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A Study on Simulator for Testing of Digital Protective Relay

s I R
(Chul-Won Park - Myong-Chul Shin - Tae-Pung Ahn)

Abstract - In this work, the digital simulator for testing of digital protective relay is presented. The proposed
simulator software has EMTP simulation data file conversion, sequence waveform generation, user define simulation data
generation, communication engine, data analysis engine and measurements function etc. The simulator hardware is
designed using 32bit floating point DSP architecture to achieve flexibility and high speed operation. This simulator is
tested to evaluate the performance of relay simulator bv using a output data of simulation model on EMTP.
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Table t Rating of Simulator Hardware
[o/A conversion 16 bit

16 channel

10V AMolollM Ji = Jts
128 samples / cycle

Driving Current 30mA per channel.

input Channel Rating  |Dry Contacts, 24Vdc,48Vdc,125Vdc
Output Channel Rating {24V/0.75A,48V/0.50A,125V/0.30A
Power Supply 220Vac/3A

PC Interface Serial(RS-232)

Output Channel
Output Voltage Level
EMTP sample
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Fig. 4 Diagram of ANALOG Interface Module
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Table 4 Line Constant, Source and Load Data

Has | HAE | 9eE
A N R [S/km] 0.3167 | 0.2430 | 0.2430
MEHS
L [Q/km] 3222 | 0.9236 | 0.9236
C [uF/km] 0.00787| 0.0126 | 0.0126
M a8 [MVA] 100
=5t 25188 [MVA] 80
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Ground Fault(Fault inception Angle: 90°)
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Table 5 Converted File (A Phase to Ground Fault, Fault
Inception Angle:0°) .

TIME BUSIA BUSIB BUSIC BUSIA -BUS2A BUS1B -BUS2B BUS1C -BUS2C
0.000000 124340.851563 -71282.664063 -53058.187500 149.051575 -90.365288 -58.686295
0.000130 124695.312500 —66166.023438 -58529.289063 149.773483 -84.374901 -65.398582
0.000260 124764.601563 ~60897.980469 —63866.621094 150.137772 -78.182381 -71.955391
—<BUHE>---
0.999545 86350515625 -88152.257813 -33448.871094 -16.538246 -109.093948 -33.952267
0.999676 87222.671875 ~83689.820313 -39312.082031 9.549259 -103.611435 -40.785694
0.999806 87884.734375 -79025.789063 -45080.593750 35.613766 -97.879333 -47.520882

" 6 HatE mo(A4 X[2fALD, At ZE : 90°)
Table 6 Converted File (A Phase to Ground Fault, Fauit
Inception Angle:90°)

TIME BUSIA BUStB BUSIC BUSIA -BUS2A BUSIB -BUS2B BUS1C -BUS2C
0.000000 124340.851563 ~71282.664063 —-53058.187500 149.051575 -90.365288 -58.686295
0.000130 124695.312500 ~66166.023438 -58529.289063 149.773483 -84.374901 -65.398582
0.000260 124764.601563 -60897.980469 -63866.621094 150.137772 -78.182381 -71.955391
———<B Y B>
0.999545 86350.507813 -88152.257813 -33448.871094 -16.538681 -109.094139 -33.952457
0.999676 87222.671875 -83689.820313 -39312.082031 9.548827 -103.611626 -40.785889
0.999806 87884.734375 -79025.789063 -45080.593750.:35.613335 -97.879524 -47.521072
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Table 7 Evaluates ltem and Test Result

Aol 2@ vish ol EMTP dojeish g3 B9
HE AEeolHelA Adstel 1 4% ARE acks
HEG A

Hots = HIt4 AMETH Z 3
1. Resolution 16Bit(per ch.) 16Bit(per ch.) orE
2. Sample Rate 7000Hz(per ch.) 7680Hz (per ch.) S
3. Time Step 150us 130us e
4. Distortion(THD) 0.2% 0.2% o35} o
5. Gain Error 0.5% 0.5% 0|3} oE
6. No. of Channel 16 channel 16 channel oUE
7. Analog Output +10V Pk/30mA =10V Pk/30mA s
8. digital Input 16 16 e
9. digital Output 16 16 s
10.0perating 10 - 40C 0 - 50T otz
Temperature
4.4 E
2 =Zd49 DSPE ol&% tXd Av] AEzHolH
of & M Alde 282 o3 Zo DSP 7 AlE
HolE st=dlojet GUIE AZEOE FHFoRA Tl
g 23AMTI AL A Bt A V4 F urt.

