R0 & AA a0k

Automation of Electric Power Systems

DOI: 10.7500/AEPS20170821009

I [ $5 R 53 77 R R BB #

Baeft, WEE, F

Vol.42 No.6 Mar.25,2018

T A

g5 E GPU A 1THEZE

B, BmE, ERL, RORS

(1. 0 RE L 2 B M US040 = (R R ) . RET 3000725 2. E A B H AR TR BE A BRA H . JbETT 102209)

BE:

HHRATKABET BERBRBENGE N ZABTRBOETEGANTRL.RET —Ha

B HBR Oy F EWM L N A4V ST ABHAR 2 (GPU)HATH L, B 4. 50 T4 E 4858
SEFERBEENAAGSEHEATR, St ZFRYE GPU A K RA4B4 4 ;A A GPU &
WIBBB LT ERBH A EORABRERZ L MR AL LB RAERREA NS L #4448 £ CPU
TR LA MR T A A RE, RE .o MNAAT 17 40 100 & KAL) R d 3 F6) 347 T X,
BIET TR AT A RN EA L A, R LA T Lk mit R A A R G AL 3w

TENAE,

KB BHRy; WHEFAGL; ABALEE(GPU); F47HH

0 3%

UL AF K L Bt % T AR R TR A R LB 4 A B 22
T 5K H P B4 32 AT R AR AS DR 398 T) B R B
B RG0S, B ) RE R & 48 1E m il
BT ARA B E 24 sh R R & B as 116
T Bk . T3 T TR TR AN Sh A R AR A L
ZR G0 L5 T 25407 L DR L 1 08 of A 2 T RS R Y R
Peah i B2 L IE B W 7E B BE VR L H R G 4 AT LT
g4 & mAR A Oz m E AL S A
B R BT A O TR T AR RO T ) P I A Bl R
o R ABE % 52 2 1 1 5 T 0 T 9 1 2 2 Ao A e () R
{18 S A T o A 28 L AR G Y H R R S O AR B AR
e L IR

SR =R T T NI @ S o N D ]
AN B 2 . — 2l A BB 0 G SR FH A AR
FRTRT L RO BB SR B s O R IR A T i A A
B2 (T <R = SISV 7 I O |
(FPGAO [JEIE b B g8 (GPUD ™ 4 4T B %R
REITRACE, HFREGEESENIT R 2 AL
TSI T4 R, Bl A A BRIk 1% el E T B A B A
T A AR e IR AT R R
A il R F R BT A LSRR [ B ) B, M L
T FPGA,GPU WyIT 5 o0 3 £ 5 | 0 1 58 5 0

WA B 29, 2017-08-21; 4= B 4. 2017-10-28,

Em B #. 2018-01-09,
RARAFELFARB(GI577127); B R & W &8 3
FACA LB M SLHEAHBRRESHEALRARL,

NI LIS 5 N [ I T R e M
B AN GPU BB R AT LR F C/C+ +
SR AR R L e O S i R R, T AR
K GPU MPERERS B T R & . R T4 Bt
AT B e el AR R A s T
SR AT L HE BB BB R B g cPUtY
A, Gt — i B A A (CUDA) M ) Tt 4 50
T GPU 7E—f i FiH s s 0 . GPU #4359 5F
AT VT30 U5 Y A SR R SRR T S I B R SR Ty
]z —ote

1 140, GPU JR AT ik i 4Rk ) iz
I FALFE A AR Y R
BARPE T EZMI A SCERCL5 AR i i B A
i E M B 55 St T —F CPU 5 GPU R &
A5 B 5 3% R GPU SRR 5 5 i 5 o7 L 0] g 42
BT EACRE, SCER16 J7E SCRRL15 10y Ak -, 42
T T GPU (4 ki B IR A7 05 B O ik i 2> T
CPU 5 GPU Z |8 0y 848 15 . 3 — 25 ik 7 05 5
PR . SCHRL 17 1P — o v 5000 77 o5 Bl S5 45 4 4 15
SR i B HL R B B R B T GPU &b B 5 57 4% =X
PEATIFAT AR B,

R A B R MRCR ST 7 1w, 2 U
ARG EEDY BELE RS 2R
EEOL LR TR TR E R T
i N ()1 BT i Rl SO e o [ IR 2 E 1
B RS 5 15 i AR T AR R T P B A T
XoF sl 43 R R M () AL R AT RS B AL B, B
KU A BB S FE B R ok . Iz AT L&

http://www.aeps-info.com 113



2018, 42(6)

Ji& t— RPN A 8 BB B — A A Fa0E 148 8O

D535 B A E A BRI ) kA L R
TV K R i I ] R Ik e L B
AR BB AT BE . A, AR SCHR MY T — I [ 4
BB MR B S0 5 GPU IR, B
J6 BT T AR RO B2 I R R SRS W AT 5
M5 GPU 0147 4b BRAH 25 &, I 50 X KL
WL B BEAT T o A B e 0 5 MATLAB J
ATE S Y 98 B 4y HR AT AR )P FIAE MATLAB/
SimPowerSystems(SPS) | 35 2 (19 4 [5] 5. 41 gt 47 Xt
F o 100 B AR SO ik Y TE A PR A AR

