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Research on analytical simulation of substation primary system

LIU Dong, ZHANG Bing-da
(Key Laboratory of Power System Simulation and Control (Tianjin University), Ministry of Education, Tianjin 300072, China)

Abstract: A new simulation of substation primary system, based on the analytical simulation and the analytical signal converter
(ASC), is proposed for the simulative substation composed of real secondary devices. The primary system of substation is simplified
to third-order system and sinusoidal-exponential analytical expressions are employed to describe electrical variables. EP3C25
(Altera’s FPGA chip) and AD5348 (TI’s D/A converter) are used in the design of ASC. Direct digital frequency synthesis and
precisely control of state-transition command signal enable the outputs of ASC correspond with theoretical calculation. Prototype
tests show that ASC operates stably and secondary system devices run correctly, which can meet the requirements for substation
simulation and training system.

Key words: simulative substation; real secondary devices; analytical signal converter; FPGA; direct digital frequency synthesis

RS TM743 SCERFRIRES: A LY
0 3§

SRR I R GE R SRR, B
b, FFRE GBI AT e B
SR A B AR R, SRS TR R G
RIS 5 AT AR e . 2R R AE BEa FE A AR Lk
—IRARG . HAE, BRI E SR,
FUE R ORAF R . H AT RTDS 45 457 S
D7 B AT LASEBUG AR F sl — R G5 s VSR AR S
B, A 5

AR AR L — IR R G T L, AR SR
TR I T AR s AR A S U AR 38
B R RGE SO — A= R4S, ISR
O RE AFE LA <, i AR as
R A M 38 A A B PR AU 5 o IR B
RO EHR G BATRRER, TG FARA ST Y

1674-3415(2010)22-0146-05

AT ILAZ L
1 THRIE—XRGFETRIENEE
AR — R GE A i RV R AR IR A L
FEIESLE, AR AR L .
() =y'O+y"@) (1
Horbe y'(o) sl o i, SRR AR E
W&y A B, HRESBRREL R
VHERTHE . X TR A L, RS
AR I RS A RGBT e SR %
'ﬁ_" )[”Jﬁ:
V()= Ae " +de 4 de
¥ RE B RO LR BRI 4 0F, WA

t t

V') = Ae " sin(@yt +@,)+ Aye (3)
AL, AR HLh— IR R G % U ] S — R

S~
[

(2)



AR, AE

HET RN AL Rt — IR e EE 5T - 147 -

yn=Y. A,.eﬁ sin(@,t + ;) 4)

I A o . o BEHEE KR
Yot AR o — R . 3t
(4) FR 0 YR RSN, M E AR RO AR
Bideikat.

2 (AR B IR ERESR

1 B AR sk, PC HLSE IR R
Gt AT N0 B, T8 UART JE 50T 8 %
O IR AR s AT Ji o e U AT 304 AR
AN PIRAMT 5 s BT 5 2 D) RO 5 k45 B
P IR B o [N, PC ALK B FLSE IR I
EHUE S, SRS — IR RSN T ) K

AT Altera A @ Y EP3C25 FPGA i) Flk
PHASCE N 7 () AD5348 D/A B4 iths Fr #5 A e i
FROIO1 N T Lok, T AR P b A b
M B B A D/A B gl B, 3B AS 45
B STEAMCR A PC HLIWRNTRIE XS4, IFAE
T YRGS T Rk sUBC P RRE . i bTRik =X
BFARECR F AT A AR, 20 Tl AR R
IEFZ AR B PR BOE AR I B 5, it
e LB RN DNk L B T 1 5 A T R0 50— B T
o D/A B BLOE K gk 2 D/A #eits i B
ey BAR R 0~5 VBT Rk, b
TS — R IR & (5 5 A A s

> mfnpen | PRI
PC - e
Ty -
i A i} D/AR:H:

B (FET BRI ERE

Fig.1 Structure of the simulative substation
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Fig.2 Logical circuit of sine function
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Fig.3 Logical circuit of exponential decrease function



- 148 - & )& AR B

TEE 3, Bk —ANIET 4R, W Bones (F
W =16) HHEF Y WT IR BN, C4IE
B R ME B e, LR Es oy 1, H R
P i T P AT —IR BRI . sk, BTk
Pedn 2 TEH, FEIRZS A I fe A 5 ok 22 3 4% 1)
Niiga 0 1, PRUEEFISF M 1 IFU,

Rk B RS BN 27 AP B —Ik,
HAHRE I 1)K 271 Y Foge)o 45 B SRAE—ANINF 1) 3 K £
WRET n IRR T2 H, WA

p=el/
n2" 7

T =
YF;ys

=100+ W =16 Fl Fy=20x10° Hz I}, i)
WU ARG A 0.005 ~ 327.68 ms .

