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Research and development of cascading failure simulating software containing many
relaying protections and automatic safety devices
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Abstract: A cascading failure parallel simulating software which can simulate working of many relay protections and automatic
safety devices in power system is implemented based on MPI and user-defined modelling technique. First, by designing user-defined
modeling approach using object-oriented method, modeling of many relay protections and automatic safety devices is completed.
Then using parallel computing techniques of splitting power grid and grouping models, the large-scale power grid network is
partitioned into several subnets assigned to these processes named subnet-process; and the grouped models for relay protections and
automatic safety devices are assigned to these process named external process by group. The data after splitting grid and grouping
models are submitted to the parallel cluster and the parallel simulating for cascading failure is starting. Because the subnet-process
and external process are executed in parallel by different CPUs, simulating efficiency can be improved, and cascading failure
simulating can be completed within an acceptable time of users.
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Fig. 1 Flow chart of cascading failure parallel simulating
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Fig. 3 Object-oriented relay protection and safety automatic
device modeling

3 HITIAEA®E

ARSI AT O B 55 53 W I AT 7 VA
DAIEAT I, LACEAT 2 IR Ol . 4 M IF
AT ORI £ RS, BAEHEM A REIA T
P KB TR, MR SO dl
FEAT TR P de e R P F e O, i A
R DT U H o OB N 5 1
I, 8 RE A Bh e e I AMZERERE £ 57
3.1 $MIFTAHE""

HL ) RGEN LB 250 B 288 7 A2 IR KA v 1A
gl Jg K IR R ek R AL SR A 1n) i <

Ax=>b

Horp: A MR, BV, x NRRRI
REE R E, IHEEEIENE; b b AR A b
(K= R < A ERE AP L ARl AT R R (2
fift 1) B A E AR AP AR

AR — BT 50 W AT 1 07 1 i R



IRIHE, 5

KRR RN 2 F R A BRI AT 07 JLARA T K - 135 -

RS sfe s i e 1k 7 R . %7 A s PR
R A B 300 B AE T 5 L R I e 2 4 i A A
R, LR A e Ll S e S 5 R AR Y
WG AR, SKREUL T HERfE . AR5k %
T Tt A IS R, TSI 7 M AT
KA. RTTIERRE IR FE IR AT R I R R e A
P, WO IHATIIT R TAER, $emibnr s,
3.2 BEFEFZE

SR AR 2 [ 2 A5 v R A ) 2R S AT A
e 7 SO AR 1 G KO KR ).
T-WL 5], B RO A2 5 2 E R 25 B 4
A T 43 0 P 2 I O Ie TR 2% 7 I o, T AR IR T AL
RS XS T T P A, DL RS 7y Pt ik 22 B 1Y)
TR, nfRLRE 2 A A, Wik M IAT A
ST Z I O, 78 2N AMEIE R R I T 0T 3T,
SEIL A A AT

S IEAT VS B ATV B R R AT da A v 5
ATy, AT A e SRR s
PRAHE I, JCBEAE T a2 RN A T BEAE 11 -5
J¥, ASCKH T SCER[12] 5
3.3 HMIFITISEHITIED

ASCEBIEE AT RS, 2 PIHAT A
HH P BERE 51 57, T 4L AT V5 32 R A R
57T EATZ R RREZX 2R R, WL,
— TR BE S A MRS, —MME
R ATRE S 2 TR S . K4 /#A8 T TM
RRFNAMEIRFR Z MIHAT i I LR R, B Ao
AT IR RE, AR S R
K 4 oo ARETER ST, EARE B KN
W25 T FEA S Ty RE AT AR, WGk
0. ZeMUAE 1 2] 9 AN N MR VRS
T2, HE 10 2 12 ZAMEHFETH I FE . 24 k=0 I,
T BARAF b0 R AR A R B R, e
1 FHE 11 fios e HE 2 Fh 7 I gEFEAR S FL M T
PRGN B RN FE I N AR A, J R n I
R RS RO ME SRR N AR R AL, |
MPLl A5 $2 UL B AR . SRR R 4
NG, KM 3.2 WH P A XSS S
. HULFEIN, HE 3 v DOIF TR T 7 R B
Uy, SR T FEdLA i e N L. AE 4 il
MPI # 0 MWAMZEFE I A MEB i e i, IR
1E W28 7 FE LA B TR N HL AL . AE S SRAR I 4% 7 FE
Mo HE 7 HHATIEARKSIER A, Wlfliesh, MghoR
ALKIPF, BT —RER, FRHE 2.

