INSTALLATION

I.L. 41-540A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KX COMPENSATOR

APPLICATION

The Type KX Compensator provides a secondary
voltage which 1s proportional in phase and
magnitude to the voltage drop thru a power
transformer bank. Thus, the compensator with
1ts assoclated current and potentlial trans-
formers make possible the reliable measurement
of transmission line relay potential from bus
potentlal transformers. This 1s often econom-
l1cally advantageous 1n the application of
Impedance or distance type relays where the
impedance//f.the povwer transformer bank 1s not
Included as a part of the transmission line
and wvhere potential transformers are not
avallable on the transmission 1lines. In the
usual case distance type relays are desired to
protect a high-voltage transmission line wvhere
only low voltage potential transformers are
avallable.

Distance type relays such as the types HZy
HCZ, CZ and HY relays viewv electrical distance
(impedance and reactance) from the point on
the system where the relay -potentlal is
measured. If this potentlal 1s taken from the
low voltage bus and 1f fault power flows thru
the transformer bank for high voltage line
faults, then the voltage of the 1low voltage

potential transformers for these faults will
be relatively higher than the respective
voltage on the high voltage potentlal trans-
former by the 1mpedance drop thru the trans-
former bank. To the distance relay set only
on the basls of the transmission line I1mpe-
dance and using 1low voltage potentlal, the
line fault would appear to be further away
from the high voltage side of the bank than 1t
actually 1is. However, 1f there 1s no power
source connected to the low voltage bus, then
there 1s no fault power fed thru the bank, and
the 1low and high voltage

essentlally equivalent. In this last case the

potentilal are
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Fig. 1—Schematic Connection of the Type KX Compensator.

low voltage potentlal transformers may be used
for distance relays without Type KX Compen-

sators.

CONSTRUCTION AND OPERATION

The Type KX Compensator consists of a reac-
tance transformer and transformer connected
wvith both thelr primary and secondary windings
in serles as shown in Fig. 1. The reactance
transformer contalns alr gaps in 1ts magnetic
circult so that the magnetizing current is
large and consequently the voltage 1nduced 1n
its secondary winding 1s approximately 90° out
of phase with the primary current. This ele-

ment provides reactlve compensation.

The transformer which suppllies the resistive
compensation has 1ts magnetlc circult designed
to glve a low magnetizing current. A resistor
1s connected across the primary windings caus-
Ing the transformer primary current to lag the
the transformer primary current to lag the
This combination shifts
the secondary 1nduced voltage until 1t 1s

total input current.
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Fig. 2—General Case For The Application of The Type KX
Compensator Thru One Power Transformer Bank.

approximately 1n phase with the total 1nput
current.

The Type KX Compensator 1s energlized from
current transformers gilving a current propor-
tional to the current thru the power trans-
former. It 1s adjustable so that a voltage
may be produced by the current propeortional to
and 1n phase with the voltage drop thru the
power transformer. By properly combining this
voltage drop with the 1low tenslion voltage, a
voltage exactly proportional to and 1n phase
with the desired high tension voltage 1s
obtailned. This latter voltage 1s applied to
the distance relay potentlal coills.

The terminals U and 8 of the schematlc
wiring 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 flowing between U and S
wlll be proportional to and in phase with the
Under these condi-
tlons the ratio between R and X 1in the com-
pensator will be the same as the ratio between

drop 1n the transformer.

R and X in the powver transformer.
CHARACTERISTICS

Tvo ranges of the Type KX Compensator are
avallable, and are:

Compensation Range Max.

(Volt at 5 amps.) Secondary
Style # Resistive Inductive Impedance (Ohms)

458551 .
458552

2

-4 3.4-9 5
4 6-16 9

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 1s marked
on the compensator as shown in Pigs. 9 and 10.

These values are based on the assumption
that 5 amperes are flowving thru the primary of
the compensator. Thus 1f the resistance and
reactance drops 1n the pover transformer are

knowvn, the current thru the compensator under

full load conditions may be calculated and
from this the proper settilng computed. This
1s covered under Settings.

The polarity of the Type KX Compensator 1is
such that at the instant current 1is flowing 1in
at terminal 8 and out at U, the terminal L
1s positive with respect to terminal T.

The secondary wilndings of the compensator
are connected 1n series with the low voltage
potentlal transformer secondary winding and
the relays. Since the compensator secondary
windings necessarily have some 1mpedance, the
voltage across the relay colls vill ©be
slightly less than the potentilal

secondary voltage at zero compensation. With

transformer

a flxed relay burden this compensator impe-
dance voltage drop 1s always a constant per-
centage of the total voltage. Thls percentage

for one set of elther the type HZ, CZ,or HCZ
relays 1s 1less than 2.5% with the maximum

compensator setting of 9 ohms and the minimum
If the potentilal burden
Imposed on the potentlal transformers and com-

relay burden.

pensators 1s increased giving an appreclable
drop across the compensator, the distance
relay can sti1ll be set accurately by taking
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Fig. 4—Schematic Compensation Diagram ror Star-Star (Or
Delta-Delta) Connected Power Transformer Banks.

irto account the reduced relay voltage in the

relay tap formula. For example in setting the
type HZ 1impedance relay the formula 1s:
10 Z R
TS = = ==C
Ry

Now 1f the compensator voltage drop 1s 10% of
the total drop so that the relay only recelves
90% voltage, then the formula can be modified
by 1increasing the potential transformer
thus,

ratio

10 2 Rg
1.1 Ry

CONNECTIONS AND SETTINGS

TS =

The general 1nstallation requiring the Type
KX Compensators 1s shown schematically in Fig.
2. The distance
voltage line should respond only to the impe-
vhich would be the
relay 1s taken from
location shown and if the
measured the high
But with 1low voltage

relay voltage 1s

relay protecting the high
dance Zp case 1f the cur-
rent for the current
transformers in the
potentlial transformers
voltage bus potential.

potentlial transformers the

Increased by the drop Ilz1
Therefore, the Type KX Com-

pensators are required and should be connected

thru the power
transformer bank.
to recelve 1I; and set to produce a secondary
voltage drop equal to Ilzl.

