Eu

15 COORDINATION #ateufs iadussinriitnnii
DISTANRCE RELAY COORDINATION IN POWER SYSTEM

Bt
vwnundh B it
NS tﬁﬂnﬁﬂ:@ /

Waprdl (TuiwfirasnsBnnrumingrmBarrrnssuansiodn
s TIrmh
soniiiaiuiaimscama® I gmnsaRn sl
fthdn 2535

032770



fhasfh 2535
DISTANCE RELAY COORDINATION IN POWER SYSTEM

1Ay
r'4
URENUNENR s

Ensy e LAIFN

aTEIMBnm

{iufEnsIeNTd R [sduansand

032779



II

uSanniwusthsdhyy 2535
mMATIN  Srngsuih
AIANTSIENERS  aniiu vmASuSeERS SN LAY L{iﬂ@nmmsmﬂn il

(%93 DISTANCE RELAY COORDINATIONS IN POWER SYSTEM

“Q -
(4
1. wsnundhrf Suiane

2. UEwItH LA LAIENR

.................................. TR
(fowArens Tl waws JaRuntnTond)



IIT

s PausudS (e ussuuiihnnia

4
nundnf Suisne
wsdH L& LAIFNR
H.A. R Andumtnsony aRsHRUThEN

th1sfhwn 2535

Tuszuininn il nsdn i infssneds Taandpon 1 Tunnsds
AR SwnAe Saanfudbathastharissuy Wi ua:a“ummﬁ’aﬂﬁsgﬂ
distance relay (Inugunsdiinsfiu o Mussyoma Thusgiumnisdaanans seus
MITEINAMMII HERA Q:‘i’.mgngﬂ"fl Power station usceAaIT%ann duiftay
gud  Kmyrnaafinesantudawn  nisnaumusnasd i Taanendnmacusafuas
nssud #y ms;x‘{'l INHARANNGT 1BIshEd shansareanin Tustioma Waramnn
1897RE  URENITYOUEAY distance relay tuwiniTuS7u USSR time-lag
Winefiudssing 4 Juh  Snwsniscaema 80-90% 1IN azITma b
Wrosd S 2 SzHovne 1207 S0 3 TeeEona 2507 AuidesSruesnastino
UMW coordination Al 1Mo WETLLTIefusAn  Smniiwushiid  (unns  Seutus
UNSHMENINEANE (Rafnuasuany Sounastihaiiu Sausal  avuviedRarasiiuiy
SUU INIWRSNT LABTATING ATUSUNTN  LdURRIR T A e usu
189 Zone protection graphics WatuAAIRMMIIITA back up WM

v
Hoan AT



Iv

Kanaksak Suebsoch
Pornchai Leaddessakul
Monthon Leelsjindakrairerk Advisor

1993

Abstract

In power systems, the transmission line with has the large
are very important. Such as the protection must safe and less
dangerous. Distance relays is an equipmerit protect which depends of
distance on the occurrence of a fault, the voltage-to-current ratio
is & mexXimum at the power station and decresse along the various
feeders to the fault where it is almost zero. The relays such that
those nearest to the fanlt operate quicker thsn those at a farther
distance 0.4 seconds. The first zone unit which is set to cover
usually 80% of the first section, the second zone unit set 120% and
the third zone unit set 250 % . This thesis concerns with the
writing of a  PASCAL - programing langusge to studies and shows
zone protection. By set positions of a fanlt in systems and the
program for a microcomputer to execute , show fault positions in

zone protection graphics and zone backup of fault point.
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resctance = L x reactance 1 (Q /km) x ratio(CT/Pt) x 80%
resistance = L x resistance 1 (Q/km) x ratio(CT/Pt) x 80%
Zone 2 50% naeﬂﬁﬁﬁﬁﬁﬁpﬁﬁaaqﬁﬁ U B duds 1 F fodinin 1w
reactance = [L x reactance 1 (Q/km) x ratio(CT/Pt)]
: +[2L x reactance 5 (Q /km) x ratio(CT/Pt) x 50% ]
resistance = {L X resistance 1 (Q /km) x ratio(CT/Pt)]

+[2L x resistance 5 (Q/km) x ratio(CT/Pt) x 50% ]
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Zone 3 20% nmi’nﬁ';m’f‘frgﬂ %aagﬁu fid F %a¥iFes T H

reactance = [L x reactance 1 (O /km) x ratio(CT/Pt)]

+[2L x reactance 5 (Q /km) x ratio(CT/Pt)]

"+[L x reactance 6 (Q /km) x ratio(CT/Pt) x 20% ]
resistance = {L x resistance 1 (Q /km) x ratio(CT/Pt}]

+[2L x resistasnce 5 (U /km) x ratio(CT/Pt)]
+{L, x resistance 8 (Q /km) x ratio(CT/Pt) x 20% ]

* ratio (CT/Pt) Lﬁuﬁwﬁ‘lﬂ”ﬁnaqﬁﬁ Relay

fofl Thihaientsetn  Saussd Ivasdssdelid PA AU WNE (T
cueve 50 km. 0@ PA

A1 ratio (CT/Pt) = 0.348

Primary

- avuasey i@ PA ffu WNK , relay m3#inu bus PA  (reac

= reactance ,
res = resistance)
Zone 1

reac = 114.507km x 0.28875 x 0.348 x 0.8 = 8.52

res = 114.507km x 0.1207 x 0.346 x 0.8 = 3.82

FTHEM Protection = 114.507 x 0.8 = 91.8056km

Zone 2 = Zone 3 (Upavn iiM WNK uiisgaiing
reac = 114.507km x 0.26875 x 0.348 = 10.647
res = 114.507km x 0.1207 x 0.346 = 4.782
ITHENW Protection = 114.507km
“fm‘v.uﬁnnaagﬂmaﬁ
reac = 50km x 0.26875 x 0.346 = 4.649
res = O0km x 0.1207 x 0.346 = 2.08811

: - pNDRA Bluntuwiy Zone 1 789 relay iR PA
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Backup 1

- ey I/ CC Ay PA mafinu relay bus CC

Zone 1
reac = 71.782km x 0.26875 x 0.346 x 0.8 = 5.34
res = 71.782km x 0.1207 x 0.346 x 0.8 = 2.4
THEM Protection = 71.782 x 0.8 = 57.4256km
Zone 2
reasc = (114.507 x 0.28875 x 0.348 x 0.5) + (71.782 x 0.28875
x 0.346) = 12
res = (114.507 x 0.1207 x 0.346 x 0.5) + (71.782 x 0.348)
= 5.4
THE Protection = 71.782 + (114.507 x 0.5) = 128.0355km
Zone 3 /
reac = (71.782 x 0.28875 x 0.346) + (114.507 x 0.26875
x 0.346) = 17.32
res = (71.782 x 0.1207 x 0.346) + (114.507 x 0.26875
x 0.3468) = 7.78
FTHEMN Protection = 71.782 + 114.507 = 186.28%knm
%nmﬁqnm?ﬂmaﬁ
reac = (71.782km x 0.26875 x 0.348) + 4.649. = 11.32
res = (71.782km x 0.1207 x 0.346) + 2.08811 = 5.085

:- Qﬁﬂﬂaﬁ eay W Zone 2 989 relay i CC
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Backup 2

- AnwasErIng 1| BPK fiu CC vne#iiu relay bus BPK

Zone 1

reac

17.632 X 6.26875 X 0.346 X 0.8

1t

1.31

L]
]
“©
I

17.632 x 0.1207 x 0.346 x 0.8 = 0.58

jrHt Protection = 17.832 x 0.8

= 14.1056km

Zone 2

reac = (71.782 x 0.268875 x 0.346 x 0.5) + (17.632 x 0.28875

x 0.346) = 4.977

res = (71.782 x 0.1207 x 0.346 x 0.5) + (17.632 x 0.12

x 0.346) = 2.23
tHt Protection = 17.832 +(71.782 x 0.5) = 53.523km
Zone 3
reac = (114.507 x 0.28875 x 0.346 x 0.2) + (71.782 x 0.26875
x 0.348) + (17.832 x 0.268875 x 0.348)

= 10.44
= (114.507 x 0.1207 x 0.346 x 0.2) + (71.782 x 0.1207

x 0.346) + (17.632 x 0.1207 x 0.346)

res

= 4.89 .

THEYY Protection

17.832 + 71.782 + (114.507 x 0.2)
112.3154km

ATLLNIIIANDRA’

reac = (0.268875 x 0.346) (17.632 + 71.782 + 50) = 12.96 ohm.

res = (0.1207 x 0.348) (17.632 + 71.782 + 50) = 5.822 ohm.
: - apaed arbipgifu Zone W0 1w UMD relay bus BPK Wehansaflafuid
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program dr ;

uses crt,dos,draph ;

var
i,3,k,xcl,yel,rdil,swl,sw2,wg,wh,wu,wd,wbu,wr,we : integer ;
xt,vt,rdi,xc2,ycZ,wo,wi,p,m,n,wsa,wn,wn,wb,wl,ws . integer ;
pp,rdiZ, rd, temp, templ,ratio,dis,sql,sq2,ti,z21,22,23 "t real ;
stl,st2,st3,st4,st5,backbus2, backbusl ‘ : string[20] ;
namebus .+ array(1..50] of string(20] ;
res,reac,xjr,zt > arréy[l..ZOG] of real ;
‘ compare,dz : array[1l..200] of real ;
reff : arrayf[l..30] of integer ;
bul,bu2 : arrayfl..200] of integer ;
bus : array{1..50,1..50] of real ;
rreac,rres : array[1l..50,1..50] of real ;
i ans : char ;
{$i zones.pas} ~
{$i caci.pas}
{$i system%pas}
{$i drline.pas}
begin .

clrscr ;
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{ This program transfer from GL1-LINE }

{——- ' SET VARIABLE = O -
repeat {<
setvariable ;
clrscr ;
gotoxy(30,12) ; write(’ Select (1) or (2) ") ;
gotoxy(33,13) ; write( '[1] System General :°) ;
gotoxy(33,14) ; write( ' [2] System on computer :°) ;
gotoxy(35,16) ; readln(pp) ;
if pp <= 1 then
begin
clrser ;
gotoxy(30,12) ; writeln( Numbers of bus :7) ;
gotoxy(48,12) ; readln(n) ; -
clrser ;-
gotoxy(30,12) ; write( 'ratio(ratio.CT/ratio.PT) : ") ;

gotoxy(44,14) ; readln(ratio) ;

clrscr ;

113
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write( 'Name Bus : °) ; writeln ; writeln ;
for wo := 1 to n do
begin

write('bus “,wo,” = °) ;

readln(namebus[WOJ)i

e \
end ; ( h
for wi := 1 ton do
for wo := 1 tondo
begin 1
if wo <> wi then
beg;n
writeln ;

l
write( 'distance line ’,namebus{wi], "-",namebus[wo],” =

readIn(bus(wi,wo]) ;

1

write( ‘reactance ' ,namebus{wi], -’ ,namebus[wo],
© (ohm/km) = )
readln(rreac{wi,wo]) ;
write( ‘resistance ’,namebus{wil, -’ ,namebus{wo]’
“(ohm/km) = ) ;
readIn(rres[wi,wol) ;

}
end ¢°

/£
end;

end

s
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else
data ;

repesat

clrscr ; {<

setvar ;

if pp > 1 then

begin

systemgraph ;

closegraph ;

end ;
gotoxy(30,12) ;
write(” Fault between Bus : ");
gotoxy(25,14) ;
write( 'Ex : namebus (enter) namebus (enter}’) ;
gotoxy(35,18) ;
resdIn(backbusl) ;
gotoxy(35,20) ;
readln(backbus2) ; clrscr ;
gotoxy(30,12) ;
write( " distance fault from bus ",backbusl,” (km)") ;
gotoxy(40,15) ;
readln(dis) ;
wm = 0 ; wa =0 ;

repesat

="
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wm = wm+ 1 ;

until namebus{wm] = backbusl ;
P =wm
repeat

wa oz w 4+ 1

until namebus{wua] = backbus2 ;

calzone ;

wm = 100 ; wu := 100 ; wd := 100 ;' wbu :=100 ;
swl = p ; swW2 = m ;
P = swZ2 ; m:= swl ;

dis := abs(bus(p,m] - dis) ;

calzone ;

if (reac{l] > 0 ) or (resc[101] >0 ) then

showgraph
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else
begin
clrscr ; gotoxy(30,12) ;
write( 'No fault ") ;readln ;
end ;
clrser ;
gotoxy(30,12) ; write( Want to repeat calculate (Y/N): °) ;

ans := readkey ;

until upcase(ans) ='N° ; {< 23

clrscr ;
gotoxy(30,12) ; write( Return to DOS (Y/N) : ) ;

ans := readkey ;

until vpease(ans) =Y" ; {« 13

2

clrser ;

end.
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procedure drline ;
var
row,col,wi,wo : integer ;
num : real ;
stl,st2: string ;
begin
1line(10,0,getmaxx,0) ;moveto(getmaxx,0);
lineto(getmaxx,230) ;lineto(10,230) ; lineto(10,0) ;
moveto(360,0); lineto(380,230);

1ine(130,214,180,87) ; 1ine(490,214,540,87) ;

{ table.graph.row }
row := 230 ;
for wi := 1 to 15 do
begin
row := row — 16 ;
line(10,row, 17,row) ;moveto(l7,row) ;
col := 17 ;
for wo := 0 to 88 do
begin
moveto (col,row) ;
lineto(col,row) ;
col := col+8 ;

end *

{1itable.graph.column! i TEEILETEINED)

-~



VAL

for wo := 1 to 30 do
begin
col := col+24 ;

line(col,230,001,227);moveto(col,227);
row := 227 ;
for wi := 0 to 75 do
begin
moveto(col,row) ;
lineto(col,row) ;
YOW := row-7 ;
end
end;

col := 130 ; row := 480 ;

for wo := 1 to 110 do
begin
moveto(col,214) ; lineto(col,214) ;
col := col+Z ;
moveto(row,214) ; lineto(row,214) ;
rOW := rowt+Z ;

end;

row := 213+;
for wi := 1 to 120 do
begin

moveto(130,row) ; lineto(130,row) ;
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moveto(480,row) ; lineto(490,row) ;
TOW = row-2 ;

end;

number.char 1

row := 104 ; num := -1 ;
for wi := 1 to 10 do
begin
TOW = rowtz2d ;
num := numt+l.0;
str(num:2:1,stl) ;
settextstyle(2,0,2);
outtextxy(row, 233,stl) ;
end;
num := 0 ; col := 186;
settextstyle(2,1,2) ;
outtextxy(1,211,°0") ; outtextxy(1,186,2");
outtextxy(1,179,°4") ; outtextxy(1,182,°86°) ;
onttextxy(1,146, '8") ; outtextxy(1,128,107);
outtextxy(1,111,'12") ; ocuttextxy(1,86,714") ;
outtextxy(1,81, "16") ; outtextxy(1,85,718") ;
outtextxy(1,48, "20") ; outtextxy(1,33,°227) ;
outtextxy(1,17, 24" ;
settextstyle(0,1,1);
outtextxy(25,2, 'X');
settextstyle(0,0,1) ;

outtextxy (375,233, 'R") ;
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number .char 2

row := 484 ; num := -1 ;

3

for wi := 1 to 10 do

begin

Tow = rowt2d ;
num := num+l ;

str(num:2:1,st1) ;
settextstyle(2,0,2) ;

outtextxy(row,233,stl) ;

end;

settextstyle(2,0,4) ;

setusercharsize(1,1,10,11) ; >
outtextxy(25,335, "%k} ; N
fillellipse(53,339,4,2) ; outtextxy(64,335, = fault location’) ;
circle(168,338,5) ; ,

outtextxy(181,335, "= impedancé circle”) ;

1ine(300, 333,300,343) ; 1ine(300, 343,317,343) ;

1ine(300,343,310,337) ;

outtextxy(323,335, "= maximum torque angle’) ;

fillellipse(465,339,2,2) ; outtextxy(473,335, "= zone setting’) ;
outtextxy(585,335, ‘ct/pt ratio = 0.348 ") ;

end; * { end subprogram}
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procedure showgraph ;

begin
{— GRAPHIC -}
repest { < 1 3
i := detect ;
initgraph(i,3, ") ;

