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Abstract

Generator faults does not happen more often than the transmission and substation facility faults.
However, impacts on the power system by generator faults are very large. In order to minimize the
impact of generator faults, generator protection and control system with high reliability is required.
Most of the generator relay in generator protection and control system of large power plant of Korea
is operated by imports from abroad. Accordingly, in order to accumulate source technology and
increase the import substitution effect, localization of multi—function generator protection IED is being

developed.

This paper deals with the implementation of a multi-function prototype IED H/W, which can be
command and data exchange through communication for measuring, monitoring, protection and control.
And the IED specification, various relay elements, measurement elements, communication functions,
module function, and test system for the prototype IED H/W are described.

Key Words : Generator Faults, Generator Protection and Control System, Generator Relay, Implementation
of a Prototype, Large Power Plant, Localization, Multi-Function IED
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E 1. IEDY F2 HEF AF
Table 1. Main specifications of |IED

AC © B 220V/110V, 50/60Hz
DC : 24V
ST e AgHE e 85~110%

Operating Temperature : - 40° to +85°C
Humidity @ 5% to 95% without condensation

Ao WAHSHIEC60255-5) © 2KV, 1527

F23 WAHIECH0255-5) : 6kV(1.2x 50ps), SkA(8x 20ps)
Ao1A W AHANSIIEEE €37.90.1)

0SC : 25~3kV, 1~15MHz, 6us

Fast : 4~5kV, 150£50ns

AA5 Ao A F(ANSI/IEEE €37.90.2) : 900MHz, 10V/m
CT : AEE 055 (849 5%-150%H)

7CT : 100mA°|3l WgA n3AE

PT, GPT : B9 % 05% (329 5%-150%H)

A&7 PLC BAAF

Ty Ee A

of\r
el

E AF  RS-232, RS-48, TCP/P

2 [ED2] A-8A| 282 343414 B 37844024 o]
3 HEFuEE 50/60Hz system and ABC/ACB
phase rotation®]al, AoJHALL AC Voltage Input
110V/220Vac H+= other voltage (+10%,-15%),
Nominal DC Voltage2 24Vde ©|t}. AR =
2 ASF(Analog Input), FEIFHF, A==,
3 B Aol X = FAAETHLL

2.2 IED 7™ X YT BT UE

E ED2] MPUE MPC80, CPU+= MPCS60, DSP
+ TMS320C67137}F ARS-= AT 3£ 2+ 7% [ED
o] wpo| AR IEZAA ApQFolt}. of 7|4 MPU= A2~
A7), AE, olg % 15 DB ¥, 24 A4t A=
2 9 HMI #elo ATk CPUE U Protocol,
oJ9lE REMAP, DB ¥ &4 XE o] A-E-% T}
DSP+= AlsA el Al 9 Badagls dite] A
ERal=g

D

E 2. 00|TI2ZZMIM AM
Table 2. Specifications of microprocessor

Micro
Features
Processor

MPC860

High-speed 32-Bit Reduced Instruction Set Computer(RISC) CPU
MPU | >50 Million Instructions per Second (MIPS)

FLASH memory

Easy firmware upgrades

MPC860

CPU  |High-Speed Comm’ support 10‘100Mbps Ethernet Local Area
Network (LAN)

TMS320C6713

Analog configurations up to 24CH

High-speed digital sampling >16 Bit A/D > 128 samples / power,
cycle

Highest-Performance Floating-Point DSP, 1600/1000 MIPS/MFLOPS
16-Bit Host-Port Interface (HPI)

DSP

Accuracy 258, 2 [ED¢] AHE= Ol:.xqc =4
0.39¢1 DGP Eg o] AAA} A=} v e o

s & Stk

= 3. IEDQ| AE24
Table 3. Measurements of |IED

Measurements Parameters Accuracy
Phase A RMS
CURRENT Phase B RMS £05mA + £0.1%
A7 A Phase C RMS of reading(0.03~154), 05°
. Phase G RMS
0.6Arms) -
. £0.00omA + £05%
N RMS o .
of reading(05~160mA), 1
N (A-B) RMS
VOLTAGE N (B-C) RMS H02%(4 A 4% §) ~ 120%), +05°
‘ c V (C-A) RMS
Vo(9 449 RMS 2% 24 80 ~ 120%), 05

