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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KX COMPENSATOR 

APPLICATION 

The Type KX Compensator provides a secondary 

voltage vhich is proportional in phase and 

magnitude to the voltage drop thru a pover 

transformer bank. Thus, the compensator vith 

its associated current and potential trans­

formers make possible the reliable measurement 

of transmission line relay potential from bus 

potential transformers. This is often econom­

ically advantageous in the application of 

impedance or distance type relays vhere the 

impedance of the power transformer bank is not 

included as a part of the transmission line 

and vhere potential transformers are not 

available on the transmission lines. In the 

usual case distance type relays are desired to 

protect a high-voltage transmission line vhere 

only lov voltage potential transformers are 

available. 

Distan:e type relays v.Lew ele<'tricctl dis­
tar�<ee rrurr the point on the systnr: ·.vLere thee 
relc;y potential is measured. If tLis puter;­

tiaJ is taker from the low voltage b�s and if 

fault ''C';Jer f] CW3 tt1ru the trc,r:sformer bark 

fci' high vcltilge lire faults, +-Len the vrltilge 

uf the lew volta�e potential transformers for 

these faults ��ll be relatively higher than 
the respPctiv� voltbge O!l ��e hlg� voltage pc·­
tential tr�nsfcrm8r by t�e imredbn2 e drorJ t�1�� 
the trn�sforner ba�k. �0 t�e JistHn�e ?2lay 

set orly on the basis of the trorsmissiun lire 
imr:elance and using luw v ol tage r;oter:tial, Uw 
line fault would appear to be further aw�y 

from the high voltage side cf the bank than it 

actually is. However, if there is nc power 

scurce c onr:e ct ed to the low vol t age bus, thor 
tnere is LO fault power fed thru the bank, and 

the l 0\'i and hic':h voltage poter.ticil are c-ssen-

tJally aquivale�t. I� this l3st �as� the 

SUPERSEDES I.L. 41-540 B 
'*-Denotes change from superseded issue. 
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Fig. !-Schematic Connection of the Type KX Compensator. 

lov voltage potential transformers may be used 

for distance relays •rithout Type KX Compen­

sators. 

CONSTRUCTION AND OPERATION 

The Type KX Compensator consists of a reac­

tance transformer and transformer connected 

>rith both their primary and secondary Ylndings 

in series as sho•-rn in Fig. 1. The reactance 

transformer contains air gaps in its magnetic 

circuit so that the magnetizing current is 

large and consequently the voltage induced in 

its secondary winding is approximately 90° out 

of phase vith the primary current. This ele­

ment provides reactive compensation. 

The transformer which supplies the resistive 

compensation has its magnetic circuit designed 

to give a low magnetizing current. A resistor 

is connected across the primary �indings caus­

ing the transformer primary current to lag U:e 
t.otnl input current. This combination shirt� 

the secondary induced voltage until it is 
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Fig. 2-General Case For The Application of The Type KX 
Compensator Thru One Power Transformer Bank. 

approximately 1.n phase >rith 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 >rith the voltage drop thru the 

PO>rer transformer. By properly combining this 

voltage drop 1.rith the lo,.r tension voltage, a 

voltage exactly proportional to and in phase 

vith the desired high tension voltage is 

obtained. This latter voltage is applied to 

the distance relay potential coils. 

The terminals U and S of the schematic 

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

the term1.nals L and T are the voltage �ermi-
nals. By properly adjusting the R and X 
values the voltage produced across terminals 

L and T by the current flo,.ring behreen U and S 

•rill be proportional to and in phase vith the 

drop in the tran.sformer. Under these condi­

tions the ratio behreen R and X in the com­

pensator ,.rill be the same as the ratio bet>reen 

R and X in the po,rer 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 

z. 

-I, 

Za 

PoT�IAL.. 
ED SK. 16454 3 T 'TttAN .. RlltlltME .. 

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>rn in Figs. 9 and 10. 

These values are based on the assumption 

that ..2_ amperes � flo,Jing thru the primary of 

the compensator. Thus if the resistance and 

reactance drops in the pover transformer are 

kno,,rn, 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 •rith respect to terminal T. 

