
Westinghouse r. 1. 41 498 .1z 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE KD-5 COMPENSATOR DISTANCE RELAY 

C auti on: Bef ore putti ng p rotec ti ve relay s  int o s e rvice m ake 
su re th at all movi ng p art s ope rate f ree ly ,  i nspect 
the c ont act s  t o  s ee t hat they are c le an an d ope rate 
the re lay t o  chec k the settin gs an d e lect ric al 
c onnecti ons . 

APP LICATION 

The type KD- 5  re lay (Fi gu re 1) , i s  a p olyph ase c ompens at or type 
re lay whi ch p rovi de s a s i ngle zone of ph as e  p rotecti on f or all 
t hre e ph ases . It p rovi des i ns t ant ane ou s  t ripp i ng f or all 
c ombi nati ons of ph ase- t o-ph ase , t wo ph ase- t o- groun d f au lts , an d 
t hree-ph ase f au lts . 

The type KD- 5  re lay i s  avai lab le with i ndic at in g c ont ac t or 
s witche s  with eithe r a 1 ampe re or a 0. 2/2. 0 ampe re rati ng. The 
1 ampe re rati ng is  rec omme nde d f or all di recti on al c omp ari s on 
app lic ati ons an d f or m os t  dis t 2nce re layin g app lic at i ons . The 
0. 2/2. 0 ampe re rat in g i s  rec ommen de d f or di s t ance re layi ng whe re 
a loc kout re lay i s  e ne rgi ze d  or whe re a hi gh impe dance auxi li ary 
t rippi ng re lay i s  uti li ze d. 

Re fe r t o  I. L . 41- 911 f or a de sc ripti on of h ow KD -5 re lay s  are 
use d i n  direct ional c omp arison blocking sy ste ms. 

F or time- di s t ance app lic ati on s  the KD- 5 re lay is use d wi th 
eithe r the TD- 2 ac cu rrent ope rate d time r, or with the TD- 4  or 
TD- 5 de t rans i s t ori ze d time r. See Fi gs .  12 an d 13 f or the 
exte rnal schem atics f or 3 zone p rotecti on, us i ng the TD- 2 and 
TD- 4  re lays , re specti ve ly .  F or fu rthe r discus si on s ee "Exte rn al 
C onnecti ons . " 

Use f au lt de tec t ors t o  supe rvise the t rip c i rcuit f or th ose 
app lic ati ons whe re the re lays c an be de - ene rgi zed with out 
atten dant ope ni ng of the 52a c ont act .  Othe rwi s e  un de s i re d  
t rippi ng occu rs .  A Siff:l8 7839 5  th ree uni t  SC re lay ( 2- 8  ampe re s )  
i n  the typ e FT32 c ase or a S#28 8B 714Al8 th ree unit I T H re lay 
( 4- 8  ampe re s) i n  the FT ll c ase is  rec om men de d. 
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CONST RUCTION 

The type KD-5 re lay c ons i s t s of th ree s i ngle ai r gap t rans f orme rs 
( c ompe ns at ors ) , th ree t appe d aut o-t rans f orme rs , t wo cy li nde r 
type ope rati ng u nits , and an ICS i ndic ati ng c ont act or s witch . 

C ompe ns at or 

The c ompe ns at ors which are de si gnate d TAB and TBC are th ree ­
wi ndi ng ai r- gap t rans f orme rs ( Fi g. 2). The re are t wo p rim ary 

cu rre nt wi ndi ngs e ach cu rre nt wi ndi ng ha s se ve n  t ap s  which 
te rmi nate at the t ap b loc k. ( Fi g. 3). They are m arke d  0.23, 
0.307, 0.383, 0.537, 0.690, 0.920 and 1.23. Cu rrent f lowi ng 
th rou gh the p rim ary c oi l  p rovi de s an MMF which p roduces m agnet ic 
li ne s of f lux i n  the c ore . C ompe ns at or de si gnate d T ,  h as only 
one p rim ary wi ndi ng. 

A volt age i s  i nduce d i n  the sec ondary which i s  p rop orti onal t o  
the p rim ary t ap and cu rre nt m agnitu de .  Thi s p rop orti onality i s  
est ab li she d by the c ros s s ecti onal are a of the lami nate d s tee l 
c ore , the le ngth of an ai r gap which i s  loc ate d ±n the ce nte r 
of t he c oi l, and t he ti ght ne s s  of the lami nat i ons .  A ll of these 
f act ors which i nf lue nce the s ec ondary volt age p rop orti onality 
h ave bee n p reci s e ly set at t he f act ory .  The c lamps which h old 
the lami nati ons sh ou ld not be di s tu rbe d by ei the r ti ghte ni ng 
or loos e ni ng the c lamp sc rews . 

The s ec ondary wi ndi ng h as a s i ngle t ap wh ich di vi de s the wi ndi ng 
i nt o  t wo secti ons .  O ne secti on is  c onnecte d subt racti ve ly i n  
se ries with the re lay terminal voltage. Thus a voltage which is 
p rop ort i onal t o  the ph as e  cu rre nt i s  subt racte d vec t ori ally 
f rom the re lay termi nal volt age . The s ec ond secti on i s  c onnecte d 
t o  an adj u s t ab le loadi ng res i s t or and p rovi de s a me ans of 
adj usti ng the ph as e  angle re lati on bet wee n p rim ary cu rre nt and 
the i nduce d sec ondary volt age . The f ac t ory setti ng i s  f or a 
m aximum t orque angle of 45° cu rre nt laggi ng volt age f or ph as e ­
t o-ph as e  u nit and 35° f or th ree ph ase u ni t . 

Aut o- t rans f orme r 

The aut o- t rans f orme r h �s t hree t aps on its m ai n  wi ndi ng, S, 
which are numbe re d  1, 2, and 3 on the t ap b loc k. A te rti ary 
wi ndi ng M h as f ou r  t ap s  which m ay be c onnecte d addi ti ve ly or 
subt racti ve ly t o  i nve rse ly m odify the S setti ng by any value 
f rom -15 t o  +15 pe r ce nt i n  s teps of 3 pe r ce nt .  
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I.L. 41-498. 12 

The sign of Ir is negative 'l.vh(:n the R le,<=ld is a bove the L 
leacl. I .. f is ·pos:LtiVt3 VJl-ten T_J j_s in a tap locatlon wl1ich is 
above the tap location of the R lead. The M setting is 
dctr::;rmined by tLr:o sum o£ per unit valu s between the R and L 
lead. The actual rer unit values wtich appear on the tap plate 
bet\veea taps Cl rc� 1, . 03, . OS, and . 06. 

The auto-transformer makes it possible to expand the basic range 
(T = .�J tr.J 1.23 ohms) by a multiplier of S Therefore, any 

1 -l- H 
relay ohm sett:Lng can be made \vi thin :!: 1. 5 per cent from 0. 2 
ohms to '+. JS o1lms by combining the compensator taps T, TAB' 
and TBc with the auto-transformer taps S and M, SA and MA, and 
Sc and He. 

Tripping Unit 

The device 'I.·Jl�ich acts to initiate tripping is a four-pole 
cylinder unit vJhfch is connected open delta and operates as a 
three-phase induction motor. Contact-closing torque is produced 
by the unit vJhe.n thr, voltage applied to its terminals has a 
negative-phase sequence. Closing torque for the relay forces the 
moving contact to the left hand s::. de as viewed from tl:e front of 
the relay. Contact-opening torque is p�oduced wlen positive­
phase sequence vol tages are applied. Fence, the cylinder unit 
has restraint or operating torque as determined by the phase 
sequence of tl-v.• voltages appli·C<d to its terminals. 

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

The frame serves as the mounting structure for the magnetic core. 
The magnet ic core \vi ich houses the lmver pin bearing is secured 
to tlv" frame by a spring and snap ring. This is an adjustable 
core which �as a .020 in ch flat on one side and is held in its 
adjusted position by the clamping action of two compressed 
sp·cings. The bearing can be replaced, if necessary, without 
having to remove tl� magnetic core from the frame. 

The electromagnet hPs t\vo series-connected coils mounted 
diametrically opposite one another to excite each set of poles. 
Cocating pins on the electromagnet are used to accurately 
pos i tion the lower pin bearing, which is mounted on the frame, 
with respect to the upper pin bearing, which is threaded into 
tl-1e br:Lc1,ge. Tl1c� electromagnet is pe1.lJlanently sec·ured to the 
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to the frame and cannot be separated frorn the frame. 

The moving element assembly consists of a spiral spring, conta.ct 
carrying member, and an aluminum cylinder assembled to a 
molded hub which holds the shaft. The hub to which the moving­
contact arm is clamped has a wedge-and-cc>m construction, to 
provide low-bounce contact action. A. casual inspection of the 
assembly might lead one to think that the contact arm bracket 
does not clamp on the hub as tightly as it should. However, 
tJ·,is adjustment is accurately made at the factory and is locked 
in place with a lock nut and should not be changed. 

Optimum contact action is obtained when a force of 7 to 9 grams 
pressure applied to the face of tbe moving contact will make the 
arm slip one-fourth of its total free travel. Free travel is 
tLe angle through which the hub will slip from tbe condition of 
reset to the point where the clamp projection begins to ride up 
on the wedge. The free travel can vary between 15° to 20°. 

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

The bridge is s�cured to the electromagnet and the frame by two 
mounting screws. In addition to holding the upper pin bearing, 
the bridge is used for mounting the adjustable stationary 
contact housing. This stationary contact has .002 to .006 inch 
follow which is set at the factory by means of the adjusting 
screw. After the adjustment is made the screw is sealed in 
position with a material wbich flmvs around the threads and 
tl:en solidifies. The stationary contact housing is held in 
position by a spring type clamp. The spring adjuster is 
located on the underside of t1-, bridge and is attached to the 
moving contact ann by a spiral spring. The spring adjuster is 
also held in place by a spring type clamp. 

When the contacts close, the electrical connection is made 
through the stationary contact housing clamp, to th0 moving 
contact, through the spiral spring and out to the spring 
adjuster clamp. 
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I.L. 4l 498. 1 2  

Indic ati ng Cont a�t or Switc h U ni t �9� 

T he i ndic ati ng c ont act or s witch i s  a sm all d- e ope rate d  c lappe r 
type de vice . A m agnetic arm atu re ,  t o  which le af- sp ri ng m ou nte d 
c ont acts  are at t ache d, i s  at t racte d t o  t he m agnet ic c ore up on 
e ne rgi zat ion of t he s wi tch . Whe n  the s witch c lose s ,  t he m ovi ng 
c ont act s  bri dge t wo st ati onary c ont acts , c omp leti ng t he t rip 
ci rcuit . Als o du ri ng t hi s  ope rati on t wo fi nge rs on the arm atu re 
de f lect a sp ri ng loc ate d on the f ront of the s witch , wbich allows 
the ope rati on i ndic at or t arget t o  drop .  The t arget is  reset 
f rom out s i de of t he c ase by a pu sh rod loc ate d  at the b ott om of 
the c ove r. 

The f ront sp ri ng, i n  addi ti on t o  h oldi ng the t arget , p rovi de s 
res t rai nt f or the armatu re and thus c ont rols the pic kup value 
of the s witc h .  

OPERATION 

T he KD- 5 re lay h as t wo m ajor c omp one nt s - c ompe ns at ors and t rippi ng 
u nits . In t he i nte rnal sc hem atic of Fi g. 4 t he c ompe ns at ors are 
de si gnate d T ,  TAB , and TB c, t he t rippi ng u ni ts , Z (30) & Z (00). 

The p h as e - t o-ph ase u ni t  Z (00) ope rates f or all c ombi nat ions of 
ph ase - t o-ph as e  f au lts  ( ph ase 1- 2, 2- 3, & 3- 1) .  T he 3-p h as e  
u nit Z ( 30) ope rat es f or 3-ph as e  f au lt s  and f or c los e-i n- t wo­
ph ase - t o- grou nd f au lts , alth ou gh m os t  t wo-p h as e- t o- grou nd f au lts 
are c le are d by ope rat i on of the p h as e - t o-p h as e  u ni t .  E ach of 
the t rippi ng u nits and its  ass oc i ate d c ompe ns at or c i rcui t are 
e lec t ric ally s ep arate , and will now be c onsi de re d  succes si ve ly .  

Th ree-Ph ase U nit 

A s ingle compens ator T h as i t s  p rim ary e ne rgi ze d with ( Il - 3IQ) 
cu rre nt i n  Fi g. 12. The cu rre nt 11 is  the ph ase cu rre nt ; 3IQ i s  
th e re si du al cu rre nt . T he re are t h ree c om pe ns at ors sh own- - one 
f or e ac h  of the t h ree zones , one c onnecti on uses an auxi li ary 
cu rre nt t rans f orme r t o  i nse rt the 3Io c omp one nt . The alte rnate 
c onnecti on supp lies the c ompe ns at or p rim aries with - ( I2 ;- I3) .  
Si nce Il + I2 + I3 = 3IQ, ( Il - 3IQ = ( I2 + I3) .  Cu rre nts ,  Il, 
I2 and I3 are ph ase cu rre nt s . Acc ordi ngly , the alte rnate 
c onnec ti on is e qui vale nt t o  the fi rs t  arrangeme nt .  

As s h own on Fi g. 4 t h e T-c ompe ns at or sec ondary i s  c onnecte d t o  
m odi fy t h e  ph as e  1- 2 volt age . With a f au lt i n  the t rip di recti on, 
the i nduc te d volt age i n  the c ompe ns at or buc ks the ph ase 1- 2 volt age . 
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Vec t or dia gram s on Fig. 5 illu st rate t he ope ration du rin g  t he 
3-p ha se fau lt at f ou r  location s. T he sy stem impedance is 
a ssumed t o  be at 60° and t he c ompen sat or an gle is a ssumed t o  
be 90° f or illu st rative pu rp ose s on ly . Pre fau lt volta ge s  a re 
depicted by t he la rge t rian gle . T he sma lle r da shed t rian gle 
in eac h ca se is t he sy stem volta ge s at t he re lay location du rin g 
t he fau lt .  T his t rian gle is m odified by t he c ompen sat or volta ge ,  
1. 73I 1Z c , whe re Z c is t he c ompen sat or mu tua l impedance . 

T he m odified volta ge t rian gle is de signated by t he X, Y ,  Z 
le tte rin g. T he Vx, Vy, Vz volta ge s  a re app lied t o  t he t rippin g 

unit t hat c lose s or re st rain s dependin g  on t he p ha se se quence 
of t he se volta ge s. 

T he Vx, Vy and Vz volta ge s a re de rived a s  f ollows: 

Vx = Vl - 1. 73I 1Z c and 

Vy = V2 

Vz = V3 

F or a fau lt at A ,  bey ond t he re lay ope ratin g  zone t he c ompen sat or 
volta ge - 1. 73I1Z c m odifie s t he p ha se 1 volta ge f ormin g  a 
t rian gle of X, Y ,  Z rota tion .  Volta ge s  of t his p ha se rotation 
w hen app lied t o  t he t rippin g unit p roduce re st rainin g t orque . 

F or a fau lt at B, t he cu rrent 
so t hat - 1. 73I lZC is la rge r. 

p oint s Y and Z .  N o  t orque i s  
ha s a ze ro a re a .  

is la rge r t han f or a fau lt a t  A , 
T he p oint X is in line wit h 

p roduced s ince the X, Y, Z triangle 

F or a fau lt in t he ope ratin g  zone , suc h  a s  at C ,  p oint X is 
be low t he YZ - line . N ow t he rotation is X-Z -Y ,

-
whic h p roduce s 

ope ratin g  t orque . 

F or a fau lt be hind t he re lay at D ,  t he fau lt is be hind t he re lay ,  
t he c urrent is of re ve rsed p ola rity and c ompen sat or volta ge ,  
-1. 73I lZC inc rea se s  t he a rea of t he bu s volta ge t rian gle , 1-2- 3. 

M odified volta ge t rian gle ha s an X-Y -Z rotation whic h p roduce s 
re st rainin g t orque . 

A solid 3- p ha se fau lt at re lay location tend s t o  c omp le te ly 
c ollap se t he 1- 2- 3 volta ge t rian gle . T he a rea of t he X, Y ,  Z 
t rian gle a lso t end s t o  be ze ro unde r t he se c ondition s. A 
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I.L. 41-498.12 

me mory ci rcui t in the KD-5 relay ci rcui try that con si sts of 
i nductan ce XL an d cap aci tor C3c p rovi des m omen tary ope ratin g 
torque un der these condi ti on s  for an in te rn al faul t. 

T he RJA an d C3A p arall el resi stor-cap aci tor combin ati on 
in the compe nsated p hase corrects for a shi ft in th e ph ase 
an gle relation betwee n th e voltage across th e l eft han d  coil s 
of Z(30) and the voltage across the ri gh t h an d  coi l s of Z(30) 
in i nternal sche mati c Dwg. 188A421. T hi s  p hase shi ft i s  p roduced 
by cap aci tor CJc. T he RJA -CJA combin ati on also p rovi des con trol 
of tran sie nts i n  the i nducti ve coi l s of the cyli nde r uni t. 

Phase-to-Phase Uni t  

Compen sator p ri mari es of T AB and TB C are en ergi ze d b y  11, 12, 
an d 13 as shown in Fi g. 11. Comp en sator se con darie s are 
conne cted to modi fy th ei r resp ecti ve p hase vol tages (e . g. ,  
TAB modi fi 2s V12) .  Wi th a faul t in the trip di recti on , the 
in duced vol tages in th e comp en sator secon darie s buck th e p hase­
ph ase voltages. 

Vector di agrams in Fi g. 6 il lustrates the ope rati on durin g 
p hase 2- 3 faults at four locati ons. T he system impe dan ces 
and the comp en sator angle are assume d to be at 90° for 
ill ustrati ve p urp oses. Prefault voltage s are depi cte d b y  the 
l arge tri an gles. Th e smal le r li ght tri an gle in e ach case i s  
th e system voltages at the rel ay l ocati on durin g the faul t. 

T hi s  tri an gl e  i s  modi fie d by th e compe nsator vol tage s (11 - 12) 
Zc an d (12 - 13) Zc whe re Zc i s  the compen sator m utual impe dan ce .  
In thi s  case I l = 0.  T he te rmin al s  of the trippin g uni t  are 
de si gn ated: X, Y an d z . Trippin g uni t  voltage s are for ph ase 
2-3 faul t: 

Phase 2-3 trippin g uni t  vol tage i s: 

For a fault at A , in Fi �. 6, beyon d  the re lay op eratin g zon e, 
the comp en sator vol tage s chan ge th e 1-2-3 voltage seq uen ce to 
the i den ti cal X-Y -Z sequen ce .  Vol tage s of thi s  se quen ce applie d 
to ope ratin g uni t  p roduce re strai nin g  torque . 

For a faul t at B , the curre nts are l arge r th an for a faul t at A , 
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so tha t compe nsa to r  vo lta ge s a re la rge r. Poi nts Y & Z coi ncide 
no w a nd the a rea of the X-Y-Z tria ngle i s  ze ro . No to rque i s  
p roduced . 

Fo r a fau lt i n  the ope ra ti ng zo ne , such a s  a t  C ,  the compe nsa to r  
vo lta ge s re ve rse the ro ta tio n of trippi ng u ni t  vo lta ge s  to 

X-Y-Z se que nce . Vo lta ge s o f  this se que nce app lied to ope ra ti ng 
u ni t  p roduce ope ra ti ng to rque . 

Fo r a fau lt be hi nd the re lay a t  D ,  re strai ni ng to rque i s  
p roduced . S i nce the fau lt i s  be hi nd the re lay ,  the cu rre nt i s  
of re ve rsed po la ri ty a nd trippi ng u ni t  vo lta ge ha s a n  X-Y-Z 
ro ta tio n. T hi s  ro ta tio n p roduce s  re strai ni ng to rque . 

No te tha t  thi s u ni t  doe s no t re qui re memo ry ac tio n, si nce the 
sou nd -p ha se vo lta ge reac ts wi th the compe nsa to r  vo lta ge s to 

p roduce a stro ng re strai ni ng o r  a stro ng ope ra ti ng to rque , 
depe ndi ng upo n the fau lt loca tio n. T hi s  i s  true e ve n  fo r a 
comp le te co llap se of the fau lted p ha se -to -p ha se vo lta ge .  

S imi la r  vec to r  dia gram s app ly fo r a fau lt be twee n p ha se s  1 & 2 
o r  be twee n p ha se s  3 & 1. Eac h of the three p ha se -to -p ha se fau lt 
combi na tio ns sub jec ts the cy li nde r u ni t  to a di ffe re nt bu t 
simi la r  se t o f  co ndi tio ns. 

CHA RACTE RISTICS 

Di sta nce C ha rac te ri stic - Pha se -to -Pha se Uni t 

T hi s  u ni t  re spo nd s  to a ll p ha se -to -phase faults and most two 
p hase -to -grou nd fau lts. I t  doe s not re spo nd to load cu rre nt, 
sy nc hro ni zi ng su rge s, o r  ou t-of -step co ndi tio ns. Whi le a 
c ha rac teri stic ci rc le ca n be p lo tted fo r thi s u ni t  o n  the R-X 
dia gram a s  sho wn i n  Fi g. 7, suc h  a c ha rac te ri stic ci rc le ha s 
no si gni fica nce e xcep t i n  thP fi rst quad ra nt whe re re si sta nce 
a nd reac ta nce value s a re po si ti ve .  A sma ll po rtio n of the fou rth 
quad ra nt, i nvo lvi ng po si ti ve re si stance va lue s a nd ne ga ti ve 
rac ta nce va lue s, cou ld ha ve so me si gni fica nce i n  the e ve nt tha t 
the transmi ssio n li ne i nc lude s a se rie s capaci to r. T he po rtio n 
o f  the ci rc le i n  the fi rst quad ra nt i s  of i nte re st becau se i t  
de sc ribe s wha t the re lay wi ll do whn a rc re si sta nce i s  i nvo lved 
i n  thP fau lt. T he p ha se -to -p ha se u ni t  ope ra ti ng o n  a n  ac tua l 
tra nsmi ssio n sy stem i s  i nhe re ntly di rec tio na l  a nd no sep ara te 
di rec tio na l  u ni t  i s  re qui red .  
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I.L. 41-498. 12 

An in spe ction of Fig. 7 indicate s t hat t he circle of t he p ha se ­
t o-pha se unit is de pendent on sou rce im pedan ce Zs· Howe ve r, 
t he circle a lway s goe s t hrou gh t he line ba lan ce point im pedan ce .  
T he rea ch at t he com pen sat or (and line ) an gle is con stant , 
re ga rd le ss of t he sy stem sou rce im pedan ce .  T he broadenin g of t he 
cha ra cte ristic circle wit h a re lative ly high sou rce im pedan ce 
give s t he pha se- t o- pha se unit t he ad vanta ge ou s  cha ra cte ristic 
t hat f or short line s, it ma ke s  a greate r a llowan ce f or re sistan ce 
in t he fau lt .  S tated an ot he r  way ,  t he cha ra cte ristics ap proa ch 
t hat of a rea ctan ce re lay m ore and m ore close ly a s  t he line 
bein g prote cted be come s shorte r and shorte r wit h re spe ct t o  t he 
sou rce im pedan ce ba ck of t he re layin g location . 

Sen sitivit y: P hase -t o-P ha se Unit 

A plot o£ re lay rea ch, in pe r cent of ta p block settin g, ve rsu s  
re lay te rmina l volta ge is shown in Fig. 8 .  T he unit will 
ope rate wit h t he corre ct dire ctiona l sen se f or ze ro volta ge 
pha se -t o-pha se f au lt s. F or t his condition t he f au lt cu rrent 

mu st be n ot le ss t han 0. 030 re la y am pe re s  wit h  an ohm settin g  
of 1. 23 wit h rated volta ge on t he unfau lted pha se . Pick u p  
cu rrent is proportiona lly highe r in S = 2 and S = 3 ta ps. 

T he KD-5 re lay may be set wit hout re ga rd t o  possible ove rrea ch 
due t o  d- e t ran sient s. C om pen sat ors ba sica lly a re in sen sitive 
t o  d -e t ran sient s w hich attend fau lt s  on high-an gle sy st em s. 
T he lon g time -con st ant of a high- an gle sy stem provide s a minimum 
rate of chan ge in f lu x-produ cin g t ran sient cu rrent wit h re spe ct 
t o  time , and t he ref ore indu ce s a minimum of uni-dire ctiona l 
volta ge in t he se conda ry .  A sy mmet rica l cu rrent s re su ltin g f rom 
fau lt s  on low-an gle sy stem s ha vin g a short time con stant can 
indu ce con side ra ble volta ge in t he se conda ry ,  but f or t he first 
half cy cle ,  t he t ran sient de rived volta ge su bt ra ct s f rom t he 
steady- state va lue . T his t ran sient de cay s so rapid ly t hat it 

is in significant du rin g  t he se cond ha lf cy cle when it add s t o  
t he steady- state va lue . 

Distan ce C ha ra cte rist ic - 3 P ha se Unit 

T he t hree -pha se unit ha s a cha ra cte ristic circle w hich pa sse s 
t hrou gh t he origin a s  shown in Figu re 9. T his circle is 
inde pendent of sou rce im pedan ce .  T he t hree -pha se unit is a lso 
in he rent ly dire ctiona l and d oe s  n ot re quire a se pa rate 
dire ct iona l unit . 
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I f  a so lid t hree - p ha se fau lt occu rs ri ght at the re lay location , 
the enti re vo lta ge t rian gle co llap se s  to ze ro to gi ve a ba lance 
point condi ti on ,  a s  sho wn by t he re lay c ha racte ri stic in 
Fi gu re 9 which pa sse s t hrou gh the o ri gin . Ho we ve r, since a ll 
th ree vo lta ge s  d rop to ze ro , t he re lay wou ld be unab le to 
determine whet he r  an inte rna l  o r  exte rna l fau lt exi sted . To 
c o rrect t hi s  condition , a "memo ry " ci rcuit i s  added . The 
"memo ry " ci rcuit in t he 3-p ha se uni t i s  ene rgi zed wi t h  vo lta ge 

e qua l to V�o l. = V3o - 1/2 ( Vlo + v20). T hi s  vo lta ge i s  c ho sen 
fo r 3- � un 1t po �a ri zation so t hat i t  p ro vide s a natu ra l  6 0° 
maximum to rque an lge c ha racte ri stic ,  wit h  t he addi tiona l p ha se 
shi ft do wn to 35° maximum to rque an gle pro vided by the 
compen sato r  p ha se shi ft windin g. T he re sonant ci rcuit i s  
ene rgi zed by thi s vo lta ge whic h a llo ws the po la ri ty vo lta ge to 
co llap se gradua lly ,  thu s gi vin g  a re fe rence vo lta ge to dete rmine 
whet he r  t he fau lt i s  in side t he p rotec ted line sec tion o r  behind 
t he re lay .  The maximum to rque an gle of t hi s  unit i s  se t fo r 
le ss t han the maximum to rque an gle o f  t he p ha se- to-p ha se unit 
in o rde r to accommo date mo re a rc re si stance . The facto ry 
settin g i s  35° (45° fo r p ha se - to-pha se uni t ). The an gle may 
be readj u sted a s  needed up o r  do wn .  

Sen siti vi t y - KD- 5, 3- Pha se Uni t  

T he impedance cu rve fo r the KD- 5 th ree-pha se uni t i s  sho wn i n  
Fi gu re 8. 
T he uni t wi ll ope rate wit h  t he co rrect di rectiona l sen se fo r 
ze ro vo lta ge th ree - p ha se fau lt s  when no rma l vo lta ge exi st s  at 
th e re lay te rm ina ls p rio r to the fau lt. Th is operation occu rs 
due to memo ry a ction a s  de sc ribed abo ve .  T he unit wi ll ha ve 
ze ro to rque o r  pe rhap s a sli ght openin g to rque i f  the re i s  ze ro 
volta ge at t he re lay p rio r to t he fau lt o r  afte r t he memo ry 

action ha s sub sided . Wi th an impedance se ttin g o f  1. 23 ohm s the 
th ree-p ha se uni t  wi ll di rectiona lly ope ra te fo r fau lts which 
p roduce . 5  vo lts line to line and 2.7 ampe re a t  the re lay te rm ina ls. 

