
Westinghouse I.L. 41-490A 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KD-10 AND KD-11 

COMPENSATOR DISTANCE RELAY 

Caution: Before putting protective relays into 
servic e ,  make sure that all moving p arts 

operate freely , inspect the contact s to s e e  
that they ar e clean and operate t h e  relay 
to check the settings and ele ctrical con­
n ection s .  

AP PLI CAT I ONS 

The ty pe KD - 1  0 relay ( Figure 1 ). is a polyphase 
compe nsator type re lay which provides a s ingle z one 
of phase protection for all  three phases. It provides 

* essentially instantane ous tripping for phase-to-phase 
faults , two-phase -to-gr ound faults, and thre e - phas e 
faults within the reach setting and sensitivity leve l of 
of the re lay. The re lay is interchangeable with KD or 
KD-4 re lays. 

The type K D- 1 1  relay ( Figure 1 ) , is similar to 

the KD-10  relay e xc e pt that its charact eristic 
imp edance circle includes the origin.  T his relay is 

usually applied as a carrier start relay in directional 

comparison blocking schemes b ut it may also b e  

used for time delay tripping i n  strai ght distan c e  
relaying. :Both K D- 1 0  and KD- 1 1  relays have indic at­

ing contactor switches rated 0. 2/ 2.0 amp e res.  The 
2.0 ampere tap must be used for directional com­

pari son blocking ( KA- 4 )  application s. The 2 . 0  
amp ere target i s  recomm ended for direct trip applica­
tions. The 0.2 ampere target is recommended where 
a 1 2 5  or 2 5 0  volt lock out relay ( WL) is energized 
and 2.0 amp ere where a 48 volt lockout relay i s  used .  

Refer to I . L .  40- 208 for a descrip tion of  how 

KD- 10 relay are used in directional comparison 
blocking system s .  

Fo r time-distan c e  applications the KD- 1 0  and 
KD- 1 1  relays are used w ith the TD-4 or TD- 5 2  or 

TD-5 d- e t ransistorized tim ers . Se e Fi gs. 19 and 24 

for the e xternal sch ematics for 3 zone protection, 
using the TD-4 and TD-5 2 rel ays , resp ectively . For 

further discussion see "External Conn ections " .  

Fault detec tors are used to supervise t h e  trip 

c ircuit for those appli c at ions where the lin e side 
potentials ar e used or loss-of-potential s upervis ion 

is desired. Otherwis e ,  undes i red tripping m ay oc cur 

on line oscillations or loss of potential. The cyl-

SUPERSEDES I.L. 41-490, dated May 1974 
*Denotes change from previous issue. 

i nder typ e KC-2 or KC-4 relay ( 2-8 ampe res)  is re­
commended. The plunger or other magnetic attraction 

type relay s  ( e . g .  a three unit SC relay or a three 

unit  ITH relay) may be used if the fault detector 
con tacts carry trip coil  current rather than au xiliary 

r elay ( e.g. auxili ary trip uni t ,  tim e r ,  etc . ) c urrent.  

The SC or ITH relay m ay al so be used if a s low 

dropout contact ( e . g. TX contact of TD-5 tim er  
relay) is  availabl e  to b e  conn ected aro und the fault 
detector contact s .  

C O N S T R U C T I O N  

The type KD- 1 0  and KD- 1 1  relays consists of  
thr e e  single air  gap transformers ( c ompen sators),  

three tapped autotrans formers , two cyl inder type 
operating units , and an I CS indi cating c ontactor 
switch.  

Compensator 

The compensator ,  which is designated T (Fig.  2 )  

i s  a two-winding air gap transformer ,  i t  has on e 

primary current w inding.  The compensators which 

are designated T AB and TBc are three winding air 
gap transforme rs , they h av e  two primary c urrent 

w indin gs. Each p rimary c urrent winding has s even 
taps which termi n ate at  the tap b lock ( Fig.  3 ) .  They 

are mark ed: 

0 . 23, 0 . 3 0 7, 0 . 383, 0.537, 0 . 690, 0.9 20 ,  1. 23-

for 0 . 2  -4:5 ohms relay 

* 0 0 8 7 ' 1 .  16 ' 1. 4 5 ' 2 0 03 ' 2 0 9' 4 0 06. 50 8 
for 0 .  75-2 1 ohms relay 

1 . 5, 2 . 0, 2. 5, 3 . 5 1 ,  5 . 0, 7 . 02, 1 0 . 0  
for 1 .3 - 36 . 7  ohms relay 

All possible contingencies which may arise during 
installation, operation, or maintenance, and all 
details and variations of this equipment do not 
purport to he covered by these instructions. If 

further in/ormation is desired by purchaser re­
garding his particular installation, operation or 
111aintenance of' his equipment, the local West­
inghouse Electric Corporation representative 
should he contacted. 

EFFECTIVE OCTOBER 1975 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  K D- 1 0  A N D  K D- 1 1 COMP E N SATO R D I S T A N C E R E LA Y  

Current f lowin g through the primary coil provid e s  
an MMF which p roduc e s  magnetic lin es of f l u x  in t h e  

core. 

A voltage is in duced in the secondary which is 

proportional to the primary tap and c urrent magnitude.  

This proportion ality is established b y  the cross 
s ec tional area of  the l amin ated ste e l  core ,  the 
l ength of an air  gap w hich is located in the c enter 

of  the coil, an d the tightness  of  the-laminations. Al l  

of these f actors which in fluence the s econ dary 

v oltage proportionality have been precisely set at 
the f actory. The c lamps which hold the lamination s  

s hould not b e  distrubed b y  e ither t igh tening or 
loos ening the clamp s crews. 

The s econdary winding has a s ingle tap which 

divides the winding into two sections.  On e s e ction 
is connected subtr act ively in series with the relay 
terminal voltag e .  Thus a voltage which is p ropor­
tional to the phase current i s  subtracted v ectorial ly 
f rom the relay terminal voltage. The second section 

is c onn ected to a potentiom eter and a fixed lo ading 
resistor and p rovides a means of adj ustin g the phas e 

angle relation between p rimary c urren t an d th e 
induced secondary volt age. 

Auto- Transformer 

The auto-transf ormers has three taps on its 

m ain winding, S , which are n umbered 1,  2 and 3 
on the tap b lock .  A terti ary winding M has four 
taps which may be connected additively or sub­
tractively to in versely m odify the  S s ettin g  b y  any 
value from -18 to + 18 p ercent in steps .of 3 percent.  

The sign of  M is n egative when the R l ead is  
abOve the L l ead. M is  positive when L is  in a t ap 
location which is ab ove the tap location of the R 
l ead. T h e  M s ettin g  is determin ed by the  su m of p e r  

unit values between t h e  R and L l ead. The actual 
per unit values whi ch app ear on the tap plate b e­

tween taps ar e 0, . 03,  . 09 an d .06 .  

The auto-transf ormer mak e s  it possible to ex­

p and the  basic range of  "T" ohms b y  a multiplier 

s 
o f  

1 ± M 
. Theref ore, any relay ohm s etting can b e  

made within ±1 . 5  percent from the desired value by 

c ombin ing the c ompensator taps T, T AB. and TBC 
with the auto-trans former  taps S an d M, S A and M A. 

2 

and Sc and Me. S e e  tables I, II, and III for c om plia­
tion of s ettings available .  

Tripping Unit 

Th e device which act s to initiate tripping i s  a 

f our-pole cylinder unit which is c onnected open 
delta and operates as a three-phase in duction motor. 

Contact- closing torque is  p roduced by the unit 
wh en the voltage applied to its terminals has a 

negativ e-phase s equen c e . C losing torque f or the 

relay forces the moving contact to the left  hand 

side as viewed from the front of the relay. Con tact­

o penin g torque i s  produced when positive-phas e 
s e quen c e  voltages are applied. H en c e, the cylinder  
unit has restraint or op eratin g  t orque as determined 

by the phase sequen c e  of  the voltages applied to its 
terminals . 

Mec hanical ly, the cylinder unit i s  composed o f  
thre e basic compo11 en ts: a die- c ast aluminum f ra m e  
and electromagnet, a moving element assembly, an d 
a molded bridge.  

The f rame serves as the mounting structure for 

the m agn etic core.  T h e  magnetic core which ho uses 
the lower pin bearing is  secured to the f ram e b y  a 

spring and snap rin g. This i s  an adj ustable core 
w hich has a . 02 0  inch f l at on one side and is h eld 
in its  adjusted position by the c lamping action of  

two compres sed sprin gs .  The bearing can be re­
placed, if neces sary, without having to remove the  
magnetic core from the frame. 

Th e el ectromagn et h as t wo s eries- conn ected 
coils mounted diam etri cally opposite one another to 
excite each set  of poles .  Locating pins on the 
electromagn et are used to accurately pos ition the 
lower pin bearin g, w hich is mounted on the f ram e ,  

with respect t o  the  u pper pin b earing, which i s  

threaded into t h e  bridge. The el e ct romagnet is  
perman ently s ecured to the frame and c annot b e  
s eparated from the frame. 

The moving element as sembly consists of  a 

s piral s pring, contact carrying member ,  and an 
aluminum cylind er ass embled to a molded hub which 

holds the shaft. The hub to which t he moving contact 

arm is clamped h as a wedge-and-c am con struction, 

to pro vide low-bounce c ontact action. A c as u al 
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TY P E  K D- 1 0  A N D  K D- 1 1  COM P E N S A T O R  D IS T A N C E  R E LAY 

inspec tion of the a s sembly might lead one to think 
that the contact arm brack et does not c lamp on the 

hub as tightly as it should. However, t his adjustment 
is accurat ely made at the factory an d i s  locked in 
plac e with a lock nut and should not be changed. 

Optimum contact action is obtained when a 
specified pres sure applied to the fac e of the mo vin g 

contact will make the arm slip on e-f ourth of its total 
f ree  travel.  Fre e  tra vel is the an gle through which 

the hub will slip f rom the con dition of  reset to the 
point where t he c lamp proj e ction begins to ride up 
on the wedge.  The free travel can vary between 15° 

to 20 °. 

Th e sha f t  has re movable top and bottom j ewel 
bea rings.  The shaf t rides b etween the b ottom pin 

b earing and t he upp er pin bearing which is adjusted 

to .025 inch f rom the  top of  the shaft bearing. The 
cylinder rotates in an air  gap formed by the electro­
magnet and the magn etic cor e .  

The bridge is secured t o  t he electromagnet  and 
the f rame by two mounting screws. In addition to 
holding the upper pin b earing, the bridge is used for  

mounting the adjustable stationary contact housing.  

This stationary c ontact has . 00 15 to . 0035 in ch 
follow which i s  set  at the factory by means of the 
a dj u sting screw.  After  the a dj u stment is made the 

screw i s  seal ed in posi tion with a material which 
f lows around the threads and then solidi f i e s .  The 

stationary contact housing is held in position by a 

sp ring type c lamp. The spring adj uster is located 
on the underside o f  the bridge and is attac hed to 
the movin g  contact arm by a spiral spring. The 
sprin g  adjuster i s  al so h eld in plac e  b y  a sp ring 
type clamp . 

Th e main contact of KD- 10 and KD- 1 1  relays 
will close 30 amp at 25 0V d . c .  and the s ea l-in 
contact of the  indicating contactor s w itc h w il l  
carry this current lon g  enough to trip a b reaker. 

Wh en the contacts c lose, the electrical conn ect­

tion is made through the stationary contact ho using 
clamp , t o  the moving contact, through the sp iral 
spring and o ut to the sprin g  adj uster cla mp. 

Indicating Contactor Switch Unit (ICS) 

The in dicating c ontactor switc h  is a small d-e 

operat ed c lapper type device.  A magnetic a rmat ure, 

I .L. 41-490A 

to whi ch leaf-s pr ing mounted contacts are a ttached, 
is attra c ted to the ma gnetic c or e  upon energization 
of the switch. When the switc h  closes, the moving 
contacts b ri d ge tw o stationary c ontacts, co mpleting 
the trip c ir c uit .  Also during this opera tion two f ingers 
on the arma ture d e f lect a s pring located on the front 
o f  the switc h ,  which a llows the operation indicator 
targ et  to drop. The targe t  is res et from o ut side of 
t he case by a push rod located at t he bottom of the 
c over.  

The front spring, in addition to holding the 
target, p rovides restraint for the armature and thus 
controls the pickup value of the switch. 

O P E R A T I O N 

Th e K D- 10 relay has two major components­
compen sators and trippin g units .  In the in ternal 
schemati c of Fig. 4 the c o mpensators are designate d  
T, TAB• and TBC· the tripping unit s ,  Z ( 3cp) & Z 
(cpcp). The phase-to-phase unit, Z (cpcp). operates for 

all  combinations of phas e-to-pha s e  faults ( phas e 

1 - 2, 2-3 & 3- 1) .  The 3 phase unit Z ( 3cp) operates 

for 3 phase faults  and f o r  close-in-two-pha se-to­

ground faults, al though most two-phas e-to-ground 

faults are cleared by op era tion of  the phase-to-phase 
unit. Each o f  the trippin g  units and its associated 
c o mpensator  circuit are electrically separate, and 

will now be considered suc ces sively. 

Three Phase Unit 

A s ingle compensator T has its primary energiz e d  
with <I1 - 3Io) current i n  Fig. 1 9 .  Current I1 i s  t h e  
phas e 1 current; 3Io is t h e  residual current.  T h ere 
are three c ompensators shown on e for each of  the 
three z ones .  On e connection uses an auxiliary 
c urrent transformer to ins ert the -3Io component. 
The alternate connection supplies the compensator 
primaries with (-I2 -I3 ). Sin c e  I 1 + I2 + I 3 = 3Io. 
0 1- 3Io ) = (-I 2 -�) . ( Current I 1. I 2 and I 3 are the 

phase currents) . The 3Io current is needed to provide 

overlap with the ¢¢ unit on 2-phase-to ground fault s.  

Ac cordingly, the alternate connection is equi  va­

l ent to the first arrangement.  Note that relay 2 1-3,  

a type K D- 1 1 ,  also  has a current winding Z .  T his 
winding is wound on the tripping unit s o  that the 

R-X diagram circle in cludes the origin , as explained 
under "Characteristics".  
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T Y P E  K D- 1 0  A N D  K D- 1 1  COMP E NSATOR DISTA N C E  R E LA Y----------------- ""··------"--""_"_ 

As shown in Fig. 1 g  the T compensator s econd­

ary i s  connected to modify the phas e  1 voltag e .  
With a fault in t h e  t r i p  d irection , t h e  induced voltage 

in the compensator s ec ondary b ucks the phas e  1 
voltage . 

V ec tor diagrams in Fig. 8 illustrate the operation 

during 3 phase faults at four location s .  The system 
imped anc e and the  compensator an gle are assumed 
to be at goo for illustrative purposes only . Prefault 

voltages are depicted by the l arge dashed triangle.  

The s maller dashed traingle in each case i s  the 
system v oltages at the relay location during the 
fault .  This tri angle is modified by the compensator 

voltage, -I 1 Zc where Z c is the compensator mutu al 
imped ance. The terminals of the tripping unit are 
designated: X, Y & Z. P has e 1 trip pin g unit voltage 

i s: 

( 1) 

Note that 3I0 = 0 for 3- phas e faults 

( 2) 

P hase 2 and phas e 3 trippin g unit voltages are: 

Vy ( 3) 

( 4 )  

F o r  a fault at A, b eyond the relay operati n g  
zone, t h e  compensator v oltage, -I 1 Zc, modifi e s  

t h e  phase 1 voltag e ,  reducing t h e  voltage t riangle 
of  the trip ping unit to X-Y-Z.  Wit h  an X-Y-Z rotation 

the tripping unit torque is in the restraining direct­
ion. 

For a fault at �the current is l arger than for a 

fault at � so that -I1 Z c is larger. The point X 

i s  in line with points Y & Z .  No torque is produced, 
sinc e  the X-Y-Z triangle has a zero ar ea. 

For a fault in the operating  zon e ,  such as at£ , 

point X is below the Y Z  line.  Now the rotation is 

* X, Z, Y, which produces operat ing torque . 