1'he secondary vindings of the compensator 

are connected in series "'ith the lov voltage 

potential transformer secondary ,.rinding and 

the relays. Since the compensator secondary 

,.rindings necessarily have some impedance, the 

voltage across the relay coils vill 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% ,,rith the maximum 

compensator setting of 

relay burden. If 

9 ohms and the minimum 

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

into account the reduced relay voltage in the 

relay tap formula. For example in setting the 

type HZ impedance relay the formula is: 

TS 
1 0  z Rc 

Rv 

No>r 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 Rc 
1 .1 Rv 

CONNECTIONS AND SETTINGS 

The general installation requiring the Type 
KX Compensators is sho�m schematically in Fig. 

2. The distance relay protecting the high 

voltage line should respond only to the impe­

dance Z2 vhich vould be the case if the cur-

rent for the relay 

transformers in the 

potential transformers 

voltage bus potential. 

potential transformers 

increased by the drop 

measured 

But with 

the relay 
rlzl thru 

Quite often there are t1oro or more power 

��F·a C
-

p 

COMPe'N.gA,,..-oR, V�OI...T�IO" 
' 

a' 
C B 

ED SK. 1 6454 3 

-r< m 
COMPENSATO� 

R-Pr 
A B C 

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

banks connecting the high and low voltage 

busses together. The general case with two 

banks is shown in Fig. 3. The voltage drop 

between busses in this case is r1z1 = r2z2 so 
that only one set of compensators is necessary 

receiving either r1 or r2 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 

additional set of compensators or some switch­

ing arrangement, if the bank impedances are 

equal, must be used to provide proper relay 

potential. 

There are a variety of connections and 

respective settings vhich can be made depend­

ing on the current transformer locations and 

the power bank connections. The most common 
or these ror both two and three winding trans­

former banks will be considered. The three 

winding bank cases are the same as the two 

vinding banks vhere fault pover is not fed 

from one of the windings such as the tertiary 

vinding. 

used. 

The follow.ing nomenclature vill be 

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

respectively, of the power trans­

former bank in percent . 

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

* Subscripts H, L and T represent equivalent star 
values or three winding transformers derined in equa­
tions 16, 17 and 18. 
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L------------------------------------------------

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

KVA 

KVL 

KVH 

4 

respectively, of the trans-

former banks in ohms at the lov 

voltage base VL. 

KVA base of the values of %R, %X and 

%Z above. 

Line to line voltage of the lov 

voltage side of the bank vhere the 

relay potential transformers are 
available. 

Line to 

voltage 

bank. 

Line to 

voltage 

bank. 

line kilovolts of the low 

side of the transformer 

line kilovolts of the high 

side of the transformer 

Line to line kilovolts of the ter­

tiary ,.rinding of a three winding 

transformer bank. 

Potential transformer ratio. 

Compensator 

ratio. 

Current thru 

current transformer 

compensator primary 

crindings in amperes. 

CASE I Star-Star or Delta-Delta 

Power Transformer. 

Connected 

In this case the compensators are connected 

in star to star-connected low voltage current 

transformers as shown in Fig. 4. Then the 
compensator current is, 

amperes (1) 

By definition the percent impedance of the 

po•rer transformer is the percent voltage drop 

across the bank at unit current. As sho,,rn in 

the 'rector diagram of Fig. 4 the compensating 

voltage is in phase vith a star current. 

Therefore, the voltage drop across the bank at 

unit current (in this case Ic ) in terms of the 

star relay voltage is, 

(%Z) 
X volts (2) 100 

The compensators are calibrated in volts 

,.,hen rated 5 amperes is flo,.ring thru the 

primary. Then the compensator setting to give 

a voltage drop equivalent to the drop across 

the transformer bank is, 

5 
-x 

IT (Rv) (1oo) Ic 

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

(KVA)(Rv)(lOO) (3) 

The same formula also may be easily derived 

from the ohm values of R, X and Z instead of 

the more common percent values. The secondary 

voltage drop across the transformer bank is � I 
� and the compensation primary current is R:· 

v c 
Since the compensator is calibrated for 5 
amperes in its primary, the compensator set­

ting is, 

5Rc x IZ = 
5ZRc volts 

I Rv Rv 
( 4) 

This is equal to the formula above since 

Z Ohms 
(5) 

Therefore, for Star-Star or Delta-Delta 

connected power transformers with star con­

nected compensators on the lov voltage side, 
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TYPE KX COMPENSATOR ______________________________________ �L�L�4�1-=a61 

the following formula applies: 

Comp. 
Setting 

50 (KVL)2 RC (%Z) 
(KVA) Ry 

volts (6) 

This formula 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 ,.rith any combination of values on the 
compensator, the next lover tap should be used 
to avoid over compensation. 