Journal of KIIEE, Vol. 27, No. 12, December 2013



Measurements Parameters Accuracy
v 3V1, 3v2, 3V0 H6%(AAALY 8) ~ 120%), £I°
SYMMETRICAL SO0l - 13
COMPONENTS {311, 312, 310 o '
of reading(0.03~154), £1°
POWER  |Phase A B, C
0,02
FACTOR |30 Phase
10.7% PF=1,
Phase A, B, C
REAL POWER |, " 1% PEOST
ase (AAAHI, AA900)
+07% PF=
REACTIVE  |Phase A, B, C 7% P4
POWER |30 Ph PGS
e (ARG, A28200
APPARENT  |Phase A, B, C £1.2%(3 A A%,
POWER |30 Phase AAAF003)
Phase A, B, C
WATT-HOURS | 1%
30 Phase
Phase A/B/C;G Current
A/B/C, 30 Real P
DEMAND S
A/B/C, 30 Reactive P
A/B/C, 30 Apparent P
~|AN(AB)
FREQUENCY , 002
Source/Load Voltage

E 4. IEDQ| SAl ZE AN
Table 4. Communication port of |[ED

RS232, 38400bps, No Parity, 8 Data Bits,

1 Stop bit, Interface software

RS485, 1200-19200bps, No Parity, 8 Data bits,
1 Stop bit

RS232, 1200-19200bps, No Parity, 8 Data bits,
1 Stop bit

Side Terminal Port 3 [RJ45, Ethernet

Front Panel Port F

Side Terminal Port 1

Side Terminal Port 2

99 2% [ED9) sh=dle] T8 Uehil: 25
olt}. 19 29} o] IEDE AlU(Analog Input Unit),
PWU(Power Unit), MPU(Microprocessor Unit),

Y - MOEHRI=2N M27T 122, 2013H 12€

oY,
Ho
ox
r [
=
ofH
1z
i
e

HMI(Human Main Interface) 522 ¥t AIU
v opd R 9 gAY w24 CT&PT, Filter &
AMP, MUX &AD 522 o]FojZt}h AlUE A1§<]
CTS} PTO] obg21 gtoeFH HE 75 T
5 st O g A AT s dAA
b} W3S kol MPUE DSP CORE, CPU CORE
2 FAEE, YR E ez W3k H9 AR A
HERY BaALhs Fashs tAd HaA7] 3§
AR7E fo = ALk 2R ROM. RAM, A7) 7]
AR Sog FAFELE PWUE Charger & Power,
DO, DI, Buffer 2.2 o]Fo{#]a, HMI®} DNP 3.0
ToE TAFh

RS485
ro_‘ Buffe —
DI

38l 2. |ED stEH0ie 28
Fig. 2. Block diagram of |IED Hardware

e )

[MPU : MPC860 ]

[SPU TIS320C6713] [CPU:NPCBE0]

©& PROTOCOL 22/

SCADA /0 28F
—= =)
E [CPU:PIC16CT3 ] PO X2 =

'AD CONVERSION

\{ MPU LINK

[ mwes [:]

BT

SPULINK POW LINK -1

SHEN 2 2R K
MPU LINK

a8l 3. PE9| Jls
Fig. 3. Function of Modules



4TI 228 Os IED NME H/W 230 &

g% 32 [EDY ®EE¥E 7)5S  dehith
TMS320C6713, MPC680 5.2 /3% Main X&)
PICI6CT3 522 349 Al 25, A2y Ad98a&
sh= POWER X&, =9 A2 3 PD AAAZE
3= SCADA /O 55, AREA}F vl A2, AJeiEA
2 QlEE AHYE sk HMI ZEE AT

% 4= FEE s IEDO] AA] BFolt) o)
t]o]E]4=3 B =(Data Acquisition Board)2} #lo1H =

(Main Board) &2.% T-4¥th

=

h B V Dspsvmr ¥ - (’7

(b) HolH+HEE

a8l 4. IEDS] =401
Fig. 4. Hardware of IED

HIED HEdA s e Aldalzel tiste] CT
o} PTO] 12502 HE] ofdR 1 4155 qj=jytola|
221 1A} 4VE 89 AEE Y
OP-AMPZE 7%+ 4983 ZH(LPF)E &¥4gt
- £ FHste] AR A/D WEHS s

0

@D

oL o1

270] - JIEHES ARt Hrk g+ 719 <1
HEZ} ehu = WH o] As)F=AtE v IHH
E FEld o8 A/D M-S AAg) BE AFl o
sto] A/D Wigto] Skn v wRlEE UloA 2H4
g Foojol eJste] e 7|0 thFet HE daels
< s Ak F71d AEH G ) 256 SC=
gé‘]- 2= oh:i —‘-].oip].

