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1
Table 1 Comparison of power flow calculation results with different algorithms
/ LM
MVA U Pp/MW Qp/Mvar Uy Pp/MW Qpu/Mvar Ug Pp/MW Qp/Mvar
1 0.925 4.318 2.928 0.925 4.318 2.928 0.929 3.803 2.695
A 7.60+5.39
2 0.925 4.318 2.928 0.925 4.318 2.928 0.929 3.803 2.695
B 1 22.714j17.04 0.964 24.532 18.495 0.974 10.810 8.499 0.965 22.727 17.127
1 . 0.926  3.978 2.842 0.926  3.978 2.842 0.929 3.803 2.695
G 7.60+j5.39
2 0.926 4.316 2.927 0.926 4.316 2.927 0.929 3.803 2.695
1 0.987 2.636 —12.030 0.949 2.326 —1.770 0.934 1.802 2.696
H 7.60+j5.39
2 0.985 4.231 2.890 0.948 4.281 2.912 0.934 3.803 2.697
1 b b o
A o b 2
G? b b 9IIJU b
) 2 o
( A), ILU
. H 1, . .
. 0.05 . b b o
14 Mvar, \
A b b
, ,  1.2.1 1ILU2) .
) ) 5.3 L-M
b o
, [28] ,
o ’ B? N .
14 MW 10 Mvar, : Do =
. 0.000 1, pu=0.95,
N ) ]) L — O. 8 ’
o m=0.001, s=10,
5.2 (11:17 )’:1000
C 2.2.2 ,
, ILUCO),ILU(D), ,MATPOWER
ILU2) . ) , C
b ’ E o b
2 o )
2 MATPOWER Gauss-Seidel
C E o C E
Table 2 Properties of Jacobian matrix formed in the first
iteration of Newton method under different preconditioning ’
methods and their time consumption L-M .
3 s L-M
ILUC0) 1.282X 10" 1.962+0.076i 1.24 .
ILU(L) 2.692X  5.349%  2.505X10°  1.94340.1591  12.40 MATPOWER Gauss-Seidel
ILU2) 109 10° 1.004X10° 1.887 14.14 ; D E,Gauss-Seidel
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3

Table 3 Efficiency comparison of two algorithms
for choosing initial values

L-M Gauss-Seidel
/ms /ms
C 2 69.99 2 312.67
D 4 250.76 —
E 1 290.09 —
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Table 4 Analysis of overall performance
=Y /ms
A 168 179 0 4 7.74
B 148 159 0 4 7.46
C 3 374 4161 2 4 140.58
D 6 515 9 037 ) 6 510.75
E 13 659 20 467 1 6 705.17
F 33 652 33 720 0 4 970.93
G 168 184 0 4 7.86
H 168 179 0 4 7.74
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Performance Analysis and Improvement of Newton Method for Power Flow Calculation of

Large-scale Integrated Transmission and Distribution Network

TANG Kunjie', DONG Shufeng', ZHU Bingquan®, SONG Yonghua™'
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China;
2. State Grid Zhejiang Electric Power Co. Ltd., Hangzhou 310007, China;

3. Department of Electrical and Computer Engineering, University of Macau, Macau 999078, China)

Abstract: In order to meet the demand of integrated power flow calculation speed, an improved Newton method is proposed. In
view of the seriously ill-conditioned Jacobian matrix and poor convergence and so on, an adaptive Levenberg-Marquardt method
is used to choose the initial values, and incomplete LU decomposition method is used to preprocess Jacobian matrices, which
effectively guarantees the numerical stability and improves the convergence of Newton method. To solve the problem of large-
scale and low computing efficiency after integration of transmission and distribution networks, the GPU parallel acceleration
technology is used to accelerate some steps with intensive computation including the formation of Jacobian matrix, matrix-
vector operation and so on. The numerical experiments show that, the proposed algorithm can significantly improve the speed
and accuracy of the large-scale integrated transmission and distribution networks, and it has a strong universality for different
situations such as multiple distribution network areas, distribution network with loops or distributed generators, ill-conditioned
systems.
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Key words: integrated transmission and distribution network; Newton method; power flow calculation; convergence; GPU
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Table A1 Instruction of cases used or built in this paper
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Table B1 Comparison between results from Master-slave-splitting method and Newton method

AC. FL ) A, 71 A BV 3PS ERUNFS
IMW+jMvar Us Pe/MW Qs/Mvar Us Ps/MW  Qs/Mvar
CASE A 7.60+j5.39 0.925 4318 2.928 0.925 4318 2.928

CASEB 22.71+j17.04 0.974 10.810 8.499 0.964 24.532 18.495

&k B2 HUUESE—RIENKIERT L IR
Table B2 Properties of the Jacobian matrix formed in the first iteration of Newton method

AR B — UGB A 2 WA 5 — YOS AU AT LE S [

a1l " o
e ) 5 KA B
IEEE CASE30 492.806 107.72 +j28.30
CASE A 2.364 X10° 1068.9 +j801.8

CASE B 9.738 X105 220.01 £j69.36




B3 TEIMTHHUEERIRE
Table B3 Iteration times of Newton method under flat start
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