
I.L. 41-540A 

INSTALLATION • OPERATION • htAINTENANCE 

INSTRUCTIONS 

TYPE KX COMPENSATOR 

APPLICATION 

The Type KX Compe nsat or provide s a secondary 
voltage •rhich is p roport ional in phase and 
magnitude t o  the voltage drop thru a p owe r  
t ransforme r bank. Thus,  the compe nsator with 
it s associate d  current and potent ial t rans
formers make p o s s ible the reliable measurement 
of t ransmiss ion line relay potent ial from bus 
potent ial t ransformers. 
ically advantageous in 

This is often  e conom
the applicat ion of 

impedance or distance type relays whe re the 
impe dance of. t he powe r  t ransformer bank is not ./' 
include d as a part of the t ransmis s ion line 
and ,.,he re potent ial t ransformers are not 
available o n  the t ransmis s ion line s .  In the 
usual case distance type relays are de sire d  to  
protect a high-voltage t ransmis s ion l ine •rhe re 
only lov voltage potent ial t ransformers are 
available. 

Dist ance type relays such as the type s HZ, 
HCZ, CZ and HY re lays vie v e lect rical distance 
( impe dance and reactance ) from the point on 
the system "'here the relay ·pote nt ial is 
measure d. If this potent ial is take n  from the 
low volt age bus and if fault po ,,re r fl 01.rs thru 
the t ransformer bank for high voltage line 
fault s,  the n the voltage of the lov voltage 
potent ial t ransformers for the se fault s will 
be re lat ive ly highe r than the re spe ct ive 
voltage on the high voltage potent ial t rans
forme r by the impe dance drop thru the t rans
forme r bank. To the distance relay set only 
on the basis of the t ransmis s ion l ine impe 
dance and us ing lo,.r voltage potent ial, the 
line fault "'oul d  appear to  be furthe r away 
from the high voltage s ide of the bank than it 
actual ly is . Ho ve ve r, if the re is no power 
source connected to  the lo"' voltage bus,  then 
the re is no fault pove r  fe d thru the bank, and 
the low and high voltage potent ial are 
e s sent ially equivalent . In this last case the 

SUPERSEDES I.L. 41-540 

REACTOR TRANSFORMER 

Fig. 1-Schematlc Connection of the Type KX Compensator. 

low voltage potent ial t ransforme rs may be used 
for distance re lays without Type KX Compen
sators . 

CONSTRUCTION AND OPERATION 

The T ype KX Compe nsat or cons ist s of a reac
tance t ransforme r and t ransformer c onne ct e d  
•rith both the ir primary and secondary vindings 
in serie s  as sho,.rn in Fig. 1. The react ance 
t ransforme r contains air gaps in it s magne t ic 
c ircuit so that the magnet izing current is 
large and consequent ly the volt age induce d  in 
it s secondary winding is approximate ly 90° out 
of phase ,.rith the primary current . This e le 
me nt p rovide s react ive compe nsat ion. 

The t ransforme r  which supplie s  the re s ist ive 
compe nsation has it s magnetic c ircuit designed 
to  give a low magnet izing curre nt . A re s istor 
is connecte d acro s s  the p rimary windings caus
ing the t ransformer primary current t o  lag t he 
the t ransformer primary current to  lag t he 
total input curre nt . This combinat ion shift s 
the secondary induce d voltage unt il it is 
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TYPE KX COMPENSATOR-------------------

Dt�TANCE 
RELAY 

Low 
/VO\..TAGE 

Bus 

COMPEN$A.TOR 

Fig. 2-General Case For The Application of The Type IOC 
Compensator Thru One Power Transformer Bank. 

approximately in phase �ith the total input 

current. 

The Type KX Compensator is energized from 

current transformers giving a current propor

tional to the current thru the PO'-rer trans

former. It is adjustable so that a voltage 

may be produced by the current proportional to 

and in phase with the voltage drop thru the 

po;.rer transformer. By properly combining this 

voltage drop with the lo,.r tension \TOltage, a 

voltage exactly proportional to and in phase 

"'ith the desired high tension voltage is 

obtained. This latter voltage is applied to 

the distance relay potential coils. 

The terminals U and S of tpe schematic 

,,,iring Fig. 1 are the current terminals and 

the terminals L and T are the voltage termi
nals. By properly adjusting the R and X 
values the voltage produced across terminals 
L and T by the current flo"ing beb•een U and S 

'Jill be proportional to and in phase >rith the 

drop in the tran.sformer. Under these condi

tions the ratio bet"reen R and X in the com

pensator ,.rill be the same as the ratio betveen 

R and X in the paver transformer. 

CHARACTERISTICS 

T'·'O ranges of the Type KX Compensator are 

available, and are: 

Style # 

458551. 
458552 

2 

Compensation Range 

(Volt at 5 amps.) 

Resistive Inductive 

0 -4 3. 4-9 
0 -4 6 -16 

Max. 

Secondary 

Impedance (Ohms) 

5 
9 

F""U'-T I;-

HIGH VOl... TAG.!!: 

\'" z. 

Za 

PoTENTIAL 'i" TltAN.FQRhltCM 

Fig. 3-General Case For The Application of The Type KX 
Compensator Thru Two or More Power Transformer 
Banks. 

The resistance and reactance drop produced 

in the compensator for each setting is marked 

on the compensator as shO'IoTD in Pigs. 9 and 10. 

These values � based � the assumption 
that 2.. amperes � flowing thru the primary Qf. 
the compensator. Thus if the resistance and 
reactance drops in the pO>rer transformer are 
knovn, the current thru the compensator under 
full load conditions may be calculated and 
from this the proper setting computed. This 

is covered under Settings. 

The polarity of the Type KX Compensator is 

such that at the instant current is flo,.ring in 

at terminal S and out at U, the terminal L 
is positive "'ith respect to terminal T. 

I'he secondary ,,,indings of the 

are connected in series "'ith the 

potential transformer secondary 

compensator 

lov voltage 

"rinding and 

the relays. Since the compensator secondary 

"'indings necessarily have some impedance, the 

voltage across the relay coils "''ill be 

slightly less than the potential transformer 

secondary voltage at zero compensation. With 

a fixed relay burden this compensator impe

dance voltage drop is alvays a constant per

centage of the total voltage. This percentage 

for one set of either the type HZ, CZ,or HCZ 
relays is less than 2 . 5� ,,,ith the maximum 

compensator setting of 9 ohms and the minimum 

relay burden. If the potential burden 

imposed on the potential transformers and com

pensators is increased giving an appreciable 

drop across the compensator, the distance 

relay can still be set accurately by taking 
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TYPE KX COMPENSATOR ___________________ I_.L_4_1-5_ 4__;oA 

�--���--�--,--r--�---------A 

B 

Fig. 4-Schematic Compensation Diagram r"or Star-Star (Or 
Delta-Delta) Connected Power Transformer Banks. 

1r_to account the reduced relay vol tage in 
relay tap formula .  For examp l e  in setting 
type HZ impedance relay the formula is: 

TS 
10 z R c 

Rv 

the 
the 

Nov if the compensator voltage drop is 1 0% of 
the total drop so that the relay only receives 
90% voltage, then the formula can be modified 
by increasing the p otential transformer ratio 
thus, 

TS 
10 z R c 
1.1 Rv 

CONNECTIONS AND SEmNGS 

The general installation requiring the Typ e  
KX Compensators i s  sho�rn schematical ly in Fig .  
2 .  The distance relay p rotecting the high 
voltage line should respond only to the impe
dance Z2 vhich ,.,ould be the case if the cur
rent for the relay is taken from current 
transformers in the l ocation shovn and if the 
potential transformers measured the high 
vol tage bus potential . 
p otential transformers 
increased by the drop 

But vith l ow voltage 
the relay voltage is 
I1 z1 thru the p o•rer 

transformer bank . Therefore, the Type KX Com
pensators are required and should be connected 
to receive r1 and set to p roduce a secondary 
voltage drop equal to r1z1. 