1% 5% IEC 61850 41 7%
2 *E < ﬁd IEC 61850 3%

1

T Eolth AlH]
<= Logical Node A7 %
T Ao x| e 7F

*Ea Hﬂ 34 Logical Node #2331 IED
Capability Description(ICD) 3+4-S- sk 4= dch

Feeder IED Server

Logical Node

=
£
Control DATA \‘k DATA SET

File Transfer

TT ﬁmma a

GOOSEGIONE R "
Il -
| Subscriber | | Publishes | GOOSE

18l 5. IEC 61850 €Al 7ls T#AME
Fig. 5. Block diagram of IEC 61850
communication function

19 62 s [ED9] HAE E5Xo|th 3A|
Algdold ETE o]&ste] A& HlolEE B
71 A87]55(COMTRADEIEEE Standard Common
Format for Transient Data Exchange) 0.2 WH$}3}7]
xcfg FAZ kst 24 wgky dolEE ofd=
71 413 @719l OMICRON 2%6plusE %38l Target
¢l Bls IEDO 8oz I7ksfistt. AlA, IEDA
M ohd =z 1 Als s A/D WHElkste] HEjgy
tst Redaugss sl Hrk oju] RS232
BAlS o] 8351 DSP 6713 =9 PCE AZs)e] T
W7, A9, FW d2=9) 22 A4S Fagihtt
vix|uto 2 FE Yy} WA G e Fe o) Ak
H dolHE wEgel At RUHY S/WE &

Journal of KIIEE, Vol. 27, No. 12, December 2013



s Arjgtoz glgte) 17 72 s [EDS] A4
FHAE 2A] Boltt

Monitoring S/W
Simulation Signal
Tool Generator =%| Multi-Function TED
(PSCAD) (OMICRON)
Debug & Compile
F/W Upload

a8l 6. IEDQ| HAE EEX
Fig. 6. Block diagram of IED test

J8l 7. IEDS AAjIZH MS HAE
Fig. 7. Real-time performance test of IED

W78 Wle [ED= o] 2E B =8t
+GH L 7] witel Al Al SE A o
F8haL sl 7lesSat eshdnlzE wokth
| &% 7] BEAoA 280 SqtstE flet

[ED®] 7§} o] 3= Atk
M= e Al A} Toll A, [EDS] A
& AF7IsH 7S, 72 R ZEd s, 4F

o, 27T
AXNT s HAES Wl 58 24
A

olr 0

o B

H =
LS W

e

o o7 s
[ED®] st=go] & SAHoR 7]=sglth

Y - MBI =20 M277 M122, 2013H 12

AA gt theket BE g Ae] AR A4 Algell
W3 =gl A Tl vk FF A HSE
st} FRAAS7IHe] NS AR F, 87 &
20 HIAE W= S Sl ARk dEF s
of A-&allof & Aoty W78 IEDS] 937]= =
A& EY e s 8 FAuAlE S 71
et

HA2 2

= 97= 20109 XMEHFe HULE R0l X|
71=g7H (KETEP) 2| X|2(2010T1001004156) 2
2013 QIENY|MAIZ2RE AFH|E X o}
TS A7 DH|ILCE

References

(1) Chul-Won Park, et al., “Development of Multi—function
I[ED for Internal Fault Protection of Large Generator”,
Knowledge FEconomy, Technological Innovation Projects,
Final Report, pp. 1~217, 2013. 5.

(2) Chul-Won Park, Yu-Hyeon Ban, “Digital Ratio Differential
Relaying for Main Protection of Large Generator”, Trans.
KIEE, Vol. 61P, No. 1, pp. 35-40, 2012. 3.

(3) 1. Hermanto, Y.VV.S. Murty, MA. Rahman, “A
Stand-Alone  Digital ~ Protectively Relay For  Power
Transformers,” IEEE Trans on Power Delivery, Vol. 6, No.
1, pp. 85-95, Jan. 1991.

(4) MA. Rahman, B. So., M. R Zaman, MA. Hoque, “Testing
of Algorithms for a Stand-Alone Digital Relay for Power
Transformers”, IEEE Trans on Power Delivery, Vol. 13, No.
2, pp. 374-385, April 1998.

(5) Gi-Back Kwon, Hee-Seok Suh, Myong-Chul  Shin,
“Efficiency Improvement of Digital Protective Relay for
Power Transformer Using DMA Controller of DSP”, Trans.
KIEE, Vol. 52A, No. 11, pp. 647-654, 2003. 11.

(6) Chul-Won Park, Myong-Chul Shin, “Testing of Advanced
Relaying and Design of Prototype IED of Power
Transformer Protection”, Trans. KIEE, Vol. 55P, No. 1, pp.
6-12, 2006. 3.

