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Batch computing method for N-1 fault scanning of large power grid
based on GPU acceleration

ZHANG Chengeng',XU Yin',CHEN Yingz,SU Dawei®, LI Yi*,LIU Siyan4

(1. School of Electrical Engineering,Beijing Jiaolong University , Beijing 100044, China;

2. Department of Electrical Engineering, Tsinghua University,Beijing 100084, China;

3. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China;
4. Global Energy Interconnection Research Institute,Beijing 102209, China)

Abstract: With the increasing scale of power grid,the selection of serious contingency from various possible
equipment interruptions are becoming an important time-consuming part of N—1 safety verification. In order
to accelerate the speed of fault selection of N-1 safety verification of large power grid, a real-time N-1
fault scanning batch calculation method based on CPU-GPU (Central Processing Unit-Graphics Processing
Unit) heterogeneous computing framework is proposed. Considering that coarse-grained parallelism exists in
computation under different working conditions, it is an effective way to improve computational efficiency to
further exploit fine-grained parallelism in computation. A fine-grained parallel calculation method considering
both branch break fault and generator break fault is proposed, and the kernel function of key calculation
steps is designed. What’s more,the phase shifter is considered in the network topology to improve the cal-
culation accuracy. Compared with the IEEE standard cases and European actual grid cases,the correctness
of the batch calculation method under various working conditions is verified,and a remarkable acceleration
effect is achieved.
Key words:electric power systems;static security analysis; GPU; N-1 fault scanning; CPU-GPU heterogeneous

computing framework
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Table A1 Kernel function pseudo-code for batch modification of admittance matric

Algorithm1 Kernel_1

—enter

tid«<—threadID

be—tid //2% 5] 21 i 2k 3 # i '
if b<m

i ] W2 SRR XT R T RGN T

if i <slack node ID

index— A, + A
(A=), = (A™), ~1/(%k,)
end if

end if

—exit
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Table A2 Kernel function pseudo-code for batch modification of voltage phase angle vector
Algorithm2 Kernel_3
—enter
tid«—threadID
betid
index<«b/n
offset—b%n

ifb< (Mm+5s)*n
X,[(n+12) *index + offset] = x[b]

end if
—exit
M B
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Table B1 Hardware and software platform
CPU GPU
W& E3-1230 v5 @3.40GHz NVIDIA Tesla P100
T A Visual Studio2017 Visual Studio2017
ATHTH X64 Cuda 10.0
16000 20.0
14000 [175 I CPUiZ 1 i i)
12000 | [150 B GPUIE{II I
—e— Imik Lk
'~ 10000 4 +12.5
8000 4 +10.0
6000 4 o F75
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CPU 5 GPUIZE T ] (ms)

casel18 case30 casel!

Bl #MERMEMSIREMEREMKE
Fig.B1 Efficiency and enlarged drawing of batch solving linear equations
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Table B2 Calculation test of batch solving linear equations

A TS HEAEME RN (ms) bl

118 463 240 2.270 2.870
300 1115 480 4.823 3.049
1354 4763 2251 46.697 4.410
2869 10794 5092 171.426 6.501
9241 37644 17494 796.883 17.645
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Fig.B2 Calculation efficiency test of modifying voltage phase angle vector



Occupancy Per SM

Active Blocks 8 16 .
Active Warps 64 64 g p

Active Threads 2048 2048

Occupancy 100.00% | 100.00% | -

B3 IrEMEENIK
Fig.B3 Computational performance test

1920
1440 /./.—H

©

=3

S
L

CPU5GPUIZFFHi i](ms)
cocococococodo
282253828

E B4 #HERBIBEINEYEREMAE
Fig.B4 Efficiency test of batch solving branch active power

20000 20

16000 L16
120001 t12
= 8000

iz

CPU5GPU

B5 B ITENEREMKE
Fig.B5 Efficiency test of all calculations

[ i R S s e 5
WA IIFAT TS
HE R A

B LU it st

[ J#tRELus

g

52.58% O EA NEL
LT et A it
— e
X
9.9,
0,009,090
TR+ 0%
KRR
0.71%
¥ 5.13%
4.09% 6.38%

13220  ©:27%

B6 &I iTEFEELR

Fig.B6 Comparisons of calculation time of different parts



	202008024.pdf
	202008024_附加材料

