
Westinghouse I.L. 41-496D 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KDXG GROUND DISTANCE RELAY 

CAUTION: Before putting protective relays into ser­
vice make sure that all moving parts operate freely, 
inspect the contacts to see that they are clean and 
close properly, and operate the relay to check the 
settings and electrical connections. 

APPLI CATION 
The KDXG relay (Internal Schematic Fig. 2) is a 

high speed single phase distance relay of reactance 
type. Three KDXG relays are used in conjunction with 
a ground directional unit-timer relay, and an auxiliary 

* current transformer Type IK for transmission line pro­
tection from a single phase-to-ground fault within 3 
zones of protection. 

The ground directional unit-timer relay (KRT 
Type) is described in I.L . 41-497 or 41-497.1. Type 
KRT relay contains a single ground directional unit 
of dual polarized type for determination of the fault 
direction and a timer unit that performs the switching 
of the reactance unit reach to zones 2 and 3 after a 
preset time delay. The auxiliary current transformer 
type IK is used to compensate for effects of the 
residual currents in the protected and parallel lines. 

A type ITH instantaneous ground over- current re­
lay may be used to supplement the ratio discrimina­
tors so that the KRT timers may be started at the 

* inception of a distant fault. Refer to Fig. 6. The ITH 
will speed the clearing of faults where the fault cur­
rent is less than about twice the load current flow. 
Otherwise, for these cases the timer starting will be 
sequential after remote breaker have opened to redis­
tribute fault current or cut off load current flow. 

CONSTR UCT! ON 
The KDXG relay consists of two single air gap 

transformers, one of which acts as a reactance com­
pensator and the other as a ratio discriminator trans� 
former, one tapped auto-transformer, a cylinder type 
reactance tripping unit, a polar relay unit, 2 telephone 
relays for zone switching, diode bridge assembly with 
a filter network, and a maximum voltage type resistor­
diode network. 

SUPERSEDES I.L. 41-496C 
*Denotes change from superseded issue. 

Compensator 

The compensator is a three winding air-gap 
transformer. (Fig. 3). There are two primary windings, 
one designated "T L" and the other "To". "T L" 
winding is energized by the phase current, and "To" 
by the residual current. Each winding has taps which 
terminate on the tap plate. Values between taps are 
marked as follows: 

0.3- 0.2 -0.6 
Current flowing through the primary coils pro­

vides a magnetomotive force which produces magnetic 
flux in the core. A voltage is induced in the secondary 
which is proportional to the primary tap and current 
magnitude. This proportionality is established by the 
cross sectional area of the laminated steel core, the 
length of an air gap which is located in the center of 
the coil, and the tightness of the laminations. All of 
these factors which influence the secondary voltage 
proportionality have been precisely set at the factory. 
The clamps which hold the laminations should not be 
disturbed by either tightening or loosening the clamp 
screws. The secondary winding has a single tap which 
divides the winding into two sections. One section is 
always connected subtractively in series with the re­
lay terminal voltage. Thus a voltage which is pro­
portional to the line current and leads the current by 
90° (jXIR ) is subtracted vectorially from the relay 
terminal voltage (VLG) Fig. 5a; the second section 
becomes connected in series with the first section 
when reactance unit is switched to zone 3 setting, 
thus increasing the secondary voltage ut,tput of the 
compensator by a factor of 2.5. 
Ratio Discriminator Transformer 

Ratio discriminator transformer is similar in con­
struction to the com pens a tor except that it has a 
single primary winding and a single secondary wind­
ing that produces a voltage proportional to the mag­
nitude of the phase current. 

Autotransformer 

The autotransformer has ten taps Me which are 
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Fig. 2. Internal Schematic of the Type KDXG Relay 
in FT42 Case. 

numbered 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and ten taps Mp 
numbered . 1 , .2, .3, .4, . 5, .6, .7, . 8, .9, 1.0 Me taps 
represent lO�percent autotransformer output taps, and 
Mp taps- one percent. 

Reactance T r i p p i n g Un i t  

The reactance unit is a four pole induction cylin� 
der type unit. The direction of operating torque of this 
unit depends on the angle between the current and the 
relay terminal voltage as modified by the compensator 
voltage. 

Mechanically, the cylinder unit is composed of 
four basic components: A die-cast aluminum frame, 
an electromagnet, a moving element assembly and a 
molded bridge. The frame serves as a mounting struc� 
ture for the magnetic core. The magnetic core which 
houses the lower pin bearing is secured to the frame 
by a locking nut. The bearing can be replaced, if 
necessary, without having to remove the magnetic 
core from the frame. 

The electromagnet has two sets of two series 
connected coils mounted diametrically opposite one 
another to excite each set of poles. L ocating pins on 
the electromagnets are used to accurately position 
the lower pin bearing, which is mounted on the frame, 
with respect to the upper pin bearing that is threaded 
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Fig. 3. Compensator Construction. 

into the bridge. The electromagnet is secured to the 
frame by four mounting screws. 

The moving element assembly consists of a 
spiral spring, contact carrying member, and an alumi� 
num cylinder assembled to a molded hub which holds 
the shaft. The hub to which the moving contact arm 
is clamped has a wedge-and-cam construction to pro� 
vide low-bounce contact action. A casual inspection 
of the assembly might lead one to think that the con� 
tact arm bracket does not clamp on the hub as tightly 
as it should. However, this adjustment is accurately 
made at the factory and is locked in place with a lock 
nut and should not be changed. Optimum contact 
action is obtained when a force of 4 to 10 grams pres� 
sure applied to the face of the moving contact will 
make the arm slip one-fourth of its total free travel. 
Free travel is the angle through which the hub will 
slip from the condition of reset to the point where 
the clamp projection begins to ride up on the wedge. 
The free travel can vary between 15 ° to 20° . 

The shaft has removable top and bottom jewel 
bearings. The shaft rides between the bottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. The stops are an integral part of 
the bridge. 
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TYPEKDXGRELAY __________________________________________________________ ___ 

Fig. 4. Tap Plate 

The bridge is  secured to the electromagnet and 
frame by two mounting screws. In addition to holding 
the upper pin bearing, the bridge is used for mounting 
the adjustable s tationary contact housing. This sta­
tionary contact has .002 to .006 inch follow which is 
set at the factory by means of the adjusting screw. 
After the adjustment is made the screw is sealed in 
position with a material which flows around the 
threads and then solidifies. The stationary contact 
housing is held in position by a spring type clamp. 
The spring adjuster is located on the underside of 
the bridge and is attached to the moving contact arm 
by a spiral spring type clamp. 