S en siti vity wi t h  .75 vo lt s line-to- line fo r any tap i s  de fined 
by the fo llo win g e quation : 

1 = 
3. 4 

T 
ampe re s  

whe re T = Compen sato r Tap Va lue 

T he KD- 5 re lay may be se t wit hout re ga rd to p ossib le o ve rreach 
due to d-e t ran sient s. 

10 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 41-498.12 

GBneral Characteristics 

Impedance settings in ohms reach can be made for any value from 
.2 olLms to 4.35 ohms in steps of 3 per cent. The maximum 
torque angle which is set for 45 degrees at the factory for 
0-0 unit, and 35 degrees for 30 may be set for any value from 
35° to 60° for phase-to-phase unit and from 50° to 60° for 
3-phase unit. A change in maximum torque angle will produce 
a slight change in n�ach for any given setting of the relay. 
Referring to Fig. 2 note that the compensator secondary voltage 
output V, is largest when V leads the primary current, I, by 
90°. This 90° relationship is approached, if the compensator 
loading resistor (P3, R2A or R2c) is open-circuited. The effect 
of the loading resistor, when connected, is to produce an internal 
drop in the compensator, which is out-of-phase with the induced 
voltage, IT, ITAB or ITBc· Thus the net voltage, V, is phase­
shifted to change the compensator maximum torque angle. As a 
result of this phase shift the magnitude of V is reduced, as 
shown in Fig. 2. Tap markings in Fig. 3 are based on 45° for phase­
to-phase unit and on a 35° compensator angle setting for three 
phase unit. If the resistors R3 and R2c, A are adjusted for 
some other maximum torque angle the nominal reach is different 
than indicated by the taps. The reach, ZQ varies with the maximum 
torque angle 9, as follows: 

For 0-0 unit ZQ = 
(1 i- M) sin 45° 

TS sin Q 

For 30 unit Ze = 
TS sin (Q + 30°) 

---

(1 ± M) sin 65° 

Tap Plate Harkings 

(T, TA, TR, and TC) 

.23, .307' .383, .537' .690, .9 20, 1 .23 

(H, M A, �lc) 
. 03 . 06 . 06 
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TIME CU RVES AND BU RDEN DATA 

Operating Time 

The speed of operation for the KD-5 relay three-phase and phase­
to-phase units is shown by the time curves in Figure 10. The 
curves indicate the time in milliseconds required for the relay 
to close its contacts for tripping after the inception of a 
f8ult at any point on a line within the relay setting. 

Current Circuit Rating in Amperes 

TAP SETTING CONTINUOUS 1 SECOND 

s = 1 s = 2 s = 3 

1 .23 10.0 10.0 10.0 240 

.920 10.0 15. 1 5. 240 

. 69 0 10.0 1 5. 15 . 240 

.537 15. 1 5. 1 5. 240 

. 383 15. 1 5. 1 5  . 240 

. 307 15 . 15. 15. 240 

.230 15. 15. 15. 240 

Burden 

The burden which the relays impose upon potential and current 
transformers in each phase is shown by Fig. 11 for the KD-5 
relay. The potential burden and burden phase angle are based 
on 69 volts line-to-neutral applied to the relay terminals. 

Trip Circuit Constants 

1 ampere rating: 
0.2/2.0 ampere rating:· 

0.1 ohms d-e, resistance 
0.2 tap - 6.5 ohms 
2 tap - 0.15 ohms 
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I.L. 4 1-498. 12 

SETTING CALCULATIONS 

Relay rea ch is set  on the tap plate shown in F ig. 3. The tap 
mar kin gs are : 

. 23-. 307-. 383-. 537-. 6 90-. 920-1. 23 

M , �, �  

. 03 . 06 . 06 

( � values between tap s )  

Max imum tor que an gl e  is set  for 45° ( current la ggin g vol ta ge) for 
p ha se to p hase un it and for 35° for three phase un it .  For l ine 
an gles  below 45° set t he p hase -to -phase un it for the a ctual 
l ine an gle by adj ust in g  R2A and R2c w it hout chan gin g t he 3-pha se 
un it adj us tment . Set zone 1 rea ch to be 90% of the l ine ( 8 5% 
for l ine an gles  of le s s  than 30°) . 

Cal culat ion s fo r sett in g  the KD-5 relays are stra ight fo rward and 
apply fam il iar pr in ciples . As sume a des ire d balan ce po int w hich 
is 90% of the total len gt h  of l ine . The general formula for 
sett in g  t he o hms rea ch of the relays is : 

For p has e -to -phase un it 

0. 9 RC 
Rv 

For three p hase un it 

ZQ = Zpr i 
0. 9 Rc 

The terms u sed in th is formula are def ined as follows : 
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Zg = the des ired ohm ic r each of the relay in se condary 
ohms . 

z = 
TS 

= the tap plate sett in g  
1 + - M 

T = compensator ta p value 

S = auto-trans forme r pr imary tap value 

Q = max imum tor que an gle sett in g  of the relay 

M = auto -trans former s e condary tap value 

( Th is is a Per Un it value and is determ ined by the 
sum o f  the value s between the "L " and the "R" leads . 
The s ign is pos it ive when "L " is abo ve "R" and a cts  
to lower the Z sett in g. The s ign is ne gat ive when 
"R" is a bo ve "L " and a cts to ra ise the Z sett in g) . 

Zpr i = ohms per phase o f  the total l ine s e ct ion 

0.9 = the port ion of the total l ine for wh ich t he 
relay is set 

Rc = current t ran s fo rmer rat io 

Rv = potent ial t rans former rat io 

The follow in g  pro cedure s shou ld be follo wed in order to ob tain 
an opt imum tap pl ate sett in g  o f  the relay , z. 

la Es tabl ish ZQ 

lb Es tab l ish Z - relay tap plate sett in gs .  If the 
des ired max imum tor que an gle is d ifferent from the 
fa ctory sett in g  ( Z  # Zg) mul t iply Zg - - value by 
fa ctor S in 45° for pha se to phase un it ,  and by 

S in Q 

fa ctor S in 6 5° for three phase un it .  
S in (30 + {6) 
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2 .  No w r efer to the Tab le 1 

I.L. 4 1-498. 1 2  

Tab le 1 li sts op ti mu m  r elay setti ngs for r elay ra nge from 
.2 to 4.35 o hms. 

a) Lo ca te a tab le va lu e for r elay r ea ch near est to the 
d esir ed va lu e  Z ( i t wi ll a lway s  b e  wi thi n 1.5% or 
less o ff the d esi r ed va lu e.) 

b) R ead o ff the tab le "S , T , " and "M " setti ngs. "M "­
co lu mn in clud es addi tio na l  in for ma tion for "L " a nd "R" 
lead s setti ng for the sp eci fi ed "M " va lu e. 

c) R echeck the ob tai ned S ,  T ,  M - setti ngs by u sin g 
equa tio n. 

z = ST 

For exa mp le, a ssu me the d esir ed r ea ch z9, i s  1.71 o hms a t  
40°. Ma ki ng corr ectio n for maxi mu m  tor qu e  an gle o f  the lin e  
(40°) tha t  i s  di ffer en t fro m fa ctory setti ng o f  45° the r elay 
setting, Z shou ld b e  Z = 1.71 x 1.11 = 1.8 9 o hm s. 

T he p ha se-to -p ha se u ni t  setti ng i s  fou nd a s  fo llo ws: 

a) T he n ear est r ead in g  i s  1.90 o hms tha t  i s  

1.9Q_x 100 = 100.5% o f  the d esir ed r ea ch. 
1. 8 9  

b) Fro m the Tab le 1 r ead o ff S = 2 
T = . 92 0 
M = . 03 

a nd "R" lead shou ld b e  co nnected o ver "L " - lead wi th 
"L " co nnected to "O" tap a nd "R " - lead to ".03" tap .  

c) R echeck setti ngs 

z = S T 
--= 

= z 

2 X .92 0 

1 - . 03 

Si n 40° 
Sin 45° 

= 1.8 95 

= 1.8 95 x .907 = 1.72 o hms 

T hr ee p ha se uni t setti ng i s  fou nd a s  fo llo ws: 
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S ince t he l ine impedance an gle is 40° t he recommended max imum 
tor que an gle s e tt in g  fo r t hree p hase un it w il l  be 35°, o r  t he 
factory sett in g. Now Zg = Z = 1.72 

a) The neare s t  table value is 1.6 9 

b) From t he Tabl e 1 read o ff 

s = 2 
T = . 920 
M = + .09 

"L" lead s hould be o ve r  "R" w it h  "L" - l ead , connected 
to lower .06 -tap and 
"R" lead connected t o  "O"- tap .  

c)  Rec hec k s ett in gs 

z = 
S M 2 ---- - - --

1 ± M 1 

X .920 
= 1.6 9 

+ .09 

or 99% of de s ired s ett in g. 

SETTING THE RELAY 

The KD-5 relay re qu ire s sett in gs for eac h of t he t hree 
c ompensators ( T, TA B and TBC) ,  eac h of t he auto -tran s formers , 
pr imar ies ( S , SA , and S c) and secondar ies (M , MA ' and M e) . Al l 
o f  t hese sett in gs are made w ith taps on t he tap plate w hic h  is 
l ocated between t he ope rat in g  un it s . F ig. 3 s hows t he tap pl ate . 

Compensato r ( T, TA B  and TB c) 

E ac h  set o f  c ompensator tap s term inate in inserts w hic h  a re 
grouped on a s oc ket and fo rm approx imately t hree quarte rs of a 
c ircl e a round a center inse rt w hic h is t he common connec t ion for 
all of t he tap s . Electr ical connec t ions between co mmon inse rt 
and t ap inse rt s  are made w it h  a l in k  t hat is held in plate w it h  
two connecto r screws , one in t he c o mmon and one in t he tap . 
The re are two TB sett in gs to be made s ince p hase B current is 
passed t hrou gh two com pen sato rs .  A compensator tap s e tt in g  is 
made by loosen in g  t he connector screw in t he center .  Remo ve 
t he connector screw in t he tap end of t he l in k, sw in g  t he l in k  
a round u nt il it is in pos ition o ve r  t he ins e rt for t he de sired 
tap sett in g, replace t he connecto r sc rew to b ind t he l in k  to t his 
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I.L. 41-498.12 

i nser t, a nd r eti gh ten th e co nnector scr ew i n  the cen ter . Si nce 
the li nk a nd conn ector scr e'tvs carry op era ti ng curr ent, b e  sur e  
that th e scr ews ar e tu rned to b i nd snu gly . 

Au to- Tra nsfor mer Pri mary ( S ,  SA , a nd S c) 

Pri mary tap co nnectio ns ar e mad e  throu gh a sin gle lead for ea ch 
tra nsfor mer . Th e lead co mes ou t o f  th e tap p la te throu gh a 
sma ll ho le lo ca ted j u st b elo w or abo ve the tap s  a nd i s  h eld i n  

p la ce on th e tap by co nnector screw. ( Fi gur e 3) . 

An "S " setti ng i s  mad e  by r emo vi ng th e co nnector scr ew, p la ce 
th e co nn ector i n  po si tio n o ver th e i nser t o f  th e d esi r ed setti ng, 
r ep laci ng a nd ti gh tenin g t>e co nnector scr ew. T h e  co nnector 
shou ld never ma ke electri ca l  con ta ct wi th mor e  tha n  o ne tap 
a t  a ti me. 

Au to -Tra nsform er S econdary (M , MA , a nd M e) 

S eco ndary tap co nnectio ns ar e mad e  throu gh two lead s id enti fi ed 
a s  L a nd R for ea ch tra nsfor mer . Th ese lead s co me ou t o f  th e 
tap p la te ea ch throu gh a sma ll ho le, o ne o n  ea ch si de o f  th e 
ver ti ca l  ro w o f  "M " tap i nser ts. T h e  lead co nnector s ar e h eld 
i n  p la ce o n  th e prop er tap b e  co nnector _ scr ews. 

Valu es for whi ch a n  "M " setti ng ca n b e  mad e  ar e fro m  -.15 to + 
. 15 in  step s o f  .03. Th e va lu e  o f  a setti ng i s  th e sum o f  th e 
nu mb er s tha t  ar e cro ssed wh en goin g fro m  th e R lead po si ti o n 
to th e L lead po si tio n. Th e si gn o f  tbe "M " va lu e  i s  d etermi ned 

by wl-i ch lead i s  i n  th e hi gh er po si tio n o n  tbe tap p la te. Th e 
si gn i s  po si ti ve ( +) i f  th e L lead i s  hi gh er a nd nega ti ve ( -) 
i f  th e R lead i s  hi gh er .  

A n "H" setti ng may b e  mad e  i n  th e fo llo wi ng ma nner .  R emo ve 
th e co nnector scr ews so th at th e L a nd R lead s ar e fr ee. 

D eter min e fro m  the fo llo wi ng tab le th e d esir ed "M " va lu e. 
Nei th er lead co nn ector shou ld ma ke electri ca l  co nta ct wi th mor e  
tha n  o ne tap a t  a ti me. 

S ee Tab le 1 for tabu la ted "H" setti ngs. 

Li ne A ng le Ad ju stment 

Haxi mu m  tor qu e  a ngle i s  set for pha se- to-p ha se u ni t  for 45° 
( curr ent la ggi ng vo lta ge) a nd for 35° for thr ee p ha se u ni t  in 
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facto ry . Fo r  l ine an gles f ro m  45° to 6 0° KD -5 rela y maxi mu m  
tor que an gle andj u s t ment need no t be di s tu rbed . Fo r  line 
a ngle s  below 45°, set phas e -to -phase uni t  fo r the re qui red line 
an gle , adj us tin g the co mpensato r loadin g res i s to rs R2A and R2c , 
and lea ve the th ree phase uni t  undi s tu rbed . Refer to Re pai r  
Cal ib ration pa rt s  1 and 4, when a c han ge in maxi mu m  to rque 
an gle is de si red . 

Indicatin g Con tac to r Switch (I CS) 

No settin g i s  re qui red fo r rela ys with a 1. 0 a mpe re uni t . For 
rela ys wi th a 0.2/2.0 a mpere uni t , connect the lead located in 
f ront of the tap bloc k to the de s i red settin g b y  means of the 
connectin g screw . �oJhen t he rela y ene rgi ze s a 125- or 250-
vol t s  d -e t ype WL rela y switch , o r  e qui valent , u se the 0.2 
ampe re tap ; fo r 48 -vol t d -e applications set the uni t  in a tap 
2 and use a T yp e  �oJL rela y wi th a S#304C209G01 coil , o r  
e qui valent . 

INSTALLATION 

The rela ys should be mounted on swi tchboa rd pane l s  o r  thei r 
e qui valent in a loca tion f ree f ro m  di rt, mois tu re ,  exce s si ve 
vib ration and heat . Mount the rela y ve rticall y b y  mea ns of the 
mountin g stud fo r the t ype FT p roj ection case o r  b y  mea ns of the 
fou r mountin g holes on the flan ge fo r the s e m-flush t ype FT 
case . Either the stud o r  the mountin g sc rews ma y be u tili zed 
fo r groundin g the rela y .  The elect rical connect ions ma y be 
made di rectl y to the te rminals  b y  means of sc rews fo r s teel 

panel mountin g; o r  to the te rmin al s tu d  fu rnis he d with the re lay 
fo r thic k panel mount in g. The te rmina l s tud may be ea si ly 
re mo ved o r  in se rted b y  loc kin g two nuts on th e s tud and then 
tu rnin g the p rope r nu t wi th a w rench . 

Fo r  de tailed info rmation on the FT case re fe r to I .  L . 41-076. 

EXTE RNAL CONNECTIONS 

Fi g. 12 shows the connections fo r 3 zone p rotectio n utili zin g 
the T D-2 ti me r. Fi g. 13 i s  si mila r to Fi g. 12 except tha t the 
T D-4 ti me r  i s  u sed ins tead of the T D-2. Fi g. 13 doe s not show 
the use of the 5/5 auxilia ry cur rent trans fo rme r  s o  tha t the 
CT neut ral ma y be fo rmed e l s ewhe re ;  howe ve r, thi s con nec tion 
is e qual l y  applicable whet he r  the TD -2 o r  TD-4 ti me r is  e mplo yed.  
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I.L . 41-498. 12 

A-C conne ctions for addi tion al app li cations are s hown in Fi g 
14, 15 and 16 . T hese conne ction s  app ly w hen t he t r ansmi s sion 
line i s  termin ated in a powe r t r ans former , and w hen low side 
vo lt age and current are u sed to ener gi ze t he re lays . In 
calcu latin g the re ach s ettin gs ,  t he b an k  imped an ce mu s t  be added 
to t he line imped ance .  

For t he case of a wye- de lt a  b an k  ( Fi gs .  15 and 16 ) the vol t ages 
and currents are ph as e - s hi fted by 30°; ho we ver , t hi s  f act should 
be i gnored , as t he KD re lays are not affe cted by thi s ph ase 
shift . 

Fi gs . 14 throu gh 16 show the TD -3 re lays ; howe ver , t he TD- 4 i s  
e qu al ly app li cab le . In t he cas e  of Fi gs . 15 and 16 t he two 
S#234A 240G07 au xi li ary CT 's are not re quired i f  the TD- 4 i s  
used.  

SWITCHBOA RD TESTING WITH 
KD-5 RELAY 

Immedi ately prior to pla cin g the rel ays in ser vi ce ,  the e xte rnal 
w �r �n g  can be che cked my m anipu latin g t he current and vo lt age 
applied to t he re lay .  

RECEIVING ACCEPTANCE 

KD- 5 rel ays h ave a very sm all number o f  mo vin g p art s and me ch ani cal 
de vi ce s  w hi ch mi ght be come inoper ati ve .  A cce pt an ce tes t s  in 
gene r al cons is t  of : 

1. A vi su al inspe ction to ma ke sure there are no loose 
conne ctions ,  b ro ken re s is tors , or b ro ken re s is tor wire s . 

2. An e le ctri cal tes t to m ake cert ain t h at t he re lay me asures 
the b alan ce point imped an ce accur ately . 

Di s t an ce Units 

Che ck t he e le ctri cal re sponse of the re lay by u s in g  t he test 
conne ct ions in Fi gure 17. Set T ,  TA , both T B & T c  for 1.23; 
S ,  SA , & S c  for 1; M, MA & Me for 0. 00. 

A . Use conne ctions for Te st No . 1 and ad ju s t  t he vol t age s  
Vl F2F and V2F3F for 30 vol t s  ea ch .  
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B . T he current re qu ired to m ake t he cont act s  close for t he 
t hree -p h ase (bottom) uni t s houl d  be between 13. 8 and 14. 4 
ampere s  at t he m aximum- tor que an gle of 35° current l ag. 
( Set p h ase s hi fter for 6 5° l ag in Fi g. 17) . 

C .  Use conne ction for Te s t  No . 4 

D .  Adj ust  t he volt age between P H. l  and lF and between P H. 2  
for 45 volts  e ach so  t h at t he re sul t ant volt age VlF 2F 
e qu al s  30 vol t s  ( 120-45- 45 = 30V) . 

E .  T he current re quired to m ake t he cont act s  close for t he 
p h as e- to-p h as e  ( top) unit s houl d  be between 11. 9 and 
12. 5 amperes at an an gl e of 45° current l ag. 

F . Repe at E w hile usin g conne ctions for Tes t  No . 5 and Tes t  
No . 6 .  T he differen ce in value s of current t h at m ake 
t he cont acts cl ose for e ach of t he t hree test conne ctions 
s hould not be gre ater t h an 3% of t he sm alles t value . 

If t he ele ctri cal response i s  outside t he limi t s  a more complete 
s erie s  of tes t  ou tl ined in t he s e ct ion titled "C al ib r ation " m ay 
be performed to determine w hi ch co mponent i s  f aulty or out of 
calibr ation . 

Indi catin g Cont act Swit ch (ICS ) 

Close t he m ain rel ay cont acts and p as s  suffi cient d -e current 
t h rou gh t he t rip cir cuit to close t he cont acts of t he res. 
T hi s  value of current s hould be not le s s , t h an 1.0 ampere not 
gre ate r  t h an 1. 2 ampere s for t he 1 am pere ICS .  T he current 
s hould not be gre ater t h an t he p arti cul ar ICS t ap settin g bein g 
used fo r t he 0. 2- 2. 0 ampere ICS .  T he oper ation indi cator 
t ar get s hould drop freely . 

T he cont act gap s houl d  b e  appro xim ately 0. 047" for t he 0. 2/2. 0 
ampere unit and 0. 070" for t he 1. 0 ampere unit between t he 

b rid gin g mo vin g cont act and t he adj us t able s t ation ary cont acts . 
T he b rid gin g mo vin g cont act s hould tou ch bot h s t ation ary 
cont act s s imul t aneously.  

ROUTINE MAINTENANCE 

T he rel ays s hould be inspe cted periodi cally , at su ch time 
inter val s  as may be di ct ated by e xperien ce ,  to insure t h at t he 
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I.L. 41-498 . 12 

relay s have retained t heir calibration and are in proper 
operatin g condition .  

Al l  contact s shoul d  b e  periodically cleaned . A contact 
burni sher #182A 836 H01 i s  reco mmended for t hi s  purpo se .  T he 
u se of abra si ve material fo r cleanin g contac t s i s  not 
rec o mmended becau se of t he dan ger of embeddin g small particle s 
in t he face of t he soft sil ver and t hu s  impairin g t he contac t . 

Di stance Uni t s 

CAUTI ON :  Be fore ma kin g "hi -pot " te st s, j umper al l contac t s 
to get her to a void de stroyin g arc -suppre ssor capac i tor s. 

U se connection s for te st s  1, 4, 5 and 6 of Fi g. 17 to c hec k 
t he reac h of t he relay , or u se a K-Dar Te st Uni t  for t hi s  
purpo se .  When u sin g te st 1 of Fi g. 17 t he p ha se an gle meter 
mu st be set for 30° more t han t he maximum tor que an gl e . Note 
t hat t he impedance mea sured by t he 3-p ha se uni t in te st 1 i s  ZR = 

where VL -L i s  t he p ha se -to -p ha se vol ta ge and lL i s  t he 

p ha se current ; similarly , in te st s  
p ha se -to -p ha se unit mea su re s  ZR = 

Indicatin g Contactor S wi tc h ( I CS )  

4, 5, and 6 of Fi g. 17 t he 
VL -L 

21L 

Clo se t he main relay contact s and pa ss sufficient d -e current 
t hrou gh t he circui t  to clo se t he contac t s of t he ICS . T hi s  
value of current should be not le ss t han 1. 0 ampere not 

greater than 1.2 amperes for the 1 ampere res. The curr ent 
shoul d not be greater t han t he p articular res tap set tin g 

bein g u se d  for t he 0.2-2. 0 a mpere res. T he operation indicator 
tar get shoul d  drop freely .  

REPAI R CALIB RATION 

U se t he follo win g procedure for calib ratin g t he relay i f  t he 
relay ha s been ta ken apart for repai r s or t he adj u stment s 
di stu rbe d. 

Connect t he relay for te stin g a s  sho wn in Fi gure 17. T he four ­
pole -doubl e-t hro w swi tc h in t he te st circuit select s t he type 

21 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



of volt age condition , for a p hase -to -p has e or a t hree -p has e 
f ault , t hat wil l  be applied to t he rel ay vol t age termin al s . 
T he rot ary s wi tc h s witc he s  t he fault vol t age to various 
te rminal s and t hereby simulate s any comb ination of p hase -to ­
p hase f aults wit hout t he te s ter ha vin g  to c han ge connection s 
or readj ust t he p has e s hi fter and vari able auto -t r ansformers . 

Tri ppin g Uni ts  

Wit h  t he stationary cont acts open s o  t hat t he mo vin g cont ac t  
cannot touc h, set t he mo vin g contact sprin g adj u s ter so  t hat 
t he contact flo ats  freely in t he gap .  Ma ke sure t hat t here 
is no friction w hic h pre vent s free mo vement of t he cylinder 
and contact arm .  

T he upper pin bearin g s hould be sc rewed do wn until t here i s  
approximately . 025 inc h ( one complete tu rn of t he scre w) 
bet ween i t  and t he top of t he s haft bearin g. T he upper pin 
bearin g s hould t hen be s ecurely l oc ked in posi tion wit h  t he 
l ock nut .  T he lo wer be arin g posit ion i s  fixed and cannot be 
adj u s ted . 

Auto -Tr ans former Chec k 

Auto -tr ans former m ay be c hec ked for tu rns r atio and polari ty 
by usin g t he No . 1 tes t  connection s  of Fi g. 17 and t he 
procedure ou tl ined below .  

Set S ,  SA and S c on t ap number 3. Set t he "R" l eads o f  
M ,  M A  and M e  al l on 0. 0 and di sconnect all t he "L " le ads . 
Adj u s t  t he vol t age s  VlF2F and V2F3F for 90 vol t s . Ne asure 
t he volt age from termin al 8 to t he #1 t ap of S and SA . I t  
s hould b e  30 vol t s . From 8 to t he #2 t ap o f  S and SA s hould 
be 6 0  volts . T he volta ge s hould re ad 30 vol t s  from 8 to S c  = 1 
and 6 0  vol t s  from 8 to S c  = 2. 

Set S ,  SA , and S c  on 1 and adj u s t  VlF2F for 100 vol ts . Me asure 
t he vol ta ge drop from term in al 8 to eac h of t he M and t he MA 
tap s .  T his  volta ge s hould b e  e qu al to 100 ( 1  + t he s um of 
value s bet ween R and t he tap bein g measured) . 

Example : 100 ( 1  -1- . 03 + . 06 )  = 109 vol t s . 

Chec k t he tap s  of M e  in t he s ame m anner .  Tr ans formers t hat 
ha ve an ou tput di fferent from nomin al by more t han 1. 0 volt 
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I.L. 41-498.12 

probably ha ve been dama ged and should be replaced . 

Then apply 100 volt s  a -c to terminal 7 and 8 and mea sure 
vol ta ge from terminal 8 to terminal 6 ,  and from termi nal 7 
to terminal 6 .  Both vo lta ge s  should mea sure 50 volt s  within 
1 vol t .  

Dis tance Unit Calibration 

Chec k to see that the taps on front of the tap bloc k are se t 
as follo ws: 

T ,  TA , TB , and T c set on 1.23 ( Tap TB i s  set t wice) . 

s, SA , and S c  set on 1 

"L " for M ,  �' and M e  set on 0.0 

"R" for M ,  MA and M e set on 0.0 

1. Three -pha se Unit ( Lo wer Unit ) 

Core and R3A Re si stor Adj u stment s 

Set R3 re si stor for 145 ohm s. Adj u stable part o f  R3A should 
be connected for ful l  re si stance . 

Preheat relay for at leas t one hour by ener gi zin g i t  wi th rated 
volta ge ,  then proceed a s  follo ws: 

1. Connect terminal s 7-8 to gether , apply rated volta ge bet ween 
terminal s 9 and 6 and adj u st core by tu rnin g it sli ghtly 
wit h  a scre wdri ver unti l the contact arm re strain s very 
sli ghtly . 

2. Connect relay for Te st #6 . Set VlF 2F = 2 vol t s. Set 
pha se shi fter so that volta ge lead s current by the an gl e  
( 30° + Q) , where go i s  the maximum tor que an gl e  o f  the 
30 uni t  ( 35° for standard unit) . Ma ke sure th at applied 
vol ta ge i s  of correct pha se se quence . Adj u st re si stor 

R3A so that 3-0 uni t trip s at 2.25-2.35 ampere . 

3. Connect relay for Te st #5 except connect current lead s 23 
to 17 and 22 to 13. Other wi se similar vol ta ge and pha se 
condi tion , a s  abo ve ,  c hec k pic kup . It should be bet ween 
1.2 - 1.6 amper 0s. If not , repeat p art s 1 and 2 abo ve .  
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I.L. 41-498.12 

Connect re lay for Te st 34. 
ph ase co ndition s as abo ve .  
bet ween 1. 1 - 1. 5 ampere s. 

Othe nvise same vo lt age and 
Chec k pic kup - it shou ld be 

M aximum Tor que An gle Adj u stment 

1. U se the No . 1 te st switch po sition s and le 1d connection s 
as t abu lated in Fig. 17. 

2. Adj u st the vo lt age s VlF 2F and V2F3F for 20 vo lt s with 
Bru sh No . 1 and Bru sh No . 2 re spective ly . 

3. Adj u st current for 15 ampere s and rot ate ph ase shifter 
to find the t wo an gle s, Q and 92, at which the bot tom 
unit cont ac t s j u st c lo se .  

