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Considerations Review on Setting of Distance Relay using Technical Standards
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Abstract - Generally, in nuclear plants, distance relay (21R) has adapting to protect and to operate main protective of
transmission lines and backup protective of main generator. Operation of 21R was required and based on exactly accurate
calculation and criteria. But presently method of 21R setting has applied according to protection devices operation guide of
KPX, excepting IEEE and ISA standards, which have a difference review directions, consider parameters and devices, also
consideration factors were affected to relay operations by uncertain guides. therefore this paper proposed new protection relay
setting method and unvague criteria from IEEE 741 and ANSI/ISA 67.04.01, and reviewed a different results through numerical
calculation results for methods and criteria including previous and established 21r setting by IEEE, ANSI/ISA Technical

standards.
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ol 717129} ojRUtS 11#5}0], Zone 10f thallAl R Al &

7177 70~75%, ©Et Al 80~85%0] AASHL S ol wat =
- 9 ARIUE PF FHoAE AgrEel xjo|2 Qs H
SARZ] AFol thet Asto] ExfEo] Q= AFHOIZ|E oftt.

metk 2 dTolsE IW-9 AREEEAS AR
[EEE 7413} ANSI/ISA 67.04.019] 7|&7|&8 AR SRV
59 EFAE ALt 71FES HESIHAL, 21RS FFo| T
ot QAN E sk QI8 AEARE 18 13 Zo] A etst
@ACE 12]al 21R settingo]l thet Hsztol HEEE US|
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I8 2k IXEERA BSARY] F81 THE 7RQAQ]
[EEE 7410] thet IerAQl NAEE ZHEkstA LASHSHAHS].
71&E9] A™AQ1 HEHO] Trip setting W2 HOt AlEstst
11 AAAQ! Risk management control FZEHOIE Tolerance
band(+, -)& H5I0] Time delay bandol thall ZE=EH &
TE AL trip setting HeI7F A For & QoL 1
ZAAQI0] ThYstal risk aspectollAl THESH W7 &6 EXE
AL trip setting Al HESF @AHLE O WOl & 4= IS
o= ot 71E9 A2 5 71719 duEAd IVE Trip
Setting HeIet SITHH, £ Atolxs= 2.1.181} 2128004 A5
She QAE TS AKIORE BAISH F19J0] Tolerance bandZ
BoIsH Z108 QX vrdojHo| miet @A HAlE 4= JEe
GRS
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2.1 AL EQSE FQ AEALE
2.1.1 IEEE 7410] T FFEQA[1]

IEEE 7410] w2 QHREF HaARY] A& Al T&Es|oF st
= QXK Tolerances)EXZ Thxat &o] AAISHTE

a) SAQAHOperating tolerances)
(1) F91L%: HE(Ambient temperature variations)
(2) AR7] AoIRY HE(Relay control power variations)
(3) PT A&z (Accuracy class of potential transformers)
@) A®7] HYE (Repeatability of the relays)

b) A x}HSetting tolerances)
(1) A%E7] HEEMeter accuracy)
(2) A&7] WHXHMeter calibration tolerance)
(3) Axtoll ogt AH A} WS (Setting tolerance permitted
by procedures)

2.1.2 ANSI/ISA 67.04.010] W& BEQA[3]

ANSI/ISAB7.04.010] ME FASHE AAE AR AAHE 54
9 AE717] A8 (Setpoint) Al &3Ok 3= @XHTolerances)&
2 ThSa Zo] AAISiT.

a) & HBHE (reference accuracy)
(1) B8=(conformity, linearity)
(2) Sl~HEIAl A (hysteresis)

(3) HIERI=(dead band)
@) MA7Fsd (repeatability)

b) Y WE(power supply voltage changes)

c) AY Fuker HE(power supply frequency changes)
d) 2% WHE(temperature changes)

e) B WS (humidity changes)

f) &2 WE(pressure changes)

g) Z&(vibration)

h) HAM] -Z(radiation exposure)

i) AD tZH(analog-to-digital (A-D) conversion)

j) DA W&H(digital-to-analog (D-A) conversion)

k) Q2% HE(Ambient temperature variations)
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2.2 S8R ALbdrE

