration method of active distribution networks
using soft open point[J]. Proceedings of the CSEE, 2018,
38(15): 4390-4398, 4639 (in Chinese).

[35] BARAN M E, WU F F. Network reconfiguration in
distribution systems for loss reduction and load
balancing[J]. IEEE Transactions on Power Delivery,
1989, 4(2): 1401-1407.

[36] KHODR H M, OLSINA F G, DE OLIVEIRA-DE JESUS
P M, etal. Maximum savings approach for location and
sizing of capacitors in distribution systems[J]. Electric
Power Systems Research, 2008, 78(7): 1192-1203.

[371 AHMED H MA, ELTANTAWY A B, SALAMAM MA.
A generalized approach to the load flow analysis of
AC-DC hybrid distribution systems[J]. IEEE Transactions
on Power Systems, 2018, 33(2): 2117-2127.

MR A XHER

1) HU R IR 4 20 R R 0 e B R B G AR 30

Ulnl=U,[ ii(u In— k)——ZU
(AD)
o U AEFAAERF S A L 1 S AR
2) LR A SR A AR R R R BRI R
wloju0]=1 , n=0
WILUI0]+ WO0JU[1] =0 , n=1
W{nU[0]+W[01U[n] = —Zl: WiklU[n—k] , n>1
= (A2)
3) BRREHLPANLATE T SRR R BRI R

AN

J(ZQGb n—-1)-Y"U,[n-1],be U
(A3)

n—1

—kD+8m)((U) -U,")

4) SOP K VSCI1 K VgV 124177 20 S, = s Rk 3

0 nel AN
ﬁ(”)z{l n (Ad) ZHOEHEE RN
, n>1
ZY;;A 1+ W, 1010y [+ Ty, f[n] = PEW, [n J(Zch [n=1)=Y"Ug [n=1]+J
(AS)
Uy, [01U [n]+ Uy, [01U;, [n] = B(n)(= ZU [n—k)+3(m)(UY | -U),S, e U
A LA T RIER D D WEAG) . (AT)FTR:
a. . b ot -1 . b
Jo= =Rl Uz[n—1]+UlZWz[k]Uz[n—k e, W, [n—1])+k, (U*’Z Zf[k]Uz[n—kHUl Z U [aPV,[b]fTc]+
n-1 . . a . b nd }
¢ 2 SR, [n =KD} 00 (U =11+ - LIk =k =11+, . [n~ M+k, (5 % Zf KU [n—k]+
b . -1
U > U.laW.[blflcl+c. > fTkW.[n— (A6)
20 tg;c:n k=1
. b ) . b )
T=kszu0(%Uz[01+ = WII0IU [0T+e, W710D) = ko O i ULIOF =W 10]U.[0]+ ¢, 70D (A7)

z0 z0

A w2 AR 1T R 5

z0

5 TE%%J%@E‘J%?&%&%%&Z%T@%%EQ%



5 11 34 PEE LR A IR R AR N TR

4225

ﬁﬁ];ﬂWW]IUM[]—

ZY“‘U [n— 1——Zf

]*ZZ‘;U [k] W[nd/i]1 de D
Ud[n; U,.[n]= 2UWZ;(U KU =K1 -U, (KU, [n - k])

(A8)
WRB S¥EE
1) e IEEE-33 4 MR &4 % DG S8,
% B iz

# B1 {£04H IEEE-33

TRMXARS DG SHIRE

Table B1 Parameter settings of DG in modified IEEE
33-bus test system

DG SHE PN T AL
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Fig. B1 Recursive solving process of power series coefficients
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Table B2 Parameter settings of SOP in modified IEEE
33-bus test system
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Table B4 Parameter settings of SOP in modified IEEE
123-bus test system

SOP 4w 5 SOP i 2% i 77 20 H1E SOP % 5 SOP #ifi & 1) 5 20 B
PIkW -53 PIKW —42
VSC1-33 VSC1-54
0/(kV-A) -75 OI(kV-A) -63
SOP1 SOP1
Us/kV — Ug/kV —
VSC2-18 VSC2-95
O/(kV-A) -98 O/(kV-A) ~74
Ug/kV — Ug/kV —
VSCl1-12 VSCl1-116
U/kV 12.28 UKV 12.53
SOP2 SOP2
PIkW 49 P/kW 36
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OlkV-A) —74 ONKV-A) -52

5) B IEEE-123 5 S R4t % DG S E
2R B3 .
%= B3 {24H) IEEE-123 T =il 224 DG 28K E

Table B3 Parameter settings of DG in modified IEEE
123-bus test system
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HARMR-DG12 P=100kW, /=40 A 109 PI
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