Q + Q2 
The m aximum tor que an gle shou ld b e (  

2 
- 30) de gree s. 

This an gle shou ld be bet ween 33° and 37°. 

If nece ssary , re adj u st R3 re sistor for correc t  an gle .  
If R3 adj u stment is ch an ged from it s origin al set tin g, 
repe at core and R3A re sistor adj u stment . 

4. A sm aller an gle Q may be obtained by reducin g  R3, in this 
c ase the te st current shou ld be e qu al to 15 sin ( 35° + 30°) 

sin ( Q  + 30) 
ampere s. The an gle m ay b e  inc re ased by increa sin g R3. If 
Q of 6 0° is de sired ,  open c ircuit R3 re sistor . 

Cont ac t  A dju stment 

With mo vin g c ontact arm a gain st right hand bac kstop , screw the 
stationary c ont ac t  in unt il it j u st touche s the movin g contact . 
( Chec k for cont ac t  by u sin g an indic ator lamp) .  Then b ac k the 
le ft cont act out t wo -third s ( 2/3) of one turn to give 0. 020 
inch gap bet ween cont act s. 

Sprin g  Re straint : Reconnect for a three -pha se fau lt ,  Te st No . 1, 
and set the pha se shifter so that the current la gs volta ge b y  
the m aximum - tor que an gle , ( 6 5° in Fig. 17) . Adj u st the 
sprin g so that the current re qu ired to c lo se the le ft hand 

contact is as fo llo ws: 

Vo lt age s VlF 2F and V2F3F = 2. 5 vo lt s 

Current to t rip KD-5 = 1. 46 amp s. 
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I.L. 41-498.12 

II . P ha se -to -P ha se Unit : 

Co re and RA e - Adj u stment 

A) Set RA e - re sisto r so t hat t he adj u stable band i s  in t he 
ce nte r of t he re si sto r. 

B) Connect te rminal s 7 & 8 to get he r  and apply rated a -c volta ge 
bet ween te rminal s 89. Adj u st co re until co ntact arm float s 
in t he middle of t he gap . U se a sc re wd ri ve r  wit h  in sulated 
blade to a void accidental contac t wit h tap plate in se rt s. 

C) Connec t  te rminal s 8 & 9 to get he r  and apply rated a -c volta ge 
bet ween te rminal s 7 & 8. T he contact a rm should float . 
If not , readj u st co re .  Only sl i ght readj u stment should be 
re qui red to do t hat . If t hi s  i s  not po ssib l e , rot ate co re 
180° and adj u st .  T hen rec hec k pa rt B and see i f  con tact i s  
floatin g. 

D) Connect te rminal s 7 & 9 to get he r. Apply rated a -c volta ge 
to te rminal s 7 & 8. Adj u st re sisto r RA e unt il contact a rm 
float s. 

Maximum To rque An gle Ad ju stment (Fi g. 17) 

1. U se t he No . 2 te st switc h po sition and lead connection s. 
T hi s  connection i s  fo r c hec kin g and adj u stin g t he maximum 
to rque an gle of t he TAB compen sato r. 

2. Adj u st t he volta ge VlF3F and V2F3F fo r 10 volt s wit h 
B ru sh No . 1 and B ru sh No . 2 re specti vely . 

3. Adjust the current to 15 amperes and rotate the phase shifter 
to find two an gle s Gl and 92, at whi c h t he top unit contac t s 
j u st clo se .  T he maximum to rque an gle Q fo r t he p ha se -to ­
p ha se unit t hen i s  9 1 + 92 ( 2--)- 300 

T hi s  an gl e  should be 43° - 47°. T hi s  an gle Q can be 
c han ged by adj u stin g  R2A " 

In t his ca se ,  t he te st cu rrent should be e qual to 

ampe re s. 
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A lower va lue of re si stan ce gi ve s a sma ller a ngle a nd a 
hi gher re si stan ce va lue gi ve s a grea ter an gle . 

5. Use the No . 3 te st conne ction s and repea t the a bo ve pro cedure 
to che ck and ad ju st the an gle of the TBC co mpen sa tor . Thi s 
ad ju stmen t i s  made wi th R2c· 

Sprin g Re straint 

1. Use te st No . 1 cpnne ction s ex cept re ver se the vol ta ge pha se 
sequen ce by inter chan gin g the bru sh conne ction s so that 
Bru sh 1 i s  conne cted to 3F and Bru sh No . 2 i s  conne cted to 
lF. 

2. Ad ju st the volta ge s  VlF 2F and V2F3F for 3. 5 vol t s ea ch with 
Bru sh No . 2 and Bru sh No . 1 re spe cti ve ly .  Po si tion the 
m ovin g conta ct sprin g ad ju ster so that the conta ct ju st 
float s and then return the ci r cuit conne ction s to normal 
with Bru sh 1 to lF and Bru sh 2 to 3F . 

Contact Adju st ment 

The procedure for conta ct ad ju stment for the pha se- to-pha se uni t 
is identical to that de scribed for three-pha se uni t . 

The p hase-to-p has e unit i s  now calib rated and shoul d  be a ccurate 
to within :l- 2/o of the corre cted tap value set tin g o ver the ran ge 
of fau lt voltages from 2. 5 VL-L to 120 VL-L. The corre cted tap 

va lue is a ctua l re lay rea ch at a gi ven maximum tor que an gle Q 
and is equa l to TS sin Q The relay is now 

ZQ = ( 1 ± M) ( sin 45°)
. 

ca li br ated a nd ready for ser vi ce .  

I II . Co mpen sator Che ck 

A ccura cy of the mutual impedan ce Zc o f  the compen sator s i s  set 
within ver y  clo se toleran ce s  at the fa ctor y and should not 
chan ge under normal condition s. The mutual impedan ce o f  the 
compen sator s can b e  che cked wi th a ccurate in strument s  b y  the 

pro cedure below .  
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I.L. 41-498.12 

A. Set T, TA, TB, and Tc on the 1 .23 tap. 

B . Disconnect the "L " 
the brush leads of 
the brush setting. 
0 = 90°). 

leads of sections M, MA, and Me and 
R3, R2A, and R2C without disturbing 

(With resistor loading removed 

C. Connect terminals 12 to 14, 15 to 1 7, 1 6  to 18  and pass 
20 amperes a-c current in terminal 19  and out of terminal 
1 3. 

D. Measure the compensator voltage Vc with a high resistance 
voltmeter 5, 000 ohm/volt as tabulateg below . Refer to 
Fig. 1 .  for the location of R3, R2A, and R2C· 

Measure Vc 
---

From I Terminal 
��d

F�fed Voltmeter Reading_ 

"L " of M R3 Vc = 46.8 volts = 

1 .73 IT ( Q  = 60°) 

"L " of MA R2A Vc = 21 T( sin.JL_) 
sin 45° 

! "L" 
I 

of Ivic; R2c = 69 .5 volts (Q  = 

E .  Any compensator that has an output which is 1 volt more 
or less than the nominal values given above should be 
replaced. 

IV. Overall Check 

goo) 

After the calibration procedure has been completed, perform the 
following check: 

A. Three-Phase Unit 

Connect the relay for a three-phase fault. Test No. 1 of 
Figure 17  and set the phase shifter so that the phase angle 
meter indicates 30° more than the maximum torque angle. The 
current required to trip the relay should be within the· 
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l imi ts spe ci f ied for ea ch of the vol ta ges. N ote tha t for the 
three-pha se uni t the impedan ce mea sured by th e relay is 

where VL -L i s  pha se -to-p ha se fa ul t  vol ta ge and 

lL i s  pha se curren t. 

Vol ts Ampere s ( Q  = 35°) 

VlF 2F 
Imin I max I l 

V2F3F 
j 
' I f l 
I 
I 

2.5 1. 46 ! i 
t 

[ 
I 

10 4. 6 4. 8 

30 13. 6 14. 4 

to de termine the l imi ts of curren t when Q i s  no t e qual to 35° 
mul tiply the nominal value s ta bula ted a bo ve by the ra tio 

sin ( 35 + 30°) 

sin ( Q + 30°) 
pha se an gl e  me ter se t for Q + 30°. 

B. Pha se - to- Pha se Uni t  

Usin g the conne cti on s for Te sts No s. 4, 5 and 6 se t the pha se 
shi f ter so tha t  the curren t la gs vol ta ge by 9/ The curren t 
re quired to trip the pha se -to -pha se uni t should be wi thin 
the l imi ts spe ci fied for ea ch of the vol ta ge s. No te tha t  
for the pha se -to-pha se uni t the impedan ce mea sured by th e 
relay i s  

Z _ VL-L 
R--

2 lL 
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I.L. 41-498.12 

wher e VL-L is p hase-to-p hase fau lt voltage an d lL i s  p hase 
curr en t. 

VOLTS AHPERES (Q = Lj.5 o) T est 
No. 

vli=<'?'�' I mi n I max � ·-I 

2.5 . 98 1. 08 

!.� ' 5' & 6 5.0 I 1. 99 I 2. 1 0 
30. 0 i 11. q 1 2.5 
70.0 28. 0 l 29. I 

T o  deter mi ne the li mi ts of curr ent when .Q i s  n ot equ al to 45, 
mu ltip ly the nomin al valu es tabu lated ab ove by the r ati o  

si n g 

*If test 4 and 5 pr odu ce di ffer en t  r esu lts, r otate cor e ab ou t  
1-2 degr ees u nti l  tests 4 and 5 ar e withi n li mi ts ab ove. For 
b est r esu lts trip curr ent for p ar ts 4 and 5 shou ld b e  wi thi n 2%. 

If test #6 i s  ou t of li mi ts r eadju st RAe r esi stor un ti l  curr ent 
li mi ts ar e met. 

If sub stan ti al cor e or r esi stor changes ar e m ade, r echeck p ar ts 
A., B, e, D of cor e an d Rli.e adj u stment. 

In di catin g eon tactor S wi tch (res) 
Close the mai n r elay con tacts and p ass su ffi ci en t d-e cu rr en t  
thr ou gh the trip ci r cui t to close the contacts of the res. T hi s  

value of current should be not less than 1.0 ampere nor greater 

than 1.2 amp er es for the 1 amp er e res. T he curr en t  shou ld not 
b e  gr eater than the p ar ti cu lar res tap setti ng b ein g u sed for 
the 0. 2-2. 0 amp er es res. T he op er ati on i ndi cator tar get should 
dr op fr eely . 

T he contact gap should b e  appr oxi mately 0. 0!+ 7 "  for the 0. 2/2. 0 
amp er e uni t and 0.070" for the 1 amp er e u ni t, b etween the 

bri dgi ng movi ng con tact and the adju stab le stati onary contacts. 
T he bri dgi ng movi ng con tact shou ld tou ch b oth stati onary con tacts 
si mu ltaneou sly . 
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RENEWA L PARTS 

R epair w or k  c an be d one most sati sf ac tori ly at th e f ac tory .  
H ow ever , i ntercha ngeable p ar ts c an be fur ni sh ed to th e cu stomer s 
wh o ar e equipp ed f or d oi ng r ep air w or k. Wh en ord eri ng p ar ts, 
alw ay s  gi ve th e c omp lete namep late d ata. 
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UNIT 

T A B L E I I  

I . L. 4 1 -498. 1 2  

NOMENCLATURE FOR RELAY TYPE KD- 5 

ITEM 

z ( 3r/.) 

z ( 3r/.) 

s 
M 

DESCRIPTION 

Two Element - Coil s ; Total d-e Res i s tance = 

125 to 155 ohms 
Two Element -Coil s ;  Total d-e Re s i s tance = 

36 0 to 440 ohms 
2 of 3-1/2 inch Res i s tors , Total Res i s tance 
2250 ohms ( one res i s tor i s  fixed , one 

adj us table) 
2 inch Res istor 300 ohms adj us table 
2. 0 MFD Capaci tor 
0. 50 MFD Capaci tor 
Compensator (Primary Taps - . 23; . 307; 
. 383; . 537; . 6 90; . 920; 1. 23) 
Au to-Trans former Primary ( Taps - 1; 2; 3) 
Auto-Trans former Secondary ( Between Tap s -
0. 0; . 0 3; . 06 ; • 06 ) 
Reactors 
Two Element- Coil s ;  Total d-e Res i s tance � 

180 to 220 ohms 
3- 1/2 inch Resi s tor 750 ohms Adj ustable 
2 inch Res i s tor 100 ohms Adj u stable 
1. 35 MFD Capaci tor 

Compensator Same as T 
Same as  S 
Same as  M 
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8 = 1 

lr . 230 . 30 7  . 38 3  . 5 37 

. 200 . 27 2  . 3 33 . 466 

. 205 . 274 . 34 1  . 479 

. 2 1 1  . 28 2  . 350 . 49 3  

. 2 17 .  . 290 .. 36 1 . 506 

. 224 . 298 . 37 1  . 5 2 1  

. 230 . 307 . 38 3  . 537 

. 237 . 3 17 . 39 5  . 5 5 2  

. 245 . 327 . 40 7  . 57 1  

. 25 3  - . 4 2 1  . 590 

. 26 1  - . 435 -

. 27 1  - . 450 -

TAB L E  I 

R ELAY SETTI NGS FO R KD-4 R ELAY ( .2  - 4.35 OHMS) 

8 = 2 8 = 3 

. 690 . 9 20 1. 23 . 69C . 9 20  1. 23 . 9 20  1. 23 +M - M  

. 600 .800 1.070 - 1.60 2. 14 - 3. 2 1  +. 15 

. 6 15 . 8 2 2  1. 100 - 1. 64 2. 20 - 3. 29 +. 12 

. 632 .843 1. 120 - 1 . 69 2. 24 - 3. 38 +.09 

. 650 . 869 1. 160 - 1. 74 2. 3 2  - 3. 48 +.06 

. 670 . 8 9 2  1. 191 - 1. 78 2. 38 - 3. 58 + . 0 3  

. 690 . 9 20 1. 230 - 1.84 2.46 - 3 . 69 0 - 0 

. 7 13 . 9 48 1. 270 - 1.90 2. 5 4  - 3.80 - . 03 

. 735 .980 1. 3 10 1, 47 1 .96 2. 6 2  - 3 . 9 3  - .06 

. 760 1. 010 1. 355 1 . 5 2  2. 0 2  2. 70 3. 0 3  4.06 - .09 

. 785 1.048 1 . 39 5  1. - 2.09 2.80 3. 14 4. 19 -. 1 2 

- - 1.45 - - 2.90 - 4. 35 -. 15 
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L EA D  CONNECTION 

"L "-Lead "R" Lead 

Upper .06 0 

Upper . 0 6  . 0 3  

Lower . 0 6  0 

Upper .06 Lo wer .06 

. 0.3 0 

0 0 

0 .03 

Lower .06 Upp er .06 

0 Lower .06 

. 03 Upper .06 

0 Upp er . 0 6  

I \  
1:  

I 
> 

I 
I I  
I \  

I 

> 
I 
I 

... (]) 
:> 
0 

... (]) 
:> 
0 
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(Rear View) 
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S c 
Me 

Z (<P ·  ¢) 

Fig. 1 Type KD-5 Relay Without cose 
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I . L. 41-498 . 12 

(Front View) 
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PRI MARY 

/ --- 'f---, 
ADJUSTAB�E 1 ' V 
ANGLE I 

I 
\ \ 

' 

LAMINATED 
CORE 

'� ...L"""-------+ I 

Fig. 2 Compensator Con struction 

SOCKETS FOR 

COMPENSATORS 

TAPS 

BUS ZONE I R E L AY 

SET 90% OF 
LINE SECTION I I 

D 
I c ------�x��CJ��-�------------�� 

I KD-5 RELAY I I LOCATION BEING I I CONSIDERED I I I I I I I 
FAULT WITHIN BALANCE POINT 

I 

( D ) ( C )  

BALANCE POINT I 

( B )  

INSERTS 

Fig. 3 Tap Pl ate 

BUS 

( A )  

NOTE : THE VOLTAGE TRIANG LES AT EACH FAULT LOCATION ( A,B,C S D )  REPRESENT T H E  VOLTAGES SEEN BY 

THE KD-5 RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 3 PHASE FAULTS O C C URING AT 

EACH LOCATION (A,B,C 6 D ) . 

PHASE-TO 

PHASE 

UNIT 

SETTINGS 

3-PHASE 

UNIT 

4o8C502 

Fig. 5 Voltage and Current Conditions for the Three-Phase Unit at the Shaded B reaker for Three-Phase Faults at Various 
Locations. 
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., D I STANCE UI U T  ( UPPER UN I T )  

lllCTH 

lllCTII 

I CS 

I . L .  41 -498 - 1 2  

CftASI I S OPERATED 
SHORt 1 18 SWI TCH 

CUIREIT TEST JACK 

-+'----+-- . 02 MFD 

, .... .__+-- tsoo 

}....-+,.___ l iD I CAT 1 16 
COillCTOI 
II I TCH 

..._ __ A I  IUP 
TIAJSFOINEIS 

"---�+-+-----1r-P...__t--- AUTO 
TlliiFIIMEII 

Plo l PMoJ fi,S 
FGT Vlflf 

l88A42l 

Fig.  4 Internal Schematic of Type KD-5 Re lay with 1 . 0  ampere I . C. S. in the type F T42 case. (Relay with 0 . 2/2. 0  ampere 
I .C . S. unit has identical wiring ex cept that the I .C .S .  coil is tapped on terminal 10 ( 1 88A426). 
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BUS 

I I 
D I c 

ZONE I RELAY 

SET 90% OF 
LINE SECTION 

XI Df----+------"�+---i¥:¥-1 --'1 RELAY I LOCATI ON BEING I BALANCE POINT I 
I 
I I CONSIDERED I 

I I 
�(2-3)FAULT BEHIND RELAY 4><2-3 ) FAULT WITHIN BALANCE POINT 

( D ) 

I I2Zc X 

:r3 I \ 

I 

I I 
I 

I \ :r3 

L _ _;:3'f-___,_�, 

( C ) ( B ) 

�(2-3)FAULT BEYO N D  BALANCE POINT 

I 

I2Zc X I 

/ Vxy I[ //__,��-�---..1 

I2 

( A ) 

NOTE: THE VOLTAGE TR IANGLES AT EACH FAULT LOCATION ( A , B,C8D) REPRESENT T H E  V O lTAGES SEEN BY T H E  
RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 4> T O  4> FAULTS A T  EACH LOCATION 

(A,B,C S.D) 

Fig. 6 Voltage and Current Conditions for the Phase-to-Phase Un it at the Shaded B reaker for <P (2-3 ) Faults at various 
Locations.  

Z OFFSET • t tZs + Z� 

X 

Fig. 7 Impedance Circles for Phase-to-Phase Unit in the 
Type KD-5 Relay. 
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I O O  L PHASE TO PHASE UNIT STATIC AND DYNAMIC CHARACTERISTIC 

� :: �m'� "'" 
� 70 STATIC AND DYNAMIC CHARACTERISTICS 

� d 60 
0: 
"-0 50 
f-
z � 4 0  
0: 
w � 3 0  
w � 20 
<! 
0 � 1 0  
� 0 �5�10--2�0��30��4�0�5�0�6�0--7�0--8�0��90����0�1�10�1�2�0-

RELAY TERMINAL VOLTAGE 188A295 
Fig. 8 Impedance Curves for Type KD-5 R elay. 
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x· 

OFFSET•-!� [!_ 

R � X  CHARACTERISTIC 

F ig. 9 Impedance Circle for Three-Phase Unit in Type 
KD-5 Relay. 

TYPI CAL OPER ATING TIME CURVES 
S = l ,  M = O  M A X TORQUE A NG LE 

75" FOR PHASE TO PHASE U N I T, 
60" FOR THREE PHASE U N I T .  L INE ANGLE OF 75" 

I I l I 
_ T S  ( SIN 9 ) z�-( I ± M ) X S I N  7 5"o• 60° 

I I I  II I l I 

I . L. 41 ·498-1 2  

I 

g 

OPERATING TIME I N  GYG LE Sm 
8 PHASE TO PHASE UNIT 9 

I I OPERATING T I M E I N  GYGLE S� 
OPERAT I N G  T I M E  IN MILLISECONDS 

13 PHASE UNIT 
� 140 I I 
� �-+�����������1-+-r�� s 

1 40 

� 1 2 0  -fl--+--t--1 LOCATION OF FAU LT I N  t--1-+-+-i 7 1 20 ��-+-��O�F�RE LAY SrE�TrT�IN�G�S�-+-+�� � � 100 �+-+-��� 

6 0  

l \ ' 

\ \ _\ � 
:\ � � \ K " ' f.( � 

""" 

I 9 

8 
LOCATION OF FAULT ! N 
% OF RELAY S E T T ING S 

r-- 7 
90% 

�!5% / 5 0% 
6 

..LrL: L_O% 5 
'_,;'/ /// 4 

LL 3 / r-..... 2 
t..... ...... I r-. - � I 

-
10 20 30 40 5o 60 10 SL. .30 o 1 o 20 30 40 50 GO 10 so 90 

I? O (CURRENT TI M E  I M PEDANCE S E T T I N G ) 

Fig.  10 Typical Operating Time curves of Type KD-5 R elay. Normal voltage before the faults is 1 20 volts. 
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16 

14 

12 

<n iO "' 
0: "' 
Cl. ,. "' ':i 8 
0 >-

"' "' ffi 
Cl. 

6 

4 

6 

� 4 
>-­--' 0 > 

2 

VOLTAGE BURDEN- 5 , 1  
69�N 3¢ 5 AMP i:J2_ 

T' .23- 1.23JL 

PH.2(-20") / 7 

/ 
,v 

_,/ ..,.../ 
PH3 (·6") .....-: ....-;:; 

v ::.... ·<'' 
,......, / \ 
./ PH I (-31"� 

R- ABQVE- L ' L- ABQVE-R 

-.15 -.d9 -.03 0 +.o3 +,d9 
M SETTING 

-- VOLTAGE BURDEN-So3 
69Vl:N 34> 5AWP� -____, T= .23- 1.23� 

� L- AB��-R 

-.09 -.03 0 +.03 
M SETT ING  

+.09 

/ 

:;;--

' 
+_1 5 

PH2 (-15") 

PH3(43") 

PHi f'!9") 

tJ5 

f--1-- VOLTAGE BURDEN- 5,2 
69�N � 5 AMPm 

r-1-- T' .23 - 1.23-"-

PH 2 I--- (-14") 

---
-.--

6 

PH 3 
( 3 5") 

1-- PH I 
(- 34"! 

I--1--...---
I--f.--

R-ABOVE-L I:ABOVE-R ,------A------. � 
cl5 

TAP 
SETTING 

. 2 3  

. 3 0 7  

. 3 8 3  

. 5  37 

.690 

.9 20 

1 .23 

-.09 -.o3 o • .o3 
M SETTING 

+.09 +.1 5 

CURRENT BURDEN TABLE 
POTENTIAL CIRCUIT 69VL-N S =  I 
THREE PHASE CURRENT= 5 /-75• AMPS. 

PH ASE I PHASE 2 PHASE 3 
� 

VA VARS WATTS VA VARS !wATTS V A  VARS WATTS 

1 . 0 5  .306 1 .0 1  .650 . 1 5 7  . 6 3  . 2 0 0  .062 . 1 90 

1.2 5  605 1 . 09 .700 .24C .66( .350 . 126 .327 

1 .45 . 8 52 1 . 17  . 802 .354 122 .600 .262 . 5 4  

1.65 1 . 16 1 . 1 6  1.000 .615 788 .850 .488 .696 

1.85 1.4 1 1 . 1 9  1 .400 1 .00 .98C .950 .600 .74 

2.25 \.92 1 . 1 9 2.100 1. 74 1 . 1 8  1 . 3 5  .94 . 9 7  

3.2 2.98 1 . 1 9 �35( 3.02 1.47 2.20 \ .55 1 .55 

Fig. 1 1  Type KD-5 R elay Burden D ata 
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STATION I!IUS 

I 2 5 

STATION 1US 

I 2 3 

PHASE ROTATION I 2 3 
POS. OC TRIP BUS � � ---..rlt -, 

....L _LI 
1 8  9 I 

I 
I 
I 
I 

TN T2 1 
I 

2 I lli :  

t +  FOR ZONE 3 REY£RSEQ TRIPPING DIRECTION 

I . L .  4 1 -4 98 . 12  

+ 

1. REVERSE CONNECT� TO TERMINALS �� ��-� ��{�:v rrt 111, It# II 

2. 1NSTEAD OF COfHCTIONS AS SHOWN WITHIN OOTTEO.SECTION.CONNECT ...U-'2'-""l"-'""'-�----'"'-"=-""''-"""--' �-----'"-"'V'"""'-"'"'-�' OtiLY l2 CONTACT (TERMINALS 9� 10) IN S
(
E:��S

M
���� �

�
�NE 2 CONTACT 

ALTERNATE CONNECTION 
! NEUTRAL FORMED A-f RELAY) 

D£Y!Cf NUMI'R CHMT 
2 1 · 1 -ZONE I PHASE: RELAY 
1:1-2 ZONE I: '' '' 
21·3 ZOHE 3 " 
2-TIMING RELAY 
82 PWR. CI<T. III<R. 
524 IKR. AUX. COHTACT 
Tc. IKJII, TRIP COIL 

TYPE teD -! 
' '  K D  

KD- 1 " T0-2 

293B297 

F ig. 12 External Schematic of Type KD-5 , KD and KD- 1  Relays with Type TD-2 Timing Relay. 

POS. D.C TRI P BUS 

r-:=:�j�!==:==r��tl 1 -- - i I I SAME AS ZONE I I 2 EXCEPT I I " REACTOR I l iS NOT USED J 
I C3A� R ,.. l : CIRCUITRY 

I le��A L�EL I 
lcowartrU.TION 1 I I 

ZONE 3 TIMER CON TfWL 

+ 

' 
----.-

3C : I 
I 1 •••- --+----+f��::-'":-:===:::-:=....,.,..,.--._--

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION 
REVERSE CONNECTIONS TO TERM's t3f 121 
15114, t'1j 16, tllf 19 OF lt:O·I RELAY 

1 I 
-�_....._A>T L _ __ _ _ _  j 

� 3- DISTANCE UNIT 

ZONE-2 RT 
R 2  
R 3  

DEVICE 
NO 2 1- 1 

21-2 
21 5 2 

' sz� 
52 T C  

7 5 0  
DEVICE NUMBER CHART 

ZONE RELAY DEVICE 

K0-:1 
Ko 

KD · I  
T -4 T""ING 

PQWER CKT. BKR. 

BI<R. AUX. CONTACT 
BKR T A l �  COIL 

Fig. 13 External Schematic of Type KD-5 , KD and KD- 1  R el ays with Type TD-4 Timing Rela y. 
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1 

-1�------�S�TA�T�I�O�N�B�U�S�--P�H�A�S�E�R�O�TA�T�I�O�N�I,�2�3---------------- I 
-+�--------------------�--�---------------- 2 

T 

I 2 3 

'------v---" 
STD. POTENTIAL CONN. 

3 

s .1 590616 
1515 ACT � 

FOR lOME 3 REVERSED T R I PP I NG D I RECT I ON :  

I .  REVERSE CONMECTIONS T O  HRM'S 1 3  & 1 2 ,  
I S  & 1 � ,  1 7  ' 1 5 ,  19 & 18 ,  O F  K D - 1  RELAY 

- r5 A::...._ ____________ _j 

1 5A 
DEVICE NUMBER 

2 T Y P E  T0 - 2  RELAY 
21·1 KD - 5 ·  
2r2 K D ·  
21-3 K D - 1  
5 2  POWER CKT. BKR. 

F ig. 14 A . C. External Schematic  of Type KD-5 KD and KD- 1 Relays with Type TD-2 Timing R elay-A uto-transformer 
Termination. 