For a fault behind the relay at � restraining 
torque is p roduced . Sinc e the fault is behind the 
relay the current i s  of reversed polarity . Compen­
s ator voltage, -I1 Zc , increases the ar ea of the bus 

voltage trian gle, 1 -2-3. Tripping unit  voltage has 

an X- Y-Z rotation which produc es restrain ing 
torque. 

4 

A so lid 3 phas e fault at the relay location,  

tends to completely c ollapse the 1 -2-3 voltage 
triangl e .  The area of  the X-Y-Z trian gle also tends 
to be zero under  th ese conditions .  A m emory circuit 

in the KD- 10 relay provide s  momentary operati n g  
torque under  these condition s ,  for a n  intern al faul t .  

I n  t h e  KD- 1 1  relay the winding Z in t h e  c urrent 
circ uit , in conjunction with the compensator voltage, 

produc es a current only t orque , which m aintains  
ope rating torque under the condition of z ero pote ntial. 

The P3 A  - R 3F p arallel resistor-c apacitor 

c omb ination in the c ompen sated phas e provid e s  
correct phase- angl e relation between the  voltage 

across the front and bac k  coils of Z ( 3 ¢) and the 
current , similar phase shift is produced in l eft and 

right hand coils by cap acitor C 3c· The P3 A  -C3 A  
combin ation also provid es c ontrol o f  transients in 
the coils of the cylind er  unit. 

Phase-to-Phase Unit 

Compen sator primarie s  of T AB and TEe are 

energized by I 1 , I 2 and I 3 as shown i n  Fig .  1 g .  
Compensator s ec ondaries are connected t o  modify 

their respective phase voltages ( e . g. TAB modifi e s  

V 12) .  With a fault i n  t h e  trip direction , t h e  induced 
voltages in the compensator s econdaries buck the 
phase-phas e  voltag e s .  

Vector diagrams i n  Fig. g illustrate t h e  operation 
during phas e 2-3 faults at four locations . The system 
impedances and the compensator angle are assumed 

to b e  at goo, for illustrative purpos e s .  P r e f ault 
voltages are depicted by the large dashed t riangl e s .  
T h e  smaller light triangle in each cas e is t h e  system 
voltage s at  the relay location during the fault. This 
triangl e i s  modified b y  the compensator voltage s -
( ! 1 - !2) Z c and -(!2 - !3) Z c where Z c i s  the 

c ompen sator mutual impedance. I n  this case I 1 = 0 .  

The terminals o f  the tripping unit are des ignated; 

X, Y,  a nd Z. Trip ping unit voltages for phase 2-3 
faults are: 

(5) 

( 6) 

For a fault at _& in Fig. g beyond the relay 
operating zon e ,  the compensator voltages c hange the 

1 -2-3 v oltage s equence to the X-Y-Z s equenc e .  Volt-
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I.L. 41-490A 
TY P E  K D-10 A N D  K D-11 C OM P E N S A T OR DISTAN C E  R E LAY---------------------

ages of t his sequence applied to operatin g unit 
produce restraining torque. 

For a fault at B, the currents are larger than fo r 

a fault at A, so that compensator voltages are l arger .  
Points Y & Z coincid e  now and the area of  the 

X-Y-Z trian gle is zero.  No torque i s  produced. 

For a fault in the op erating zon e ,  such as at S 
the compens ator voltages reverse the rotation of  
tripping unit  voltages to X-Z-Y sequence.  Voltages 

of t hi s  s e quence applied to operating unit produc e  
operating torque. 

For a fault b ehind the relay at D, restraining 
torque i s  produced. Since the fault i s  behind the 
relay, the current i s  of  rev erse polarity and t ripping 

un it voltage h as an X-Y - Z  rotation . This rotation 
produces restraining torque . 

Note that this unit do e s  not require m emory 
action , since the sound-phase voltage reacts with 

the compensator voltage to produce a strong r e­
straining or a strong operating torqu e ,  dependin g  

upon t h e  fault location. T h i s  i s  true ev en for a 
compl ete col lapse o f  the faulted phase-to-phase 
voltage. The phase-to-phase unit i s  identical in 
the KD- 10 and KD- 1 1  relays . 

Similar v ector d iagrams ap ply for a fault between 
phases 1 and 2 or between phases 3 & 1. Each of the 

thre e phas e-to- phase fault combin ations subjects 
the cylinder  unit to a similar set  of condition s .  

C H A R A C T E RI S T I C S 

Distance Characteristics-Phase-to-Phase Unit 

This unit responds to all phase-to- phase faults 
and most two-phase-to- ground fault s .  I t  does not 
respond to load current ,  synchronizing surge s ,  or 
out- of- step condition s .  While a characteristic circle 

can be plotted for this unit on the R- X di agram as 
shown in Fig. 10  suc h  a char acteristic circle has 

no si gnificance except  in the first quadrant where 

resis tance and react anc e  v alues are positiv e . A 

s mall port ion of the fourth quadrant , involv in g 
positiv e  resistance v alu es and n egativ e  reactanc e 

v alues , could have some significance in the ev ent 

that the transmission line inc ludes a series ca-

p ac itor. T h e  portion of the circle in the first  quadrant 
is of inter est because it describes what the relay 

w ill do when arc resistan c e  is involved in the fault . 
The phas e- to-phase unit ope rating on an actual 
transmis sion system is inherently direction al and no 

s ep arate directional unit is re quired. 

An insp ection of fig .  10 indicate s  that the circle 

of the phas e-to- phas e unit is dep endent on sourc e 
imped an c e  Zs. H ow ever  the circle always goes 

through the line balan ce point impedance. The reach 

at the compensator ( and line) angle is c on stant, 
regardl ess  of the system source impedance. The 
b roaden ing out of the characteristic circle w ith a 
relativ ely high sourc e i mped anc e gives the phase­

to-phase unit the adv antageous characteristic that 

for short l ines ,  it m ak e s  a greater allow ance for 

resistanc e in the fault. Stated another w ay ,  the  
.charact eristic s approach that of  a reactan c e  relay 

more and more closely as the line being protected 

becomes shorter and s horter with respect to the 

sourc e  impedan ce bac k  of the relaying location. 

Sensitivity: Phase-to-Phase Unit 

A plot of relay reach, in percent of tap block 

s ettin g ,  versus relay te rminal voltage and c urrent 
sensitiv ity is shown in Fi gure 1 2. The unit will 
operat e with the correct directional sense for zero 

voltage phas e-to-phase fault s.  For this condition 
the fault current must be not less than 0. 0 15 relay 
amperes with an ohm s ettin g of 5.8 with rated volt­
age on the unfaulted phase.  P i ck up curre nt  is 
proportionately higher in S = 2 and S = 3 taps. 

The KD- 10 relay may be set without reg ard to 
possible ov erreach due to d-e transie nts. Comp en­
s ators basically are insensitiv e to d-e transients 
which attend faults on high-angle systems. T h e  
long time constant o f  a high an gle system provid e s  

a minimum rate o f  change i n  flux-producing trans ient 
current with respect to time, and therefore induc e s  
a minimum of uni-direct ional volt age in t h e  second­

ary. Asymetrical curre nts res ulting from faults o n  
low- angle systems having a short t i m e  constant  c an 

induce c onsid erab le voltage in the s econdary , b ut 
for the first half cyc le, the transient-deriv ed voltage 

s ubtracts from the steady-state v alue . This transient 

d ecays so rapidly that it is insignificant during the 

s ec ond half cycle when it adds to the steady-state 

v alue.  
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T Y P E K D- 1 0  A N D K D-11 COMP E NSATOR DISTA N C E  R E L A Y  

Distance Characteristic - KD-10 3 Phase Unit 

The three-ph ase unit has a characteristic c ircle 

which pas ses through the origin as shown in Figure 
1 1 . This c ircle is independent of source imped an ce. 

The three-ph ase unit is also inherently dire ctional 

and does not require a separate d irectional unit. 

If a s ol id-three ph ase fault occurs right at the 
rel ay lo c at ion , the entire v oltage trian gle coll ap se s  

to zero to give a balance p oint condition , a s  shown 
by the relay characteristic in F igure 1 1  which passes 
through the origin. Ho weve r, since the YZ voltage 
also drops to zero , the re lay would be unable to 
determine whether an internal or  external fault 

existed. To c orrect this conditio n ,  a resonant c ircuit 

is added to the 2-3 v olt age circ uit of the relay 
which allo ws the YZ vol tage to c ollapse gradually, 

thus giving a referen ce v oltage to determine whether 

the fault is inside the prote cted line section o r  
behind the relay. 

Sensitivity- KD-10 3-Phase Unit 

The unit will operate with the c orrect directional 

sense for zero v oltage three-phase faults when 
normal voltage exists at the relay terminals prior 
to the fault. This o peration oc cur s  due to memory 

action as described ab ove. The unit will have zero 

torque or perhaps a slight o penin g torque if there 

is zero voltage at the relay prior to the fault or  afte r 
the memory action has subsided. For medium and long 
re ac h rel ays with an impedance se tti ng of 5 . 8  ohms 
the three-p hase unit  w il l  direc tionally operate for 
fault w hi ch produce 2 volts  line to line and 1 .0 
a mpere at the relay te rminals. 

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

5 . 8  
I = -- amperes ( 7) 

T 
For  short reach relays ( . 2- 4 .5 5  ohms) with an 

impedance setting of 1 . 2 3  o hms the three-phase u nit 
will directional ly operate for faul ts whi c h  p rodu ce 

. 5 volts line to l ine and 2 .  7 ampere at the relay 
te r minal s .  

Sensitivity with .75  volts l ine-to- l i ne f o r  a ny 
tap is defined by the following eq uati on :  

3 . 4  
I = -- a mperes 

T 

The KD- 10 relay may be set without regard to  
possible overreach due to d-e tran s ients. 

6 

* 

* 

Distance Characteristic: KD-11, 3 Phase Unit 

The three phase unit 6f the KD- 1 1  relay h as a 

characteristic circle which includes the origin as 
shown in Figure 1 3 .  

A single turn c urrent coil o n  the cylinder unit 
provides for current-only torque and is small com­

pared to the m any turns of the T Max. setting of t he 

compens ator and has very little influence on the 

ove rall settings . However, as the c ompe nsator 

settin g is reduced, t he single turn c urrent c oil 
bec omes larger by c omparison and has more and 
more effect on the overall settin gs. 

F or 1 . 3-37 ohms range the reach and maximum 
torque angle will v ary as follows: 

T Nominal T Actual o/o E rror MTA T Reve rse 

10 10 0 75° . 1 3 

7 .0 2  7 . 0 9  2 76° . 1 3  

5 .0 5 . 10 2 77° . 1 2 

3 . 5 1  3 . 65 4 78° . 1 2 

2 . 50 2 . 60 4 80° . 1 1  

2 . 00 2 .08  4 82° . 1 1  

1 . 50 1 .  65  10 87° . 1 1  

For . 75-2 1 ohms range the re ach will vary as 
foll ows : 

T Nominal T Actual % Error MTA T Reve rse 

5 . 8  5 . 3  0 75° . 1 3  

4 .06  4 . 20 3 . 5  76° .13 
2 . 90 3 . 1 2  4 78° . 1 2  

2 .03 2. 1 5  6 79° . 1 2 

1 . 45 1 .  5 7  8 8 2° . 1 2  

1 . 46 1. 30 1 2  85° . 1 1  

. 87 1 .0 2  1 7  goa . 1 1  

When se tting KD- 1 1 relays disregard the change 

in T-value, but include the percentage error into te s t  
current values . 

Sensitivity: KD-11, 3 Phase Unit 

The i mped ance curve for the KD- 1 1  three-phase 

unit is shown in Figure 1 2. This unit will operate 

to  c lo se the left hand c ontact on current-only for 3 

or more amperes relay c urrent with T set fo r 5 .  8 or  

T = 10 .0 for  1 .  3 -36 ohm relay and for 7 . 5  amperes 

or m ore with T set for . 8 7.  
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T Y P E K D- 1 0  AN D K D- 11 COMP E NSATOR DISTAN C E  R ELAY 

General Characteristics 

Impedance sett ings in ohms reach can be made 
for any value in the range of 

. 2  - 405- for s hort reach relays 

* . 7 5 -2 1 . 2  - for medium reach rel ays 

1. 27-3 6 . 7  - for long reac h rel ays 

The maximum torque an gle f or all phase -t o-phase 
units is set f or 75 de gree s at the fact ory , and may be 

* set for any Ya lue from 6 0  t o  63 degrees and from 7 5  t o  
78 de gree s .  A change in maximum t orque angle wi ll 
produce a slight change in reach for any give n setting 
of the re lay. Referri ng to Fi g. 2, n ote that the com­
pe nsator secondary v oltage out put V , is largest when 

V leads the primary current , I, by goo . This goo re la­
ti onship is approached, if the c ompe nsator loading re­
sist or CR 2A or R2c ) is open circuited . The effect of 
the loading ;e sistor, when connected, is to produce an 
inte rnal drop in the compensat or, which is out-of­

phase with the i nduced voltage,  IT AB or IT AC . Thus 
the net voltage, V, i s  phase -shifted t o  change the com­
pe nsator maximum torque angle . As a result of thi s  
phase shift the magnitude of V is reduced , a:s shown 

* in Fig. 2. Other angl e s  may be set by changing fixed 

series re sistors R 2A and R2c , 

The maxi mum torque angle of the 3-phase unit of 
the medium ( .73-2 1 . 2 ohms) and the long reach ( 1 . 2 7-
3 6 . 7  ohms) is set for  75 de grees at the factory, and it 

* may be set f or any value from 60 t o  63 degrees and 
from 75 to 78 de grees. Other angle s  may set by chan g ­
ing fi xed resistor R3 .  

The maxi mum torque angle of the 3-phase unit of 
the sh ort reach ( . 2-4 . 5  ohms ) re lay is set f or 60 de gree s 
at the factory and may be set f or any value from 45 t o  

* 48 de grees and from 5 8  to 63 degrees . By changing R3 
any othe r angle may be set. The go-de gree settin g is 
appr oached for al l range s  when R3 re sistor is open cir­

* cuited . For 3<1! unit or R 2A and R 2c f or phase-to-phase 
unit .  

Tap markings are b ased upon nomin al settings 

as specified above. If the phase loading pote ntio­

meters P3 . P2A· or P2c are adjusted f or some other 

m aximum in torque angle the relay reach is d ifferent 
from t he n ominal as descr ibed unde r  settings.  

I .  L. 41-490A 

TIME CURVES AND BURDEN DATA 

Operating Time 

T he speed of operati on f o r  the KD- 1 0  relay three­

phase and phase-to-phase unit s  i s  shown by the time 

curve s in Fi gure 14. The c urves indicate the ti me in 

milliseconds required for the rel ay to close its 
contacts for tripping afte r the inception of a fault 

at any point on a l ine w ithin the relay settin g. 

Figure 15 and Figure 1 6  show the KD- 1 1  operat­

ing  time of the phase-to- phase unit and the three­
phase unit respectively . These c urves show both 

contact-openin g time and contact-c losin g time for  
faults within the relay sett ing. 

Current Circuit Rating in Amperes 

Al l  rated 1 0  amp. continuous 1 second 240 amp.  
* e xce pt f or 1-3 7 ohm range whe re 

for S = 1 T = 10 continuous rating is 6 amp 
S = 2 T = 1 0  continuous rating is 8 amp 
S = 3 T = 10 continuous rating i s  9 amp 
S = 1 T = 7 .02 c ont inuous rating is 7 amp 

Burden 

The burden whic h the relays im pose upon p oten­
tial and current transfo rmers in each phase is sho wn 

b y  Figure 1 7  and Figure 1 8  for  the KD- 10 and KD- 1 1  

relays respectively. The potential burden and burden 
phase angle are based on 5g volts line-to-neutral 
applied to t he relay termi n al s .  