When contacts close, the electrical connection 
is made through the stationary contact housing clamp, 
to the moving contact, through the spiral spring and 
out to the spring adjuster clamp. 

P OL A R  R E LAY U N I T  ( R D )  

This unit consists of  a rectangular-shaped mag­
netic frame, an electromagnet, a permanent magnet, 
and an armature with two contacts. The poles of the 
crescent-shaped permanent magnet bridge the mag-

4 

netic frame . The magnetic frame consists of three 
pieces joined in the rear with two brass rods and 
silver solder. These non-magnetic joints represents 
air gaps which are bridged by two adjustable magnetic 
shunts. The operating winding is concentrically 
wound around a magnetic core . The armature is 
fastened to this core at one end and floats in the 
front air gap at the other end. The moving contact is  
connected to the free end of  a leaf spring. 

T el ep ho n e  R e lays  

The telephone relay units T2X and T3X are of 
fast operate type. In these relays an electromagnet 
attracts a right angle iron bracket which in turn oper­
ates a set of make and make before break contacts. 
All contacts are of bifurcated type for high reliability. 

D i o d e  B ridge A s s e m b l y  and A s sociated Network 

Diode rectifier bridge assembly is a full-wave 
type using silicon medium power type diodes.  D.C.  
output of this bridge is filtered by a capacitor and a 
choke network. The input to the rectifier bridge is 
shunted by a varistor and resistor combination to 
limit the input voltage at high current level. 
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TYPEKDXGRELAY ____________________________________________________ ____ �I�.L�-�4�1-�49�6�0 
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Io 

l85A503 
Fig. 7. General System Used for Describing Type KDXG 

Relay Operations 

Maxi mum V oltag e Network 

Maximum voltage network consists of a tapped 
resistor (600,2160,2160 ohms taps) and 3 blocking 
diodes. 

OP E RA T I ON IN DICA T OR (01) 

The operation indicator (Ol) is a small clapper­
type device. A magnetic armature is attracted to the 
magnetic core upon energization of the indicator. 
Also, during this operation, two fingers on the arma­
ture deflect a spring located on the front of the 
switch, which allows the operation indicator target 
to drop. The target is reset from the outside of the 
case by a push rod located at the bottom of the cover. 

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

OPERATION 
The relay is connected and applied to the system 

as shown on Fig. 6. The reactance unit closes its 
contacts when the reactive components of the imped­
ance of the protected line becomes smaller than the 
relay setting. The ratio discriminator operates on 
single-line-to-ground faults in the faulted phase only. 

The compoo.ion relay of KRT-type contains a 
directional ground unit that provides the scheme with 
directional characteristics and a timer for zone 2 and 
zone 3 operation. 

All three units, reactance, ratio discriminator 
and the ground directional unit operate simultaneously 
for single line-to-ground faults located within the 
zone 1 of reactance unit setting. 

For reversed single line-to-ground faults the 
scheme does not trip since the directional unit will 
have its contact open. For 2 phase-to-ground faults, 
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Fig. 8. Response of Ratio Discriminator to G round 

Faults, Assuming All Impedances in Phase. 

or phase-to-phase faults, and 3-phase faults, tripping 
is blocked by the ratio discriminator. Additional block­
ing is obtained by ground directional unit on phase-to­
phase and 3 phase faults. 

For zone 2 and 3 tripping, the reach of the 
reactance unit is switched by the timer. The timer is 
started by T1 relay that operates after the directional 
unit and ratio discriminator close their contacts. 

Fig. 6 shows device 50N used as an optional 
means of starting the timer if the D contacts of the 
32T device are closed. This path bypasses the ratio 
discrimator contacts during low fault current periods. 
The use of this ground over current unit allows trip­
ping with no added delay if the ratio discriminator 
operates sequentially for distant faults. 

Fun damen tals of Di stance M easureme n t  

Fig. 7 shows a typical two-circuit transmission 
system with a source of power at both ends of the 
line. Assume that a KDXG relay is installed at the 
shaded breaker location. For a ground fault on phase 
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TYPEKDXGRELAY __________________________________________________________ __ 

A the phase A reactance unit will see the following 
conditions. 

Definition of Terms: 

VAG = phase A-to-ground voltage at bus H 

K1 =portion of total positive-sequence or negative 
sequence fault current flowing through relay 
location. 

Ko =portion of total zero-sequence fault current 
flowing through relay location. 

Z1L =positive-and negative-sequence impedance of 
protected line. 

IAI =total positive-sequence fault current 

IA2 =total negative-sequence fault current 

lo = total zero-sequence fault current 

loE = adjacent line zero-sequence current 

ZoM = mutual zero-sequence impedance between the 
two lines. 

ZoL = Zero-sequence impedance of protected line. 

RG = fault resistance 

VAG = K11A1nZ1L+ K1 I A2n Z1L + KolonZOL + 

(1) 

IoEnZoM + 3IoRG (lA) 

then: 

VAG = IAnz1L- K0I0nZ1L + KolonZoL 

+ IoEnZoM + 3IoRQ 

From ( 1) 

=• nZ1LriA + Kolo (Z()L- Z1L) + IOE ZOM] 
l z1L Z1L 

+ 3IoRa (2) 

Now, let the relay current IR be: 

(ZoL - Z1L) ZoM 
IR = lA + Kolo z1L + IoE z1L 

VAG = n Z1L + Ra 3Io then ZR = -- --

IR IR 

(3) 

(4) 

The first term nz1L is directly proportional to 
the distance from the fault to the relay and is inde­
pendent of conditions external to the protected 
section. 