{ Subprogram - 3
wg : =0 ; we =0 {<z==z======== point fault on circle 1 }
wh := 100 ; ws := 100 ; {<========—=-point fault on circle 2 }
repeat

drline ;
{ Calculate circle and others 3
{ QUTPUT CIRCLE 1 -—=}

if res[wg+l] > O then

begin
we = wetl 3 wd = 278 ;

for p := wgt+l to wg+3 do

begin
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vt = fvti(p) ;

xt = fxti(p) ; {<========= point zone }

fillellipse(xt,vt,2,2) ;

vyt = 214-round(x{wc]*8.5) ;
xt := 130+round(r[wcI*25.5) ; {<==== point fault on graph}

fillellipse(xt,yt,4,2) ;

rd := pik74/180 ;

rdi := frdi(p) ;

xcl = fxcl(p) ;

yel := fyel(p) ;
setaspectratio(2,3) ;

circle(xc¢l,yel,rdi) ;

-NUMBERICAL 1 3

str(dzfp]}:2:2,stl) ;

settextstyle(2,0,5) ;
outtextx¥y(70,250, 'bus’) ;
outtextxy(70,263, ‘'relay bus’) ; outtextxy(115,278, (km)") ;
outtextxy(70,278, "zone ) ; outtextxy(115,289, (km)") ;

outtextxy(70,288, ‘zone’') ;outtextxy(115,302, (km)") ;



outtextxy(70,302, ‘zone’) ;

outtextxy(70,315, ‘delay time (ms)’) ;

settextstyle(2,0,4) ;

outtextxy(200,265,namebus{bul{wcl]) ;
outtextxy(200, 250, namebus{bulfwecll) ;

outtextxy(105,278, '1") ; outtextxy(227,250, -") ;
outtextxy(105,281, "2°) ; outtextxy(242,250,namebus{buzfwe]l]) ;

cuttextxy(105,304, "3°) ; outtextxy(205,wd,stl);

if ztf{wec] > O then
begin
str(zt{we]:3:3,st4) ;
outtextxy(203,317,st4) ;
end
else

outtextxy(203,317, none”) ;

wg = wzg+l ; wd = wd+l3
end;

end;

OUTPUT CIRCLEZ (ON RIGHT) }
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if res(wht1] > O then

begin
ws = ws+l ;3 wd = 278 ; {285}

for k := whtl to wht+3 do

begin
xt = £xt2(k) ;
yt = £yt2(k) ;

fillellipse(xt,vt,2,2) ;

490+round(r[ws1*25.5) ;

xt :
yt := 2i4-round(x[ws]¥8.5) ; {<==== point of fault on right}

fillellipse(xt,vt,4,2) ;

rdi := frdick) ;
xc2 := fxe2(k) ;
ye2 = fycack) ;
setaspectratiol(2,3) ;

circle(xc2,yc2,xdi) ;

-- NUMBERICAL 2

]

str(dz[k]:2:3,st1) ; str(bullwsl:2,st2} ; str(bu2[ws]:2,st3) ;
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settextstyle(2,0,5) ;
outtextxy(410,250;'bus’) ; onttextxy(455,302, "(km) ) ;
onttextxy(410,283, ‘relay bus’) ; outtextxy(455,276, (km)") ;
auttextxy(410,278,’zone') ; outtextxy(455,283, "(km)" ) ;
outtextxy(410,283, "zone”) ;
outtextxy(410,315, ‘delay time (ms)’) ;

outtextxy(410,302, ‘zone’) ;

settextstyle(2,0,4) ;
outtextxy(540, 265, namebus{bullws]]) ;
outtextxy (540,250, namebus{bulfws]]); outtextxy(566,250, -");
outtextxy(445,278,"17) ; outtextxy(584,250,namebus{bu2{wsll);
outtextxy(545,wd,stl) ;
outtextxy(445,281,°2") ;

outtextxy(445,304, '3") ;

if zt[ws] >0 then
begin
str(zt{ws]:3:3,st5) ;

outtextxy(540,317,st5) ;

else
begin *
outtextxy(540,317, none”) ;

end;
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wh = wh+l ; wd = wd+13 ;
end;

end;

readln ;

cleardevice ;

if pp > 1 then begin
systemgraph ;
cleardevice ;

end ;

until (resiwg+l] = 0 ) and (res{wh+l] =0 ) ;

closegraph ;
gotoxy(30,12) ;
write( ° do you want to repeat (Y/N) ") ;
ans := resdkey ;

until upcase(aﬁs) = 'N" ; {<

end;
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procedure systemgraph ;
vax
i,3,k,row,col,wi,wo : integer ;
begin
clrser ;
i := detect ;

initgraph (i,3," ") ;
setlinestyle(4,6125,2) ;

1ine(0,250,getmaxx,250) ; moveto(getmaxx,getmaxy) ;
lineto(getmaxx,0) ; lineto(0,0) ;
lineto(0,getmaxy) ; lineto(0,getmaxy) ;

lineto(getmaxx,getmaxy) ;
setlinestyle(0,0,3) ;

line (40,70,76,70) ; line (180,50,180,32) ;
line (380,30,396,30) ;line (630,30,830,50) ;
line (170,90,206,90) ; line (330,110,386,110) ;
line (170,120,206,120) ; line (40,130,76,150) ;
line (15,150,15,170) ;line (40,180,76,180) ;
line (40,220,76,220) ; line (25,240,60,240) ;
line (320,140,320,180) ; line (280,210,280,230) ;
line (370,210,370,230) ;line (450,210,450,230) ;

line (540,210,540,230) ; line (630,210,630,230) ;
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line (280,265,450,265) ;

setlinestyle(0,0,0) ;

1ine(630,40,386,40) ; 1ine(386,40,386,30) ;

1ine(376,30,376,15) ;1ine(376,15,150,15) ;

1ine(150,15,150,37) ; 1line(150,37,180,37) ;

moveto(180,45) ; lineto(200,45) ;lineto(200,35) ;
lineto(58,55) ; lineto(58,76) ;

moveto(85,70) ; lineto(65,80) ; lineto(180,8Q0) ;
lineto(180,90) ; 1line(187,90,187,120) ;

moveto(193,120) ; lineto(183,128) ; lineto(368,128) ;
lineto(368,110) ;

moveto(178,120) ; lineto(178,161) ;lineto(70,161) ;
lineto(70,144) ;lineto(320,144) ;

moveto(15,181) ; lineto(45,161) ; lineto(45,144) ;
lineto(18,144) ; lineto(16,60) ; lineto(50,80) ;
lineto(50,70) ;

line(58,150,58,220) ; 1line(48,220,48,240) ;

moveto(68,220) ; lineto(88,225) ; lineto(280,225) ;

moveto(280,215) ; lineto(270,215) ; lineto(270,135) ;
lineto(320,155) ;

moveto(280,220) ; 1lineto(830,220) ;

moveto(320,150) ; lineto(435,150) ; lineto(435,213) ;
lineto(450,213) ;

moveto(8,266) ; lineto(getmaxx-10,266} ;
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lineto(getmaxx~10, getmaxy-10) lineto(8,getmaxy-10) ;

lineto(8,288) ; moveto(460,266) ; lineto(460,getmaxy-10) ;

setaspectratio(2,3) ;

circle(57,90,20) ;

outtextxy(840,30, 'WNK') ; outtextxy(360,20, 'PA") ;
outtextxy(180,23, 'CC") ; outtextxy(80,65, BFK") ;
outtextxy(185,80, 'CB") ; outtextxy(350,100, BBG ) ;
outtextxy(170, 110, "SC") ; outtextxy(S50, 140, AP ) ;
outtextxy(20,170, "AU") ; outtextxy(35,180, 'BL') ;
outtextxy(25,210, "SH-1") ; outtextxy(63,240, 'SH-2") ;
outtextxy(320, 132, 'RY-27) ; outtextxy(277,200, 'RY-3") ;
outtextxy(360,200, 'RY-1") ; outtextxy(442,200, ‘'KLA ) ;
outtextxy(535,200, 'CT") ; outtextxy(8625,200, TR") ;

outtextxy(300,255, "SYSTEM ON COMBUTER ) ;

outtextxy(52,83, G ) ;

settextstyle(2,0,4) ;

setusercharsize(S5,6,15,22) ;

outtextxy(445,33, "AC-114.507 KM ") ;
outtextxy(260,8, "AA-71.782 KM") ;
outtextxy(100,48, "AA~ 17.832 KM") ;

outtextxy(115,62, "AA~- 330 KM") ;
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outtextxy(260,120, "AC- 33.21 KM") ;
outtextxy(230,137, "12AC- 51.932° ) ;
outtextxy(110,153, "AC- 4.6874 RM" ) ;
outtextxy(10,153, 'AC-4.6 KM");
outtextxy(350, 142, "12AC- 56.686 KM") ;
outtextxy(128,218, "AA~ 26.367 KH') ;
outtextxy(300,212, "AA- 15.333 RM") ;
outtextxy(378,212, "AC-47.385 KH") ;
outtextxy(470,212, "AC-56.082 KM ) ;

outtextxy(585,212, "AC-61.5838 KM") ;

settextstyle(2,1,4) ;

setusercharsize(5,7,15,22) ;

outtextxy(8,70, "12AC-52.512 RHM") ; outtextxy(60,150, "AC-21.882") ;
outtextxy(60,180, "AA-21.04 RH ") ; outtextxy(40,215, AA-11 RM") ;

outtextxy(260, 160, "AC-4.876 KM") ; outtextxy(180,85, "AA-25.4 RM") ;

settextstyle(2,0,4) ;

outtextxy(15,270, "WNK = Watthana ') ;
onttextxy(15,280, 'PA = Pachin Burei’) ;
outtextxy(15,298, 'CC = Chachoengsao’) ;
outtextxy(15,300, 'BPK = Bang Pakong’);
outtextxy(15,310, 'CB = Chon Nuri’) ;

outtextxy(360,270, ‘SC = Siracha’) ;
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outtextxy(130,270, ‘BBG = Ban Bung’) ;
outtextxy(130,280, ‘AP = Ao Phai’) ;-
outtextxy(130,290, ‘AU = Ao Udom’) ;

outtextxy(130, 300, 'BL

Bang lamung’) ;

outtextxy(130,310, "SH-1 = Sattship-1") ;

outtextxy(245,270, ‘SH-2 = Sattahip-2°);

outtextxy(245,280, 'RY-1 = Rayong-1') ;

outtextxy(245,280, 'RY-2 = Rayong-2°) ;

outtextxy(245,300, 'RY-3 = Rayong-3°) ;
outtextxy(245,310, 'KLA = Klaeng’) ;
outtextxy(380,280, 'CT = Chanta Buri’) ;
outtextxy(360,290, ‘TR = Trat’) ;

outtextxy(470,270, "AA

477 AAC") ;

outtextxy(470,280, "128A 1272 ACSR") ;

outtextxy(470,290, “AC 477 ACSR * ) ;

outtextxy(470,300, 'MCM = 785 MCM ) ;

readln ;

end;



43

procedure calzone ;

begin

{ zone 1

reac{wmtl] := bus[p,m]*rreac[p,m]*0.8kratio ;

res{wmt+1l] := bus[p,ml*rres[p,m]*0.8ratio ;

x[wd+1] := (rresc[p,ml*diskratio) ;

riwd+1] := (rresip,m}kdiskratio) ;

dz{wd+1] := bus{p,m]*0.8 ;

wbu := wbu+l ;

bullwbu] := p ; bu2{wbul] := m ;

for wi:= 1 to n+l do
begin
if wi = p then wi := ptl ;
compare{wi] := bus{m,wi] ;

end ; .

for wi := 1 to n-1 do

(%]

%



for wo := 1 to n-wi do
if compare[wo] > compare[wo+l] then
begin
temp := comparelwo] ;
compare[wo] := compare{wot+l] ;
compare{wo+l] := temp ;

end;

repeat
Wi = wi +1 ;
templ := compare{wi] ;

until (templ > 0) or (wi = n) ;

wo := 0 ;
repeat
Wo:= wWotl ;
if wo = p then wo := p+l ;

if templ = bus[m,wo] then

begin
reaclwm+2] := (bus[m,wol*krreac[m,wo]*0.5kratio)
+ (reac{wmt+1]1/0.8) ;
res{wmt2] = (bus[m,wol*rres[m,wo]*0.5%ratio)
. + (res{wm+1]/0.8) ;

dz{vmt+2] := (bus[m,wo]*0.5) + (dz[wm+1]/0.8) ;
end; .

until templ =bhus[m,wo] ;
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{ zone 3
if templ > O then
begin
for wi := 1 to 200 do
compare[wi] := O ;
for wi := 1 to n+l do
begin
if wi = m then wi := mtl ;
compare[wi] := bus[wo,wi] ;
end ;
for wi := 1 to n-1 do
for wa :z=

1 to n—wi do

if compare{wsa] > compare{wa+l] then

begin

temp := compare{ws] ;

compare{wa] := compare{wa+l] ;
compare{ws+1] := temp ;
end; .
wi =0 ;
repeat

wi = wi+ 1;
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until bus{wo,wi] = compareln] ;

if bus{wo,wi] > 8 then
begin‘
reac[wmt3] := (bus{wo,wil¥rreac{wo,wil*0.2%ratio)
+(reac[wm+1]/0.8)+(bus[m,wol*rreac{m,wol*ratio) ;
res{vmt+3] := (bus[wo,wilkrres{wo,wilk0.2%ratio)+(reac[wm+1]/0.8)
+(bus{m,wol¥rres{m,wol*ratio) ;
dz[wvm+3] := (bus[wo,wil*0.2) + (dz[wmt+1]/0.8) + bus[m,wo] ;

end

else
begin
reac[wmt3] := (reac[wm+1]/0.8) + (bus{m,wolkrreac[m,wolkratio) ;
res[wmt3] := (res[wm+11/0.8) + (bus[m,wol¥rres[m,wol*ratio) ;
dz{wm+3] := (dz{wm+1]/0.8) + bus{m,wo] ;
end;

end ;

if templ = O then
begin
reac[wvmt+3] := reac[wm+13]/0.8 ;
res[wm+3] := res{wm+1]1/0.8 ;
dz[wm+3] := dz[wm+1]/0.8 ;

end ;
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zl :

sqrt(sqr(reac{wm+1] y+sqr(resfwm+1])) ;

zZ2 := sqrt(sqr(reac{wm+2]) + sqr(res[wm+2]1)) ;

sql := sgrt(sqr(x[{wd+1])+sqr(r{wd+1])) ;

if sql < z1 then
{ if reac[wm+3] > O then}
begin
sq2 = 1/sqri(sqar(res{wm+1]) + sar(reac[wm+11)) ;
ti := sqlksq2%70 ;
zblwd+1] := 70/In(73-ti) 3

end ;

if (sql > z1) and (sql <= 22) then
bezin
sq2 := 1/sgrt(sqr(res{wm+2]) + sar(reac[wm+2])) ; =
ti := sqlksqZ%70 ;
zt[wd+1] := 80/In(73-ti) ;

end;

{—-- backup

{ -~ zone 1 -
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for wb := 1 ton-1do

begin

wn = wntl

if wn = m then wn := m+1

if bus[wn,p] > O then

begin

wmn o= w3
reac{wm+1l] := bus{wn,plkrreasclwn,pl*0.8%ratio ;
res(wmt+l] := bus[wn,p]*rreéfwn,p]*O.8*ratio 5
dz{vm+1]} := bus{wn,p}*0.8 ;

Wr = wWr+l ;

x[wr+wd] = x[wd+1] + (reac[wm+11/0.8) ;

rlwr+wd] = riwd+1l] + (resfwm+1}/0.8) ;

wbu := wbu+l ;

bul{wbu] := wn ; buZ{wbul := p ;

reff{wr] := wn ;

3 zone 2

for wi := 1 to 200 do

compare[wi] := O ;
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wi:= 0 ;
repeat
wi = witl f
if wi = wn then wi := wnt+l ;
compare(wi] := busp,wi] ;

until wi = n+l ;

for wi := 1 to n-1 do

for wo := 1 to n—wi do

if compare[wo] > compare{wo+l] then

begin

temp := compare{wo] ;

compare[wol := compare[wo+l] ;
compare[wo+l] := temp ;
end;
wi =0 ;
repeat
Wi = witl ;

templ := compare(wi] ;

until (templ > 0 Y or (Wi =n ) ;

repeat
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Wo = wo +1 ;
if wo = wn then wo := wn+l ;

if templ. = bus{p,wo] then

begin

reac[wmt+2] := (bus[p,wol¥rreac{p,wol¥ratio*0.5) +
(resc[wm+11/0.8) ;
res{wmt2] := (bus[p,wol*rres[p,wol*ratio*0.5) +
(res{wm+1]/0.8) ;

dzfwm+2] := (bus[p,wo]*0.5) + (dé[wm+1]/0.8) ;
end;

until templ =bus[p,wo] ;

zone 3
for wi := 1 to 200 do
compare[wi] := 0 ;
for wi := 1 to n+l do
begin
if wi = p then wi := p+l ;
compare{wi] := bus{wo,wi] ;
end ;
for wi := 1 to n-1 do
for wa :=