Trip Circuit Constants 

0 . 2  tap- 6.5 ohms 

2 tap - 0. 1 5  ohms 

S E T TI N G  C A L C U L A T I O N S  

Relay reach i s  set o n  the tap plate shown in 
Fig.  3.  The tap markings are: 

T, TA , TB and Tc 

0 .23- 0 . 307- 0 . 383 - 0 . 5 3 7 - 0 . 6gO - o. g 2o -

1 . 23 (s hort reach) 

* 0 .87 - 1 . 1 6 - 1 .45 - 2 .03 - 2.g - 4.06 - 5 . 8  

( medium reach) 
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T Y P E  K D - 1 0  A N D  K D- 1 1  COM P E N SA T O R  DISTA N C E  R E LA Y-----------------------

L5 - 2.0 - 2 . 5  - 3 . 5 1  - 5.0 - 7.02 - 1 0.0 

( long reach) 

s. sA. and Sc 

1 ,  2, 3 

M ,  MA, Me 

. 0, .03, . 09 , .06 

(Values between taps) 

Calculations for setting th e KD-10 and KD- 1 1  
relays are straightforward and a pp ly familiar prin­
ciples. Assume a desired balance point which is 90 

percent of th e total length of line. The general  
formula for setting th e ohms reach of the relay is: 

Z = Z pri ( 9) 

The t erms used in this formula and herea fter  
are defined as follows: 

Z = the desired ohmic reach of the r e lay in 
secondary ohms. 

0. 9 = the portion of the total line for which th e 

relay is set. 

R c = current transformer ratio 

R v = potential transformer ratio 

Zpri = ohms per phase of th e total line section 

The relay tap plate s et ting - Z is set according 

to the following equation: 

z =- S T  
1+ M 

( 10 )  

T = comp ensator tap value 

S = A uto-transformer primary tap value. 

± M = Auto-transformer  s e condary tap value.  
( This is a Per  Unit value and is determined 

by the sum of the values between th e " L "  

and th e " R "  l eads. The sign is positive 

when '' L" is above " R" and acts to 
lower the Z setting . The sign is n egative 

when " R" is above "L " and acts to raise 

th e Z set tin g . ) 

CAUTION The tap p late values refer to standard 

8 

max imum t orque angle adjustment as p e r  

table I ,  I I ,  o r  I II. 

In g eneral recalibration of the relay to a 
torque angle other than the standard 
value is n either desirable nor re qui red. 

Wh ere it  is n ecessary,  the phase loading 

poten tiometers P3, P 2A• or P 2c are 
adjusted for some o ther maxi mum 
to rque angl e ,  the relay reach be comes 

different from the nominal tap p late 

settings a nd tap p late s etting should 
be modified as outlined under  Maximum 

Torque A ngle consideration. 

The following procedure should be follo wed i n  

order to obtain an optimum s etting o f  th e relay. 

L Establish Z ,  as per  Equation (9). 
2 .  Now refe r to Tabl e  I, I I, or I I I ,  these ta bles 

lis ts optimum r elay settings for r elay. 

a) L ocat e a table valu e for relay reach n ea rest 
to  th e desired valu e Z (it will always b e  
within L5% or less off the desired valu e ). 

b )  Read off the Tab l e  " S, T "  and " M "  settings. 
" M "  - column includes additional informa­
tion for "L" and " R "  l eads setting for the 
specifi ed " M "  value. 

c) Recheck the obtained S ,  T, M - settings b y  
using equation ( 10) .  

z = _§__!__ 
1 + M 

For exampl e ,  assum e  the desired reach ,  Z is 7. 8 

ohms at 75°. ( St ep 1 )  

Step ( 2a)  I n  Table I I  w e  find n earest valu e  to 

7 . 8  ohms 7 .88  that is 100 x �= 10 1 p e rc en t  
7. 7 7  

o f  the desired reach. 

Step ( 2b ). From Table I read off: 

s = 2 

T = 4.06 

M = +.03 

and "L" - lead should be connect ed over "R"­

l ead, with "L " lead connected to "03" - tap 

and " R "  -lead to tap "0 ". 
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I .L. 41·490A 
TY P E  K D - 1 0  A N D  K D- 1 1  COM P E N S A T O R  DISTA N C E  R E LAY----------------------

ages of this sequence applied to operatin g unit 
produc e restraining torque. 

For a fault at � the currents are larger than fo r 
a fault at A , so that compensator voltages are larger.  
Points Y & Z coincid e  now and the area of  the 

X-Y-Z triangle is z ero.  No torque is produced. 

For a fault in the op erating zone, such as at S 
the compensator voltages revers e  the rotation of 
tripping unit voltages to X-Z-Y sequence.  Voltages 

of this sequence applied to operating unit  produ c e  
operating torque. 

For a fault b ehind the relay a t  D, restraining 
torque is produc ed.  Since the fault is behind the 
relay , the current is of reverse polarity and trippin g  

unit v oltage has an X-Y- Z  rotation. This rotation 
produces restraining torqu e .  

Note that this unit  does not require memory 
action ,  since the sound-phase v oltage reacts with 

the compensator voltage to  produce a strong r e­
straining or a strong op erating torque ,  depending 

upon the fault location. This is true even for a 
complete collapse of the fault ed phase-to-phase 

voltage. The phas e-to-phase unit is identical in 

the KD-10 and KD- 1 1 relays. 

Sim ilar v ec tor d iagrams ap ply for a fault betw een 
phases 1 and 2 or between phases 3 & 1. Each of the 

three phase-to- phase fault combinations subj ects 
the cylind er unit to a similar set of conditions. 

CHA R A C T E RI S TI C S  

Distance Characteristics-Phase-to-Phase Unit 

This unit responds to all phas e-to- phase faults 
and most two-phase-to-ground faults. It does not 
respond to load current ,  synchronizing sur ges ,  or 
out-of-step conditions . While a chara c teristic circle 

can be p lotted for this unit on the R-X diagram as 

shown in Fig. 10 such a characte ristic c ircle has 
no significance ex cept in the first quadrant where 

resistance and reactan c e  values are positiv e .  A 

small port ion of the fourth quadrant ,  involving 
positive resistance values and negative reactan c e  

values , could have some signi ficance i n  the event 

that the transmission line includes a series ca-

pacitor .  The portion of the c ircl e  in the first quadrant 
is of interest because it des cribes what the relay 
will do when arc resistanc e  is invol vecl in the fault .  
The phas e- to-phase unit opera ting on a n  actual 
transmission syst em is inherently direct ional and no 

s eparate direct ional unit is required . 

An insp ection of fig. 10 indi cates that the c i rcl e 

of the phase-to- phase unit is dependent on sourc e 

impedance Zs. However the c ircle a lways goes 

through the line balance point impedance.  The reach 

at the compensator (and lin e) angle is constant , 
rega rdl ess of the system source impedance. The 
b road en in g out of the characte ristic circle with a 
relativ ely high source i mpedanc e  gives the p hase­

to-phase unit the advanta geous characteristic  that 
for short l ines ,  it makes a greater allowance for 

resistance in the faul t .  Stated another way , t h e  
.characteristics approac h  that o f  a reactan c e  relay 

more and more closely as the line b ein g protec ted 

bec omes short er and shorter with resp ect to the 
source impedanc e  back of the relaying location. 

Sensitivity: Phase-to-Phase Unit 

A plot of relay reach, in percent of tap block 
settin g ,  ve rsus relay terminal voltage and c urrent 

sensitivity is shown in Figure 1 2. The unit will 
operate with the corre c t  directional sense for zero 

voltage p hase-to-phase faults. For this condition 
the fault current must be not less than 0. 0 15 relay 
a mperes with an ohm setting of 5.8 with rated volt­

age on the unfaulted phase.  P i ck up current is 
proportionately higher in S = 2 and S = 3 taps. 

The KD-10 relay may be set without regard to 
possible overreach clue to d-e transients. Compen­

sators basically are insensitive to cl-c transients 
which attend fa ults on high-angle systems. The 
long t ime constant of  a high angle system provides 
a minimum rate of change in flux-producing transient 

current with respect  to time , and therefore induc es 
a minimum of uni-direct ional voltage in the second­

ary. Asymetrical currents resulting from fa ults on 

low-angle syst e ms having a short time constant can 

induce consid erable volta ge in the s econdary , b ut 

for the first half cycle,  the transient-derived volta ge 

subtracts from the steady-state value. This transient 

decays so rapidly that it is insignificant during the 

sec ond half cycle when it adds to the steady-state 
value.  
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T Y P E K D- 1 0  A N D K D-11 COMP E NS A T O R  DISTA N C E  R E L A Y  

Distance Characteristic - KD-10 3 Phase Unit 

The thr e e-phase unit has a characteristic circle  

which passes through the origin as shown in Figure 
1 1 .  This c ircle is indep endent of sourc e  impedance.  

The three-phase unit is also inherently directional 
and does not requir e a separate d irectional unit .  

I f  a solid-thre e  phase fault oc curs right at the 
relay location, th e entir e voltage triangle collapses 
to z ero to giv e  a balanc e  point condition, as shown 
by the relay charact eristic in Figure 11 which passes 
through the origin. However, since th e YZ voltag e 
also drops to zero,  the relay wo uld b e  unable to 
determine whether an internal or external fa ult 

existed . To correct this condition, a resonant c irc uit 

is added to the 2-3 v oltag e c irc uit of the r elay 
which allows the YZ voltage to collapse gradually, 

thus giving a referen ce v oltag e 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 th e correct directional 

s ense for zero voltage three- phase fa ults when 
normal voltage exists at th e relay terminals prior 
to the fault. This operation oc curs d ue to m e mory 
action as described above.  The unit will have z ero 
torque or p erha ps a slight opening torque if th er e 

is zero voltag e at th e r e lay prior to th e fa ult or after 

the me mory action has subsided. For medium and long 
r each r elays with an impedance se tting of 5 . 8  ohms 
the three-phase unit w il l  dir ec tionally operate for 
fault which pr oduc e 2 volts line to line and 1 . 0 
a m per e at th e relay terminals. 

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

5.8 
I = -- amperes ( 7) 

T 
For short r each r elays ( . 2-4 .55  oh ms ) with an 

impedanc e s etting of 1 . 2 3  ohms the thr ee-phase unit 
will d ir ec t ionally operate for faults which prod uce 

. 5 vol ts line to l ine and 2 .  7 a mper e a t the r elay 
ter minals. 

Sensitivity with .75 vo lts l ine-to-line for any 
tap is defined by the following equation: 

3 .4 
I = -- a mp er es 

T 

The K D- 1 0  relay may b e  set without r egard to 
possible overreach due to d-e transients. 

6 

* 

* 

Distance Characteristic: KD-11, 3 Phase Unit 

The thr ee phase unit 6f the KD- 1 1  relay has a 

characteristic circle which includes th e origin as 
shown in Figure 13. 

A single turn c urrent coil on th e cyl ind er unit 
provides for current-only torque and is small com­

pared to the many turns of th e T Max. set ting of the 
comp ensator and has v ery little influenc e on th e 
overall settings. However,  as the c ompensator 

s etting is r educed ,  the single turn c urrent coil 
bec omes larger by comparison and has more and 
more effe ct on the overall settings. 

F or 1 .3 -37 ohms range the reach and maximum 
torque ang le will vary as follows: 

T Nominal T A ctual % Error MTA T Reverse 

10 1 0  0 75° . 1 3  

7 . 0 2  7.09 2 76° . 13 

5 . 0  5 . 10  2 no .12  

3.51 3. 65 4 78° . 1 2  

2 . 50 2 . 60 4 80° . 1 1  

2. 00 2 . 0 8  4 8 2° . 1 1  

1.  50 1.  65  10  8 7° . 1 1  

For . 75 -21 ohms range the reach will vary as 
fol lows: 

T Nominal T A ctual % Error MTA T Reverse 

5 . 8  5 . 3  0 75° . 1 3  

4.0 6 4 . 2 0  3.5 7 6° . 1 3  

2.90 3.12 4 78° . 12 

2 . 0 3  2. 1 5  6 79° . 1 2 

1 . 45 1. 5 7  8 8 2° .12 

1. 46 1 . 30 1 2  85° . 11 

.87 1.02 1 7  goo . 1 1  

When setting K D-1 1 re lays disr egard the change 

in T-value, but include the p erc entage error into test  
current va lues . 

Sensitivity: KD-11, 3 Phase Unit 

The impedan c e  c urve for the KD- 1 1  three- phase 
unit is shown in Figure 1 2. This unit will operate 

to c lose the left hand c ontact on current-only for 3 

or mor e amperes r e lay c urrent with T set for 5 . 8  or 

T = 1 0 . 0  for 1. 3 - 3 6  ohm r elay and for 7 . 5  a mp eres 
or m ore with T set for . 8 7. 
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T Y P E K D- 1 0  A N D  K D- 11 COM P E NSATOR DISTA N C E  R E L AY 

Genera I Characteristics 

Impedance settings in ohms re ach c an be made 
for any value in the range of 

. 2 - 4 0 5 - for short reach relays 

* . 7 5-2 1.2- for medium reach relay s 

1 .  27-36.7 - for lon g  reach rel ays 

The maximum torque an gle for all phase-t o-phase 
units is set for 75 degrees at the fact ory , and may be 

* set for any value from 6 0  to 63 degrees and from 7 5  to 
78 degrees. A change in maximum t orque angle will 
produce a slight change in reach for any given setting 
of the relay. Re ferring to F i g. 2, note that the c om­
pens ator se condary v oltage output V ,  is large st when 
V leads the primary current, I, by goo. This goo re la­
t ionship is approached, if the c om pensator l oading re­
sistor (R2A, or R2cl is open c ircuited. The e ffe ct of 
the loading re s istor, when connected, is to produce an 
inte rnal drop in the com pen sator, which is out-of­
phase with the induced voltage, IT AB or IT AC .  Thus 
the net v oltage, V ,  is phase-shifted to change t he com­
pensator maximum torque angle . A s a result of this 
phase shift the magn itude of V is reduced, a:s shown 

* in Fig. 2. Other angles may be set by changing fixed 
se ries re sistors R2A and R2c. 

The maximum torque angle of the 3-phase unit of 
the medium (. 73-2 1 .2 ohm s )  and the long re ach ( 1.27-
36.7 ohms ) is set for 75 de grees at the factory, and it  

* may be set for any value from 60 to 63 de grees and 
from 75 to 78 de grees. Other angle s  may set by chan g­
ing fixed re s istor R3 .  

The maximum torque angle of the 3-phase unit of 
the sh ort reach(.2-4 . 5  ohms ) relay is set for 6 0 degree s 
at the factory and may be set for any value from 45 t o  

* 48 de grees and from 58 t o  63 de grees. By changing R 3 
any other angle may be set. The go-de gree settin g  is  
appr oached for all ranges when R 3 re sistor is open c ir­

* cuited. F or 3<1l unit or R 2A and R2c for phase -to-phase 
un it. 

Tap m arkings are b ased upon nom in al settin gs 

as specified above. If  the phase loading potentio­

meters P3 . P2A· or P2c are adjusted for some other 
m ax imum in torque angle the relay re ach is d ifferent 
f rom the nomin al as described unde r settings.  

I.L. 41-490A 

TIME CURVES AND BURDEN DATA 

Operating Time 

T he speed of operati on f o r  the KD-10 relay t hree­

phase and phase-to-phase unit s is shown by the time 
curves in Figure 14. The curves indic ate t he time in 

m ill iseconds required for t he relay to close its 
cont act s for trip ping after the inception of a fault 
at any point on a l ine w ithin the relay settin g. 

F igure 15 and F i gure 16 show the KD- 1 1  operat­

in g time of the phase-to-phase unit and the three­
phase unit respe c tively . These c urves show both 
con tact-opening t ime and contact-closing time for 
faul t s  w ithin the relay setting. 

Current Circuit Rating in Amperes 

All rated 10 amp. continuous 1 se cond 240 amp. 
* e x ce pt for 1 -3 7 ohm range whe re 

for S = 1 T = 10 continuous rating is 6 am p 
S = 2 T = 1 0  continuous rating is 8 amp 
S = 3 T = 10 continuous rating is 9 amp 
S = 1 T = 7 . 02 continuous rating is 7 am p 

Burden 

The burden which the relay s im pose upon poten­
tial and current transformers in each phase is sho wn 

by Figure 17 and Figure 1 8  for the KD- 1 0  and K D- 1 1 
relays res pectivel y .  The potential b urden and burden 
phase angle are b ased on 6g volts line-to-neutral 
applied to the relay terminals. 