8 

The second term is a function of fault resistance 
Ra and has an effect of pure resistance if Io is in 
phase with JR . This will be nearly true, since in 
general all the impedances involved in equation for 
ZR will have nearly the same phase angle, unless 
line resistances are very large, and also since lA, 
Io, and JoE are usually nearly in phase for this type 
of faulL Assuming that this term is resistive the 
reactance unit ignores it by sensing only the imagin­
ary component of ZR, jXR: 

jXR = jnX1L 

The relay current IR = lA + Io Ko [ZoL - 21Ll+ 
Z1L ] 

is obtained by supplying the reactance 

unit current circuit with line current, residual current, 
and the residual current from parallel line. The cor­
rection of residual currents by factors 

ZoL ZlL 
3(Z1L) 

and ZoM is done by means of taps on the auxiliary 
3Z1L 

* current transformer type IK. The factor 3 is needed 
since lo = l/3 residual current in the protected line 
and IoE = 1/3 residual current in parallel line. 

P r i nc i p l e  of Op erat i o n  of Reactance U n i t  

The reactance unit is an induction cylinder unit 
having directional characteristics. Operation of this 
type of unit depends on the phase relationship be­
tween magnetic fluxes in the poles of the electro­
magnet. 

One set of poles is energized by two pairs of 
current windings, where one pair receives the line 
current and the second pair the residual currents from 
the protected and parallel lines as modified by 
auxiliary current transformer tap settings. 

The second set of poles is energized by the line­
to-ground voltage as modified by the compensator 
voltage. This compensator voltage determines the 
reactance unit. 

Compensator T is designed so that its mutual react­
ance X hasknown and adjustable values as described 
below under CHAR ACTERISTICS AND SETTINGS 
The mutual reactance of a compensator is defined 
here as the ratio of secondary induced voltage to  
primary current and is equal to T.  The secondary 
compensator voltage is in series with the line-to-
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Ratio Dis criminator as a Function of Current 
Distribution Factor Ratio and Operating Cur­
rent. 

ground voltage as modified by the autotransformer 
setting. The flux in the voltage energized poles is so 
adjusted that it is in phase with the resultant volt­
age v

1 (See Fig. 5a). Cylinder connections are such 
that it closes its contacts whenever the flux in the 
voltage polarized poles lags the flux in the current 
polarized poles. 

Fig. 5a illustrates the operation of the reactance 
unit. Here VLG is the line-to-ground voltage leading 
the line current by an angle a. Compensator voltage 
is shown here as -jXLIR, c/JV is the flux due to the 
voltage (Vr_,G - jXLlR) ¢I is the flux due to the relay 
current. Since flux ¢v is leading the flux ¢I the 
cylinder unit will have restraining torque keeping its 
contacts open. 

The balance will occur when flux ¢v will be in 
phase with flux ¢I· For this to happen, compensator 
voltage jXLIR must be equal to VLG sina- the magni­
tude of the reactive component of the relay voltage, 
as shown in Fig. 5b. 

For faults inside the protected zone (See Fig. 3c) 
the compensator voltage will be largerthan the V sina­
value, this makes the flux rf>v lag the flux ¢I and 

cause the relay contacts to close. For faults beyond 
the balance point (Fig. 5D) compensator voltage will 
be smaller than VLG sina- this will make the voltage 
flux ¢v lead the current flux ¢I and restrain relay 
from contact closing. For faults behind the relay or 
for reverse power flow the reactance unit will keep 
its contacts closed (Fig. 5e) since the current flux 
will always lead the voltage flux independent of the 
value of compensator voltage. 

P ri nci ples of operat i on of Rat i o  D i sc r i m i nator 

The ratio discriminator unit (RD) is a polar type 
relay operating on a voltage derived from the line 
current in the transformer DT. Before this voltage is 
a;:i)lied to the polar unit ( RD) it is rectified, filtered, 
and applied across the voltage divider resistor (Rs). 
70 percent of this voltage is tapped off the Rs- re­
sistor and applied to the polar unit coil. This coil 
( RD) is connected in series with a diode (D3) in con­
ducting direction. The full voltage developed across 
Rs -resistor is applied to the ratio discriminators net­
works in the two adjacent phases through diodes D1 
and D2. With no line currents in the adjacent phase 
relays the polar unit will operate on a minimum of 1 
ampere of current flowing through the primary of the 
DT-transformer. If there is a line current in any one 
of the adjacent phases, the full voltage developed 
across Rs - resistor in those relays is applied to the 
blocking side of the diode D3 through Terminal 11 so 
that if this voltage should become of a higher positive 
potential than the operating voltage applied to the 
RD- coil, the diode D3 becomes nonconducting, and 
RD - unit will be prevented from operation. This 
means that in order for an operating unit to trip, cur­
rent in its line must be at least 100% = 1. 43 times the 

70% 
larger of the adjacent phase currents. Conversely, 
the adjacent phase current required to block tripping 
should be more than 0. 7 times the faulted phase cur­
rent. This nominal value of 0. 7 varies from 0. 5 to 0. 75 
depending upon the magnitude and phase of fault 
currents. (See F'ig. 1 1 )  

Thus for single line-to-ground fault on a simple 
radial system there will be operating voltage on the 
relay of the faulted phase only, with little or no block­
ing (due to load current) from two other phase relays. 
For two phase-to-ground faults, equal currents will 
restrain each other, and the unfaulted phase will ex­
Perience all blocking and no operating voltage. 

Similar conditions will exist on phase- to-phase 
faults, except additional selectivity is provided by 
the ground directional unit since it will not operate 
in the absence of zero-sequence quantities. 
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TYPEKDXGRELAY __________________________________________________ ______ __ 

For 3¢ faults or loads, equal or nearly equal cur­
rents will produce the same restraint in all 3 units, 
and ground directional unit will provide additional se­
lectivity, 

For most complicated networks, where only a 
part of the total zero or positive sequence fault cur­
rent flows through the protected line, the ratio dis­
criminator response is analyzed below: 

Let K1 = fraction of the total positive- sequence 
and negative-sequence fault current 
flowing in the protected line 

Ko fraction of the total zero sequence 
fault current flo wing in the protected 
line 

Fo r sin g l e  l i n e-to-g ro u n d  fau l t  ( F i g .  8) 

For 

For 

For 

10 

� = 1 
Ko 

0 

Fig. 8A 
Phase A operates since all 
fault current flows through the 
faulted phase 

Fig. 8B 
This case corresponds to the 
extreme condition where there 
will be no positive sequence 
current flow on the relay side 
of the protected line. Equal 
zero sequence currents will 
flow in all three phases and 
ratio discriminator will not 
operate. The response of ratio 
discriminator is shown in Fig. 
9. The area above the curve 
represents the tripping zone 
of the ratio discriminator. 