1 BHEFATENRERITE

1.1 ETEEEHEFHHERS LK

AR I R G, BEE R Go B R A T AR 1
s B 2 A R 0 22 i 1] RO R 1 B B L R G A A
FEH BT A WIPE S L Bl G ST B R
BRI Tt , T 22 im0 2% 51 A0 kO T e 4 s O
FASR . Horp, SCRR[27-28 48 Y T 2 T 15 B0
) H G AT BT VR O U T R4 I BB RS BE N
TR . %07 Tt — A A A 3 H g R S AR AL
PERFAE A BB R 43 5 vk o R R AR S
SR T FR G I X GRS RS T Y R e 1 A5 O
FLE AR AT DR TR 0 20 K A7 58 [ B 3 3 %
RGN B A5 AR AT RE 0 oK i ol e TR Bk
(BR300 A BT 158 22 () A, (B vk L
A AR R BCERE S Ak R R L HGE TR
RO R 37 55 R RRASE vy 4 A Ze vk 0] i, H B A R4 19
BEPERE O BT 5 1S B B AR

AF T EMTP K87 88 ik F R R T
RS J3 B A R b B &R G5 1 D R R aT DL
K (D FrR B AR Mo Ty R A .

xX(O=F,x@)=Ax()+g,x(@))
x(ty))=x,

Kfx HRGEAPIREE G x, AR WWIE ;56
e A AR Ty B2 v i e M3 0, HE 3 SO IR
SaEZEMHEEEG R S TER PN EEF
g o) RIS B E R AL P4

G HERA 2 25 e 1 T A B 4R RO s
Iz B M1 £ n Rl (2) TR 19 Volterra F43 J5

R

x (1) =e""x, —I—J/ e g (c,x(c))der (D)

TR A 1 B T e S AR TT
BRI IR ITRE. TR T x ()
B oA o e B R T B R B 0 B A Rk 4y

114

ey

%
&

- HHEEFE -

gz x (o) MBI, JF b, SCRk[23 iR T
F8 5 Runge-Kutta % , 78 U6 ¥ 2 R 46 80— M 2
SRR Y, TEARIE T AR ENRE T . T
8 Euler ML, HoJ R ¢ sRECK B 50 J7 72
A0 R A S B 8 A T = i R R T TR EROR .
FEREFEEL Euler 22080 B 09 36 MR 1158 00 = B 47
PE W CRE AR GPU IR AR il . R, AR SOf &
JUTH )% O BB O GPU IR AT A s, L Y
BB 7 ¥k A8 GPU 47 5K W& 7 1l B A
I
1.2 $8# Euler 7%

T80 Euler A X AE W B BIRG (2,5 2,00 TN, XF
2 (2) H Rt ] A AL B AE L AE B 4> g (oax (o)) AL
OB A g (1, 0x,) . I8 @ TEHREL @, (1A) T
ABGAR, Hd x, ERY BRI x (¢, B9 5L
WAL, #8%L Euler A AXNTF .

X, =c"x, +h,0 (h,A)g(t,,x,) (3)

Kfh, =t —¢, WEERTELEK,

0 N @ EREUNEE — R B, & LT

. g

1
— h(1-0)A ~
0. (hA) Joe Gopr ¥ k=1
o 5 pR B 3 4 5 R NS (5) T
Z‘PLJF](Z):(P;((Z)i(Pp(O) (5)

Hr, 4 @, (z)=e , MG LUH AW T
B

X, 1=x,th,e (h,A)(Ax,+g(,,x,)) (6)

T8 Euler 02 8 2005 ¥, $1A IF B X b6 0B %
—FERY A FaE MLl A AL BRI R e Ah L i
75 R B 3T AL SR fige 56 1 45 850 ok B0 B4y T 7R
Ry, FM TG AE LMy &
K™=, ATUFES LR 6) P KRS m R
Fevk Jmikiz B, LR AR M A, 206 AT
P MLLF 4 A5,

D dx<Ax, b H b H ) & e ik

2)dx<dx+g (¢, .x,) R[] & B H 5 n) ik
B,
3)dx=<—he (hA) dx kT8 % 5 [ ) 1 e 5
D x, o <x, Tdx RmEME GBI —REH
RS,

L) X FAE R ] IR IE LA 0 Xn BYAR
W5 n 4k ) fE AH 3R, — YR 3fe 3k N 32 iz R ) ) o —
A BAAT R R) ) S AT ARk A B TR B AR E O O (n?)
FEVHA R R b A — AT 5 )R] B AN
M), LR o A — A7 H 9 45 AN o0 5 1 T 3 A T
AR AT R s Sy T, AT AR S A B IR AT R X
T 1 o (] A9 in 92 5 He 45 00 R R AH I AR L m ST L 4