TR f ) =

»

k=0

® ARAF It 25 v A

IR e

HRIEAMN

A ht

FRCEIE R St IUNS
® I RL SN BRI

ZE5y TR 5T
PRAERIN AR S
Pt @
At

| R3NP A A B
SV S

Ok
JE AR 22 /N T
R T

fi?

E 4 FRBHERMIMNEHEFITHERE
Fig. 4 Parallel simulating method between subnet process and
extern process

Bl 4, HE 2 FUHE 10, LUKHE 12 FIHE 4 &7
4 R RN A e R ) MPT A 2 1 3843, e A1 —
MEZHIRR NPT, ASHEN BTG
BB, AR AMEBY R RO S A A O
TR EOL, X MPT I8 {5 8 10584 1T 4
Br, B e BRI Sk . Bgckit, T
PORERRM, 42BN R, 20 70l T i A\ 1)
TR AR RS B, I AR N 1)
AAHZAT s MAESMEIEREN, W42 R AMEARRY )
FERe,  [RIRE 2 S0 e N B e A B A e R
RER. ARRES RN, JHEBIXMAZA7HL
AL B SR . KRR B SR BL, AT RUR
i B B A28 5 I PR R, KK P P P A
L&

4 HEEH

AR R HL I 2013 R4 28k T7 k4, 3
WEAR SO E R AR SR . THRENLIIAE N
Intel 5 5HALFEES X5650, T4 2.67GHz 3L 1 &, K
1716 G, 2247 12 M, [AII3C8F 16 MEFEIFAT R
FEL DR R P e SORR AR (R 4R AR 2 1 28 ) B
MU 1 R 2 Fios.

4.1 EDMERESENR

DAV R L P 10 e DX A 451 33 A0 e o ) B2 R%

B 5 M R m B E S . WE



- 136 - & 0% EP DA

32477 X2 HE N R B X 500 KV OHL 454 )2
T B AR - 11 500 KV X ] 2 B vE T XA,
HA R T RS (5535 220 KV HL s S5 4% 22 10 18
THABRE 2 )19 AR YR A B =Rl 5
b e S DU S e e Wl Y 1 W R £ 2N )
e AE, R IMEFERAR) e 135 MW
BUAL, b A7 a7 2 B 570 e A AR IR A
=1 BRI A

Table 1 Testing scale of power system

VHAERRL ACHICEE ELAZ BNl B TR AR

17919 25880 13 1552 3772 13576 428

T AR RS SRR, R AR AN .

%2 RAPAEXRENAHIHE

Table 2 Testing scale of user-defined models

MG ARG dbiifjyr =A%k EAUH

2% ) A N e
! AR BRE BER WM DREKEN

T FE LM 500 KV
261 648 1173 45 138716

J% R 220 kv

ARk

B ANk

\\ BiEhiIL
/ ALK \

)12

5 BNt Xe W 5iEEMELREE
Fig. 5 Connection diagram of Zhoukou grid and

Henan main grid

S IV 4k B AR A R 2 B3RS T 1 e OB =
BB E 9 MR HLEE Y, Hor 500 kV b 14,220 kV
vl 8 AN, WL 18 45 H T XA AR 3 SERR )
Sk R ORI R 2 R A, AR R BV AR A
WBH-801 45 [T #$ {54, WXH-803 fI WXH-802 £k
PR S, EHFEE PSL-602G f1 PSL-603G £
PRARYEE, [ H G RCS-931AM, RCS-925A,
RCS-931B £k iRy 1255 Fl RCS-990A Fafsdts,
PR DU 5 28 T ) WGQ-871 2& PR A4 ok

ST HBIX RCS-990A Fa¥E R %iH 500 kV J& 1
AR 220 kV AR YERHAR L AKFEAR 4 AN Sk ko
o, FOASHRREE R, AR, HERHAR Ay fads
T, IKIERRITY)FATHAT S . Fa IS R )