Fig. 8C 
This case corresponds to the 
extreme condition where there 
will be very little or no zero 
sequence current on the relay 
side of the protected line. The 
response of ratio discriminator 
as function of. KI ratio for dif-

Ko 
ferent current level is shown 
on Fig. 9. 

The area above the curve rep­
resents the tripping zone of the 
ratio discriminator. 

Fo r two l i n e-to-ground fau l t s  

For correct operation of the ground distance 
scheme on the two line- to-ground type of faults the 
ratio discriminator should block the tripping. 

For 

For 

For 

Fig. BE. 
Blocking is obtained by the two 
faulted phases blocking each 
other, and the unfaulted phase .  

Fig. 8F 
This case corresponds to the 
extreme condition where little 
or no positive sequence current 
flows on the relay side of the 
protected line. Since equal cur­
rents are flowing in all three 
phases, all discriminators 
block the tripping. 

A) q =
zo 

�0 
z2 

= O(Fig. 8g) 

B) Zo' 
1 (Fig. 8H) z0' + z 

Here Zo' , Z 2 are total system 
zero- and negative - sequence 
impedances including the fault 
resistance. All di scriminators 
will block tripping. 

CHARACTER! STI CS 
The type KDXG relay is available in 48, 1 25, and 

250V d. c. rating. 

R eactan c e  U nit 

The minimum reach of the reactance unit is 0. 2 
ohms. The relay has five basic settings T = 0. 2, 
0. 3, 0. 5, 0 . 8 ,  1. 1 ohms. These settings by use of  
autotransformers taps are expanded by a factor of 1 0. 

The range settings for the reactance unit are tab­
ulated below and show the range of settings obtained 
for zone 3 if the zone 1 and zone 2 are set within the 
following range: 

If zone 1 and 2 range i s: 
0. 2 - 2.0 ohms 
0.3- 3.0 ohms 
0.5 - 5.0 ohms 
0.8 - 8.0 ohms 
1.1-11 ohms 

Zone 3 range is 
0.5- 5 ohms 
0. 75- 7.5 ohms 
L 25- 1 2.5 ohms 
2.0- 20 ohms 
2. 75- 27.5 ohms 
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Fig. 10. Typical Operating Time Curve of the Ratio Discriminator Unit. 

By use of autotransformer taps the maximum reach 
for zone 1 is 11 ohms . 

The reactance unit is ace urate within ±3 per cent 
for the range 5° - 90° over the following current 
range; 

0,2-0,3 reactive basic ohms 
0, 5 - reactive basic ohms 
0.8- L 1 reactive basic ohm s  

6- 75 amp. 
5-60 amp. 

2.5-40 amp. 

The reactance unit has a minimum sensitivity of 
0. 7 amp with zero volts for TL = To = . 2 setting 
( voltage terminals short circuited) and 0.3 amp for 
TL = To = L 1. 

The speed of operation of the reactance units is  
shown on Fig. 15. The curves indicate the time in 
milliseconds required for reactance unit to close its 
contacts for tripp ing after the inception of a fault at 
any point on  a line within the relay setting, line cur­
rent and residual current circuits connected in series .  

The reactance unit has continuous rating of 77 
volts ac and 5 amp a.c. The one second current rating 
is 140 amp . 

Rati o  D i s cri m i n ator 

The ratio discriminator has a minimum pickup 

current of 1 amp with no restraint from other relays. 
It has continuous rating of 5 amp. a. c.  The time-cur­
rent operating curve for the ratio discriminator unit 
is shown on Fig. 10. The one second current rating 
is 140 amp . 

Auxi l i ary Current T ran s former ( T y p e  IK) 

Auxiliary current transformer (Fig. 12) has taps 
represepting the part of the complete winding. There 
are two windings; one marked "protected line" has 

taps that represent factor c = ZoL - ZrL · and the 
3ZrL 

second w inding marked "Parallel line" has tap s rep-

resenting factor C 1 = 20M The taps are marked as 
3qL 

follows; 

0-0.1-0.2-0.4-0.7-1.0 

T r i p  C i rc u i t  

The main contacts will s afely close 30 amperes 
at 250 volts d.c. , and the seal-in contacts of the 
indicating contactor switch will safely carry this cur­
rent long enough to trip circuit breaker. The opera­
tional indicator unit has a 1 ampere pickup and a 
coil resistance of 0. 1 ohm d. c .  
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Fig. 1 1. Typical Ratio Discriminator Trip Characteristic (I res! lop) as Function of Operating Current I op). 

Telephone Relays 

Telephone relays TXI and TX2 have 750 ohms 
d. c. resistance. The series resistor for 125V d. c. re­
lays have D.C. resistance o f  1000 ohms. and for 250V 

D.C. relay of 3000 ohms.  

Bridge a nd Bl ock ing D io des 

Bridge and blocking diodes except D3 diodes are 
* type IN1095 diodes. The diodes have . 75 amp contin­

uous rating, leakage current of 0.5 MA at rated peak 
inverse voltage of 500 volts, at 50°C. Forward voltage 
drop at . 75 amp current ,  at 50°C, is below 1 volt. The 
D3 diode consists of two Germanium diodes type IN93. 

The IN93 diode has maximum peak inverse voltage 
rating of 300 volts, and 75 MA continuous current rat­
ing. 

SETTING CALCULATIONS 

Reacta nce U n it 

The reactance unit i s  set according to the follow-

12 

ing equations: 

lOT 
Me + Mp for zone 1 and zone 2 

25T 
for zone 3 

Me + MF 

Where: 

X1 - The desired positive sequence reactance of 
the zone to be protected. T = TL = To are compensa­
tor setting values - 0.2, 0.3, 0.5, 0.8, 1.1 (To is  set 
equal to 'It). 

Me. MF are Autotransformer output voltage taps. 
Coarse tap settings, Me , can be made in steps of 10 

per cent and fine tap settings, MF, can be made in 1 
per cent steps . 

