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Real-time simulation testing system of differential protection device based on Hypersim
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Abstract: To solve the problem that it is difficult to conduct systymatic grade test of protection device in the power system, a
close-loop testing platform based on Hypersim real-time simulation system is established. A simulation system for shipboard power
system of ring architecture is set up in Hypersim, which outputs the simulative current to the differential protection device and inputs
the control signals from the protection device to Hypersim real time simulation system to conduct a close-loop testing

environment. The test on typical short-circuit fault in ring net is carried out. The differential protection devices act correctly and the

real-time testing system can be applied to other complex power systems.
This work is supported by National Natural Science Foundation of China (No. 50977090).
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Fig.2 Ring structure of ship power system
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Fig.3 Structure of experimental system

EdgeMC

DelOnOE NotKR
—»u 1 y P—>

P I

4 [ESRFRE
Fig.4 Signal holding circuit



77 W, 5%

T Hypersim [ 22580 47 S 0 LB 5T

-125-

4 SKIEERKSR

H T B AUE 22 B R 2 B AR I HL M R R AR
B, SRR AR FHLH 00 B e AT T S
WEST, 56 I TR) ¥ B AE 0.205 s, HARSZIG AT o

(1) B8k 13 KA MRS Fl. 8388 A
0209 s I K H I KENMEFS Ftoi9P, FEHEIF K
QFM13 1 BrE9 7F 0.222 s NI JEE 73 W7 HL it o

(2) PEHEE 13 RAPIAHRLEE F2. 2283 B AT
0213 s MR IFRINERF S Foi9P, 54K
QFM13 £ BrE9 7 0.223 s e 40 i e o

(3) EEHERAMR =AM F3. s B RE K
HIFRIMERE S, BEHTTC QFMI3 Hil BrE9 Ak,

(4) RAEHLHE O =R F4. 233 E T
0.210 s W& I RBIMESS 5 Ftoi9P, K HLALH I
K QFA1 7E 0.224 s FHIE 73 7 LI o

(5) KM OPMHERE F5. X33 E A
0.212 s B R H I RBIESE % Ftoi9P, K HMLH T
% QFAL #£ 0.223 s I 145 43 W v VA

(6) KRHEMNLH DOANB =M F6. Z5hE
WA RBIFIMERE S, KHBEHLHE DI QFAL A
E.

WEHEER 13 A =M F1 B e 5 o,
ZERP BB R A 4 ms )5 RIS e
KHEAERES, BT QFMI3 Fl BrE9 7E4: 245
SR IFEENE, T Hypersim o 7 5¢ 0 FEATRSIARY,
ANAE LRI FE, A2 FLRE 22 A RE L IE )
Wrr L, DRI = AH R O 2 il A FR i o S i A W

g Froi9P i [HYPI]

z |

-4
0.18 0.185 0.19 0.195 02 0205 021 0215 022 0225 023
s

(a) ZBN AT 5

a-BrE9_STATEa[HYPI] b-BrE9_STATEB[HYP1] c-BrE9_STATEC[HYPI]

1

0 I3

-1
0.18 0.185 0.19 0.195 0.2 0205 021 0.215 022 0225 023
t/s

(b) FFKBrEQIR A

Logic

a-BrE9_Ia[HYPI] b-BE9_I[HYP1] c-BrE9_Ic[HYPI]

ab<l \\

c

w

IBrE9/Ax10E4
)

0.18 0.185 0.19 0.195 0.2 0.205 0.21 0.215 0.22 0225 023
t/s
(c) FFEBrE9 HLL

a-QFMI3_STATEa[HYPI] b-QFMI3_STATEb[HYPI] c-QFMI3_STATEC[HYPI]

2
1

a c b
0

-1
0.18 0.185 0.19 0.195 0.2 0.205 021 0.215 022 0225 0.22

Ligic

s
(d) JFXQFM13IRZ

s a-QFMI3_Ta[HYP1] b-QFMI3_Ib[HYPI] c-QFMI3_Ic[HYPI]

<

g c

=

@0 g /
E b~

= 0.18 0.185 0.19 0.195 02 0205 021 0215 022 0225 0.23
/s

(e) FFXRQFM 13/

5 a-Sum8R_y[HYPI] c-Sum9E y[HYPI] b-SumLA_y[HYPI]

a

0 / ~

ISum/Ax 10E5

018 0.185 019 0.195 02 0.2/05 021 0215 022 0225 0.2:
) A—_Z‘;J LR
[El 5 Ptk = HHEMEREIR
Fig.5 Waveforms of 3-phase short-circuit fault in jumper line
ML D PARRLEE FS u e aniE 6 fis,

FERNRAP R BRI A 7 ms S5 R H R
K MEE(E S, KAALH F TR QFAL KT LAY
Tl W e

g ~FroioP i[HYPY)
4.
0-
-8
0.18 0.185 0.19 0.195 02 0.5(3)5 021 0215 022 0225 023
(a) ZREERE S

b-DGI_Ib[HYPI] ¢-DGI_Ic[HYP1] - DGl _la[HYP1]