CASE II Star-Star or Delta-Delta or Star­
Delta Connected Po,.rer Transformer. 

(Similar to Fig. 4 except compensation cur­
rent transformers on high voltage side of 
bank ). This is the same as the case above 
except equation ( l ) is in terms of KVH instead 
of KVL· Therefore, for star-star connected 
po-,.rer transformers vith star connected compen­
sators on the high voltage side, the folloving 
formula applies: 

Comp. 
Setting 

50 (KVL)(KVH) RC (%Z) 

(KVA) Ry 

5ZRc (KVH) 

Ry (KVL) 
volts (7 ) 

This formula '·•il 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 calculated tap setting does not 
agree ,.rfth any combination of values on the 
compensator, the next lover tap should be used 
to avoid over compensation. 

In the case of the Star-Delta COI>fJected 
pover transformer, an auxiliary potential 
transformer is required as per Fig. 5-

CASE III Star-Delta Connected Po,.rer Trans­
former Compensator Current Trans­
former Outside Delta (Figs. 5 and 
12). 

It should be noted that '·'i th the current 
transformers connected outsicl.e the 
single phase-to-ground faults vill give, 
rect line-to-ground voltag0 du� to 

.::JPl ta, 
inc; or-

circulating current in the delta which does 
not pass thru the current transformers. This 
is not important in applying relays fo.r phase 
fault protection. The voltage appearing 
across the terminals L and T of the compen­
sators is proportional to the difference 
bebreen bro equivalent power transformer 
current. The delta voltage AB is obtained 
from the voltages of the tvo transform8rs A 

and B, and it must be compensated by the drop 
in each of the tvo transformers. The star­
delta auxiliary potential transformers provide 
voltages corresponding to the high tension 
voltages in phase position, but uncompensated 
in magnitude. Current A" feeding the A 
compensator is related to IA = Ic and current 
B" feeding B compensator is related to 
IB = IA. The compensators add the t-..ro 
voltages appearing across their terminals. 
Since t�e voltage path from A' to B' traverses 
the L and T terminals of the bro 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 vhich vill cause equal and 
opposite drops in transformers A and B so the 
Jelta voltage is still correctly compensated. 
Combining these compensator voltages vith the 
lov tension star volti'P'P.S A.f' sho•rn, gives the 
compensated delta voltages for the relays. 
Th11s, the compensated relay voltages from the 
vector diagrams are EA'C• Ec 'B• or EB'A· This 
method of compensation should be used only 
vhen 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 Figs. 4 and 6. 

The compensators are connected in star and 
receive current as defined in equation 1. 

Hovever, as shovn in the vector diagram, this 
connection gives a delta voltage compensation. 
Consequently, the voltage drop across the bank 
at unit current in terms of the delta relay 
voltage is: 

VL %Z 
-x -- volts 
Rv 100 

(8) 

In terms of 5 amperes in the primary compen-
5 �� sator uindings, IC x Rv x lOO gives the set-

ting. Therefore, for star-delta paver 
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TYPE KX COMPENSATOR-----�--------------

transformers with star connected compensators 
connected outside the lov voltage delta 
vinding, the follo,•ing formula applies: 

Comp. 
Setting 

5oJ3 (KVL)2 Rc (%Z) _ 5f3ZRc 
(KVA) Ry - Ry volts 

(9) 

This formula 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 
agr•ae ,.rith any combinati'On of values on the 
compensator, the next lover tap should be used 
to avoid over compensation. 

CASE IV Star-Delta Connected Paver Trans-
former-Comp3nsator Current Trans­
fo�mers Inside Delta (Figs. 6 & 11). 
The compensator current equals: 

(10) 

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

VL %Z 
-- x -- volts 
J3Rv 100 

and in terms of 5 amperes: 

5 VL %Z 
- x-- x -- volts 
Ic ..[3Ry 100 

(11) 

(12) 

Therefore, for star-delta paver transformers 
vith star connected compensators connected 
inside the lov voltage delta vinding, for the 
folloving formula applies: 

Comp. 