Quite there are two

often or more powver

Fig. 5—Schematic Compensation Diagram For Star-Delta

Connected Power Transformer Banks With Current
Transtormers Outside Delta.

banks connecting the high and 1lowv voltage

busses together. The general case with two

Fig. 3. The voltage drop
1n this case 1is Ilz1 = 1222 so
that only one set of compensators 1s necessary

banks 1s shown 1in

between busses

recelving elther I; of I2 current and set for
the corresponding lmpedance
tively.
connected 1s

Zy1 or Zp respec-
If the bank on which compensators are
removed from service, than an
additional set of compensators or some switch-
Ing arrangement 1f the Bank impedances are
equal must Dbe

used to provide proper relay

potential.

There are a varlety of connectlons and

respective settings which can be made depend-
transformer 1locations and
The most

of these for both two and three winding trans-

ing on the current

the power bank connectilons. common

former banks will be considered. The three
vinding bank cases are the same as the two
winding banks +where fault power 1s not fed

from one of the windings
The following

such as the tertlary
winding. nomenclature will be

used.

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

respectively, of the power trans-

former bank 1n percent.

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

respectlively, of the power trans-
former banks 1n ohms at the low
voltage base V..

L
KvVA KVA base of the values of %R, ¥X and
%Z above.
V1, Line to 1line voltage of the low

voltage side of the bank where the
relay potentlal transformers are

avallable.

Kvy, Line to 1line killovolts of the lowv
voltage side of the transformer
bank.

KVy Line to 1line kilovolts of the high
voltage slde of the transformer
bank.

KVq Line to 1line killovolts of the ter-

tlary winding of a three winding
transformer bank.

RV Potentlal transformer ratio.

Rg Compensator current transformer
ratio.

IC Current thru compensator primary

windings in amperes.

CASE I Star-Star or Delta-Delta
Pover Transformer.

Connected

In this case the compensators are connected
In star to star-connected 1low voltage current

transformers as shown 1n Fig. 4. Then the
compensator current 1s,

Ig =—————£§zﬁl——- amperes (1)
{3 (kvy,) (Rg)

By definitlion the percent I1mpedance of the
pover transformer 1s the percent voltage drop
across the bank at unit current. As shown 1n
the vector dilagram of Fig. 4 the compensating
voltage 1s In phase with a star current.
Therefore, the voltage drop across the bank at
unit current (in this case Ig) in terms of the
star relay voltage 1s,

v, (#2)
V3 (Ry) = 100

volts (2)

The compensators are callbrated 1n volts
when rated 5 amperes 1s flowlng thru the
primary. Then the compensator setting to glve
a voltage drop equlvalent to the drop across
the transformer bank 1s,

R )
IC 6 (RV) (100)

_ 5 (vy,)(KVy,) (Ro) (%2)
(KVA ) (Ry)(100) 3)

The same formula also may be easily derived
from the ohm values of R, X and Z 1nstead of
the more common percent values. The secondary
vgltage drop across the transformer bank_is
R, and the compensation primary current 1is §E.
Since the compensator 1s calibrated for 5
amperes In 1ts primary, the compensator set-
ting 1s,

R ZR
e x Iz _5ZRg volts (%)
I Ry Ry
This 1s equal to the formula above since

10 (Kvy)? x %2 (5)
KVA

Z Chms =

Therefore, for Star-Star or Delta-Delta
connected powver transformers with star con-

nected compensators on the low voltage side,
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the followlng formula appliles:

Comp. 50 (1ch)2 R (#2) _ 5ZR,

= volts (6)
Setting (RVA) Ry Ry

This formula w11l give the resistive and
reactive compensator settings by substituting
elther %R or R and %X or X in place of %Z or
Z. Ir tﬂé—“;giculated tap setting does not
agree with any comblnation of values on the
compensator, the next lower tap should be used

to avold over compensation.

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

or - Star-

(similar to Fig. 4
ront transformers on

except compensation cur-

high voltage side of

bank). This 1s the same as the case above
except equation (1) is in terms of KVy instead
of KVp,. Therefore, for star-star connected

powver transformers with star connected compen-
sators on the high voltage side, the following
formula applies:

Comp. 50 (Kvy)(Kvy) R, (%2)
Setting (KVA) Ry
ZR, KV
é—._q__(_ﬁl volts (7)
Ry (Kvy)
This formula will give the resistive and

reactive compensator settdings by substituting
elther 4R or R and %X or X 1n place of %Z or
Z. If the calculated tap
agree with any combination

setting does not
of values on the
compensator, the next lower tap should be used

to avold over compensation.

of the
pover transformer, an
transformer 1s required as per Filg. 5.

In the case Star-Delta counnected

auxlliary potentlal

CASE III Star-Delta Connected Power Trans-
former Compensator Current Trans-
former Outside Delta (Figs. 5 and

12).

It should be noted that with the current
outside the delta,
single phase-to-ground faults will give incor-

transformers connected

rect 1llne-to-ground voltage due to the

in the delta which does
This
in applylng relays for phase

circulating current
not pass thru the current transformers.
1s not important

fault protection. The voltage

terminals L and T of the compen-
proportional to the difference

equivalent power transformer
AB 1s obtalned
transformers A

appearing

across the
sators 1s

between two
The delta voltage
voltages of the two

current.
from the
and B, and 1t nust be compensated by the drop
in each of the The star-

delta auxliliary potentlal transformers provide
corresponding to the high tension
phase position, but uncompensated
Current A" feeding the A
compensator 1s related to Ip = IC
B" feeding B

Ig = IA. The
appearing

two transformers.

voltages
voltages 1in
In magnitude.
and current
related to
add the two
voltages thelr
3ince the voltage path from A' to B' traverses

compensator 1s
compensators
across terminals.
the L and T terminals of the two compensators
1n opposite directions, the total compensated
voltage 1s proportional to 3 2 I, if Ip + IB +
If Ip + Ig+ IC
equal to zero, there 1s a circulating current
1n the delta wvhich will
opposite drops 1n transformers
delta voltage 1s still
Combining these compensator

IC 1s equal to zero. 1s not

cause equal and
A and B so the
correctly compensated.
voltages with the
low tenslon star voltages as shown, glves the
compensated delta

Thus,

voltages for the relays.
the compensated relay voltages from the
vector dlagrams are Ep'c, Egip, or Egip. This
method of should be used only
vhen delta relay voltages are requlired as the
voltages A', B' or C' to ground are not the
true phase-to-ground compensated

they are in Figs. 4 and 6.