Trip Circuit Constants 

0.2 tap- 6.5 ohms 

2 tap - 0. 1 5  ohm s  

S E T TI N G  C A L C U L A T I O N S  

Relay reach i s  set on the tap plate shown in 
F ig. 3. The tap m arkings are: 

0 .23 - 0.307 - 0 . 383 - 0. 5 3 7  - 0 . 690 - 0 . 920 -

1 .23 (short reach) 

* 0 .87- 1 . 1 6- 1 .45 - 2 . 0 3  - 2.9 - 4.06 - 5 . 8  
(medium reach) 
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TYP E K D- 1 0  A N D  K D- 1 1  COMP E N SA T O R  DISTA N C E  R E LAY----------------------

1.5 - 2.0 - 2.5 - 3.51 - 5.0 -7.02 - 10"0 
(long reach) 

S, SA, and Sc 

.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: 

Z = Zpri (9) 

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. 

R c = current transformer ratio 

R v = potential transformer ratio 

Zpri = ohms per phase of the total line section 

The relay tap plate setting - Z is set according 
to the following equation: 

z "' ST 
1+M 

(10) 

T = compensator tap value 

S = Auto-transformer primary tap value. 

±M = Auto-transformer secondary tap value. 
(This is a Per Unit value and is determined 
by 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 

8 

maximum torque angle adjustment as per 
table I, II, or III. 
In general recalibration of the relay to a 
torque angle other than the standard 
value is neither desirable nor required. 
Where it is necessary, the phase loading 
potentiometers P3, P2A· 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. 

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 relay 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. 

c) Recheck the obtained S, T, M -settings by 
using equation ( 10). 

Z=� 
1+M 

For example, assume the desired reach, Z is 7.8 
ohms at 75°. (Step 1) 

Step (2a) In Table II we find nearest value to 

7.8 ohms 7.88 that is 100 x�= 101 percent 
7. 77 

of the desired reach. 

Step ( 2b ). From Table I 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 ". 
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T Y P E  K D- 1 0  A N D  K D- 1 1  C O M P E N S A TOR DISTAN C E  R E LAY --------------- ----
I ._L_.4_ 1_·4_9

_
0A 

z 0.5 sin 60° 
sin 45° 

.612 ohms 

Referring to Table I use closest setting 
For phase-to-phase unit 

TA· ':B. TB. Tc = .53 7 

MA, Me = -.06 

SA, Sc = 1 

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 Z L at an 
angle a, and relay has been recalibrated from 
nominal maximum torque to a new maximum 
torque angle (3 fc a, then relay setting Z - should 
be equal to 

z �  

For Example: 

Z Line sin em 
sin (3 cos C/3-a) 

(13) 

Relay with original em � 75o has been recali­
brated to {3 = 60° and to be applied to 5 ohm-line 
with line angle a= 50° 

The relay setting -Z relay - should be accord­
ing to Eq. (13) 

5 sin 75° Z relay = 5.65 ohms . 
sin 60°. cos (60°-50°) 

or referring to Table II relay actual setting 
should be S = 1 

T = 5.8 
M = + .03 

S E T TI N G  T H E  R E L A Y  

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 Me). All of these 
settings are made with taps on the tap plate which 
is located between the operating units and relay 
de-energized. Fig. 3 shows the tap plate. 

Compensator (T, TAB and Tsc) 

Each set of compensator taps terminate in in­
serts which are grouped on a socket and form approx­
imately three quarters of a circle around a center 
insert which is the common connection for all of the 
taps. Electrical connections between common insert 
and tap inserts are made with a link that is held in 
place with two connector screws, one in the common 
and one in the tap. There are two TB settings to be 
made since phase B current is passed through two 
compensators. A compensator tap setting is made 
by loosening the connector screw in the center. 
Remove the connector screw in the tap end of the 
link, swing the link around until it is in position 
over the insert for the desired tap setting, replace 
the connector screw to bind the link to this insert, 
and retighten the connector screw in the center. 
Since the link and connector screws carry operating 
current. be sure that the screws are turned to bind 
snugly. 

Auto-Transformer Primary (S, S A, and SC) 

Primary tap connections are made through a 
single lead for each transformer. The lead comes out 
of the tap plate through a small hole located just 
below or above the taps and is held in place on the 
tap by a connector screw. (Figure 3). 

An "S" setting is made by removing the con­
nector screw, placing the connector in position over 
the insert of the desired setting replacing and tight­
ening the connector screw. The connector should 
never make electrical contact with more than one tap 
at a time. 

Auto-Transformer Secondary (M, M A, and Me) 

Secondary tap connections are made through two 
leads identified as L and R for each transformer. 
These leads come out of the tap plate each through 
a small hole. one on each side of the vertical row 
of "M" tap inserts. The lead connectors are held 
in place on the proper tap by connector screws. 

Values for which an "M" setting can be made 
are from -.18 to +.18 in steps of .03. The value of 
a setting is the sum of the numbers that are crossed 
when going from the R lead position to the L lead 
position. The sign of the "M" value is determined 
by which lead is in the higher position on the tap 
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TYP E K D - 1 0  A N D  K D- 1 1  COM P E N SATOR DISTA N C E  R E LAY-----------------------

plate . The sign is po sitive ( +) if the L lead is higher 

and ne gative (- ) if the R lead is higher. 

An "M" settin g may be made in the following 
manner. Remove the connf'ctor screws so that the 

L and R leads are fret' . Determine from the T ables 
I to I I I  the de sired "M" value . Neither lead con­

nector should make ele ctric al contact with more 
than one tap at a time. 

line Angle Adjustment 

Maximum tor que angle adj ust ment. if re quired , is 

accomplished by adjusting the compen s ator loading 
resistors P 3. P2A. and P2c· Refer to Repair Cali­
bration for procedure. 

Indicating Contactor Switch (ICS) 

Conn ect the lead locateri in front of the tap block 

to the de sired settin g by means of the connectin g 

screw. When the relay energizes a 125- or 250- volt 

d-e type WL relay s witch,  or equivalent, use the 
0.2 am pere tap; for 48-volt d-e applic ations set the 
unit in a tap 2 and use a type WL relay with a 
Slt304C209G0 1 coil , or equivalent . The relay is 
shipped set for l.:..Q_ tap. 

I N S T A L L A T I O N  

The relays should be mounted on s witchboard 
panel s or their e quivalent in a location free from 
dirt, moi sture , e xce ssive vibration and heat. Mount 
the relay vertically by mean s of the mounting stud 
for the type FT projection c ase or by means of the 

four mountin g holes on the flange for the semi -flu sh 
type FT case . Either the stud or the mountin g 
s crew::; may be utilized for groundin g thP relay. The 

electrical connections may be made dire ctly to the 
terminals hy means of screws for steel panel mount­
ing or to the terminal stud furnished with the relay 

for thi ck panel mountin g. The terminal stud may be 

easily re moved or inserted by locking two nuts on 

the stud and then turning the pr oper nut with a wrenc h .  

For detail information on the FT c ase refer to 
I.L. 41- 0 7 6 . The relay contacts should stay open 
with panel de- ener gized. 

14 

E X T E R N A L  C O N N E C T I O N S  

Fig. 19 shows the connections for 3 zone pro­
tection utilizin g the TD-4 ti mer . Fig. 24 is similar 

to Fi g. 19 except that the TD-52 timer is used in­
stead of the TD-4 ( Fig. 20 does s how the use of the 

5/5 auxiliary current transformer so that the CT 
neutral m ay be formed elsew here; however, thi s 

connection is equally applicable whet her the TD-4 
or TD-52 timer i s  employed ) .  

A-C connections for additional applications are 
shown in Figs.  20, 2 1, 22 and 23.  Three of t hese, 

Pigs .  20 , 2 1, and 22 apply when the transmis sion 

line is termin ated in a power tran sformer , and when 
low side voltage and current are used to energize 

the relay s .  In calculatin g the reach settin g, the 
bank impedance must be added to the line impedance.  

For the c ase of a wye-delta b ank (Pigs. 22 and 

2 1) the voltages and currents are phase- shifted by 

30°; however. this fact should be ign ored, as the 
KD-10 and KD- 1 1  relays are not affected by t hi s  
phase shift. 

Fi g. 23 shows a KD- 10 and TD-5 relay connect­
ed for generator back-up protection . 

SW ITCHBOARD TEST ING W ITH 

KD-10 AND KD-1 1 RELA YS 

Immediately prior to placin g the relay in serv­

ice ,  the external wiring can he checked by m ani­
pul atin g the current and voltage applied to the relay. 

If such a c he ck is desired, refer to Appendix I for 
the procedure . 

R E C E I V I N G A C C E P T A N C E 

K D- 10 and KD- 11 relays have a very small 

number of moving parts and me chanical devices 
which might be come inoperative . A cceptance tests 

in general consist of : 

1. A vi sual ins pection to make sure there are no 

loose connections. broken resistors. or bro ken 

re si stor wires .  

2. An electric al t e st to m ake certain that the rel ay 
measures the balance point impedance accurately.  
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TY P E  K D- 1 0  A N D  K D- 1 1  COM P E N S A T O R  DISTAN C E  R E L A Y  ---------------------=-I.:..:.L::.·..::4..:.1·...:4.::.90=A 

Distance Unit-El ectrical Tests 

Check electrical respon s e  of the relay using 

test c onnections show n in  Figure 2 6 .  Figure 2 7  
features the s ame c onnections except shows u s e  of 
add it ional switches that facil itate fast switchover 
from " phase-to-phas e "- fault mode to." thre e phas e "  

- fault mod e. T e s t  co nnections , r e ferred to in tes t ,  
are the same o n  both d rawin gs. Acc uracy o f  t h e  te s t  

result s w ill depend t o  large degre e o n  t h e  ac curacy 
of the instrumentation u s ed. : In general , it is advis­

able to restrict instrument readings to the last 20 

percent of the scale. For most accurate phase angle 

readings use phas e shi fter scal e. This m ethod 
requ ires c alib ration of the scale using accurate 
wattmeter ( at goo - 0 watts and at oo - maximum 

watts ) ,  or an acc urat e  phas e angle mete r .  

Make sure that correct lead-lag referenc e i s  

e stablished. Onc e  phas e s hi ft er i s  calibrated remov e 

wattmeter from the circuit. Make all phase angle 

reading fr om phase s hifter scale .  T his method e limin­
ates the need for switching the c urrent ranges in 
phase angle m eter when used and results in superior 

ac curacy. Always observe con tact condition b efore 
current is applied. Closed c ont act s indicat e  reverse 
voltage sequence applied. Special  atte ntion should 
be paid to the phas e-to-phas e fau lt mode. 

A ll testing is done outs ide the case . All current 

* readings include for convenience , ±6 percent toler­

anc e ,  This tolerance inc ludes ±2 .5 percent factory 

tolerance and ±3 .5  percent allowanc e for total instru­

mentation error . 

All phase angle s ettings are fault c urrent lagging 
the Vp n 1·PH2 - voltage.  

The impedance measured b y  the 3-phas e unit i n  

VL - L  
test 1 (Fig. 2 6 )  is Z R = 

1 .  73 IL 
( 1 4 )  

w here VL-L i s  the  phas e-to-phase voltage a n d  IL i s  
the test c urrent; similarily, in tests 5 , 6 & 7 o f  Fig.  

2 6  the phas e-to- phase unit m easure s ZR = 
VL-L (1 5 ) 
2IL 

With phas e s hifter s e t  at max imum torque angle 
< e

m
) ·  

I test ( 3  phase) = ( 1 6)  

I test ( ¢-¢ )  = 
VLL 

2 ZR 

( 17)  

W he n  tes ting 3 p hase unit ,  phase s hifter se ttings are 
alway s set for 30° higher than nominal m aximum 
torque an gle to account for test s et-up where all 

angl e m eas urements are made w it h  reference to 
phase- to-phase and not phase-to-neutral quantitie s .  

3¢-unit maximum torque angle is always referred to 
phase- to-neutral. 

At any other an gle a, relay reach is 

z = z e cos ( 8M-a) ( 1 8 ) 

where ze - relay reach at maximum torque angl e- e
m . 

Test curren t  - Ia - is calculated as 

Ia ( 19)  
co s <e

m- a) 

16trJ - t e s t  c urrent at e
m . 

This e quation ( 19)  should b e  us ed to predict 
test c urrent when plotting i mp edance circle response 
of  the relay. 

Relay Settings - Set relay as foll o ws : 

Relay Range . 2- 4 ; 5 . 75-20 

T ,  TA , TB , TB , Tc 1 . 2 3 5 . 8  

M , MA , Mc +. 1 5 +. 1 5 

S, SA, Sc 1 . 0  1 . 0 

1.3-3 6 

1 0 . 0  

+. 1 5  

1 . 0  

I f  the relay i s  tested with other s ettings t han 
s peci fied in acceptance test use voltage l e vels  
specified here, except double the voltage sp ecified 
for S = 2 s ettings and triple for S = 3 s e ttings.  

When testing K D- 1 1 relays with other s ettings 
than speci fied here, refer to correction factors listed 

under Distance C haracteristics : K D- 1 1  3-Phase Unit .  

Use equations ( 1 6) and ( 1 7 )  to e s timate test 
curre nt , and al low ±5 p ercent tolerance as explained 
abo v e. 

Three Phase Unit (Lower Unit) 

A. U s e  test  conn e ctions # l  of Fig.  2 6  and s et 
V 1 F2 F  = V 1 F 3 F  = 30 volts. 
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TYP E K D- 1 0  A N D  K D- 1 1  COM P E N SAT O R  D I S T A N C E  R E L A Y-----------------------

The current required to close c ontacts of the 
b ottom unit should be : 

. 2-4. 5 .75-20 1. 3-36  

Trip  current am p 15.3 - 17.6 3.3 -3 . 68 1.90-2. 16 
f------ -;\ Phase Shifter goo  105° 105° 

se t at 

Nominal m aximum 
torque angle em 

60° 75°  7 5 °  

;\I f  m aximum torque angle Om has been changed 

It sin Am to a new ang le {-3 , the new It = --=---:.:.:._ 
sin f3 

and test the relay at the new f3 - an gle . 

( 20 )  

Phase-To- Phase Unit (Top Unit) = 

A. U se test connection #5 set Vp 1 p2 = 30 volts = 

Vfault 
Note that to set this voltage set voltage v1 -1 F  = 

V2-2F , fi rst. 

V· - Vf lt M ake sure t hat, v 1_ 1p = v2_2p = 1n 
2 

au (22) 

Exam ple : Vin = 120 

Vfault = 30 

then V l - 1F = V2-2F 
1 20- 30 

__ ..:...._ = 45 volts,  trim 
2 

up one of these v oltage s  to set VFAU L T  a t  

exact value. 

The c urrent req uired to close contacts of the top 
un it should be: 

R an ge 

11 Trip Current 
Ot ) amperes 

Phase Shifter 
set current 
lagging 
V 1 F-2F 

.2-4. 5  . 75-20 1 .  3-3 6 

1 3. 3 - 14 . 7  2 . 8 5-3 . 15 1 .  63- 1 . 8 0  

75°  75°  75°  

1\ I f  maximum torque an gle ,  AM , has been chan ged 

to a new angle , use equ ation (20 ) for trip c urrent 

limits. 

16 

B .  Repeat the test usin g test c onnection s #6 and #7. 

Maximum Torque Angle Test 

I f  m ax imum torque angle test  performance is 
desired follow instruction s  under CAL IB R ATION 
allowin g  ±5° tol erance . Observe the s ame v olt age 

and current lim its correction as m entioned ab ove 
when relay is set for other set tings than spe c ified 

here . Th e te st currents should be modified by 
following multiplie r  

1 . 07 
for . 2-4. 5 ohm range 

z 

5 · 03 f o r  .7 5-20 ohm r ange 
z 

8. 7 

z 
for 1 .  3-36 ohm range 

Indicating Contactor Switch (ICS) 

Close the m ain relay contacts and p ass suf­
ficient d-e current through the trip circuit to c lo se 
the c ontacts of the ICS. The c ur rent should not be 

greater than the p articular res tap setting being 
used for the 0 . 2-2. 0 ampere I CS. The operation 
target should drop freely. 