Quite often there are t,.ro or more paver 

COMptrN�A.TOR VO�I...T�CO£ 
' 

e· 
C B 

-rc f"1r) 
COMPENSATe>� 

� A B C 

Fig. 5-Schematic Compensation Diagram For Star-Delta 
Connected Power Transformer Banks With Current 
Transformers Outside Delta. 

banks connecting the hign and l ov voltage 
busses together. The general case vith two 
banks is shovn in Fig . 3. The voltage drop 
betveen busses i n  this case is rlzl = I2Z2 so 
that only one set of compensators is necessary 
receiving either r1 of I2 current and set for 
the corresp onding impedance Z1 or Z2 resp ec
tively . If the bank on ,.rhich compensators are 
connected is removed from service, than an 
additional set of compensators or some switch
ing arrangement if the bank impedances are 
equal must be used to p rovide p roper relay 
potential .  

There are a variety of connections and 
respective settings vhich can be made depend
ing on the current transformer l ocations and 
the pover bank connections . The most common 
of these for both two and three winding trans
former banks vill be considered. The three 
vinding bank cases are the same as the two 
,.rinding banks ,.rhere faul t po,.rer is not fed 
from one of the windings 
vinding . 
used. 

The foll owing 
such as the tertiary 
nomenclature wil l  be 

%R, %X, %Z* Resistance, reactance, and imp ed.ance 
respectively, of the power trans
former bank in p ercent . 

R, X, Z* Resistance, reactance, and impedance 

* Subscripts H, L and T represent equivalent star 
values of three winding transformers defined in equa

tions 16, 17 and 18. 
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TYPE KX COMPENSATOR...___ __________________ _ 

CoMPEN�ATOR 
VOLTAGE �A. �-c B 

T< 
CoMPENSATORS 

t;t6 
TlOCL, 

���� I * 
A B C 

Fig. 6-Schematic Compensation Diagram For Star-Delta 
Connected Power Transformer Banks With Current 
Transformers Inside Delta. 

KVA 

KVT 

4 

resp ec tively, o:f the p over trans
:former banks in ohms at the l ov 
voltage base VL . 

KVA base o:f the val ues o:f %R, %X and 
%Z above. 

Li ne to line voltage o:f the lo ... r 

voltage side o:f the bank ,.,here the 
relay p otential trans:formers are 
available. 

Line to l ine kilovolts o:f the l ov 
voltage side o:f the trans:former 
bank . 

Line to l ine kilovolts of the high 
voltage side o:f the trans:former 
bank . 

Line to line kilovol ts o:f the ter
tiary ... ,inding o:f a three winding 
trans:former bank. 

Potential trans:former ratio. 

C ompensator 
ratio. 

current trans:former 

C urrent thru c ompensator primary 

Yi ndings i n  amp eres. 

CASE I Star-Star or Delta-Delta 

Paver Transformer. 

C onnected 

In this case the compensators are connected 

in star to star-c onnected l ov voltage current 

trans:formers as shoYn in Fig. 4 . Then the 
compensator current is, 

(1) 

By de:finition the p ercent impedance o:f the 

p aver trans:former i s  the p ercent voltage drop 
ac ross the bank at unit current. As sho'.rn in 
the vec tor diagram o:f Fig. 4 the compensating 
voltage is in phase vith a star current. 
There:fore, the voltage drop across the bank at 

unit c urrent (in this case I c) in terms ot the 

star relay voltage is, 

(%Z) 
X vol ts (2) 

100 

The compensators are calib rated in vol ts 
;.rhen rated 5 amperes i s  flO'!.ring thru the 

primary . Then the c ompensator setting to give 

a voltage drop equival ent to the drop across 
the trans:former bank is, 

5 
-x 
Ic {3 (Rv) (100) 

5 (VL) (KVL) (R c)(%Z) 
(KVA)(Ry}(l OO) {3) 

The same :formula al so may be easily derived 

:from the ohm values o:f R, X and Z instead of 

the more c ommon p ercent val ues . The secondary 

voltage drop across the trans:former bank is 
IZ I 

---R and the compensation primary current is --R . 
v ' c 

Sinc e the c ompensator is calibrated for 5 
amperes in its primary, the compensator set

ting is, 

5R c x 
IZ 

= 
5ZRC volts (4) 

I Ry Ry 

T his i s  equal to the formula above since 

Z Ohms 

There:fore, :for 
c onnec ted paver 

Star-Star 

transformers 

(5) 

or Delta-Delta 

vith star con-

nec ted compensators on the lov voltage side, 
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TYPE KX COMPENSATOR--------------------------------------=LL�. 4�1 -�54�oA 

the following formul a appl ie s: 

Comp . 
Se tting 

50 (KVL)2 RC (%Z) 
(KVA) R y  

5ZR C 
R y  

vo l ts (6) 

This formula vill give the re sistive and 
re active compe nsator settings by substituting 
e ither %R _or R and %X or X in place of %Z or 
z. If the calculate d tap se tting doe s not 
agree ,.rith any combination of value s on the 
compensator, the next l ower tap shoul d  be use d  
to avoid over compe nsation.  

CASE II  Star-Star or Del ta-Del ta or · Star
Del ta Connecte d  P01-rer Transformer. 

(Simil ar to Fig .  4 except compe nsation cur
l.mt transformers on high voltage side of 
bank). This is the same as the case above 
except equation (1) is in terms of KVH inste ad 
of KVL. There fore ,  for star-star connecte d  
po-,rer transformers with star connecte d  compe n
sators o n  the high voltage side , the follo>ring 
formul a appl ie s: 

Comp . 

Se tting 
50 (KVL)(KVH) R 0 (%Z) 

(KVA) R y  

5ZR c (KVH) 
R y  (KVL) 

volts (7) 

This formul a ,.rill give the re sistive and 
re active compe nsator se ttdngs by substituting 
e ither %R or R and %X or X in place of %Z or 
z. If the calculate d tap se tting doe s not 
agree ,.rith any combinatio n of values on the 
�ompe nsator,  the next lover tap shoul d  be use d  
so avo id over compensation.  

In the case of the Star -De l ta cor.necte d  
powe r transformer,  an auxiliary pote ntial 
transformer is require d as per Fig . 5 .  

CASE III Star�De l ta Connecte d  Pover Trans-

former Compe nsator Curre nt Trans-
former Outside Del ta {Figs. 5 and 

12). 

It shoul d  be note d that ,.rith the current 
transformers connec te d  outside the delta, 
single p hase -to-ground faults vil l give incor-
rect line-to-ground voltage due to the 

circulating current in the de l ta which doe s 
not pass thru the current transformers. This 
is not important in appl ying rel ays fo.r p hase 
fault protection. The voltage appe aring 
across the terminal s L and T of the compe n
sators is proportional to the differe nce 
bet,.reen b.ro equivalent power transformer 
current. The de l ta voltage AB is obtaine d 
from the voltage s of the two transformers A 
and B, and it must be compe nsate d by the drop 
in e ach of the two transformers. The star
de l ta auxil iary pote ntial transformers provide 
voltage s corresponding to the high te nsion 
vol tages in p hase position, 
in magnitude . Current A" 
compe nsator is re l ate d to IA 
B" fee ding B compe nsator 
IB = IA. The compe nsators 
voltage s appe aring across 

but uncompe nsate d 
fee ding the A 

= Ic and curre nt 
is rel ate d to 

add the two 
the ir terminal s. 

Since the vol tage path from A' to B' traverse s  
the L and T terminals of the t•ro compe nsators 
in opposite dire c tions, the total compe nsate d 
voltage is proportional to 3 Z IA if IA + IB + 
I c is equal to zero . If IA + IB + Ic is not 
equal to zero, 
in the del ta 

there is a circul ating current 
-,rhic h vill cause equal and 

opposite drops in transformers A and B so the 
de l ta voltage is still correctl y  compensate d. 
Combining the se compe nsator voltage s vith the 
lo '"r te nsion star vol tage s as sho.,.rn, give s the 
compe nsate d de l ta vol tages for the re lays. 
Thus, the compe nsate d re lay voltages from the 
vector diagrams are EA'C• Ec'B• or EB'A" This 
method of compe nsation shoul d  be used only  
vhe n de l ta re lay voltage s are require d as the 
vol tage s A', B' or C' to ground are not the 
true p hase - to -ground compe nsate d voltage s as 
the y are in Figs. 4 and 6. 