compensation

voltages as

The compensators are connected in star and
defined 1in
as shown 1n the vector dlagram, this

recelve current as equation 1.
Howvever,
connectlon gives a delta voltage compensation.
Consequently, the voltage drop across the bank
at unit

voltage 1s:

current 1n terms of the delta relay

Z
—x—o volts (8)

In terms of 5 a%pere% in %%e primary compen-
sator windings, T X'F% X 700 8lves the set-
Therefore, for star-delta

ting. powver

5
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transformers with star connected compensators
connected outside the 1low voltage delta

winding, the following formula applies:

Comp . 5q3 (KVy,)2 RC(%Z)= SBZRQvolts (9)
Setting (RVA) Ry Ry

This formula will glve the resistive and
reactive compensator settings by substituting
elther R or R and %X or X 1in place of %Z or
Z. If the calculated tap setting does not
agree wlith any combination of values on the
compensator, the next lower tap should be used
to avold over compensation.

CASE IV Star-Delta
former-Compznsator Current Trans-
formers Inside Delta (Figs. 6 & 11).
The compensator current equals:

Connected Power Trans-

RVA

I; = 3—75525—}§; amperes (10)

The compensated voltages are 1n phase with the
star voltages on the high voltage side. Thus
the voltage drop across the bank &t unit cur-
rent 1n terms of the star relay voltage 1s:

Vg, %Z

—— X—— volt 11
Bry "0 O (11)

and 1n terms of 5 amperes:

5 Vi, %z
— = X=X
I “{3Ry = 100

volts (12)

Therefore, for star-delta powver transformers
with star connected compensators connected
Inside the low voltage delta winding, for the
following formula applies:

Comp. 503 (Kvy,)® Ro(%2)  53ZRg
Setting (KVA)Ry " Ry

volts(13)

This formula will give the resistive and
reactlve compensator settings by substituting
elther %R or R and %X or X in place of %Z or
Z. If the calculated tap setting does not
agree with any comblnation of values on the
compensator, the next lower tap should be used
to avold over compensation.

It 1s interesting to note that formula 13 1s
equlvalent to formula 9.

EXAMPLE FOR
SETTING COMPENSATORS
ON A TWO WINDING BANK

The following actual installation willl serve
to 1llustrate the use the formulas 1n setting
the Type KX Compensator. The transformer bank
1s a 12,500 KVA Bank connected star on the 110
KV side and delta on the 13.2 KV side. Open
Delta potentlal transformers are connected to
the 13.2 KV slde and an auxlliary delta star
potentlal transformer 1s avallable to provide
the correct 110 volt relay potential for dis-
tance relaying. The compensators are to be
connected to 75/5 current transformers in the

110 KV winding. The bank reactance in 7.5%
and the copper loss 1s 35,000 watts.

This connection corresponds to CASE II. The
reactance setting 1s per formula 7.

50x13.2x110x15x7.5

X Setting =
ne 12,500x120

= 5.45 volts

Set the reactance dlals on 4.57 and .70 taps
on S#458552 cowpensators.

The transformer bank resistance 1s found
from the equation I2R = watts.

12,500
I = —2=— _ cy
J§x13.2 546 amperes
g o 22:9%0 117 oh t 13.2 KV
= 5462 = .117 ohms a 3.

The resistance setting 1s per formula 7.

5x.117x15x110
R Setting = 2x.117x15x110 = .61 volts
120x13.2

Set the reslistance dlals on O and .50 taps.

CASE V Three Winding Transformer Banks with
Power Sources connected to the 1low
voltage and tertliary windings. The
voltage drop across the three winding
transformer banks as shown 1n Fig. 7
1s:

Thus two sets of compensators are requilred;

one on the high voltage winding set for Zy and

>
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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 low voltage set for ZL'

If current transformers are avallable for
compensatlion on the low voltage and tertlary

windings, then equation (14) can be revritten:

I (2, + ZH) + I,Zg volts (15)

L

This shows that the compensator recelving Il
on the low voltage slde must be set for ZL +
Zy ohms, and the compensator receiving Io on
the tertlary must be set for Zy ohms.

The 1mpedances of a three windlng trans-
former are wusually glven as the lmpedances
betwveen each palr of the three windings 1in

turn, and 1t 1s necessary to convert these
Impedance values 1nto equlvalent star 1impe-

dances Zy, 21, and Zp for use 1n setting the
compensators for three wlnding bank. In Fig.
7, the 1lmpedance between the H and L windings
is Zy1,; Dbetwveen H and T windings 1s Zyp; and
betwveen T and L, Zpr,. Then the equivalent
star lmpedances are glven by the followving

equatlons:
ZH = 1/2 (ZmL + Zgp - Zpp) (16)
21, = 1/2 (Zyp, + Z1p - Zyp) (17)
Zp = 1/2 (Zygp + Zyp - ZL) (18)

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

A. Star (H) - Star (L) - Delta (T) Bank.
Current transformers on high (H) and low (L)
tension windings:

Two sets of compensators are requlired 1in
line with equation (14). The setting for the
compensators using the 1low tenslon current
transformers 1s the same as equatlon 6 except
Z 1s Zy, and for the compensators using high
tenslon current 1s the same as equation 7
except Z 1s Zy. The two compensator voltages
are shown in Fig. 8b. The schematlic connec-
tlons can be easlly derlved from Fig. 4.

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

fwo sets of compensators are required 1in
line with equation (15). The two compensator
voltages are shown 1n the vector dlagram of
Fig. 8b. The schematlc connectlons can be
derived easily from Figs. 4 and 6. The set-
ting for the compensators uslng the low
tension current transformers 1s the same as
equation 6 except Z 1s Zp, + Zy. The setting
for the compensators using the tertilary

current transformers connected Inside the

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

delta 1s as follows:
1s:

The compensator current

_ KVA (
—B(KV—T)RC amperes 19)
The compensated voltages are 1n phase with the
star voltages on the high side. Thus the
voltage drop across the bank at unlt.current
In terms of the star voltage 1s:

i A $Zy

L volts (20)
3Ry 100

and 1n terms of 5 amperes:

V. Z
i x —k x # H yolts (21)
Ig W3Ry 100

Therefore, the setting 1s:

Comp. _ 503 (Kvq) (KVp )R (%2y)
Setting (KVA)Ry

_ _5Y3RcZy(KVq)
Ry (Kvy)

(22)

volts

I'ig. 10— Internal Connections of S#458552 Type KX Compen-
sator.