The c ontact gap should b e  appro ximately 0.047 " 
between the b ridging m oving c ontac t  and the adj ust­
able stationary contac t s .  The bridging mov in g c on­
t act should touch both stationary contac t s  simult­
aneously. 

I f  the electrical response is outside the lim its a 
more com plete series of test outlined in the sec tion 
t itled "Calibrat ion " m ay be performed to d eterm in e  
which c om ponent i s  faulty o r  out o f  calibrati on. 

R O U T I N E  M A I N T E N A N C E  

The relays sho uld be inspected periodically ,  at 

such t im e  interv als as m ay be dict ated by experi­
enc e ,  to insure that the relays h av e  retained their  

calibration and are in proper operating c ondition . 

All c ontacts should be cleaned pe riodically. A 

c ontact burni sher # 182A8 36HO 1 is recommended for 
this purpose .  The use of ab rasive m at e ri al for clean-
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I .L. 41 ·490A TY P E  K D- 1 0 AN D K D-1 1 COM P E N SATOR DISTAN C E  R E LAY--------------------- · 

i ng contacts is not recommended because of the 
dan ger of emb edding small  particles o n  the face o f  
t h e  s oft silver and thus i mp ai ring t h e  c o n  tact. 

Distance Units 

CAUTION: Be fore m ak ing "hi-pot " tests ,  jumper 

all  c ontacts together to  avoid de stroy­
ing arc-suppres sor c ap acitors. 

F or effective and quic k maintenance it is ad vis­
abl e to r ep eat the accep tance tes t w ith the field 
setti ngs and the n using K- DAT test  s et 

( I . L .  4 1- 4 93 . 1) to record K-DAR- test s et dial r e ad­

ings,  so in the future all field tests can be made 

w ith the K- DAR test box j ust  by referring to  the 
previous dial readings without using more elab orate 

test s et up of fig. 26. When testing with S = 2 ,  - double 

test volt age. When testing with S = 3 ,  triple the test  
voltag e .  Note that KD- 1 1  reach and maximum torque 

angle are increased with the lower T- settings ( s e e  
Distan c e  Characteristics KD- 1 1  ). 

Indicator Contactor Switch (ICS) 

Close th e main relay contacts and pass sufficient 

d-e c urrent through the trip circ uit to c lo s e  the c on­

tacts of the ICS. The current should not be greater 
than the p articul ar ICS tap settin g being used for the 

0 . 2- 2 . 0  amp eres ICS. The operation indicator target 
should drop freely.  

R E P AI R  C A L I B R A T I O N 

U s e  the following p rocedure for calibrating the 
relay if the re lay has been taken apart for repairs o r  
the adj ustments disturbed.  

Connect the relay for  testing as shown in Figure 

26. Figure 2 7  shows a four-pole- double-throw switch 

in  the test c ircuit that selects a phase- to- phas e or a 
three-phase fau lt voltage condition , that will b e  

applied t o  t h e  relay v oltage terminals. T h e  rotary 

switch s witches the fault volt age to various ter­

minals and th ereby simulates any phase combinat ion 

of phase-to-phase fault without the tester having to 

change c onn ections or readj ust the phase shifter  and 

vari able auto-tran sformers. 

For best results in  checking calib rati o n ,  the 

relay should be allowed to warm up for  app roximately 
one hour at rated voltage in  a cas e .  However,  a cold 
r elay w i ll check to within two p e rcent of the w arm 
relay . .  Calibrate relay outside the c as e .  

Initial Spring Setting 

Set the moving contact spring adj uster so that 
the contact floats fr eely in the gap. Make s ure that 

there is n o  fricti on which prevents fr ee move ment of 

the cylinder and contact arm. 

Shaft Cl earance 

The upper pin b earing should be screwed down 

until there is  approximately . 0 2 5 inch (one complete 
turn of the screw) betwe en it  and the top of the shaft 

bearing.  The upp er pin bearing should then b e  s e­
cure ly locked in position with the lock nut. The lowerr 
b earing position is fixed and cannot be adj u sted.  

Autotransformer Check 

Auto-transformers may be chec k ed for turns ratio 

and po larity by using the No. 1 test connections of 
Fig. :2 6 ,  and the procedure outline below. 

Set S ,  SA , and Sc on tap number 3.  Set the "R" 

leads of M ,  MA , M e all on 0. 0 and disconnect all the 

"L " leads. Adj ust the voltages V1F2F and V2F3F 
for 90 v olts. Measure th e voltage from terminals 8 to  
the # 1 tap of S and SA. It  should be 30 volt s .  From B 

to the #2 tap of S and SA should be 60 volts .  The 

voltage s hould read 30 volts from 8 to Sc = 1 and 

60 volts from 8 to  Sc = 2. 

Set S, S A and Sc on 1 an d adjust v1F2F and 
v2F3F for 100 volts . Measure the voltage drop from 

terminal 8 to each of the M and the M A taps . This 

v oltage should be equal to 100 ( 1 + the sum of v alues 
between R and the tap being m easured ) .  E x ample : 
100 ( 1 + .03  + . 0 9 )  = 1 12 volts. 

Check the taps of Me in the s arne man ner. 

Trans formers that have an output diffe rent  fr om 

n ominal by m ore than 1.0 volts probably h ave b e e n  
damaged a n d  should be replaced. 

Distance Unit Calibration 

1. Make the follo wing re lay s ettin gs 
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T Y P E K D- 1 0 A N D  K D- 1 1  C OMP E N SA T O R  D IS T A N C E  R E L A Y----------------------

Relay Range . 2-4 ; 5  . 75-20  1 . 3 - 3 . 8  

T ,  TA , TB , TB , Tc 1 . 23 5 . 8  1 0 .0 

M, MA, Mc + 1 5  + 1 5  + 1 5  

S, S A, S c 1 . 0  1 . 0  1 . 0  

2 .  R ead Accept an ce Test - D i stance Unit Electrical 

Test - t o  become familiar with testing connect­

ions, i nstrumentation, and measurements. U s e  

Fig. 2 6  or 2 7  f or t e s t  c onnections.  

Three Phase Un i t  ( lower un it) Core & P34 Adj ustment 

* 1. Set P3 A and P3 p otentiometers for m aximum 

resistan c e  ( cl o ckwi s e ) .  

Restr aint spring s et a s  abo ve per  Initial Spring 

Adjustment. 

The relay should be preheated for at l e as t  on e 
hour in the case with closed cover to c ompen sate fo r 

effects of s el f-heatin g .  

A. Connect relay t erminals 8 and 9 together, apply 
rated a-c voltage b etween termin al s  7 and 8 .  
Adj ust c o r e  by turning it  s lightly until the  
contact arm floats or restrains very slightly . 

B. KD- 1 0  o nly . Connect relay terminals 7 and 8 to­
gether and apply rated a-c voltage betw e en 7 and 
9 and adju s t  core until the c on tact arm just flo at s 

or restrains very slightly. If this i s  not possible 
rotat e core 90° and adj ust .  Recheck part A to 
see i f  contact i s  floating or restraining. If  not, 

repeat p arts A and B. 

* C .  Conne ct relay for Test lf7, set  VF l F2=4-5volts  
omit conn. from 1F to re lay te rminal 9 ,  short 

relay terminals 7 and 9 .  Set phase s hifter  s o  
that volt age l e ads c urrent by 75°.  Adj ust P3 A  
so that 3 ¢  unit trips a t  3 . 10 - 3 . 30 amperes for 

when terminals 7 and 9 are s horted and rated voltage 
applied to terminals 7 and 8, with no c urrent appli ed.  

Thi s  test  as sures proper re spons e  of 3 p hase 

unit for CA fault s .  

D .  F o r  KD- 1 0  Only 

* This check is done to preven t  c ontact 

closing on c urrent-only. (The KD- 1 1  re lay is 
purposely b iased to produce c urrent-only contact-

closing torqu e  and w il l  open its right hand 
contact at a current value of 3 amp eres or l e s s  
w h e n  T i s  on maximum tap. ) 

Check it as follows : 

1 .  Short circuit relay terminals 7, 8 and 9 
together. 

2 .  Pas s 5 amperes in the c urrent c ircuit in 
terminal 18 out terminal 1 9  and increase 

the c urrent to 30 a mperes i n  convenient 
steps.  

3 .  Relay contacts s hould stay open.  If contacts 
close, turn core further 90 degrees and repeat 

p art A, B and c. 

MAXIMUM TORQU E ANG L E  ADJUSTM E N T S  

1 .  U s e  test connection # 1 . 

2. Adj ust voltages v1 F- 2 F  and V 1 F- 3 F, and c ur­

rent as per table b elow. 

3.  Adjust P3 to obtain maximum torque angle using 
p roc edure described. 

Rel ay Ran g e  . 2-45 . 75- 20 1 . 3-36  

V1 F-2F = Vl F V3 F  1 5  3 0  3 0  

. 2- 4 ; 35 range �"> I T Test C urrent 1 3  7 4 

0. 55-0 . 60 amperes for . 7- 2 1 . 0  range 

0 . 3 0-0 . 3 5  amperes for  1 . 3 -36  range 

Remove c urrent. The three phase-unit s hould 

stay open. If P3 A  does not have proper range to 

make proper adjustment use R3 F  - resistor to bring  

P 3 A within adjustable range. 

This c alibration p oint i s  temperature s e n sitive 

and will  chan ge with time b ut relay should stay o pen 

1 8  

Adjust P 3  for max.  
torque angle, 60° 75°  7 5° 
e

m ( No minal ) 

Rotate the phase shifter to find the angles, 8 1 

and 82, at which th e bottom unit c ontacts j u s t  
close.  T h e  maximum torque angle em for t h e  three-

phase unit then i s  ( 
81 + 

8 2 -30 )degre e s .  Do not  
2 
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al low more than ±2 degrees error in this adjust­
ment. 

The 30°  degree correction is made to account for 
the fact that test set up angle measurements are 
made with reference to phase-to-phase voltage 
instead of line-to-neutral voltages. The 3 phase 
unit maximum torque angle is  always referred to 
as phase to neutral. 

.1\ -Test current for other than nominal torque an gle 
setting should be 

IT sin e_m Ie = ----'-"-
sin (3 

Where (3 = new maximum torque angle 

Exampl e, For Clm = 75°, I test = 7 amp . 

i f  (3 = 60° 

7 X sin 75° new I test · � 7 . 8  amps .  
s in  60° 

( 1 2 )  

Increasing P 3 Value increases maximum torque 

angle,  and,  conversely, decreasing the P:3 value 
results in smaller angle. 

For lower maximum torque angle adjustment 
below 70 degrees ,  for medium and long range s ,  and 
for short range for settings below 55 degrees move 
red lead on fixed phase shifting resistor R3,  to the 
opposite terminal. 

Contact Adjustment 

KD- 1 0  relay:  With movi n g-c ontact arm again st 

right-hand backstop, screw the stationary c ontact 
in until it just touches the moving contact. (Check 
for contact by using an indic ator lamp . )  Then back 
the left-hand contact out two-thirds (2/3)  of  one 
turn to give 0 . 0 20- inch gap between contacts .  

KD- 11  relay :  Wit h moving- co ntact arm again st  
right-hand side of bridge,  screw the right-hand con­
tact in to just touch the moving contact and then 
continue for one more c omplete turn. Adjust left­

hand contact as described above ,  except back off 
one ( 1 ) turn to give approxi mately 0 .3 1 inch gap. 

Spring Restraint 

Reconnect for a three-phase fault , Test No .  1 .  
and set the phase shifter s o  that the current lags 
voltage by the 

goo for . 2-4 . 5  range 
1 05° for . 75-20 and 

1 . 3 - 3 6 ranges 

Adj ust the s pring so that the c urrent required to 
close the left hand c ontact is as follows : 

Relay Range 0 . 2 -4 . 5 . 75-20 1 .  3 -36  

V1 F-2F = 2 . 5  10  1 0  
V 1 F-3F 

I trip KD- 10  1 . 5 5- 1 . 65 1 .  22- 1 .  28 . 7 1 0- . 750 

KD- 1 1  - 1 . 22- 1 . 3 0  . 7 10- . 765 

De- e n ergizing the relay spri n g  shou ld open the c on­
tacts.  F ric tion in the movement , relay level ,  e lectro­
static attraction may c ontribute to d ifficu lties in 
adjusti n g  this point. To avoid these d ifficu lti e s  it is 
recommended to l evel the r el ay properl y ,  at this point 
o mi t  l ight i nd ic atin g  c irc uit , a nd look for smooth 

contact action.  Friction in b e arings or dirt  in  cyl­
inder will cause improper actio n .  

Impedance Check 

A. use test connection s 11 1  and s et v 1 F 2F = 

V 1 F3 F  = 30 volts. The current required to clo s e  

contacts of the b ottom unit should be :  

Relay Range . 2- 4 . 5  . 75-20 1 . 3  -36  

Trip Curr e nt 1 5 . 3- 1 7 . 0  3 . 4" 3 . 65 l . g0-2 . 1 0  

P has e Shifter  
set at 

goo 1 05° 105°  

The Nominal 
60° 75°  75° 

M-T- An gle 

¢P hase shifter settings are always set for 30° 
higher than nominal maximum torque angle to 
acc ount for ph ase differenc e between phase-to­

phase and phase-to-neutral quantities.  3¢ unit 

maxi mum torque angle is always refe rred to  

phase-to- neutral s ince it  receives o nly one 
single phase current. 
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T Y P E K D- 1 0  AN D K D- 1 1  COMP E N SA T O R  DIS T A N C E  R E LAY .----------------------

L\To determine the limits for current when e i s  
not e qual to nominal maximum torque . angle 
specified , multiply the nominal values tabulated 

above by the ratio sin em . where 
sin e 

em = original maximum torque angle 

e = recalibrated maximum torque angle . 

I Phase-to-Phase U n i t  

(Top Un i t) 

Core and Reactor (XIac ) Adjustments 

Set restraint spring as above per  Initial Spring 
Setting and P2A , P2c for maximum resistance 
( clockwis e). 

A. Conn ect terminals 7 & 8 together and apply 
rated a-c voltage betwe en terminals 8-9 . .  Adjust  
core  until contact arm floats in the mid dle of  
the  gap . Use a screwdriver with insulated blade 
to avoid accidental contact with tap plate in­
se rts .  

* B. Use test connection #5  Set  Vp 1p2 = 2 vol ts  = 

V fault . Not e that to set this voltage you have 

to s et voltages V1 F- 1 F  = V2-2F first where 

v 1- 1 F  = v2-2F = 
Vin - Vfault 

2 

i f  vi n  = 1 2 0  volts 

V fault = 2 volts 

V1-1F  
- V - 1 20-2 :: 59 volts . Now - 2-2F 2 

trim up either voltage to get V fault = 2 volts . 

The current required to clos e contacts of the top 
unit should be 

Range . 2-4 .5  . 75-20 1 . 3-36 

Trip Current 0 .9-1 . 1 0  0 .20 2-0. 227 . 1 1 5-. 1 35 
Ampere s 

P hase Shifter 
Set at 75 ° 7 5 °  7 5° 

current lag 

20 

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 . 
Conn ect relay for 2-3 fault (Test No. 6) and re­
check pickup.  It should be  within limits sp ec­
ified. For best trip calibration results adjust 
core so  that trip current for Test No.  5 and No.  

6 are equal . 

Connect re lay for Test No.  7. Check trip current 
Use X Lac adjustable r eactor to b ring relay 
response within the specified limits .  Moving 
red lead from front termi na l  to rear terminal 
or from rear te rminal to front terminal  o f  
the reactor will reverse contact action o f  the 
unit. Screwing in or  out  the adjustable core 
should bring unit respons e within the limits .  
There are three possible connections for reactor 
coils ;  s eries ( loo se coil t ermination l eads 
conn ected together) , parallel ( e ach loo se lead 
connected to the fixed terminals of  the other 
coil ) ,  single front coil ( omit loose lead of  the 
rear c oil from the circ ui t ,  bury it in insulation 
tubing) .  The reactor conn ections , should not 
require any changes unless some of  the com­
ponents  of  the phase to phase l.lnit circuitry 
have been exchanged. Tighten up the locking 
nut when finished. 