The compensators are connecte d  in star and 
re ceive current as de fine d in equation 1 .  
Hovever, as sho•rn in the ve ctor diagram, this 
connection give s a del ta voltage compensation. 
Conseque ntl y, the voltage drop across the bank 
at unit curre nt in terms of the del ta relay 
voltage is: 

VL %Z 
-x-- volts 
R y  100 

(8) 

In terms of 5 ampere s  in the primary compe n-
5 � g_ 

sator vindings, Tc x Ry x 100 give s the se t-
ting . There fore , for star-de l ta po-,rer 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE KX COMPENSATOR ,__. -----�--------------

transformers vith star connected compensators 
connected outside the l o•r vol tage d el ta 
"'inding, the foll o,.ring formula applies: 

Camp . 
Setting 

5�(KVL)2 Rc(%Z) 
(KVA) Ry 

5 _ f3:..c:..3_Z--'Rc.._ 
Rv 

vol ts 
(9) 

This formula vil l give the resistive and 
reactive compensator settings by substituting 
either %R or R and %X or X in place of %Z or 
Z. If the cal cul ated tap setting does not 
agree ,.rith any combination of values on the 
compensator, the next lover tap should be used 
to avoid over compensation. 

CASE IV Star-Del ta Connected Paver Trans-
former-Comp?nsator Current Trans
formers Inside Delta (Figs. 6 & 11). 
The compensator current equ·al s: 

(10) 

The compensated vol tages are in phase Yith the 
star vol tages on the high voltage side. Thus 
the voltage drop across the bank at unit cur
rent in terms of the star relay vol tage is: 

VL %Z 
volts 

J3Rv 
x -- (11) 100 

and in terms of 5 amperes: 

5 VL %Z 
volts x-- x--Ic .J3Rv 100 (12) 

Therefore, for star-del ta paver transformers 
,.,ith star connected compensators connected 
inside the l ov voltage delta Yinding, for the 
fol loving formul a applies: 

Camp . 
Setting 

50{3(KVL)2 Rc(%Z) 
(KVA)Ry 

SJ3ZRc vol ts( l3 ) Rv 

This formula vil l 
reactive compensator 
either %R or R and 

give the resistive and 
settings by substituting 

%X or X in place of %Z or 
Z. If the cal cul ated tap setting does not 
agree vith any combination of values on the 
compensator, the next l over tap should be used 
to avoid over compensation . 

It is interesting to note that formula 13 is 
rquivalent to formul a 9. 

6 

EXAMPLE FOR 
SETTING COMPENSATORS 

ON A TWO WINDING BANK 

The foll ovring actual instal lation 1.ril l serve 
to illustrate the use the formulas in setting 
the Type KX Compensator . The transformer bank 
is a 12, 500 KVA Bank connected star on the 110 
KV side and delta on the 13.2 KV side. Open 
Delta potential transformers are connected to 
the 13.2 KV side and an auxil iary delta star 
p otential transformer is avail abl e to provide 
the correct 110 volt relay potential for dis
tance rel aying. The compensators are to be 
connected to 75/5 current transformers in the· 
110 KV ,.,inding. The bank reactance in 7.5% 
and the copper loss is 35, 000 •ratts. 

This connection corresponds to CASE II. The 
reactance setting is p er formula 7· 

X Setting 
50xl3.2xll0xl5x7.5 

12, 500xl20 s.4s vol ts 

Set the reactance dials on 4. 57 and .70 taps 
on 8#458552 compensators.  

The transformer bank resistance is found 
from the equation I2R ,.,atts. 

I 
12,500 

Dxl3.2 546 amperes 

R 35,000 
5462 .117 ohms at 13.2 KV 

The resistance setting is p er formula 7. 

Sx. 117xl5xl10 R Setting = = .61 vol ts 120xl3. 2 

Set the resistance dial s on 0 and .50 tap s. 

CASE V Three Winding Transformer Banks uith 
Pover Sources connected to the l ov 
vol tage and tertiary vindings. The 
voltage drop across the three •rinding 
transformer banks as sho"'n in Fig. 7 
is: 

Thus hro sets of compensators are required; 
one on the high voltage winding set for ZH and 
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TYPE KX COMPENSATOR ________________________________________ 1_.L_4_1-_54_oA 

Fig. 7-General Case For The Application of The Type KX 
Compensators Thru a Three Winding Power Trans
former Bank With Fault Power Feedback From Two 
Windings. 

one on the lov voltage set for ZL. 

If current transformers are available for
compensation on the lov voltage and tertiary 
••inding s ,  then equation (14) can be revritten: 

This sho1.r s that the compen sator receiving I1 
on the lo,.r voltage side must be set for ZL + 
ZH ohm s ,  and the compensator receiving I2 on 
the tertiary must be set for ZH ohm s .  

The impedance s  of a three winding trans
former are u sually g iven as the impedance s  
betueen each pair of the three ,.rindings in 
turn , and it is  nece ssary to convert the se 
impedance value s into equivalent star impe -
dance s ZH, ZL and ZT for u se in setting the 
compen sator s for three •rinding b ank. In Fig. 
7 ,  the impedance bet;reen the H and L winding s 
i s  ZHL; betvPPn H and T '·•inding s is Zm; and 
bet-•een T and L, ZTL· Then the equivalent 
star impedance s are given by the folloving 
equation s: 

1/2 
1/2 
1/2 

(ZHL + 
(ZHL + 
(Zm + 

( 16) 
(17) 
(18) 

c 
IMPEDANCE REL.Jir\Y 

Po'TEN,....,,.,�... A's:·s·c:·c·A" 
(a.) 

IMPEDANCE REl-A.V 

PoTENTIAL A"'B;s··c;·c·;o.·· 
(p) 

IMPEDANC£ R&:LAV 
POTENT\ ... L. AB�'BC;'CA" 

(C) 

Fig. 8--Compensation Vector Diagrams For Three Winding 
Power Transformer Banks. 

A. Star (H) - Star (L) - Delta (T) Bank. 
Current tran sformer s on high (H) and lo,.r (L) 
tension ,,rindings: 

Two set s of compensator s are required �n 
line •rith equation (14). The setting for the 
compensators u sing the lov tens ion current 
tran sformers is the same as equation 6 ex cept 
Z is ZL and for the compen sator s u sing high 
ten sion current is the same as equation 7 
ex cept Z is ZH· The tvo compensator voltage s 
are sho•rn in Fig. 8b. The schematic connec
tion s can be easily derived from Fig . 4. 