This formula will give the resistive and
reactive compensator settings by substituting
elther %R or R and %X or X in place of %Z or
Z. If the calculated tap setting does not
agree wlth any comblnatlion of values on the
compensator, the next lower tap should be used
+0 avold over compensation.

C. Star (H) - Star (L) - Delta (T) - Bank.
Current transformers in 1low (L) winding and
outside the delta (T) winding. Two sets of
compensators are required in line with equa-
tion (15). The two compensator voltages are
shown in Fig. 8A. The schematic connections
can be derived easily from Figs. 4 and 5. The
setting for the compensators using the 1low
tenslion current transformers 1s the same as
equation 6 except 2 is 2y, + 2q4. The setting
for the compensators using the tertiary cur-
rent transformers connected 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.

P



TYPE KX COMPENSATOR

I.L. 41-540A

BREAXES STAR DELTA
BREAKER POWER BANK
4 VECTOR ROTATHN A.B.C | | 4 o A A"
M _;g
[ -t 8
0 o A

3
P T—| || Jtig )
L2y
:

K X COMPENSATORS
: ‘
< a8 A
¢ sLT v sLT v ST
29 Q 9
‘ = W

A 8 <
2 i / i 4
8 F—— y
< T
« it w
e —— 8’
3
EaB
vEC 7ok Vo 7AGES & Currens
a8 K"" Tron ArruEp To Tue Ketars
ImpPeoance Distance £16menrs

ARELAY  BRELAY C'RELAY
£ap’ £gc £c'a’
Ipc o<’ ac 1ae To-c Te-a

Djeecronat ELErrenTs
LacoRrLyc' EpaoREns’ bcgoRfeig’
T4 Ia I

STAR DELTA
il il POVGR BANK

VECTOR ROTATIONA, B, < "

ATEETOR ROTATRIES o o i A A
B OT A'A"W I-4
< 0 Oy g P c”

- ;
TEIPPING DIREC TroN r ? ' {‘
IcIg7a
K X COMPENSATORS -
|

3 8 )
vS5eT vsLr vsLT
= ﬁ

I

A ]
i i
>

b

BT

LUE S PN

VocTaGes & CumrenTs
Apruico To lue Reears
Irapeoance Drsramce ELemenrs
dgecAY BRAY TRECAY -
fas’ act Ecar
T Ig.c Zca

’ vec ok
‘\‘v%‘l/ﬂ”
& 44

Dseecrronat Etemenrs
Lacoebnc farorésgn Kporbcg
Z4 I I

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

Two sets of compensators are required in
line wvith equation (14). The two compensator
voltages are shown in Fig. 8b. The schematic
connections can be easlily derived from Figs. 4
and 6. The setting for the compensators using

the high tenslon current transformers 1s the
same as equation 7 except Z 1s Zy. The set-

ting for the compensator using current trans-
formers inside the 1low tension delta winding
1s the same as equation 13 except Z = ZL.

A summary of the compensator settings for
various combinations of three winding trans-
former and assocliated current transformers is
shown in Table I. This shows thé more common
connections some of which are dilscussed above,
and some that are not as they can easlly be
derived from the foregoing.

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 1s desired to set Type KX Compensators
using 1low (300/5 outside delta) and high
winding (150/5) current transformers on a 110
KV star, 33 KV delta, 13.2 KV delta three
vinding transformer with a source of power
connected to the lov and tertiary windings.
The potentlal transformers are avallable on
the 33 KV wvilnding and relays are to protect
the 110 KV line. The percent 1lmpedance values
on 20,000 KVA base are:

]

ZHL = 1.2 + 38
ZHy = 2.0 + j16
Zyp = 2.0 + 12

From equations 16, 17 and 18.

Zg = 0.6 + j6
Z;, = 0.6+ j2
Zp = 1.4+ j10

Two sets of compensators are required, and the

9
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Table I. The
connected to the current transformers
110 KV side will be set per equation 7,
Zy, or

settings are per compensators
on the

using

50x33x110x30x6
X Setting = ————""=""" = 545 vyolts
etting 20,000x300 24
Set the reactance dials on 4.57 and 93 taps

on S#458552 Compensators.

0x33x110x30x0.6
R Setting = 20x33 > = .54 volts
20,000x300

Set the resistance dlals on 0O ahd .50 taps on

the compensators.
The second set of compensators connected to

outside the 33 KV

wlll be according to equation 9

the current
delta winding
using Z1,, or

transformers

50y3x33x33x60x2

= 1.88 volts
20,000x300

X Settdng =

Set the reactance dials on 0 and 1.67 taps on
S#458551 compensators.
50 3x33x33x60x.6

- = . volts
R Setting 20, 000%300 57

Set the resistance dilals on 0O and
the compensators.

.50 taps on

INSTALLATION

The Type KX Compensators are mounted 1in the

10

case of Flg. 13 and are intended for indoor

mountings. Since they are static equipment
and do not requlire adjustment after installa-
tion, the compensator can be mounted behind

the swltchboard on sultable brackets.

The external connectlions for two typilcal
cases are shown 1n Figs. 11 and 12. After the
final setting have been made, the dial arms

should be securely fastened.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct

operatlon have been made at the factory and

should not be disturbed by the customer.

The Type KX Compensators require almost no

malntenance. An occaslonal 1nspection is
recommended to see that no excesslve corrosion
has taken terminal

place or screws become

loose.

RENEWAL PARTS

Repalr work can be done
at the
parts can be

most satisfactorily
factory. However,
furnished to the

are equipped for dolng repair

Interchangeable

customers who
When
ordering parts, always gilve the complete name-
plate data.

ENERGY REQUIREMENTS

The burden ot elther style compensator 1s
50 volt-amp-r=s, at 5 amperes, 60 cycles.

work.
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Fig. 13—Outline and Drilling Plan of The Type KX Compensator.