Retn R MR 500 kV ABFEIMZ s TIRES, Hl
JINC AR RAEHHB N e it Thas Bl AR ik
IERHEZE | v rium DhZR. Y RG AW H 500 kV
AR JE ek ) R 2 4% S it D 2 AREORT (1) 4 6 {1
AN ARTRT IR e i) W, 25 TR 21 AR )1
e ARUEZE. BEMEL P T — A R A BN, A
HEN R, ST G 5 R ) AT
uhi OINE. HERH 7K28) R Jiv) fif 4 o

AR G A5 F T A A P s R R A 500 KV
AR JE T 2 1 v —AH R b, 51 R gk i fRy 3 B B))
Y, VIBRHSEL AR 11 28 7EdMss i ~, &
B A AEAR )1 2y A 2 AR A A 2 A WL D00 2] 1)
iEgE R (U, BEAERD WK 6 Fix.

HHE 6 g T LUE H, 24 500 kV AEJE 11 £&
IRl s b TR 00 5 JB 500 KV R R IH TR R &
=N 220 kV Wi, LA AREZR . AR 2k i 2k
PR, B MR e B e, Aadm 2R B, 7.28
s SR U INEAR J5, 86120 by,
10.71 s 55 5P dar (HERIAR) J5, ABMES L 2R
Bro WGBTS TLLE H, J8 H X 4k ORFN 2%
A3 EANE S LGOS, B T IEB ) B
WA ERPE.
4.2 EHMEHEMERMR

KA 4.1 PTIRREAR], B R T AR
PERIZCR, IR LR 1 N6 2, (5 ELAFIA] 20 s,
SR AR MR F R AT Ay W S FRA TR R T LR,
HHMEZ UD AT T i gkl or 4 8 A1 M, i
R RIS A G TE . BRI, TR 5 2 H N
R 2 2 e Ha XA 1 218 Mk Y
7 ABEE, P PR M2 FI 3L 87 MBI N
HHORETAE TR, Fgikl sk 3 4, mA
3ANAMEERERE T . DT AR XS LA Rk 3 s

= 3 ERHMEREYENRER
Table 3 Results for simulating efficiency testing
W RN R

E e i G s I ke

ity ! 0 0 287 1.00
A4ME UD

JHT 3 1.39 161 1.78

MNF 3 ISR ATLLEH, B A e B E
NANEERERE R B, JFE Rk MPI 42 1 5145 5 R
L, A5 AR RCR A AR, R 1.39
s, EUTERNIAK 0.8%. HAEERGIY, KA
WY HAT VIR L AN Ry, XA T H e OB
R B R H ), DRI B s sz I
B30T e FL DX BT LE T P U SR BT R A



KRR RN 2 F R A BRI AT 07 JLARA T K

- 137 -

10 T T T T T T T T T
: : ] ] — P
L. RSO U —- k30
8 5 5 : : = HiEV

L4

FrZ/pa.

t/s

10 T T T T T T T T T
: — 1P
: —- Ko
8 R =Ky
8 WL
6_v vvvvv
:‘ H
£ :
% :
% [N S N S N T B
0o 2 4 6 8 10 12 14 16 18 20
tls
(b) AL
5.0 T T T T
4.5F OO S
40t :: g H | — AP
i : : : : - ko
3.5¢ . Pebeden | gy
3.0f oo AP S — ; ; i ...
5 ; Tttt : : :
£
N
g

(c) fi 2
JEL T 2242 [ BB D) B i DL

045 :

T=—LC——I——d——=F——]

(13¢:11)| Seac6seRooasa0 ErosaaERaRE0EREAREAGsEE BasE R EaEaRAANAEAAIEaaaEa
o | — e g
0.35¢ o = - A
35Ul

0.30F

Z/p.u.
=)
[
wn

S 020F -

o

¥

015_

|
|
I
8 : o
0.10}+ . [ : Gi0000008
H H I
!
|
|

(I B A
0

(d) bt

E 6 B OtXESBETESER

Fig. 6 Cascading failure simulating results for Zhoukou
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