1 to n—wi do
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if compare{wa] > compare[wa+l] then
begin
temp := comparelwal ;

" compare[wa] := comparel[wa+l] ;
compare{wat+l] := temp ;
end ;
wi =0 ;
repeat
wi = wi+1 ;
until bus{wo,wi] =

= compare{n] ;

if bus[wo,wi] > O then

begin

reac{wvmt+3] := (bus[wo,wil¥rreac[wo,wi]*ratiok0.2)+
(reac{wm+1170.8)+(bus[p,wo]*rreac[p,wo]*ratio) ;

res{wmt3] := (bus[wo,wilkrres{wo,wil*ratiok0.2)+

(res{wm+11/0.8) +(bus{p,wolkrres[p,wolkratio) ;

dz{wmt+3] := (bus{wo,wil*0.2) + (dz{wmt+1]/0.8) + bus[p,wo] ;
end

begin

reac{wmnt3] :

(reac[wm+1]/0.8)+(bus{p,wol*rreac[p,wol*ratio) ;
res[wmnt+3] :

(res[wm+1]/0.8) + (bus{p,wolkrresip,wol¥ratio) ;
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dz{wmt+3] := (dz[wm+1]/0.8) + (bus(p,wo]) ;

end ;

2zl := sgrt{sqr(reac[wmt+l]) + sqar(res{wm+1])) ;
z2 := sqgri(sqar(reac[wm+2]) + sar(res{wm+2])) ;
z3

= sart(sqr(reac{wm+3]) + sar(res{wm+31)) ;

sql := sart(sar(x{wr+wdl) + sqr(riwr+wd]l)) ;

if (sal <= 22) and (sql > z1) then
begin

sq2 := 1/sqrt(sqr(resciwm+2])+sar(res{vm+2])) ;

ti := sqlksq2¥70 ;
zt[wr+wd] := 80/In(73-t1i)

end;

if (sql <= 23) and (sql > 22) then

begin
sa2 := 1/ sart(sqr(reac[wm+3]) + sgr(res[wmt+3])) ;
ti := sql*sq2%70 ;

ztfwr+wd] = 110/1In(73-ti) ;

end ;

end;

end ;
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{ backup 2

zone 1

if wr > 1 then
begin
wd 1= wr+wd
for wf := 2 to wr do
begin
for wb := 1 to n+l do
begin
if wb = p then wb := p+l ;
if bus[wb,reff{wf]] > O then
begin

wii = wm + 3

resc[wmtl] := bus{wb,reff[wf]lkrreaclwb,
reffwf]}kratick0.8 ;
res{wmt+l] := bus[wb,reff{wf]l*rres{wb,
reff{wf]Jkratiok0.8 ;

dz[wm+l] := bus[wb,reff[wf1]*0.8 ;

wd = wd+l ;

x[wd] :

(reac{wnt11/0.8) + x[wf+wul;

r{wd] := (res[wmt+1}/0.8) + r{wf+wa] ;
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wbu := wbu+l ;

bul{wbul] := wb ; buZ{wbu] := reffiwf] ;

-zone 2

for wi := 1 to 200 do

compare[wi] :=0 ;

for wi :=1 to n+l do

begin
if wi = wb then wi := wi+l ;

comparefwi] := bus{reffi{wf],wi] ;

end ;
for wi := 1 to n-1 do
for wo := 1 to n—wi do

if compare{wo] > compare[wo+1l] then

begin
temp := compare{wo] ;
compare{wo] := compare{wo+l] ;
comparef{wot+l] := temp ;
end ;
wi =0 ;
repeat

Wi = wi+l

Hd
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templ = compare[wil] ;

until (templ > Q0 ) or (Wi = n) ;

wo = 0 ;
repeat
WO = wotl ;
if templ = bus[reff{wf],wo] then
begin
reac{wmtZ2] := (bus[reff[wf],Woj*rreac[reff[wfj,wo]
*ratio¥0.5)+(reac[wmn+11/0.8) ;
res{wmnt2] := (bus{reff[wf],wol*rres{reffwf],wo]
¥ratio *0.5)+(res{wm+1]/0.8) ;
dz[wmt+2] := (bus[reff[wf],wo]*0.5)
+ (dz{wm+1]/0.8) ;
end;

until tenbl = bus{reff[wf],wo] ;

———————————————— - ~~zone 3 -}

for wi := 1 to 200 do

compare{wi] := 0 ;
£or wi := 1 to n+l do
begin
if wi = reff{wf] then wi := wi+l ;

comparelwil := bus[wo,wi] ;
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end ;

for wi :

1 ton-1do

for wa :

1 to n-wi do
if compare[wal > compare{wa+1l] then
begin
temp := comparelwa] ;

compare[wa] := compare[wa+1l] ;
compare[wa+l] := temp ;
end;
wi =0 ;
repest
Wi = wit+l ;

until bus[wo,wi] = compsare[n] ;

if busiwo,wi}l > 0 then

begin
reac{wmt3] := (bus[wo,wi] * rreac[wo,wi] * ratio *
0.2) +(reac[wmt1l] / 0.8) +
(busl[reffwf],wo] * ratio %
. rreac[reffwf],wol) ;
res{wm+3] := (bus{wo,wi] * rres{wo,wi] % ratiockx(0.2)

+(res{wnt+1l] /0.8)+(bus[reffwf],wo] *

ratick rres{reffiwf],wcl) ;
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dz[wmt3] := (bus{wo,wi]*0.2)+(dz[wm+1]/0.8)+buslreff{wf],wo];
end
else .
begin
reac{wm+3] := (bus[reff[wf],wo] * ratio %
rreac[reff(wf],wol }+(reac{wm+1]1/0.8) ;
res[wmt3] := (bus[reffwf],wo] * ratio *
— rres[reffwf],wo])+ (res[wm+11/0.8) ;
dz{vm+3] := (bus[reff[wf],wo]) + (dz[wm+1]/0.8) ;

end ;

zl := sart(sqr(reac{wm+3]) +sqr(res{wm+3])) ;

sql := sgrt(sar(x(wd})+sqr(r{wd])) ;

if sql <= z1 then
begin
saZ2 := 1/sqart(sar(rescfwm+3]) + sgr(res[wm+3]1)) ;
ti := sql*sq2x70 ;
ztlwd] := 110/In(73-%ti) ;

end;

end;
eghd;
end;

end ;
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function caci(tver,tno :real) :real ;

var
tnol, tverl,tz,tuv,too,tt :real ;

begin
tverl := tver*x(0.36 ; tnol := tnox0.75 ;
tuv := arctan(tverl/tnol) ;
too := abs((74%pi/180)-tuv) ;
tz := sqrt((tverlktverl)+(tnol*tnol));
caci := tz/(2kcos(too)) ;

end ;

function fxcl(k:integer) : integer ;
var rd : real ;
begin
rd := 74%pi/180 ;
fxel := 138%+round((caci(reac[k],res[k] ykcos(rd))*32.5) ;

end ;

function fycl(k:integer) : integer ;
var rd : resl ;
begin
rd := Tdxpi/180 ;
fyel := 214-round((caci(reac[k],res[k]y*sin(rd))*23) ;

end ;
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function fxc2(k : integer) : integer ;
var rd : real ;
begin
rd = 74%pi/180 ;
fxc2 := 480+round((caci(reacl[k],res[k]y*cos(rd))*32.5) ;

end;

function fyc2(k:integer) : integer ;
var rd : real ;
begin
rd := 74xpi/180 ;
fyc2 := 214-round((caci(reac[k],res[k])*sin(rd)*23) ;

end;

function f£xti(k:integer) : integer ;
begin
fxtl := 130+round(res{k}*25.5) ;

end;

function fytl(k:integer) : integer ;
begin
fytl = 2l4-round(reac[k]*8.5) ;

end ; .

function fxt2(k:integer) : integer ;

begin
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fxt2 := 490+round(res[k]*25.5) ;

end;

function fytZ(k:integer) 1 integer ;
begin
fyt2 := 214-round(resc[k]*8.5) ;

end ;

function frdi(k:integer) : integer ;
var rd : real ;
begin
rd := piXx74/180 ;
frdi := round(caci(reac{k],res[k])*34.5) ;

end;

procedure data ;

begin

bus(1,2] = 17.632 ; bus[1,5] := 25.390 ;
bus(1,8] = 52.512 ;bus{2,3] :=71.782 ;
bus[3,4] = 114.507 ;bus[5,6] = 21.358 ;
bus[{5,1] .:= 25.380 ;bus[8,5] = 21.358 ;
bus[8, 8] = 4.874 ;bus(8,1] = 52.512
bus{8,3] = 4.605 ; bus[8,13] := 51.932 ;

bus(8,6] 1= 4.674  ; bus[8,10] := 21.882 ;
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bus{10,8] = 21.882 ; bus[10,11] := 21.038 ;
bus(11,10] := 21.039 ; bus{11,12] := 10.991 ;
bus(11,14] := 26.387 ; bus[13,8] :=51.932 ;
bust13,14] 1= 4.976 ; bus[13,16] := 56.688 ;
bus{14,13] := 4.876 ; bus[14,11] := 26.367 ;
bus({14,15] := 15.333 ; bus[15,14] := 15.338 ;
bus{15,18] := 47.385 ; bus[16,15] := 47.385 ;
bus[16,13] := 56.686 ; bus(16,17] := 58.082 ;
bus[17,18] := 61.589 ; '
rreac(l1,2] := 0.286875 ; rreac{1,5] := 0.26875 ;
rreac[1,8] := 0.23125 ; rreac(2,3] := 0.26875 ;
rreac{3,4] := 0.28875 ; rreacf[5,8] := 0.26875 ;
rreac{5,1] := 0.28875 ; rreac[B8,5] := 0.26875 ;
rreac[6,8] := 0.28875 ; rreac(8,1] := 0.23125 ;
rreac{8,8] := 0.28875 ; rresc{8,13] := 0.23125 ;
rreac[8,6] := 0.28875 ; rreac[8,10] := 0.26875 ;
rreac{10,8] := 0.26875 ; rreac[10,11] := 0.26875 ;
rreac{11,10] := 0.28875 ; rresc{11,12] := 0.28875 ;
rreac(11,14] := 0.26875 ; rreac[13,8] := 0.23125 ;
rreac{13,14] := 0.2494 ; rreac{13,16] := 0.26875 ;
rresc(14,13] := 0.2484 ; rresc[14,11] := 0.28875 ;
rreac[14,15] «= 0.26875 ; rresc[15,14] := 0.26875 ;
rreac{15,18] := 0.26875 ; rreac[16,15] := 0.26875 ;
rreac{16,13] := 0.26875 ; rreac(16,17] := 0.26875 ;
rreac{17,18] := 0.28875 ; rres{1,2} := 0.1207 ;



rres[1,5]
rres(2,3]
rres{5,8]
rres(6,5]
rres{8,1]
rres{8,13]

rres{8, 10]

rres{10,11] :=

rres{11,12]7 :

rres[13,8]

rres[13,16] :
rres{14,11] :
rresf15,14] :

rres{16,15] := 0.1207 ;

rres[16,173 := 0.1207

namebus{1]

namebus[3]

namebus[5] :

namebus[7]

namebus{9]

namebus{11] :=
namebus{13] :
namebus[15] :

namebus{177 :

n := 18 ;
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;= 0.1207 ; rres[1,8] := 0.0457 ;
:= 0.1207 ; rres{3,4] 1= 0.1207 ;
= 8.1207 ; rres(3,1] = 0.1207 ;
= 0.1207 ; rres[6,8] := 0.1207 ;
= 0.0457 ; rres{8,9] = 0.1207 ;
:= 0.0457 ; rres[8,8] := 0.1207 ;
= 0.1207 ; rres[10,8]1 := 0.1207 ;
0.1207 ; rres[11,10] := 0.1207 ;
= 0.1207 ; rres[11,14] := 0.1207 ;
1= 0.0457 ; rres(13,14] := 0.07325 ;
= 0.1207 ; rres{14,13] := 0.07325 ;
= 0.1207 ; rres{14,15] := 0.1207 ;
= 0.1207 ; rres[15,168] := 0.1207 ;
s rres[18,13] := 0.1207 ;
3 rres{17,18] := 0.1207 ;
= 'BPK" ; namebus[2] := 'CC" ;
:= 'PAT namebus[4] := "WNK"® ;
= 'CB” ; namebus{B] := "SC" ;
:= 'BBG” ; namebus[8] := "AP" ;
= TAUC namebus[10] := ‘BL" ;
"SH-1" ; namebus[12] := "SH-2" ;
= ‘RY-2° ; namebus[l14] := 'RY-3° ;
= 'RY-1" ; namebus[18] := "KLA" ;
= CT" ; namebus[18] := "TR™ ;
ratio := 0.346 ;
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end ;

procedure setvarigble ;
begin
for wi := 0 to 200 do
begin
res[wi]‘:: 0 ; reacfwi] := 0 ; compare[wi] := 0 ;
x[wil] := 0 ; r(wi] := 0 ; dz[wi] := 0 ;
bul[wi] := 0 ; bu2f{wil := 0 ; zt[wi] := 0 ;
end ;

for wi := 1 to 50 do

for wo := 1 to 50 do
begin
bus{wi,wol := 0 ; rreasc[wi,wo] := 0 ; rres[wi,wo] := 0 ;
end ;
end ;

procedure setvar ;
begin
for wi := 0 to 200 do
begin

res{wi] :

0 ; reac[wi] := 0 ; compare{wi] := O ;

x[wi] := 0 ; r{wi] := 0 ; dz[wi] := 0 ;

3

bul{wi] := 0 ; bu2{wi] := 0 ; 2t{wi] := 0 ;

H

end ;

end ;
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Select (1) or (2)
[1] System General :
[2] System on computer :
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Fault between 8us :

Ex : namebus (enter) namebus (enter)

PA
WNK

distance fault from bus PA (km)

50
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Fault between Bus :

Ex + namebus (m=nter) namebus (entar)
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distance fault from bus SH-1 (km)
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Fault between Bus :
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Type KD-10 and KD 11

Compensator
Distance Relay

CAUTION: Before putting protective relavs into
service, make sure that all moving parts opefate
freely, inspect the contacts to see that they are
clean and operate the relay to check the settings
_and electrical connections. - N

APPLICATIONS

* The type KD-10 relay (Fig. 1), is a polyphase
‘compensator type relay which provides a single
zone of phase protection for all three phases. It
provides' essentiallv instantaneous tripping for
phase-to-phase faults, two-phase-to-ground faults,

" . and three-phase faults within the reach setting

and sensitivity level of the relay. The relay is
mterchangeable with KD or KD-4 relays.

The type KD-11 relay (Fig. 1), is similar to
the KD-10 relay except that its characteristic

impedance circle includes the origin. This relay is’

usually applied as a carrier start relay in direc-
tional comparison blocking schemes but it may
also be used for time delay tripping in straight
distance relaying. Both KD-10 and KD-11 relays
have indicating contactor switches rated 0.2/2.0
amperes. The 2.0 ampere tap must be used for

directional comparison blocking (KA-4) applica- -

tions. The 2.0 ampere target is recominended for
direct trip applications. The 0.2 ampere target i$
recommended where a 125 or 250 volt lockout
relay (WL) is energized and 2.0 ampere where a
48 volt lockout relay is used. .

Refér to I.L. 40-208 for a description of how
KD-10 relay are used in directional comparison
blocking systems.

For time-distance applications the KD-10 and
KD-11 relays are used with the TD-4 or TD-52 or

TD-5 -dc transistorizéd timers. See Figs. 19 and
24 for the external schematics for 3 zone protec-

tion, using the TD4 and TD-52 relays, respec-
tlvely For further discussion see “External Con-,

nections”. p

Fault detectors are used to supervise the trip
circuit for those applications where the line side
potentials are used or-loss-of-potential supervision
is desired..Otherwise, undesired tripping may oc-
cur on line oscillations or loss-of-potential. The
cylinder ‘type KC-2 or KC4 relay (2-8 zmperes)
is recommended. The plunger or other magnetic
attraction type relays (e.g. a tiree unit SC relay

or a three unit ITH relay) may be used if the fault .

detector contacts carry trip coil current rather
than auxiliary relay (e.g. aunhar) trip unit, fimer,
etc.) current.