TABLE 1

KX Compensators for Three Winding Transformer Banks

Using potential transformers on the low voltage (L) winding and compensating for distance
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
High Voltage Low Voltage Tertiary Reference Z LZ Z

Winding Winding Winding Flgure Value Equatlon Value Equation Value Equation

Y Y* A 8b Zy 7 21, 6

Y Y* Ay 8b Zy, + 2y 6 Zy 22

Y Y* H*e 8a 2. + 2y 6 VAl 22

Y* A *i A 8b Zy 7 1, 13

Y* A A 8b Zy 7 Zy 9

Y A *1 A *1 8b Zr, + Zy 13 Zy 22

Y A ¥ A e 8c 27 + 2y 9 Zy 22

Y A ¥ A 8a 2y + .2y 9 2y 22
The formulas will give the resistive and reactive compensator settings by substituting

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

* Compensator current transformer location.

1 Current transformers 1lnside delta.

° Current transformers outside delta.

11
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APPLICATION

The Type KX compensator provides a
secondary voltage which 1s proportional 1n phase
and magnitude to the voltage drop thru a power
transformer bank. Thus, the compensator with
1ts assoclated current and potentlal trans-
formers make posslble the rellable measurement
of transmission line relay potential from bus
potentlal transformers. This 1s often economi-
cally advantageous 1n the application of 1mpe-
dance or distance type relays where the
Impedance of the power transformer bank 1s not
Included as a part of the transmission line and
where potentlal transformers are not avallable
on the transmission lines. In the usual case
distance type relays are deslred to protect a
high-voltage transmission 1line where only 1low
voltage potentlal transformers are avallable.

Distance type relays such as the types
HZ, HCZ, CZ and HY relays view electrical dis-
tance (impedance and reactance) from the point
on the system where the relay potential 1is
measured. If this potential 1s taken from the
low voltage bus and 1if fault power flows thru
he transformer bank for high voltage line
faults, then the voltage of the low voltage po-
tential transformers for these faults will be
relatively higher than the respective voltage on
the high voltage potentlal transformer by the
Impedance drop thru the transformer bank. To
the distance relay set only on the basis of the
transmission 1line 1mpedance and using low vol-
tage potentlal, the 1llne fault would appear to
be further away from the high voltage side of
the bank than 1t actually 1s. However, 1f there
1s no power source connected to the low voltage
bus, then there 1s no fault power fed thru the
bank, and the 1low and high voltage potentilal
are essentlally equivalent. In this last case
the low voltage potentlal transformers may be
used for distance relays wlthout type KX com-
pensators.

CONSTRUCTION AND OPERATION

The Type KX compensator consists of a
reactance transformer and transformer con-
nected with both thelr primary and secondary
windings 1n serles as shown 1n figure 1. The
reactance transformer contalns alr gaps in 1its
magnetic circult so that the magnetizing current
1s large and consequently the voltage induced in
its secondary winding 1s approximately 90° out
of phase with the primary current. Thils element
provides reactive compensation.

The transformer which supplles the re-
sistive compensation has 1ts magnetic circuilt
designed to glve a low magnetizing current. A
resistor 1s connected across the primary wind-
Ings causing the transformer primary current to

l.L. 41-640
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Figure 1
Schematic Connection of the Type KX Compensator.

®“l;§/

lag the total 1nput current. This combination
shifts the secondary lnduced voltage until 1t 1is
approximately 1n phase with the total inpur cur-
rent.

The Type. KX compensator 1s energized
from current transformers giving a current pro-
portional to the current thru the power trans-
former. It 1s adjustable so that a voltage may
be produced by the current proportional to and
In phase wilth the voltage drop thru the power
transformer. By properly combining this voltage
drop with the 1low tension voltage, a voltage
exactly proportional to and in phase with the
desired high tenslon voltage 1s obtalned. This
latter voltage 1s applied to the distance relay
potential colls.

The terminals U and S of the schematic
wiring figure 1 are the current termlinals and
the terminals L and T are the voltage terminals.
By properly adjusting the R and X values the
voltage produced across terminals L and T by the
current flowlng between U and S will be pro-
portional to and in phase with the drop in the
transformer. Under these conditlons the ratio
between R and X 1n the compensator will be the
same as the ratlo between R and X in the power
transformer.
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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 avallable, and are:

Compensation Range Max.
(Volt at 5 amps.) Secondary
Style # Resistive Inductive Impedance (Ohms)
458551 0-4 3,4-9 5
458552 0-4% 6-16 9

The resistance and reactance drop pro-
duced in the compensator for each setting 1is
marked on the compensator as shown in figures
9 and 10.

These values are based on the
sumption that 5 amperes are flowin thru the
%rIﬁEry of the compensator.” Thus if the resis-

ance and reactance drops 1n 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
1s covered under Settings.

The polarity of the Type KX compen-
sator 1s such that at the instant current 1s
flowing 1n at terminal 8 and out at U, the ter-
minal L 1s positive with respect to terminal T.

The secondary windings of the compen-
sator are connected 1n serles with the low vol-
tage potentlal transformer secondary winding and
the relays. Since the compensator secondary
windings necessarily have some 1mpedance, the
voltage across the relay colls will be slightly
less than the potentlal transformer secondary
voltage ,at zero compensation. With a fixed re-
lay burden thils compensator 1mpedance voltage
drop 1s always a constant percentage of the
total voltage. This percentage for one set of

elther the Type HZ, CZ or HCZ relays is less
then 2.5 with the maximum compensator setting
of 9 ohms and the minimum relay burden. If the

potential burden imposed on the potentlal trans-
formers and compensators 1s increased giving an
appreclable 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:

7S = 10 2 R
Ry

Now 1f the compensator voltage drop 1s 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,

s - 102 sg

HiGH Low
VOLTAGE VOLTAGE

E‘:s Eiy&

]
e
P

"T'\ TRANSFORMERS

Figure 3
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 1s shown schematically in
figure 2. The distance relay protecting the
high voltage line should respond only to the 1m-
pedance Z2 which would be the case 1f the cur-
rent for the relay 1s taken from current trans-
formers 1n the location shown and 1f the poten-
tlal transformers measured the high voltage bus
potential. But with 1low voltage potential
transformers the relay voltage 1s 1ncreased by
the drop 1I1Z; thru the power transformer bank.
Therefore the Type KX Compensators are required
and should be connected to receilve Ij and set
tozproduce a secondary voltage drop equal to
I12;.

