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Table 3 Computational time comparison between
traditional HELM and CHELM

HHEFENS /s

. N HEFERT / s
Witzg e /s |
WRAL el cHEL

R

HELM CHELM

Case 1354pegase 1.21 0.63
Case 1888rte 2.20 1.44
Case 2737sop 1.22 0.58
Case 2746wp 1.56 0.71

Case 3120sp 1.73 0.91
Case 7092 3.29 1.74
Case 13802 4.23 2.51
Case 25000 7.91 4.61
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Table 4 Computational time comparison between

P-CHELM and NR method

THTAERS /s E A
MK R 45 ; p- RS ; p-

R CHELM NR % CHELM

Case 1354pegase 0.29 045 Case 5738 0.32 1.09

Case 1888rte — 1.11 Case 6468rte — 4.93

Case 1951rte — 0.94 Case 6470rte — 6.85

Case 2383wp  0.29 0.54 Case 6495rte — 2.84

Case 2736sp 0.33 0.54 Case 6515rte — 3.48

Case 2737sop  0.32 046 Case 7092 0.35 1.22
Case 2746wop 030  0.49 |Case 9241pegase 043 525

Case 2746wp  0.37  0.55 Case 10790 — 1.66
Case 2868rte — 1.34 Case 11624 0.49 6.09
Case 3012wp — 0.64 Case 13173 — 1.94
Case 3120sp 0.31 0.65 Case 13802 — 2.01
Case 3375wp — 0.68 Case 25000 0.73  3.79
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Constant values and priori buses based holomorphic embedding load flow method
LI Xue',YAO Chaofan',JIANG Tao',L.I Huapeng’, CHEN Houhe'
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Ministry of Education, Northeast Electric Power University, Jilin 132012, China;

2. School of Science,Northeast Electric Power University, Jilin 132012, China)
Abstract: When the load flow of large-scale power system is solved by the existing holomorphic embedding
load flow method, the order of power series is too high, which easily causes divergence of analytic exten-
sion, poor convergence and high computational redundancy. A novel constant values and priori buses based
holomorphic embedding load flow method is proposed. A constant values based holomorphic embedding
load flow model is built,and the load flow convergence is improved by dynamically updating constant values.
A pre-judgement mechanism of voltage amplitude of priori buses is proposed to improve the computational
efficiency. Two bus-type conversion strategies are proposed. The proposed method is analyzed and verified
by the test systems with different scales,and results show that the proposed method is independent on the
initial value, can accurately and efficiently solve the load flow solution, and has better load flow conver-
gence than Newton-Raphson method and traditional holomorphic embedding load flow method.

Key words:load flow;holomorphic embedding method;constant value;priori busjanalytic continuation
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Table A1 PV bus connections of different test systems

MR RGR PV W RUESRRE | T PV AL
Case 1 354pegase 9/1. 8/1. 7/1. 6/1. 4/1. 3/4. 2/2
Case 2 868rte 714, 6/4. 5/6. 4/10. 3/34. 2/69
Case 6 468rte 8/2. 7/1. 6/2. 5/3. 4/2. 3/9. 2/23
Case 7 092 12/1. 11/1. 9/3. 8/5. 6/6. 5/12. 4/18. 3/31. 2/69

Case 9 241pegase

Case 11 624

Case 13 802
Case 25 000

22/1. 18/1. 17/1.

16/2. 15/1. 14/1. 13/1. 12/3.

11/4. 10/10. 9/12. 8/6. 7/17. 6/31. 5/44. 4/96.

22/1. 18/1. 17/1.

3/143. 2/249
16/2. 15/1. 14/1. 13/1. 12/3.

11/4. 10/10. 9/12. 8/6. 7/18. 6/31. 5/52. 4/107.

3/167. 2/338

6/1. 5/14. 4/21. 3/99. 2/382
11/1. 10/2. 9/2. 8/3. 7/6. 6/10. 5/14. 4/33. 3/71.
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Table B1 Maximum voltage error comparison between HELM and P-CHELM

R E S HELM P-CHELM(300 "5 25 A R RGeK A CHELM 15T)
VilVo BERKI M Vo kKR Vol KIRE! CC ) VlVoIRERKTE Vi KR ZE Vol KRN C° )
Case 4gs 2/3 3.36X10° 6.09%x10° 213 3.36X10° 6.09%x10°
Case 89pegase 80/80 157x10° 6.80x10™ 80/80 1.57x10% 6.80x 10
Case 300 144/145 7.76 X10° 411%10% 16/43 8.14x107 2.75%10™
Case 1 888rte 1884/1 884 1.47X10° 1.25X10™ 422/1 063 4.16x10° 3.83%x10™
Case 2 848rte — — — 1962/86 9.73%10° 3.23%x10°
Case 2 868rte — — — 2217/1088 3.34x10° 8.62x107
Case 5 738 236412 996 6.49x107 3.10%10° 5233/5735 6.46 107 7.64%10°
Case 6 468rte — — — 320/5 122 5.17X10° 4.96%x10°
Case 6 470rte — — — 4672/1 317 6.92x10° 2.39x10™
Case 6 495rte — — — 5 175/3 298 7.29X10° 2.18x10™
Case 6 515rte — — — 1.986/4 029 3.06X10° 2.47x10*
Case 7 092 3187/3 499 3.37%10° 6.48 107 3187/5735 3.29%10° 1.25X10*
Case 9 241pegase 1023/1 985 3.35x10° 6.57X10° 8 205/6 037 4.96x107 6.46X10°
Case 11 624 7 182/766 1.81x107 2.12x10° 1 265/6 829 6.23X10° 4.05%X10*
Case 25 000 17 864/17 974 3.29%X107 1.25x10* 18 027/9 898 2.02%10° 1.95x10™