A BRI IFATEE 1) 58 RO 07 ik 0 ROR A
FREEAR I HA AR 0 R8s 747 B2 T LK K A 1)
RO A TAE 55 AT By T 58 20 F) R OR R RE b 3 4%
[ A3, 3% 07 5 GPU JFA7 3 50 % AR 25
A TR B M & ¥ GPU (& RS RE L 3 T
R AU L 8 2507 LR i S TR B AT AR R B .
AP I B =R W NS TR S T2 N eI
HAREAE CPU b A7 330 LA 23 33 ik 6] L 76 4%
R BRI TR

2 EHRHFEH GPU HI1TREE

R4 GPU (% 25 K T/ R B, H 058 A 4b B
AT HF A A U o 118 BB AN A O L R I AT BE R R 4 ol
6 AT PR B ) R N — e AR R AT LB
FIWT 55 A 55 00 TF 53 2008 ) AH X A AR, BT T
KO MR EIEIFAT R H P M e A R i
5, he ChA) g B % 56 15 , F¢ 5l iE & 7€ GPU L 523
JATA L, T GPU 5 CPU 2 [a] () 54 15 i
FLIHAFE A A I [] , PR ok F B A D L R A 1T
Hait A GPU hog ., BARMBERREN T,

R L ARSI HELR T W RE 05 B ) &
G0 4 ST F RGBT Al AR

HUR 2. IR A G R L AR, 2 ) AE B ML S
Bt N A7 25 8] 5 76 1 4 i 43 B 8 A7 25 1] L F A7 B0

AR 3 BT R

AR A R B N ML A a2 5 4 g

A5 A GPU HIRA7 B YA/ ¢ W 208 55
A S x LS E 45 R HE GPU 171
25|,

6 5E A g (L, BT T, DL i i dx
g Z[E A HINz &,

AR T VORI % R B ) A R VE he (RA)dx

RS AT RN x +Hdx B8 NTERT
— I ZIR SR X,

AR AT EMZ t =1+ At

AU 10 F B (7 1B ] 2 A 2 Gk 2k B 2L 4
B 0R 13, W2 F —24,

IR 11 AT R GRS H W, S A R s T
KA R A

IR 12,5 R GRS KA wOAS I BB ST &R
GiAly EBORL L AR 3, N iR R TR 5,

HIR 135 B &%

BT 45 T A SCHR HY A T [ 38 BB A O iR I
HEE A B GPU FRATH LT R R . fEix Bk
o, 2 C6) TR ] o b R i % 1o B AT

B LS5 T 1] BB 7 R B LT S 05 L GPU JRAT A B

AR EE . B R A o 4 A il
GPU LS8 it 5, 34 45 R IR A 7 GPU W f7 il =5
B, B 1 EN RS, L8R 5 B 8 IR
Mt IS EW TR 4 AL BN, T
His it 46 B A 38 AT LA 46 % 547 (CSR) 4% 2 A
it b3, DLk — 2P 4R A ROR . X HAb 3R P
TR AW RGeS R R R L h T
B85 R 52 7% () ER AT 8RN 8 48 R WL 7 GPU B
TR RCR AR, PR X 6 3 4375 72 CPU 44T, IF
N4 TEBT e ) R B AL B & L 3BT GPU Y IF
Fihb 2,
iR

v
TERAS I HHESE T
SR G EARAL

!
RGWRAE, t=ty, x=x,
FEGPUMI ﬁﬁa&ﬁ?ﬁ

BB T R
[’
4%§Y%Em£mfﬁ“ﬂﬁﬁ1§%ﬁﬂiﬁﬁfﬁ

12
dx<Ax,

dx—detg(ty, x,)

dx%hqol(hA)dx TR R
! (i FBO

Xn+1 4*xn"'dx
1

v
SR BN 2l =+ At N
N RERLFE |Y
—  GuliithE IR,
AR A 2

RAFISL LA
Y}

45

B1 HEESRSATENBEEES
AE GPU HITHE EIRE
Fig.1 Flow chart of GPU based parallel algorithm
oriented to exponential integration method for
electromagnetic transient simulation
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Fig.2 Structure of the modified wind farm test system
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GPU Based Parallel Algorithm Oriented to Exponential Integration Method for

Electromagnetic Transient Simulation

ZHAO Jinli', LIU Juntao', LI Peng', FU Xiaopeng', WANG Chengshan', SONG Yi*
(1. Key Laboratory of the Ministry of Education on Smart Power Grids (Tianjin University), Tianjin 300072, China;
2. State Grid Economic and Technological Research Institute Co. Ltd., Beijing 102209, China)

Abstract: In order to realize fast electromagnetic transient simulation for the electric power system with large-scale renewable
energy integration, this paper proposes a graphics processing unit (GPU) based parallel algorithm oriented to the exponential
integration method for electromagnetic transient simulation. Firstly, the high degree of data parallelism in the solving process
of matrix exponential integration algorithm is analyzed. Then, this feature is combined with GPU computing resources. Large-
scale matrix operations required by the exponential integration method are processed by GPU while the complex parts such as
system status calculation and update remain in CPU. The simulation speed is effectively improved through these measures.
Finally, the parallel algorithm is tested in the wind farm with 17 and 100 wind turbines, respectively. The correctness and
efficiency of the proposed parallel algorithm are verified. It also shows that the acceleration of the algorithm will be more
obvious for large-scale systems.
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