Maximum Torque Angle Adjustment 

1 .  Use the No.  2 test  switch position and lead 
connections. This connection is for checking 
and adj usting the maximum torque angle of the 
TAB compensator .  

Set voltage s and currents as per Table below. 

RE LAY RANGE . 24-4 . 5  . 75-20 1 .3 -36  

V1F2F = V 1 F3F 10  50  50 

(volt s )  

1test  ( amp) 1 2  10 .0  6 . 0  
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TY P E  K D- 1 0 A N D  K D- 1 1  COMP E NS A T O R  D I STA N C E  R E L A Y  __________________ 
, _.L_. �41�-4�9�0--A 

Loo s en the locking nut on P2A and P2c. Adjust 

P2A for 7 5  degrees current l agging the  voltage.  
Rotat e the phase shifter to find two angles el and 
e2 , at which the top unit contacts just close. The 
maximum torque angle e for the phas e  to phase unit 

e1 + e
2 

t hen is ( - 30) de gre es .  Do n ot allow more 
2 

than ±2 degrees error in this adj ustment. Tighten 
the locking nut. 

/'-, Ite st- for oth er than nominal m ax imum torque 

angle, c urrent should be I e = 
1T sin e

m 
s in f3 

Whe re e
m original maximum torque 

( 1 2) 

f3 recalibrated maximum torque angle 

Example: For em = 
Ite s t  = 1 0  amps 

For n e w  f3 60° 

10 X sin 75° 
new !test  = . = 1 1 . 1  amps 

Sln 60 

Increasing P2A- value rotation in clockwise 

direction increas e s  maximum torque angle, and con­

versely, decreasing the P2 A - value results in 
smaller angles . 

For lower maximum torque angle than 70-degrees-. 

mov e  red lead on fixed phase s hifting resistor R2 A, 

to the opposite terminal . Lock P2 A . 

2. Us e the No.  4 t est connection and r epeat the 
procedure above for adjustment of  the TEe­
compensator. This adj ustment is made with P 2c­
potentiometer. 

Spr ing  Restrai nt 

1 .  Us e t e st No. 1 conn ections except reverse the 
voltage phase s equence b y  interchanging the 
Brush conn ections so t hat Brush 1 is connected 
to 3 F  and Brush 2 is connected to l F. 

2 .  Adj ust t he voltage V l F 2 F  an d v2 F 3 F  for 3 . 5  

volts each with Brush No.  2 and Brush No.  1 

respectively.  Po sition the  moving- contact 
spring adj uster so t hat the contact just floats 
and t hen return the circuit c onnections to normal 

with Brush 1 to l F and Brush 2 to 3F. D e­

en ergize relay .  Sprin g  should reset the con­
tacts .  

Contact Adj u stment 

The procedure for contact adjustme nt for the  
phase-to- phase unit is identical to that describ ed 
for t hree-phase unit. 

I mpedance Check 

Using the connections for Test Nos . 5 ,  6, and 7, 

s et the phase shifter so that the current lags voltage 

by em. The c urrent required to trip the phase-to­

phas e unit should be w ithin the limits specified for 

each of the voltages. Note that for the phas e-to­
p has e  unit the impedan c e  m easured by the relay is 

Z - VL -L h V 
. h R - w ere L-L IS p ase-to-ph_as e  fault 

2 I L 

voltage and I L is phas e current. 

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

RELAY RANG E  . 2-4 ; 5  . 75- 20 1 . 3-3 .  6 

Vfault = V1 F-2F 
3 0  3 0  3 0  

( volts)  

Trip Curr e nt 1 3 . 3- 1 4 . 7  2 . 85- 3 . 1 5  1 . 63 - 1 . 80 
(am ps)  

P has e Shift er 75° 75° 7 5 °  

S e t  a t  current 
l agging 

V 1 F-2F ( em) 

For test voltages to b e  of correct sequence and 

values, use equations v 1_ 1 F = v2_2 F  = Vin-Vfault 
2 

�For current limits w h en eM- maximum torque 

angl e is not 75°- multiply the value s  above by 
sin 75 
s in f3 

where f3 - new maximum torque angle for which the  
relay was recalibrated. 

I n d icating Contactor Swi tch ( I CS) 

Clos e  the main relay contacts and pass-suf­

ficient d-e current through the trip circuit to close 

the cont acts  of  the ICS.  The c urrent should not be 

greater than the p articular ICS tap s etting being 

u s ed for t he 0 . 2- 2. 0  ampere ICS. The operation 
i ndicator target  should drop fre ely. 

The c ontact gap should be approximately 0 . 0 4 7 "  

for the 0 .  2/2 . 0 ampere unit between t h e  b ridging 
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T Y P E K D-10 AN D K D- 1 1  COM P E N S A T O R  DIS T AN C E  R E L AY----------------------

moving contact and the adjustable stationary con­
tacts. The bridging moving contact should touch 
both stationary contacts simultaneously. 

I l l .  Compen sator Check 

Ac curacy of the mutual impedance Zc of the 

compensators is set within very dose tolerances 
at  the factory and should not  change under normal 
conditions.  The mutual impedance of the compen­
sators can be checked with accurate instruments 
by the procedure outlined be low. 

A. Set T, TA , 1}3 , 1}3 and Tc 
on the 1 . 23 tap for .2 - 4 . 50 range 

5 . 80 tap for , 75-2 1 .0 range 

1 0 . 0  tap for 1 . 3-3 6  range 

B. Disconnect the " L "  leads of sections M,  MA, 
and Me and the red-marked leads of R3 , R2A, 

and R2c (with resistor loading removed 8 = 90°) .  

c.  Conn ect terminals 12 to 14 ,  1 5  to 1 7, 16 to 1 8  
and pass 10  amperes a. c .  current in terminal 19 

and out of t erminal 1 3 .  

D.  Measure the compensator voltage Vc with a high 
resistance voltmeter ( 5 ,000 ohm/volt) as tab­
ulated below. Refer to Figure 1 for the location 
of R3 , R2A, and R2c· 

M EASU R E  Vc B E TW E E N  

* L ead and F ixed 
E nd of 

" L "  of M R3 

"L ' 'of MA R2A 

' 'L ' '  of Me R2c 

Voltmeter Reading 

sin e '  V C = 1 . 5  I T ( . 750 sm n 

V = 2 I T ( 
sin 8 j 

C sin 75° 

* 6 Use s in 6 0° for . 2 -4 . 5  range 
For example: For .75-21 ohm range T = 5 .8 relay 

3 p hase co mp ensator wil l read Vc = 9 0 . 1  volts 

and for phase-to-phase compensators where T-5 . 8  

the  voltages are : 

Vc = 1 20 volts ( phase A) 

Vc = 1 20 volts ( phase C)  

Ac curacy of the  measurement will depend on the 
instrumentation used .  Factory adjusted compensator 
is within ±0 . 5% on maximum tap and ±1% on all 
ot her taps . A realistic tolerance should b e  allowed 
for acc uracy of the primary current measurem ent, and 
the accuracy of the voltmeter  to be used to arrive at 

22 

what is a " good " compensator. No voltage reading 

may be c aused by open potentiometer or compensator. 

Additional measurements using compensator c an 
be made to check compensator tap s equence,  and to 
check on c ondition o f  all ( except te rminals  8-9-
circuit of the 3 phas e unit) relay c ircui ts . 

With rel ay energized with  1 20 v .a . c. and all 
s-settings set = 1 ,  and M = + 1 5  c heck vo ltag e 

drops starting at the minimum tap and each succes­
sive tap -T. Voltage readings will start at millivolt 
l evel , and increase with succ essive tap values.  E r­
ratic voltage reading will indicate open tap.  These 
type of readings could be taken at  any relay setting 
except when compairing two relays , or readings from 
the same relay at different times it should be clear 
that relay settings for which me asurements are 

taken should be identical. The table below gives 
"�- typical readings for settings spec ified above . Use this 

table as guide only .  

.2 - 4.35 OHMS RANGE 
TA, TB, Ts, Tc T 

. 003 - . 006 . 008 - . 01 6  

.008 - .01 1 . 0 1 8  - . 0 3 1  

.0 17  - . 02 1  . 044 - .063 

.026 - .031  .066 - . 088 

.040 - .047 . 1 00 - . 1 38 

.060 - . 068 . 1 45 - . 2 1 0  

.75 - 20 OHMS 

TA, TB, Ts, Tc T 
. 0 1 5  - . 026 .033  - .050 
.032 - . 054 .072  - .09 2 
.07 2 - . 1 1 0  . 145 - . 190 
. 1 25 - . 1 90  . 260 - . 1 90  
. 200 - . 290 . 400 - . 340  
. 295 - .470 .645 - .800 

1 .3 - 36 OHMS 

TA, Ts, Ts, Tc T 
. 038 - . 052 .055 - .070 
.08 0 - . 100  . 1 0 5  - . 15 0  
. 1 5 0  - .200 . 220 - .300 
. 290 - .340 .390 - . 540 
.450 - . 5 35 . 600 - .850 
.700 - .860 .950 - 1 .3 0  
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T Y P E K D- 1 0  A N D  K D- 1 1  COM P E NS A T O R  D I S TA N C E  R E L A Y  

A P P E N D I X  I 

SW ITCH BOARD TESTING W ITH 

KD- 10 AND KD-11  R E LA YS 

External connections may be checked at the 
relay provided ;,here is sufficient load current flow 
at a known power fac tor angle .  Relay current s hould 

7 
be at least T amperes ( 1 . 2  amps when T = 5 . 8 ) .  

This check i s  appropriate prior t o  commissioning the 
relay or when trouble shooting. 

Poten t i al C i rcu i t  Check 

Close the three relay potential s witches num­

bered 7, 8, and 9, (Figure 19 ) .  The connection for 
the proper phase sequence will be indicated by a 
strong contact-opening torque. Closing torque will 
indicate reverse-phase sequence.  

Current Verif i cation 

To verify the proper current conn ections use 
the following procedure : 

1 .  Read watts , vars and amperes .  The current 
7 

s hould be at leastT ampere s .  

2 .  Plot watts and vars o n  t h e  diagram i n  Fig. 29 .  
Draw a line at the  load angle determined by this 
plot. Designate this line as IREF" See Fig. 30 
for example. 

3 .  Set T = 5 . 8 , S = 1 for maximum sensit ivity. 
(Lower or higher taps may be  used, provided 
current exce eds 7/T) . 

4 .  P erform the 9 switching combinations in Table 

IV,  recording the relay contact position for each 
combination. ( Actually only 6 combinations 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 c lose to the zero 
torque line .  If the indicated power- factor angle 
is within 3 ° of the test  limit for any group o f  
three tests,  these should be ignored. ) 

5. Verify the currents using the procedure illust­
rated in Table  IV .  Here the "correct contact 
position " is determined by observing whether 
the IREF line in Fig. 26 inters ects the solid or 

dashed part of circle .  ( For example , test 1 b  

shows a solid  circle indicating that the contacts 
should close. ) Next compare the actual contact 
positions to the correct ones . 

I .L. 41 -490A 

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

Current Ident i fi cat i on 

If the verification check discloses incorrect 
current connections ,  the following procedure may 
be used to determine what is wrong. However, if 
one set of three switching combinations plac es the 
relay too close to the zero-torque line ,  use conven­
tional t echni ques,  instead, since identification 
requires all 9 switching comb inations .  

1 .  Plot aiREF and a2IREF at  120° angles from 

IREF· See Fig. 30 for exampl e .  These currents 

are related to the phase currents as shown in 
the following table :  

Phase 
a2 IREF 

a IREF Receivi ng IREF 
Current 

1 I p m  IPH2 IPH3 

2 I PH2 IPH3 I pm 
3 IpH3 Ip H l  IPH2 

2. Prepare a table s imilar to Table V using Fig. 30 .  
For example , for t es t  1 b the c ontacts were open. 
Such a result would occur if IREF of the wrong 

polarity is actually flowing in the phase 1 cir­
c uits of the relay. This conclusion is drawn by 
noting that I REF in Fig. 30  intersects the solid  
part of the  test  1b  circle. This s ays that if  
+IREF is flowing the contacts would close.  

Since the contacts actually open , then -IREF 
could be flowing . Similarly, for test 1b ,  -&2 IREF 
could be flowing, since the a2 I REF line also 
intersects the solid part of the test 1b  circle 
By the process of e limination for each set of 3 
tests , the actual current is identified .  For 
example,  in Table V, phase 1 receives - 1p H 1 •  
wh ereas +lP H l  should b e  flowing. In phase 2 ,  
+IPH3 i s  flowing as shown in Fig. 3 1 .  To extract 

this bit of information from Table v, use the 
above table relating the phase currents to IREF• 

a2IREF and aiREF· 

Note in Tabl e  V that a 2 IREF is flowing in the 

phase 2 circuits of the relay. The above table 
shows for this set of 3 tests th:t t a2 IREF = IPH3 · 

3 .  Correct the external connections and  then verify 
the currents. 
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T Y P E  K D- 1 0  A N D  K D- 1 1 COM P E N SA T O R  DIST A N C E  R E LAY _____________________ _ 

TABLE I V  

SWI T CH I N G  F O R  C U R R E N T  V E R I F I C A T I O N  AN D I D E N T I F I C A T I O N  

z 
P O SI T I O N  O F  SWIT C H E S  N U M B E R E D : 

0 -1-< C U R R E N T  SWITCH z VOL TAG E SWI T C H  
Ill ( B L A N K  IN DICA T E S  O P EN SWITC H )  UNIT 

:If WHICH 
P H ASE 

0 
SHO ULD B E  

R EC EI V I N G  u 
C) v1 v 2 v3 I 1 1 2 1 3 1 1 O B S E R V E D  

C U R R ENT 

� :X: u 1-
� 7 8 9 

12, 1 4, 16, 1 8, 
V') 1 3 1 5  17 19 (3 ¢ ) 

Open & a Closed ¢·¢ & t 3 
jump sw.  

1 jaw to Closed Closed 

9 :j: 
b Closed Clos ed ¢-¢ & 3¢ 1 

Open & a Clos ed Clos e d  ¢-¢ & 3¢ 1 

2 Closed j ump s w .  Closed 
jaw to 

7 b Clos e d  ¢-¢ & t 2 

Open & a Closed ¢-¢ & t 2 

3 Closed Closed j ump sw . 
j aw to 

8 b Closed ¢-¢ & t 3 

Open & :j: 
4 Closed Closed j ump sw. Closed Closed ¢-¢ & 3¢ 1 

j aw to 
7 

Open & 

5 j u mp sw.  Closed Closed Closed ¢-¢ &t 2 
jaw to 

8 

Open & 

6 Closed jump sw.  Closed Closed ¢-¢ & t 3 
j aw to 

9 

t Block 3 ¢ Unit Open 

:j: .  If  Current is Over 5 Amps . 