B. Star (H) - Star (L) - Delta (T) Bank . 
Current tran sformers on lo'·' (L) , winding and 
inside the delta tertiary (T) ,,rinding s: 

·r,.ro set s of compensator s are requ ired in 
l ine u ith equation (15). The t;ro compensator 
voltage s are shovn in the vector diagram of 
Fig. 8b. The schematic conne ctions can be 
derived easily from Fig s. 4 and 6. The set
ting for the compensator s u s ing the lo,.r 
tension current tran sformers is the same as 
equation 6 ex cept Z is  ZL + ZH. 
for the compen sators u sing 
current tran sformers connected 

The setting 
the tertiary 

inside the 
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TYPE KX COMPENSATOR --------------------

·--

RESISTANCE COMPENSATION 0·4 VOLT.J IS OBTAINED CJNTHE 
rwo OVTER NAL..1/NOUCTIVE COMPENSATION l.4o.� VOLT� 

IS OSTAINI!D ON TIC TVVO#INEIIDIAL.S. THE. VALVE OF 
Ct>MP£11/.JATIDN 15 COMPUrED 8 Y ADDIN6 FIGIJR£3 OPPOJITE 
THE c.�TACT WHICH THE. DIAL ARM 13 TOUCHIN6, THIS VALU-E 
UJNG SA3ED ON CVRR£NT OF S AMPERE51NH!Al>3 .S" V."" 
X�I!P C'ONTACT ARM3 CENTRALLYOI'VCONTACT1 

f A-lLAY RCCEIVES C.DARECTLY GONPAN�ATED V«T.CGE 
WHEN. POWER FLOW 13 IN OIRECTION OF ARROW 

Fig. 9-Internal Connections of S#458551 Type KX Compen
sator. 

de l ta is as follovs: 
is: 

The compe nsator current 

I Jr:VA 
(19) ampere s  

The compe nsate d voltage s are i n  phase •rith the 
star voltage s on  the high side . Thus the 
voltage drop across the bank at unit. current 
in terms of the star voltage is: 

X 

and in terms of 5 ampere s: 

5 
X _1 x 

�ZH 
Ic -JJRv 100 

Therefore ,  the se tting is: 

volts 

volts 

Comp. 
Setting 

50J3 (Jr:VT) (Ir:VL)Rc (�ZH� 
(Jr:VA)Rv 

8 

5J'3RcZH (Jr:VT) 
Rv (Ir:VL) 

volts 

(20) 

(2 1) 

(22) 

: �R� :��:�s. ��s S'�,f: ,:�l�§�i� "'qj]�� i_ �:-s;C'O __
__

_ Q':: .oR <-! ,._ •.. . .  Oox 0-.---l<o< . 0. �,. 
� :��:�·. 0.,,<' ' oR----A � _ 

!, 5(:: .. �_ ----·------------, �; 
'-------- t--- ----- - ------ -----f----' 

-----------�- --------- ------ � ---- _ .. 

IS 0�714/NEO ON THE TWO INNER DIALS THE Vlfi.U£ OF 
COMPFN�ATION 13 COMPUTED BY ADO/� FI6URE$ OPPOSITE 

THE CONTACT I'VHIC/1 THE DIAl. ARM IS TrXICHIN6, n-113 VAl tiE 
,EING BASEIJ cw Ct.IIIIIENTOFSAMPERESINI.EADS S& IJ 
lfEEP CONTACT AHMO CENTRALLY ON CGWTACT.S. 

* RELAY !MCEIVE, COitRa'CTLY CO,.,PAN.31tT£D 1otl£TA6� 

WHEN POW�If PLOW 13 IN DIR�cr!ON OF AR�OW. 

iq. 10- Internal Connections of S#458552 Type KX Compen
sator. 

This formula ,.rill give the resistive and 
reactive compe nsator settings b y  substituting 
e ither �R or R and �X or X in p lace of �Z or 
Z. If the calculate d  tap setting doe s  not 
agree �rith any combination of value s on the 
compensator,  the next lo >rer tap should be use d  
to avoid over compensation.  

C .  Star (H) - Star (L) - De l ta (T) - Bank . 
Current transformers in lo '·' (L) winding and 
outside the de l ta (T) vinding . T>ro se ts of 
compe nsators are re quire d in l ine vith e qua
tion (1 5). The tvo compe nsator voltage s are 
sho�rn in Fig . 8A. The sche matic conne ctions 
can be derive d easil y from Figs. 4 and 5. The 
se tting for the compe nsators using the lo •r 
te nsion current transformers is the same as 
e quation 6 e xcept Z is ZL + ZH . The se tting 
for the compe nsators using the tertiary cur
rent transformers conne cte d  outside the de l ta 
is the same as e quation (22) by comparison of' 
the e quations (9) and (13). 

D .  Star (H) - De l ta (L) -_De l ta (T) Bank. 
Curre nt Transformers on lov (L) vinding inside 
delta and on high (H) vinding . 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE KX COMPENSATOR 

A 

" 

c 

.STAAt 0£LTA -- PIJW£1?8ANK VCCTO� KOTATIMI A,8, C 

f------ "" 3� 
f------ 1 k.H 

TRIPPIIV(i IJII(£C TION L_____ 
·1L. �:H 

K Jl COMPENSAT�KS \. ' 

C" 

IW�m111 I 
� 

• 
s 
c 

•: �-
VECTO� '\TAT/tJN 

r..,c J8-C'£ac. 

� 

� 

; i I A " 
c 

.. 8' c' V6t7AG£5 & CVKR'ENTS 

APPliED To l#ER£lAY5 
II"?P£DANC£ OtsTANa £L£1'"1£Nrs 

A'RUAY B'KElAY 'c'K£lAY 
EA'IJ' ElJ'C' Ec'A' 
IA-e. It:J-C 7c-A. 

PQUCTNJNIU hE/VENTS 
£AcOR£A·�· Es.1�1is�· £'cs�Ec•s' 

I..11 Is Ir 

Fig. 11-External Connections of The Type KX Compensators 
Connected to Secondary Current Transformers In
side the Delta of a Star-Delta Bank. 

T -,.ro sets of compe nsators are req uired in 
line vith equation (14). The two compe nsator 
voltage s are shovn in Fig. 8'.:J. The schematic 
connec tions can be eas ily de rived f rom Fig s .  4 
and 6 .  The setting for the compe nsators using 
the high tens ion curre nt transformers is the 
same as equation 7 e xcept Z is ZH. The set
ting for the compensator us ing curre nt trans 
formers inside the lov te nsion de lta vinding 
is the same as equation 13 e xcept Z = ZL. 

A summary of the compe nsator settings for 
various combinations of three -,.rinding trans
forme r and associated current transforme rs is 
sho ,.rn in Table I. This shovs the more common 
connections some of which are discus sed above , 
and some that are not as they can eas ily be 
derived from the foregoing. 

EXAMPLE FOR 

SETTING COMPENSATORS 

ON A THREE WINDING BANK 

8KCAK£1t 

I.L. 41-540A 

VotTA<i£s a:.Cv.c�cNrs 
APPU£D 70 Tiu KCt..lfo YS 

I 1'1P£"DAN'C£ IJJSTANCelLE,.,ENTS 
'4.'KElAY B�ElAY t:'KCLAY-
�8' Esc' Ec.A' 

IA-tJ Is ·C. Zc-A 

P/Kcc Tta.VM U.c/¥£Nr.s 
�h::o.r�'c £4.4�£8� �B"A'�'B 

IA r15 Ic 

Fig. 12-External Connections of The Type KX Compensators 
Connected to Secondary Current Transformers Out· 
side the Delta of a Star-Delta Bank. 

It is de s ired to set Type KX Compensators 
using lo� (300/5 outside de lta) and high 
�inding (150/5) curre nt transforme rs on a 110 
KV star, 33 KV de lta, 13 .2 KV de lta three 
,,,inding transformer "'ith a source of po-,.rer 
conne c ted to the lov and te rtiary "rindings. 
The pote ntial transformers are available on 
the 33 KV vinding and relays are to protect 
the 110 KV line . The pe rcent impedance value s  
on 20, 000 KVA base are: 

ZHL 1 .2 + j8 
ZHT 2. 0 + jl6 
ZLT 2 .0 + jl2 

From equations 16 , 17 and 18. 

ZH 0.6 + j6 
ZL 0.6 + j2 
ZT 1.4 + jlO 

Tvo se ts of compe nsators are req uired, and the 
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TYPE KX COMPENSATOR ___________________ _ 

settings are per Table I. 
connected to the current 

The compensators 
transformers on the 

110 KV side r.rill be set per equation 7, using 
ZH, or 

X Setting 
50x33xll0x30x6 

20,000x300 
5 . 45 volts 

Set the reactance d ials 
on 8#458552 C ompensators . 

on 4 .57 and 93 taps 

50x33xllOx30x0 .6  
R Setting = 20,000x300 

.54 v olts 

Set the resistance d ials on 0 ahd .50 taps on 
the compensators . 