; �  w w  z z  0 0  
"' "' lJ 

A 8 C 

'--v---' 
L I N E  

5•1590616 __ 3 Io 1 5/5A. ACT.�'-'1_;5_ro--"-==--'-----------, 

ZONE I 
5 - r o  

ZONE 2 + ZONE 3 
21-1 � �, 
18 � T 16 J9 T Z(30) 18 

t FCR ZONE 3 REVERSED TR I PP I NG D I RECT ION:  DEVI C E  
2 T,�PE 

21·1 I. REVERSE CON H E C T I Q:IS TO TERil ' S  13 & 1 ", 
" 21·2 

21· 3 
1 5 & 1 � ,  17 o 1 6 ,  19 & 18 OF k0- 1 RELAY 

5 2 POWER 

NUMBERS 
T0- 2 RELA Y 
K D -5 
KO 
K0-1 
CKT. BKR . 

F ig. 15 A . C. External Schematic of Type KD-5 KD and KD- 1  R elays with Type TD-2 R elay-Wye De lta B ank 
Termination with Grounded Wye on Relay S ide. 
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w w 
z z 
0 0 1 l 

fllli11.� 1 rr, T R A N  SF. � B A N K  

L l  NE 

� 
S T D  POTEN T I A L  C O N N .  

DE VICE 

2 TYPE 
21·1 .. 
2 1 ·2 .. 
21-3 .. 

NUMBERS 

TO- a RELAY 
K o - s  

" 

K D  
K D ·I 

5 2  POWER CKT. B K R .  

S "234A 2 40 G07 
5 TO 5/J3 
A . C . T. 

t · FOR ZONE 3 REVERSED T R I P P I N G  D I RECT ION:  

I .  REVERSE CONNECTIONS TO TERM'S 13  & 1 2 .  I S  & 1�,  
1 7  & 1 6, 1 8  & 1 9  OF KO· I RELAY 

I . L .  41 -498-12 

Fig.  1 6  A . C. External Schematic of Type KD-5 KD and KD- 1 Relays with Type TD-2 Timing Relay-Wye-Delta B ank 
Termination with Delta on Relay Side. 

-- -+  ;.; . ; 
� 

4 P'.D.T. S . I T C JI  

SUBTRACT � 0 °  fROM T H E  

PHA5E-MGLE- III£T[IIt 
R(AOING TO DETERMINE 

THE RELAT IIIIAXIMUM TOAQUf 

ANGLE WHEN THE Slli:CTOR 

,__ I'OSITIOJI. 

(·· ·;,';J 
• •  
' . 
' 

lUI- !I REL.AT � 

nULT 
CONNECT FROIII/TO 

U/11 U/ll ... 2 3 / 1 5  !.2/2.1 

U/IT U/1:1 

(' . :'.!do.) { �+-��� A 2 l l 

... 
• •  23/13 U:/15 

• •  2 3 / l �  .U/17 

22/1'5 

Fig. 1 7  Test Connections for Type KD-5 R elay. 
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� � � i s .!. i i ! 

r 32A 16 . .  I I 

:r r I 
-' I 

I I 
-

i "'�"' 

� 
I I 

,...__,,--+--__..,.� . - IT---.! _.I 3 l [. I 1, ,, I 16 

� & l_J �� 
PAIIEL LO: ATI OII � 
SEMI- FLUSH MTG. -----­
PIIOJ ECTI 011 WTG. 

·� 

TERMI N AL AltO 
MOUIITI MG DETAI LS 

• 1 90-32 SCIIEW 

PAIIEL 

TEIIM I llll IIIIIBEII 

2 � -r 32 

5 !  +I I 
16 I _ r-- :� " 

; --1F- -. 

� h-�N 
� � �  : t ; : 

,._ I I I - I j I t :r -�� : �-� �'  :� l- : � s 1 .J 8 
PAIIEL CUTOUT & DRI LL IIIG 
FOil SEM I-FLUSH MTG. 

PANEL D R I LL I IIG 011 
CUTOUT FOil PROJECTIOII MTG. 

D I A.II HOLES FOil . 19Q-32 MTG. SC�EWS 

� R / 8  

57-D-7905 

Fig. 18 Outline and Dri lling Plan for Type KD-5 Relay in the Type FT42 case. 
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INSTAL LATION • 

Westinghouse I . L .  41 -498 . 1 1 J  

OPERATION • MAINTENANCE 

I NS T RUC T I O N S  

T Y P E  K D - 4  C O M P E N S AT O R  D I ST A N CE R E LAY 
(.2 - 4.35 OHMS) 

C AU T I O N :  Before putting protective rel ays into ser­
vice m ake sure that all moving p arts operate freely, 
insp ect the contacts to see that they are cl e an and 
op erate the relay to check the settings and electrical 
conneCtions. 

A P P L I C A T I O N  

The type K D- 4  rel ay ( Figure 1),  i s  a polyp hase 
compensator type relay which provides a singl e zon e  
o f  phase protection for all three phases. I t  provides 
instantaneous tripping for all combination s  o f  phase­
to-phase faults, two-phase-to- ground faul ts,  and three­
phase faults. 

The KD-4 relay is avail abl e  with indicating con­
tactor switches with either a 1 ampere or a 0, 3/ 2.0 
ampere rating. The 1 ampere rating i s  recommended 
for all directional comp arison applications and for 
mo st distance rel aying applications. The 0 . 2/ 2. 0  
ampere rating i s  recommended for distance rel aying 
where a l ockout rel ay is energized or where a hi gh 
impedance auxiliary tripp in g rel ay i s  utilized. 

Refer to I. L.  4 1-9 1 1  for a de scription of ho w 
KD-4 rel ays are used in direction al comparison block­
ing systems. 

For time-di st ance applications the K D- 4  rel ay i s  
used with either the TD- 2 a-c current-op erated timer, 
or with the TD-4 or TD- 5 d-e transi storized timer .. 
See Figs.  12 and 13 for the external schematics for 
3 zone protection, using the TD-2 and TD-4 relays,  
respectively. For  further discus s ion see " External 
Connections. ' '  

Use fault detectors to supervise the trip circuit 
for those applications where the relays can be de­
energized without attendant opening of the 52a con­
tact. Otherwise undesired t r i p p i n g  o c c u r s. A 
S# 1878395 three unit SC Relay ( 2-8 amperes) in the 
type FT3 2 case or a Stt 288B7 1 4A 1 8  three unit ITH 
Relay ( 4-8 amperes) in the type FT 1 1  case is recom­
mended. 

SU PERSEDES I . L. 41 -498 . 1 1 H  

*Den otes change from superseded i ssue . 

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

The type K D-4 relay consists of three s ingle air 
gap transfor mers ( comp ensator s ) ,  three tapped auto­
transformers, two cylinder type operating units , and 
an res indicating c ontactor switch. 
Com p e n s at o r  

The compensators which are designated TAB and 
TBc are three-winding air-gap transformers ( Fig.  2) .  
There are two primary current w indings each current 
winding has seven taps w hich terminate at the tap 
block. (Fig. 3 ). They are marked 0 .  23 , 0 . 30 7 ,  0 . 38 3 ,  
0 . 5 37 ,  0 . 690 , 0. 920 and 1 . 23 .  Current flowing through 
the primary coil provides an MMF w hich p ro duces 
magnetic line s of flux in the c ore. Comp ens ator des­
ignated T,  has only one pri m ary winding. 

A voltage is induced in the secondary which is 
proportional to the primary tap and current magnitude. 
This proportionality is e stablished by the cross sec­
tional area of the laminated steel cor e ,  the length of 
an air gap which is located in the center of the coil, 
and the tightne s s  of th e lamination s.  All o f  these 
factors which infl uence the secondary voltage pro­
portionality have been precisely set at the factory. 
The clamp s which hold the l aminations should not be 
disturbed by either tightening or loosening the clamp 
screw s .  

The sec ondary w inding has a single tap which 
divides the w inding into two sections . O ne section 
is connected subtractively in series with the relay 
ter minal voltage.  Thus a voltage w hich is prop ortion­
al to the phase current is subtracted vectorially from 
t he relay terminal voltage . The second section is 
connected to an adj ustable loading re s istor and pro­
vides a means of adj usting the phase angle relation 
between p rimary current and the induced secondary 

I 
voltage , The phas e angle may be set for any value 
between 45° and 8 0° by adjusting the resistor be­
tween its minimum and maximum value •e spectiv e ly 
or for 89° by open circuiting the resistor . The factory 
setting is for a maximum torque angle of 75° current 
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"' 0 RAC � •• t•J..-1au.ll1JII Ill .---.. mr e s , Ill --. ,i... 

---- CJc :::tl c2c � ��,...._,..-!- m . r 
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- �  !Ill · �  C2A · - ...l �w>-11 Z (ct -¢)  
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Fig. 1 Type KD-4 R elay Without c ase 
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T YP E K D-4 R EL AY ___________________________________________________________ r_. L_._4_1 ��9�8�. 1�1 J  

PRI MARY 
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Fig. 2 Comp en sator Con struction 

l agging voltage for p hase-to-phase unit and 60° for 
three phase unit. 

A u to· T r a n s  for m e r  

The auto-tr ansformer has three taps o n  its main 
winding , S, which are nu mbered 1 ,  2 ,  and 3 on the t ap 
block. A tertiary winding M has four taps which may 
be connected additively or subtractively to inversely 
modify the S setting by any value from - 1 5  to + 15 
percent in steps of 3 percent. 

The sign of M is negative when the R lead is 
above the L lead. M i s  p o sitive when L is in a tap 
location which is above the tap location of the R 
lead.  The M setting is determined by the sum of per 
unit values between the R and L lead. The actual 
per unit values w hich appear on the tap p l ate between 
taps are 0, .03, . 0 6 ,  and . 0 6 .  

T h e  auto-transformer mak es it  po s sibl e t o  expand 
the basic range (T = . 23  to 1 . 23 ohms) by a multiplier 
of _s_. Therefore, any rel ay ohm setting can be 

1 ± M 
made within ± 1. 5 p ercent from 0 .  2 ohms to 4. 35 ohms 

by combining the compen s ator taps T, TAB , and 

TEe with the auto-transforwer tap s  S and M, SA and 
MA, and Sc and Me 

T r i p p i n g  U n i t  

The device which acts to initiate tripping i s  a 
four-pol e cylinder unit which i s  connected open delta 
and op erates as a three-phase i nduction motor. Con­
t act-clo sing torque is produced by the unit when the 
voltage applied to its terminal s has a ne gative-phas e  
se quence. Clo sing torque for the relay forces the 
m o ving contact to the l eft h and side as viewed from 
the front of the relay. Contact- op ening torque is pro­
duced when po sitive-phase s e quence voltages are 
appl ied. Hence, the cylinder unit has restraint or 
operating torque as determined by the phase se­
quence of the voltages applied to its terminal s. 

Mechanically , the cylinder unit is composed of 
three basic component s :  a die-cast aluminum frame 
and electromagnet , a m oving element ass e mbly , and 
a molded bridge . 

The frame serves as the mounting structure for 
the m agnetic core . The m agnetic core which houses 
the lo wer pin bearing is secured to the frame by a 
spring and snap ring. Thi s i s  an adj ustabl e c ore 
which has a . 0 20 inch fl at on one side and i s  held 
in  its adj usted po sition by the cl amping action of t wo 
compressed springs. The bearing can be replaced, i f  
necessary, without having to remove the m agnetic 
core from the frame. 

The electromagnet has two series-co nnected 
coil s mounted diametrically opp osite one another to 
excite each set of poles.  L o c ating pins on the elec­
trom a,gnet are used to accuratel y po sition the lower 
pin bearing,  whi ch i s  m ounted on the frame ,  with 
resp ect to the upper pin bearing, which is threaded 
into the bridge . The ele ctro magnet is permanently 
s e cured to the frame and can not be separated from 
the frame . 

The m o ving el ement ass embly consists  of a 
t:>piral spring, contact c arrying member, and an alumi­
num cylinder assembl ed to a molded hub which holds 
the shaft. The hub to which the m o ving-contact arm 
is clamped has a wedge- and- earn construction, to 
provide l o w-bounce contact actio n. A casual inspec­
tion o f  th e assembl y  might l e ad one to think that the 
contact arm bracket doe s  not clamp on the hub as 
tightly as it  s hould. Ho wever, thls adju stment i s  
accurat el y made at th e factory and i s  l ocked in  pl ace 
with a lock nut and should not be changed. 

Optimum contact action is o btained when a force 
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T Y P E K D-4 R E LAY -----------------------------

SOCKETS FOR 
COMPENSATORS 

TAPS 

INSERTS 

LEAD L 

PHASE-TO 
PHASE 
UNIT 

SETTINGS 

] 3-PHASE 
- UNIT 

SETTINGS 

LEAD R 

Fig. 3 Tap P l ate 

of 7 to 9 grams pressure applied to  the face of the 
m o ving contact will m ak e  the arm slip one-fourth of 
its tot al  free travel.  Free travel is the angle through 
whi ch the hub will slip from the condition of reset 
to the point where the clamp proj ection beg ins to 
ride up on the wedge. The free travel can vary be­
tween 15 ° to 20° .  

The shaft has removable top and bottom jewel 
bearing. The shaft rides between the bottom pin 
bearing and the upper pin bearing which is adju sted 
to . 0 25 inch from the top of the shaft bearing. T he 
cylinder rotates in an air gap formed by the electro­
magnet and the magnetic core . 

The bridge is secured to the electromagnet and 
the frame by two mounting screws. In addition to 
holding the upper  pin bearing , the bridge is used for 
mounting the adjustable stationary contact housing. 
This stationary con tact has " 0 0 2  to " 0 0 6  inch follow 
which is set at the factory by means of the adj usting 
screw. After the adj ustme nt is made the screw is 
sealed in  p osition with a material which flows around 
the threads and then solidifi e s .  The stationary con­
t act housing is held in position by a spring type 
clamp. The spring adj uster is located on the under­
side of the bridge and is attached to the moving 
c ontact arm by a spiral spring.  The spring adjuster is 
also held in  place by a spring type clamp.  

When the cont acts close,  the el ectrical connec­
tion is made through the stationary contact housing 
clamp, to the moving co ntact , through the spiral 

4 

spring and out to the spring adj uster clamp.  

I n d i c at i n g C o n t a ct o r  S w i tc h  U n i t  ( I C S )  

T h e  indicating contactor switch i s  a small d-e 
operated clapper type device.  A magnetic armature, 
to which leaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization of 
the switch. When the switch close s,  the moving con­
tacts bridge two station ary contact s ,  completing the 
trip circuit. Also during this ope ration two fingers 
on the armature deflect a spring located on the front 
of the switch, which allows the operation indicator 
t arget to drop. The target is reset from outside of the 
case by a push rod located at the bottom of the cover . 

The front spring, in addition to holding the tar­
get , provides restrai nt for the armature and thus con­
trols the pickup value of the switch. 

O P E R A T I O N  

The KD-4 relay has two major c o mponent s - com­
pensators and tripping units.  In the internal sche rr;atic 
of Fig. 4 the compens ators are designated T, TAB · 
and T BC• the tripping units , Z ( 30)  & Z (£)£)).  The 
phase-to-phas e unit Z (00) operates for all combina­
tions of phase-to-phase faults ( phase 1- 2, 2-3 & 3- 1 ).  
The 3 phase unit Z ( 30 )  operates for 3 phase faults 
and for close-in-two-phase-to-ground fault s ,  although 
most two-phase-to-gro und faults are cleared by opera­
tion of the phase-to-phase unit. Each of the tripping 
units and its associated c ompensator circuit are 
electrically s eparate , and will now be considered 
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TYP E K D-4 R E LAY _________________________________________________________ I ._L_. _41_�_9_s ._n_J __ 

I MTERMAL SCH�MAT I C  

�¢ D I STA N C E  UN I T  ( U PPER UN I T ) 

REACTOR ---

, ,-� ,0 � 3  
ChASS I S  OPERATED 
S HORT I M G S W I TCh 

• 02 M FD 

1 500 

I hO I CAT l N G  

CCNTACTOR 
SW I TC H  

A I RGAP 
TRANS FORME RS 

'------""-t-t---+-P....-+-- AUTO 
TRANSFORMERS 

•4'++-- RED HANDLE 

1---H-- TEST SW I TC11 

TERioi i N A L  

F R O � T  V I EW 

l88A027 
Fi g. 4 In ternal Schematic of Type KD-4 Relay with 1 .  0 ampere I .  C. S. in the type FT 42 case. (Relay with 0.  2/2. 0 ampere 

I. C. S. unit has i den tical wi ring except that the I. C. S. co il is tapped on terminal 10 188A294). 

s uc ces sively. 

T h re e  P h a s e  U n i t  

A single compensator T has its primary ener­
gized with (I 1 - 3Io ) c urrent in Fig. 1 2  C urrent I 1 is 
the phase 1 current:  3Io is the residual current. T he re 
are three c ompensators s hown - o ne for each of the 
t hree zone s .  One c o nnection uses an auxiliary c urrent 
tran s former to insert the 3Io component. T he alternate 
c onnection supplies t he compens ator primaries with 
( - !2 -13 ) . Sinc e 11 + 12 + 13 = 31o . o 1 - 3 Io )  = (-12 -13 ) .  
( Currents 1 1 . 1 2 and 1 3 are the p hase curr e nt s ) .  Ac-

cordingly, the alternate c onne ction is equivalent to 
t he first arrangement. 

As shown in Fig. 1 2 ,  T he T c ompensator s e c ond­
ary is c o nnected to modify the 1 . 5  time phase 1 volt­
t ag e .  With a fault in the trip direction, t he induced 
v oltage i n  the compensat or secondary bucks the 1 . 5 
time p hase 1 voltage.  

Vector diagrams i n  Fig.  5 illustrate the operation 
during 3 p hase faults at four location s .  The system 
i mpedance and the compen sator an gle are assumed to 
t o  be at 90° for illustrative p u rp oses o nly. Prefault 
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T Y P E K D-4 R E LA Y  __________________________________________________________ _ 

B U S  Z O N E  I R E L AY 
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FAUL,_T BEHIND R E L AY _FAu_Ll" WITHIN BALANCE POII'!l:_ FAULT AT _BALANCE_ P()lf'!I_ FAULT B EYOND BALANCE POINT 

( D ) 

NOTE : THE VOLTAGE TRIANG LES AT EACH FAULT LOCATION ( A, B,CS. D) R EPRE S E N T  THE VOLTAGES S E E N  B Y  
THE K D-4 R E L AY TE R M INAL LOCATE D  A T  T H E  SHADED B R E AKER FOR 3 P HASE FAU LTS O C C URING AT 

EACH LOCATION ( A, B, C S.  Dl 

408Cl60 

Fig. 5 Voltage crrd curren t Condi tion s for th e Three-Phase Un it  at the Shaded B reaker for Three-Ph ase Faults at V arious 

Location s. 
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NOTE: THE VOLTAGE TRIANGLES AT EACH FAULT LOCATION ( A,B,C8D) REPRESENT T H E  VOLTAGES SEEN BY T H E  
K D 4 RELAY TERMINAL LOCATED AT THE SHADED BREAKER FOR 0 T O  0 FAU LTS A T  EACH LOCATION 
(A,B,C S.D) 

4o8cl61 

Fig. 6 Voltage and Current Condi tions for th e Phase-to- Ph ase Unit at the Shaded B reaker for 23 Faults at various Loco­

tion s. 
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849A040 

Fig. 7. I mpedance Circles for Phase-to- Phase Un i t  in the 
Type K D- 4 Relay. 

voltages are depicted by the l arge triangl e .  The 
s mall er t riangle in each case is the system voltages 
at  the r elay location during the fault. This triangle is 
m odified b y  the co wpe ns ator v oltag e ,  - 1 . 5 I 1 Zc . 
wher� Z c is the compensator mutual impedan ce .  The 
terminals of the tripping unit are de sig nated:  X, Y & 

Z .  P hase 1 tripping u nit voltage i s :  

P hase 2 and p has e 3 tripping unit voltages are :  

For a fault at A , beyond the relay operating zone 
t he compe nsator voltage - 1 .  5I1 Z C· modifies the 1 . 5  
t imes o f  phase 1 voltage, reducing t h e  voltage tri­
angle on the tripping unit X-Y-Z. With an X-Y-Z rota­
tion the tripping u nit torque is in t he restraining 
direction. 

For a fault at B , t he current is l arger t han for a 
fault at A, so that - 1 .5 IZc is larger.  The p oint X is 
in  line with points Y and Z. N o  torque is pwduced, 
since the X-Y-Z triangle has a zero ar ea. 

For a fault in the operatiug zone ,  such as at _g_, 
)) oint X is below the YZ line . Now the wtation is 
X-Z-Y, which produ ces ope rating torque . 

F or a fault behind the relay at D ,  restraining 
torque is produced. Sinc e  the fault is be hind t he 
relay the current is of reversed polarity. Compensator 
voltage - 1. 5 IZc , increases the area of the bus v olt­
age triangle , 1-2- 3 .  Tripping unit voltage has an 
X-Y-Z rotation which produces restraining torqu e .  

� TO PHASE UNIT STATIC AND DYNAMIC CHARACTERISTIC 

100 - -

90 

80 3 PHASE U N I T  

70 STATIC A N D  DYNAMIC CHARA,CT E R ISTICS 

60 

50 

40 

30 

20 

1 0  

0 �5�1�0�20��30�7,40�5�0>06�0�7�0�8�0�90��110�10�110��,2�0--
RELAY TERMINAL VOLTAGE 

188A295 

Fig. 8. Impedan ce Curves for Type KD - 4  Relay. 

A so lid 3 phase fault at the relay l ocation, tends 
to  completely c ollaps e the 1- 2-3 voltage triangle.- The 
area of  the X-Y -Z triangle also tends to  be zero under 
t he s e  condition s .  A me mory circuit i n  the KD r elay 
t hat c onsists of inductance XL and capacitor C3c 
provides momentary operating torque under t'he s e  
conditions , for an internal fault. 

The R3 A and C3A parallel re sistor-capacitor 
c ombinatio n  in  the co mpensated p hase c orrects for a 
s hift in the p hase-angle relation between th e voltage 
across the left hand coils of Z ( 30 )  and the voltage 
acr oss the right hand coils of  Z ( 30 ) ,  in figure 4. 
This phase s hift is produced by c ap acitor C3c .  The 
R3 A - C3A combination also provides control of 
transients in the inductive coils o f  the c ylinder unit.  

P h a se-to- P h a s e  U n i t  
Compensator primaries o f  TAB and TBc are 

e nergized by I 1 , I 2 and I3 , as s ho wn in Fig.  1 2 .  C om­
p ensator secondaries are connected to modify t heir 
respective p hase vo ltages ( e. g  . .  TAB modifies V 1 2 ) .  
With a fault in  t h e  trip directio n ,  the induced voltages 
in  the compensator secondaries buck the p h ase-p hase 
v oltages.  

vector diagrams in  Fig.  6 illu strat e the o p eration 
during phase 2-3 faults at four locations.  The system 
imp edances and the compensator an gl e are assumed to 
be at 90 ° , for illustrative p urp o s e s .  Pre fault voltages 
are d epicted by the large triangl e s .  The smal ler light 
triangle in each case is the system voltages at the 
relay l ocation during the fault .  This triangle is modi­
fied by t he co mpensator voltages ( I 1 - I 2 )  Zc and 
( I 2 - I3 ) Z c whereZc is the compens ator m utual imped­
ance . In this case I 1 = 0 .  The terminals o f  the trip-
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T Y P E K D-4 R E LAY __________________________________________________________ _ 

x· 

R e X  CHARACTERISTIC 81�9A035 

Fig. 9. I mp edan ce Circle for Three-Phase Unit in  Type 
KD - 4  R elay. 

ping unit are de s ignated ; X, Y and z. Tripping unit 
voltages are for phase 2-3 fault: 

P hase 2-3 tripping unit voltage i s :  

F o r  a fault at A , in F i g .  6 ,  beyond the relay 
operating z on e ,  the c ompens ator v oltages change the 
1- 2-3 voltage sequence to  the identical X-Y-Z s e­

quen c e .  V oltages o f  this sequence applied to opera­
ting unit produce restraining torqu e .  

F o r  a fault a t  B ,  the currents are larger than for 
a fault at A, so that c ompensator voltages are larger.  
P oints Y & Z coincide no w and the are a o f  the X-Y-Z 

triangl e is zero.  No torque is produced.  

For  a fault in the operating zone , such as at  C ,  
t h e  c ompensator voltages reverse the rotation o f  
tripping unit voltag e s  to  X- �- Y s e quence .  V o ltages 
o f  this s e quence applied to operating unit produce 

ope rating torque. 

For a fault behind the relay at D ,  restraining 
torque is produced. Since the fault is be hind t he 
relay ,  t he current is o f  re versed polarity and tripping 

u nit voltag e  has an X-Y-Z rotation. T his rotation 
produces restraining torque. 

N ote that this unit does not require memory ac­
t ion,  since the sound-phase v o ltage reacts w it h  the 
compensacor v olt ages to produ c e  a strong restraining 

8 

or a s trong operating torqu e ,  depending upon the fault 
l ocation. This is true even for a complete c ollap s e  
of t h e  faulted phase-to-phase voltage. 

Similar ve ctor diagrams apply for a fault between 
p hases 1 & 2 or between p hases 3 & 1 . E ac h  of  the 
t hree p hase-to-phase fault co mbinations subj ects the 
cylinder unit to  a different but similar set of con­
ditions.  

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

D i s t a n c e  C h ar a ct e r i st i c - P h a s e- to- P h a s e  U n i t  

T hi s  unit responds to all phas e-to-phase faults 
and most two -phase-to-ground faults. It d o es not re­
spond to  load current, synchronizing surge s ,  or o ut-of­

step conditions. While a characteristic circle can be 
plotted for  this  unit o n  the R-X diagram as shown in 
F ig. 7 ,  suc h a characteristic circle has no signifi­
cance ex cept in t he first quadrant where re sistance 
and re actance values are positive .  A small .portion 
of  t he fourth quadrant , invo lving p ositiv e resistance 

v alues and ne gat iv e  react ance val ue s ,  could have 
some significanc e in  the event that the transmis sion 
line includes a s eries capacitor .  The portion of  t he 
circle in the first quadrant is of interest becau se it 
describ e s  w hat the relay will do when arc re sistance 
is involved in the fault.  The phas e-to-phase unit 
operating on an actual tran s mission sy stem is in­
herently directional and no separate directional unit 
is required. 

An inspection of F ig. 7 indicat e s  t hat the circle 
of the phase-to- p hase u nit is dep endent o n  s ource 
i mpedance Zs. However,  the circle always goes 
through the line balance p oint i mpedan c e .  T he reac h  
a t  the c ompensator ( and line )  angle is c onst ant,  re­
gardless of  the system source impedan ce .  The bro ad­
ening o ut of the c haracteristic circle with a relatively 
high source impedance gives the phase-to-phase unit 
t he advantageous c haracteristic that for short line s ,  
i t  makes a greater allowance for resi st ance in the 
fault. Stated another way,  t he characteristics approach 
t hat of a reactance relay more and more closely as 
t he line be ing prot ected becomes shorter and s horter 
with respect to  the s ource impedance back o f  t he re­
laying location. 

Se n s i t i v i t y :  P h o s e-to- p h a s e  U n i t  

A plot o f  relay reach, i n  percent o f  tap block 
setting, versus relay terminal voltage is shown in 
Figure 8. The unit will operate with the c orrect 
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TYPICAL OPERATING TIME CURVES KD-4  RELAY 
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Fig. 10 Typi cal Operating Time curves of Type KD-4 Relay. Normal vo ltage befo re the faults i s  1 20 volts, 

D i sta n c e  C h a r a c t e r i s t i c ·  3 P h a s e  U n i t  directional sense for zero voltage phase-to-phase 
faults .  For this c ondition the fault current must be 
not less than 0 . 030 relay amperes with an o h m  settin g 
of 1 .  23 with rated volt age on the unfaulted phase.  
Pick up current is proportionally higher i n  S - 2 and 
S = 3 tap s .  

T h e  three-phase unit h a s  a characteristic circle 
which pas ses thro ugh the origin as shown in Figure 9. 
This circle is independent o f  sourc e i mpedance.  The 
t hree-phase unit is also inherently directional and 
does not require a separate directional unit. 