The SC or ITH relay may afso be used if a slow
dropout contact (e.g. TX contact of TD-5 timer

relay) is available io be connected around the

fault detector contacts.
CONSTRUCTION

The type KD-10 and KD-11 relays consists of
three single air gap transformers (compensators),
three tapped autotransformers, two cylinder type
operating units, and an ICS indicating contactor
switch.

COMPENSATOR

The compensator, which is designated T (Fig. 2)
is a two-winding air gap transformer, it has one
primary current winding. The compensators
which are designated Tpop and Tgc are three-
winding air gap. transformers, they have two

All possible contingencies which may arise during installation, operation, or maintenance, and all details

and variations of this eguipinent do not purport to be covered by these-instructions. If further information

is desired by purchaser regarding this particular installation, operation or maintenance of this equipment,
( the jocal Asea Brown Boveri representative should be contacted.

©RET
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primary current windings. Each primary current
winding has seven taps which terminate at the tap
block (Fig. 3). They are marked:

0.23, 0.307, 0.383, 0.537, 0.690, 0.920, 1.23

for 0.2-4.5 ohms relay

0.87, 1.16,1.45, 2.03,2.9, 4.06, 5.8 for0.75-21 .2
ohms relay

1.5, 20,25, 351, 5.0,

7.02, 10.0 for 1.27-36.7
ohms relay !

Current flowing through the primary coil pro-

vides an MMF which produces magnetic lines of

flux in the core.

A voltage is induced in the secondary which is
proportional to the primary tap and current

magnitude. This 'proportionah'ty is established

by the cross sectional area of the laminated stee] -

core, the length of an air gap which is located
in the center of the coil, and the tightness of the
laminations. All of these factors which influence
the secondary voltage proportionality have been
precisely set at the factory. The clamps which
. hold the laminations should not be disturbed by
either tightening‘or loosening the clamp screws.

The secondary winding has a single tap which
divides the winding into two sections. One section

is connected subtractively in series with the relay .

terminal voltage. Thus a voitage which is propor-
tional to the phase cifrent is subtracted vectorially
from the relay terminal voltage. The second sec-
tion is connected to a potentiometer and a fixed
loading resistor and provides a means of adjusting
the phase angle relation between primary current
and the induced secondary voltage. -

AUTO-TRANSFORMER -

The auto-transformers has three taps on its
main winding, S, which are numbered 1,2 and 3
on the tap block. A tertiary winding M has four
taps which may be connected additively or sub-
tractively to inversely modify the S setting by any
value from -18 to +18 percent in steps of 3 per-
cent.

The sign of M is negative when the R lead is
above the L lead. M is positive when L isina tap
location which is above the tap location of the R
lead. The M setting is determined by the sum of

2

_ R and L lead. The
actual per unit values which appear on the tap
plate between taps are 0, .03, .09 and .06.

per unit values between the

The auto-transformer makes it possible to ex-
pand the basic range of “T ohms by a multi-

plier of _“S“M Therefore, any relay ohm setting

can be made within +]1 5 percent from the desired
value by combining the compensator taps T, TAB.
and Tpc with the auto-transformer taps S and M,
Sp and My, and Sc and Mc. See tables I, II, and
HI forcompilation of settings available.

TRIPPING UNIT

The device which acts tu initiate tripping is a
four-pole cylinder unit which is connected open
delta and operates as a three-phase induction
motor. Contact-closing torque is produced by the
unit when the voltage applied to jts terminals
has a negative-phase Séquence. Closing torque for
the -relay forces the moving contact to the left
hand side as viewed from the front of the relay.
Contact-opening torque is produced when
positive-phase Sequence voltages are applied.
Hence, the cylinder unij: has restraint or operating
torque as determined by the phase sequernce of
the voltages applied to its terminals,

Mecham’cally, the cylinder unit is composed of
three basic components: a die-cast aluminum
frame and electromagnet, 2 moving element
assembly, and a2 molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which
houses the lower pin bearing is secured to the
frame by a spring and snap ring. This is an adjust-
able core which has a 0.020 inch flat on one side
and is held in its adjusted position by the clamp-
ing action of two compressed springs. The bear-
ing can be replaced, if necessary, without having
to remove the magnetic core from the frame.

The electromagnet has two series-connected
coils mounted diametrically Opposite one another
to excite each set of poles. Locating pins on the
electromagnet are used to accurately position the
lower pin bearing, which js mounted on the frame,
with respect to the upper pin bearing, which is
threaded into the bridge. The electromagnet is
Permanently secured to the frame and cannot be
Separated from the frame,
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The moving element assembly consists of a

spiral spring, contact carrying member, and an

aluminum cylinder assembled to a molded hub
which holds the shaft. The hub to which the

_moving contact arm is clamped has a wedge-and-

cam construction, to provide low-bounce contact
action. A casual inspection of the assembly might
lead one to think that the contact arm bracket
does_not clamp on the hub as tightly as it should.
However, this adjustment is accurately made at

the factory and is locked in place wit a lock nut

and should not be changed.

Optimum contact action is obtained when a
specified pressure applied to the face of the mov-
ing contact will make the arm slip one-fourth of
its ioial free travel. rree travel is the angie
through which the hub will slip from the condi-
tion of reset to the point where the clamp pro-
jection begins to ride up on the wedge. The free
travel can vary between 15° to 20°.

The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing which is ad-
justed to .025 inch from the top of the shaft
bearing. The cyiinder rotates in an air gap formed
by the electromagnet and the magnetic core.

The bridge is secured to the electromagnet and
the frame by two mounting screws. In addition
to holding the upper pin-bearing, the bridge is
used for mountifig the adjustable stationary
contact housing. This stationary contact has
.0015 to .0035 inch follow-which is set at the
factory by means of the adjusting screw. After
the adjustment is made the screw is sealed in
position with a material which flows around the
threads and then solidifies. The stationary contact
housing is held in position by a spring type clamp.
The spring adjuster is located on the underside
of the bridge and is attached to the moving con-
tact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

The main contact of KD-10 and KD-11 relays
will close 30 amp at 250 Vdc and the seal-in
contact of the indicating contactor switch will
carry this current long enough to trip a breaker.

When the contacts close, the electrical connec-
tion is made through the stationary contact hous-
ing clamp, to the moving contact, through the
spiral spring and out to the spring adjuster clamp.

~
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UNIT (ICS)

A

INDICATING CONTACTOR SWITCH

\ -

The indicating contactor switch is a small dc
operated clapper type device. A magnetic arma-
ture, to which leaf-spring mounted contacts are
attached,'is attracted to the magnetic core upon
energization of the switch. When the switch
closes, the moving contacts bridge two stationary

contacts, completing the trip circuit. Also during

this operation two fingers on the armature”

deflect.a spring located on the front of the switch,
which allows the operation indicator target to
drop. The target is reset from outside of the case
by a push rod located at the bottom of the
cover.

The front spring, in addition to holding the tar-
get, provides restraint for ths armature and thus

controls the pickup value of the switch.

OPERATION

The KD-10 relay has two major components-
compensators and tripping units. In the internal
schematic of Fig. 4 the compensators are desig-
nated T, TAB, and TBC, the tripping units,
Z (3¢) and Z (¢$). The phase-to-phase umit, Z
(¢¢), operates for all combinations of phase-to-

phase faults (phase A-B, B-C and C-A). The

3-phase unit Z (39) operates for 3-phase faulis
and for close-in-two-phase-to-ground fauits, al-
though most "two-phase-to-ground faults are
cleared by operation of the phase-to-phase unit.
Each of the tripping units and its associated
compensator circuit are electrically separate, and
will now be considered successively.

THREE-PHASE UNIT

A single compensator T has its primary ener-
gized with, (IA -31p) current Fig. 19. Current IA
is the phase A current: ; 31o is the residual current.
There are three compensators shown one for each
of the three zones. One connection uses an auxil-
iary 5:5 ratio current transformer to insert the
-3lp component. The alternate connection sup-
plies the compensator primaries with (-Ig -I().
Since 1A + I + IC = 3o, (IA -31o) = (-IB -I¢).
(Current 1A, IB and IC are the phase currents).
The 3l current is needed to provide overlap with
the ¢¢ unit on 2-phase-to-ground faults.
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Accordingly, the alternate connection is equiva-
lent to the first arrangement. Note that relay
21-3, a type KD-11, also has a current winding Z.
This winding is wound on the tripping unit so that
the R-X diagram circle includes the origin, as ex-
plained under “Characteristics”.

As shown in Fig. 19 the T compensator sec-
ondary is ¢onnected to modify the phase A volt-
age. With a fault in the trip direction, the in-
duced voltage in the compensator secondary
bucks the phase A voltage.

Vector diagrams in Fig. 8 illustrate the opera-
tion during 3-phase faults at four locaiions. The
sysieii impedance and the compensator angle
are assumed to be at 90° for illustrative pur-
poses only. Prefault voltages are depicted by the
large dashed triangle. The smaller dashed tri-
angle in each case is the system voltages at the
relay location during the fault. This triangle is

modified by the compensator voltage, -1.5IAT .

where 1.5T is the compensator mutual im-
pedance. The terminals of the tripping unit are
designated- X, 'Y and Z. Phase ‘A tripping unit
voltage is:

Vx=15VAN-1.5IAT (1)
Note that 31o =0 for 3—pha§e faults - (2)
Phase B and phase C'tr'ipping unit voltages are:

Vy = VBN (3) -

Vz =VCN 4

For a fault at A, beyond the relay operating
zone, the compensator voltage, -1.5TAT modi-
fies the phase A voltage, reducing” the voltage
triangle of the tripping unit to X-Y-Z. With an
X.Y-Z rotation the tripping unit torque is in
the restraining direction. '

For a fault at B the current is larger than for a
fault at A, so that ~1.5IAT is larger. The point X
is in line with points Y and Z. No torque is pro-
duced, since the X-Y-Z triangle has a zero area.

For a fault in the operating zone, such as at
C, point X is below the YZ line. Now the rota-
tion is X, Z, Y, which produces operating torque.

For a fault behind the relay at D, restraining
torque is produced. Since the fault is behind the
relay the current is of reversed polarity. Compen-
sator voltage, -1.5IAT, increases the area of the
bus voltage triangle, A-B-C. Tripping unit voltage
has an X-Y-Z rotation which produces restraining
torque.

A solid 3-phase fault at the relay location,
tends to completely collapse the A-B-C voltage
triangle. The area of the X-Y-Z triangle also tends
to be-'zero under these conditions. A memory
circuit in the KD-10 relay provides momentary
operating torque under these conditions, for an
internal fauit. In the XD-11 relay the winding Z
in the current circuit, in conjunction with the
compensator voitage, produces a current-only
torque, which maintains operating torque under
the condition of zero potential. In the short reach
relay the offset is obtained by mieans of an addi-
tional compensator TBR.

The P3a — R3F parallel resistor-capacitor
combination in the compensated phase provides
correct phase-angle relation between the voltage

across the front and back coils of Z (3¢) and the .

current, similar phase shift is produeed in left
and Ticht hand coils by capacitor C3C. The
P3A — C3A combination also provides control

of transients in the coils of the cylinder unit.’

PHASE-TO-PHASE UNIT

Compensator primaries of TAB and TBC are
energized by Ia, IB and IC as shown in Fig. 19.
Compensator secondaries “are’ connected to
modify their respective phase voltages (e.g.
TAB modifies VAB). With a fault in the trip
direction, the induced voltages in the compen-
sator secondaries buck the phase-phase voltages.

Vector diagrams in Fig. 9 illustrate the opera-
tion during phase B-C faults at four locations.

The system impedances and the compensator

angle are assumed to be at 900, for illustrative
purposes. Prefault voltages are dipicted by the
large dashed triangles. The smaller light triangle
in each case is the system voltages at the relay
location during the fault. This .tridngle is modi-
fied by the compensator voltages -(IA -IB) ZC
and <«Ig -I¢) Z¢ where ZC is the compensator
mutual impedance. In this case 1o = 0. The

(e
e,
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terminals of the tripping unit are designated;
X, Y, and Z. Tripping unit voltages for phase
B-C faults are: ‘

(5)
(6)

For a fault at A, in Fig. 9 beyond the relay
operating zone, the compensator voltages change
the A-B-C voltage sequence to the X-Y-Z se-
quence. Voltages of this sequence abplied to
operating unit produce restraining torque.

VXY =VaAB ~-(Ia -IB) Z¢
Vyz = VBc-UB -I¢) Z¢

For a fault at B, the currents are larger than
for a fault at A, so that compensator voltages
are larger. Points Y and Z coincide now and the
area of the X-Y-Z triangle is zero. No torque is
produced.

For a fault in the operating zone, such as at
C, the compensator voltages reverse the rotation
of tripping unit veltages to X-Z-Y sequence.
Voltages of this sequence applied to operating
unit produce operating torque.

For a fault behind the relay at D, restraining
torque is produced. Since the fault is ‘behind the
relay, the current is of reverse polarity and trip-
ping unit voltage has an X-Y-Z rotation. This
rotation produces restraining torque.

Note that this unit does not require memory
action, since the sound-phase voltage reacts with
thé compensator voltage to produce a strong re-
straining or a s*rong operating torque, depending
upon the fault location. This is true even for a
complete collapse of the faulted phase-to-phase
voltage. The phase-to-phase unit is identical in
the KD-10 and KD-11 relays.

Similar vector diagrams apply for a fault be-
tween phases A'and B or between phases C and A.
Each of the three phase-to-phase fault combina-
tions subjects the cylinder unit to a similar set of
conditions.

CHARACTERISTICS

DISTANCE CHARACTERISTICS
PHASE-TO-PHASE UNIT .

This unit responds to all phase-to-phase faults
and most two-phase-to-ground faults. It does not

respond to load current, synchronizing surges, or
out-of-step conditions. While a characteristic circle
can be plotted for this unit on the R-X diagram as
shown in Fig. 10 such a characteristic circle has
no significance except in the first quadrant where
resistance and reactance values are positive. A
small portion of the fourth quadrant, involving
positive resistance values and negative reactance
values, could have some significance in the event

that the transmission line includes a series ca- " -

pacitor. The portion of the circle in the first
quadrant is of interest because it describes what
the relay will do when arc resistance is involved
in the fault. The phase-to-phase unit operating on °
an actual transmission system is inherently direc-
tional and no separate directional unit is required.

An, inspection of Fig. 10 indicates that the
circle of the phase-to-phase. unit is dependent on
source impedance ZS. However the circle always
goes through the line balance point impedance.
The reach at the compensator (and line) angle is
constant, regardless of the system source im-
pedance. The broadening out of the characteristic
circle with a relatively high source impedance gives
the phase-to-phase unit the advantageous charac-.
teristic thar for short lines, it makes 2 greater al--
lowance for resistance in the fault. Stated another
way, the characteristics approach that of a re-
actance relay more and more closely as the line
being protected becomes shorter and shorter with
espect to the source impedance back of the re-
laying location.

SENSITIVITY: PHASE-TO-PHASE UNIT

A plot of relay reach, in percent of tap block
setting, versus relay terminal voltage and current
sensitivity is shown in Fig. 12. The unit will
operate with the correct directional sense for
zero voltage phase-to-phase faults. For this con-

“dition the fault current must be not less than

0.015 relay amperes with an ohm setting of 5.8
with rated voltage on the unfaulted phase. Pick
up current-is proportionately higher in S =2 and
S =3 taps. '

The KD-10 relay may be set without regard to
possible overreach due to dc transients. Compen-
sators basically are insensitive to dc transients
which attend faults on high angle systems. The
long time constant of a high angle system provides
a minimum rate of change in flux-producing
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transient current with respect to time, and there-
fore induces a minimum of unidirectional volt-
age in the secondary. Asymmetrical currents
resulting from faults on low-angle systems having
a short time constant can induce considerable
voltage in the secondary, but for the first half
cycle, the transient-derived .voltage subtracts
from the steady-state value. This transient decays
so rapidly that it is insignificant during the
second half cycle when it adds to,the steady-
‘state value.

DISTANCE CHARACTERISTIC —
KD-10, 3-PHASE UNIT
v
The three-phase’unit has a characteristic circle
which passes through the origin as shown in
Fig. 11. This d¢ircle is independent of source

impedance. The three-phase unit is also inherently -

directional and does hot require a separate di-

" rectional unit.. '

If a solid-three-phase fault occurs right at the
relay'location, the entire voltage triangle collapses
to zero to give a balance point condition, as
shown by the relay characteristic in Fig. 11 which
passes through the origin. However, since the YZ
voltage also drops to zero, the relay would be
unable to determine whether an internal or ex-

ternal fault existed. To correct this condition,-

a resonant circuit is added to the B-C voltage
circuit of the relay which allows the YZ voltage
to determine whether the fault is inside the
protected line section or behind the relay.