The setting calculations procedure i s  as follows: 
1. Choose a value of T = 'fL closest to the 

desired positive sequence value (X1) for the 
first zone of protection but never larger than X 1· 
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Fig. 12. Outline-Drilling Plan for Type IK Auxiliary CT. 

2 Find Mp and Me setting for each zone by 
using the following equations: 

Secti on 1 - 14.5 m i l es  l on g  

z1 3. 29 + j 11.40 

lOT 
Me + Mp = ----­

X1 

25T 
Mc+Mp = 

for zone 1 and zone 2 

for zone 3 

zo 9.50 +j 39.2 

ZoM = 6. 23 + j 25,4 (to a parallel line) 

Sec t i on 2 • 18.93 m i l e s  l o n g  

z1 = 5.63 +j 15.70 

Zo = 13.93 + j 48. 32 

Where T is tap value selected above. The whole 
number part of the answer represents the Me setting 

and the decimal fraction part represents the Mp tap 
setting. 

All line constants are in per cent on a 138 Kv 
200 MV A basis Rv - potential transformer ratio -
13:>0/1 Rc - current transformer ratio 600/5 

Sam p l e  C a l cul a t i on s for Rea c ta n c e  U n i t  Sett i n g  

Determine the settings for the protection o f  the 
following line: 

(All Values in percent) 

A. Compute the reactive relay ohms. 

x1 (ohms)= 10 (KV)2(Rc\ fx1 %
\ 

KV A \-Rv/ \ J 
= 10 (138)2 (120) �

1 %) 
200000 ( 1200) 

x1 (ohms)= 0. 0953X1% - relay ohms where X1% 
values are based on 1 38 KV and 200 MVA. 

13 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPEKDXGRELAY ________________________________________________________ __ 

B. Compute setting for zone 1 (80% of section 1 to 
be protected. ) 

Desired setting: 

x1 = 0.0953 (1L40) x 0.8 = .867 ohms 

select T, Me ,  M = taps 

1. T setting closest to .867 ohms is T L 
To = .8 ohm. 

lOT 

9.0 + 0. 23 

10 X 0.8 
-----= 9. 23 = 

. 867 

3. Zone 1 should be set for following values: 

T = TL = To = 0. 8 

Me = 9. 0 
MF = 0.2 

C. Compute setting for Zone 2 ( 100 per cent protec 
tion for section 1, and 5 0% protection for Section 
2) 

Desired setting -

X1 = 0.0953 [ 11.4 + 15.7 (0.5) J = 1.83 ohm 

L select Me , MF tap s  

Now use the same T = TL = To = .8 setting a s  for 
for zone 1 

1 0+(.8) 8 
Me+ MF = ---= --� = 4.37 = 4.0 + 0 . 4  

x1 1.83 

Hence Me = 4.0 

MF = 0.4 

D. Compute setting for zone 3( 100 per cent protection 
for sections 1 and 2) 

14 

x1 = 0.0953 (11.4 +15.7) = 2.58 ohms. 

1. select Me and MF taps 

using T = TL = To = 0.8 ( same as for zone 1) 

25T 2 0  
Me +MF = -- = 

x1 2.58 

Hence, 

Me= 7.o 

MF = 0.8 

= 7. 75 = 7.0 +0. 75 

All settings will be within 1.0% of desired setting. 

Auxi l i ary Current T ran s fo r m e r  IK. 

The auxiliary current transformer winding marked 
"protected line" (terminals 1 and 2) is set according 
to the formula: 

C = _Z..::::. O�L ::__- _Z...::.l L:::..__ 

3 ZtL 

where ZoL represents the zero sequence imped­
ance of the protected line, and Z1L the positive se­
quence impedance of the protected line . 

The coefficient C - represents the portion of the 
residual current of the protected line that has to be 
added to the relay current to compensate for effect of 
zero sequence current. 

One winding of the auxiliary CT (terminals 3 and 
4) (Fig. 12) is connected in series with relay residual 
current circuit. The residual current circuit of the pro­
tected line (terminals 1 and 2) is connected across  
the taps of  the same winding so  that difference be­
tween taps will be equal to coefficient C. 

If the ZoL and z1L impedances have the same 
angle the relay will measure correctly the reactive 
component of z1L. If there is a wide difference be­
tween the two angles, use reactive components of 
z1L and ZoL to compute c- coefficient. In this case 

C= ------

The second winding of the auxili ary current trans­
former marked ''parallel line" (terminals 5 and 6) is 
set for compensation of the effects of residual current 
in the parallel line due to the zero sequence mutual 
impedance between the two lines. 

The necessary setting is computed according to 
the following formulae: 

LoM 
cr = ---- or ci -

XoM 
- 3 XrL 

where ZoM-mutual zero sequence impedance be­
tween two lines 

The taps of the "parallel line" winding are con­
nected in series with the residual CT circuit of the 
parallel line. 
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TYPEKDXGRELAY __________________________________________________________ _ 

The taps are set so that difference between the 
taps i s  equal to the desired cl value. 

The desired t ap settings should be made to the 
nearest t ap value. 

Sam ple C al culat i o n s  fo r IK- Sett i ngs 

Using the same line as for reactance unit sample 
computations, compute constants C and C •. 

A) Coefficient C is computed for Zone 1 only since 
Zone 1 should be set as exactly as possible. Since 
the coefficient represents ratio of two impedances, 
use per cent quantity directly. 

Z'oL - Z1L 9.50 +j39.2 -3.29 -H1. 4 
c = = = 

3 Z IL 3 ( 3. 29 + j l l. 4) 

28.4 / 77.5 ° .803 /3.70 ° "' . 803 
------- = 

35.4 /73. 8  ° 

Hence, the auxiliary transformer setting for pro­
tected line C = . 8 

B) Coefficient C 1_ is based on section I values again. 

c1 = 
ZOM 

3 ZIL 

Here LoM = Z (6. 23 + j 25.4) 

ZIL = 3.29 + j 1 1.4 
(6.23 + j  25.4) 26.2/76.3)0 =.738[ll0"'. 738 

cl = ------
3(3.29 t j 1 1 .4) 3 5.55/7 3.9 ° 

Hence, the auxiliary current transformer setting 
for parallel line 

c• = . 7  

Rat io  D i sc r i m i nator 

There is no setting to be made on ratio dis­
criminator. The operating unit will operate at 1 amp 
with no restraining current in two other units. 