The K D-4 relay may be set without regard to 
possible ov erreach due to d-e tran sients . Compensa­
tors basi cally are insensitive to d-e transients w hich 
attend faults on high-angle systems. The long time­
constant of a hlgh-angle system provides a minimum 
rate of  chan ge i n  flux-produc i ng tran sie nt current 
with respect to  time , and therefore induces a minimum 
of uni-directional voltag e in the secondary. Asymetri­
cal currents re sulting from faults on low-angle systems 
having a s hort time c onstant c an i nduce c onsiderable 
v oltage in the secondary, but for the first half cycle ,  
t he transi e nt-derived voltage subt racts from t he 
steady-state value.  This transient decays so rapidly 
t hat it is i nsig nificant during the second half cycle 
when it adds to the steady-state value.  

If  a solid-thre e  phase fault occurs right at  t he 
relay location,  the e ntire voltage triangle collapses 
to zero to give a balan ce point c ondition, as s hown 
by the relay characteristic in F igure 9 which pas ses 
t hrough the origin. However,  since the YZ voltage 
also drops to  zer o ,  the relay would be unable to de­
termi ne whether an internal or external fault existed. 
To correct this c onditio n,  a resonant circuit is added 
to the 23 voltage circuit of the relay which allows the 
YZ voltage to collaps e gradually, thus giving a refer­
e nce voltage to determine whether the fault is i nside 
t he protected l i ne section or behi nd the re lay . 

The maximum torque an gle of this unit is set 
for less than the line imp edance an gle of t l ie phase-
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T Y P E K D-4 R E LAY _______________________________________________________ ___ __ 
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KO 4 RELAY 
VOLTAGE BURDEN- 5� 1  -,--f--

69VI:N 3¢ S AMP !:r£_ 
T� .23- 1.23.n t- -- -

v 
PH 2 ( - 20") v�-"' 

v 
v 

v � � 
� PH 3 1 -6•) 1----:: f.-:::::: 
� v l(' 

v / 
PH I (-�� v 

i 
f--t- - --

- +-

t-- ---t--

I 
L" ABOVE� R � � 

-.15 -.d9 -.03 0 +.o3 +.d9 +.1 5 
M SETTING 

188A297 

KD 4 RELAY f--f-- VOL TAGE BURDEN-So3 
69VL:N 31ji S AMP� f--f-- T= .23- 1.23...1'1.. 

PH2(-I5°) 

PH3(43') 

- PHI �9") 

f.--
L- ABOVE-R � � 

:15 -.09 -.03 0 +.03 
M SETTI N G  

+.09 + J S  

188A299 

6 

U) 
::! 4  
w 
0.. " <! lJ � 3 

KD-4 RELAY 
1--1-- VOLTAGE BURDEN- So2 

69 'JtN 31/J S AMPm 

r--r-- T o . 2 3  - 1.23f\. 

1--f.-
!--1-- r--

1--1---

1--
1--!--r-

1--1--r--

R-ABOVE-L I:ABOVE-R � � 

PH 2 
('-14') 

PH 3 
( 3 5') 

P H  I 
l - 34') 

ciS -.0 9 -.03 0 ... . 03 
M SETTING 

+.09 •.1 5 

TA P 
SETTING 

. 2 3  

.307 

.3  83 

.5 3 7  

.690 

.9 20 

1 . 23 

KD-4 RELAY 
CURRENT BURDEN TABLE 

188A29.8 

POTENTIAL CIRCUIT 69VL- N S= I 
THREE PHASE CURRENT= 5 /- 75• AMPS. 

PH ASE I PHAS E 2 PHASE 3 
� 

VA VARS WATTS VA VARS �ATT'3 V A  VARS WATTS 

1 . 0 5  .306 1 .01  .6 50 . 1 5 7  . 6 3  .200 .062 . 1 90 

1 .2 5 .605 1 .09 .700 .24C .66( .350 . 126 .327 

1 .45 . 8 52 1 . 17  . 802 .354 .722 .600 . 262 . 54 

1.65 1 . 16 1 . 16 1.000 .615 788 .850 .488 .696 

1.85 1.4 1 1 . 1 9  1.400 1 .00 .98C .950 .600 .74 

2.25 1.92 1 . 1 9 2.100 1. 74 1 . 1 8  1 .3 5 .94 . 9 7  

3.2 2.98 1 . 1 9  �350 3.02 1.47 2.20 1 .55 1.55 

188A300 

Fig. 1 1  Type KD-4 Relay Burden Data 
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TYP E K D-4 R EL A Y 

to-phase un it in order to acc omodate more arc resist­
ance .  The factory setting is 60° ( 7 5 °  for p h ase-to­
phase unit );  the ang le m ay be r eadj usted as low as 
45° . 

Se n s i t i v i ty - K D -4, 3 P h o s e  U n i t  

The imp edance curve fo r the KD-4 three-p hase 
unit  i s  shown in  Fi gur e  8 .  

The unit will operate wit h the correct di rection­
al sense for zero voltage three-phase fault s when 
nor mal volt age exists at the relay termi nals prior to 
the faulL This operation occurs due to memory action 
as d escribed abov e .  The un it will hav e zero torque or 
perhap s a slig ht opening torque if  the re is zero volt­
age at the relay pri or  to th e fault or after  the memory 
action h as subsided.  With an impedance setting of 
1 .  23  ohms the three-p hase unit will directi onally 

operate for faults which produce . 5  volts line to line 
and 2 .  7 ampere at the relay terminal s .  

Sens itivity wit h . 75  volts line-to-line for any tap 
is defined by the fo llowing equation : 

3 . 4  
I = 

T 
ampe res 

Whe re T = C ompensator Tap V alue 

The KD-4 relay may be set wi thout regard to 
po ssible overreach due to d-e transi ents.  

G e n e r a l  C h a r a c t e r i st i c s  

Impedance settings in o hms reach can be made 
for any value from . 2 ohus to 4 . 35 ohms in steps of 
3 percent.  The maximum tor que angle whi ch is set 
for 75  degree s at the fact ory for 0-0 unit,  and 60 
degr ees for 30 may be set for any val ue from 60 
degrees to 80 degre es for ph ase-to-phase unit and 
from 45° to 80 degr e e s  for 3 phase unit . A change 
in maximum torque an gle will produce a slight chan g e  
i n  re ach for any gi ven setting of  t h e  relay .  Referring 
to Fig . 2 note that the compe n s ator se cond ary voltage 
output V, is  largest wh en V leads the p ri mary current, 
I ,  by 90° . Th i s  90° rel at ionship is  approach ed, if th e 
compensator loading re si stor ( R3 , R2A or R2c l  i s  
open-circu ited. The effect of  the loading r e s i sto r ,  
wh en co nnected, i s  t o  produce an i nternal drop i n  
the co mpen s ator, which i s  out-of-phase wi th the 
induced voltag e ,  IT, IT AB or ITcA. Thus the net 
voltag e, V, is phase- s h i fted to change the comp e n s a­
tor maxi mum tor que angle .  As a result of thi s  phase 
shift the mag ni tude of V is reduced, as shown in 
Fig. 2.  Tap ma rkings in Fig.  3 are based upon 7 5 °  for 
p has e-to-phase unit and upon a 60° comp e n s ator angle 
setting for three phase unit .  If the r e s i st or s  R3 , R2A, 
and R2c are adj usted for som e  other maximum torque 
angle the nominal reach is diffe r e nt than indicated 

I . L. 41 -498.1 1 J  

b y  the tap s .  The reach , Z varies with the maximum 
torque an gle e, as foll o w s :  

T S  sin  8 z = 
(1 ± M) s in a  

where a = factory set angle of 7 5 °  for p hase to  
phase unit  and 60 ° for  t hr e e  phase unit.  

T op P l ate M a rk i n g s  

( T, TA, TB ,  and Te l 

. 2 3 ,  . 307 , . 38 3 ,  . 5 3 7 ,  . 6 9 0 ,  . 9 20 ,  1 . 23 

(S,  SA, Sc ) 

± Values be tween taps 

1 2 3 

(M ,  MA, Me )  
. 0 3 . 06 . 0 6  

T I M E  C U R V E S  A N D B U R D E N  D A T A  

O p erat i n g  T i m e  

The spe ed of operation fo r the KD-4 relay three­
phase and phase-to-phase units is  shown by the time 
curves in Figur e 10.  The curves indicate the time in 
millis eco nds required for the relay to close its con­
tacts for tripp ing after the i n ception of  a fault at any 
p oi nt on a line within th e relay setting . 

C u rr e n t  C i r c u i t  R at i n g  i n  Am p e r e s  

Tap Setting Continuous 1 Se cond 

s = 1 s = 2 s = 3 

1. 23 10 . 0  10. 0 10. 0  240 

. 920 10 . 0  1 5 .  1 5  . 240 

. 690 10 . 0  1 5 .  1 5  . 240 

. 5 37 15.  15.  15 . 240 

. 383 15 . 15.  15. 240 

. 30 7  15. 15.  15.  240 

. 230 1 5 .  15. 15 . 240 

B u rd e n  

The burden wh ich the relay s  imp o s e  upon poten­
tial and current transformer s in e ach phase is shown 
by Fig. 1 1  for the KD-4 relay .  The potent i al bur d e n  
a n d  burden phase angle are based o n  69 volts line-to­
neutral applied to the relay terminals . 

T r i p  C i rc u i t  C o n s t a n t s  

1 ampere rating:  0. 1 ohms d- e .  resi stance 
0 .  2/ 2 . 0  amp ere r ating:  0. 2 tap - 6. 5 ohms 

2 tap - 0. 15 ohms 
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T Y P E K D-4 R E L AY __________________________________________________________ ___ 

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

Re lay reac h  is set  on the tap plate shown in 
Fig.  3 .  The tap marking s are : 

.23- .307- . 3 8 3-. 5 37-. 690- . 9 20- 1 . 23 

s, sA. and Sc 
2 3 

M , MA, Me 
�03 . 0 6  . 0 6  

( Values b e t w e e n  taps ) 

Maximum torque angle is set for 75° (current lagging 
voltag e )  for phase to p hase unit and for 60° for thr e e  
phase unit. This adj ustme nt need not b e  disturbed for 
line angles of 6 5° or hig he r. For line an gl e s  below 
65° . set  the phase-to-phase unit for a 60° maximum 
torqu e angle unit by adj usting R2A and R2c. and set  
the 3 ph�se unit for 45° by adj usting R3. Set Zone 1 
reach to be 90% of the line ( 8 5% for line angles o f  
less than 50°) . N o  need t o  readjust relay for zo ne 2 
or 3 application. 

Calculations for setting the KD-4 relays are 
straightforward and ap ply familiar principles. Assume 
a desired balance point which is 90 percent of the 
total length of line.  The general for mula for setting 
the ohms reach of the relay s is : 

For ph ase-to-phase unit 

ze Zpri 

For three phase Unit 

ze = Zpri 0 . 9Rc 

Rv 
The terms used in thi s  for m ul a  ar e defined as follo w s :  
ze t h e  desired o h mi c  re ach of the relay in 

secondary o h m s .  
TS 

tt ·  Z 
1 ± M = the tap plate se mg . 

T = compe nsator tap value 

S Auto-transforme r  pri mary tap value 
8 = M aximum torque angle s etting Of  relay. This 

setting is m ad e  in line with reco mmendations 
mad e abo v e .  

M = Auto-tran s former s econdary tap valu e. 

1 2  

(This is a Per Unit value and i s  determined by 
the sum of the values between the "L " and the 
"R" lead s. The sign is positive when "L " is 
abo ve "R" and act s  to lower the Z setting. 
The sig n  is negative when "R" is above "L" 
and acts to raise the Z s etting).  

Zpri = ohms per phase of the total line s e ctio n  

0 . 9  = the portion of  the total line for wh ich th e relay 
is set. 

current tran sformer ratio 

potential transformer ratio 

T-compensator tap values refer to standard 
m aximum to rque an gle adj u stm ent which is 75°  fo r 
phase-to-phase unit and 60° for three phase unit . 
The relays having other than standard m aximum 

torque angle adj ustment :3-s etting should b e  modi­
fi ed as outlin ed b elow.  

The follo wi n g  pro cedures should be foll o w e d  in 
order to o btain an optimum tap p l at e  s etti n g  of the 
relay, Z. 

1. a) Establish ¥r 0 
b )  E stablish -rr - Relay tap plate s ettings. If  

the r el ay maximum torque angle  f) has b een 
recalibrated to an angle different fr om the 
factory setting , multiply the Z f) - v alu e 

Sin 75o  . 
by factor . for phase to phas e  umt , 

Sm fJo 
Sin 60" . 

and by factor . . e for three phase umt. 
S1n o 

2. Now refer to the Table I .  
Tabl e I list s optimum relay tap s ettings for 
relay range from . 2  to 4 . 3 5  ohms.  

a)  Lo cate a tabl e val u e  for rel ay reach n ear­
est to the d e sired valu e � (it  will al w ay s  
b e  within 1 .  5o/c o r  l e ss o ff th e d esired 
v al u e).  

b) R ead o ff the tabl e "S, T, " and " M "  sett­
in gs.  "M"- col umn includes · additional 
i n fo rm ation for "L " and " R "  l eads s ett­
i n g  for the sp ecified "M" val u e. 

c) R echeck the o btained S, T , M - setti n g s  by 
u si n g  e quation. 

S T  

1 ± M  
For exampl e ,  as sume the desired reach Z!j. is 

1. 7 ohms at 60°. If  relay has b e en recalibrated to a 
maximum torqu e  angle of 60° from factory setti ng o f  
7 5 °  t h e  r elay s etting , Z should b e :  

Sin 75o  
Z = 1 . 7 x --.-

60 
1 . 89 ohm s .  

S1n " 
T h e  pll a s e- to-p h a s e  uni t  setting i s  fo und as 

follo w s :  
a )  The n earest reading i s  1 - 9 0  ohm s that i s  

.!:iQ_ x 100 � 100 . 5% o f  t h e  desire d  reach. 
1 . 8 9  www . 
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T Y P E K D·4 R E LAY _________________________________________________________ ,_. L_._4_1 �_9_a_.1_1 J  

-
TAB L E  I 

R E LAY SETTI N GS FO R K D-4 R E L AY ( . 2 - 4.35 OHMS) 

s = 1 s = 2 s = 3 L EAD CONNECTION 

/r . 230 . 30 7  . 38 3  . 5 37 . 690 . 9 20 1. 23  . 690 . 9 20 1. 2 3  . 9 20 1. 2 3  + M  - M  "L "-Lead "R " L ead 

. 200 . 27 2  . 3 3 3  . 46 6  . 600 . 800 1 . 0 70 - 1 . 60 2. 1 4  - 3. 2 1  +. 1 5  Upp er . 0 6  0 \ 

. 20 5  . 274 . 34 1  . 479 . 6 15 . 8 22 1. 100 - 1 . 6.4 2. 20 - 3. 29 +. 1 2  Upp er . 0 6  . 0 3  

. 2 1 1  . 28 2  . 350 . 49 3  . 6 3 2  . 8 4 3  1 . 1 20 - 1 . 69 2. 24 - 3. 38 + . 0 9  L o w er . 0 6  0 ) 

. 2 17 . 290 . 36 1  . 50 6  . 650 . 869 1. 160 - 1. 7 4  2. 3 2  - 3. 48 + . 0 6  Upp er . 0 6  L o w er . 0 6  I 

. 224 . 298 . 37 1  . 5 2 1  . 670 . 8 9 2  1 . 191  - 1. 78 2. 38 - 3. 58 + . 0 3  . 03 0 

. 230 . 30 7  . 38 3  . 5 37 . 690 . 9 20 1. 230 - 1 . 8 4  2. 46 - 3 . 69 0 - 0 0 0 I I  

. 237 . 3 17 . 39 5  . 5 5 2  . 7 1 3  . 9 48 1 . 270 - 1 . 9 0  2. 5 4  - 3 . 80 - . 0 3  0 . 0 3  I \  

. 245 . 327 . 40 7  . 57 1  . 7 3 5  . 980 1. 3 10 1. 47 1 . 9 6  2. 6 2  - 3 . 9 3  - . 0 6  L o w er . 0 6  Upp er . 0 6  
I 

. 25 3  - . 4 2 1  . 590 . 760 1 . 0 10 1 . 355 1. 5 2  2. 0 2  2. 70 3 . 0 3  4 . 0 6  - . 09 0 L o w er . 0 6  } 

. 26 1  - . 4 35 - . 785 1 . 0 48 1. 395 1. - 2.09 2.80 3. 1 4  4. 19 - . 1 2 . 0 3  Upp er . 0 6  

. 27 1 - . 450 - - - 1. 45 - - 2.90 - 4. 3 5  - . 1 5  0 Upp er . 0 6  

T h e  t ap p l ate v al u e s  r efer t o  standard m aximum torqu e angl e adju stm ent whi c h  i s  7 5 o  for phase-to-phase unit 
and 60° for three phase unit. 

L i n e  A n g l e  A d j u s t m e n t  

M aximum torque angle is  s e t  for p has e-to-phase 

unit 75° ( current lag ging voltage) and for 60° for 
three-ph ase unit in the factory .  For 0-0 unit this 
adj ustment need not be disturbed for line angle s of 
65 ° or higher. For line an gles bel ow 65 ° ,  set p hase­
to-phase unit for a 60° max imum torque angle by 
adj u sti n g  the comp en sator l o adi n g  resi stors R2A 
and Rzc . and for 45 o m aximum torque an gl e for the 
three p ha�e unit by adj usting the resi stor R 3. R efer 
to  repair c alibration parts I and II, w hen a change in 
m ax imum torque angle is  desired. 

I n d i c at i ng C o n t a c t o r  S w i tc h  ( I C S )  

N o  setting is  re qui red for relays with a 1 . 0  am­
pere unit. For relays with a 0" 2/ 2.0 ampere unit , 
connect the l e ad l ocated in front of the tap block to 
t he desired setting by mean s  of the connecting scre w .  
W h e n  t h e  rel ay energizes a 1 25- or 250-volt d-e type 
WL relay switch,  or equivalent, use the 0 .  2 amp ere 
tap; for 48-volt d-e applic ations set the unit in a tap 

2 and use a Type W L  relay with a S1t304C 209GO 1 coil , 
or e quiv alent . 

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

T h e  relay s  should be mounted o n  switchb o ard 
panels or their equivalent in a location free from dirt , 
moisture,  e xc e ssive vibration and heat. Mount the re­

lay v ertically by mean s  of the mounting stud for the 

type FT proj e ction case or by means of the four 
mounting holes on the flange for t he semi-flus h type 
FT cas e .  Either the stud or the mounting screw s m ay 

be utilize d  for grounding the relay .  The electrical 

connection s  m ay be m ade directly to the terminal s  by 
m e ans o f  screws for steel p anel mounting or to the 
terminal stud furnished with the rel ay for thick panel 
m o unting. The terminal stud may be easily removed 
or inserted by locking two nuts on the stud and then 
turning the proper n ut with a wren c h. 

For detail  information on the FT case refer to 

IL 4 1-07 6 .  

15  

..... Q) 
> 
0 

..... Q) 
> 
0 
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TYP E K D-4 R E LAY __________________________________________ �--------------

j 

1 6  

AUTO TRANS 
BANK 

'-y------/ 
STD. POTENTIAL CONN. 

T FOR ZOH 3 REVERSEO T R I PP I NG OI RECT I ON :  
1 .  REVERSE CONNECTIONS TO Tt:RM 1 S  1 3  & 1 2 ,  

1 5  & 1 � .  1 7  & 1 6 ,  1 9  & 1 8 ,  OF K0·41 RELAY 

ZONE I ZONE 2 ZONE 3 

1 5 A  

2 
21-1 
21-2 
21-3 

DEVICE 

T YPE 

52 POWER 

NUMBER 

TO -2 R E L AY 
KD -4 
K D -4 
K D -41  
CKT. BKR. 

A B C 

292B472 

Fig. 14 A. C. External Schematic of Type K D-4 and KD-4 1 Relay s with Type TD-2 Timing Relay-Auto- Transformer 
Termination. 

+ N  
� -w w  
z z  
o o  
N N  j j 

A B C 
� 

L I N E  

s•Js90GJG 1 5/5A. ACT.� I S  _ 3 10 

- r o 
ZONE I ZONE 2 + ZONE 3 

Z.l l � �'  
18 � T 19"" 19 T Z{3QJ) � 

t FOR ZONE 3 REVERSED T R I PP I NG D I RECT I ON :  DEVICE 

I .  R E V E R S E  CON N E C T I QliS T O  TERti ' S  1 3  & 1 � ,  

1 5  & 1 � ,  1 7  & 1 6 ,  1 9  & 1 8  OF KD-41 RELAY 

2 TYPE 
21·1 :: 
21·2 
21· 3 
52 POWER 

NUMBERS 

T0- 2 RELAY 
KD -4 
KD-4 
K0- 4 1 
CKT. BKR. 

292B473 

Fig. 15 A. C. External Schematic of Type KD-4 and KD-4 1 Relay s  with Type TD-2 Relay-Wye Delta B ank 
Termination with Grounded Wye on Relay Side. 
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TYP E K D-4 R E LAY ________________________________________________________ I_. L_._4_1 -_49_s_.1_1 J_ 

DEVICE 

� 
NUMBERS 
TO- 2 RE LAY 
K D " 4  10 

S T O  P O T E N T I A L  C O N N .  

2 TYPE 
21-1 " 2 1-2 " 
21-3 •• 

K D- 4  
K D -4 1 

r<l 
w w 
z z 
0 0 1 I 

S * 234A 2 4 0 G07 
5 TO 5(}3 
A . C . T. 

5 2  POWER CKT. B K R . 

� 
� T I ME R  

flfl£11� 
1 rr 'r R A N  SF. 

t - FOR ZOME 3 REVERSED TR I PP I MG D I RECT I OM : 

A B C B A N K  � 
I .  REVERSE COMMECT I OMS TO TERM ' S  1 3  l 1 2 , 1 5  & 1 � . 

17 & 1 6, 1 8  & 1 9  OF KD-41 RELAY 
Ll N E 

292B474 

Fig. 16 A. C. External Schematic of Type KD-4, and KD-4 1 Relays with Type TD-2 Timing Relay-Wye-Delta B ank Termina­
tion with Delta an Relay Side. 

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

Fig.  1 2  shows the connections for 3 zone pro­

tection utilizing the TD-2 timer. Fig.  13 is similar to 

Fig.  1 2  except that the TD-4 timer is used instead of  

the TD-2. Fig.  13 does not  show the use of  the 5/5 

auxiliary current transformer s o  that the CT neutral 

m ay be formed elsewhere;  however,  this connection 

is equally applicable whether the TD- 2 or TD-4 timer 

is employed.  

A-C connections for additional applications are 

shown in Figs. 1 4 ,  15 and 16 .  These c onnections 

apply when the transmission line is terminated in a 

power transformer, and when low side voltage and 

current are used to energize the relays.  In c al culating 

the reac h  settings , the bank impedance must be added 

to the line impedance.  

For the case of a wye-delta b ank ( Figs . 15 and 

16)  the vo ltages and currents are phase-shifted by 

30° ; howeve r ,  thi s  fact should be ignored, as the KD 

relays are not affected by this phas.e shift. 

Figs.  14 through 1 6  s how the TD-2 relay ;  how­

ever,  the TD-4 is equally appl icable. In the case of 
Figs.  15  and 1 6  the two S�t234A240G07 auxiliary CT' s  

are not r equired if  the TD-4 i s  used. 
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T YP E K D-4 R E LAY __________________________________________________________ _ 

PHASE ROTATION 1 1 - t 1 - S
1 

· · --------.-----.--------------------------------­
· · ----.--+----�-----.--------------------------­s ' -.--+--+----�-----+-----------------------------

o.c. ________ .------------------+-

PH. I 

PH. I 

WATTIIIIETIUI 

O R  

PHASE. 

ANGLE 

±
METER 

AMMETER 

VAR I A I!I L £  

AUTO-TRANSFORMER 

!00 "0L T-AMPERES � 

4 P.D.t. S W I T C H 

SUBTRACT 30° FROM THE 

PHASE-ANGLE- METER 

READING TO DETERMINE 

THE R E L A Y  MAXIMUM TORQUE 

ANGLE WHEN THE SELECTOR 

II I N  THE sj POSITION. 

TUT 
SELECTOR 

NO. 

I s ;  
• . ; 
• s ;  
• ; � 
• ; ; 
I , � 

fAULT 

TEST 

· - ·  
· -·  
.... 
1 - 2  

·-· 
,_, 

K D - 4  RELA'i' 

FRONT V I E W  

T O  CHECK 
CONNECT FROM/TO 

OR ADJUST 

R 13/tl 12/2.1 ... 23/ 13 2 2 / 2 1  

••• !'5/IT 12/ll 

CHECK 23/ 13 22/15 

CHECK 23/ 15 22/17 

CHECK 23 17 .. ,,. 
292B475 

F i g. 1 7  Test Connectio n s  for Type KD-4 Relay 

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

KD-4 relays hav e  a very smal l  number of  mo ving 
parts and mechanic al device s  which might become 

inoperative.  Acceptance te sts in general consist of: 

1. A vis u al inspection to make sure there are no 
loose connection s ,  broken resistors , or broken 
resis tor wire s .  

2.  An electrical test to make certain that the 
relay me asu res the balance point imp ed ance 

accurately. 

D i s t a n c e  U n i t s  

Ch e ck the el ectri c al response o f  the rel ay by 
u sing the test conne ctions in Fi gure 17. Set T, TA, 
both TB , & Tc for 1 . 23 S, SA & Sc for 1; M, MA & 
Me for 0 . 1 5 .  

18 

A .  U s e  connection s  for Test N o .  1 an d adj us t 

the voltages V l F 2F and V2F3F for 30 v olts 

e ach.  

B. The current required to make the contacts 

close for the t hree-phase (botto m) unit should 

be between 1 5 . 9  and 1 6 . 6  amp eres at the 

maximum-torque angle of  60 o current lag. 

(Set phase s hifter for 90 o l ag in Fig.  1 7.) 

C .  Use connection for Test No.  4 

D. Adj ust the voltage between PH. l and IF and 

between P H .  2 and 2F for 45 volts each so 

t hat the result ant voltage V 1 F2F equals 30 

volts ( 1 20-45-45 = 30V) 

E .  The current required to make the co ntacts 

clo se for the phase to phase (top) unit should 

be between 1 3 . 7  and 1 4 . 4  amp eres at an angle 

o f  75 o current lag. 

F .  Repeat E while using conne ctions for Test 

No. 5 and Test No. 6 .  The difference in 
values of current t hat m ake t he contacts close 

for eac h  of the three test connections s hould 

not be greater than 3% of  the smalle st v alu e. 
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T YP E  K D-4 R EL AY 

If the e lectrical respons e is outside the limits a more 
complete series of test outlined in  the section titled 
"Calibration" may be performed to deter mine which 
component is faulty or out of calibration. 

I n d i c at i n g C o n t a c t  S w i t c h  ( I C S) 

Close the main relay contacts and p ass suffi­
cient d-e current through the trip circuit to close t he 
contacts of the res. T hi s  value of current should be 
not  less t han 1 .0  ampere not  greater than 1 .  2 ampere s 
for the 1 ampere res. T he current s hould not be 
gre ater than the particular res tap setting being 
used for the 0 . 2- 2 . 0  amp ere res. The operation indica­
tor t arget should drop freely. 

T he cont act gap should be approximately 0. 047 " 
for t he 0 . 2/ 2 . 0  ampere u nit and 0. 070" for the 1 . 0  
ampere unit betw e e n  the bridging moving contact and 
the adj ustable stationary contacts .  T he bridging mov­
ing contact should touch both stationary contacts 
simultaneously.  

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

T he relays should be insp ected perio dic ally, at 
s uch time intervals as m ay be dictated by e xp erience, 
to insure that the rel ay s  have retained their c alibration 
and are in proper o perating condition. 

All contact s should be cleaned p eriodically. A 

co ntact burni s her tt 18 2A8 3 6HO 1 is reco m me nded for 
this purp ose.  T he us e  of abr asiv e  m aterial for cle an­
ing contact s is not recommended b ecause of the 
dang er of embedding small particles in  the face of the 
s oft silver and thus imparing t he cont act. 

D i s t a n c e  U n i t s 

C A U T I O N :  before making " hi-p ot" tests ,  j umper all 
contacts together to  avoid de stroying arc-s uppressor 
capacitor s .  