Quite often there are two or more
power banks connecting the high and low voltage
busses together. The general case with two
banks 1s shown 1n figure 3. The voltage drop
between busses 1n thils case 1s I1Z2; = IpZ2 so
that only one set of compensators 1s necessary
recelving elther I} or I2 current and set for
the corresponding 1mpedance 27 or Zp respec-
tively. If the bank on which compensators are
connected 1s removed from service, then an ad-
ditional set of compensators or some switching
arrangement 1f the bank 1mpedances are equal
must be used to provide proper relay potentlal.

There are a varlety of connectlons and
respective settings which can be made depending
on the current transformer 1locations 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 windlng banks
where fault power 1s not fed from one of the
windings such as the tertiary winding. The
following nomenclature will be used.

-
%R,%X,%Z* Reslstance, reactance, and 1impedance
respectively, of the power transformer
bank 1n percent.

R,X,Z* Reslstance, reactance, and 1lmpedance
respectively, of the power transformer
banks in ohms at the low voltage base
VL.

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

V1, Line to line voltage of the low vol-
tage slde of the bank where the relay
potential transformers are avallable.

kv, Line to 1line killovolts of the low

*Subscripts H, L, and T represent equivalent
star values of three winding transformers
defined 1n equations 16, 17, and 18

sl
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Figure 4
Schematic Compensation Dlagram For Star-Star
(or Delta-Delta) Connected Power Transformer
Banks.
Voltage side of the transformer bank.

KVg Line to 1line kilovolts of the high
voltage side of the transformer
bank.

KVp Line to 1line kilovolts of the ter-
tlary winding of a  three winding
transformer bank.

Ry Potentlial transformer ratio.

Rg Compensator current transformer
ratio.

Ig Current thru compensator primary

windings 1in amperes.

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

In this case the compensators are con-

nected 1n star to star-connected 1low voltage

current transformers as shown in figure 4. Then
the compensator current 1s,
KVA amperes (1)

Ic A (xvL) (Ro

By definitlon the percent impedance of the power
transformer 1s the percent voltage drop across
the bank at wunlt current. As shown 1n the
vector dlagram of figure 4 the compensating vol-
tage 1s 1in phase with a star current. Therefore
the voltage drop across the bank at unlt current

(in this case I¢) 1n terms of the star relay
voltage 1s,
v Z
L (%2) volts (2)

\5 (Ry) 100

The compensators are calibrated 1in
volts when rated 5 amperes 1s flowing thru the
primary. Then the compensator setting to gilve
a voltage drop equivalent to the drop across the
transformer bank 1s,

5 v, (%2)
6 *\3 (Ry)(100)
_ 5(vg,) (Bvy,) (Rg) (%2)
T (=) (Ry) (100) ()

The same formula also may be easlly
derivec from the ohm values of R,X, and Z 1in-
stead of the more common percent values. The

-3
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Flgure 5
Schematic Compensation Diagram For Star-Delta
Connected Power Transformer Banks With Current
Transformers Outside Delta.

secondary voltage drop across the transformer

bank 1s %%—and the compensatlon primary current

is .%6. Since the compensator 1s calibrated for
5 amperes 1n 1ts primary, the compensator set-
ting 1is,

S5Re ~ IZ _ 5ZRc .

T XRy =Ry  volts (4)
This 1s equal to the formula above since

2
7 Ohms = 10 (Kvy,) x %2 (5)
KVA

Therefore for Star-Star or Delta-Delta connected
power transformers with star connected compen-
sators on the 1low voltage side, the following
formula applles:

Comp. _ 50 (KVL)2 Rc (#2)  5ZRg
Setting (]VA) Ry =~ Ry

volts (6)

This formula willl give the resistive
and reactive compensator settings by substl-
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
avold 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 voltage slde of
bank.) This 1s the same as the case above ex-
cept equation (1) 1s in terms of KVy instead of
Kvy,. Therefore for-star-star connected power
transformers with star connected compensators on

the high voltage side, the following for-
mula applies:
Comp . 50(KVy,) (KVg)Rg(%2)
Setting (KVA) Ry
= 5ZRC(KVy)
volts (7)

Rv (KVL)

This formula wi1ll glve the resistive
and reactive compensator settings by substi-
tuting elther %R or R and %X or X in place of %2
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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 wlth any combination of values on the com-
pensator, the next 1lower tap should be used to
avold over compensation.

In the case of the Star-Delta connect-
ed power transformer, an auxlilliary potentlal
transformer 1s 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 1incor-
rect 1line-to-ground voltage due to the cilrcu-
lating current 1n the delta which does not pass
thru the current transformers. Thils 1s not im-
portant in applying relays for phase fault
protection. The voltage appearlng across the
terminals L and T of the compensators 1s propor-
tional to the difference between two equivalent
power transformer currents. The delta voltage
AB 1s obtalned from the voltages of the two
transformers A and B, and 1t must be compensated
by the drop 1n each of the two transformers. The
star-delta auxlliary potentlal transformers pro-
vide voltages corresponding to the high tenslon
voltages 1n phase position, but uncompensated in
magnitude. Current A" feeding the A compensa-
tor 1s related to Ip - Ic and current B" feeding
B compensator 1s related to Ig - Ip. The com-
pensators add the two voltages appearlng across
theilr terminals. Since the voltage path from A'
to B' traverses the L and T termlnals of the two
compensators 1n opposite directions, the total
compensated voltage 1s proportional to 3 Z Ip 1f
Ip + IB + Ic 1s equal to zero. If Ip + IB + Ic

1s not equal to zero, theére 1s a circulating
current 1n the delta which will cause equal and
opposite drops 1n transformers A and B so the
delta voltage 1s still correctly compensated.

Combining these compensator voltages wilth the
low tension star voltages as shown, glves the
compensated delta voltages for the relays. Thus,
the compensated relay voltages from the vector
dlagrams are Ep'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 1in star
and recelve current as deflned 1n equatlion 1.
However as shown 1n the vector diagram this con-
nection gives a delta voltage compensation. Con-
sequently the voltage drop across the bank at
unit current 1n terms of the delta relay voltage
1s:

oy 2

—_— volts : (8)
Rv 100

In terms of 5 amperes 1in the primary compensator

> Y
windings,-fa X Ry X
fore for star-delta power transformers with star
connected compensators connected outside the low

-%%b glves the setting. There-

voltage delta wilnding, the following formula
applies:

Comp. 50\3 (KVp)2 Ro(%Z) SV3ZRc

.Setting (KVA) Ry =Ry volts (9)

This formula will give the resistive
and reactive compensator settings by substil-
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 comblnation of values on the com-
pensator, the next lower tap should be used to
avold over compensation.