The second set of compensators connected to 
the current transformers outside the 33 KV 
delta ,,.fnding ,.rill be according to equation 9 
using ZL, or 

X Sett·ing 
soJ3x33x33x60x2 

= 1 . 88 volts 20,000x300 

Set the reactance dials on 0 and 1 .67 taps on 
8#458551 compensators . 

50 3X33x33x60x .6  
R Setting = � .57 volts 

20,000x300 

Set the resistance d ials on 0 and .50 taps on 
the compensators . 

INSTALLATION 

The Type KX Compensators are mounted in the 

10 

case of Fig . 13 and are intended for intloor 
mountings . Since they are static equipment 
and do not require ad justment after installa
tion, the compensator can be mounted behind 
the svitchboard on suitable brackets . 

The external connections for tvo typical 
cases are shor.rn in Figs . 11 and 12 . After the 
final setting have been made, the dial arms 
should be securely fastened . 

ADJUSTMENTS AND MAINTENANCE 

The proper ad justments to insure correct 
operation have been made at the factory and 
should not be disturbed by the customer . 

The Type KX Compensators require almost no 
maintenance . An occasional inspection is 
recommended to see that no  excessive corrosion 
has taken place or terminal screvs become 
loose . 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory . However, interchangeable 
parts can be furnished to the customers who 
are equipped for doing repair work . When 
ordering parts, always give the complete name
plate data . 

ENERGY REQUIREMENTS 

The burden or either style compensator is 
50 volt -amp•·r·-es, at 5 amperes, 60 cycles . 
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Fig. 13-0utline and Drilling Plan of The Type KX Compensator. 

TABLE I 

KX Compensators for Three Winding Transformer Banks 

Using potential transformers on the low voltage (L) 
relay protecting line connected to high voltage (H) 
compensators connected in star, 

winding 
winding. 

and compepsating for distance 
All current transformers and 

Set 
H L T Vector 

High Voltage Low Voltage Tertiary Reference 
Winding Winding Winding Figure 

Y* Y* L::.. Sb 
y Y* 6. *i Sb 
y Y* 6. *0 Sa 

Y* b. *i L::.. 8b Y* L::.. *0 6. 8b 
y 11 *i A *i Sb 
y 6. .. 0 6. *0 8c 
y D. *0 h. *i 8a 

Compensators for a value of Z 
H Winding 

z 
Value Eg,uation 

ZH 7 

ZH 7 
ZH 7 

L Winding 
LZ 

Value Eg,uation 

ZL 6 
ZL + ZH 6 
Zr,+ ZH 6 

13 ZL z L 9 
ZL + ZH 13 
ZL + ZH 9 
Zi: + .ZH 9 

using Equation: 
T Winding 

z 
Value Eg,uation 

ZH 22 
ZH 22 

ZH 22 
ZH 22 
ZH 22 

The formulas vill give the resistive and reactive compensator settings by substituting 
either %R or R and %X or X in place of %Z or z. If the calculated tap setting does not agree 
with any combination of values on the compensator, the next lower tap should be used to avoid 
over compensation. 
* Compensator current transformer location. 
i Current transformers inside delta. 
° Current transformers outside delta. 
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I. L. �l-5ll0 

Westinghouse 
TYPE KX COMPENSATOR 

INSTRUCTIONS 

APPLICATION 

The Type KX compensator provides a 
se condary voltage which is proportional in phase 
and magnitude to the voltage drop thru a power 
transformer bank . Thus, the compensator with 
its asso·ciate d current and potential trans
formers make possible the rel iable measureme nt 
of transmission line relay potential from bus 
potential transformers.  This is ofte n e conomi
cally advantageous in the application of impe
dance or distance type relays where the 
impe dance of the power transformer bank is not 
included as a part of the transmission l ine and � where potential transformers are not available 

" on tke transmission lines .  In the usual case 
V\ distance type relays are desired to prote ct a 
� high-voltage transmission line where only low 
� voltage pote ntial transformers are avail able. 

"' Distance type re lays such as the types � HZ, HCZ, CZ and HY relays vie w  e lectrical dis
" � tance ( impe dance and reactance ) from the point 

on the system where the relay potential is 
measure d .  If this potential is taken from the 
l ow voltage bus and if fault power flows thru 

he transformer bank for high voltage line 
faults, the n the voltage of the l ow voltage po
tential transformers for these faults will be 
relative ly higher than the respe ctive voltage on 

he high voltage potential transformer by the 
impe dance drop thru the transformer bank. To 
the distance relay se t only on the basis of the 
transmission l ine impe dance and using low vol
tage pote ntial, the line fault would appear to 
be further away from the high voltage side of 
the bank than it actually is . However , if there 
is no power source conne cte d to the low voltage 
bus, then there is no fault power fe d thru the 
bank, and the low and high vol tage potential 
are essentially equivalent. In this last case 
the low voltage pote ntial transformers may be 
used for distance relays without type KX com
pensators.  

CONSTRUCTION AND OPERATION 

The Type KX compensator consists of a 
re actance transformer and transformer con
ne cte d with both their primary and se condary 
windings in series as shown in figure 1 .  The 
re actance transformer contains air gaps in its 
magnetic cir cuit so that the magne tizing current 
is large and consequently the voltage induce d  in 
its se condary winding is approximate ly 90° out 
of phase with the primary current. This element 
provides reactive compensation. 

The transformer which supplies the re
sistive compensation has its magnetic circuit 
designe d to give a low magne tizing current. A 
resistor is conne cte d across the primary wind
ings causing the transformer primary current to 

- 1 -

REACTOR TRAN�F"ORMER 

Figure 1 
Schematic Conne ction of the Type KX Compe nsator. 

lag the total input current. This combination 
shifts the se condary induced voltage until it is 
approximately in phase with the total inpur cur
rent. 

The Type . KX compensator is energize d 
from current transformers giving a current pro
portional to the current thru the power trans
former . It is adjustable so that a voltage may 
be produced by the current proportional to and 
in phase with the voltage drop thru the power 
transformer . By properly combining this vol tage 
drop with the l ow tension voltage, a voltage 
e xactly proportional to and in phase with the 
desired high te nsion voltage is obtaine d. This 
latter voltage is appl ie d to the distance relay 
potenti!J-1

. coils . 

The terminals U and S of the schematic 
wiring figure 1 are the current terminals and 
the terminals L and T are the voltage terminals. 
By properly adjusting the R and X values the 
voltage produce d across terminals L and T by the 
current flowing betwee n  U and S will be pro
portional to and in phase with the drop in the 
transformer .  Under these conditions the ratio 
be tween R and X in the compensator will be the 
same as the ratio between R and X in the power 
transformer .  www . 
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TYPE KX COMPENSATOR 

HoeH 
/ Voo...TAGIE: Bus 

--.... Ia. 
--�-----c�-t � 

Low 
/VOl.TAGE Bus 

Do�TANCE 
REl.AY 

COMP!:NSATOI;' 

Figure 2 
General Case For The Application of The Type KX 
Compensator Thru One Power Transformer Bank. 

CHARACTERISTICS 

Two ranges of the Type KX Compensator 
are available, and are: 

Style # 
458551 458552 

Compensation Range 
(Volt at 5 amps.) 

Resistive Inductive 

0-4 
0-4 

3,4-9 
6-16 

Max .  
Secondary 

Impedance (Ohms) 

5 9 

duced in 
marked on 9 and 10. 

The resistance and reactance drop pro
the compensator for each setting is 

the compensator as shown in figures 

� values are based on the .§.!!.::. 
s'fi!ion that 2. amperes are flowing � the tr ry o�e compensator.�us if the resis

ance ana--reactance drops in the power trans
former are known, the current thru the compensa
tor under full load conditions may be calculated 
and from this the proper setting computed. This 
is covered under Settings. 