SENSITIVITY: KD-10, 3-PHASE UNIT

The unit will operate with the correct direc-
tional sense for zero voltage three-phase faults
when normal voltage exists at the"'felay termiinals
prior to the fault. This operation occurs due to
memory action as described above. The unit will
have zero torque or perhaps a slight opening
torque if there is zero voltage at the relay prior
to the fault or after the memory action has

subsided. For medium and long reach relays -

with an impedance setting of 5.8 ohms the
three-phase unit” will directionally operate for
faults which produce 2 ¢olts line-to-line and
1.0 ampere at the relay terminals.

Sensitivity with 2 volts line-to-line for any tap
is defined by the following equation:

I= 5—.1_8 amperes . @)

For short reach relays (0.2-4.55 ohms) with
an impedance -setting of 1.23 ohms the three-
phase unit will directionally operate for faults
which produce 0.5 volts, line-to-line and 2.7
ampere at the relay terminals.

f it

Sensitivity with 0.75 volts line-to-line for any
tap is defined by the following equation:

=34 amperes
T T1PeI¢
The KD-10 relay may be set without regard to
possible overreach due to dc transients.

DISTANCE CHARACTERISTIC: KD-11,
3.PHASE UNIT

The three-phase unit of the KD-11 relay has a
characteristic circle which includes the origin as,
shown in Fig. 13.

A single turn current coil on the cylinder unit
provides for current-only torque and is small com-
pared to the many turns of the. T Max. setting of
the compensator and has very little influence on
the overall settings. However, as the compensator
setting is reduced, the single turn current coil be-

‘comes larger by comparison and has more and

more effect on the overall settings.

For 1.3-36.7 ohms range -the reach and maxi-
mum torque angle will vary approximately as

follows:
T Nominal | T Actual | % Over- | MTA | T Reverse
reach
10 10 o | 75° 13
7.02 7.09 2 76° 13
50 5.10 2 77° 12
351 3.65 4 780 12
2.50 2.60 4 80° 11
2.00 2.08 4 820 11
1.50 1.65 10 87° 11
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For .75-21.2 ohms range the reach will vary
approximately as follows:
T Nominal | T Actual | % Over- | MTA | T Reverse
reach
5.8 5.3 0 759 13
4.06 420 35 | 76° 13
290 3.12 4 78° 12
203 | 215 6 79° 12
145 ° 157 |- 8 82° 12
1.46 130 12 850 ‘11
87 1.02 17 90° 11

WHEN SETTING KD-11 RELAYS DISRE-
GARD THE. CHANGE IN T-VALUE, BUT IN-
CLUDE THE PERCENTAGE ERROR INTO
TEST CURRENT VALUES.

:2-4.55 ohms range KD-11 relays have no over-
reach regardless of the tap being used and the
maximum torque -angle will stay constant at 60°.
The relay offset is nominal 0.1 ohms and is ob-
tained by a compensator TBR. Current only
torque is obtained through the energy provided
by the TBR compensator.

SENSITIVITY: KD-11, 3-PHASE UNIT

The impedancé curve for ‘the KD-11 three-

. phase unit is shown in Fig. 12. This unit will

operate to close the left.hand contact on
CURRENT-ONLY for 3 or more amperes relay
cuitent with T set for 5.8 or T = 10.0 for 1.3-36
ohm relay and for 7.5 amperes or more with T
set for .87.

The 24.55 ohm range unit has current-only
sensitivity defined-as IT = 6 or lower.

GENERAL CHARACTERISTICS

The phase-to-phase potential rating is 120 Vac
* 10%.

Impedance settings in ohms reach can be mad
for any value in the range of -

0.2 - 4.55 for short reach relays
0.75 - 21.2 for medium reach rel'ays
1.27 - 36.7 for long reach relays

The maximum torque angle for all phase-to-
phase units is set for 75 degrees at the factory,

and may be set for any value from 60 to 78 de-

grees. A change in maximum torque angle will
produce a slight change in reach for any given
setting of the relay. Referring to Fig. 2, note that
the compensator secondary voltage output V, is
largest when V leads the primary current, I, by
90°. This 90° relationship is approached, if the
compensator loading resistor (R24, or R20) is
open circuited. The effect of the loading resistor,

when connected, is to produce an internal drop

in the compensator, which is out-of-phase with
the induced voltage, ITAR or ITAC. Thus the
net voltage, V, -is phaseshifted to change the
compensator maximum ‘torque angle. As a re-
sult of this phase-shift the magnitude of V is
reduced, as shown in Fig. 2. Other angles may be
set by changing resistors -R2A and Rac (or
P2 A and Po().

The maximum torque angle of the 3-phase unit

+ of the medium (.73-21.2 ohms) and the long

reach (1.27-36.7 ohms) is set for 75 degrees at
the factory, and it may be set for any value from
60 to 78 degrees. Other angles may set by chang-
ing resistor R3.

The maximum torque angle of the 3-phase unit
of the short reach (.24.5 ohms) relay is set for
60 degrees at the factory and may be set for any
value from 45 to 63 degrees. By changing R3 (or
P3) any other angle may be set. The 90-degree
setting is approached for all ranges when R3
resistor is open circuited. For 3¢ unit or R A and
R2( for phase-to-phese unit.

Tap markings are based upon nominal settings
as specified above. If the phase loading poten-
tiometers P3, P A, or P2C are adjusted for some
other maximum in torque angle the relay reach is
different from the nominal as described under
settings.

TIME CURVES AND BURDEN DATA

.OPERATING TIME

The speed of operation for the KD-10 relay
three-phase and phase-to-phase units is shown by
the time curves in Fig. 14. The curves indicate
the time in milliseconds required for the relay to
close its contacts for tripping after the inception
of a fault at any point on a line within the relay
setting.
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Fig. 15 and Fig. 16 show the KD-11 operating
time of the phase-to-phase unit and the three-
phase unit respectively. These curves show both

contact-opening time and contact-closing time fqr

faults within the relay setting.
CURRENT CIRCUIT RATING IN AMPERES

All rated 10 amp. continuous 1 second 240
amp. except for 1-37 ohm range where

. !
continuous rating is 6 amp

forS=1 T=10
S=2 T=10 continuous rating is § amp
S=3 T=10 continuous rating is 9 amp
S=1 T= 7.02continuous rating is 7 amp
BURDEN

The burden which the relays impose. upon po-
tential and current transformers in each phase is
shown by Fig. 17 and Fig. 18 for the KD-10 and

" KD-11 relays respectively. The potential burden

and burden phase angle are based on 69 volts
line-to-neutral applied to the relay terminals.

TRIP CIRCUIT CONSTANTS

0.2 tap — 6.5 ohms
2 tap —0.15 ohms

’

SETTING CALCULATIONS

Relay reach.is set on the tap plate shown in
Fig. 3. The tap markings are:

T,TA, TB and TC

0.23 — 0.307 — 0.383 — 0.537 — 0.690 — 0.920
— 1.23 (short reach)

0.87 — 1.16 — 1.45 —2.03 —29 = 4.06 -5.8
(medium reach)

15 - 20 —25 ~-351 =50 -~1702 - 100
(long reach)

S, SA, and SC
1,2,3

M, MA, MC )
0,.03, .09, .06

(Values between taps)

~ Calculations for setting the KD-10 and KD-11
relays are straightforward-and apply familiar prin-
ciples. Assume a desired balance point which is 90
percent of the total length of line. The general
formula for setting the ohms reach of the relay is:

%)

_ . Re
| Z=09 Zprlﬁv

The terms used in this formula and hereafter
are defined as follows:

«Z~=the desired ohmic reach of the relay in
secondary ohms.

0.9 = the portion of the total line for which the
relay is set.

RC = current transformer ratio
Ry = voltage transformer ratio
Zpri = ohms per phase of the total line section

The relay tap plaie setting — Z is set according
to the following ecuatxon

ST
1zM |
T = compensator iap setting.

Z= (10)

S = Auto-transformer primary tap setting. _.

+M = Auto-transformer ‘secondary tap setting.
(This is a per unit value and is determined
bv the sum of the values between the “L”
and the “R” leads. The sign is positive
when “L” is above “R’ and acts to lower
the Z setting. The sign is negative when
“R” is above “L’ and acts to raise the Z
setting.)

CAUTION: The tap plate values refer to standard
maximum torque angle adjustment as per Tablel,
I, or II1.

In general recalibration of the relay to a torque
angle other than the standard value is neither de-
sirable nor required. Where ‘it is necessary, the
phase loading potentiometers P3, P2 A, or P2C are
adjusted for some other maximum torque angle,
the relay reach becomes different from the
nominal tap plate settings and tap plate setting
should be modified as outlined under MAXIMUM
TORQUE .ANGLE CONSIDERATION.

R L
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The following procedure should be followed in
order to obtain an optimum setting of the relay.

1. Establish Z, as per Equation (9).

2. Now refer to Table I, II, or III, these tables
lists optimum felay settings for relay.

a) Locate a table value for relay reach nearest
to the (desired value Z (it will always be within
1.5% or less off the desired value).

b) Read off the Table “S, T” and “M" settings.
“M” — column includes additional informa-
tion for “L” and “R” leads setting for the
specified “M’’ value.

¢) Recheck the obtained S, T, M — settings by
'L_lsing Equation (10).

ST
1+ M

For €xample, assume the desired reach, Z is 7.8
ohms at 759. (Step 1)

. 7=

STEP (2a) in Table Il we find nearest value to
7.8 ohms 7.88 thatis 100 x 77888 =101 percent of

the desired reach.

O STEP (2b). From Table IL read off:

S =2
T =4.06
M=+03
and “L” - lead should be connected over “R’ -

lead, with “L” lead connected to ““.03” - tap and
““R” -lead to tap “0”.

Stgp (2¢). Recheck Settings. .

ST_2x406_

These tables can be used to check relay setting
in field using reverse procedure:

Z=

1. Read off the tap plate T, S, M settings.

2. Find corresponding Z value from appropriate
tables.

MAXIMUM TORQUE ANGLE
CONSIDERATIONS

For MEDIUM AND LONG reach relays maxi-
mum torque angle is set at the factory for 75 de-
grees current lagging voltage. -

For SHORT REACH RELAYS the maximum
torque angle of the three-phase unit is set for 60
degrees and the phase-to-phase unit for 75 degrees.

The following guide lines should be followed to
achieve optimum application of the relay to the

- lines to be protected.

1. For zone 1 application of KD-10 relays no
setting or calibration correction should be
made if the line angle is 65 degrees or higher
for the medium and long range relays (50 de-
grees for the short range relay).

~o

For pilot trip or timed trip (Zone 2 or 3, or
KD-11) applications no setting or calibration
correction is required regardless of the differ-
ence between the relay and line angle.

. For line angles below 65° fqr long and
medium reach KD-10 relays the difference be-
tween the relay and line angles can be ac-
counted for without recalibration of the relay
by matching the relay impedance setting to
the desired impedance value of the line (The
recalibration of the relay to the lower angle
may be undesirable because the load that can
be accommodated by the 3¢ unit is lower.
See Fig. 11. The phase-to-phase unit is not
responsive to load flow.)"

(O3]

The setting calculations are done as follows:

If Z-line is the desired reach of the relay, then
Z (the relay setting) is

_ __Z Line
cos (O - a)

(11)

Where 6, is the maximum torque angle of the
relay

a = Line Angle

{\
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© TABLE |
RELAY SETTINGS FOR KD-10 & KD-11 RELAYS (.2-4.55 OHMS)
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FOR EXAMPLE:

If the desired sétting is 5 ohm at 60° a KD-10
relay should be set for (assuming it is set for
750 degrees) using equation (11).

- 5 -
2= 565 (759 609) ~ aos 150 = 5-18 ohms
or referring'# to Table II relay should be set: S=1,
T=58M=+12.

4. FOR SHORT RANGE RELAY (:2-4.5 ohms)

Zone 1 application for line angles below 509, re-
-calibrate the phase-to-phase unit to maximum
torque angle of 60° and the 3-phase unit for 45-
degrees. Set Zone I and reach for 90% of the line
(85% for line angles of less than 50°). In this case,
follow the procedure below: Recalibrate the re-
lay for the new maximum torque angle and set re-
lay reach Z to be "

= Zlinesin 0
sin 6

_r

where §m - original maximum torque angle of the
relay

6 — the new maximum torque angle after relay
recalibration

Z line - desired reach
FOR EXAMPLE:

A) Original nominal relay maximum torque angle
(short range relay).

fm = 759 for phase-to-phase unit
fm = 600° for three-phase unit -

B) The desired reachis 0.5 (')hmsvat 450

C) Calculate settings: (Use equation 12)

For phase-to-phase unit, recalibrated for 60°

i o]
=025 73° - 0.557 ohms

For 3-phase unit, recalibrated for 459

Z

_ 0.5 sin 609

Sin 450 =0.612 ohms

z

(12)

Referring to Table I, use closest sétting for
phase-to-phase unit

TA’ TB, TB, TC = 537
My, Mo = 06
SA, SC =]

For 3-phase unit closest setting

T =690
M=+12
S =1

5. If for some reasons an exact correction is re-
quired to match up the line impedance Z7, at
an angle a, and relay has been recalibrated
from nominal maximum torque to a new max-
imum torque angle 8 # a, then relay setting Z
should be equal to ’

_Z Linesin @
€Ty (13)

For Example:

Relay with original 8, = 759 has been recali-
brated to § = 60° and to be applied to 5 ohm-line
«With line angle a = 500 - Yy L

The rellay setting Z relay should be according to
Eq. (13)

5 sin 759

Z relay = sin 600. cos (609—300) 5.65 ohms.

or referring to Table Il relay actual setting should
beS =1-

T=58

M=+.03

SETTING THE RELAY

The KD-10 and KD-11 relays require settings
for each of the three compensators (T, TAB, and
TBC), each of the auto-transformers primaries
(S, SA, and SC) and secondaries (M, Ma, and
MC). All of these settings are made with taps on
the tap plate which is located between the op-
erating units-and relay de-energized. Fig. 3 shows
the tap plate.

13
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COMPENSATOR (T, TAB AND Tg() crossed when going from the R lead position to
) the L lead position.-The sign of the “M” value is_
Each set of compensator taps terminate in in-  determined by which lead is in the. higher posi-
serts which are grouped on a socket and form ap-  tion on the tap plate. The sign is positive (+) if
proximately three quarters of a circle around a  the L lead is higher and negatwe (-) if the R lead
center insert which is the common connection for  is h1gher
all of the taps. Electrical connections between
common insert and tap inserts are made with a An “M” setting may be made in the following
link. that is held in place with two connector = manner. Remove the connector screws so-that-the
screws, one in the common and one in the tap. L and R leads are free. Determine from the Tables=
There are two TR settings to bé made since I to III the desired “M* value. Neither lead con—
phase B current is passed through two compen-  nector should make electrical contact W1th more
sators. A compensator tap setting is made by  than one tap at a time.
loosening the connector screw in the center. .
Remove the connector screw in the tap end of LINE ANGLE ADJUSTMENT
the link, swing the link around until it is in . . . _
position over the insert for ihe desired tap sei- Maxirnum forque angie adjusiient, if required,
ting, replace the connector screw to bind the link. is accomplished by adjusting the compensator
to this insert, and retighten the connector screw  loading resistors P3, P24, and P2C. Refer to RE-
in the center. Since the link and connector screws  PAJR CALIBRATION for procedure.
carry operating current, be sure that the screws
are turned to.bind snugly. -Be careful not to - INDICATING CONTACTOR SWITCH (ICS)
overtighten these screws. o
Connect the lead located in front of the tap
AUTO-TRANSFORMER PRIMARY block to the desired setting by means of the con-
(S, SA, AND S¢) A necting $crew. When the relay energizes a 125-or
X 250- volt dc type WL relay.-switch, or equivalent,
Primary tap connections are made through 2  use the 0.2 ampere tap;-for 48-volt dc applica-
singie lead for each transformer. The lead comes  tions set the unit in a tap 2 and use a type WL
out of the tap plate through a.small hole located  relay with a S#304C209G01 coil, or equivalent.
just below or above the taps and is held in place  The relay is shipped set for 2.0 tap.
on the tap by a connector screw. (Fig. 3). R
N : INSTALLATION
An “S” setting is made by removing the con-
nector screw, placing the connector in position The relays should be mounted on switchboard
over the insert of the desired setting replacing  panels or their equivalent in a location free from
and tightening the connector screw. The con-  dirt, moisture, excessive vibration and heat.
nector should never make electrical contact Mount the relay vertically by means of the

with more than one tap at a-time. mounting stud for the type FT projection case

or by means of the four mounting holes on the
AUTO-TRANSFORMER SECONDARY : flange for the semi-flush type FT case. Either the
(M, Ma, AND M) . stud or the mounting screws may be utilized for

. grounding the relay. The electrical connections
Secondary tap connections are made through may be made directly to the terminals by means
two leads identified as L and R for each trans- of screws for steel panel mounting or to the
former. These leads come out of the tap plate  terminal stud furnished with the relay for thick
each through a small hole, one on each side of panel mounting. The terminal stud may be
the vertical row of “M” tap inserts. The lead easily removed or inserted by locking two nuts on
connectors are held in place.on the proper tap  the stud and then turning the proper nut with a
by connector screws. * wrench.