24 
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T Y P E  K D- 1 0  A N D  K D-1 1  COM P EN SA T O R  DIST AN C E  R E L AY __________________ I_. L_. _4_1 ·_49_o_A 

TABLE V 

V E R I F I CATION EXAM P L E  USING ASSUM ED LOADI N G  O F  F IG.  30 

P HA S E  TO SWITCHING 
CO R R E C T  A C T U A L  C O N T A C T  P O SITION 
CONTACT 

BE V E RIFI E D  COMBIN A TION 
P OSITION 

I F  WI R I N G  E X AMP L E  W I T H  
I S  CO R R ECT I NCO R R ECT W I R ING 

lb c c 0 

1 2 a  c c 0 

4 0 0 c 

2b c c c 

2 3 a  c c 0 

5 0 0 c 

3b c c 0 

3 la c c 0 

6 0 0 0 

TABLE V I  
I D EN T I F I CATION E X AMPL E  USING ASSUME D  LOADI N G  O F  F I G. 30 

IR E F  P H ASE E X AM P L E O F  
CU R R E N T  & P O L A RITY WHIC H  C AN 

SWIT C H I N G  P R O D U C E  O B S E R V E D  C O N T A C T  POS ITION 
R E C EIVING COMBINATION CON TACT 
C U R R E N T  PO SITION 

IR E  F .  a 21 R E F .  a i R E F .  

lb 0 [;} - + 

1 2a 0 + + 

4 c + -

3b c + D -

2 3a 0 - t + 

5 c - -

3b 0 - - [] 3 la 0 - + t 

6 9 + -

t See Frg. 3 1  for actual connectwns. 
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TYP E K D- 1 0  A N D  K D-1 1  COM P E N SATOR DIST AN C E  R E L AY ___________________ 
I_.L_._4_1 ·_4_90_A 

SECONDARY 

ADJUSTABLE 
ANGL E 

Fig. 2 Compensator Construction 

Fig. 3 Typical Tap P late 

8 4 9 A0 3 4  
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Fig. 6 I nternal Schematic of KD- 10 relay ( 1 . 3-36. 0  ohm range) 
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Fig. 7 Internal Schematic of KD- 1 7 Relay (1 .3-36.0 ohm range) 
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Fig. 8 Voltage and Current Conditions for the Three-Phase Unit  at the 
Shaded Breaker for Three P hase Fau lts at Various Locations 
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Fig. 9 Voltage and Current Conditions for the Phase-to-Phase Unit at  the 
Shaded Breaker for 2 -3 Faults at Various Locations 
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T Y P E  K D-1 0 A N D  K D-1 1  COM P E N S A T O R  DISTAN C E  R E LAY------------------------

Z RADIUS· ��s + zJ � X 

B A L A N C E  + � Zs P O I N T  

R R 

Z OFFSET • � t-zs + zcJ � zc 

a .  z s � z c b. zs � zc 

8 4 9 A0 4 0  

Fig. 1 0  I mpedance Circfes for P hase-to-Phase Unit in the 
Type KD- 1 0  and KD- 1 1 Relay 
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Fig. 1 1  Impedance C ircle for Three-Phase Un it in the Type 

KD- 1 0  Relay 
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[HASE TO PHASE UNIT STATIC AND DYNAMIC CHARACTERISTIC 

1 :: �3 PHASE UNIT STATIC C HARACTERISTIC 80 

70 3 PHASE UNIT DYNAMIC CHARACTERISTIC 
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Fig. 1 2  Impedance Curves for KD- 1 0  Relay 
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TY P E  K D - 1 0  AN D K D-1 1 COM P E N S A T O R  D I S T A N C E  R E LAY _______________ 
L_L._4_1 ·_49_0A 
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Fig. 1 3  I mpedance Circle far Three Phase Unit in Type KD- 1 1  R e lay 
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T Y P E  K D- 1 0  AN D K D- 1 1 CO M P E NSATOR D I STAN C E  R E L A Y ----------------------­
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TY P E  K D- 1 0  A N D  K D - 1 1 COM P E N SA T O R  D I STAN CE R E L A Y  -------------------I
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TY P E  K D- 1 0  AN D K D - 1 1 COM P E NSA T O R  D I ST A N C E R E L A Y----------------------
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T Y P E  K D- 1 0 AN D K D - 1 1 COMP E N SATOR D IS T A N CE R E LA Y  ___________________ 
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Fig. 20 E xternal Schematic - Two KD- 1 0  Relays, One KD- 1 1  R e lay. 
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��-----------------.�--------------- A � ���---------�-�-------- 8 

0 -11111�--------------::t::�::�;---------- c � S T D .  POT E N T IAL C O N N ,  
Q 
Q. 
<r 
I-� 

+ "'.  "' �  
UJ UJ z z  0 0  N N 

2 1 - 1  
IT 

2 1 - 1  
i5 

18 

1 1  
2 1 - 1  2 1-2 2 1-2 2 1-3 ���Tc��ot-------------------------� 

'------v------- � 
ZONE 1 

'1l TRANSF. 

fl fl fl � BANK 

mHIG�SIDE 
A B C 

'----v---" 
LINE 

ZONE 2 + ZO N E  3 

la S t  1 5 9 0 6 1 6  
�_ ___________ -/A U X .  C T  

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION: 
REVERSE CON NECTIONS TO TERM'S 13 & 12, 
15 & 14, 17 & 16, 19 & 18 OF K D- 1 1  R ELAY. 

5/15 

DEVICE NUMBERS 

21-1 TYPE K D- I O R ELAY 
2 1-2 TYPE K D - I O RELAY 
2 1-3 TYPE KD- 1 1  RELAY 
52 POWER C KT B K R. 

7 7 4 B l 4 3 

F i g. 21 External Schematic - Two KD- 1 0  Relays, One KD- 1 1 R elay. 
Wye-Delta B ank Term ination with Grounded Wye on Relay Side 
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T Y P E  K D- 1 0  AN D K D- 1 1 COM P E NS A T O R  D I ST A N C E  R E L AY ______________________ _ 

42  

z 0 
;:: u w a:: 
0 
9, 
a:: 
� 

STAT I O N  B U S  PHASE ROTAT I ON A , B , C  
��------------------1------------------ A 
-+�-----------------+--1-------------- B 
-+��--------------+-�--�--------- c 

ZONE 3 
� 

ZONE 2 ZONE I 
� �  

+ "!  2 1 - 1  2 1 - 1  2 1-2  2 1-2 2 1-3 2 1-3 f5 T B I4 f5 . TB T4 l5 TB "' �  
w w z z  0 0  N N  

1 1  
,+--.,Q.¥.:.11����----vy:; 

f1 f1 fl .� TRANSF. � �1, 1 � BANK 

� 
L I N E 

ZONE 2 ZONE 3 

+ FOR ZONE 3 REVERSED TRIPPING D IRECTION, 
REVERSE CONNECTIONS TO TERM'S 13 & 12. 
15 & 14, 17 & 16. 19 & 18 OF KD- 1 1  RELAY. 

2 1 - 1  

DEVICE NUMBERS 
2 1 - 1  TYPE KD 10 RELAY 
2 1-2 TYPE KD·IO RELAY 
2 1-3 TYPE KD·l l RELAY 
52 POWER C KT. BKR .  

7 7 4 Bl 4 2  

Fig. 22 External Schem atic - Two Type KD- 1 0  R elays, One KD- 1 1  R elay. 

TRIP DIRECTION 

rrl 
VI V2 V3 

Z ( 3�) Z(3{1l 

Wye-Delta Bank Term ination w ith Delta on Relay Side 

). A>--a 3 L-.:> 2 c 

TR 

2 T 
52 A 

DEVICE NUMBERS 
2-TYPE TD·5 RELAY 
21-TYPE KD· I I  RELAY 

7 7 4 B1 4 1 

Fig. 23 External Schematic - Type KD- 1 1 Relay with Type TD-5 Tim ing R elay 
for Generator B ack Up Protection 
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.D. 
w 

" 
z 
it 
� 

j : 

A 

STATION BUS PHASE ROTATION A.B,C 

2�2 T 

ZONE I ZONE 2 ZONE 3 

POS 

Z(3-) 

NEG 

ZONE 1 

z 
( 3</) 

2 1 - l  � Q � 
1 1  I 20 

DEV NO 

2h l TA 2t-l 2ri-- 2  TA 2 1.::._2 z...L- 3 T 2 1  3 Z O N E  3 Z O N E  2 ZONE I �� A TI � � _______..A.----
* �  -tt- 1--21=2 

2 1 - 3  

ZONE 2 

2 
8 

DEVICE CHART 
TYPE I FUNCTION 
K D - 10 
KD- 10 
K D - 1 1  
T 0 - 52 

Z 1 PHASE � 
Z3 PHASE 
Z2/z3 T I M E R  

I N T  DIAG 

� � 
880A989 
762A500 

-1 
-< 
"1J 
m "' 9 
� 
0 

)> 
z 
c "' � 
� 

n 
0 
� 
"1J 
m 
z VI 
)> 
-1 
0 
;:o 

c 

VI 
-1 
)> 
z 
n 
m 

;:o 
m 
r-

K' I ,� 
h-

2� I TB r s  2 Iiri 1t- 2 re r s 2 IT/ Vs- 3 r e rs 2 1 - 3 r-t------oP'v-����----vy. -II- FOR 0 2- 4 350 K D - 10 RELAY, USE INT SCH 3490A8 l 

2 1 - 1 2 1- 2  
_ _ Z T Z t� �-z  T 2 1� �- 1 

- TC l - T 2_!_: 2 �- 3 �1 - 3 ��lg �V'" A� 19 18 

�� +v;;.6 :.'v- ,..,.. C )6 )7 T - 'r" � Y.. -v ·_c: ':C: >r A+-: 
- �� c l6 CJ�) ..- �v-

'----v------" '----v-----' + '-------v-----J 
ZON E 1 ZONE 2 ZONE 3 

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION 
REVERSE CONNECTIONS TO TER-M S 13 & 12 
1 5  & 14 17 & 16 19 & 18 OF K D - 1 1  RELAY 

Fig. 24 External Schematic - Two Type KD- 1 0  Relays, One Type KD- 1 1  
with TD-52 Timing Relay 

2 6 5 C 2 0 1  
: :! ,I:. 
CD 
0 )> 
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� 
� 

PHASE R OTAT I O N  r l - 2 1 - 3 1 
1 1 

� :  ' l 1 1 
D.c· ----.....---------t--

' 
L_----------- 22 

WATTM ETER 
OR 

P H ASE 
AN G L E  M ETER 

YARIAC C O N N ECTION 
F O R . ' 3Cl�FAULT 

9---0--23 
LOAD 

A M M ETER 

* VARIABLE AUTO-TRANSFO R M ERS 
200 VOLT-AMPERES 

Pe l l [ 2 
USE C O N N ECTION 8 

PH2 B E LOW AS -

PH3 
R EQ U I R ED 9 

RELAY POTENTIAL CO N N E C T I O N S  

1-2 2-3 3- 1 

17 15 13 
2 1  • I I I ' I ' I I 

K D - 10 OR K D - 1 1-R EL. 
(FRONT VIEW) 

1F-7 1F-8 1F-9 
2F-8 2F-9 2F-7 
3F-9 3F-7 3F-8 

PH 1 

PH3 ___ _;j; : :; 
PH2 

F O R  0-0 FAU LT * B R U S H  I F  S H O U L D  

1p � A LW A Y S  B E  A T  H I G H E R 

PH l � P O O E , I A L  T H A N  2 F  
V I N  2 F W H E N R E F E R R E D T O  

P H 2  P H 2 .  

PH3 3F V I N -VFAULT V P H I I F = VP H 2 2 F  = 2 

TEST 
N O .  

1 
2 
4 
5 
6 
7 

C O N N ECTION 
VARIAC R E L. 

3 0 1-2 
3 0 1-2 
3 0 3- 1 
0 0 1-2 
0 0 2-3 
0 0 3 - 1  

T O  C H EC K  C O N N ECT F R O M /fO O R  ADJ. 
p, 23 113 22/21 
P2 A 23 113 22121 l 
P2 B  23 117 22/21 J 

C H EC K  23 113 22/15 
C H EC K  23 /15 22 /17 
C H E C K  23/17 22/13 

Fig. 25 B asic Test Connections for Type KD- 1 0  and KD- 1 1 Relays 

DOTTED C O N N EC T I O N S  
F O R  K D - 1 1  RELAY O N LY 

F O R  KD- 1 0 
R E LAY O N LY 

7 7 4 B 3 7 5  

-1 
-< 
-o 
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" 
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0 

" 9 
C1 
0 
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T Y P E  K D- 1 0  AN D KD- 1 1  COMP E N SA T OR D IS T A N CE R E LAY ___________________ 
,_.L_._4_1 _·4-90_A 

a: 
0 

STAT I O N  B U S  PHASE ROTA T I O N  A , B , C  ��-------�T�-------- A -+�-------��-�T--------- B 
-+��-------------+--4--�--------- c 

�TENTIAL CONN 
ZON E  1 ZONE 2 + ZONE 3 

� ,---------/'--- ,------1'------
2 1 - 1  

IT v+  
2 1- 1 2 1-2 

TA ...._ T2 ITv- T 2 1-2 2 1-3 A .__ f2 Tiv-
2 1-3 2_1_:: 1 2 1 - 1  2 1- 2  2 1-2 2 1-3  2 1-3 

TA ..._ J2 1 9,_. �� T ZC301.__ lB 

- 1A l +IA2 � 
2 1 - 1  2 1- 1 2 1-2 2 1-2 2 1-3 2 1-3 u 

--

ISv+ �������--914+-------------------------------------t--- ·� --

2 1 - 1  2 1 - 1  2 1-2 2 1-2 2 1-3  2 1-3  � ���T�c-�-.--�16�----------------------------------------�--- § __ 

'---v------/ '-------v-" '-------v-" 
ZON E I ZONE 2 + ZONE 3 

10 5 1 1 5 9 0 6 1 6  J. 
52 1 '------------<..,�/ AUX C T. 

5/15 

r+t-01-..---il• AUTO TRANS (�� BANK 

A B C 
+ FOR ZONE 3 REVERSED TRIPPING D I R EC TI O N  

R E V E R S E  C O N N EC T I O N S  TO T E R M · s  13 & 12. 
IS & 14. 17 & 16. 19 & 18 OF KD-!  1 R ELAY 

3 ! 0  

DEVIC E  N U MB E R S  
2 1 - 1  T Y P E  KD-10 RELAY 
21-2 TYPE K D-10 R ELAY 
2 1-3  TYPE K D-1 1 RELAY 
52 POWER CKT B K R  

7 7 4 B l 4 4 

z 
0 
1-u w a: 
0 
Q. 
a: 1-� 

+ "'  
"' �  .... .... z z  0 0  N N 

1 1  � 

Fig. 20 External Schematic - Two KD- 1 0  Relays, One KD-1 7 Relay. 
A u totran sformer Termination. 

STAT I O N  BUS PHASE ROTAT I O N  A, B,C 

T A 

I T B 
c 

S TD. P O T E N T IAL C O N N ,  ZONE 1 ZONE 2 + ZONE 3 
� ,---------/'--- ,------!'------

2 1 - 1  2 1-1  2 1-2 
IT v+ �A ...._ T2 IT ,_.. TA .:n-2 W::.. 2 1-3 2_1_:: 1 2 1::..! �- 2  2 �  :u_-3 2 1-3  

TA �12 19v- r: T 18 19 T 18 19 T �0�lB 
v �� v -

2 1- 1  2 1 - 1  2 1-2 2 1-2 2 1-3 2 1-3 - 1A1+IA2 

I5v+A������)4 
2 1 - 1  2 1- 1  2 1-2 2 1-2 2 1-3 2 1-3 ���Tc �16 

'---v------/ '-------v-" '-------v-" 
ZONE 1 ZONE 2 + ZO N E  3 

� Io 5 1 1 5 9 0 6 1 6  -/AUX.  C T. 

I 52 I 5/15 

I• u uu TRA F li NS . 

n n fl - BANK 

mHIG�SIDE 
A B C 

� 
LINE 

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION: 
REVERSE CONN ECTIONS TO TERM'S 13 & 12, 
15 & 14, 17 & 16, 19 & 18 OF K D- 1 1  RELAY. 

-
3!0 

DEVICE NUMBERS 

2 1- 1  TYPE KD· I 0 RELAY 
2 1-2 TYPE KD- I O R E LAY 
2 1-3 TYPE KD- 1 1  RELAY 
52 POWER C KT B K R. 

7 7 4 Bl 4 3 

Fig. 21 External Schematic - Two KD- 1 0  Relays, One KD- 7 1 Relay. 
Wye-Delta B ank Termination with Grounded Wye on Relay Side 
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T Y P E  K D- 1 0  A N D K D- 1 1 COM P E NS A TO R  D I ST A N CE R E L AY----------------------

42  

STAT I O N  B U S  PHASE ROTAT I O N  A , B , C  
��----------------�--------------- A 
���----------------�---.--------------- 8 

z ��-.----------------�---+--�----------- c 
<::> 
>-
� 
"' 
0 

;!; �  
w w z z  0 0  N N  

1 1  

ZONE 3 
� 

2 1 - 1  2 1-1  2 1-2 2 1-2 2 1-3 2 1-3 f5 T B J4 f5 . TB 14 T5 TB rf--<>)p\��+--wy.�---vy. 

fl fl n ."'¥-, TRANSF. � �1, 1 � BANK 

� 
l l  N E  

ZONE 2 ZONE 3 

+ FOR ZONE 3 REVERSED TRIPPING D IRECTION 
REVERSE CONNECTIONS TO TERM'S 13 & 12, 
15 & 14, 17 & 16, 19 & 18 OF K D - 1 1  RELAY. 