The polarity of the Type KX compen
sator is such that at the instant current is 
flowing in at terminal S and out at U, the ter
'minal L is positive with respect to terminal T. 

The secondary windings of the compen
sator are connected in series with the low vol
tage potential transformer secondary winding and 
the relays. Since the compensator secondary 
windings necessarily have some impedance, the 
voltage across the relay coils will be slightly 
less than the potential transformer secondary 
voltage.at zero compensation. With a fixed re
lay burden this compensator impedance voltage 
drop is always a constant percentage of the 
total voltage. This percentage for one set of 
either the Type HZ, CZ or HCZ relays is less 
than 2.5:' with the maximum compensator setting 
of 9 ohms and the minimum relay burden. If the 
potential burden imposed on the potential trans
formers and compensators is increased giving an 
appreciable drop across the compensator, the 
distance relay can still be set accurately by 
taking into account the reduced relay voltage in 
the relay tap formula. For example in setting 
the Type HZ impedance relay the formula is: 

TS = 10 Z Rc 
Rv 

Now if the compensator voltage drop is 10% of 
the total drop so that the relay only receives 
90� voltage, then the formula can be modified by 
increasing the potential transformer ratio thus, 

TS • 10 Z Ro 
1.1 RV 

- 2 -

HIGH 
VOLTAGE 

\� z. 

Figure 3 

PoTENTIAL. 
T TRAN1!oFoRMI!:R$ 

General Case For The Application of The Type KX 
Compensator Thru Two or More Power Transformer 
Banks. 

CONNECTIONS AND SETTINGS 

The general installation requiring the 
Type KX compensators is shown schematically in 
figure 2. The distance relay protecting the 
high voltage line should respond only to the im
pedance Z2 which would be the case if the cur
rent for the relay is taken from current trans
formers in the location shown and if the poten
tial transformers measured the high voltage bus 
potential. But with low voltage potential 
transformers the relay voltage is increased by 
the drop I1Z1 thru the power transformer bank. 
Therefore the Type KX Compensators are required 
and should be connected to receive I1 and set 
to produce a secondary voltage drop equal to 
IIZl. 

Quite often there are two or more 
power banks connecting the high and low voltage 
busses together. The general case with two 
banks is shown in figure 3. The voltage drop 
between busses in this case is I1Z1 = I2Z2 so 
that only one set of compensators is necessary 
receiving either I1 or I2 current and set for 
the corresponding impedance Z1 or Z2 respec
tively. If the bank on which compensators are 
connected is removed from service, then an ad
ditional set of compensators or some switching 
arrangement if the bank impedances are equal 
must be used to provide proper relay potential. 

There are a variety of connections and 
respective settings which can be made depending 
on the current transformer locations and the 
power bank connections. The most common of 
these for both two and three winding transformer 
banks will be considered. The three winding 
bank cases are the same as the two winding banks 
where fault power is not fed from one of the 
windings such as the tertiary winding. The 
following nomenclature will be used. 

• 

%R,%X,%Z* Resistance, reactance, and impedance 
respectively , of the power transformer 
bank in percent. 

R,X,Z* Resistance , reactance, and impedance 
respectively, of the power transformer 
banks in ohms at the low voltage base 
VL. 

KVA KVA base of the values of %R, %X and 'f,Z above. 

Line to line voltage of the low vol
tage side of the bank where the relay 
potential transformers are aVailable. 

Line to line kilovolts of the low 

*Subscripts H, L, and T represent equivalent 
star values of three winding transformers 
defined in equations 16 ,  17 ,  and 18. www . 
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TYPE KX COMPENSATOR 

Figure 4 
Schematic Compensation Diagram For Star-Star 
(Or Delta -Delta) Connected Power Transformer 
Banks. 

Ry 

Rc 

V oltage side of the transformer bank. 

Line to line kilovolts 
voltage side of the 
bank . 

Line to line kilovolts 
tiary winding of a 
transformer bank . 

of the high 
transformer 

of the tar
three winding 

P otential transformer ratio. 

Compensator 
ratio. 

current 

Current thru compensator 
windings in amperes. 

transformer 

primary 

CASE I Star -Star or Delta-Delta Connected Power 
Transformer -

· 

In this case the compensators are con
nected in star to star-connected low voltage 
current transformers as shown in figure 4. Then 
the compensator current is, 

amperes (1) 

By derinition the percent impedance or the power 
transformer is the percent voltage drop across 
the bank at unit current. As shown in the 
vector diagram of figure 4 the compensating vol
tage is in phase with a star current. Thererore 
the voltage drop across the bank at unit current 
(in this case Ic) in terms of the star rBlay 
voltage is, 

VL (%Z) 
� (Rv)

x
100 

volts (2) 

The compensators are calibrated in 
volts when rated 5 amperes is flowing thru the 
primary. Then the compensator setting to give 
a voltage drop equivalent to the drop across the 
transformer bank is, 

5 VL (%Z) 
-X Ic D(Ry)(loo) 

= 
5 (VL) (KVL) (Rc) (%Z) 

(KVA) (Ry) (100) (3) 

The same formula also may be easily 
derive0 from the ohm values of R,X, and Z in
stead of the more common percent values . The 

-r� � 
COMPEN'S.ATC� Co""-"'"'"'TOfl V�O\..T�(OIO: 

' 

a· 
C B ~ A e c 

Figure 5 
Schematic Compensation Diagram For Star-Delta 
Connected Power Transformer Banks With Current 
Transformers Outside Delta. 

secondary voltage drop across the transformer 
IZ bank is Ry and the compensation primary current 

is �
c

· Since the compensator is calibrated for 

5 amperes in its primary, the compensator set
ting is, 

5Rc IZ 5ZRC ( 4) -r xrv = rty volts 

This is equal to the formula above s ince 

Z Ohms 
= 

10 (KVLJ2 X %Z (5) 
KVA 

Therefore for Star-Star or Delta-Delta connected 
power transformers with star connected compen
sators on the low voltage side, the following 
formula applies: 

Comp. 
Setting 

50 (KVL)2 Rc (%Z) 
(KVA) Ry volts (6} 

This formula will give the resistive 
and reactive compensator settings by substi
tuting either %R or R and %X or X in place or 
%Z or Z. If the calculated tap setting does not 
agree with any combination of values on the com
pensator, the next lower tap should be used to 
avoid over compensation. 

CASE II Star-Star or Delta-Delta or Star-Delta 
Connected Power Transformer. 

(Similar to figure 4 except compensa
tor current transformers on high v oltage s ide of 
bank.) This is the same as the case above ex
cept equation (l) is in terms of KVH instead of 
KVL. Therefore for· star-star connected power 
transformers with star connected compensators on 
the high voltage side, the following for
mula applies : 

Comp. 
Setting 

50 (KVL) (KVH)Rc (%Z) 
(KVA) RV 

5ZRc (KVH) 
Rv.(KVL) volts (7} 

This formula will give the resistive 
and reactive comp�nsator settings by substi
tuting either %R or R and %X or X in place of %Z 
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COMPE:N'OATOR 
VoLTAGE "'A, 

�-· C B 

Tc. 
CoMPENSAT"ORs 

Figure 6 

~ 
TlClCl, 

���� I � 
A B C 

Schematic Compensation Diagram For Star -Delta 
Connected Power Transformer Banks With Current 
Transformers Inside Delta. 

or Z. If the calculated tap setting does not 
agree with any combination of values on the com
pensator, the next lower tap should be used to 
avoid over compensation. 

In the case of the Star -Delta connect
ed power transformer, an auxiliary potential 
transformer is required as per figure 5. 

CASE III Star-Delta connected power trans
former Compensator Current Transformer 
Outside Delta (figure 5 & 12). 