T Vs Vo BUONHURTEE . B Vi BOKRZE IR K H

% B2 Case 118 TRMA AR ES TR RMRT <
Table B2 Reactive power over-limit buses of Case 118-bus test system at base state
AFETTEE R IET A/ Mvar

A Ty JiEEMvar

CHELM NR £
9 -8~24 -14.27 -14.27
15 -14 ~ 42 -16.28 -16.28
16 -8~24 -20.83 -20.83
43 -3~9 -13.96 -13.96
46 -15~40 75.42 75.42
48 -8~23 -18.33 -18.33

7 B3 Case 118 TR MiIX Rx T m KB RIREZ 1 T CHELM 5 NR B ETTESER
Table B3 Voltage calculation results of CHELM and NR in Case 118-bus test system under Bus Type Switching Strategy 1

HL I A LA A
FRBR T AR
NR % CHELM HEXF R 2% NRVE (0 ) CHELM/ ° ) FARTIRZE%
9 1.042 1.042 0 -1.697 -1.697 0
15 0.970 0.970 0 -18.511 -18.511 0
16 0.983 0.983 0 -17.802 -17.802 0
43 0.978 0.978 0 -18.540 -18.540 0
46 1.005 1.005 0 -11.417 -11.417 0
48 1.020 1.020 0 -9.975 -9.975 0

7E: NR. CHELM [WHETR{E bR L 18, & .



7 B4 Case 118 W S ARG Ty S L BIRR TR IE 2 THISE AR
Table B4 Switching results in Case 118-bus test system under Bus Type Switching Strategy 2
AN F7 TR O TRk R R Mvar

Fetfe it Feteti nd

CHELM NR i
W1k B46 35.42 35.42
2l B16 12.83 12.83
¥ 3K B43 10.96 10.96
¥4 R B9 6.97 6.97
5K B48 4.61 461
6K B15 2.35 2.35

% B5 Case 118 T3 sUlliX RT3 m K BUELIRIRAG 2 T CHELM 5 NR B ETHE LR
Table B5 Voltage calculation results of CHELM and NR in Case 118-bus test system under Bus Type Switching Strategy 2

LENERUAL e L AR A
PR Y 5
NR 2 CHELM AHXTHRZE% NRE (° ) CHELM/ C° ) MIXHRZE/%
46 1.005 1.005 0 -11.417 -11.417 0
16 0.983 0.983 0 -17.802 -17.802 0
43 0.978 0.978 0 -18.540 -18.540 0
9 1.042 1.042 0 -1.697 -1.697 0
48 1.020 1.020 0 -9.975 -9.975 0
15 0.970 0.970 0 -18.511 -18.511 0
% B6 CHELM 5 P-CHELM i+ & #ERFxftL
Table B6 Computational time comparison between CHELM and P-CHELM
Mk R 5 THRAERT /s MR R THEFER /s
CHELM P-CHELM CHELM TrcrHeLm/S
Case 1 354pegase 0.63 0.45 Case 6 470rte 9.11 6.85
Case 1 888rte 1.44 111 Case 6 495rte 3.92 2.84
Case 2 737sop 0.58 0.46 Case 6 515rte 4.61 3.48
Case 2 746wp 0.71 0.55 Case 7 092 1.74 1.22
Case 3 120sp 0.91 0.65 Case 13 802 251 2.01
Case 6 468rte 6.68 4,93 Case 25 000 4,61 3.79
% B7 {54 HELM 5 P-CHELM I+ & T 3T L
Table B7 Computational time comparison between HELM and P-CHELM
MR 725 THAEAERT /s MR R 5 THEFERS /s
HELM P-CHELM HELM Tp-cHELMIS
Case 1 354pegase 1.21 0.45 Case 3 120sp 1.73 0.65
Case 1 888rte 2.20 1.11 Case 7 092 3.29 1.22
Case 2 737s0p 1.22 0.46 Case 13 802 4.23 2.01
Case 2 746wp 1.56 0.55 Case 25 000 7.91 3.79




# B8 CHELM 5 NR AT E#ERTXILE
Table B8 Computational time comparison between CHELM and NR

MR R 5% THAEFER /s MRS THEFER /s
NR £ P-CHELM NR % TP-CHELM/s
Case 4gs 0.21 0.22 Case 85 0.23 0.20
Case 18 0.22 0.24 Case 118  0.28 0.27
Case 39 0.24 0.24 Case141  0.23 0.21
Case 57 0.26 0.27 Case 300  0.32 0.33
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