SETTING THE RELAY 

The KDXG relay requires two compensator set­
tings, TL and To. three autotransformer settings 
(one for each zone), and one or two auxiliary current 
transformer settings, C and c•. 

16 

C o m p e n sato r Sett i ng s  

TL and To are set for the same value of T as 
found under "Setting Calculation. •• Each setting is  
made by connecting the two links between taps so 
that the sum of the numerals between the two tap 
screws is  equal to the desired setting. For instance, 
if TL = To = .8 ohms, as computed in the sample 
computation, the two links on each side of the tap 
plate are connected so that T = .8 is set as sum of. 2 
and . 6  
A uto t ran sfo r m e r  Sett i ng s  

Me and MF settings are made for each zone. The 
autotransformer taps Me and MF are brought out to 
terminals on the tap plate and are connected to the 
voltage circuit of the reactance unit by means of 
leads marked "Z1". "Z2"· and "2 5Z3. •• 

These Z1 , Z2 and 2 .5Z3 leads come out on 
each side of the tap plate inside the circles formed 
by Me and MF t aps. The Me-circle of taps is located 
on the left-hand side of the tap p late when facing the 
relay and the MF-circle of taps i s  on the right-hand 
side of the tap plate 

The Z1 , Z2. and 2.5Z3 leads should be con­
nected to only that circle of Me or MF which sur­
rounds them and should never be interchanged. There 
may be as much as three connections made to a sin­
gle tap on the Me and MF taps. 

When making more than one connection to the 
tap, place the first lead over the insert of the de­

sired setting replacing and tightening the connecting 
screw. The same procedure is followed for 3rd screw 
if required. Using sample computation, Z1 leads will 
be connected to 
Me =9 

MF = .2 

Z2- leads will be connected to Me = 4, MF = . 4 
2.5Z3- leads will be connected to Mc=7 , MF=-8 

Auxi l i ary Current T ran s fo rm e r  

Auxiliary current transformer settings are made 
to compensate for the effects of residual currents in 
the protected and the parallel lines. Before the pro-
per tap settings are made, the cover of the trans­
former should be completely ope n. Complete opening 
of the cover assures continuity in the residual CT 
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Fig. 14. Circuit For Reactance Unit Phase Ang l e  Adjustment 

circuits and isolates transformer windings from the 
residual circuits. 

The taps are set so that difference between the 
two taps is equal to the desired setting of C or c 1. 
For instance, C- setting equal to ''. 8' ', as computed 
under the sample calculations is set as follows: 

Connected leads coming out of opening marked 
"protected line" Fig. 17 to the terminals marked 
"C". Black lead (which is  of the same polarity as 
the plus marked external terminal) is  connected to 
terminal marked ''. 2'' and the white lead to the termi­
nal marked "1.0''. The difference between the two 
tap s  1.0 - . 2 = . 8, is the desired "C" setting. 
Physically, this is done as follows: 

Remove the top nut from the desired terminal, 
place the lug of the proper lead on the terminal and 
replace the locking nut. Make sure that nut holds the 
lug snugly against the terminal to avoid the possi­
bility of developing a loose or high resistance con­
nection. 

The leads coming out of ,opening marked "pro­
tective relay" are connected to the terminals "0" 
and "l.O"in the row marked "C" observing the same 
polarity marking as above. This connection is the 
same for all "C" and "C 1., - values less or equal 
to 1. For values C larger than 1 ,  the "protected line•• 
leads are set for C = 1 0 and "rel ay•• leads are con-

nected for new c- value equal to � - value. C"- val­
ue, which was computed in  our example to be = . 7 is 
made as follows: leads coming out of opening mark­
ed "parallel line>•: are to be connected to the ter­
minals marked C 1 Black lead (plus polarity lead) is  
connected to terminal ". 0" and white lead to terminal 

* "0. 7". Difference between tap s 0. 7 - 0.0 = 0. 7 is  
the desired setting c1 = 0.7. 

After the setting is  completed the cover should 
be closed to restore connection between the trans­
former winding and the external terminals. 

INSTALLATION 
The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt 
moisture, excessive vibration and heat. Mount the re­
lay vertically by means of the four mounting holes on 
the flange for semi-flush mounting, or by means of the 
rear mounting stud or studs for projection mounting. 
Either a mounting stud or the mounting screws may be 
utilized for grounding the relay. The electrical connec­
tions may be made directly to the terminals by means 
of screws for steel panel mounting or to the terminal 
studs furnished with the relay for thick panel mounting. 
The terminals studs may be easily removed or inserted 
by locking two nuts on the stud and then turning the 
proper nut with a wrench. For de tailed Flexitest case 
information, refer to I.L . 4 1-076 
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A C C EPTANC E  TEST 

The proper adjustments to insure correct opera­
tions of this relay have been made at the factory. 
Upon receipt of the relay, no customer adjustments, 
other than those covered under "Setting" should be 
required 

The following check is recommended to insure 
that relay is in proper working order. 

V i  sua I C h e c k  

Give visual check to the relay to make sure 
there are no loose connections, broken re-sistors, or 
broken wires. 

R eactan c e  U n i t  C h e c k  

L Connect relay as  shown in  Fig 13  and make 
following settings: 

Me - Zone 1 = 9.0 

MF - Zone 1 = LO 

T0 = TL = 0. 2 ohm 

Adjust voltage for 2.4 volts and phase shifter 
for current lagging voltage by 90 o. 

Increase current until contacts just close. This 
current should be within ±3% of 6 amperes. 

2. Make following settings: 

a) Me MF 

for Zone 1 - 2.0 0 . 5 

Zone 2- 1.0 0 . 8  

Zone 3 - 9.0 1.0 

b) Set To = TL = 1 . 1  ohms= . 3  + . 2 + .6 

This setting corresponds to 

( 1.1  + 1 .1 )  10 
X= = 8.8 ohms for Zone 1 

2 . 5 
This equation is used for testing purposes only. 