It should be noted that with the cur
rent transformers connected outside the delta, 
single phase-to-ground faults will give incor
rect line-to-ground voltage due to the circu
lating current in the delta which does not pass 
thru the current transformers. This is not im
portant in applying relays for phase fault 
protection. The voltage appearing across the 
terminals L and T of the compensators is propor
tional to the di·fference between two equivalent 
power transformer currents. The delta voltage 
AB is obtained from the voltages of the two 
transformers A and B, and it must be compensated 
by the drop in each of the two transformers. The 
star-delta auxiliary potential transformers pro
vide voltages corresponding to the high tension 
voltages in phase position, but uncompensated in 
magnitude. Current A" feeding the A compensa
tor is related to IA - Ic and current B" feeding 
B compensator is related to IB - IA. The com
pensators add the two voltages appearing across 
their terminals. Since the voltage path from A' 
to B' traverses the L and T terminals of the two 
compensators in opposite directions, the total 
compensated voltage is proportional to 3 Z IA if 
IA + IB + Ic is equal to zero. If IA + IB + Ic 
is not equal to zero, there is a circulating 
current in the delta which will cause equal and 
opposite drops in transformers A and B so the 
delta voltage is still correctly compensated. 
Combining these compensator voltages with the 
low tension star voltages as shown, gives the 
compensated delta voltages for the relays. Thus, 
the compensated relay voltages from the vector 
diagrams are EA•c, Ec•B, or EB'A· This method of 
compensation should be used only when delta 
relay voltages are required as the voltages A', 
B', or C' to ground are not the true phase-to
ground compensated voltages as they are in 
figures 4 and 6. 

The compensators are connected in star 
and receive current as defined in equation 1. 
However as shown in the vector diagram this con
nection gives a delta voltage compensation. Con
sequently the voltage drop across the bank at 
unit current in terms of the delta relay voltage 
is: 

X 
%Z 
100 

volts (8) 

In terms of 5 amperes in the primary compensator 
5 � %Z windings, rc X Ry X 100 gives the setting. There -

fore for star-delta power transformers with star 
connected compensators connected outside the low 
voltage delta winding, the following formula 
applies: 

Comp. 
,Setting 

50� (KVL)2 Rc (%Z) 
(KVA) Ry 

5'f3ZRc 
Ry volts (9) 

This formula will give the resistive 
and reactive compensator settings by substi
tuting either %R or R and %X or X in place of %Z 
or Z. If the calculated tap setting does not 
agree with any combination of values on the com
pensator, the next lower tap should be used to 
avoid over compensation. 

CASE IV Star -Delta 8onnected Power Transformer -
Compensator Current Transformers Inside 
Delta (figure 6 & 11). The compensator 
current equals: 

KVA 
3 (KVL)Rc amperes (10) 

The compensated voltages are in phase with the 
star voltages on the high voltage side. Thus 
the voltage drop across the bank at unit current 
in terms of the star relay voltage is: 

VL %Z volts 
f3Rv 

X --100 (ll) 

and in terms of 5 amperes : 

5 X �L X %Z volts 
Ic �3Rv 100 

(12) 

Therefore for star -delta.power transformers with 
star connected compensators connected inside the 
low voltage delta winding, the following formula 
applies: 

Comp. _ 501JT (KVL)2 Rc (%Z) 
Setting - (KVA)Ry 

5'{3ZRc 
--- volts (13) Ry 

This formula will give the resistive 
and reactive compensator settings by substi
tuting either %R or R and %X or X in place of %Z 
or Z. If the calculated tap setting does not 
agree with any combination of values on the com
pensator, the next lower tap should be used to 
avoid over compensation. 

It is interesting to note that 
formula 13 is equivalent to formula 9 . 

EXAMPLE FOR SETTING COMPENSATORS ON A TWO WIND
ING BANK 

The following actual installation will 
serve to illustrate the use the formulas in 
setting the Type KX Compensator. The trans
former bank is a 12,500 KVA Bank connected star 
on the 110 KV side and delta on the 13.2 KV side. 
Open Delta potential transformers are connected 
to the 13.2 KV side and an auxiliary delta star 
potential transformer is available to provide 
the correct .110 volt relay potential for dis
tance relaying. The compensators are to be con -
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TYPE KX COMPENSATOR 
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Figure 7 
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General Case For The Application of The Type KX 
Compensators Thru a Three Winding Power Trans
former Bank With Fault Power Feedback From Two 
Windings . 

nected to 75/5 current transformers in the llOKV 
winding . The bank reactance in 7 .5% and the 
copper lo s s  is 35 ,000 watt s . 

This connection corresponds to CASE II . 
The reactance setting is per formula 7 .  
X Setting = 50x l3 . 2x ll0xl5x7 . 5 = 5 4S volts 12,500x120 · 

Set the reactance dials on 4 .57 and . 70 taps on 
S#458552 compensators .  

found 
The transformer bank resistance 

from the equation I2R = watts. 

I _ 12,500 
-�x13 . 2  

R 35 ,000 
� 

546 ampere s  

.117 ohms a t  13 . 2  

The resistance setting i s  per formula 7 .  

R Setting 5x . ll7xlSxll O = . 61 volts  120x13 . 2  
Set the res istance d ials on 0 and .50 taps . 

is  

CASE V Three Wind ing Transformer Banks w ith 
power Source s  connected to the low vol
tage and tertiary windings . The voltage 
drop acros s  the three wind ing trans
former banks as shown in figure 7 i s: 

I1ZL + (Il + I2) ZH volts (14) 
Thus two set s of compensators are required ; one 
on the high voltage winding set for ZH and one 
on the low voltage set for ZL . 

If current transformer s are available 
for compensat ion on the low voltage and tertiary 
winding s ,  then equation (14) can be rewritten : 

I1 (ZL + ZH) + I2ZH volts (15) 
This  shows that the compensator re

ceiving I1  on  the low vo ltage side must be set 
for ZL + ZH ohms , and the compensator receiving 
I2 on the tertiary must be set for ZH ohm s . 

The impedances of a three winding 
transformer are usually given as the impedances 
between each pair of the three windings in turn , 
and it is necessary to convert these impedance 
values into equivalent star impedances ZH , ZL 
and ZT for use in setting the compensators for 
three winding bank . In figure 7 , the impedance 
between the H and L windings is ZHL ; between H 
and T wind ings is ZHT ; and between T and L, ZTL . 
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Figure 8 
Compensat ion Vector Diagrams For Three Winding 
Power Transformer Banks . 

Then the equivalent star impedances are 
the following equations : 

given by 

ZH = 1/2 (ZHL + ZHT ZLT )  ZL = 1/2 (ZHL + ZLT ZHT )  ZT = 1/2 (ZHT + ZLT ZHL) 
A .  Star (H) - Star (L) - Delta 

B ank . Current transformers on high (H) 
low (L) tension windings : 

g� � 
( 18) 
(T) 
and 

Two sets of compensators are required 
in line with equation (14) . The sett ing for the 
compensators using the low tension current 
transformer s is the same as equation 6 except Z 
i s  ZL and for the compensators using high ten
s ion current is  the same as equation 7 except Z 
is ZH . The two compensator voltages are shown 
in figure 8b . The schematic connect ions can be 
easily derived from figure 4 .  