Values for which an “M”’ s'etting can be made For detail information on the FT case refer to
are from -.18 to +.18 in steps of .03. The value of  L.L. 41-076..The relay contacts should stay open
a setting is the sum of the numbers that are  with panel de-energized.

14
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- EXTERNAL CONNECTIONS

Fig. 19 shows the connections for 3 zone pro-
tection utilizing the TD4 timer. Fig. 24 is similar
to Fig. 19 except that the TD-52 timer is used in-
stead of the TD4 (Fig. 20 does show the use of.
the 5/5 auxiliary current tiansformer so that the
CT neutral may be formed elsewhere; however,
this connection is equally applicable whether the
TD4 or TD-52 timer is employed). :

!

A-C connections for additional applications are
shown in Figs. 20, 21, 22 and 23. Three of these,
Figs. 20, 21, and 22 apply when the transmission
line is terminated in a power transformer, and
when low side voltage and current are used ‘to
energize the relays. In calculating the reach set-
ting, the bank impedance must be added to-the
line impedance. ’

For the case of a wye-delta bank (Figs. 21 and

22) the voltages and currents are phase-shifted by

309; however, this fact should be ignored, as the
KD-10 and KD-11 relays-are not affected by this
phase-shift.

Fig 23 shows a KD-10 and TD-5 relay con-
nected for generator back-up protection.

SWITCHBOARD TESTING WITH
KD-10 AND KD-11 RELAYS

Immediately prior.to placi}lg the relay in serv-
ice, the external wiring can be checked by mani-
pulating the current and voltage applied to the

relay. If such a check is desired, refer to Ap--

pendix I for the procedure.

CURRENT YOLTAGE RELAYS WITH
MUTUAL REACTOR PRECAUTIONS

Relays which include compensators to modify
the applied voltage (such as the KD types) will
produce an output at their voltage terminals
when the current circuits are energized.

Thus, it would be possible to pull potential
fuses and still have voltage appear on the re-
lay side of the fuses. The magnitude of this
voltage is dependent on magnitude of load or
fault current, relay settings, relay impedance,
and other potential circuit burden connected
in parallel with the relay containing the mutua
reactor. ’

To avoid any difficulties due to interaction be-
tween current and voltage circuits, it is recom-
mended that when PT fuses have been pulled to
permit work on voltage circuits, that these cir-
cuits should not' be considered safe until the
current circuits have been de-energized, or until
the voltage circuits have been shorted on the
relay side of the fuses.

RECEIVING ACCEPTANCE

KD-!Q and KD-11 relays have a very small
number of moving parts and mechanical devices-
which might become inoperative. Acceptance
tests in general consist of:

1. A visual inspsction to make sure there are no
loose connections, broken resistors, or broken
resistor wires.” '

2: An electrical test to make certain that the re-
lay measures the balance point impedance
accurately. :

DISTANCE UNIT-ELECTRICAL TESTS

Check electrical response of the relay using
test connections shown in Fig. 26. Fig. 27 fea-
tures the same conmections except shows the
use of additional switches that facilitate fast
switchover from “phase-to-phasef’ fault mode
to ‘“‘three-phase” fault mode. Test connections,
referred to in test, are the same on both draw-
ings. Accuracy of the, test results will depend to
large degree on the accuracy of the instrumenta-
tion used. In general, it is advisable to restrict

- Instrument readings to the last 20 percent of the

scale. For most accurate phase angie readings use
phase-shifter scale. This method requires calibra-
tion of the scale using accurate wattmeter (at
909 — 0 watts and at 09 — maximum watts), or
an accurate phase angle meter. :

Make sure that correct lead-lag reference is
established. Once phase-shifter is calibrated re-
move wattmeter from the circuit. Make all
phase angle readings from phase-shifter scale.
This method eliminates the need for switching
the current ranges in phase angle meter when
used and results in superior accuracy. Always
observe contact condition before current is
applied. Closed contacts indicate reverse voltage
sequence applied. Special attention should be
paid to the phase-to-phase fault mode.

15
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ALL TESTING is done outside the case for -

convenience. ALL CURRENT READINGS in-
clude + 6 percent tolerance. This tolerance in-
cludes + 2.5 percent factory tolerance and * 35
percent allowance for total instrumentation error.

- ALL PHASE ANGLE SETTINGS are fault
curren‘t lagging the VpH1-PH2 — voltage.
}

The impedance measured by the, 3-phase unit
in test 1 (Fig. 26) is-

(14

where V.1, is the phase-to-phase voltage and I
is the test current; similarily, in tests 5, 6 & 7 of
Fig. 26 the phaSe-to-phase unit measures

ViL

i

ZR =51 (15)

With phase-shifter set at maximum torque
angie (6m)-

A2 .

I test (3 phase) = | 713‘%{ (16)
Vv .

LL 17

"1 test (9 =‘2—Z—£

When testing 3-phase unit, phase-shifter settings
are always set for 300 higher than nominal maxi-
mum torque angle to account for test set-up
where all angle measurements are made with
reference to phase-to-phase and not phase-to-
neutral quantities. 3¢-unit maximum torque angle
is always referred to phase-to-neutral.

At any other angle a, relay reach is
0 Zz=Zycos(6—a) (18)

O where Zy = relay reach at maximum torque

angle 0.

© Test current la is calculated as .

__Jom o
cos (Gm—.a)

0 la

O Iy, = test current at 8 .

16

This equation (19) should be used to predict
test current when plotting impedance circle re-
sponse of the relay.

-

RELAY SETTINGS — Set relay as follows:

/[
[4
Relay Range 2455 ] .75212 | 1.3:36.7
T,Ta, T, TB.TC | 123 58 100
~M;Ma, Mc +15 |- +15 +.15
| s,sa.Sc_ 1.0 1.0 1.0 .
Yo4s

If the relay is tested with other settings than
specified -in acceptance test use voltage levels
specified here, except double the voltage speci-
fied for S = 2 settings and triple for S = 3 settings.

When testing KXD-11 relays with other settings
than -specified here, refer to correction factors
listed under DISTANCE CHARACTERISTICS:
KD-11 3-PHASE UNIT.

¥

REVERSE REACH CHECK FOR KD-11
(:24.55 OHM RANGE ONLY)

Use voltage test connection il and set voltages
V1E2F = 50 volts V2F3F = 2 velts: connect cur-
rent lead “23” to “terminal 15, and current lead
“22” to lead marked “21”. Let phase-shifter for
current to lag V1E2F voltage by 300 this current
connection is equivalent to phase. B . Clirrent
lagging Vgy -voltage by 600 in the reverse diréc-
tions. Adjust current for 3-phase unit to operate
between 10.5-12.7 amperes.

Use equations (16) and (17) to estimate test

current, and allow 5 percent tolerance as ex
plained above..

THREE-PHASE UNIT (LOWER UNIT)

A. Use test connections #1 of Fig. 26 and se
ViF2E = VIF3F = 30volts. -

The current required to close contacts of th
bottom unit should be: .
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24.55 |[.75-21.21.336.7

Trip Current amp | 15.3-17.6 | 3.3:3.68 {1.90-2.16 ¥/

A Phase-Shifter 90° 105° 105°
Set at
Nominal Maximum 600 750 750

TOrquesAnglef)m

i

AIf maximum torque angle fm has been changed
It sin 6m

. sin 8 (20)
and test the relay at the new § — angle.

to a new angle §, the new It =

PHASE-TO-PHASE UNIT (TOP UNIT)

A. Use test connectlon #5 set VErF2 = 30 voits
= Vfault

Note that to set this voltage set voltage V] _1F =
V2_2F, first.

Make sure that,
Vin = Vfault

VI-1F = V2_2F =——5—— (22)
Example: Vip =120
Vfault = 30 )
20-
then Vi_1F=V2_2F = 1"9) 30 _ 45 volts, trim

up one of these voltages to set VFAULT at exact
value.

The current required to close contacts of the top
unit should be:

Range .24.55 7521.2 1.3-36.7

—

" A Trip Current
(It) amperes

13.3-14.7 | 2.85:3.15

Phase-Shifter
Set Current
Lagging
VIF2F .

750 759 759

© A If maximum torque angle, 8__, has been changed to
a new angle, use equation (20) for trip current limits.

4
1.63-1.80 M

B. Repeat the test using test connections #6 and

#7.
MAXIMUM TORQUE ANGLE TEST

If maximum torque angle test performance is
desired follow instructions under CALIBRATION
allowing +50 tolerance. Observe the same _voltage
and current limits correction as mentioned above
when relay is-set for other settings than specified
here. The test- currents -should be modified by
fOIIOW1ng multiplier

L-O—Z for .24.55 ohm range

[ alel

"2” for .75-21.2 ohm range ./

8—2'2 for 1.3-36.7 ohm range

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to
close the contacts of the ICS. The current should
not be greater than the particuiar ICS tap set-
ting being used for the 0.2-2.0 ampere ICS. The
operation target should drop freely. -

The contact gap should be approximately
0.047" between the bridging moving contact and
the adjustable stationary contacts. The bridging
moving contact should touch both statlonary
contacts simu]taneously.

If the electrical response is outside the limits a
more complete series of test outlined in the sec-
tion titled “Calibration” may be performed to de-
termine which component is faulty or out of
calibration.

ROUTINE MAINTENANCE

The relays should be inspected periodically, at
such time intervals as may be dictated by experi-
ence, to insure that the relays have retained their
calibration and are in proper operating condition.

All contacts should be cleaned periodically. A
contact burnisher #182A836H0! is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended because of

17
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the danger of embedding small particles on the
face of the soft silver and thus impairing the con-

tact.
See Appendix II for additional information.
DISTANCE UNITS

CAUTION: Before making “hi-pot” tests, jumper
all contacts together to avoid destroying arc-
suppressor capaciters. -

For effective and quick maintenance it is advis-
able to repeat the acceptance test with the field
settings and then using K-DAR test set
(IL. 414931) to record K-DAR-test set dial
readings, so in the.future all field tests can be
made with the K-DAR test box just by-referring
to the previous dial readings without using more
elaborate test set up of Fig. 26. When testing with
S=2, —double test voltage. When testing with S=3,
triple the test voltage. Note that KD-11 reach and
maximum torque angle are increased with the
lower T-settings (SEE DISTANCE CHARACTER-
ISTICS KD-11). 3 3 Tal

INDICATOR CONTACTOR SWITCH (ICS)

Close the maim relay contacts and pass suffi-

cient dc current through-the trip circuit to close

e iy ——s v e T L Bat R AN e TS B ooy @ Gy by te ] B 3 e KB, TN

the contacts of the ICS. The current should not
be greater than the particular ICS tap setting
being used for the 0.2-2.0 amperes ICS. The op-
eration indicator target should drop freely.

REPAIR CALIBRATION

See Appendix II for additional information
and for trouble shooting limits.

Use the following procedure for calibrating the
relay if the relay has. been-taken apart for repairs
or the adjustments disturbed.

Connect the relay for testing as shown in Fig. 26.
Fig. 27 shows a four-pole-double-throw switch
in the test circuit that selects a phase-to-phase or
a three-phase fault voltage condition, that will be
applied to the relay volfage terminals. The rotary
switch switches the fault voltage to various ter-
minals and thereby simulates any phase combina-
tion of phase-to-phase fault without the tester
having to change connections or readjust the
phase-shifter and variable auto-transformers.

For best results in checking calibration, the
relay should be allowed to warm up for approx-
imately one hour at rated voltage in a case. How-
ever, a cold relay will check to within two percent
of the warm relay. Calibrate relay outside the
case. SR

" INITIAL SPRING SETTING

Set the moving contact spring adjuster. o, that
the contact floats freely in the gap. Make sure
that there is no friction which prevents free move-
ment of the-cylinder and contact arm.

". SHAFT CLEARANCE

The upper pin bearing should be screwed down
until there is approximately .025 inch (one com-
plete turn of the screw) between it and the top of
the shaft bearing. The upper pin bearing should
then be securely locked in position with the lock
nut. The lower bearing position is fixed and can-
not be adjusted. '

"AUTO-TRANSFORMER CHECK

Auto-transformers may be checked for turns

-, ratio and polarity by using the No. 1 test connec-

tions of Fig. 26, and the procedure outline below.

" Set S, SA, and SC on tap number 3. Set the
“R” leads of M, Ma, MC all on 0.0 and discon
nect all the “L” leads. Adjust the voltages V1E2F
and V2p3F for 90 volts. Measure the voltage
from terminals 8 to the #1 tap of S and SA. I
should be 29.4 volts. From B to the 72 tap of ¢
and SA should be 58.6 volts. The voltage shoulc
read 29.4 volts from 8 to SC = 1 and 58.6 volt
from 8 to SC = 2.

Set S, SA and SC on 1 and adjust V1F2F and
V2F3F for 100 volts. Measure the voltage dror
from terminal 8 to each of the M and the MA taps
This voltage should be equal to 100 (1 + the sur
of values between R and the tap being measured)
Example: 100 (1 +.03 + 09) =112 volts.

‘Check the taps of MC in the same manner
Transformers that have an output different fron
nominal by more than 1.0 volts probably hav
been damaged and should be replaced.

~—-,-;-.-ga;~ N T M RSB TR
A T N T Mt e
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DISTANCE UNIT CALIBRATION

1. Make the following relay settings

Relay Range .24.55 | .75-212 | 1.27-36.7
T,TA,TB, TR, T | 1.23 5.8 10.0
M,Ma, Mc +15 +15 +15
S, SA,8C 1.0 1.0 1.0

. 4
2. Read ACCEPTANCE TEST - DISTANCE
UNIT ELECTRICAL TEST — to become

familiar with testing connections, instrumen--

tation; and measurements. Use Fig. 26 or 27
for test connections.

THREE-PHASE UNIT (LOWER UNIT)
CORE & P34 ADJUSTMENT

1. Three-Phase Unit Compensator Setting.
A. Use test connections #1 and set ViF2F =

VIF3F = 25 volts. The current required for
test should be:

Relay Range 24.55 75-21.2 1.3-36.7
Current 156 3.3 192
Phase-Shifter 600 750 750
Setat .

The Nominal by o 750
M-T-Angle 60% 5

For other angles set test current aceording to
Eq. (12).

B. Measure Yoltage Across C3A

Vary phase angle in both directions of the set
value, to see that a low voltage across C3A (below
1 volt) is obtained at the maximum torque angle
setting. If minimum voltage is within #2 degrees,
do riot readjust. If the minimum voltage is ob-
tained at some other angle readjust phase-shifting
resistor or potentiometer (P3) at the desired angle.

1. Restraint spring set as ahove per INITIAL
SPRING ADJUSTMENT.

The felay should be preheated for at least one
hour in the case with closed cover to compensate
for effects of self-heating.

A. Connect relay terminals 8 and 9 together, ap-
ply rated ac voltage between terminals 7 and
8. Adjust core by turning it slightly until the
contact arm floats or restrains very slightly.

B. KD-10 ONLY. Connect relay terminals 7 and
8 together and apply rated ac voltage between
7 and 9 and adjust core until the contact arm
just floats or restrains very slightly. If this is
not possible rotate core 90° and adjust. Re-
check part A to see if contact is floating or
restraining. If not, repeat parts A and B.

C. Connect relay for Test #7,set VF] F2=4-5volts
omit conn. from 1F to relay terminal 9, short .
relay terminals 7 and 9. Set phase-shifter .so
that voltage leads current by 759.