Setting 
50�(KVL)2 Rc(%Z) 

(KVA)Ry 
5J3ZR 
___ 

c volts(l3) 
Ry 

This formula vill give the resistive and 
reactive compensator 
either %R or R and 

settings by substituting 
%X or X in place of %Z or 

Z. If the calculated tap setting does not 
agree vith any combination of values on the 
compensator, the next lover tap should be used 
to avoid over compensation. 

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

6 

EXAMPLE FOR 
SETTING COMPENSATORS 

ON A TWO WINDING BANK 

The following actual installation will serve 

to illustrate the use of the formulas in set­

ting 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 con­

nected to the 13.2 KV side and an auxiliary 

delta star potential transformer is available 

to provide the correct 110 volt relay poten­

tial for distance relaying. The compensators 

are to be connected to 75/5 current transform­

ers in the 110 KV winding. The bank reactance 

in 7-5% and the copper loss is 35,000 watts. 

This connection corresponds to CASE II. 
reactance setting is per formula 7. 

X Setting 
50xl3.2xll0xl5x7. 5 

12,500xl20 
5.45 volts 

The 

*Set. the reactance dials on 
on 3#458551 compensators. 

4.57 and .70 taps 

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

is found 

I 

R 

12,500 
{3xl3.2 

35,000 
5462 

546 amperes 

.117 oruns at 13.2 KV 

The resistance setting is per formula 7. 

5x.ll7xl5xll0 
R Setting = = .61 volts 

120x13.2 

Set the resistance dials on 0 and .50 taps. 

CASE V Three Winding Transformer Banks vith 
Pouer Sources connected to the lov 
voltage and tertiary vindings. The 
voltage drop across the three >rinding 
transformer banks as shovn in Fig. 7 
is: 

(14) 

Thus tvo sets of compensators are required; 

one on the high voltage winding set for ZH and 
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ED SK. 164544 

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 lo�r voltage set for ZL. 

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

This shous that the compensator receiving I1 
on the lo,.r voltage side must be set for ZL + 

ZH ohms, and the compensator receiving I2 on 
the tertiary must be set for ZH ohms. 

The impedances of a three Yinding trans­
former are usually given as the impedances 
bet,.reen each pair of the three ,.rindings in 
turn, and it is necessary to convert these 
impedance values intc equivalent star impe-
dances ZH, ZL and ZT for use in setting the 
compensators for three vinding bank. In Fig. 
7, the impedance betveen the H and L windings 
is ZHL; betveen H and T uindings is Zm; and 
betveen T and L, ZTL· Then the equivalent 
star impedancr's are given by the ,�olloving 
eq-.lations: 

l/2 
1/2 
l/2 

( 16) 

(17) 

(18) 

c 

A � 

A . ./ COMPE:N::010N • nNPHA.�E 

A c· c" 

B�COMPENSA"TIUN , ' 

B C El 

IMPEDANCE RELP...,Y PoTENTIA-L A's:·s·c;·c·A" 
IMPEDANCE RELAY 
Pore:NTIAL A"s·; B .. c;"C"A .. 

(a.) (I:>) 

I MPEDANC£. RELAY 
PorENTI"'L As�·sc:·cA" 

(C) 
ED SK. 164544 

Fig. 8-Compens':Ition Vector Diagrams For Three Winding 
Power Transformer Banks. 

A. Star (H) - Star (L) - Delta (T) Bank. 
Current transformers on high (H) and lo,.r (L) 
tension vindings: 

T1.ro sets of compensators are required ln 
line vith equation (14). The setting for the 
compensators using 
transformers is the 
Z is ZL and for the 

the lo'·' tension current 
same as equation 6 except 

compensators using high 
tension current is the same as equation 7 
except Z is ZH· The tvo compensator voltages 
are shovn in Fig. Sb. The schematic connec­
tions can be easily derived from Fig. 4. 