Use connections for tests 1 ,  4 ,  5 & 6 of Fig . 17 
to  check the reach of the relay , or use a K-Dar Test 
unit for this purpo s e .  When using test 1 of Fig . 17 
t he p hase angle meter must be set for 30° more than 
the maximum torque angle.  N ote that the impedance 
me asured by t he 3-phase unit in  test 1 is ZR = 

VL-L 

,;
-3 rL where VL-L is t he phase-to-p hase v oltage 

and rL is  the phase current; simil arly, in tests  4, 5 ,  
& 6 of Fig . 1 7  t he p h as e-to-phase u nit me asures 

Z _ VL-L 
R - --

2rL 

I n d i c at i ng C o n t a c t o r  S w i t c h  ( I C S) 

Close the m ain relay contacts and pass suffi-

I .L. 41  ... 98.1 1 J  

cient d-e current through the trip circuit to close the 
contacts of  the res. T his v alue of current s hould be 
not  less than L O  ampere nor gre ater than 1 . 2  amperes 
for the 1 amp ere res. The current sh ould not be 
greater than the p articualr res t ap setting b eing used 
for the 0 . 2- 2 . 0  ampere res. The operation indicator 
target should dro p fr eely.  

R E PA I R  C A L I B R A T I O N  

U s e  the following procedu re for calibrating t he re­
lay if the relay has be en taken apart for repairs or t h e  
adj ustments disturbed. 

Connect the relay for test ing as shown in Figure 
17. The four-pole-doub le-thr ow switch shown in the 
test circuit selects the typ e of  v oltage conditio n ,  for 
a p h ase-to-p h ase or  a thre e-p hase fault , that will be 
applied t o  the relay volt ag e  terminals.  The rotary 
switch s witches the fault voltag e  to v arious terminals 
and thereby simulates any co mbination of p hase-to­
phas e faults w it hout the tester having to c hang e  con­
nections or re adjust the phase shifter and variable 
auto-transfor mer s .  

F o r  b e st results in  checking c alibration, the re­
lay should be all ow e d  to  warm up for approximat ely 
one hour at rated v oltage.  However,  a cold relay will 
prob ab ly che c k  to within two p e rcent of the warm 
re lay. 

T r i p p i n g  U n i t s  & I n i t i a l  S pr i n g  S e tt i n g  

With the stationary cont acts op en s o  that the 
moving co nt act cannot touch,  set the moving cont act 
spring adjuster so that the cont act floats freely in 
t he gap. M ake sure th at there is  no friction w hich pre­
vents fr ee movement of the cylinder and contact arm .  

T h e  upper pin bearing s hould b e  scre wed down 
until there is  approximately . 0 25 inch ( one c omplete 
turn of  the screw) betw e e n  it and the top of  the s haft 
bearing. T he upper pin bearing s hould then be s ecure­
ly locked in p osition w it h  the lock nut . T he l ower 
bearing p osition is  fixed and cannot be adjusted. 

A utotran s fo r m e r  C h e c k  

Auto-transformers m ay b e  checked for turns ratio 
and p olarity by using the No. 1 t e st connections of 
Figure 1 7 ,  and the procedure outlined below. 

Set S, SA , and Sc o n  t ap number 3.  Set the "R" 

leads of M ,  MA . and Me all o n  0.0 and disconnect all 
the "L" leads. Adjust the volt ages V 1F '2F and 
V 2F3F for 90 volts . M e asure the voltage from terminal 
8 to the # 1 tap of  SA . It s h ou ld be 30 volt s .  From 8 

1 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T YP E K D-4 R E L AY __________________________________________________________ _ 

to the 1t2 tap of SA should be 60 volt s.  The voltage 
should read 30 volts from 8 to Sc = 1 and 60 volts 
from 8 to Sc = 2. Voltage from terminal 6 to tap 1t1 of 
S should be 26 volts. From 6 to the tap 1t2 of S should 
be 5 2  volts.  

Set  S, SA , and Sc on 1 and adj ust V 1F 2F and 
V 2F3F for 100 volt s .  Measure the voltage drop from 
terminal 8 to the MA tap s .  This voltage should be 
e qual to 100 ( 1 + sum of v alues between R and the 
tap being measur ed) . Ex ample:  100 ( 1 + .0 3 + . 0 6 )  = 

109 volts.  

C he c k  the taps of Me in the s ame manner. In­
c re ase voltage V 1F 2F and V 2F 3F to 1 1 5  volts . 
Check taps M voltages to ter minal 6 in the same 
manne r as t ap MA above. Transformers that have an 
o utput different from nominal by more than LO volt 
probably have been damaged and should be replaced.  

D i stan c e  U n i t  C a l i b r a t i o n  

Chec k  t o  s e e  that the taps on front o f  t h e  tap 
block are set as follows:  

T ,  TA , TB , and Tc set o n  L 2 3 ( T ap TB is set 
twice) 

S,  SA , and Sc set on 1 

" L "  for M ,  MA ,  and Me set on 0.0 

"R" for M ,  MA , and M set on 0 . 0  
c 

I .  T h r e e- P  ha s e  U n i t  

C o r e  a n d  R J A R e s i s to r  A d j u st m e n t s  

Set R 3 resistor for 100 ohms. A dj ustabl e p art 
o f  R3A should be connected for full resi stanc e. 

The relay should be preheated for at l east o n e  
hour in the case to eliminate chan ge in tuning due 

* to self-heating , spring set as per Initial Spring 
Setting. 

20 

A .  Connect rel ay termin al s  8 and 9 together, 
apply, rated a- c voltage between termin al s  
7 and 8.  A dj u st core by turning it sli ghtly 
until the contact arm restrains very slightly. 

B. Connect rel ay for test lt4 ( Fi g. 17).  Set 
V 1 F 2F for 2 volts. Set phase shifter so that 
voltage l eads current by the angl e e. whi ch 
i s  the m aximum torque angl e  o f  the 3¢ unit. 
( 60 o - for standard unit . )  M ak e  sure that the 
applied voltage i s  o f  correct phase s equence. 
A dj u st resi stor R 3A so that 3cP unit trip s at 
. 8 2  - . 9 0 *  amp eres. Thi s corresponds to 
100% o f  rel ay s etting o f  T � 1. 23 s� 1  M �O .  

C. Use t e s t  con n ection s  1t6 ( Fig. 1 7 ) .  Check the 
pickup it should be b etween 1.  3 - 2.0 amp. 
If this do esn't m eet thi s condition, ro tate 
core appro ximately 90 o as p er p art A and re­
p eat p arts A, B, C. If n ecessary, rotate core 
again. 

Fo r relays s et for different m aximum torque 
angl e e that is different from 60 ° the pickup 
current shoul d be m ultipli ed by a factor o f  

Sin 60 o 

Sin [) 

1 .  Use the No.  1 test switch positions and lead 
co nnections as tabulated in Figure 1 7 .  

2 .  Adj ust the voltages V 1 F 2F and V2F 3F for 
20 volts with Brush N o .  1 and Brush No.  2 
respectively. 

3 . Open R3 re sistor by disc onnecting the lead 
going to the adjustable tap on the resistor. Ad­
j ust current for 15 amp eres and rotate phase 
shifter to find the two angles,  [) 1 and 82 . at 
which the bottom u nit contacts j ust close.  

The maximum torque angle measured w ith R3 
e 1 + e 2 open should be ( - 30) degrees . This 

2 
angle should be between 88 ° and 9 1° .  Connect 
R3 resistor bac k  and measure again for maximum 
torque an gle. This angle should be between 58 ° 
and 6 1° . If nece ssary readjust R3 re sistor for 
correct angle. 

4. A smaller angle [) m ay be obtained by reducing 
R3 , in which case the test c urrent should be 

equal to 15  sin 600 amperes. The angle may be 
sin e 

inc reased by incr easing R3 . 

5. If it was found n e c essary to change R3 re­
sistor to a s etting different from the originally 
set val u e  repeat p arts B and C of preceding 
calibration pro cedure. 

C o n t act  A d j u st m e n t  

With moving-contact arm against right-hand back­
stop , screw the stationary contact in until it j ust 
t ouches the moving contact. ( Che ck for contact by 
using an indicator lamp . )  T hen back the left hand 
contact out two-thirds ( 2/ 3) of one turn to give 0 . 0 20-
inch gap between contacts . 

Spring Restraint : Reconne ct for a three-phase fault , 
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T Y P E  K D-4 R E L AY _________________________________________________________ I_. L_._41_4�9�8-.1�1 J  

Test No.  1 ,  and set th e phase shifter so that the 
current lags voltage by the maximum - torque angle, 
( 9 0° in Fig. 1 7 ) .  Adj ust the spring so that the current 

required to cl ose the left-hand contact is as follows : 
Voltage s V1 F 2F and V2F 3F = 2. 5  volts 

Current to trip K D-4 = 1 .46 amp 
Deenergize relay. Contact should stay open. 

I I . P h o s e- to - P h a s e  U n i t :  

C o r e  a n d  R A e - A d j u s t m e n t  

}\)  No current i s  appli ed to relay. Set RAe ­
resistor so that the adj u stabl e band i s  in the 

* c enter of the resistor. Spring set as per 
Initial Spring Setting . 

B ) Co nne ct terminals 7 & 8 t ogether and apply 
rated a-c voltage betw een terminals 8-9 . 
Adjust core until contact arm floats i n  the 

middle of the gap. Use a screwdriver w ith 

insulated blade to avoid accidental contact 
with tap plate inserts. 

C) Co nnect terminals 8 & 9 together and apply 

rated a-c voltage b etween terminals 7 and 8 .  

The contact arm should float. I f  not, readjust 
the core . O nly sli ght readj ustment should be 
required to do that .  If this not p os sible rotate 

c ore 180 ° and adj ust. Then reche c k  part B to 
s ee if contact is floating. 

D) Connect terminals 7 & 9 together . Ap ply 
rated a-c voltage to terminals 7 & 8. Adj ust 

resistor RAC · until contact arm floats. 

[>_� M a x i m u m T o rque A n g l e  A d j u stm e n t  ( F i g. 1 7) 
1 .  Use the N o ,  2 Test switch position and l ead 

co nnections.  This connection is fo r che cking 
and adjusting the maximum torque angle of 
the TAB compensator, 

2. Adj ust the voltage V 1 F 2F and V2F3F for 10 
volts with Brush No,  1 and Bru sh No, 2 re­

spectively, 

3, Adj ust the current to 15 ampers and rotate the 

phase shifter to find two angles, e1 and e2 . 
at which the top unit co ntacts just c lo s e. The 

maximum torque angl e e for the phase-to-phase 

unit then is ( q + 8:2 - 30) degrees . 
2 

* This angle should b e  73-77 degrees. 
This ang le 8 can be changed by adjusting 

R2A·  

I n  this c as e ,  the test  current should be equal 

15  sin 75 ° 
to . e ampere s .  A lower value of resist-

sm 

ance g ives a smaller angle and a higher re­
sistance value gives a greater angle.  

5.  Use the No . 3 Test Connections and rep eat 
the abo ve pro cedure to ch eck and adjust the 

angl e of the TBC - comp e n sator. Thi s ad­
j ustm ent i s  made with R 2C· 

Sp r i n g  R e st r a i nt 

1. No current i s  applied to rel ay. U s e  Test N o .  
1 connection s  e xc ep t  reverse the vol tage 

p hase s equenc e  by interchan gin g  the Brush 

connection s  so that Brush 1 is connected to 

3F and Brush 2 i s  connected to 1F.  

2.  Adjust the voltages V 1 F 2F and V2F 3F for 

3. 5 volts eac h  w ith Bru sh No. 2 and Bru sh 
No.  1 respectively. Po sition the moving con­

tact spring adjuster so that the contact just  
floats and then return the circuit connections 

to normal w ith Brush 1 to lF and Brush 2 to 

3F . 

3. D e energize relay. contac t  should stay open. 

C o n t a c t  A d j u s t m e n t  

T h e  procedure for contact adj ustment for the 

phase-to-phase unit i s  identical to that described for 
three-phase unit. 

The phase-to-phase unit is now calibrated and 
should be accurate to within ± 2% of t he c orrected tap 
value setting over the range of fault voltages from 
2. 5 VL-L to 120 VL-L · T he corrected tap value is 

actual relay reach at a given maximum torque angle 
TS sin 8 8 and is equal to z e = 0 • The relay 

( 1  ± M) ( sin 75 ) 
is now c alibrated and re ady for service.  

I l l .  C o m p en s ator  C h e c k  

Accuracy o f  th e mutu al impedance Z c  o f  the 

compensators i s  set within very close tolerance s at 
the factory and shou ld not c hange under normal co n­

ditions.  The mutual impedan ce of the compensators 

can be checked with accurate instrument s  by the 
procedure outlined belo w.  

A. Set  T ,  TA, TB , and Tc on the 1 . 23 tap . 

B . Disconnect the "L " leads of sections M, MA , 
and Me and the brus h  l e ads of R3 , R2A • and 

R2c without disturbing the brus h setting, ( With 

resistor loading removed e = 90 ° ) ,  

C. Connect terminal s  1 2  t o  1 4 ,  1 5  to 17,  16  to 18  

and p as s  20 amperes a.  c. current in  termin al 

19 and out o f  termin al 13.  
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T Y P E K D-4 RE LAY ________________________________________ _____________________ _ 

D .  M e asure the compensator voltage V c with a 
high resistance voltme ter 5 , 00 0  ohm/volt as 

tabul ated bel o w .  R efer to Fig u re 1 f or t he 
location of R3 , R2A • and R2c .  

M e asure Vc 

From To Fixed V oltmeter R e ading 
Terminal End of  

" L "  o f M  R3 
sin e 

V c = L 5 IT ( . 
60"" ) 

Sin 

= 42. 6 volts ( e = 90° ) 

" L "  o f MA R2A 
sin e ) 

Vc = IT ( 
sin 7 5  o 

= 
" L "  of Me 

50 . 9  volt s  ( e = 9 0  ° )  
R2c 

E .  Any compen s ator that has an output which is 
1 volt more or le s s  than the nomi nal v alues 
given above should be rep laced . 

I V  O v e r a l l  C h e c k  

After the calib rati o n  procedure has bee n c om­
p leted, p erform the follo wing check.  

A. Three-P has e Unit 

Connect the relay for a three-phas e fault ,  Test 
No. 1 of Figur e 1 7 ,  and set the p has e shifter so that 
the phas e  angle meter indicates 30°  more than the 
maximum torque angl e.  The current required to trip 
the relay s hould be wit hi n the l imits spe cified fo r 
e ach of the voltage s .  Note that for the three-p hase 
unit the imp e d ance measured by the relay is 

VL-L ZR = ---- w h e re VL-L is phase-to-p hase fault y'"3IL 
volt age and IL is phase current.  

V olts Amperes ( 17 = 60° ) t t & t 

V 1F2F 
& V 2F3F 

Imin I m ax 

2" 5 - 1 . 46 

r.- 4 . 6  4 . 8  

�1� �-
-- - - - - ---

14 . 4  

2 2  

t to  determine the l imits  o f  current w he n  e i s  not 
e qual to 60° multip ly t he no minal v alues tabulated 

. sin 60 ° 
abo ve by t he r at w  --. --0-

s l n  

tt P hase angle meter s e t  for 0 + 30° . 

B . P hase-to-Phase U nit 

U sing the connections for Tests Nos.  4 ,  5 ,  and 6 
set  the p hase shifter so that the current l ags voltage 
by eo . The current required to  trip the phase-to-p hase 
unit should be within the limits spe cified for e ach of  
the volt age s .  N ote that for  the p hase-to-phase unit 

the imp e d ance measured by the relay i s  ZR = ���L 

where VL-L i s  p has e-to-p has e fault voltage and IL 
is p hase curren t .  

Vo l t s  Amperes ( 0 
= 75° ) t 

T e st 
No. V 1 F 2F I min Imax 

2. 5 .98  1 . 0 8  

4, 5 & 6  5 . 0  1 . 9 9  2. 10 

30 . 0  1 1. 9  1 2. 5  

70 . 0  28 . 0  29 . 

t To determine the limits o f  curr e nt when 0 is not 
equal to 75  ° ,  multiply the nominal val u e s  tabulated 

. sin 7 5 °  
ab ove by the ratw 

sin {) 

I f  test  4 and 5 p ro du c e  different result s ,  rotate 
core about  1- 2 d e grees until tests 4 and 5 are within 
limi t s  above. For best  resul t s  trip current for p arts 4 
and 5 shoul d  be within 2% 

I f  test  1t6 i s  o ut o f  limits readj ust R AC resi stor 
until current limits are m et. 

I f  substantial core or resi stor chan g e s  are made,  
recheck p arts A ,  B, C, D of Core and RAe A dj ustment. 

I n d i c at i n g  C o n t a c t a r  S w i t c h  ( I C S) 

Close the main relay cont act s and p as s-suffi­
cient d-e current through the trip ci rcuit to close the 
c o nt acts of  the ICS. This v alue of  cu rrent sh ould be 
not less than 1 . 0  amp ere nor gre ater than 1 . 2 amp eres 
for the 1 amp ere ICS. The curre nt should not be 
greater than t he particular ICS tap setti ng being used 
for  the 0. 2- 2. 0 ampere ICS.  T he op eration indicator 
t arget sh ould drop freely. 
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TYPE K D-4 R E L AY ____________________________________ � __________________ I_. L_._4_1 ��9�8_.l_I J 

R E N E W A L  P A R T S  The contact gap should be approximately 0 . 0 4 7 "  
for the 0. 2/ 2 . 0  amp ere unit and 0 . 0 7 0 "  for t h e  1 
amp ere unit, b etween the bridging moving contact and 
the adj ustable stationary contacts. The b ridging 
moving contact should touch both stationary contacts 
simultaneously. 

Repair work can b e  done most satisfactorily at 
the factory . However,  interchange able parts can be 
furnished to the custo mer s  w ho are e quipped for 
doing repair work. When ordering parts , always give 
the complete namep late data. 

UNIT ITEM 

z ( 3 cj;) 

z ( 3¢) 2- 3 

R3A• R 3F 

XL 1, Xs 

z (cj; -cj;) 
RA C  

R 2A R 2c 

c 2A c 2c 

TA B  TEe 

SA Sc 

MA Me 

T A B L E I I  

NOMENCL ATURE FOR R ELAY TYP E K D- 4  

D ESCRIPTION 

Two El ement- Coils; Total d-e Resi stan c e  = 1 25 to 155 ohms 

Two El em ent- Coil s; Total d- e R esistanc e  = 360 to 440 ohms 

Combination of 2 resi stors. Total Resist ance 2500 ohms (One Re­
sistor i s  fi xed,  one adj u stabl e).  

2 i n ch R e si stor 300 ohms Adj u stabl e 

2 . 0  MFD Cap acitor 

0. 50 MFD Cap acitor 

Comp ensator (Prim ary Tap s - . 23; . 307 ;  . 38 3; . 5 37 ;  . 690; . 920 ; 1 . 23) 

Auto- Tran sform er Prim ary ( T ap s - 1; 2; 3) 

A uto- Tran sformer Secondary ( Betwe en Tap s- 0 . 0 ;  . 0 3; . 0 6; . 06) 

Reactors 

Two El em ent-Coil s; Total d-e R e si stan c e  = 180 to 2 20 ohm s 

3-llz inch R e si stor 750 o hm s  Adj ustabl e 

2 inch Resi stor 600 ohms A dj u stabl e 

1. 35 M F D  Cap acitor 

Comp ensator Same as T 

Sam e as S 

Sam e as l\1 

23 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T YP E K D-4 R E L AY ___________________________________________ _______________ __ 
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PAIIEL LOC AT I ON � 
SEM I - FLUSH MTG. 
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TERM I NAL AND 
MOUNTI NG DETA I LS 

• 1 90-32 SCREW 
f 

2 � 1 6  I - D I A.ll  HOLES FOR 

-{ 5 ! -+: 
32 r-- � II . 19G-32 NTG. SCI!EWS 

---::---+------::;: 4 

PAIIEL CUTOUT & DR I LL I N G  
FOR S EM I - FLUSH MTG. 

PAN EL DRI LL I NG 01! 
CUTOUT FOR PROJECTION MTG. 

9 - DU.2 HOLES 
16  

Fig. 18 Outline and Dri l l ing P lan fo r Type KD"4 Relay in the Type FT42 case. 

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 IV I S I O N  N EWAR K, N .  J.  
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T YP E K D·4 R E L A Y  __________________________________________________________ r._L._4_1 _�_�_.1 __ 1 J 

STATION BUS PHASE ROTATION A B G 

A B G 

POS. DC TRIPBUS 
ZONE I -----------. ZON£2 ,..---.-.. 

52
U�E 52�CONTACT WHEN f�O g��--�:5\�

C
C. TRIP COIL SUPERVISION Ry 2000 QHM-2BOVDC LIGHTOR0.2ALCS IS USED 

+t FOR ZONE 3 REVERSER TRIPPING DIRECTION 

+ 

1. REVERSE CONNECTIONS TO TERMINALS �/ ��-.. : �'�!v 17f. l6, l9t 1 8  
_j 2,1NSTEAO OF CONNECTIONS AS SHOWN WITHIN OOTTEO,SECTION,CONNECT '-""=""""-'"'-'-�----21'-l!!="""-""'"--' -----''"-�
O

!!JD:;:.r!-"-:!!!CG!<JEc.!U"'N!!!IT�.- ONLY T2 CONTACT (TERMINALS 9/ 10) IN S(E;��S
M

���� ��iNE 2 CONTACT 

ALTERNATE CONNECTION 
!NEUTRAL FORMED A-T RELAY) 

QEVICE NUMBER CHART 
2 1- 1 -ZONEI PHASE RELAY 
21-2 ZONE2 " '' 
21-3 ZONE 3 " 
2-TIMING RELAY 
52 PWR. CKT. BI<R. 
52a. BKR. AUX. CONTACT 
TC BKR. TRIP COIL 

TYPE KD -4 
' '  KD-4 

KD-41 " T0-2 

292B470 

Fig. 12 External Schematic of Type KD-4, and KD-4 1 Relay s  with Type TD-2 Timing R elay. 

STATION BUS PHASE ROTATION A B C 
ZONE 3 TIMER CONTROL 

:t�;:===I====�====�==�"-·====���==��===i POS. 
D.C.  TRIP SUS 

2 ----,----

z z  l l 
A B C 

'l. u.,v-F�jl_llF ...... .,.�,�:1 
������-=-_._·H·· I I  1 11 

+ FOR ZONE 3 REVERSED TRIPPING DIRECTION 
REVERSE CONNECTIONS TO TERM'S 13f. 121 
15� 14, 11¢16, 18f 19 OF KD-41 fiELAY 

. ,  

R3  7 5 0 

DEVICE NUMBER CHART 
DEVICE 

NO ZONE RELAY 

21 3 
2 

�2 TC 

KD -41 
T -4 TJMI 

DEVICE 

POWER GI<T, 8KR. 
BKR.AUX . C ONTACT 
8KR TRIP COIL 

Fig. 13 External Schematic of Type KD-4 and KD-4 1 R elays with Type TD-4 Timing R elay. 

292B461 
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TY P E KD"4 R E LAY ____________________________________________________________ _ 

b) From the Tabl e I read o ff S = 2 
T = . 9 20  
M = - . 03 

and "R" l ead shoul d be connected o ver "L "­
l ead with "L " connected to "0 " tap and 
"R" - l ead to ". 0 3" tap. 

c) Recheck s ettings  

S T 2 x .920 
-2 = 1 ± M = 1 - . 03 

1 . 8 9 5  

o r  Sin 6 0  o 
260 ° = 2 Sin 7 5 o = 1 . 89 5  x . 898 = 1. 70 ohms 

Three p hase unit s etti n g  is  found as follo ws: 

Since the line characteristic angle i s  60° the re­

commended maximum torque angle setting for three 

phase unit wi ll b e  45°. If relay has been recalibrated 

to 45o from standard factory setting of  60° then the 

relay setting should b e :  
Sin 60° z = ze .  . e = 1 . 7 x 1 . 225 = 2 . o 8  
Sm 

a) The n earest tabl e value i s  2.09 

b) From th e Table I read o ff 

s = 2 
T = . 9 20 
M = - . 1 2 

"R" l ead should be o ver "L " ,  with "L " ­
l ead, connected to " . 0 3" - tap and "R" ­

l ead con nected to upp er " . 0 6 " - tap. 

c) R echeck settin g s  
ST 2 x . 9 20 

-2 = -- = = 2.09 1 ± M 1 - . 1 2 
o r  Si n  4 5  

� 45 ° " -2 --- = 2.09 X . 8 18 = 1. 7 1  
Si n  60 

or 100-. 5'fr. o f  desired setting. 

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

The K D-4 relay require s s�ttings for each of the 

three compe nsators (T, TAB and TBc ) ,  each of the 
auto-transformers ,  primaries (S ,  SA , and Scl and 
secondaries (M,  MA , and Me). All of these settings 
are made w ith taps on the tap plate which is located 

between the operating units. F ig .  3 shows the tap 

plate. 

C o m p en s at o r  ( T ,  T A B  a n d  T e A l 

Eac h  set of compensator taps terminate in inserts 

whic h are grouped on a so cket and form approx imately 
three quarters of a circle around a center insert which 

is the common connection for all of the tap s .  Electri-

1 4  

c al connections between common insert and tap in­

serts are made w ith a link that is held in place with 

two connector screws , one in the common and one in 
t he tap. There are two TB settings to be made since 

phas e  B current is passed through two compensators. 

A compensator tap setting is made by loos ening the 

connector screw in the center. Re move the connector 

screw in the tap end of the link , swing the link 

around until it is in p o sition over the insert for t he 

desired tap setting, replace the connector screw to 

bind the link to this ins ert , and retighten th e con­

nector screw in the center. Since the link and connec­
tor screws c arry operating current ,  be sure that the 

screws are turned to bind snugly. 

Au to- T ran sfo r m e r  P r i m a ry ( S, SA , a n d  Sc ) 

Primary tap co nnections are made through a 

single lead for each tr ansformer. The lead c omes out 
of the tap pl at e  through a smal l  hole located just 

be low or above the taps and is held in place o n  the 
tap by a connector screw. (Figure 3 ) .  

A n  "S" setting i s  made b y  re movi ng the con­

nector scre w ,  placing the connector in position over 

the insert of the de sired setting, replacing and 
tightening the connector screw . The connector s hould 

ne ver make electric al contact with more than one tap 
at a time. 

A uto- T r a n s fo r m e r  S e c o n d a r y  (M, M A , and M e )  

Sec ondary tap connections are made through two 
leads identified as L and R for each transfor m er .  
These l e ads come out of the tap plate e ac h  through a 
s m all hole, one on e ac h  side of the vertic al row of 
"M" tap inserts. The lead connectors are held in 

place on the p roper tap by connector screws. 

Values for which an "M" s etting can be made are 
from - . 15 to + .  15 in steps of .03 .  The value of a 
s etting is the sum of the numbers that are crossed 

wh en going from the R lead position to the L le ad 

position. The sign o f  the "M" v alue is determined b y  

whic h lead is in the higher position on t h e  tap plate . 

The sign is p ositive ( +) if the L lead is hig her and 

negative ( -) if the R lead is higher. 

An "M " s etting may be made in the following 

manner.  Re move the connector screws so that the L 

and R leads are free .  Deter mine from the foll ow ing 
table the desired "M" value. Neither lead connector 

should make electrical contact with more than one tap 

at a time. 

see Tabl e I for tabulated "M" s ettings. 
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Westinghouse 1. L. 4 1 -498A 

I N STA L L ATION • OPE R A TI O N  • MAINTEN A N CE 

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

TYPE KD-3 RELAY 

CAUTION 

Before putt ing protec tive re lays into s e rvice  make s ure tha t  a l l 
moving parts operate  free ly , inspect  the c ontacts  to  see  tha t they 
are c lean and c lo s e  properly,  and operate  the re lay to  c he c k  the 
s e ttings and e lec tric a l  c onne c t i ons . 

APPLICATION 

The KD- 3 re lay (F igure l ) is a s ing le pha s e  impedanc e t ype re lay 
c onnected  to rec e ive pha s e - to -ne utra l vo ltage and phase  c urrent 
and may be app lied a s  a s upp lement to c onvent iona l two - zone or 
three - zone dis tance re laying . It  has provis ions for a c omp lete ly 
offs e t  c irc le chara c te ri s t ic with both the long reach  and the short 
reach adjus tab le . 