Adjust P34 so that 3¢ -unit trips at following values:

KD-10 or KD-11 KD-10
Relay with C3C with C3¢
Range S#14C9400H26 S#1481B83HO1*
.2 - 455 3.10-3.30 amp 155-1.55 amp
75-21.2 0.55-0.60 amp 0.28-0.30 2mp
1.23-36.7 0.30-0.35 amp 0.15-0.18 amp

*This capacitor is stam ped “No PCB” on the oval
side, as compared to other capacitors which may
be stamped on the flat side, or do not have “No PCB”
stamp. (S#14C9400H26 is not stamped as “No PCB™).
If S714C9400H26 is replaced by S#1481B83HO0I, P3A
should be adjusted to the column “3” limits.

Remove current. The three-phase-unit should
stay open. If P34 does not have proper range to
make proper adjustment use R3F — resistor to
bring P34 within adjustable range.

This calibration point is temperature sensitive
and will change with time but relay should stay
open when terminals 7 and 9 are shorted and
rated voltage applied to terminals 7 and 8, with
no current applied. .

.

This test assures proper response of 3-phase-unit
for CA faults. '

D. FOR KD-10 ONLY

This check is done to prevent contact closing
on current-only. (THE KD-11 relay is pur-
posely biased to produce current-only con-
tact-closing torque and will open its right
hand contact at-a current value of 3 amperes
or less when T is on maximum tap.

TRT .
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- For .24.55 ohm range relay the current only"

operation will occur at Ipo =5 /00 amp and
Ig = 5 /-120° if two-phase current is avail-
able.) )

Check it as follows:

1. Short circuit relay terminals 7, 8 and 9 to-
gegher.
2. Pass 5 amperes in the current /circuit in ter-
- minal 18 out. terminal 19 and increase the
current to 30 amperes in convenient steps.

3. Relay contacts should stay open. If contacts

close, turn core further 90 degrees and repeat
mvned A D amAdA O

putL fay 4 Gsane o
MAXIMUM TORQUE ANGLE CHECK
1. Use test connection 71.

2. Adjust voltages ViF-2F and V{F.3F, and cur-
rent as per table below.

3. Check maximum torque angle using proce-
dure described below:

Relay Range 02455 | 75212 | 1336.7
VIF2F=VIFV3F| 15 @ 30

IT Test Current ) 13 "7 4
Adjust P3 for Max. e

Torque Angle, 60° /75‘) : 750
8m (Nominal) N

(if necessary)

Rotate the phase-shifter to fifid the angles, 01
and 62, at which the bottom unit contacts just
close. The maximum torque angle 8m for the

6 1 +9
three-phase-unit then is ( 5

2 30) degrees.

The 300 degree correction is made to account
for the fact that test set up angle measurements

are made with reference tb phase-to-phase voltage

instead of line-to-neutral voltages. The 3-phase-
unit maximum torque angle is. always referred to

as_ hase-to-neutral.”.

20
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A—_Test current for other than nominal torque
angle setting should be_
IT sin 9m ’

Ig = _5173_ (12)

-Where ﬁ'= new maximum torque angle

Example, For 6, = 759, L.test = 7 amp.

if =60°
7 X sin 75°

" = 7.8 amps. -

" new I test =
P

" Increasing P3 Value increases maximum torque

angle, and, conversely, decreasing the P3 value
results in smaller angle. :

For lower maximum- torque angle adjustment
below 70 degrees, for medium and long ranges,
and for short range for settings below 55 degrees
move ted lead on fixed phase-shifting resistor R3,
to the opposite terminal; where R3 is adjustable
resistor use it in combination with P3 setting
without moving the lead.

CONTACT ADJUSTMENT

KD-10 RELAY: With movingcontact arm
against right-hand backstop, screw the stationary
contact in until it just touches the moving contact.
(Check for contact by using an indicator jamp.)
Then back the left-hand contact out two-thirds
(2/3) of one turn to give 0.020-inch gap between
contacts.

KD-11 RELAY: With moving-contact arm
against right-hand side of bridge, screw the right-
hand contact in to just touch the moving contact
and then continue for one more complete turn.
Adjust left-hand contact as described above, ex-
cept back off one (1) turn to give approximately
0.31 inch gap. .

SPRING RESTRAINT
Reconnect for a three-phase fault, Test No. 1.

and set the phase-shifter so that the current lags
voltage by the .

909 for .2-4.55 range
1050 for .75-21.2 and
1.27-36.7 ranges

e e a S o A Ey
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Adjust the spring so that the current required to
close the left-hand contact is as follows: -

Relay Range | 0.24.55 0.75-21.2 | 1.336.7
VIF2F =
2.5 10 10
VIF3F
ItripKD-10 | 1.55-1.65 | '1.22-1.28 | .710-.750
‘ ]
KD-11 | 1.55-1.65 | 1.22-1.30 710-.765

De-energizing the relay spring should open the
contacts. Friction in the movement, relay level,

electrostatic attraction may contribute to diffi- ,

culties in adjusting this point. To avoid these dif-
ficulties it is recommended to level the relay
properly, at this point omit light indicating cir-
cuit, and look for, smooth contact action. Fric-
tion in bearings or dirt in cylinder will cause im-
proper action.

IMPEDANCE CHECK

A. Use test connections #1 and set ViEF =
V1F3F = 30 volts. The current required to.
close contacts of the bottom unit should be:

Relay Range 2455 1 75212 13-36.7
A} Trip Current 15.3-17.6 | 3.33.65 | 1.90-2.16
¢ | Phase-Shifter 900 - 1050 " 1050
Set at -
.| The Nominal o <0 o
M.T-Angle 60 75 75

¢Phase-shifter settings are always set for 300
higher than nominal maximum torque angle
to account for phase difference between
phase-to-phase and .phase-to-neufral quanti-
ties. 3¢ unit maximum torque angle’is always
referred to phase-to-neutral since it receives
only one single-phase current.

ATo determine the limits for current when 6

is not equal to nominal maximum torque

angle specified, multiply the nominal values
. Sind

tabulated above by the ratio Pr where

fm = original maximum torque angle

6 = recalibrated maximum torque angle.

REVERSE REACH CHECK FOR KD-11
(.24.55 OHM RANGE ONLY)

Use voltage test connection #1 and set voltages
V1F2F = 50 volts V2F3F = 2 volts: connect cur-
rent lead “23” to “terminal 15 ), and current lead
“22” to lead marked “21”. Let phase-shiftér for
current to'lag V]F2F voltage by 300 this current
connection is equivalent to phase B current lag-
ging VBN -voltage by 60° in the reverse direc-
tions. Adjust current for 3-phase unit to operate -
between 10.5-12.7 amperes.

I’ PHASE-TO-PHASE UNIT (TOP UNIT)

PHASE-TO-PHASE UNIT (TAB AND.TpC .
COMPENSATORS) MAXIMUM SENSITIVITY:
ANGLE ADJUSTMENT

1. Use “#5 Test” connection for TAR-compen-
. sator; -and . “#6 Test” connection for TBC
compensator.

2. Measure voltage across Cpp for TAB and
across Co¢ for TRC adjustment.

3. Set current and voltages 2qual to:

Relay Range 02455 | 75212 | 13.36.7

Viault =VIF2F | 5, 30 30
(volts)

AjTrip Current
(amps)

Phase-Shifter 750 759 750
Set at current
lagging
V1F2F (6m)

A For current limits when § , maximum torque angle, is

not 75° multiply the values above by S;?nzs

where f=

new maximum torque angle for which the relay was re-
calibrated.

4. Vary the phase angle in both directions of the
set value, to see that a low voltage across Coa
(Test No. 5) or Ca¢ (Test No. 6) capacitor
(below 1 volt) is obtained at the maximum
torque angle setting. If within +2 degrees, it
can be left undisturbed. If the minimum volt--
age is obtained at some other angle, readjust
phase-shifting resistor or. potentiometer PoaA
or P2C at the desired angle.

21
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O CORE AND REACTOR (XLp ) ADJUSTMENTS © Connect relay for Test No. 7. Check trip cul

Set restraint spring as above per INITIAL
SPRING SETTING (clockwise).

A. Connect terminals 7 and 8 together and apply
rated ac voltage between terminals 8-9. Adjust
core until contact arm floats in the middle of
fthe gap. Use a screwdriver with insulated
blade to avoid accidental contact with tap
plate inserts.

B. Use test connection #5 Set V 1F-2F = 2 volts =
Veault: Note that to set this voltage you have
o to set voltages Vo 1 = = Vp_oF first where

© Vair=Vpor~© Yin ™ fault Zfau; t
if Vip = 120 volts
Vfault = 2 volts
120-2

o VALH: AYRoFE 5 5 = 32 volts. Now trim

up either voltage to get Vieaugt = 2 volts.

Thke current required to close contacts of the
top unit should be

Range - 2455 | 75212 1.3-36.7

Trip Current
Amperes

0.9-1.10 | 0.202.0.227 § .115-.135

Phase-Shifter
Set at 750 750 750 ,
Current Lag

With no current, relay contacts should stay
open. If relay contacts are closed recheck voltage
settings, incorrect voltage setting may result in

negative sequence voltage phasing.

Set phase-shifter for maximum torque angle.
Check pickup current. It should be within the
limits specified above if not rotate core slightly
until pickup current falls within specified range.
Connect relay for 2-3 Tault (Test No. 6) and re-
check pickup. It should be within limits speci-
fied. For best trip calibration results adjust core
so that trip current for Test No. 5 and No. 6
are equal.

22

rent. Use XL 4 - adjustable reactor to bring rela
response within the specified limits. Moving re:
lead from front terminal to rear terminal or fror
rear terminal to front terminal of the reactor wi
reverse contact action of the unit. Screwing in o
out the adjustable core should bring unit respons
within the limits. There are three possible cor
nections for reactor coils; series (loose coil te:
mination leads connected together) parallel (eac
loose -lead connected to the fixed terminals o

" ~tHe other coil), single front coil (omit loose leas

of the rear coil from the circuit, bury it in insule
tion tubing). The reactor connections, should no
require any changes unlsss some of the compc
nents of the phase-to-phase unit circuitry hav
been exchanged. Tighten up the locking nut whe:
finished. . : .

MAXIMUM TORQUE ANGLE CHECK

1. Use the"No. 2 test switch position and lea
connections. This connection is for checkin
the maximum torque angle of the TAB com
pensator.

Set voltaées and currents as per Table below

Relay Range 2455 ] .75-212 | 127367
v =V 1 o
1F-2F 7 Y2F.3F
(Volts) 10 50 50
Al ltest (amp) 12 100 60

Rotate the phase-shifter to find two angle
81 and 672, at which the top unit contacts jus
close. The maximum torque angle & for the phas

6) + 0

to-phase unit then is (———2—— -30) degrees: D

not allow more than +2 degrees error in. this ac
justment. Tighten the locking nut.

A liegt— for other than nominal maximui
torque angle, current should be

, I sin 6m

0= "snp (

Where 6 = original maximum torque
B = recalibrated maximum torque angle

Example: For 6y = Itest = 10 amps
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For new = 60°

10 X sin 75°

280> = 11.1 amps

new Itest =

Increasing sz or PoC-value, rotation -in
clockwise direction increases maximum torque
angle, and conversely, decreasing the P2A or P2C, -
value results in smaller-angles.

For lower maximum torque angle than 70-

degrees move red Tead on fixed phase-shifting
resistor R2A and R2C to the opposite terminal.
Where R3a and RpC are adjustable; use it in
combination with P2A and P2C without moving
‘the lead. .

2. Use the No. 4 test connection and repeat the
procedure above for checking the TBC~— com-
pensator.

SPRING RESTRAINT

1. Use test No. 1 connections except Teverse the
voltage phase sequence by interchanging the
Brush connections so that Brush 1 is con-
nected to 3F and Brush 2 is connected to 1F.

8]

. Adjust the voltage V1F2F and V2F3F for 3.5
volts each with Brush No. 2 and Brush No. L.
respectively. Position the moving-contact
spring adjuster soO that the contact just floats
and then return the ecircuit connections to
normal with Brush 1 to 1F and Brush 2 to 3F.
DE-ENERGIZE RELAY..Spring should reset
the contacts.

CONTACT ADJUSTMENT

The. procedure for contact adjustment for the
phase-to-phase unit is identical to that described
for three-phase unit. - .

IMPEDANCE CHECK

Using the connections for Test Nos. 5, 6, and
7, set the phase-shifter so that the current lags
voltage by 6m. The current required to trip the
phase-to-phase unit should be within the limits

specified for each of the voltages. Note that for

the phase-to-phase unit the*impedance measured
Vi-L

21y,
to-phase fault voltage and I is phase current.

where V1 1 is phase-

by the relay is ZR =

© A For current limits when 8,

The current required to close contacts of the
top unit should be:

Relay Range 02455 | .7521.2 | 1.336.7
Veault = VIF-2F -
(Volts) 30 39 30
A|Trip Current

13.3-14.7 | 2.85-3.15 | 1.63-1.80
(Amps)
Phase-Shifter 759 75° 759
Set at Gurrent -
Lagging
ViF2F Om) |

For test voltages to be of correct sequence and

7 X7

. Vo

values, use equations V]-1F = V22F =__m§_ta_ui_t.
maximum torque
angle is not 759, multiply the values above by
sin .
which the relay was calibrated.

sin 75 .- )
0§ where = new maximum torque angle for

INDICATING CONTACTOR SWITCH (ICS)

Close the main relzy contacts and pass-sufficient

" de current through the ip circuit to close the

contacts of the ICS. The current should not be
greater. than the particular ICS tap setting being
used for the 0.2-2.0 ampere ICS. The operation
indicator target should drop freely.

The contact gap should be approximately

" 0.047" for the 0.2/2.0 ampere unit between the

bridging moving contact and the adjustable sta-
tionary contacts. The bridging moving contact
should touch both stationary contacts simul-
taneously.

II. COMPENSATOR CHECK,

Accuracy of the mutual impedance Z¢ of the
compensators is set within very close tolerances
at the factory and should not change under nor-
mal conditions. The mutual impedance of the
compensators can be checked with accurate in-
struments by the procedure outlined below.

A. SetT,TA, TB, T and TC
onthe 1.23tap for .2 - 4.50 range
5.80 tap for .75-21.0 range
10.0 tapforl.3 -36  range

23
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B. Disconnect the “L” leads of sections M, M4,
and MC and the red-marked leads of R3, R2A,
and Rac (with resistor loading removed
6 = 909°).

C. Connect terminals 12 to 14, 15 to 17, 16 to
18 and pass 10 amperes ac current in terminal
319 and out of terminal 13.

D. Measure the compensator voltage VC with a’

high resistance voltmeter (5,000 ohm/volt) as

tabulated below. REFER TO FIG. 1 FOR -

THE LOCATION OF R3, R2A AND R2C.

i

“cept terminals 8-9-circuit of the 3-phase ‘unit)
relay circuits.

With relay energized with 120 Vac only, and
all S-settings set = 1, and M = +15, check voltage
drops starting at the minimum tap and each
successive tap -T. Voltage readings will start at
millivolt level, and increase with successive tap
values. Erratic voltage reading will indicate open
tap. These type of readings could be -taken at
any relay setting except when. comparing two

-« Fe'lays_, or readings from the same relay at dif-
__ ferent_times it should be clear that relay set-

tings for which measuréments are taken should be

MEASURE V¢ ) iGentical. The table below gives typical readings
BETWEEN VoltmeteF Readifig for. settings specified above. Use this table as
guide only.
Lead and Fixed
' End of 0.2-4.55 OHMS RANGE
“L"ofM | R3 ve=151TRY Ta, T, Tp,TC T
YRk 003 — .006 008 — 016
“L"ofMa | R2A \ 008 = 011 018 — 031
ve=21T (%0 017 — 021 044 — 063
s sin-75° 026 — 031 066 — .088
FL"ofMc | Rac 040 — 047 100 — .138
) .060 — 068 145 — 210
A Use sin 60° for .2-4.5 range .
' 75-21.2 OHMS "
For example: For .75-21 ohm range T=158 D 1 4 _
relay 3-phase compensator will read Ve = 90.1 TA,TB,TB.TC T
volts and for phase-to-phase compensators where
T-5.8 the voltages are: 015 —.026 033 — .050
K 032 — .054 .072 —. .092__
V¢ = 120 volts (phase A) 072 — 110 145°— 190
V¢ = 120 volts (phase C) 125 —.190 260 — .190
. .200 —.290 400 — .340
Accuracy of the measurement will depend on the 295 — 470 645 — 800
instrumentation used. Factory adjusted compen-
sator is within 0.5% on maximum tap and 1% 13-36.7 OHMS
on all other taps. A realistic tolerance should be
allowed for accuracy of ‘the primary current meas- T4, TR, TB.TC T
urement, and the accuracy of the voltmeter to e
be used to arrive at what is “‘good’’ compensator. 038 = .052 055 — 070
No voltage reading may be caused by open poten- 080 — .100 105 — .150
tiometer or compensator. : 150 — .200 220 — 300
. . 290 — .340 390 — .540
Additional measurements using compensator 450 — 535 600 — .850
can be made to check the compensator tap se- 700 — 860 950 —1.30

quence, and to check on tk}e condition of all (ex-
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APPENDIX |

SWITCHBOARD TESTING WITH
KD-10 AND KD-11 RELAYS

External connections may be checked at the
relay provided there is sufficient load current
flow at a known power factor angle. Relay cur-

rent,shO}lld be at least%amperes (1.2 amps when

T = 5.8). This check is appropriate prior to com-
missioning-‘the relay or when trouble shooting.