ZONE 2 ZONE 1 
� �  

2 1 - 1  

DEVICE NUMBERS 
21-1  TYPE KD·lO RELAY 
2 1-2 TYPE KD·10 RELAY 
2 1-3  TYPE KD·ll RELAY 
52 POWER C KT. BKR .  

7 7 4 B l 4 2 

Fig. 22 External Schem atic - Two Type KD- 1 0  R eloys, O ne KD- 1 1  R elay. 

TRIP DIRECTION 

rrl 
� V2 V3 

Wye-Delta Bank Termination w ith Delta on Relay Side 

)_ A
\_8 3 �2 c ,--

TR 

2 T 
52 A 

DEVICE NUMBERS 
2-TYPE TD-5 RELAY 
21-TYPE KD·II  RELAY 

7 7 4 B l 4 1 

Fig. 23 External Schematic - Type KD- 1 1 Relay with Type TD-5 Timing R e lay 
for Generator B ack Up Protection 
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A. 
w 

j i 

A 

STATION B U S  PHASE ROTATION A.B.C 

SAME AS 
ZONE I 

I 
I 
I 
I 
I 

POS 

1 .1 <- 3,.�,1 l. <- �'"'" l. I I _ flol •u 
I 

I I 
L - - - _j  

Zl3;) Zl3;l 

ZONE I ZONE 2 ZONE 3 

NEG 

2 1 - I  

ZONE 1 -� .. - _ 

z 
( 3�) 

� b � 
II I 20 

DEV NO TYPE 
* 

7r'll\lf 3 

1._ 
1 

D E V I C E  CHART 
F U N C T I O N  I NT DIAG 

ZONE 3 
� 

ZONE 2 
� 

2fj- 1 TA 
2.!.:,1 2 1 -2 

� 12 IT TA 2 L:_2 2_1_-3 T 2 1 - 3  � A J2 
'�---===-----=:::::::=--

ZONE 1 
� 

2 1 - l KD- 10 Z 1 PHASE 880A988 *l  2 1 - 2  KD- 10 Z2 PHASE 880A988 
2 1 - 3  K0- 1 1  Z3 PHASE 880A989 

2E1 re T s 2 lrrl %-- 2re rs 2 �2 �- 3 TB rs 2 1 - 3 
���-vy.�� 

2 1 - I 2 1 - 1  2 1 -2  2 1 -2 2 1 -3 
���� 

'-----v-----' '---v------' + '---v------' ZONE 1 ZONE 2 ZONf 3 

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION 
REVERSE CONNECTIONS TO T E R M S  l3 & 12 
1 5  & 14. 1 7  & 16. 19 & 18 OF K D - l l  RELAY 

2 1 - 1 

2 TD-52 Z2/z3 TIMER 762A500 
-H- FOR 0 2-4 350 K D - 10 RELAY. USE I N T  SCH 3490A8 1 

� 
lli 21-�LTER NATE ��-�N���ION 2 1_3 

� 
- 3 I o  

lCS 

� 

2 6 5 C2 0 1  

Fig. 24 External Schematic - Two Type KD- 1 0  Relays, One Type KD - 1 1  
with TD-52 Timing R elay 
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A. 

A. 

PHASE R OTAT I O N  r l - 2 1 - 3 1 
1 1  

� :  ' ! 1 1 ' 

L-------------------------+ 2 2  

� 23 
LOAD 

AM M ET E R  WATT M ET E R  
O R  

P H AS E  
A N G L E  M ETER 

* VARIABLE AUTO-TRANSFO R M ERS 
200 VOLT-AMPERES 

'" ' ]  [ 2 
U S E  C O N N ECTION a 

PH2 BELOW AS -

P H 3  
R EQ U I R E D  9 

VARIAC C O N N EC T I O N  
F O R " 30-FAU LT 

R E LAY POTENTIAL C O N N E C T  I 0 N S 

1-2 
1F-7 

PH 1 --------,J+----� 

PH2 

PH3 

2F-8 
3F-9 

FOR O-O FAULT llif B R U S H  I F  S H O U L D 
A LW A Y S  B E  AT H I G H E R 

� lf* P O H N T I A L  T H A N  2 F  PH 1 
2 F  W H E N R E F E R R E D  T O  N 

P H 2  P H 2 .  
PH3 3 F  

V 
VI N -VFAULT P H I I F = VP H 2 2 F  = 2 

2-3 3 - 1 
1F-8 1F-9 
2F-9 2F-7 
3F-7 3F-8 

TEST C O N N ECTION TO C H EC K  
N O .  VARIAC R E L. OR ADJ. 

1 3 (() 1-2 P, 
2 3 0 1-2 Pz A  
4 3 (() 3 - 1  Pz a  
5 0 (() 1-2 C H EC K  
6 0 (() 2-3 C H E C K  
7 0 0 3- 1 C H E C K  

D.C· ---f-�""'""----------+--
17 15 13 

21 I I I I • I • I I 

K D - 10 OR K D - 1 1 - R E L. 
( F R O N T  VI EW) 

C O N N ECT F R O M /rO 

23/13 22/21 
23113 22/21 1 DOTTED C O N N ECTIONS 
23/17 22/21 I F O R  K D - 1 1  RELAY O N LY 
23/13 22/15 
23/15 22/17 
23/17 22/13 

FOR KD- 1 0  
R E LAY O N LY 

7 7 4 B 3 7 5 

Fig. 25 B asic Test Connections for Type KD- 10 and KD - 1 1 Relays 
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� 
VI 

PH.  I 

P H .  2 

P K . 3 

l - 2  FAULT � / \ I F CD 
® li:2�2(!) 

2·3 FA ULT � / , I F @ 
(f) 3/{?_,� r ®  - - 2 

I 
3-1 F A4J LT /\ I F ® //'\ 2 r CD @ 3��2 

I 
" FAULT 1 ' (j) ' I F 1 3f: h2(!) 9J3F 

3 f 

75• 

L----------------------. 2 2  

'J AK I AL!Ll  
AUTO-TRAHSFOR�ER 
200 VOLT· A!�?ERES 

� 

3� 
S E L E CTOR / ' - ,--- � " 

4- P. D.T. Sl l TCK 

7 7 4 B 8 2 1  

! 3  

D. C. -<;>---<;>----------!-

IT 1 5  1 3  

2 1 .. l I I • I � I I 

F A U L T  TEST 

'- v / 
l.lOTAttY SC'I I TCM 

SU!Hrlf.CT 30° FP-0:4 ThE 
PHASE-AN �LE-M£TER 
READ I NG TO DETER� I KE 
THE RELAY 14AX 1�1.':4 TO!tQUE 
A�GU! �HEM THE SELECTOR 
I S  I N  THE 3 � POS I T I � .  

ID- IO QR KD• 1 1- R ELAY 

( F ROHT 'f l EW) 

1 c ormcr ,,t., I I • I 
I 

C L O S I II G  '::(- 1 

I I� 
r. I r"-1 

I I I I I I I I I I : I  
L - - - - � - - - � ;  

'- - - - - +- - - - - �  
DOTTED  C O IIM E C T I O N S  

F O R KD41 R E LAY D ilL Y  

F O R  )([).4.R E L AY 

lll'LY 

(z -�) { 
TEST 

tlO .  
SELECTOR IFAULT I TO CHECK SVI I TCH TEST SW OR ADJUST I COII!lECT FRD:4/TO 

3 0 I 1-
R -...f3 I L 2 3 

4 

( V L-L ) { Z R • -2 I L 

5 
6 
7 

Fig. 26 Test Connections for Type KD- 7 0  a nd KD- 1 1  R e lays u sing Auxil iary Switches 
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T Y P E  K D- 1 0  AN D K D-1 1 COM P E NS A T O R  D I S T A N C E  R E L AY-·---------------------

OUT - IN THE TRIPPING DIRECTION 

IN - - AGAINST TRIPPING DIRECTION 

VARS 
IN 

VARS 
OUT 

90 

THE THREE-PHASE UNIT SHOULD RESPOND 

TO TESTS tb, 20 AND 4. DISREGARD 

THREE-PHASE UNIT ON ALL OTHER TESTS. 

* - POSITIVE DEGREES BASED ON CURRENT 
LAGGING VOLTAGE ( POSITIVE CURRENT 
= CURRENT FLOWING OUT) 

SOLID llNE - CONTACT CLOSING TORQUE 

DASH LINE - CONTACT OPENING TORQUE FOR -e--PF ANGLES 3° FROM ZERO TORQUE, 

THE PRODUCT OF I x T MUST BE � 7 
I = L I N E  CURRENT 

T = TAP "T" SETTING 

1 8 5 A0 1 6  

Fig. 2 7  Phase D iagram for Current Circuit Verification 

and Identification 

"OUT" - F L O W  I N  TRIP D I R L C T ION 
" IN " - - AGAINST TRIP D I RECTION 

� O I REF• 

\ 
�·1 j:fl �ib) lb 

60 ' 
� ' 

' 'iQ' ... � -

210 • 
VARS 

I eq �·ro• � I 

� 
--- ' 

� \ I (.o. 
/� w it I\ � �\ \ � ��·TO• ,.--,_..j......... � \ � �0 

• 18 0 WATTS 
IN .cr. • !o  .e-�1e• t \ \ � ' . i'> \ IY-, 

)< t---.. 
I ·,� v .. �1!-

f 02 lREF 

J 

'@ e&• 
�A0'\s 

"" 90 

IQ l# A �I / ·� v [Jr-.. V �o· i..d,b I ��90• .. . ... 

w�Lrs � 
'•• 

OUT - IN THE TRIPPING DIRECTION SOLID LINE - CONTACT CLOSING TORQUE 
IN - - AGAINST TRIPPING DIRECTION DASH LINE - CONTACT OPENING TORQUE 

THE THREE-PHASE UNIT SHOULD RESPOND FOR -&p,. ANGLES 3• FROM ZERO TORQUE. 

TO TESTS tb. 2Q AND 4. DISREGARD THE PRODUCT OF I X T MUST BE � 7 
THREE-PHASE UNIT ON ALL OTHER TESTS. I • LINE CURRENT 

•- POSITIVE DEGREES BASED ON CURRENT T • TAP "T" IETTINCil 
LAGGING VOLTAGE (POSITIVE CURRENT 
� CURRENT FLOWING OUT) 

PHASE DIAGRAM FOR CIRCUIT VERIFICATION WITH K-OAR RELAYS 

Fig. 28 Phose D iagram Showing A ssum ed Load Conditions 

VARS 
IN 

VA R S  
O U T  

( Q )  L O A D  F L O W  I S  W I T H I N  T E S T  RANGE 1 B o 7 5 o ) 

4 6  

I 2 3 

( b ) CASE CURRE N T S  ( C )  

POWER F L O W  
�---

�ASE JI CURRENT� 6 2A6 ) Q 
Fig. 29 A ctual Wiring for the A s sumed Test Resu lts 
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T Y P E  K D- 1 0 A N D  K D- 1 1  COM P E NSATOR DIST A N C E  R E LAY __________________ __;,;I .:,:L;.... 4..:..1;..-...:;49::..;0;.:..:A 

3 � 
D I STANCE 
UM I T  

, 0 2  HFD 
z (� - Ill 

1 60 Q 

CHASS I S  
OPERA TEO 
SHORT ING SWIT�H 

CURRENT TEST 
JACK 

I MD I CATOR ---- COMTACTOR 
SWI TCH_ 

H -
01 STAMCE .UKtT 
(UPpER u•u}' 

�ill�������f�f9�1�1- AUTO UAMSPORHER 

_, ---t:J...::r ----- RED HANDLE 

TEST SWITCH 

TERHIMAL 

fRONT Vi<'l 

Fig. 30. Intern al Schematic of KD- 10 Relay (, 75- 2 1.0 Ohm R ange). 
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TYPE K D - 1 0 A N D  K D-1 1 COM P E NSATOR DIST A N C E  R E LAY ___________________ _ 

I 1 9 . 250 
( 489 . 00) 

'----+---'� j_ 

i 

I 
1+---4--- 3, 1 8 8  I I  

6 .375 � ( 8 0 . 9 8 ) � 

( 16 1 .9 3 ) PA N E L  L O C AT I O N  
S E M I - F LU S H  MTG ,  

P R O J ECTION M TG, 

L A RGE INTERNAL:. 
a E XTERNAL __J__-+-+-' 
TOOTH 
WASHE R � . 1 90 -32 SCREW 

SMALL �E X TERN A L  
TOOTH E D  
WA S H E R  

CASE PAN EL 

. 6 4 1  
' 1 6 .2 8 )  

S PA C E R S  FO R 
TH I N  PAN E L S  

5/ 1 6 - 1 8 SCREW 
( FOR T H I C K  PA NELS 

U S E  5 /1 6 - 1 8  STUDS) 

I N TERN AL- EXTERNAL 1 .  8 1 3  

TOOTHED WAS H E R S  (46.0 5 ) 

8 . 938 
(227.0 1 )  

9 .250 
(235 . 00) 

r---- 2 . 93 8  
( 74 . 6 3  ) 

PA N E L  CUTO UT a DRI LL I NG 
FOR SE M I - FLU S H  M TG .  

Fig. 3 1  Outline and Drilling Plan for KD- 1 0  and KD- 1 1  in F T-42 Case 

TERMINAL 
NUMBER 

5 7- Ir 7 9 0 5  

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E N T D IVI S I O N  N EWAR K ,  N .  J. 

Printed in U.S.A.  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



, .  
i 

DI STANCE R ELAY - TYPE K D - 1 1 ( I  A M P  I.C.S. l 
IN  TYPE  FT  - 4 2  CAS E  INTERNA L SCHEM AT IC  

. I 1 ·3Io 13 12 11 
·. CH ASS I S  

__ ,--- OPERATED 
SilO RT U:Q S\11TCll 

: J ND I  CAlOR 
COHTACTOR 
S\11 TCH: 

RED HANDLE 

TEkMI IiAL . .  
F T- 4 2  

M FG, DW . 1 3t8 08 0 R E F. 
\ ·. __ . . .. • . 

fRONT YIE'l � 3 5 1 4 A G 8  . .  
. - . -
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A D D E N D U M  TO Westinghouse I .L.  41 -490 
I N S T A L L A TI O N  • O P E R A T I O N  • M A I N TE N A N C E  

TYP E  KD-1 0 A N D  K D- 1 1 C O M P E N SATO R  
D I STA N C E  R E LAYS 

C U RRENT VO LTAG E  RELAYS WITH 
M UTUAL REACTOR- PRECAUTIONS 

Relays which include compensators to modify the applied voltage (such as the  K D  types) wil l  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 relay side of the fuses . 
The magn itude of this  voltage is dependent on m agnitude o f  l oad or fault current, relay settings, relay i m pe­

dance, and other potential c ircuit burden connected in paral lel with the relay contain ing the m utual reactor.  

To avoid any difficulties due to i nteraction between c urrent and voltage circuits, i t  is recom mended that 
when PT fuses have been pul led to permit  work on voltage circuits, that these circuits should not be considered 

safe until  the cu rrent circuits h ave been de-energized, or unti l  the voltage circuits h ave been shorted on the relay 
side of the fuses.  

J /1 f)() l l ihle con r ingencies �t ·hich  mar arise during installatio n ,  operatio n ,  or maintenance,  and all 
detai/1 and 1 ariar io 111 of rhis equ ip m e n r  do n o r  purport to he cm·ered h 1 · rhese ins rru c t iom . li /urrher 

in/n m w r ion i1 desired h 1 · purchaser regarding his particular ins rallat ion . operar ion or main rcnance of  
11 1 1  c'cf l l lf) / 1 / Ci l f .  rhc  local Wes r inghouse Electric Corporation represen fafi l 'e should he crmrac rcd 

ADDENDUM TO I .L. 41 -490 EFFECTIVE AUGUST 1 978 www . 
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