B .  Star (H) -Star (L) -Delta(T) Bank . 
Current transformer s on low (L) ,  w inding and in
s ide the delta tert iary (T) windings : 

Two sets  of com�ensators are required 
in line with equation ( 15 ) .  The two compensator 
voltages are shown in the vector diagram of 
figure 8b . The schematic connections can be de 
r ived easily from figures 4 and 6 .  The sett ing 
for the compensators using the low tension cur
rent transformers is the same as equation 6 ex
cept Z is ZL + ZH . The setting for the compen
sa�ors using the tertiary current transtormer s 
connected inside the delta is as follows :  The 
compensator current is : 

I = amperes ( 19) 

The compensated voltages are in phase with the 
star voltages on the high s ide. Thus the voltage 
drop acro s s  the  bank at  unit current in terms of 
the star vo ltage is : 

� %ZH 
\f:3Rv X 100 volts ( 20) www . 
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Lit 
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CIJMPEII/3ArRJII/l CIJUPU1TD IJY ADDING nWREl OPPIJ3/TE 
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Figure 9 
Internal Connections of 8#458551 Type KX Compen
sator. 

and in terms of 5 amperes : 

5 VL %ZH 
Ic x\13Rv x 100 

Therefore the setting is : 

volts 

Comp. _ 
Setting -

5oJ3(KVT) (KVL)Rc (:£ZH ) 
(KVA)Rv 

5\f3RcZH ( KVT ) 
Rv(KVL) 

volts 

(21) 

(22) 

• -::&:M.::�::-�u;;:c_��'/l.��:::7oN:o=-=4=""=0L=r=s ,=s=��rAI�11£D�=ON:=r�==���tv 

TWO DIIT/lR /Jb9-:S. hDVt:TJYE COMP�N�ATI()N 6-/6 IIOLT:J 
a.�D DN THI TWO/NN/lR DMU. THE VIII.U£ OF 

CCIMPEN3ATION I:S COMPUTED 8Y ADDIN6 Fllii.JIIES OPPO:Jff£ 
TN£ COil/TACT MIICII THE D/1(/; M1't IS TDVCHINfi.TH/3 VALVC 
11£/�BASED ON CWHNTOF.SIWPERE:J INMADS S&U 
i(eEP CJJIUACT AIIHS c�T71iiLYON CON114CT3. 

*- &IJIY __ t:lt£W!II C:-cn.r C.ONPIUQATED JI:KTAGC 
.._. l'DIIWr RIIJ/II I.S 1111 -CTJDN LJF � 

Figure 10 
Internal Connections of 8#458552 Type KX Compen
sator . 

This formula will give the resistive 
and reactive compensator settings by substi
tuting either %R or R and %X or X in place of %Z 
or Z. If the calculated tap setting does not 
agree with any combination of values on the 
compensator, the next lower tap should be used 
to avoid over compensation . 

C .  Star (H) -Star (L) -Delta (T ) - Bank . 
Current transforme-rs in low (L ) winding and out
side the delta (T ) winding . Two sets of compen
sators are required in line with equation (15 ) . 
The two compensator voltages are shown in figure 

TABLE I 

KX Compensators for Three Winding Transformer Banks 

Using potential transformers on the low voltage (L} winding and compensating for dis
tance relay protecting line connected to high voltage (H) winding . All current transformers and 
compensators connected in star . 

Set Compensators for a value of z using Equation : 
H L T Vector H Winding L Winding T Winding lligh Voltage Low Voltage Tertiary Reference z LZ z 

Wind ins; Winding Winding Figure Value Equation Value Equation Value Eo,uation 

Y* Y* 6 8b ZH 7 ZL 6 
y Y* A *i 8b ZL+ ZH 6 ZH 22 
y Y* A *0 8a ZL+ ZH 6 ZH 22 

Y* A *i A 8b ZH 7 ZL 13 
Y* 6 * 0 6 8a ZH 7 ZL 9 
y 6 *i 6 *i 8b ZL+ ZH 13 ZH 22 
y A * o 6 * 0 Be ZL+ ZH 9 ZH 22. 
y 6 *0 6 *i 8a ZL+ ZH 9 ZH 22 

The formulas will give the resistive and reactive compensator settings by substituting 

�. 

either %R or R and %X or X in place of %Z or Z. If the calculated tap setting does not agree 
with any combination of values on the compensator , the next lower tap should be used to avoid � 
over compensation. ·�� 

*Compensator current transformer location. 
iCurrent transformers inside delta. 
°Current transformers outside delta. 
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External Connections of The Type KX Compensators 
Connected to Secondary Curretlt Transformers In 
side the Delta of a Star-Delta Bank. 

8A. The schematic connections can be derived 
easily from figures 4 and 5 .  The setting for 
the compensators u sing the low tension current 
transformers is the same as equation 6 except Z 
is ZL + ZH. The setting for the compensators 
using the tertiary current transformers con
nected outside the delta is the same as equation ( 22 )  by comparison of the equations (9) and (13) . 

D. Star (H) -Delta (L) -Delta {T) Bank. 
Current transformers on low (L) winding inside 
delta and on high (H) winding. 

Two sets of com�ensators are required 
in line with equation { 14 }. The two compensator 
voltages are shown in figure 8b. The schematic 
connections can be easily derived from figures 4 
and 6. The setting for the compensators using 
the high ten sion current transformers is  the 
same a s  equation 7 exce_pt Z i s  ZH. The setting 
for the compensator ·using current transformers 
inside the low tension delta winding is  the same 
a s  equation 13 except Z = ZL. 

A summary of the compen sator settings 
for various  combinations of three winding trans
former and associated current transformers i s  
shown in Table I .  Thi s show s  the more common 
connections some of which are dis cu s sed above , 
and some that are not a s  they can ea sily be de
rived from the foregoing. 

EXAMPLE FOR SETTING · COMPENSATORS ON A THREE 
W INDING BANK 

It is desired to set Type KX Compen
sators using low { 300/5 outside delta) and high 
winding {150/5) current tran sformers on a llOKV 
star , 33KV delta , 13. 2KV delta three winding 
transformer with a source of power connected to 
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External Connections of The Type KX Compensators 
Connected to Secondary Current Transformers Out
side the Delta of a Star -Delta Bank . 

the low and tertiary windings. The potential 
transformers are available on the 33KV winding 
and relay s are to protect the 110KV line. The 
percent impedance values on 20, 000 KVA ba se are : 

ZHL 1.2 + j8 
ZHT = 2.0 + jl6 
ZLT = 2.0 + jl2. 

From equations 16 , 17 , and 18. 

ZH 0. 6 + j6 
ZL 0 . 6 + j2 
ZT 1 . 4  + jlO 

Two sets of compensators are required , and the 
settings are per Table I . The compensators con
nected to the current transformers on the llOKV 
side will be set per equation 7 ,  using ZH, or 

50x33xll0x30x6 X Setting = 20, 000x300 = 5. 45 volts 

Set the reactance dial s on 4.57 and . 93 taps on 
S#458552 Compen sators. 

50x33xll0x30x0. 6 
R Setting = 20 , 000 x 300 = .54 v olts 

Set the resistance dial s on 0 and .50 taps on 
the compen sators. 

The second set of compensators con
nected to the current transformers outside the 
33KV delta windings will be according to equa
tion 9 using ZL, or 

X Setting = 
50'[3x33x33x60x2 

20 , 000x300 = 1 . 88 volts 

Set the reactance dials on 0 and 1. 67 taps on 
S#458551 compen sators. www . 
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Figure 13 
Out line and Drilling Plan of The Type KX Compensator . 

R Setting = 
50 Dx33x33x60x . 6 

20 , 000x300 
= . 57 volt a 

Set the resistance dial s on 0 and . 50 tapa on 
the compensatore . 

INSTALLATION 

The Type KX Compensators are mounted 
in the case of figure 13 and are intended for 
indoor mountings . Since they are static equip 
ment and do not require adjustment after in
stallation, the compensator can be mounted be 
hind the swit chboard on suitable brackets . 

The external connections for two 
typical cases  are shown in figures 1 1  and 12 . 
After the final settings have been made , the 
d�al arms should be s ecurely fastened . 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure cor-

rect operation have been made at the factory and 
should not be disturbed by the customer . 

The Type KX Compensators require al 
most no maintenance . An occasional inspection 
is recommended to see that no excessive corro 
sion has taken place or terminal screws become 
loose . 

RENEWAL PARTS 

Repair work can be done most satisfac
torily at the factory . However, interchangeable 
parts can . be furnished to the customers who are 
equipped for doing repair work . When ordering 
part s ,  always give the complete nameplate data . 

ENERGY REQUIREMENTS 

The burden of either style compensator 
is 50 volt -amperes ,  at 5 ampere s ,  60 cycles . 

P R I NTED I N  U . S . A. 
Westinghouse Electric & Manufacturing Company 

Meter Division, Newark, N. J. 5-42 www . 
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