The two To and Tr... settings are added only, when 
for test purposes, the same current is passed through 
line current circuit (terminals 16 and 17) and the resi­
dual current circuit (terminals 19 and 15) .  Therefore 
relay reach during test is doubled. In normal opera­
tion line current passes through only one current 
circuit ( IL), and the residual current circuit (Io) is 

18 

used for compensation .for the effects of zero se­
quence quantities only. 

3. Zone 2 and Zone 3 switches open. 

4. Adjust the phase shifter for 90 o current lagging 
the voltage. 

5. With terminal voltage at 44 volts, increase current 
until contacts just close. This current should be 
within ±3% of 5 amps. 
(4 .85- 5.15 amp) 

6. Adjust phase shifter for 45 o current lagging the 
voltage and adjust voltage for 44 volts, increase 
until contacts just close. This current should be 
between 3 .44 and 3 .  65 amperes, if the phase an­
gle meter is accurate within ± 1  degree. 

7. Close Zone 2 switch. 

8. Adjust voltage for 38 volts and phase shifter for 
current lagging voltage by 90 ° degrees. 

9 .  Increase current until contact just close. This 
current should be between 3 . 20 - 3.02  amp. 

10. Close Zone 3 and Zone 2 switches. 

1 1 .  Adjust voltage for 27. 5 volts and phase shifter 
for current lagging the voltage by 90 o .  

1 2. Increase current until contacts just close. This 
current should be between 4.85 - 5. 15  amperes. 

This completes the check of operation of the re­
actance unit. 

R at i o  Di s cri m i nator U n i t  

1 .  With relay in the case connected as per Fig. 1 3  
pass 0.5 amp of a a-c current through terminals 17  
and 16 only. Increase current until ratio discrimina­
tor unit just picks up. This should occur at 1 am­
pere (±10 %). 

2. R�move 1080 ohm resistor. Apply 250V d-e a­
cross terminals 12 and 1 1 ,  and 13 and 1 1, with 
plus polarity on terminals 12 and 1 3 .  Measure 
current in series with terminal 1 1  and 10 ,000 ohm 
resistor. It should be below 0. 5 milliamperes. Re­
verse polarity. The current should be approxi­
mately 17  milliamperes. 

3 . Apply 125 volts d-e from terminal 1 1  to terminal 
18, with positive polarity on terminalll . The cur­
rent should read 58MA (±10%). Reverse the po­
larity, the current should increase at least 1 . 5  
times. 
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Fig. 15 .  Typical Operatin g  Time Curves o f the Reactan ce Un it. 

4. Apply about 3 amp of a-c current to terminals 
17 and 16 .  Measure d-e voltage from right-hand 
polar unit terminal to the terminal 18 ,  and from 
terminal 13 to the terminal 18. Ratio between 
the first voltage and this voltage should be .65 -
. 80 .  

O p e r a t i o n  I n d i c a t o r  ( 0 1 )  

Close the main relay contacts and pass sufficient 
d-e current through the trip c i rcuit to drop the indi­
cating target. This value of current should be not 
less than 1 .0 ampere nor greater than 1. 2 amperes. 

REPAI R CAL I BRATION 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs 
or the adjustments disturbed. 

For best results in checking calibration ,  the 
relay should be allowed to warm up for approxi­
mately one hour at rated voltage, However, a cold 

relay will probably check to within two per cent of 
the warm relay. 

Auto fran sform er T e sf  

Disconnect all Z1,  Z2 and 2. 5Z3 leads from the 
taps .  Apply 100 volts a-c to terminals 19 and 20 . 
Check voltages on Me taps between the tap "0" 
and all successive Me-taps,  starting at tap " 1 " .  
Voltage readings should 10, 20 , 30 , 40, 50, 60 , 70, 
80, 90 , volts ( ±. 1  volt) .  

Then check MF-taps voltage between "0 " tap 
on Me - scale and all successive MF taps starting 
with tap marked " 1" .  Voltage readings should 1, 2, 
3, 4, 5 ,  6 ,  7 ,  8 ,  9 ,  10 volts respectively. Voltage a­
cross taps 0 . 1 ,  0 . 2 ,  0 . 3 ,  0 . 4 ,  0 . 5 ,  should not vary 
more than ± . 1  volts. 

R e actan c e  U n i t  T e st ( C y l i nd e r  U n i t) 

A. Contact g ap a d j u stm e nt 

The spring type pressure clamp holding the sta­
tionary contact in position should not be loosened 
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to make the necessary gap adjustments. With mov­
ing contact in open position against right-hand 
stop on bridge, screw in stationary contact until 
both contacts just make, then screw the stationary 
contact away from the moving contact 3 /4 of  one 
turn, for a contact gap of .022 .  

B. Shaft C l eara n c e  A d j u st m e n t  

The upper bearing screw should be screwed down 
until there is approximately . 0 25" clearance be­
tween it and the top of the shaft bearing . The 
upper pin, bearing should then be securely locked 
in position with the lock nut. 

C. Sp r i n g  R e st r a i n t  A d j u st m e n t  

Adjust RM2 resistor ( 3Yz inch resistor located on 
the right-hand side bottom) to measure 577 ohms. 
Set TL = T o = . 2 , M e = 9 .0  Mp = 1 .0 .  Adiust 
voltage to measure 2.4 volts and adjust phase 
shifter for current lagging the voltage by 90° . 
Adjust the restraint spring so that the current 
required contacts just to close is equal to 6 . 18 
ampere. Deenergize relay completely - the moving 
contact should return to its original position 
against the metal stop on the right-hand side of 
the bridge. 

M ag n et i c P l u g  A d j u s tm en t  

20 

1 .  Shortout voltage terminals 19 and 20 

2 .  Jumper terminals 1 5  and 1 6  

3.  Connect both TL links t o  a common tap insert. 
This will exclude the current from compensator 
winding. 

4.  Repeat step 3 for To links. 

5.  Screw in both magnetic plugs as far as possible 
prior to starting the adjustment. 

6. Apply 80 amp of current in terminal 17 out ter­
minal 14 only momentarily and the reactance 
unit need not be cooled during the rough ad­
justment but the unit should not be hot when 
final adjustment is made . 

7. When relay contacts close to the left screw 
out the right-hand plug until spruious torque is 
reversed. 

8. When spurious torque is  in contact opening di­
rection ( to the right) , then left-hand plug should 
be screwed out until the spurious torque is in 
contact closing direction, then screw in the left­
hand plug until spurious torque i� reversed. 