4 ARTSEIRIZH

M0 R B IRBER N, #BAEE S VO
FEERAE, ROy A4y PC Ml fiRbT
A5 F AR GRS IERAT T VR AT e s o
BB AZ L — AR GE 25 sl L R A e o I
RATy by S 2 TR S A ARG I 8] B R 22 5 o Rl
R BEUIRZS T2 R0E, BrIRas 1 A i 235l A JseiR
SRR M AR K, AL R AIRES
RN SRS A A . U RS — IR GE R A
AR AN SEAE R, SRS AT A Rk
fil RS puio 18 4 SRS PR HAR (1 — Fh 2R
o

= o
Dua WR Gy | Lofen B

S| rmey NSRBI
BT

< bit > JR [ 8%
., - noT>o
o BiE
Pas b T i 2
E4 KRS FIRITH B g

Fig.4 State transition control circuit
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Fig.5 Sequence chart of D/A conversion-control signal
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Fig.6 Main electric connection of simulative substation
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Fig.7 Experiment data of current input on

>
e, é//*x

I,

@

Ic

S

protection for line 611

SE 3Bk

(11 248, sk, MW, 4 R TS EORAE g
WECT RS T S BIN RS B RGHS)
£, 2008, 29 (10) : 79-81, 96
LIANG Xu, ZHANG Ping, HU Ming-liang, et al. Hybrid
simulating and training system of substation based on
real-time simulation technology[J]. Automation of
Electric Power Systems, 2008, 29 (10) : 79-81, 96.

(2] TJrdyade. ASHuh RO RGN I S AR D). il
FEHAR, 2005, 31 (4) : 79-81.
FANG Shu-yan. Application and development of
substation training simulation system[J]. High Voltage
Engineering, 2005, 31 (4) : 79-81.

(3] ®habl, EJn, FREN, S i eSO 53 AR H
HENEEARRIIR L], B RG AL, 2007, 31
(2) : 88-90, 106.
HAN Nian-hang, WANG Su, ZHANG Hui-gang, et al.
Maintainers oriented substation automation technique
training system[J]. Automation of Electric Power
Systems, 2007, 31 (2) : 88-90, 106.

(4] @&, BRAE, Xiad. B RGEY S HF S %
IFELT]. HMER, 2005, 29 (12) : 77-80
GAO Yuan, CHEN Yun-ping, LIU Hui-jin. Joint