ZPW,

A9 Zzad s
SECERL
o B3e

of taiM= AHAsA dE

] KN
o AgHg

Fog, 7to)y
7o & o] 5} *P—&%‘ F vk A Agoez
2 EMTP AlE#H oA

71s

2= [e]
E’ﬂ_€

<% F

g AEdclEYe) 45 AE
o) Aojet tEol A% mABA] the AIH WH

E FaeEs, g 2 AER AL §
Z2 WL AFTFozHN Y AH7
ZUAZ2 5 o

R DEE

ANgL dole T
2atglch ALgat7 el s AL

& YBgos AY A oo
sle] AYelA ool ¥ 2@ AF nRE
UEE AAF U3
A AT PCoOlAM el GUIE ZAA A0 ==
sted A&

7he sk Al

7hdel

?'sl-f:ﬂ.

o= A474]§J—0§A1 AX7e] A5 o
34 E‘]]°]E1

ULO

F

o]

AZ

o

[+

Ad

Lo

24 B4R
CEE



it]

g

{1] IEEE Tutorial Course, "Advancements in Microprocessor
Based Protection and Communication”, Power System
Relaying Committee of the IEEE Power Engineering Society,
pp. 1-81, 1997.

[2] Alexander, R.L. "Intelligent electronic device (IED)
techonology SCADA and 3@ metering”, Rural Electric
Power Conference, 2002, pp. C6~C6_3, IEEE 2002.

[3] CW. Park, M.C. Shin, JH. Kim, “Fuzzy Logic-Based
Relaying for Large Power Transformer Protection”,
IEEE Trans. on PWRD., Voll18, No.3, pp.718~724,
July 2003. 5.

[4] M.A. Rahman, B. So, M.R. Zaman and M.A. Hoque,
“Testing of Algorithms for a Stand-Alone Digital
Relay for Power Transformer”, IEEE Trans. on
PWRD. Vol.13, No.2, pp 374~385, April 1998.

(5] tdgd o 19, “HEE ¥WYr] 238§ AAF IED A4
o AME 71 AR, degErEs =84, Vol5EP,
No.l, pp. 6~12, Mar 2006.

(6] AAE, AFYU, olFA9 59, “HAHAF AEHHY
71 @3y gy B2 2, dqadrgs] &
Ast&d3 =3, pp. 529-533, 1993. 7.

(7] 256, 278, “AAT AEAE A& A EHIY 7]
%", R A7) 83 stAste 3] =& 3, pp. 1050~1052,
1998.7

[8] Enrico De Paola et al, "A Pc Based, Low Cost,
Real-Time Simulator For Traction Application”,
EPE’97, Tronheim, pp. 4.483-4.486, 1997.

[9] 9%, 7gt7], “RTDSE o3 AT 23FdY ot
28 AA" L’ EMTP Workshop, pp. 63-72, 1994.
12.

[10] Subcommitte of the IEEE power system relaying
committee, Digital Simulator Performance
Requirements for Relay Testing”, IEEE Trans. on
PWRD Vol. 13, No. 1, pp. 63-72, Jan. 1998.

[11] M. Oki et al, "Advanced Power System Analyzer”,
1988 KIEE Annual Conference”, pp. 38-42, 1938. 11.
[12] Kosuke Nojiri et al, "Modal Reduced Dynamic
Equivalent Model For Analog Type Power System
Simulator”, IEEE Trans. on PAS, Vol. 12, No. 4, pp.

1518-1523, Nov., 1997.

[13] "Freja 300, 3 Phase Relay Testing”, Robinson.

[14] R. Kuffel et al, "A Fully Digital Power System
Simulator  Operating Real  Time”, IEEE/KTH
Stockholm Power Tech Conference, Stockholm,
Sweden, pp. 49-54, June, 1995,

[15] 239 9] “DSP TMS320C32E ol &% tiAd R3IA
7“7] AFs g "]B‘H ]Ei" 20041 tistA 7] Eh3
EE&ALE Sged3] =3, pp. 120~122, July 2004.

[16] Texas Instruments, "TMS320C3x User's Guide”,
July, 1997. '

[17] Charles Petzold, "Programming Windows-Fifth
Edition”, Microsoft Press, Dec. 1988.

CIXY 23AM7Iel AI"E 28 AlSzo|&of 28 A

Trans. KIEE. Vol, 55P, No. 4. DEC. 2006

g M A HB R
’ 19614 8¢ 13¢4¥. 1988 AT #uigh
T I FHgE Hr7jgEn 9. 19964
e E Yot A71Fe 23, 198
¢ 99 ~1993d FANIATL FYATY.
ﬁ 19933 ~1996d ZRAA LAY 7jedT
& "\i°“"1‘—r"J 1993 ~1997d AT ad
gu ArZjAA 2 AFEFTEE AL 1997d~E A (=
WY oE w15 —rﬂ—’T—.
Tel : 033-760-8425
X 033-760-8420
E-mail : cwpark@wonju.ac.kr

MY H (B R

19479 49 394. 19708 A B
A7 £ 19789 AAdWsn
st "71ESH EY(EH. 1975~
19789 FEdsa A7)FEY zas
198213 ~19839 ®=% zdd A7) Fe
WS 2000d ~2001d vl = HA vk

£ El

g
21978 ~ 6‘42}1 Aozdse JEFAFER wF
oA ¥54.
el © 031-290-7103
x . 031-290-7103
E-mail : mcshin@yurim.skku.ac.kr

189