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

Ip = 3 %;VL RG amperes

The compensated voltages are 1n phase with the
star voltages on the high voltage side. Thus
the voltage drop across the bank at unlt current
in terms of the star relay voltage 1s:

VL %2

(10)

1t 11
3Ry * 100 vosts (11)
and in terms of 5 amperes:

5 x VL %z volts (12)

"Ic (3Rv = 100

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

Comp. _ 50f3 (KVL)2 Ro(#z) _ 5{3ZRc
Setting (KVA)RY =y volts (13)

This formula will give the resistive
and reactive compensator settlings by substil-
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 comblnation of values on the com-
pensator, the next lower tap should be used to
avold over compensation.
that

It 1s Interesting to note

formula 13 1s equlvalent to formula 9.

EXAMPLE FOR SETTING COMPENSATORS ON A TWO WIND-
ING BANK

The followlng actual installation will
serve to 1llustrate the wuse the formulas 1n
setting the Type KX Compensator. The trans-
former bank 1s a 12,500 KVA Bank connected star
on the 110 KV side and delta on the 13.2 KV side.
Open Delta potentlal transformers are connected
to the 13.2 KV side and an auxillary delta star
potential transformer 1s avallable to provide
the correct .110 volt relay potentlial for dis-
tance relaylng. The compensators are to be con-
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Figure 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.

nected to 75/5 current transformers in the 110KV
winding. The bank reactance in 7.5% and the
copper loss 1s 35,000 watts.

This connectlon corresponds to CASE II.

The reactance settlng 1s per formula 7.

_ 50x13.2x110x15Xx7.5 _
X Setting = 12 500%120 = 5.45 volts

on 4.57 and .70 taps on

Set the reactance dlals
S#458552 compensators.

The transformer bank resistance 1s
found from the equation IR = watts.

I =“%%f%g%—= 546 amperes

R = 2%&289 = .117 ohms at 13.2 KV

The reslstance setting 1s per formula 7.

R Setting = <§Ei%%;%%?%ll9-= .61 volts

Set the reslstance dials on O and .50 taps.

CASE V Three Winding Transformer Banks with
power Sources connected to the low vol-
tage and tertiary windings. The voltage
drop across the three windlng trans-
former banks as shown 1n flgure 7 1s:

127, + (I7 + Ip) Zg volts (14)

Thus two sets of compensators are requlired; one
on the high voltage winding set for Zy and one
on the low voltage set for Zj,.

If current transformers are avallable
for compensation on the low voltage and tertlary
wlndings, then equation (14%) can be rewritten:

I; (2g, + 2g) + IoZy volts (15)

This shows that the compensator re-
celving Iy on the low voltage slde must be set
for 2y + ohms, and
I, on the gertiary must be set for Zy ohms.

The 1mpedances of a three winding
transformer are usually glven as the lmpedances
between each palr of the three windings 1n turn,
and 1t 1s necessary to convert these lmpedance
values Into equlvalent star 1mpedances Zy, Zj,
and Zp for use 1n setting the compensators for
three winding bank. In figure 7, the 1mpedance
between the H and L windings 1is ZHL; between H
and T windings 1s Zyp; and between T and L, Zny, -

_5-

the compensator recelving

-
A In PrHASE
CoMPENSATION

30°
8" COMPENSATION
<t

B

IMPEDANCE ReLAY IMPEDANCE RELAY
PorentiaL A'B,B'C;C'A" PoTenTiaL A"B;B'C'C'A"
() (b)

ImMPEDANCE ReLAY
PotenTiaL AB!BC;'CA"
(c)

Figure 8
Compensation Vector Dlagrams For Three Winding
Power Transformer Banks.

Then the equlvalent star lmpedances are given by
the followlng equations:

Zy = 1/2 gz + 2 - Z 16
H H
22 G 21 (Y
Zp = 1/2 (Zgp + 2pp - ZHL) 8
T HT LT HL (18)
A. Star (H) - Star (L) - Delta (T)
Bank. Current transformers on high (H) and

low (L) tension windings:

Two sets of compensators are requlred
in line with equation (14%). The setting for the
compensators using the 1low tenslon current
transformers 1s the same as equation 6 except 2
1s Z;, and for the compensators wusing high ten-
sion current 1s the same as equatlon 7 eXcept 2
1s Zg . The two compensator voltages are shown
in f?gure 8b. The schematlc connections can be
easlly derived from figure 4

B. Star(H)-Star(L)-Delta(T) Bank.
Current transformers on low (L), winding and in-
side the delta tertiary (T) windings:

Two sets of compensators are required
in line with equation (15). The two compensator
voltages are shown 1n the vector dlagram of
figure 8b. The schematic connections can be de-
rived easily from figures 4 and 6. The setting
for the compensators using the low tension cur-
rent transformers 1s the same as equation 6 ex-
cept 2 1s Z1, + ZH. The setting for the compen-
sators using the tertlary current transformers
connected 1inside the delta 1s as follows: The
compensator current 1is:

KVA
3 (KVp)Rg
The compensated voltages are 1n phase with the
star voltages on the high side. Thus the voltage

drop across the bank at unit current 1n terms of
the star voltage 1s:

\IEYLXiZH
SRy 100

I= amperes (19)

volts (20)
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RESISTANCE COMPENSATION O-4 VOLTS 1S 0BT AINED ONTHE
TWO OUTER O/ML3 NOUCT IVE COMPENSAT /ON 3.4+9 VOLTS

15 OBTAMNED ON THE TWO INNER DI AL S THE VALUE OF
COMPENIATION IS COMPUTED BY ADDING FIGVRES OPPOSITE
THE CONTACT WHICH THE D/ AL ARM 13 TOUCHING, THI'S VALYVE
BEING BA3ED ON CURRENT OF SAMPERES INLEADS S 2 U,
KEEP CONTACT ARM3I CENTRALLY ON CONTACTA

*  RELAY RECEIVES COARECTLY COMPANSATED VOLTAGE
WHNEN POWER FLOW I3 IN DIRECTION OF ARROW

Figure 9

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

and in terms of 5 amperes:
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————————— V-Amq
i Cvment Thang.
R SSTANCE COMPENIATION O-4 VOLTS IS OBTAINED ON THE
W0 ouTER aims. loucTive comPENSATION 6-/6rocTs
(S.OATANED ON THE TWO WNER DIALS. THE VALUE OF

COMPENSAT 10N 15 COMPUTED BY ADOING FISURES GPPOSITE P Tramsmomersn
THE CONTACT WHICH THE DIAE ARM 1S TOUCHING T3 VALVE

BEING BASED OV CURENT OF SAMPERES INLZADS S &1

KEEP CONTACT ARMS CENTRALLY ON COVTACTS.