B. Star (H) - Star (L) - Delta (T) Bank. 
Current transformers on lo,.r (L), winding and 
inside the delta tertiary (T) ,,rindings: 

'r,.ro sets or compensators are required in 
line Pith equation (15). The tvo compensator 
voltages are shovn in the vector diagram of 
Fig. Sb. The schematic connections can be 
derived easily from Figs. 4 and 6. The set­
ting for the compensators using the lov 
tension current transformers is the same as 
equation 6 except Z is ZL + ZH. 
for the compensators using 
current transformers connected 

The setting 
the tertiary 

inside the 
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,L 

TWO OUTFR DIAL.l. INDUCTIVE (0/VIPE/\ISAT/ON J.4•9 VOLT� 
15 OBTAINED OfV TH£ TVVO INNER DIALS. THE. VALVE OF 

C OMPEN.JATJON 15 COMPUTED !Y ADDING f"I6UIU:5 OPPOSITE 
THE GOIVTAC.T WHICH THE DIAL ARM 13 TOUCHIN6, THIS VALUE 
8£/Nt; 8A3EO ON GVR/IfNTOF 5AMPERES INJ.E.AlJS S & Ll. 

JUEP COIJTACT A 11M3 CENTRALLY ONCONTACT':J. 

f.tELAY RlCEIVES C.OP.RECTLY COMP£.NSATED VOLTAGE 

Wff!EN POIAI£R FLOW /3 IN DIRECTION OF ARROW 

POWER 7RAN5foRf'1flt 

6-D-7272 

Fig. 9-Internal Connections of 5#458551 Type KX Compen­
sator. 

delta is as follovs: 

is: 

The compensator current 

KVA 
I amperes (19) 

The compensated voltages are in phase •rith the 

star voltages on the high side . Thus the 
voltage drop across the bank at unit current 

in terms of the star voltage is: 

X volts 

md in terms of 5 amperes: 

volts 

Therefore, the setting is: 

Camp. 

S0tting 

SOD (KVT) (KVL)Rc (%ZH) 
(KVA)Rv 

8 

5J3RcZH (KVT) 
Rv (KVL) 

volts 

(20) 

(21) 

(22) 

�U�o��� "<�c, 0.,..' OR A• 
� o, 

s,..-' L ,._, 

1s Ol$Tit!NED ON THE rwo tN/tiER DIAI..5 THE vAlu£ or 
COMPENSATION I� COMPUTE:D BY ADDING FIGURES OPPOSITE 

THE CONTACT JIVHICH THE DIAJ. ARM /.S n:JUCH/NG, f"HI$/IALI.IE 
13£/NG BA5ED CW CUHIIENTOF SANPER£.5/NJEADS J& U 
ffEEP CONTACT ARMS CENTRALLY ON COViACT.S. 

* RELAY RECEIVES CORRECTt.t COMPi"N�ATED VOlTAGE 
WNEN POWLR FLOW I� IN OJRE.criON OF ARROW. 

6-D-7271 

Fig. 10- Internal Connections of 5#458552 Type KX Compen­
sator. 

Th�s formula ,,rill 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 ,.,ith any combination of values on the 

compensator, the next lover tap should be used 

+o avoid over compensation. 

C. Star (H) - Star 

Current transformers in 

(L) - Delta ( T ) - Bank. 

lov (L) winding and 

outside the delta (T ) vinding. Tvo sets of 

compensators are required in line vith equa-

tion (15). The tva compensator voltages are 

shovn in Fig. 8A. The schematic connections 

can be derived easily from Figs. 4 and 5. The 

setting for the compensators using the lov 

tension current transformers is the same as 

equation 6 except The setting 

for the compensators using the tertiary cur­

rent transformers connected outside the delta 

is the same as equation (22) 
the equations (9) and (13). 

by comparison ot' 

D. Star (H) - Delta 

Current Transformers on 

(L) - Delta ( T ) Bank. 

lou (L) vinding insi.de 

de lt11 R.nd on hi[';'l (H) '-•in ding. 

• -j< 
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TYPE KX COMPENSATOR 

' 
A 

VECTtJ.fi'ROTAT.tJNA 8 C � A 
- I� '--

a--
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c 

'I!IPPINti J)l,ff?E:C TIOIV L !t ! 
I,T8IA 
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Fig. 1 I -External Connections of The Type KX Compensators 
Connected to Secondary Current Transformer�:� in­
side the Delta of a Star-Delta Bank. 