21183 2.1.2800] WE 1A AtkHoll= Thaal 2ol
A 2=HH (Square-root-sum-of -squares  method, SRSS)} T
SZQ1 ¥ (Algebraic method)g YLEHROZ F&stal A=),
ROt deide "rket] fls sAEel SEHsREE, 2%,
& S S 4% gkl tist ARV "Qslth ek As
fo] gl ZEAQl(independent)Q] BAL0]E SRSSE AMES)H

S FE= 9&H(dependent) H,EQ ARol= Of
AHESIOIOF SITY.
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2.2.1 AF2H(Square-root-sum-of -squares method, SRSS)

SRSSH O] W2 ESAIT L [SA-67.04.01-20009] 4.4.180] uw}
o} T2l A3l Zo] Frstes Qtatal e, 01714 Ha: 2
W7 242t Ao SEEQl el o b ESATEE ZH= Z20]|
= a2t EhE TS 089 EBHIL(OE=V(d®+)
2 39g 4 Arh

2.2.1 tjs=H(Algebraic method)

o] mE EshlT s [SA-RP67.04.02-20009] 68H0]

mEt thgol Alal Zol BrEIEE st =, 07)A]

He 2707 242 OJEFQl HE S q, b9 BERIEE 2=

2 (+a, —0) (+0, —b)E HFEH 0]EQ EFAT (0=
[e]

c=+(a+b)?* 2 FIS 5 Utk
2.3 ™A A Qg7 aImArE

77l O9 31 2o gEue® 2eX1=T), A%
(X2=V), AE(X3=]), Fal4(X4=F) 0]Qo] SLEH) 59 H5lo|
met M AR, S, sV, S87)17IME), A2 g1
HUA@Z) 53t ggkg Fa1 ot @R dlshs A2 E7hsH
Ll A7I7171e Aiget SdE4doz gdge Fuwe &+ i,
MRl 59 gegozREE ¥gfo] 79 glrtal 2Eshlole
olgde Agolth olo] B dAjoisE 328Me o}
331g0A9] ArgHsEol thall 4T 9EHQ HES A
0 AE AIE Sl Hlwsto] 1 RolE AESIYLE

Yi
(21R setting)

8 3 21IR tolerance ¥8F ¥4
Fig. 3 21R tolerance effect parameter

3. 21R Tolerance A&t

3.1 LU

E 13 Zo] tHERS =7loAlE [EEE C37.113[2]9] 7IEE
Hasto] 1HEHE "2l K2log FREEA €1 80~90%%

Zle7| &0l 2let HEIA™Y| FHA D{AtE HE
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AASH o), ZU "AE7IEd ot ARARY]= Zone 100
thaliAl &gt Al RP71#E2Ee] 80~85%, Rlgt Al 7T0~75%=2 AES
TESH oLt olo] Tigt Fsket ZAE &) ofErh

i 1 IEEE C37.1133} KPX 7]& H1l
Table 1 Compare IEEE C37.113 and KPX guide

TR IEEE C37.113 KPX HEEX 29715
Zone 80~90% (=AI) 80~85% (Tteh)

1 (10~20%) T0~75% (K2
z 1256%

one

3 120%(15-30cycles) (24cycles)/345kV

(20.4cycles)/154kV
Zone 200%
225%(100.2:
3 (time + coordination) ol cve)

AR =2[6]olA= 85%9 A= CT/PT(ZZ 5%), AL
AH=5%) 59 2AH15%)9t OIRE 1H5lo] 85%%E AlWsial
AR, o] TSt FEsh QA4S Hhst FFVIEN FEAL
Holl W2 Z10] ol ZoF HUSIRALCE

mEtA] B oAl [EEE 7417} ANSI/ISA 67.04.0100 wet
2.189] HEARS 22819 AlLr T3l 2.389] 11EAREl
A RATSE Hieb Zo] Z MY, AR, 2, 871719 A &9
HEES Mo 9EXY 429 S8R ZEE 212 587
oA AAIGHL Qe HHe AFESHo] ALSIICE