In  KD re lay app licati ons whe re a norma l s e c o nd z one or  th ird z one 
s e t t ing of  the thre e - phas e  unit might caus e  tripp ing because of 
pos s ib le load c onditions , the  convent iona l  re lay s e t t ings mus t be 
s ho rtened  to  exc lude load . The KD- 3  dis p lac ed  c irc le charac teris ­
t ic may be added to the KD re lay three-pha s e  unit s hortened c i rc le 
c harac teris tic  to �rovide the des ired tota l reach  at the line 
a ngle w i thout danger o f  tripp ing on  load . The KD pha s e - t o - pha s e  
unit does not respond t o  ba lanced  three  pha s e  c onditions and 
therefore can be s e t  for any dis tanc e without fear of  tripp ing on 
load or  swing c ondi t ions . 

The KD- 3  re lay is ava i lable w ith  e ither a l ampere or  a 0 . 2/2 . 0  
ampere indicat ing c ontactor  switch  ra t ing . The l ampe re ra t ing 
i s  rec ommended for a l l  direc t i ona l c omparison app licat ions and for 
mos t  dis tance re laying app licat ions . The 0 . 2/2 . 0  ampere rat ing is 
re c ommended for dis tanc e re laying where a lockout re lay is ener­
gized or  where a h igh impedanc e auxi liary tripp ing re lay is  
ut i lized . 

CONSTRUCTION 

The typ e  KD- 3 re lay cons ists  of two s ing le a ir gap trans formers 
( c ompensators ) , two tapped auto - transformers , a c ylinder type  
opera t ing unit , an adjus tab le � c t or and an r e s  indicat ing 
c ontac tor  switch . 

SUPERSEDES I. L. 4 1 -498 EFFECTIVE SEPT. 1966 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



C ompensator  

C ompensators , wh ich  are de s ignated a s  TA and Tc , are two-winding a ir­
gap trans formers (F igure 2 ) . The primary, or c urrent winding ,  has 
s even taps whi c h  termina t e  at  the tap b lock  (Figure 3 ) . TA is  the 
" long rea c h "  c ompensator ,  TB is  the " s hort reach " c ompensator  and 
tap markings for the res pe c t ive units  are as  fo l lows : 

TA 1 .  3 ,  1 . 74 ' 2 . 4 , 3 . 3 , 4 . 5 ,  6 . 3 ,  and 8 . 7 .  

TB . 87 ,  1 . 16 ,  1 . 6 , 2 . 2 ,  3 . 0 , 4 . 2 ,  and 5 . 8 .  

Current f low ing through the primary c o i l  provide s  an f'!rv1F w h i c h 
produc e s  magne t ic lines o f  f lux in the c o re . 

A vo ltage is induc ed  in the s e c ondary whic h is proport i ona l to  the 
p rima ry tap and c urrent magnitude . Th is p roport iona lity is  
e s tab lished by the  c ro s s  s e c t iona l  area o f  the  laminated s tee l c ore , 
the length of  an a ir gap whic h is  located  in the c enter o f  the c o i l ,  
and the t ightne s s  of  the lam inat ions . A l l  o f  thes e  fac tors wh ich  
inf luenc e the  s e c onda ry vo ltage proport iona l ity have been  prec i s e ly 
s e t  a t  the  fac to ry .  The c lamps which ho ld the  lamina tions s ho u ld 
not be dis turbed by e ither t ightening o r  loo s ening the c lamp s c rews . 

The s e c onda ry winding has a s ing le tap which divides the w inding into 
two s ec t ions . One s e c t ion is c onnec ted s ub t rac t ive ly in s e ries  with 
the re lay termina l vo ltage . Thus a vo ltage which  is proport iona l to 
the line c urrent is s ub t rac ted vectoria l ly from the re lay termina l 
vo ltage . The s e c ond s e c t ion i s  c o nne c ted to  an adjustab le loading 
res is tor  and p rovides a means o f  adjus t ing the  pha s e  ang le re la tion  
b e tween p rima ry c urrent and the induc ed sec ondary vo ltage . The 
phase  ang le may be s e t  fo r any va lue bet1,'1 een  60 ° and 80 ° by adjust ing 
the  re s is to r  between  i t s  minimum and maximum va lue s re spec t ive ly or  
for 89 °  torque ang le o f  75 ° current lagging vo ltage . 

Auto -Transforme r 

The auto - t rans forme r has thre e  taps  on  i t s  ma in winding ,  S ,  which 
are numbere d  1 ,  2 ,  and 3 on  the tap b lock . A t e rtiary winding I-1 ha s 
four tap s  vvhich  may be c onnec ted additive ly,  or  s ub trac t ive ly to  
invers e ly modify the S s ett ing by  any va lue from - 15 to  +15 per  c ent 
in s teps  of  3 per c ent . 

The s ign o f  N i s  negat ive when the R lead is  above the L lead . M is  
p o s it ive when  L is  in a tap  location which i s  above the tap  location  
o f  the  R lead . The 1\1 s et t ings is  de term ined by the s um o f  per unit 
va lues between the R and L lead . The ac t ua l  per  unit  va lues which 
appear on  the  tap p late  be tween taps  are 0 ,  . 03 ,  . 06 ,  and . 06 .  

The auto- trans forme r makes  it  p o s s ib le t o  expand the bas ic range of  
the  c ompensators by a mu lt ip l ier  of ,S Therefore , any re lay 

o hm s e t t ing can  be made w ithin �1 . 5  1 r s per  cent from 1 . 13 ohms 
to 30 o hms , for a long reac h  s e t t ing , and from 0 . 75 o hms to 20 ohms , 
for a short reac h  s e t ting ,  by c omb ining the  c ompe nsator  taps TA 

-2-www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I. L. 41 -498A 

and Tc with  the auto- t rans forme r taps SA and MA , and Sc and Me • 

Tripp ing Unit  

The device  which  ac ts  to  init iate t ripping is  a four-p o le cylinder  
unit wh ich is  c onnec ted s o  that one p o le - pa i r  vo ltage leads the o ther 
by 90 ° and operates  as  a two-pha s e  induc t ion mot o r .  Contac t-c losi ng 
t o rque is produced  by the unit when the vo ltage app lied t o  its  
termina ls has  a negat ive - phas e  s equenc e . C lo s ing torque for the 
re lay forc e s  the moving c onta c t  to  the left  hand s ide as  viewed from 
the front of  the re lay .  C ontac t -opening t o rque i s  produc ed when 
p o s itive - phas e  s equenc e vo ltages are app lie d .  Henc e , the c ylinder 
unit has re s tra int or opera t ing torque as de te rmined by the pha s e  
s equence of  t h e  vo ltage s app lied to  its  term ina ls . 

Mec hanica l ly ,  the cylinde r unit is c ompo s e d  o f  four bas ic c omponents ; 
a die-c a s t  a luminum frame , an e le c tromagne t ,  a mov ing e lement a s s emb ly, 
a nd a mo lded b ridge . 

The frame s e rve s as  the mount ing s t ruc ture for  the magnet ic core . 
The magne tic  c ore whic h hous e s  the lowe r p in bearing is s ecured to  
the frame by  a s pring and snap ring . This  is an  adj us tab le c ore 
wh ich  has a . 025 inc h flat on one s ide and i s  he ld in its  adjus ted 
pos ition by  the c lamp ing a c t ion  of  two c ompre s s ed s prings . The 
bearing can be rep laced ,  if nec e s sary w ithout hav ing to  remove the 
magnet ic c o re from the f rame . 

The e le c tromagne t has two s e ries-c onne c ted  c o i ls mounted diame tri­
c a l ly oppos ite one ano ther ,  to  exc ite each s e t  of p o les , and two 
locat ing p ins . The locat ing p ins are used to  accura te ly pos i tion 
the lowe r p in bearing ,  whic h i s  mounte d on  the frame , with re spect  
to  the  upper p in bearing ,  which  is threade d  into  the  bridge . The 
e le c t romagne t is sec ured to the frame by four mounting s c rews . 

The moving e lement a s s emb ly c ons ists  of  a s p i ra l  s pring ,  contac t 
carrying member ,  and an  a luminum cylinde r a s s emb led to  a mo lded hub 
which ho lds the s haf t . The hub to  which the moving c ontac t arm is  
c lamped  has a wedge -and-cam c ons truc t io n ,  to  p ro vide low-bounc e  
c ontac t a c t i o n .  A casua l  inspect ion o f  the a s s emb ly might le ad one 
to  think tha t the c ontac t arm bracke t  does  not c lamp on the hub as  
tight ly a s  it  should .  However ,  this  adj us tment i s  accura te ly made 
a t  the fac tory and is locked in p lace  w ith a lock nut and should 
no t be  c hange d .  

Opt imum c onta c t  act ion is  obta ined  when a forc e of  4 to  10 grams 
pre s s ure app lied to the fac e of  the moving c ontac t wi l l  make the 
arm s lip one - fo urth of its  tota l  free trave l .  Free trave l is the 
a ngle thro ugh whic h  the hub w i l l  s lip from the c o nd it ion of re s e t  
to  t h e  point where t h e  c lamp pro j e c t ion  begins to  ride up on the 
wedge . The free trave l can vary between 15 ° to  20° . 

The s haft has removab le top  a nd bottom jewe l bearing .  The shaft 
ride s between the bot tom p in bearing and the upper  p in bearing 
�t-Jhich  is adjusted  to  . 025 inch  from the top  of the s haft bearing . 
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The c ylinder ro ta tes  in an air  gap formed by the e le c tromagne t and 
the magne t ic c o re . 

The b ridge is  s ec ured  to  the e le c t romagne t and frame by two mounti ng 
s c rews . In addit ion to  ho lding the upper  pin  bearing , the bridge i s  
u s e d  for  mount ing t h e  adjus tab le s ta t ionary c onta c t  hous ing .  This 
s tat ionary c onta c t  ha s . 002 to  . 006 inch fo l low which is s e t  at the 
fac tory by means of  the adj us t ing s c rew . Af te r  the adj us tment is  
made the  s c rew i s  s ea led in  pos it ion  with  a ma teria l which f lows 
a round the threads and then s o lidifies . The s ta t ionary c ontac t  
hous ing is he ld in pos ition  b y  a sp ring type c lamp . The s pring 
adjus te r  is  located  on the unde rs ide of  the bridge and is  a t tached to  
the moving c ontac t arm by a spira l  s p ring . The spring adj us ter is 
a ls o  he ld in p lace  by a sp ring type c lamp . 

When the c o ntac ts  c lo s e , the e lec tr:i,.c a l  c onne c t ion  i s  made through  
the  s ta t ionary c onta c t  hous i ng c lamp , t o  the moving c ontac t ,  through 
the s p i ra l  s pring and o ut to  the s pring adjus ter c lamp . 

Indicat ing Contac tor  Switch  Unit  ( res )  
The indicat ing c onta c t or svv itch  is  a sma l l d-e  ope rated c lapper type 
dev ic e . A magne tic  armature , to  which  the leaf - spring mounted  
conta c t s  are a t tached ,  is  at tracted  to  the  magne t ic c ore upon 
e ne rgi zat ion  of the switc h .  Whe n the switch c lo s e s , the moving 
c ontac ts  bridge t-vvo s ta tionary c onta c ts , c omp let ing the t rip c irc uit . 
A ls o during this  opera t ion  two fingers on the arma ture def lec t a 
s pring located  on  the front o f  the switc h ,  which  a llows the opera tion 
indic ator  target to  drop . The ta rge t is  re s e t  from outs ide of  the 
case  by  a push  rod located  at  the botto m  of  the c over .  

The front s p ring , in addition to  ho lding the targe t ,  provide s  
re s tra int for t h e  a rma t ure and thus c ontro ls the p ic kup va lue o f  
the sw i tc h . 

OPERATION 

Type KD- 3  re lays have two ma j or c ompone nts , the c ompensators and the 
tripp ing uni t . In the interna l s c hema t ic of F ig .  4 c ompe nsators 
de s igna ted TA and Tc are s hown c onnected  s o  as  to  mod ify the vo ltage 
app l ied to  the long-reach c o i ls ( Z u1. )  and the s hort - reach c o i ls ( ZsR )  
re spec t ive ly . 

Opera tion of  the KD- 3 re lay can be  exp lained by referring to F ig . 5 .  
In this  f igure the addit ion of vo ltage vec to rs , a t  various fault  
locat ions , res u lts  in  a s e t  of vec tors indicat ing predominant ly 
p o s it ive s equenc e  vo ltages for res tra ining the t ripping unit or 
ind icat ing predominante ly nega t ive s equenc e vo ltages for c lo s ing the 
tripp ing unit . 

In F ig . 5 the s hort reach  s e t t i ng ( Zc ) is  about one third of  the 
long reach  s e t t ing ( ZA ) and is in the s ame d ire c t io n .  This  produc e s  
t h e  s o lid line offs e t  c i rc le c ha rac teris t ic w h i c h  exc lude s the 
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I. L. 4 1 -498A -----
o rlgln when p lot ted on an R- X  diagram . Note tha t if  zc had been 
s e t  w i th reve rs e po larity ,  by  revers ing the externa l c urre nt c o nnec ­
t ions , the broke n line c irc le charac te ris tic  wh ic h  inc ludes the 
origin wou ld have res u lted . Te rms and symb o ls us ed in the diagrams 
a re define d  as f o l lows : 

Vsr-1 Output vo ltage from the autotransformers which  
rec e ive phase  to neutra l vo ltage . 

= 

I 

XY 

ZY = 

X-Y-Z = 

X- Z - Y  = 

Mutua l impedance s e t t ing o f  the long rea ch  
c ompensator . 

r�1utua l impedanc e s e t t ing o f  the s hor t  reach 
c ompens a t o r .  

Phase  C urrent . 

Z ( LR ) tripping unit c o i l  voltage . 

Z ( SR )  t ripp ing unit c o i l  vo ltage . 

P o s i t ive Sequenc e  ( re s tra ining ) pha s e  rota tion .  

Nega t ive Sequenc e  ( c los ing ) phas e  ro ta t i on .  

C ons ider a fau lt a t  loc a t ion "A " which  i s  beyond the long reach  
s e t ting .  For the  sake of  s imp lic i ty ,  a s s ume both the line ang le 
a nd the re lay maximum torque ang le to  be 90 ° . C ompensator ZA 
modifie s vo ltage VsM by adding the mutua l impedanc e  drop  IZA which 
leaves vo ltage XY a c ro s s  the Z ( LR ) coi ls . C ompensa tor Zc modifies 
its  vo ltage Vsrf\ by  adding IZc to  produce Z ' Y .  Th is vo ltage is the n 
advanc e d  90° , by  the pha s e  s hift ing a c t ion  o f  c apac itor  Ccs , to  
p rovide vo lta�e ZY a c ro s s  the Z ( sR ) c o i ls . The re su lt ing diagram 
has an  X-Y-Z ( po s it ive s equenc e ) pha s e  rota tion  which re s t ra ins the 
unit for this  fa u lt beyond the protec ted zone . 

Us ing the same method of  ana lys i s  for  a fault  a t  loc a tion "B" , the 
long reach  s e tting ZA , it is  s hown tha t  X, Y, and Z lie in a 
s t ra ight line indicat ing equa l p o s i t ive and negat ive seque nc e 
vo ltages whic h provides a ba lanc e p o int . Wi thin the protec ted  zone , 
for  a fau lt a t  loca t ion "C " ,  the XY vo ltage i s  revers ed b y  c ompensa­
tor a c t ion  and nega t ive s equenc e vo ltage X- Z-Y produc es  c lo s ing 
torque in the t ripp ing uni t . A t locat ion "D" , the s hort reach  
s e t t i ng ,  another ba lanc e  po int is  enc ountere d  as  pos i t ive s equenc e 
and nega t ive  s eque nc e  vo ltages bec ome equa l aga in with  X ,  Y ,  and Z 
in line . 

A fault  a t  loca tion  "E "  v,rhich i s  behveen the re lay and the protec ted 
z o ne c aus e s  both  XY and ZY to  be revers ed . Th is provide s a 
res t ra ining X-Y- Z phase  ro ta t i o n .  A fa ult a t  location "F " , beh ind 
the re lay , c aus e s  a c urrent revers a l  in both  c ompensators and a 
modifying vo ltage i s  produc ed whic h inc reas e s  the re s tra ining 
vo ltage VsM to  a la rge va lue with  X-Y- Z pha s e  ro tation . 
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The c ombination of s eries  re s i s tor  RA and para l le l  capac itor CAP shown 
in Figure 4 c ont ro ls trans ient s  in the Z ( LR )  c irc uit and a ls o  p rovides 
a sma l l  amount of pha se  shift . In the Z ( sR ) c ircuit , capac itor Ccs 
provides memory action  to improve the opera t ing c haracte ris tic s for 
faults  near the re lay loca t io n .  Ccs a ls o  p rov ides  the ma jor  phase  
shift ing effec t whic h make s the vo ltage ac ro s s  Z ( sR ) lead the vo ltage 
acro s s  Z ( LR ) by goo when only vo ltage is  app lied  to  the re lay .  The 
most  e ff lc ient phase  re lation between  po le pa irs for the cylinder 
type tripp ing unit is  goo wh ic h  can be acc ura te ly s e t  us ing the 
va riab le X adj us tment . Reac tor  X is a sma l l adj us tab le unit which 
is used to  compensate  for variat ions in other c omponent s . 

CHARACTERISTICS 

The KD- 3  re la y is  des igned to re spond primari ly to thre e  pha s e  fau lt s . 
S inc e it  re ce ives pha s e - to - ne utra l vo ltage and pha s e  c urrent , it  
re sponds accura te ly to any thre e  pha s e  condit ion and to  phas e-to­
ground fa ults  on  one part i c u la r  phas e .  It  has a limited  re spons e  to  
p ha s e - to-phas e  and doub le -pha s e - to -ground fau lts . 

Dis tance Charac t e ri s t ic 

A c ha rac teris tic  c irc le is e s tab lis he d  by s e t ting two po ints on  the 
c i rc le ,  d iame tric a l ly oppos ite  one another,  by means of the Long 
Reac h  and the Short Reach  compensa tors . As s hown in Figure 6 ,  the 
Short Reach  s e tting ,  ZsR , may be pos itive or  nega tive with re s p e c t  to 
ZLP. , or it  may be zero depending upon the c urrent c ircuit c onnec t ions 
to the Short Reach  c ompensator  Tc · The externa l s c hematic  Figure 7 
s hows pos i t ive po larity c urrent c onne c t ions to  both TA and Tc . 

So lid line c harac teris tics  of Figure 6 are typ ica l for a pos itive 
ZSR · Memory ac t ion in the tripp ing unit c irc uitry provides t he light­
line dynamic c harac te ris t ic when norma l vo ltage exis ts  at the re lay 
t e rmina ls prior to  the  fau lt . The heavy- line s tatic  c ha rac teri s t ic 
domina te s  for load and swing c ondit ions or  if there is  zero vo ltage 
at the re lay prior to  the fault . 

The broken- line c ha racte ris t ic pa s s ing through the origin is  obta ine d  
by  by-pas s ing the c urrent termina ls of the Tc c ompensator  to make ZsR 
equa l to z e ro . The da s he d- line c ha rac t e ris t ic which  inc lude s the 
origin i s  obta ined by  making revers e  po larity conne c t ions to  c urrent 
te rmina ls of the Tc c ompensator . 

The re lay i s  inhere nt ly d ire c t iona l  when ZSR is  e ither zero o r  is  of  
pos it ive p o larit y .  If  Tc has a nega t ive po la rity c onne c t ion to the 
c urre nt termina ls ,  ZsR is  reversed w i th respec t to Z LR  and the c irc le 
c harac teri s t ic then inc lude s the origin and los e s  its sense of  
d i rec t ion . 

Sens itiv ity 

Figure 8 i s  an impedance  c urve which  demons t rates  the re lay s e ns it iv­
ity to fau lts at the ba lanc e po int for various va lues of vo ltage a t  
the re lay termina ls . 
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Zero vo ltage s ens itivity for charac teri s t ic s  wh ich  inc lude the origin 
is graph ic a l ly i l lus trated in F igure g .  
Genera l C harac teris t ic 

Impedance s e tt ings in ohms reach can be made for any va lue from 1 . 13 
ohms to  30 ohms fo r ZLR and from . 75 ohms t o  20 ohms for ZsR in s teps 
of 3 per c ent . The maximum torque ang le ,  wh ic h  i s  s e t  for 75 degre e s  
a t  the fac to ry ,  may be s e t  f o r  any va lue from 6 0  degrees  to 80 
degre e s . A c hange in maximum torque ang le w i l l  produc e a s light 
c hange in reach  for any given s e t t ing of the re lay . Refe rring to 
F igure 2 note that the c ompensator s ec ondary voltage output V ,  is 
larges t  when V leads the primary c urrent , I,  by goo . This goo 
re la tions h i� is  approac hed , if the c ompensator  loading res is tor 
(R2A o r  R2c J is  open-c i rc uit ed . The effe c t  of the loading res is tor,  
when c onne c te d ,  is  to produce an interna l drop in  the c ompensator ,  
which i s  out -of-pha s e  w ith the  induc ed vo ltage , V ,  is  pha s e - s h ifted 
to  change the c ompensato r  maximum torque ang le .  As a res ult of this  
pha s e  s hift the magnitude of V i s  reduced , a s  s hown in F igure 2 .  

Tap markings in Figure 3 a re bas ed upon a 75 ° c ompensator ang le 
s ett ing . If the res is t o rs R2A and R2c are adj us ted for s ome other 
maximum torque ang le the  nomina l reach  is  different than indica ted 
by the tap s . The reach ,  z9 ,  varie s with the maximum torque ang le , 
G ,  a s  fo l lows : 

ze = TS s in G 
( l  2:- N )  s in 75 ° 

TAP P LATE MARKINGS 

1 . 3  1 . 74 2 . 4  3 . 3  4 . 5  6 . 3  8 . 7  

Tc 

. 87 1 . 16 1 . 6  2 . 2 3 . 0  4 . 2  5 . 8  

sc & sc 
1 2 3 

+ Va lues between taps !V1A & l'v1c 
• 03 . 06 • 06 

TIME C URVES AND BURDEN DATA 

Opera ting Time 

The speed of opera t ion for the KD- 3 re lay is shown by the t ime c urves 
in Figure 10 . The c urves indic a te t he time in mi l lisec onds required 
for the re lay to  c lo s e  i t� c o ntac ts  for tripping after the inception 
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o f  a fau lt a t  any po int on  a line within the re lay set ting .  

Current C i rc uit Ra t ing in Ampere s  

Tap Setting Continuous 1 Second 
S =l s 2 S =3 

5 . 8 5 . 0  8 . 5  8 . 5  2 40 
4 . 2  6 . 0  10 . 10 . 240 
3 . 0  8 . 0  10 . 10 . 240 
2 . 2  10 . 10 . 10 . 240 
1 . 6  10 . 10 . 10 . 240 
1 . 16 10 . 10 . 10 . 240 
0 . 87 10 . 10 . 10 . 240 

Burden 

The burden which the re lay impos e s  upon potentia l and c urrent 
trans formers is s hown by Figure 1 1 .  

Trip C irc uit  C ons tants 

1 ampere rat ing : 
0 . 2/2 . 0  ampe re rat ing : 

0 . 1 ohms d . c . res is tanc e 
0 . 2  tap 6 . 5  ohms 

2 tap - - 0 . 15 ohms 

SETTING CALCULATIONS 

Re lay reac h is s e t  on the tap p late s hown in F ig . 3 .  The tap 
markings  a re : 

1 . 3  1 . 74 2 . 4  3 . 3  4 . 5  6 . 3  8 . 7  

Tc 

. 87 1 . 16 1 . 6  2 . 2  3 . 0  4 . 2  5 . 8  

SA and sc 
1 2 3 

l\1A and Ivic 
. 03 . 06 . 06 

(Va lues between taps ) 

Maximum torque ang le is  s e t  for 75 ° ( c urrent lagging vo ltage ) in 
the fac tory .  This adjus tment need not be disturbed for line ang le s  
o f  65 o o r  higher.  F o r  line ang le s  be low 65 ° ,  s e t  for a 60° maximum 
torque ang le , by adjus t ing R2A and R2c · 
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genera l formula for s e t t ing the ohms reach  of the re lay is : 

Zg = z ( Sin G ) 
= Zpri 

Rc 

( Sin 75 ° )  R
v 

terms used in this  formu la are def ined  a s  f o l lows : 

z8 = the des ired ohmic reach  o f  the re lay 
to  Long Reach  ( z8LR ) and Short Rea c h  

and re lates  equa l ly 
( zesR ) 

• 

z = 
TS 

= the tap p late  s e t t ing . 

T = c ompens a tor  tap va lue . 

S = Auto- transforme r primary tap va lue . 

G = Maximum torque angle s e tting of the re lay .  

(For a fac tory s e t t ing o f  75 ° then ____§iQ__G_ = l . ) 
Sin 75 o 

fv1 = A uto- t ransformer s e c onda ry tap va lue . 
( This is a Per Unit va lue and is de termined by the s um of the 
va lues between the " L" and the "R " leads . The s ign is  p o s i t ive 
when " L" is above 1 1R 1 1  and ac ts  to Lowe r  the z s e t t ing . The 
s ign i s  negat ive when "R " is above " L11 and ac ts  to raise  the 
Z s e t t ing ) . 

Zpri - ohms per phase  of the l ine s e c t ion to  be pro tec ted .  

Rc = c urrent trans former ratio . 

Rv = potent ia l trans forme r ra t io . 

The fo l lowing procedure s hould be fo l lowed in o rder t o  obta in 
an optimum s e t t ing of the re lay .  Re late the �enera l equa t ion t o  
Long Reac h  or Short Reac h  by s ub letters 1 1A 11 a nd " c "  re spec tively .  

1 .  S e le c t  the  lowe s t  tap S which give a produc e  of  10 . 3  SA 
and 6 . 9  Sc greater than Z where Z = Zg (s in 75 ° )  

( s in G ) 

2 .  Se lec t  a va lue for T tha t is neare s t  the va lue z 
s 

3 .  De termine the va lue of  f:1 that w i l l  mos t  nea rly make 
TS 

r-r = ---- -1 . If the s ign is negat ive , then the r.T taps z 
a re connec ted w ith the R lead above the L lead to Ra ise  
the s e t t ing . 
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For examp le , a s s ume the de s ired rea c h ,  Zgrn of the re lay is 10 . 8  

ohms a t  60 degre e s . Then Zrn = 10 . 8  x 1 . 1 1  = 12 ohms . 

l .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

The lowe s t  tap S for 10 . 3  SA greater than 12 i s  S = 2 .  
Se t SA in tap 2 .  

TA neares t  to 12 

2 
= 6 . 0  is  6 . 3  ohms . Set  TA in tap 6 . 3  

rl! = ( 12 . 6  0 . 05 ( Us e  M = • 06 ) - 1 )  = ( 1 . 05 - 1 )  = 
12 

Se t MA for + . 06 

Then Zrn = 
6 . 3  X 2 

= 11 . 9  
1 + • 06 

( S in G ) Zgrn = ZLR = 1 . 07 re lay o hms a t  a maximum torque ( S in 75 ° )  
a ng le s e tt ing of 60 degree s .  This is  99% of  the des i red 
va lue . 

Se t R2A for a 60° maximum torque ang le .  

Us e the same s ix s teps  des c ribed above t o  c a lc u late  
s e t tings for Tc , Sc , and Me when ZesR i s  any va lue other 
than zero . If ZesR is to be zero ,  s et Sc on 1 ,  r/lc for  o . o , 
and by-pa s s  the c urrent t e rmina ls o f  Tc ·  

SETTING THE RELAY 

The KD- 3  re lay requires s et tings for each o f  the two c ompensators ( TA and Tc ) , each  of the two auto-trans former primarie s ( SA and Sc ) , 
and for the two auto- trans former s e condaries (!VIA and l\1C ) . A l l  o f  
t he s e  s e ttings are made w i t h  taps on the tap p late  whi c h  i s  located  
above the  operating unit . F igure 3 s hows the  tap p late . 