2
o1
= 0 a ///x/(\
<o j\zs/ .
gfz c\/
83

0.18 0.185 0.19 0.195 02 0205 021 0215 022 0225 023

t/s
(b) DG i
a-QFAl_SATATE{HYPI] b-QFAI_SATATEb[HYPI] c-QFAI_SATATEC[HYPI]

2
1
b a\ c
0
-1
0.18 0.185 0.19 0.195 0.2 0205 021 0215 022 0225 023

173
(c) TFRQFALIRZ
a-QAFAI-la[HYPI] b-QAFAI-Ib[HYPI] c-QAFAI-Ic[HYPI]

1c

Log

w 02

g o < 2

%02 O\

L 04 b

<06

9*048 c
-1

0.18 0.185 0.19 0.195 0.2 0.2/05 0.21 0.215 0.22 0225 0.23
is

(d) FF % QFATHIE



- 126 - ®h 4RGPS EH
e Control, 2009, 37(9): 57-59, 64.
=0 = i . ‘ N . . N N
=02 /T [5] WARUR, Skt 4. T ZARBORIOECT RS
<-04 ¥ / Lo 2 ) -
E06 Y / W ELR L] D RGP SR, 2009, 37(19):
208 é\,// 73-76.

0.18 0.185 0.19 0.195 0.2 0205 021 0215 022 0.225 0.23 YANG Xing-xing, ZHANG Pei-chao, et al. A real-time

tS 9 bl .
(e) =AMLt digital protection simulation system based on

6 % FLH O FAE R R IR 2
Fig.6 Waveforms of phase to phase short-circuit fault at the
generator terminal

5 i

I ORA DRI N R AR R R S CRL A AR TR
FLER D, ZEB)) ORG24 L e S0 et b Ay W) ) g o )
Az, JF R ITORBEIIE s a2 sh Ry X I8
RIS, R R R EARENE, RER S
PR . Il L Hypersim S 77 BL 2R Go ke 2 1) 14]

SR RIS TR, RO TR, Foihli
I 2K
S22

(1] MisE%, [5, ZE. IR FREG I HBIARLE
IR[T]). HMIHIA, 2006, 30(13): 38-43.

LIU Yong-jun, MIN Yong, LIANG Xu. Overview on
power system digital hybrid simulation[J]. Power System
Technology, 2006, 30(13): 38-43.

(2] Mk, Bt %5, LT HypersimSER i L RS 4
5&%%%ﬁu.%ﬁ§%%&§,m%,%@;
117-121.

YANG Jia, YANG Hong-tao, et al .

switchover device test based on hypersim real-time

Automatic

simulation system[J]. Electric Power Automation
Equipment, 2008, 28(4): 117-121.

(3] HB=ir, doMg, &, JETROVLECT07 HASE PR
ARG IIHEAR, 2004(6): 21-24
ZHENG San-li, HUANG Mei, et al. Real-time closed
loop testing system based on PC digital simulation[J].
North China Electric Power, 2004(6): 21-24.

(4] KA, At B, BB E ol iR &R
Gy M 5 S B [0] ) RGOk S 4L, 2009,
37(9): 57-59, 64.

ZHU Ge-lan, LI Hai-feng, WANG Gang. Analysis and
real-time simulation of current blocking fast busbar

protection system[J]. Power System Protection and

multi-thread technology[J]. Power System Protection and
Control, 2009, 37(19): 73-76.

(6] MR, BKd, 5. ST E LRI —
HYPERSIM[J]. HJ] %% B3, 2003, 27(19): 79-82.
ZHOU Bao-rong, FANG Da-zhong, et al. The fully
digital real-time simulator—HYPERSIM[J]. Automation
of Electric Power Systems, 2003, 27(19): 79-82.

(7] kB, FE#X, 5. HypersimfE& 4T S i &

GUsEi i B N I, THEEHLTE, 2005, 22(12):
14-16, 37.
ZHANG Chao, ZHUANG Jing-wu, et al. Application of
hypersim to real-time simulation of dense nodes Absolute
power system[J]. Computer Simulation, 2005, 22(12):
14-16, 37.

(8] FEMR. Zsh {4 A S5 E hahE iR 5 lsh &
BEERZNII]. 4kHAS, 2000, 28(9):23-24, 42.
ZHUANG Wei-min. Analysis of the relationship between
operation current and restraint coefficient for ratio
restraint setting of differential relay[J]. Relay, 2000,
28(9):23-24, 42.

(9] #utiE, b—JL, . T Hypersimf748 Bk H 31k

RN B L[], W BEb e, 2007,
27(11): 79-82.
YANG Hong-tao, BU Yi-fan, et al. Hypersim-based
closed-loop test environment for substation automation
system[J]. Electric Power Automation Equipment, 2007,
27(11):79-82.

Wis HEA: 2010-02-05;
EE BN

% 8 (1984-), F, MR L, AT EHE A
Sk B &Y, B-mail: fangming77190@163.com

A FE (1967-), F, #¥%, LA F)F, £ E2HTH
RERNES XB N EZS Y Sk

rbEE (1975-), F, 8134, 2R FT@MARN A
SRY 5 R AEBAT.

&E HEA: 2010-07-16