- 150 - &4 REY B EH
physico-digital real-time simulation of power system[J]. system based on analytical-signal processing and its
Power System Technology, 2005, 29 (12) : 77-80. application in astronomy[J]. Astronomical Research and
(6] MIEEZE, B, KB, Bl RGEENE A AR Technology, 2009, 6 (1) : 51-56.
HiE Ty, 2004, 37 (4) ¢ 39-42. [12] xjgtigh, B2, —Fh 2 S A B R 45 I
LIU Yong-jun, LIANG Xu, MIN Yong. Power system FPGA SEIUJTVE[N]. FEF I 5%k, 2008, 22
real-time digital simulation technologies[J]. Electric (1)« 72-75.
Power, 2004, 37 (4) : 39-42. LIU Chun-wu, HUANG Zhi-ping.  Multiplexing-
(6] skM&, EBAE. AHEMGEEIRS]. B a3k architecture and its FPGA realization for multi-channel
W, 2001, 21 (12) : 23-25. signal processing[J]. Journal of Electronic Measurement
ZHANG Yu-fei, WANG Ming-chun. Substation training and Instrument, 2008, 22 (1) : 72-75.
simulation system[J]. Electric Power Automation [(13] FJuA, Thed, 7. T FPGA MHRUESIHIE
Equipment, 2001, 21 (12): 23-25. M SEELTVE]. Mok EPUE B, 2005, 29 (3-2) -
(7] Zef@, BRiR, 22K ) RESHESMEI I %45 205-206, 220.
A, JAHET), 2007, 20 (2) : 1-4, 9. WANG Xu-zhi, DING Xiao-qing, HE Ping. Realization
LI Jian, CHEN Han, LI Da-lu. Review on methods of method of the analogous wave-form based on FPGA [J].
dynamic equivalents in power system[J]. Guangdong Microcomputer Information, 2005, 29(3-2): 205-206,
Electric Power, 2007, 20 (2) : 1-4, 9. 220.
(8] MWL, FEBESF. w2 & IT KB Quartus [14] 447, #&W. LT FPGA HUr a5 RAERBIHI].
II[M]. Jbst: [EB7 Ok HARAL, 2006. NS R, 2009, 25 (5-2) : 175-176, 107.
(9] FAF, EiEhn, J5F=%. 3T FPGA ) DDS 5k FU Li, PAN Ming. Design of digital phase shift signal
ABRRAEMEITI]. BTHEAR, 2008 (4) : 40-42, generator based on FPGA[J]. Microcomputer
WANG Ben-you, WANG De-ru, SU Shou-bao. On the Information, 2009, 25 (5-2) : 175-176, 107.
design of DDS signal generator system based on [15] Romero Troncoso R D J, Espinosa Flores verdad G. Phase
FPGA[J]. Electric Technology, 2008 (4) : 40-42. accumulator synthesis algorithm for DDS applications[J].
[10] %2, @hikE. JT FPGA [¥) DDS {5 ‘55 it J iR 2 Electronics Letters, 1999, 35 (10) : 770-772.
AT, MM T ORE, 2009, 29 (2) : 72-74, 143.
ZENG Yun, HAN Shun-feng. Design and error analysis Wi B #: 2009-11-19; & H#H: 2010-01-14
of DDS signal generator based on FPGA[J]. Ship Electric fEE RN
Engineering, 2009, 29 (2) : 72-74, 143. X & (1982-), %, HEHARAE, ARFT@AHRHFE
[11] 2RYL, kM. BETMENTE 5 A B R AR S FPGA

SR H]. RICHFARSEAR, 2009, 6 (1) :
51-56.
ZHU Kai, ZHANG Jian. The FPGA realization of a DDC

S5 A 53 %); E-mail: liudongtju@tju.edu.cn
kAL (1959-), B, @i, I, HRFTAAL
W, 3532945 A. E-mail:bdzhang@tju.edu.cn

(LEH 1457

(5]

(6]

continued from page 145 )

JIN Hua-feng, YU Rong-yun, ZHU Xiao-tong, et al.

Research on dynamic transmission delay of bi-directional

multiplex section switching ring used for line pilot

relay[J]. Automation of Electric Power Systems, 2006,

30 (3): 65-70.

et et &y, AF. RHTEIE A AT IE I X

LY E R I B RFT BB, 2005, 29
(21): 63-67.

JIN Hua-feng, YE Hong-bing, LING Fang, et al.

Effect of bit error and transmission delay of multiplex

differential  relay[J].

Automation of Electric Power Systems, 2005, 29 (21):

63-67.

WAL, 2, BREE, A MR EIE

WIEIHT]. B RS ABE, 2008, 32 (21):

65-67.

channel on line current

CAO Tuan-jie, LIANG Yan, CHEN lJian-yu, et al. A new
method of channel monitoring for fiber optic line
differential protection[J]. Automation of Electric Power
Systems, 2008, 32 (21): 65-67.

Wi E#A: 2009-11-13;
EEEN:

& 4R (1973-), B, HAIAN, ML, AERHZA
Gu LR 522 A L EGAR. KB AEE T4,
E-mail: li.gang.b@ncgc.com.cn

LERE (1977-), B, HAIARF, KFAH, KEd
RGO R & AR BENRL. KE AT R TAE;
E-mail: fengchenhu@ncepri.cn

AR (1956-), 7, BATRIT, KRFAMN, AFD
NEGBEORP 5o X EGART. KB AEE T,

&E BE: 2009-12-10