POTENTIAL CIRCUIT CHECK

Close the three relay potential switches num-
bered 7, 8, and 9, (Fig. 19). The connection for
the proper phase sequence will be indicated by a
strong contact-openmg torque. Closing torque
will indicate reverse-phase sequence. ’

CURRENT VERIFICATION

To verify the proper current connections use
the following procedure: :

1. Set T = 5.8, S =1 for maximum sensitivity.
(Lower or higher taps may be used, provided
current exceeds 7/T). Open current switches
first for safety.

2. Read watts, vars and amperes.

3. Plot watts and vars on the diagram in F1° 27.
Draw a line at the load angle determined by
this plot. Designate this line as IREF See
Fig. 28 for example.

4. Perform the 9 switching combinations in Table
IV, recording the relay contact position for
each combination. (Actually only 6 combin-
ations are needed to verify the currents, so
that any group of three need not be used. This
is important where the load angle falls too
close to the zero torque line. If the indicated
power-factor angle is within 3© of the test
limit for any group of three tests, these should
be ignored.

5. Verify the currents using the procedure il-
lustrated in Table V. Here the “correct con-
tact position” is determined by observing
whether the IREF line in Fig. 28 1ntersects

oo

R PIE  Ty ¥

the solid or dashed part of circle. (For ex-
ample, test 1b shows a solid circle indicating
that the contacts should close.) Next compare
the actual contact posztlons to the correct
ones.

6. If the contact positions are proper, the cur-
rent connections are correct and the test is
complete, otherwise proceed to identify the
currents using the following procedure.

CUR'I_QENT JDENTIFICATION

If the verification check discloses incorrect
current connections, the following procedure may

be used to detenmne what is wrong. However, if -
. one set of three switching combinations plaCCS

the relay too close to the zero-torque line, use

conventional techniques, instead, since 1dent1f1-,

cation requires all 9 switching combinations,

1. Plot alREF and a2IREF at 1200 angles from
IREF. See Fig. 28 for example. These currents

are related to the Phase currents as shown in |

the following table:

Phase
Receiving IREF aZIgep alREF
Current
173 IpHA by s IpHC
2 bbug Ipyc Ipy.a
3 Ipy e Ipr.A Ipy B

2. Prepare Table VI similer to Table V using

Fig. 28. For example, for test 1b the contacts
were open. Such a result would occur if IREF
of the wrong polarity is actually flowing in
the phase A circuits of the relay. This conclu-
sion is drawn by noting that IREF in Fig. 28
intersects the solid part of the test 1b circle.
This says that if + IREF is flowing the con-
tacts would close. Since the contacts actually
open, then - IRET«‘ could be flowing. Sim-
ilarly, for test 1b, —a~IREF could be flowing,
since the aleEF line also intersects the solid
part of the test 1b circle. By the process of
elimination for each set of 3 tests, the actual

current is identified. For example, in Table V,-

phase A receives ~1pH A whereas +IpPH.A
should be flowing. In phase B +IPH.C is
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TABLE IV
. SWITCHING FOR CURRENT VERIFICATION AND IDENTIFICATION
J | . _
> POSITION OF SWITCHES NUMBERED:
o
1 ) -
Zz VOLTAGE SWITCH CURRENT SWITCH UNIT
a . E EN SWITC
@ (BLANK INDICATES OP TCH) oy b PHAsE
S SHOULD BE R;S:g:
4 Van - Vin Van Ia s I la OBSERVED =
E . . -
g -
A F e .
S 7 8 9 . 12 14, 16, 18,
13 15 17 19
(3) j
3 Open & . a Cl . C
' jump sw. osed &b &1
w 1 jaw to Closed Closed ,
9 )
. b| Closed ’ Closed | ¢-¢p&3¢ A
Open & a{ Closed : " Closeéd - &3 A
2 Closed |JumP S¥W.1 Closed -
jaw to
7 - b Closed “d-d & T B
) Open & |a Closed 1 : sp&il B
3 ‘Closed | -Closed | jump sw. :
jaw to - .
@ " - | 8 b Closed , - P&t c
Open & +
‘ 4 Closed Closed jump SW. | cjosed . Closed | ¢-¢ &3¢ A
. jaw to . N
. 7
-
Open & ) 3 :
5 | jumpsW. |-cigsed | Closed . Closed _ ¢ &t B
jaw to ~
8
3,
Open &
6 Closed | J4MP S¥.1 cClosed , Closed P&t c
jaw to
C 9 ,
+" Block 3¢ Unit Open
t If Current is Over 5 Amps.
] .
26
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P : TABLEV .~
5 - VERIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 29
PHASE TO © SWITCHING gg;}?su ACTUAL CONTACT POSITION
ACT
BE VERIFIED COMBINATION POSITION
H . , iF WIRING EXAMPLE WITH
IS CORRECT INCORRECT WIRING
§ 1b c c o
A 2a ! c ' ¢ 0
4 o 0. o

2 - o : c c

3a : \\| /G c o)

[s¢}

w
O
O
Q

3b ; C C 6]

C la c C o)
6 ' 0 J o) o)
) - @ TABLE VI
IDENTIFICATION EXAMPLE USING ASSUMED LOADING OF FIG. 29
: CURRENT & POLARITY WHICH CAN
IREF PHASE _ SWITCHING EXAMPLE OF PRODUCE OBSERVED CONTACT POSITION
RECEIVING "COMBINATION CONTACT ;
* CURRENT POSITION
. IREF. a2IRgF, - alRgf,
P 1b o = _ - +
. A " 2a o) - |1 + +
_—') 4 , c s +. -
2b + -
!-’ B 3a —_ T +
5 - _
3b o} . -~ - +
C la . (o] -— + + T
6 0 + - 4
{See Fig. 30 for actual connections,
! -

27
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flowing as shown in Fig. 29. To extract this
bit of information from Table V, use the
above table relating the phase currents to

IREE, a2IREF and alREF.

Note in Table V that a2IREF is flowing in the
phase B cireuits of the relay. The above table
shows for this set of 3 tests that a2IREF =
IPH.C.
. 1

3. Correct the external connections and then
verify the currents.

APPENDIX I

TYPE KD COMPENSATOR DISTANCE
RELAYS CALIBRATION AND
MAINTENANCE PROCEDURES

A calibration and maintenance program should
involve two steps: 1) a receiving acceptance check
and 2) a routine (periodic) maintenance program.
These two steps are outlined below:

RECEIVING ACCEPTANCE

. Received relays should be subjected to the
checks outlined in the applicable L.L. These
checks wiil insure that there is no shipping dam-
age and that the relay has been received in the
same calibrated condition as it left the factory.
They will insure that set-up procedures such as
removing contact blocking has been accomplished.
A receiving acceptance check should include the
foliowing steps: ’

1. Perform all of the mechanical and electrical
tests listed in‘.ne receiving acceptance section
of the applicable I.L., include the maximum
torque angle test, even if it is not called for
in some L.L.’s.

2. Follow the appropriate test procedures out-
lined in I.L.’s covering the K-DAR FIELD
TEST UNIT. It is suggested that all dial test
readings in each test be recorded for future
reference. This information will be very help-
ful in recognizing p0551b1e drift of electrical
characteristics.

3. If the settings to be applied to the relay when

it is installed are known, the relay should be
set to these settings and checked with the

28

field test units as noted in step 2 above.
record for future reference should be take:
The relay test values using the KDAR te
unit should check to be within +7 percer
of the relay settings.

ROUTINE MAINTENANCE — =

The relay should be checked periodically”:
time intervals dictated by previous experienc
-and practices. Westinghouse recommends th:

~"the time interval between checks be a maximus

of two years. Routineé maintenance should i
clude at least the folIowmg steps

1. Repeat step 2 or 3 updor Recewmg Accep
" - ance and record test results.

2. Compare test results with previous results.
any test values deviate from previous checl
by more than +5 percent, recheck relay pe
formance in line .with the receiving acceptanc
checks outlined above step 1.

3. Retain records of ‘test results on each partic
lar relay. During each routine maintenanc
the records should be analyzed to determir
if there is any evidence of drift;i.e., continue
change in characteristic in the same directios
Evidence of drift should be traced to the pa
ticular element involved, usually a capacitor ¢
resistor and this element replaced.

4. Some of the more common component prol
lems may-be detected as follows:

With the relay mounted on a panel and ene
gized by station C. T.s & P. T.’s, open a
trip circuits and all current switch positior
12,13, 14,16, 17, 18, 19, and, phase C vol
age switches (terminal 9) and if applicable a
additional switch position on the separatel;
energized 3¢ unit. Check the internal schemat
for your particular relay. Jumper terminal
to terminal 9 and to any other applicabl
_switch normally connected to phase C, on tt
relay side (upper half of the switch). The co!
tacts of both operating units should stay ope:
If the 3-phase unit contact closes, it indicat
misadjustment of resistor, R34, or potention
eter, P3A (most common cause), or a defectiy
capacitor,' C3¢C, follow the instructions fc
troubleshooting in Section E for KD4 an
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KD-5 relays and the prOpér instruction leaflet
for KD, KD-1, and KD-10 and KD-11 relays.

If phase-to-phase unit closes, recheck for:
KD & KD-1 relays RMA & RMc-Calibration

KD4,KD-5, &

KD-4} relay Rac-Calibration

KD-10 & KD-11 XLAC-Adjusthient

CALIBRATION AND TROUBLESHOOTING

HINTS:

. Experience has shown that calibration of the.

relay for maximum torque angle is the-pro-
cedure most susceptable to error. Two poten-
tial sources of error are most common:

-. Instrumentation errors — Be sure of the ac-
curacy of calibration of all instruments and"

phase-shifters used. Instruments should be
chosen and ranges selected so that readings
are taken with the instrument reading 1n the
top third of the scale.

When a phase-shifter is used, attention should
be paid'to the fact that voltage and current
settings will change as the angle is varied. To
avoid inaccuracies due to this effect, check
the voltage and current settings when con-
tact operation indicates that maximum torque
angle check point has been reached.

. Failure or miscalibration of components not
connected with angle adjustment: To distin-
guish between the two sources of error it is
recommended to perform compensator null-
ing test as follows: P

. ForKD-4,41,5,10, and 11 Relays

Phase-to-Phase Unit (TAB and TBC
Compensators) Maximum Sensitivity Angle

. Use “PH-PH-1-2 Phase Test” — connection
for TAB-compensator, and “PH-PH-2-3"" Test
connection for TBC compensator. Refer to
the figure in the I.L. tifled “Test Connec-
tions.”

. Measure voltage across CgA for TAB and
across C2¢ for TRC.

PR L T R

3. Set current equal to:

VIF2F
. 2X Relay Setting

The current should be high enough to pro-
vide an accurate phase angle meter reading,
or any convenient value if a phase-shlfter
is used for direct angle reading.

. Set the phase-shifter for the desued maxi-

mum torque angle value.

T

No_te the voltage.

. Vary the phase angle in both directions of

the set value. to see that a low voltage (below -
1. volt) is obtained at the maximum torque
angle setting. If within *2 degrees, it can be
left undisturbed. If the minimum voltage is
obtained at some other angle, readjust phase-
shifting resistor or potentlometer 4t the de-
sired angle.

. ForKD and KD-I Relays’

Follow procedure above except:

. For Ta ¢ompensator, use connection #2, omit

voltage connection to terminal 9, disconnect
LA-lead, insert voltmeter to measure open cir-_
cuit voltage and use twiee the curfent value
obtained for KD-10 -tests.- Follow-procedure-
outlined above except adjust R2A when re-
quired.

. For TR compensator, use procedure outlined

above, except use 73 connection and adjust
R72B when required.

. For TC compensator, use connection #4,

omit voltage connection to terminal 7, dis-
connect LC-léad, and adjust RpC when re-
quired as per Part I.

. Three-Phase Unit (T Compensator) of all KD

Type Relays:

. Use connection #1.
. Measure voltage across C3A.

. Set the current equal to:

V1F2F
1.5 Relay Setting

29
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The current should be high enough to provide
an acéurate phase angle meter reading, or any
convenient value if a phase-shifter is used for
direct angle reading.

4. Set the phase-shifter for the desired maxi-
mum torque angle value.

Note the voltage. C

5. Vary phase angle in both directions of the
set value, to see that a low voltage (below 1
volt) is obtained at the maximum torque
angle setting. If minimum voltage is within
-2 degrees, do not readjust. If the minimum
voltage is obtained at some other.angle re-
adjust phase-shifting resistor or potentiom-
eter at the desired angle.

E. Suggested Procedure for Detectmg and
Replacing Defective C3¢ Capacitor

For KD-4, KD-5 and KD-10 Relays
STEP 1
Set S =1 for the 3-phase unit.
Apply approximately 120 volts to relay terminal

7 and 8 and short out terminals 7 and 9 (for
KD-5 between terminals 6 and-9 and some short

-reach KD-4). i

If contacts of the 3-phase unit close, then, the
C3C capacitor is under suspicion but improperly
adjusted R34 can be suspected, as well.

STEP 2
Remove the connections made in Step /1

Apply approximately 120 volts (i.e., 100-130

volts) to: terminals 8 and 9 = Vg9.

Measure the voltage across the C3¢ capacitor
with a high impedance voltmeter - 5000 OHMS/
volt.

75-20 OHM reach KD-4 Yelays, the. mini-

mum voltage should be Vmin = 3.5 x Vgg. If

O Vmin less than 3.5 x Vgq replace capacitor

Csc

30—

For .24.35 OHM reach KD4 and KD-5 relays,
the minimum voltage should be Vmin = 2.82 x
V89 if Vmin' less than 2.82 x V89, replace. ca-
pacitor C3(C.

For all ranges KD-10 use same procedure as for
.75-20 OHM reach.

STEP3

Relays which fail either step 1, or have C3C ca-
pacitor replaced after failing step 2, or after C3A
capacitor is replaced, require readjustment of
R3A or P3A. Repeat step 1 and adjust R3A or
P3 A so-that contacts just open.

Measure total R3F and R3 A resistance.

Omit this procedure for KD-10 relays.

a) for .75-20 OHM reach KD-4 relays

o when the relay is preheated as per L.L., de-
crease R3A setting by 10% of total R3F and
R3 A resistance. -

or
® for a cold relay repeat step I and adjust R3A

so that the contact just opens. No' further
adjustment is required.

1
b) for .2-4.35 OHM reach KD+4 relays with sub

“A’ in the style number.

e for a cold relay, décrease R3A setting 8% of
total R3A + R3F resistance.

o for a hot relay, decrease R3A setting 8% of
total R3A + R3F resistance.
¢) for 24.35 OHM relays without sub “A” in

style number.

e for a cold relay, decreases R34 setting 7% of
- total R3A + R3F resistance.

o for a hot relay, decrease R3A setting 4% of
total R3A + R3F resistance.
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NOTE: R3A range of adjustment may occasion-
ally be insufficient. If so, set R3F for maximum

- resistance, or replace R3F resistor with higher

value.

d) For KD-10 follow .instructio‘n leaflet to ad-
just R34 orP3A. b

F. Suggested Procedure for C3¢ for KD-1,
KD41/KD-11 Relays

)

a) No voltage test is required across the C3c ca-

pacitor.

b) If C3C has been found bad (shorted or leaky)
repeat P3A or R34 adjustment above.

G.

a)
b)

Suggested Procedure for Replacement of
C2¢, C2A Capacitors

After the capacitors have been replaced:
Open relay switch 9 (phase C-potential).

Short terminals 7 and 9 on relay side and apply
approximately 120 volts to terminals 7 and

“Adjust RCA' resistor for KD-4-41 relays and

XLAT for KD-10-11 relays so contact just
floats - favoring contact opening direction.

If desired, repeat 2.5 volts calibration point.

For KD and KD-1 relays, follow procedure for
Ryra and Ry calibration.

31
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Fig. 2. Compensator Construction
Fig. 3. Typical Top Plate
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