olof tist AE2 AM4FoIA A H&slal U= AZARY
o] AE8A1}e} Hlalsto] AL Mg ARES Ui

32 G0 A3 7)718 Tolerance[4]

a) AR @A} £5%

b) AF7] FAHES : +0.25%

o ARV =Lk WE : +0.625%

d AIE717] @A @ +0.3%

e) OF&(Margin) : +0.3%

f) PT @7 : £0.3% (QIHASFE), YUtg +5%

g) CT @A} : +10%(IEEE C37.1100] w2} 10% 0l3}, KPX:=
5%)

h) ALRR}F : #5% (345kV+5%)

3.3 7|718 Tolerance B71&81}t

331 71& E7pd¥o] mE AL axt

U AFAIOIA ARESHAL Qe 7IEQ CT(, 5%), PT(,
5%), Impedance(c, 3%), calculation error(d, 5%)& AMESHH C}
S & 29 Zo] QOoFst 4= QIrt.
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HM7|8ts=2X 67 95 20184 9

2 dN9 FEVIE gt ALt At
Table 2 Calculation results for existing setting guides

TE SE=i AxrA] 8l A
VA(1+e)
CT 5%
KPX ’ = VA(140.18) =0.82 ~ 1.18
(ZONE1) +
CT 10% VA(te)
= VA(140.23) =0.77 ~ 1.23
CT VE+R+E+&#
5% =9.16%(90.84%)
CT VE+P+E+E#
SRSS 10% | =12.61%(87.39%)
Rela
o | VAP AE
ISA = | = 13.56%(86.44%)
67.04.1 — ——
(ZONED) CT | V0t +c +d
5% =11.58%(88.42%)
Algebra CT (a+b)?*+E+d
ic 10% | =16.09%(83.91%)
Rela
(5%;7 Via+b) +7 +d” +¢*
= =16.85%(83.15%)
F7t
332 Aers Brprgo) e At 21
FZoleE 71719 MBI soz ASTVIPT, CT B9 &
U= ST Qo] B} 7IE QXE FHES Al
= Ug 1 31 4rh o7|4, A = 2lHsks 48 o9&
Ol Z1oZ2 FTSIRoH AlFEQ &4 FHlet ofes 4
EYFQ HaEZ ALSIIC

4. 21R Tolerance AXAT HAE
41 LALE

2 AYAE 2971ZEKPX)Q A-EHo| wEH CT: 5%
OlL} IEEE C37.11000K= HIQAE 10%Z diste] Hs+7t
Zone 10| Tisl BAZES A4kt

2 AjoMdE AFtAS shEsh| Qdl 24 AU Tk
UE HIgAsARZ] S0 Exighol miet QREel
Rlgol| ststo] HESIATE

KPX9 2Y7|Eo] wet AESHH CT(6%) HE Al 82% O]
Aol Tojof sHH 2Y¥7|FAA AAlShE HEIRCE He BoH
Qg e XEgol FR, HSEIIAF sh= A1 70~75 %5
ch Fol 12% Aol7h 2Ashy RE7H0] 1kmet S 120m
0] @77} BHlEl= ZiollH CT10%)Q A TT%E Ho 7 %9
70 mO] AgIx}o|7t S}

ISA 6704.101 ME AP, ALHES AQshH 8879 %=
KPX®} 18.79 %(187.9 m) X}O|7} BHMSHKIRF KPXO] 2¥7|ES
Heloh AFIAQ v e AWshy] ol AZ@APE dlsta
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H 3 A FETIE ot AL Zat
Table 3 Calculation results for supposed setting guides