Compensator (TA and Tc ) 
Eac h  s e t  of c ompensator  taps termina te in ins e rt s  which a re 
gro uped on  a s o cket and form approximate ly three quarters of a 
c irc le around a center  ins e t  which is the c ommon c onnec tion for a l l  
o f  the tap s . E lec trica l c onne c t ions between c ommon ins e t  and tap 
ins e rts a re made with  a l ink that is he ld in p lac e w ith  two 
c onne c tor  s c rews , one in the c ommon and one in the tap . 

A c ompe nsator  tap s e t t ing is  made by lo o s e ning the c onnec tor s c rew 
in the c e nte r .  Remove the c onne c tor s c rew in the tap e nd o f  the 
link , swing the link around unt i l i t  is  in pos it ion ove r the ins e rt 
for the de s ired tap s e tting , rep lace the conne c to r  s c rew to  b ind the 
link to thi s  ins e rt , and re t ighten the conne c t o r  s c rew in the c e nter . 
S ince the link and c onnec tor s c rews carry opera t i ng c urrent , b e  s ure 
tha t  the s c rews are turned  to bind snug ly . 
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Auto -Trans forme r P rimary ( SA and Sc ) 
Primary tap c onne c t ions are made 
trans.forme r .  The lead c omes  out 
ho le loca te d  j us t  be low the taps 
p roper tap by a connec tor s c rew . 

through a s ingle lead for each 
of the tap p late through a sma l l  
and i s  he ld i n  p lace on the (Figure 3 ) .  

An " S " s e t t ing is  made by removing the c onne c tor s c rew , p lac ing the 
conne c tor in pos i tion ove r the ins e rt of the de s ired s e tt ing ,  
rep la c ing and t ightening the c onne c tor s c rew . The c onnec tor s ho u ld 
never make e le c tric a l  c ontact  with more than one tap at  a time . 

Auto-Transformer Secondary (l\1A and l"Tc ) 
Sec ondary tap c onne c t ions are made through two leads ident ified a s  
L and R f o r  eac h trans forme r .  Thes e  leads c ome out of t he tap p late 
each through a s ma ll h o le , one on each s ide of the vert ica l row of 
"M" tap inse rts . The lead c onnec tors are he ld in p lace on the 
p rope r tap by c onne c tor  s c rews . 

Va lues for which  an "M " s etting can be made are from - . 15 to +. 15 
in s teps of . 03 .  The va lue of a s e t t ing is the s um of the numbers 
that are c ro s s ed whe n  go ing from the R lead pos i tion to the L lead 
pos ition .  The s ign of  the "r.I" va lue is  dete rmined by which lead is 
in the h igher pos i t ion on the tap p late . The s ign is  pos itive ( +) 
if the L lead is  higher and nega tive ( - ) if  the R lead i s  higher .  

An 1 1 r� "  s ett ing may b e  made in the fo llowing manne r .  Remove the 
c o nnec t o r  s c rews so tha t the L and R leads are free . Determine 
from the fo l lowing tab le the des ired 1 11\1 "  va lue . Ne ither lead 
c onne c tor s hould make e lec tric a l  c ontac t with more than one tap 
at a t ime . 

Tab u lated Settings 

275 0 f'il L Lead R Lead 

0 . 87 TS + . 15 Upper . 06 0 
0 . 89 TS + . 12 Upper . 06 . 03 
0 . 92 TS + . 09 Lowe r  . 06 0 
o .  9Lr TS + . 06 Upper . 06 Lower 
0 . 97 TS + . 03 . 03 0 

TS 0 . 03 0 
1 . 03 TS - . 03 0 . 03 
1 . 06 TS - . 06 Lower . 06 Upper 
1 . 1 TS - . 09 0 Lower 
l . ll[ TS - . 12 . 03 Upper 
1 . 18 TS - . 15 0 Upper 

Line Angle Adj us tment 

. 06 

. 06 

. 06 

. 06 

Maximum torque ang le is  s e t  for 75 ° ( c urrent lagging vo ltage ) in the 
f ac tory .  This  adj us tment need not b e  dis turbed f o r  line ang le s  of 
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65 ° or h igher . For  line angles be low 65 ° ,  s e t  for a 60 ° maximum 
torque ang le by adj us t ing the c ompe nsator loading re s istors R2A  a nd 
R2c . Refer to  repa ir ca lib ration when a c hange in maximum torque 
ang le is de s ired . 

Indicating Contac tor Switch  ( ICS ) 
No s e tt ing is  required for re lays w i th a 1 . 0  ampere unit . For re lays 
with  a 0 . 2/2 . 0  ampere unit , c onnect  the lead loca ted in front of  the 
tap b lock to the des ired sett ing by means of  the c onnec ting s c rew . 
When the re lay e ne rgizes  a 125- or  25 0-vo lt d-e type WL re lay switc h ,  
o r  equiva lent , us e the 0 . 2  ampe re tap ; for 48-vo lt d-e app lications 
s e t  the unit in a tap 2 and us e a Type WL re lay with  a S#304C209G01  
c o i l ,  or equiva lent . 

INSTALLATION 

The re lays should be mo unted on switc hboard pane ls o r  the ir 
equiva lent in a locat ion  free from dirt , mo i s ture exces s ive 
vibra t ion  and heat . Mount the re lay ve rt ic a l ly by means of the 
mounting s tud for the type FT pro je c t ion case  or by means of  the 
four mounting ho le s  on the f lange for the s emi- f lush type FT case . 
E ithe r the s tud or the mount ing s c rews may be  uti lized for grounding 
the re lay . The e le c tric a l  c o nne c t ions may b e  made d irec t ly to  the 
te rmina ls by means of s c rews for s tee l pane l mount ing or to the 
termina l s tud furnished w ith the re lay for thick pane l mount ing . 
The termina l s tud may be eas i ly removed or inserted by locking two 
nut s  on the s tud a nd then turning the p roper nut with a wrenc h .  

For de tai led information on the FT Case  refer to I . L. 41-076 . 
ACCEPTANCE TESTS 

KD-3  re lays have a very sma l l  number  of moving parts and mec hanica l  
dev ic es  which might become inopera tive . Acceptanc e t e s ts in genera l 
c ons is ts of : 

l .  A visua l  inspec t ion t o  make s ure there are no loo s e  
c o nne c tions , broken res istors , or  broken re s i s to r  wires . 

2 .  An e le c tric a l  test  to make c e rtain that the re lay meas ures 
the ba lance po int impedanc e accura te ly .  

Dis tance Unit 

Check the e lec tric a l  respons e  of t he re la y  by us ing the tes t 
c onnec tions for Te s t  No . 6 s hown in Figure 12 . S e t  TA for 8 . 7 , 
Tc for 3 . 0 , SA and Sc for 1 ,  and MA and Me for + 0 . 15 ( L in top 
pos ition and R in bot tom pos ition ) . 

A .  Adjust the vo ltage Vl to  30 vo lts . 
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B .  The c urrent require d  to make the c onta c t s  c lose  for the 
long-reac h  ba lanc e po int should be between 3 . 89 and 4 . 05 
ampere s  a t  the max imum-torque ang le of 75 ° c urrent lag . 

C .  The c urrent required to make the c ontac ts reset  a t  the 
short - reach balance point s hould be be tween 1 1 . 1 and 1 1 . 6  
ampere s  a t  75 o c urrent lag . 

If t he e le c t ric a l res ponse i s  outs ide the limi t s , a more c omp lete 
s e ries of te s t  out line d  in the s e c t ion t i t le d ,  "Ca libra t ion" may be 
performed to  de termine which c omponent is  faulty  or out of 
c a libration .  

Indicating Contactor  Swit c h  ( ICS ) 
C lose  the ma in re lay c ontac ts  and pas s  s uffic ient d-e c urrent 
t hrough the trip c ircuit  to c lo s e  the c ontac ts of the ICS .  This  
va lue o f  c urrent should not be les s  than 1 . 0  ampere nor greater than 
1 . 2  ampere s for the 1 ampere ICS . The c urrent should no t be greater 
than the  part ic u lar  ICS tap s e t t ing be ing used  for the  0 . 2-2 . 0  
ampere ICS . The opera t ion indicator targe t should drop free ly . 

The c ontac t  gap s ho u ld be approximate ly 0 . 047" for the 0 . 2/2 . 0  
ampere unit and 0 .  070 " for  the 1 .  0 ampere unit between the bridging 
moving c onta c t  and the adj us tab le s ta t iona ry c ontac t s . The bridging 
moving c onta c t  should touc h  both s tationary c ontac t s  s imu ltaneous ly . 

ROUTINE MAINTENANCE 

The re lays s hould be ins pe c ted pe riodica l ly, at s uc h  time inte rva ls 
as  may be dic ta ted by expe rienc e ,  to ins ure that the re lays have 
re ta ined the ir  c a l ibra t ion and a re in proper operating c ondit ion . 

A l l  c o ntac t s  s hould be  c leaned periodica l ly .  A c onta c t  burnisher 
#l82A836HO l is  rec ommende d  for this p urpos e .  The use of abra s ive 
mat e ria l for c leaning c ontac t s  is  not rec ommended becaus e  of the 
dange r of emb edding sma l l  part ic les in the fac e  of  the soft  s i lver 
and thus impairing the c ontac t .  

CAUTION : Before making "hi-pot " tes ts , j umpe r  the conta c t s  togethe r 
to  avoid de s t roying a rc - s uppre s s o r  c apac itors . 

When performing rout ine maintenanc e , the d i s tance unit and the ICS 
can be checked by us ing the same procedure as out lined in 
Acceptanc e  Te s ts . The ba lanc e  po int impedanc e mea s ured by the re lay 
is VL-N where VL-N is  the pha s e - to -ne utra l vo ltage app lied 

ZR = 
to the re lay termina ls and IL is  the pha s e · c urrent . 

REPAIR CALIBRATION 

Us e the f o l lowing proc edure for  ca librating the re lay if the re lay 
ha s been taken apa rt for repa irs or the adjus tments dis turbed . 
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C onne c t  the re lay fo r t e s ting a s  s hown in F igure 12 . For best  res ults 
in c hecking ca librat ion , the re lay should be a l lowed to warm up for 
approximate ly one hour a t  ra ted vo ltage . However ,  a c o ld re lay 
w i l l  probab ly c heck to with in two per  c ent of the warm re lay .  

Dis tanc e Unit Ca libra tion 

With the s tat ionary c ontact  open so tha t the mov ing c ontac t cannot 
touc h , s e t  the mov ing c onta c t  spring adj us ter  s o  that the c onta c t  
f loats  fre e ly i n  the gap . Make s ure tha t  there i s  no fric t ion which 
p re vents free movement of the c y linde r and c onta c t  arm .  

The uppe r pin bearing s hould b e  s c rewed down unt i l  there is 
approxima te ly . 025 inc h  ( one c omp le te turn of the s c rew ) between 
it  and the  top  of the s haft  bearing . The upper pin bearing should 
the n  be s e c ure ly locked in pos i t ion w ith the lock nut . The lower 
bearing pos i t ion is f ixed and cannot b e  adjus ted .  

Check to s e e  that the t aps  on  front o f  t h e  t a p  b lock  are s e t  a s  
fo l lows : 

TA s e t  o n  8 . 7 and Tc s e t  on 5 . 8  

SA and sc s e t  on 1 .  

IIR II for  MA and Me s e t  o n  0 . 0  

II L" for MA and Me hangs free . 

Re s is tors R2A and R2C open c irc uited by adjus table bands not 
making c ontac t .  

A .  Compe nsator Angle Adj us tment : 

1 .  Long Reach  Compensator TA . 

a .  Conne c t  the re lay as  per Figure 12 . Tes t  No . 1 .  

b .  Adjus t  vo ltage V1 t o  90 vo lts , s et the phas e  s h ifter 
s o  that  c urrent lags vo ltage by  90° , and inc reas e  the 
c urrent to the va lue which produce s  a nu l l  (within 
three vo lts ) reading on nu l l  detec tor  NA ( require s  
about 10 ampere s ) .  
Note the Exac t Va lue n f  Current . 

c .  Change vo ltage V1 to 87 vo lts , sw ing phase s hifter to  
75 ° c urrent lagging , and adj us t  R2A to rea c h  a nu l l  on  
NA whe n the  c urrent i s  a t  the  nu l l  va lue o f  l . b .  noted 
above . 

2 .  Short Reach  Compensator Tc 

a .  With the re lay c onnec ted a s  per F igure 12 , tes t  No . 2 ,  
adjus t  v1 to 60 vo lts , s e t  pha s e  sh ifter for c urre nt 
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I. L. 4 1 -498A 
---

lagging vo ltage by  90° , inc rea s e  the c urrent to the 
va lue which p roduc es  a nu ll (wi thin  3 vo lts ) reading 
on  nu ll  detec tor Nc ( require s  about 10 amperes ) . Note  
the  Exa c t  Va lue o f  C urrent . 

b .  Cha nge VI to  5 8  vo lts , svJing the pha s e  shifter  to 75 ° 
c urrent lagging , a nd adj us t  R2c to read  a nu l l  on  Nc 
when the c urrent i s  at  the null va lue of  2 . a .  noted 
above . 

B .  Auto - t ransf orme r Chec k :  

Aut o - t rans fo rmers may b e  checked f o r  turns ra tio  and po larity 
by us ing the No . 3 t e s t  conne c t i ons of  Figure 12 , and the 
proce dure o ut lined be low . 

1 .  Set  SA and Sc on  tap number 3 .  Ap p ly 90 vo lts between 
termina ls 8 and 9 .  Meas ure the  vo ltage from term ina l 9 
to tap No . 1 o f  SA and Sc ·  It s ho u ld be 1/3 the app lied  
vo ltage = 3 0  vo lts . From termina l 9 to  tap No . 2 o f  SA 
and Sc the vo ltage should be 2/3 the app lied va lue 
= 60 vo lts . 

2 .  Set  SA and Sc on tap  number  1 and app ly 100 vo lts be tween 
termina ls 8 and 9 .  fvieas ure the vo ltage drop from termina l 
9 to  each of  the M A  and Me taps . Th is  vo ltage should be 
equa l to  100 ( 1  + the s um of va lues between R and the tap 
be ing mea s ured ) . Examp le : 100 ( 1  + . 03 + . 06 ) = 109 vo lts . 

Transformers which  have a n  o utput d ifferent from nomina l by 
more than 1 . 0  volt probab ly have been damaged and s hould be 
rep lace d .  

C .  Tripp ing Uni t  Core Ad j us tment :  The a d j us tab le c o re i s  s e t  at  
the fac tory to bias  the c ontac ts  open on c urrent - only .  Th is 
a d j us tme nt can be checked  or made a c c o rding to the fo l lowing 
procedure . 

Us e t e s t  c o nne c t i o ns of Tes t No . 4 and s e t  " L" for MA a nd fvTC in 
the top  pos it ion ( . 03 + . 06 + . 06 = . 15 between L and R ) . 
Supp ly 5 amperes  to  the re lay a nd s e t  the adj us tab le c o re so  
tha t  the  c ontac ts j us t  open . Inc rea s e  the  c urrent in  s teps  
o f  about  10 amperes up  to  65  amperes . It  may be nec e s s ary to 
readjust  the c o re in o rde r to  make s ure that the c onta c t s  never 
c lo s e  on c urrent only .  

The rea c t o r  X adj us tment should be c hecked  after any c hange in 
the c o re adj us tment . 

D .  Reac tor X Adj us tment : The rea c to r  adj us tment is provided to 
permi t s e t t ing the impedance ang le of  its own c irc uit  to a 
proper re la tion w i th the impedance ang le of  the Z ( rn ) c i rc ui t . 
Us e c onne c t ions of  Tes t  No . 5 t o  check o r  make the reac tor 
adj us tments . 
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1 .  Set  the vo ltage , V1 , for 5 0  vo lts and the c urrent , A ,  for 
7 . 5  amperes . Ad j us t  the Reac tor X for a maximum torque 
ang le of 75 ° � 2 ° . Rotate the pha s e  s hifter to find the 
two ang les , 8 1 and 82 , at which the c ontacts  j us t  c lose . 
The maximum torque ang le is : 

8 1 +82 
( ) degrees  

2 
This  angle should be  between 73°  and 77° for a nomina l 
75 ° adj us tment . 

A sma ller ang le may be obta ined by  drawing the reac to r  c ore 
out . The angle may be inc rea s ed by sc rewing the c ore in . 

2 .  Check to  see  if the Tripp ing Uni t  C ore Adj us tment is  
c hanged a s  a res ult of a c hange in the X adj ustment . 

E .  Conta c t  Adjus tment : 

With the moving-c ontac t arm aga ins t the right -hand backs top , 
s c rew the s tat iona ry c onta c t  in unt i l  it  j us t  touches  the mov ing 
c ontac t .  The n  back t he s tat ionary c ontact o ut two- thirds ( 2/3 ) of 
one turn to give 0 . 020- inch gap between c ontac t s . 

F .  Spring Res t ra int and Impedanc e  Curve : 

1 .  C o nnec t  for Tes t No . 6 of F igure 12 . Set  TA = 8 . 7  and 
Tc = 3 . 0 ; SA a nd Sc = 1 ;  1 1R 1 1  for f·1A and l'1c s e t  o . o ; 
" L" for MA and fl1c s hould be in the top  pos it ions . 

0 
'- •  

5 . 0  volts  

A = 0 . 88 amp . lagging vo ltage by 75 ° . 

Then  adj us t  the res tra int s pring s o  tha t  the c onta c t s  j us t  
c lo s e . Thi s  should provide the res t ra int torque nec e s s a ry 
to  re s e t  the c ontac ts  when the re lay is  deenergi zed . 

Inc rea s e  the vo ltage t o  30 vo lts and c heck that c urrent 
for the two ba lance po int s e t tings fa l l  w i thin the l imits 
s ta ted be low : 

Amperes  ( 8 = 75 ° ) I 
Se t t ings Vo lts 

I min I max 

Z LR  = 7 . 56 30 3 . 89 4 . 05 

7 ,__,SR = 2 . 64 30  1 1 . 1 11 . 06 
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I To de termine the limit s  o f  curre nt v1he n  e i s  nu t equa l to  75 c ,  
mu ltiply the nomina l va lue s tabulated  above by the ra tio  

s in 7 5 °  
s in e 

Indicat ing C_':=2_ntac tor Sw itch  (_res ) 
C lo s e  the r;ia in  re lay c ontac ts  and pas s  s uffic ient cJ- c  c urrent 
through the trip c i rc ui t  to c lo s e  the c ontac ts  of the ICS . This  
va lue of c urre nt sho uld be no t le s s  than  J . O ampere nor  greater  than 
l .  2 amperes for the 1 amp e re IC S .  The c urre nt s ho u ld no t be  grea ter 
than the part icula r  res tap s e tt ing be ing us ed for the 0 . 2 -2 . ampe re 
ICS . The opera t ion  ind ica tor  ta rge t should drop free ly .  

The c o ntac t gap s ho u ld b e  app ro::-:ima t e ly O . OLl 7 1 1  for the  0 . 2/2 . 0  
ampere uni t  and 0 . 070 1 ! for  the 1 ampe re uni t , between the bridg ing 
moving c ontac t and the a d j us tab le s ta t ionary c ontac ts . The b ridging 
moving c o ntac t should touch both  s ta t i ona ry c ontac ts s imu ltaneous ly . 

Repa ir  work can be  done mos t  sa  t i s fac  tori l,;,r a t  the .f'ac tory .  Ho1..veve r ,  
interc hangeab le parts can  b e  furnis hed t o  t h e  cus tomers who are 
equipped f o r  doing re pa i r  '!l ork .  1'Jhen orde ring pa rts , a lvJays give 
the c olJJp lete  name p la t e  data . 

- 17 -

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



------ -----------------------------------

ITm:; 

ZL<=i 
f-7 
6 SR 

RA 

R2A & R2c 
C A p 

ccs 
X 

TA 

Tc 

SA & sc 
NA & Nc 

NOT.fENC LA TURE l"OR RE LAY TYPE KD- 3 

DE SCRIPT I ON 
--------=-

Two E leme nt - C o i ls in Lo ng Rea c h  C i rc u i t ; 
T o t a l d . c . re s i s t a nc e  = 127 o hms . 

Two E lement - C o i ls in S h o rt Reac h C irc ui t ; 
Tota l d . c . re s is t a nc e  = 2 19 o hms . 

2 I nc h  Re s i s t o r  355 Ohms F ixe d .  

2 Inc h  Re s i s t o r  600 O hms A d j us tab le . 

4 HFD Capa c i to r  P a ra l l e l C o nne c t e d . 

1 . 8  NFD C a p a c i t o r  S e r i e s  C o nne c t e d . 

Va riab le R e a c t o r . 

C omp e ns a t o r  ( P rima ry Ta � s - 1 . 3 ; 1 . 74 ;  
2 • L: ; 3 . 3 ;  l! • 5 ;  6 . 3 ;  3 · 7 ) . 

C o�p e ns a t o r  ( P rima ry Ta � s - . 87 ;  1 . 16 ;  
l . o ; 2 . 2 ; 3 . 0 ; 4 . 2 ; 5 . 8 ) . 
A ut o - t ra ns f o rmer P riraa ry ( Tap s  - 1 ;  2 ;  3 )  
A ut o - t ra ns f o rme r S e c ondary (B e t w e e n  Tap s  -0 • 0 ;  • 0 3 ;  . 06 ; • 06 ) • 
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I. L. 4 1 -498A 

-------------------
RA 

(REAR VIEW) (FRONT VIEW) 

Fig. 1 Type KD-3 Relay Without Case 
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PRI MARY 
LAMI NATED 
CORE 

I 
849A034 

Fig. 2 Compensator Construction 

LEAD "L" 

LONG REACH SETTI NGS 
ZLR 

I 

IMDICATIMG 
COIHACTOR 
SWITCH 

CHASS I S  OPERA TED 
SHOII:TIMG SWITCH --fT--+--l--'----1--,_ 

TEST SWITCH 

TER1!41Ul 

1 8 5A348 

Fig. 4 Internal Schematic of Type FT3 1  
case. (ICS Coil Not Tapped for 
Relays with 1 Amp I. C.  S. ) 

SHORT REACH SETTINGS 
ZsR 
I 

Fig. 3 Tap Plate 
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Fig. 5 Voltage and Current Conditions for the Type KD- 3  Relay for Faults at 
Various Locations. 
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-_ ,  
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Z LR 

ZsR 

... 

LONG REACH ( Z LR ) • 8.7 OHMS 

0 120 "' 1- e>  z z 100 .., _  o l-
STATIC ZsR II:: I- eo "' "'  0.. !11 

10 20 30 40 50 60 70 

DYNAMIC I Z sR z o.. 60 I - 4  I 
I R .., ,_  40 � �  4 ....1 20 

( ZsR ' 0 )  
c ..,  � a:: 0 ;!! 

0 

RELAY TERMINAL VOLTAGE ( VL-N ) 

18 5A447 185A 448 

Fig. 6 Impedance Circle for the Type 
KD- 3 Relay 

Fig. 8 Impedance Curves for the 
Type KD-3 Relay 

., 
Cl 
c <>  
� �  
! �  t= �  " "  .. ..  
0: 0:  
0 0  
.. ..  z z  a: a: .. ..  
0: 0:  
,_ ,_  

PHASE ROTATION 1 - 2 - 3 

Z(LRI ZtSRl 

NOTE : 
LINE TO NEUTRAL 
VOLTAGE APPLIED 
TO KD-3 RELAY 

DEVICE 
NO. -2-
21 
52/a 

52/TC 

POS. 

NEG • 

TRI P C I R CUIT 

� f-. 
2 cp 

I .L 5 2 

T • I I I 
Zc 

R 

R 

FIG. A DISTANCE CHARACTERIS­
T I C  EXCLUDING ORIGIN. 

K 0 - 3  CURRENT CONNECTIONS 
AS SHOWN ON OWG. 

IG.B DISTANCE CHARACTERIS­
IC INTERSECTING ORIGIN. 

D-3 CURRENT CONNECTIONS 
AS SHOWN IN CHART 

FIG. C D ISTANCE CHARACTERIS. 
TIC  INCLUDING ORIGIN. 

D-3 CURRENT CONNECTIONS 
AS SHOWN IN CHART 

KD 3 CURRENT CONNECTIONS -DEVICE 
TIME

_
R __ _ 

K D - 3  RELAY 
CIR. BKR. AUX.SW. 
CIR. BKR. TRIP COIL 

D I STANCE 

CHARACTERISTIC 

EXCLUDING ORIGIN ( F I G. A l  

INTERSECTING ORIGIN (FIG. BI 

INCLUDING ORIGIN (FIG. C I 

CONNECT iro'MINALS 

4 AND 7 
--
4 A N D 6  

CURRENT CURRENT 
ti,I IN ti11 OUT 

TERMINAL TERMINAL 

5 6 

5 4 
5 7 

290B763 

Fig. 7 External Schematic for the Type KD-3 Relay 
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f- KD- 3  ZERO VOLTAGE SENSITIVITY =�: f- S • l; M • +.15 ( � )  

Tc T--,-
1 \  l I I 

Tc TAP f-+-\ SETTING 
!\. . .  87 r+-

1 , 16 r-+-
\ '/= ,' ·6 -r-:%= 2.2 -r-\.. '/ :%=3.0 r+-\ / V/ :/:= 4.2 

� 5.8 r-r-
\ f><:VV: ....... ' r,.;:v ll:� 

\ ./ll:� ' 'L' /� I', ........ ...... 
...... 

1.3 1 2.4 3.3 4.5 
1.74 

V::><,f--
...... 

P'-- r-
r-- r-

6.3 

TA TAP SETTING 

r--,. 
..... 
-
---

8.7 

l85A445 

Fig. 9 Zero Voltage Sensitivity Curves 
for Type KD- 3  Relay 

TYPICAL OPE RATING T I M E  C U RVES - K D - 3  R E L AY 

S =  I; M = 0; MAX. TORQUE A N G L E  = 75 D EG R E E S  
L I N E  A N G L E  OF 75 DEG R E E S  

I. L. 4 l -498A 

OPE RATING TIME I N  CYC L E S  l1 O P E RAT I N G  T I M E  IN CYC L ESll 
9 

Z sR = 0 8 
LOCATION OF F A U L T  IN °/o 7 
OF R E L AY Z L R S ET T I N G  1--

v-- 90 "lo 6 
/ 75 "lo 50 "lo 5 

\ v/ / r 34.5 "lo 
) v: / 4 
� l?'. 
A ........... 3 
� t-...... !"--I- -r-t-- ! 2  ........ -r-t-r-1-

I 

rOPERAT I N G  T I M E  I N  M I L L I S ECONDS 9 
140 

Z s R =  0. 345  Z L R  8 
120 \ 

\ LOCAT I O N  OF FAULT IN % 7 
\ OF R E L AY Z L R  S E T T I N G  100 l\ ,;-- 90 "lo 6 
i \  0 ,;-- 75 "lo 1\ � 50 "lo 5 80 ' 0 / ,;-- 34.5 % 1\. '/ -- - > ;.:: / 4 60 ' '\( v ........... 
� I/'.. ........... 3 

40 ...... r-... """'= � r-- r-1-- 2 """' !---,- r-20 I 

0 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
I Z e L R  ( CURRENT T I M E S  LONG R E A C H  I M PE D A N C E  S E T T I N G  l 

l8 5A422 

Fig. 1 0  Typical Operating Time Curves of the Type KD- 3  Relay. Normal 
Voltage before Fault is 7 0  volts. 
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ZERO CURRENT (� • - 3• )  
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"M" SETTING 
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K0-3 RELAY � 
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KD-3 RELAY 
VOLTAGE BURDEN S • 2  
VL- N ' 69.4 VOLTS 

IL • 5/- 75• AMPERES 
IL • 0 

ZERO CURRENT (� •Ol 

"R" ABOVE "L" "L" ABOVE "R" 

-.09 -.03 0 .03 
"M" SETTING 

.09 

tt.L 

. 15 

184A461 

oLill1S11S:llE�fffillffi�mHm£� 
Tc = .87 1. 16 1.6 
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185A463 
Fig. 11 Type KD-3 Relay Burden Data 
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Fig. 13  Outline-Drilling Plan for Type KD-3 Relay in FT 3 1  Case. 
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