T'·'O s0ts of compensators are required in 

line with equation (14). The two compensator 

voltages are shovn in Fig. 8b. The schematic 

connections can be easily derived from Figs. 4 

and 6. The setting for the compensators using 

the high tension current transformers is the 
same as equation 7 except Z is ZH. The set­
ting for the compensator using current trans­

formers inside the lov tension delta ,.,inding 

is the same as equation 13 except Z = ZL. 

A summary of the compensator sett�ngs for 

various combinations of three ,,inding trans­

former and associated current transformers is 

sho,.rn in Table I. This sho,rs the more common 

connections some of which are discussed above, 

and some that are not as they can easily be 

derived from the foragoing. 

EXAMPLE FOR 

SETTING COMPENSATORS 
ON A THREE WINDING BANK 

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 desired to set Type KX Compensators 

using lo,.r (300/5 outside delta} and high 

,.rinding (150/5) current transformers on a llO 

KV star, 33 KV delta, 13.2 KV delta three 

,,rinding transformer "''ith a source of pover 

connected to the lo>r and tertiary >rindings. 

The potential transrormers are available on 

Ghe 33 KV vinding and relays are to protect 

the 110 KV line. The percent impedance values 

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 

Tva sets of compensators are required, and the 
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TYPE KX COMPENSATOR ___________________ _ 

settings are per Table I. The compensators 

connected to the current transformers on the 

110 KV side uill be set per equation 7, using 

ZH, or 

X Setting 
50x33xll0x30x6 

20,000x300 5.45 volts 

iff Set the reactance dials on 4. 57 and 0. 93 taps 
on S#458551 Compensators. 

50x33xll0x30xo.6 
R Setting = --=---=---=-----=---20,000x300 

.54 volts 

Set the resistance dials on 0 ahd .50 taps on 

the compensators. 

The second set of compensators connected to 

the current transformers outside the 33 KV 

delta ,.rfnding vill be according to equation 9 
using ZL, or 

X Sett·ing 
so.J3x33x33x60x2 

------------- = 1.88 volts 
20,000x300 

Set the reactance dials on 0 and 1.67 taps on 

8#458551 compensators. 

50 3x33x33x60x.6 
R Setting = --=---=---=---=---=----20,000x300 .57 volts 

Set the resistance dials 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 
and do not require adjustment 

tion, the compensator can 

static equipment 
after installa­

be mounted behind 

the s.,.ritchboard on suitable brackets. 

The external connections for t.ro typical 

cases are sho'·'n in Figs. 11 and 12. After the 

final setting have been made, the dial arms 

should be securely fastened. 

ADJUSTMENTS AND MAINTENANCE 

The proper adj ustments 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 scre.,.,s 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 o!' either style compensator is 

50 volt-amperes, 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 

6-D-7270 

Using potential transformers on the low voltage 
relay protecting line connected to high voltage 
compensators connected in star. 

(L) 
(H) 

winding 
winding. 

and compe,nsating for distance 
All current transformers and 

Set 
H L T Vector 

High Voltage Low Voltage Tertiary Reference 
Winding Winding Winding Figure 

Y* Y* � 8b 
y Y* A *i 8b 
y Y* A *o Sa 

Y* A *i � Sb 
Y* A *o A 8b 
y A *i A *i 8b 
y Ll 11-0 A*o Sc 
y A *o A*i Sa 

Compensators for a value of Z H Winding 
z 

Value E�uation 

ZH 7 

ZH 7 
ZH 7 

L Winding 
LZ 

Value Eg_uation 

ZL 6 
ZL + ZH 6 
ZL + ZH 6 

ZL 13 
z 9 
Z
L + ZH 13 

Z
L + ZH 9 

Z
L + ZH 9 L 

using Equation: 
T Winding 

z 
Value Eg_uation 

ZH 22 
ZH 22 

ZH 22 
ZH 22 
ZH 22 

The formulas ,.dll 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 a�ree 
with any combination of values on the compensator, the next lower tap should be used to &.void 
over compensation, 
* Compensator current transformer location. 
i Current transformers inside delta. 
° Current transformers outside delta. 
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