TE g Aka] gl At
CT 5% \/Z(l +e)
KPX = /A (1+0.18) =0.82 ~ 1.18
(ZONE1) CT 10% VA (1+e)
= VA(1£0.23)=077~1.23
RotE | VA +0+E+d +e? + 2+ g
"ol |~ 11.21%(88.79%)
Ag=) o distance < 0.8879 = 88.79L
=94 o= \/(12-&-172-&-c’Q-l-ch-&-eQ-i-J‘2-&-g2-i-h2
ISA apoy | =+12.28%(87.72%)
67041 =< « distance X 0.8772 = 87.72L
(ZONE1) mops | Vietb+etf+gP +d +¢?
Ao | =+16.18%(83.82%)
Ag=) « distance X 0.8382 = 83.82L
O1ER ROHE \/(a+b+r+f+g+h) +d>+e?
upoy | =+21.18%(78.82%)
e « distance X 0.7882 = 78.82L

B 4 71ED Mot FETIE Qs AL At
Table 4 Calculation results for existing and supposed setting

guides
N KPX RIQKSE A thap
e (C)) 3318 | 3328 | AHSH
CT 9.16% ]
5% (90.84%)
CT 12.61%
SRSS 10% (87.39%)

Relay NE 13.56% 11.21%

=7} | (70-75%) | (86.44%) | 87.72%) | tiel/R)2t
CT oet 11.58% ) T7-82%
5% | (80-85%) | (88.42%)
e 16.09%
Algebraic | - 5o, (83.91%)
Relay 16.85% | 21.18%
7} (83.15%) | (78.82%)
AUe AFo|EZ AR oo A= At AlLhHo] 71E v H
o & o gt 7IE J#H|EE MAskeE 202 e ¢
AE Z10F HWrHEL

42 35=95 g7t
421 WLHSO| AL B

1) CT 5%

ASEFEO AL ARzl FHo 88.79%01M CT 5%
(82%)QF HITA] 6.79%, KPXQ TFHHAl F4 3.79%, Z|th 8.79%,
KAl 4 13.79%, Zth 18.79% X017} ©Aisict 1&EAR|=
OF 188m AIOI7F & 4= QT



2) CT 10%
A1l o) 88.79%01 CT 10%(77%)QF 11.79%O]C}.
TAARE OF 117m ROI7F & 4= Qck

422 NgHE0] HHE F2

1) CT 5%

Ao =EE0l Fde AT FHd 87.72%01M  CT 5%
(82%)t HIWA] 5.72%, KPXQ TFEA] 4 2.72%, ZTH 7.72%,
KA F4 12.72%, Fo) 17.72% Ro)7} @Asic &A=
OF 177Tm AOI7F & o= QU

2) CT 10%

A1l FHh 87.72%01H CT 10%(77%)2F 10.72%O]Ck.
DEA—E OF 107m &O)7F Y 4= Lk

43 HE9EH ot
431 NHE0] MlE FL

1) CT 5%

HoEEE Fde APl Fo) 8382%01H CT 5%
(82%)QF HITA] 1.82%, KPXO] THIA] H4 1.18%, ZTh 3.82%,
RA]l F4 8.82%, ZTN 13.82% Atol7h dhdsit &EAD=
9F 138m AO|7} & 4= Utk

2) CT 10%

A7) Zo) 83.82%01H CT 10%(77%)2F HITA] 6.82%
olt}y. WAATE OF 68m AOI7F Y $= QAT

422 APASO] HAFH F9

1) CT 5%

Ho=EEE Fde APl Fo 7882%01H CT 5%
(82%)9F HIWA] 3.18%01M, KPXQ VAl H 4 1.18%, Zth
6.18%, A=Al F4 3.82%, Zth 8.82% Xfo|7} s &
Ag)e oF 88m xOI7F Y 4= QACh

2) CT 10%

A7 720 Zoh 78.82%01 SESHH CT 10%(77%)2F HI Al
1.82%0IT}. &AZ = 9F 18m Ao|7F & 4= QAT

54 &

= = EHESt AR FE7IET WY
of tidl =AAQ 7]&71%EQ! IEEEQ ANSI/ISAOIA RIQtsH=
2 QEsto] MES g ke AMAFQ V& A

A 2ot Ay 59 Hole] 55k
ge MECPHLt ddHQl FEE st d9oe dE =
o AldE ALY = oLt SRl EAleH AR

o
o A

Zle7| &0l 2let HEIA™Y| FHA D{AtE HE
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