(7) Sung-Min Oh, Yong-Ho An, In-Jun Song, Jae-Hoon Oh,
Hyo-Chul  Kwon, Jung-Gi Hong, “A development of
two-winding transformer protective IED  based on
IEC61850”, KIEE Summer Meeting, pp. 193-194, 2008. 7.

(8) Hyo-Chul Kwon, Hang—Jun Yang, “Modularization Design
of IED Platform for Power Transformer Protection”, KIEE
PES Autumn Meeting, pp. 341-343, 2010. 11.

(9) Chul-Won, Park, Myong-Chul Shin, Tae-Pung Ahn “A
Study on Simulator for Testing of Digital Protective
Relay”’, Trans. KIEE, Vol. 55P, No. 4, pp. 183-189, 2006. 12.

@D



LT E2& KI5 IED NME H/W 720 zer a7

(10) SR. Yoo, BW, Yoon, BW. Park, CY. Choi, SH. Kang,
“Implementation of an Over-Current Relaying Algorithm
with TMS320C32”, KIEE Summer Meeting, pp. 2194-2195,
2009. 7.

(11) Cheol-Hun Kim, Seung—Ki Min, Dong-Sung Choi,
Snag-Hee Kang, “Development of an Under-Voltage Relay
Algorithm Modular for Network Based Protective Relay
Simulator”, KIEE Summer Meeting, pp. 370-371, 2011. 7.

(12) JH. Han, CH. Choi, YW. Nam, YH. Shin, “The
Development of IEC 61850 based Digital Substation
Automation HM' Platform”, KIEE PES Autumn Meeting, pp.
231-233, 2006. 11.

(13) Kim Kyung Ho, Jeon Byung Joon, Lee Byung Jin, “The
effective redundancy method of IED at the digital

substation”, KIEE PES Autumn Meeting, pp. 113115,
2011. 10.

(14) JungKyum Kim, YoungHo Ahn et a, “ED
Development”,  Knowledge  Economy,  Technological

Innovation Projects, Final Report, pp. 1-940, 2011. 9.

(15) System protection team of KEPCO, “154kV  Short
Distance T/ IED Panel with PCM Current Differential
Scheme”, General Technical Specifications of KEPCO, pp.
1-20, 2012. 5.

(16) Nak-Won Jang, Chun-Hee Woo, Sung-Hwan Lee, “A
Study on the Design of the Bay Controller for Generator
Protection and Control”, Trans. KIEE, Vol. 57P, No. 1, pp
46-55, 2008. 3.

O MK N

L8 (£H8)
1968 10¥ 20¥€AY. 1993y Ad+t¥
A7) ety = 7—04 19994 = Eﬂi%
(2HA}). 1999~ 2000 @%ﬂrﬂﬂ <

-

N

oo-‘.JﬂJNr

FHZEATFAME A7, 2000~20
(1])  Univ. Washington #7]
Faculty Research Assomate (A<
A9, 2003~20051 AHEAINEN A
2005 ~d A =Vl nsd HFEHIT TN l?" —’F.

>
i

o

0
Mo &L o 2 &

E[_l

—\J
r{o

QT (=% B)

196411 9¢ 1994, 1992 A+t #ﬂlﬁ—m
ARgera 29, 1992~1996d
THEF) 71EAT 2. 1996 ~
AT 7172 AFolAL 20091
sulEOEER2 e 99 AnfEIEE
A7) ANEMC = Al 2= A5 L8] 919
20109 ~ A AHATR I A ATE] AL FE AL
2010 ~ & A AvE v 2E A 2. 20109
~&A4 A7 ¥F:st A7d 99, 20129 ~IEC61850
WAAE EE 9198 9. 201249 e v|she] A
Aer)Eqd 4.

_{

SrEQ (M TE)
1961 8¥ 13¥A4Y. 1988y A d st
A71Fera £, 1996 A A
ek A7)ty EJ(8AH. 1989~
| 19939 FAAAATE FAAT. 1993
| ~1996d T RA|2E TVEdAF A A
o1 el 1993~1997d AF et A7)
AR @ AFE TR AL 1997~2007d A2 AT
S AV B AWRA, Zas, Fad 2007~ B
SFgSE AV1FS wE 20119~ @A B
2471 sts] AH 7| ERE3 oAb 20129 ~ A A th3A ]
st3] =R pd ALY 20109 o)A 53
st 4 20139 AHAZGR A AATS] R&D WA

P
T3

_1
E

1
E

Journal of KIIEE, Vol.27, No. 12, December 2013