* Hriay mEcenmsS CommECTIY COMPANIATED wolraGE
SRy POWER FILOW 3 N OIRECTION oF AFROYE

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

- This formmla willl glve the resistive
and reactive compensator settings by substi-
tuting either %R or R and %X or X in place of %2

Ic *3rRy * 100 volts (21) or Z. If the calculated tap setting does not
agree with any combination of values on the
Therefore the setting 1s: compensator, the next lower tap should be used
OJ_ to avold over compensation.
Comp. KV KV1, )R Z
Gomp. . 5ON3(EVr)(KVL)R(#zH) C. Star (H)-Star(L)-Delta (T) - Bank.
g (KVA)R
v Current transf?r?ers in low (L) winding and out-
side the delta (T) winding. Two sets of compen-
_§i§BEE§£E!gl_ volts (22) sators are required in line with equation (15).
Rv(KVL) The two compensator voltages are shown 1n figure
TABLE I

KX Compensators for Three Winding Transformer Banks

Using potentlal 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 1n star.

Set Compensators for a value of Z using Equation:

H L T Vector H Winding L Winding T Winding
High Voltage Low Voltage Tertlary Reference Z LZ Z
Winding Winding Winding Figure Value Equation Value Equation Value Ecuation

Y* Y* ) 8b Zy 7 Zy, 6

Y Y* A 1 8b 21+ 2g 6 ZH 22
Y Y* A »° 8a ZL+ 2 6 Zy 22
Y* B xy A 8b ZH 7 21, 13

Y* 8 x° 2 8a ZH 7 2, 9

Y A *1 *1 8b 21+ 25 13 ZH 22
Y A x° 8 e 8c 2L+ ZH 9 ZH 22
Y A *° A xy 8a ZI+ ZH 9 ZH 22

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

elther %R or R and %X or X 1in 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 avold

over compensation.

*Compensator current transformer locatlon.
1Current transformers 1nside delta.
°Current transformers outside delta.
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Filgure 11
External Connections of The Type KX Compensators
Connected to Secondary Current Transformers In-
slde the Delta of a Star-Delta Bank.

8A. The schematic connectlons can be derived
easlly from figures 4 and 5. The setting for
the compensators using the low tenslon current

transformers 1s the same as equation 6 except Z
is Z1, + ZH. The setting for the compensators
using the tertiary current transformers con-

nected outside the delta 1s 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 compensators are requlred
in line with equation (14). The two compensator
voltages are shown in figure 8b. The schematic

connections can be easlly derived from flgures 4
and 6. The setting for the compensators using
the high tenslon current transformers 1s the
same as equatlon 7 except Z 1s Zy. The setting
for the compensator -‘uslng current transformers
inside the low tenslon delta winding 1s the same
as equation 13 except Z = Zj.

A summary of the compensator settings
for varlous combinatlons of three winding trans-
former and assoclated current transformers 1s
shown in Table I. This shows the more common
connections some of which are discussed above,
and some that are not as they can easily be de-
rived from the foregoing.

EXAMPLE FOR SETTING - COMPENSATORS ON A THREE
WINDING BANK

It 1s deslred to set Type KX Compen-
sators using 1low (300/5 outside delta) and high
winding (150/5) current transformers on a 110KV
star, 33KV delta, 13.2KV delta three winding
transformer wilth a source of power connected to
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Figure 12
External Connections of The Type KX Compensators
Connected to Secondary Current Transformers Out-
slde the Delta of a Star-Delta Bank.

the low and tertlary windings. The potential
transformers are available on the 33KV winding
and relays are to protect the 110KV line. The
percent Ilmpedance values on 20,000 KVA base are:

ZH1, = 1.2 + j8
ZHT = 2.0 + j16
ZLr = 2.0 + j12

From equations 16, 17, and 18.

iy = 0.6 + j6
ZL = 0.6 + je
Zp = 1.4 + j10

Two sets of compensators are required, and the
settings are per Table I. The compensators con-

nected to the current transformers on the 110KV
side will be set per equation 7, using Zy, or
0x33x110x30x6

X Setting = = 23? 0x380 = 5.45 volts
Set the reactance dials on 4.57 and .93 taps on
S#458552 Compensators.

50x33x110x30x0.6 _
R Setting = 50,000 x 300 = .54 volts

Set the resistance dlals

the compensators.

on O and .50 taps on

The second set of compensators con-
nected to the current transformers outside the
33KV delta windings wi1ll be according to equa-
tion 9 using 21, or

50\ 3x33x33x60x2
20,000x300

X Setting = = 1.88 volts

Set the reactance dlals

on O and 1.67 taps on
S#458551 compensators.
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Figure 13
Outline and Drilling Plan of The Type KX Compensator.

50\{3x33x33x60x.6
20,000x300

dials

R Setting =

= .57 volts

Set the resistance
the compensatore.

on 0 and .50 taps on

INSTALLATION

The Type KX Compensators are mounted
in the case of figure 13 and are intended for
indoor mountings. Since they are statlc equilp-
ment and do not require adjustment after in-
stallation, the compensator can be mounted be-
hind the switchboard on sultable brackets.

connectlons for two
typlcal cases are shown 1n figures 11 and 12.
After the flnal settings have been made, the
dial arms should be securely fastened.

The external

ADJUSTMENTS ARD 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 malntenance. An occaslonal 1inspection
1s recommended to see that no excesslve corro-
slon has taken place or terminal screws become
loose.

RENEWAL PARTS

Repalr work can be done most satlisfac-
torlly at the factory. However, lnterchangeable
parts can. be furnished to the customers who are
equipped for dolng repalr work. When ordering
parts, always glve the complete nameplate data.

ENERGY REQUIREMENTS

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