E. P h a s e  Ang l e  A d j u st m e n t  fo r Z o n e  1 a n d  2 

Set TL and To l inks for . 3  setting each. Connect 
relay per Fig. 14 with test reactance measuring 
approximately 1 .0 ohm and an adjustable resistor 
of 10 ohms ( 1000 watt) . There is no need for exact 
reactance , since reach of the unit is determined 
by a factory-adjusted compensator. Connect con­
ventional test p robe leads to Z1 leads for con­
venience. Close switch 1 shorting out the resis­
tor. Adjust current for 9 amperes current in the 
circuit. Apply Z1 leads to different Mp and Me 

taps. Note Me and Mp taps at which reactance 
unit just closes and opens. If 1 ohm reactor is  
used, this should occur at approximately Me + MF 
= 6 .0 .  

If  some other reactor value is used , approximate 
values are found by using equations Me + Mp = 

10 (To + TL) 
- where 

X test 

X - the a vail able reactor value. Here again relay 
reach is doubled, since the same test current is  
passed through l ine and residual current circuits. 
Open the switch and set test resistor for 7 ohms. 
Adjust current for 10  amperes. Check again Mp 
and Me taps  at which reactance unit just closes 
and opens. Note the taps - they should be the 
same as for reactor only value within one Mp tap. 
If the new taps at which the reactance unit closes 
is higher than the "reactor only value" increase 
slightly the RM2 resistance, if it is lower then 
decrease slightly RM2 resistance. 

Continue to adjust RM 2  until the Me • MF taps 
are the same as for "reactor only" - part of test. If 
difference in taps is too large, recheck taps with 
"reactor only" and use new taps value as check 
Reduce the test resistor to about a half of the pre­
vious setting (3-4 ohms) readjust current for 10 amps 
Check Me and Mp taps again. The reactance unit 
should close and open again within one Mp tap .  If 
difference in MF tap is larger than specified ,  read­
just RM2 resistor until all three tests (with "reactor 

only" ,  with 7 ohms resistor and 3 ohms resistor) 
will close and open at the same Me and Mp taps 
(witliin one Mp tap) . Energize T2X and T3X-tele­
phone relays with the rated voltage , across terminals 
5 and 6, and 5 and 4. 

Zo n e  3 - P h a s e An g l e  Ad j u s t m e n t  

Set TL = 'l;o = . 8  ohms. Use test reactor that 
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has approximate reactance of 5 ohms and test re­
sistor equal to 24 ohms (250 watt) . Set RM3 resistor 
located on the bottom left-hand side, to measure 1020 
ohms. Follow the same procedure as described under 
Phase Angle Adjustment for Zone 1 & 2, except ad­
just current for 3 .0  amperes and use first 24 and _then 
1 2  ohms resistance in series with reactor. The ap­
proximate tap value is computed as follows: 

25 (To + TL) 
Me + MF = ------

X test 

Co m p en sator  C h e c k  

Accuracy of the mutual impedance T of the com­
pensator is set within very close tolerances at f ac­
tory and should not change under normal conditions. 
The mutual impedance of the compensators can be 
checked with accurate instruments of the high input 
impedanc e typ e by the procedure outlined below: 

1. set To = TL = 1 . 1 

2 .  Disconnect Z1 and 2. 5Z3 leads from Me and MF 
taps 

3. Pass 10 amp a-c current in terminal 14  out ter­
minal 17 (with 15  and 1 6  jumpered together) 

4. Measure voltage across Z1 leads. 
It should measure 22 volts ( ±3%) 

5. For Z3 - compensator check operate telephone re­
lays T2x and T3X· The voltage across 2. 5z3 
leads should be (equal to 55 volts ( ± 3%) 

R a ti o  Di s cri m i n ato r T ran s fo rm er C h e ck 

1. With relay connect�d per Fig. 1 3  measure 
current in the polar el ement by inserting a d-e milli­
ampere in series with polar unit coil. 

With 1 amp passed through the relay the d- e cur­
rent through the polar element should measure • 70 
milliamperes ( ± 10%).  

R ati o Di s c ri m i n ato r C a l i brati on  

1 .  For best results, the calibration should be 
done with relay in the case. Adjust the contact 
screws to obtain an .050" contact gap such that the 
armature motion between the l eft and right hand con­
tacts is in the central part of the air gap b etween the 
pole faces. Tighten the contact locking nuts. Ap­
proximate adjustment of the two magnetic shunt 
screws is as follows :  

Screw both shunt screws all the way in. Then 

back out both screws six turns, pass 1 ampere at 
rated frequency in terminal 17 out terminal 16. 
Screw in the right hand shunt until the armature 
moves to the left. If the armature moves to the 
left at less than 1 ampere, screw out the right 
hand shunt until proper armature action is ob­
tained. 

Reduce the current until the armature resets to 
the right. This should happen at . 4 - .5 amperes. 
If armature resets at les.s than this value, it will 
be necessary to advance the left hand shunt to 
obtain the desired dropout. 

This in turn will require a slight readjustment 
of the right hand shunt. Recheck the pickup and 
dropout points several times ,  and mak e  any minor 
"trimming" adjustments of the shunt screws 
that may be necessary to obtain correct calibra­
tion. If the above procedure does not give suffi­
ciently high dropout, a small amount of further ad­
justment can be obtained by advancing the left 
hand contact screw a fraction of a turn. As fi­
nally adjusted, the contact gap should be at 
least .0 45" and the action of the armature should 
be snappy at the pickup and dropout points. 

Just above the pickup current, there may be a 
slight amount of contact vibration. Make  a final 
adjustment of the two left hand contact screws to 
obtain equal vibration of both contacts as indi­
cated by a neon lamp connected in the contact 
circuit . 

P ass 50 amperes a-c for a· short moment through 
the relay , recheck pickup. Readjust shunts if 
there is a change in pickup . Apply 50 amperes 
again. Recheck pickup and dropout several times 
until there is no change in pickup and dropout 
before and after 50 amp are applied. 

2 .  Remove 1080 ohm resistor. Apply 250V d-e­
across terminals 12 and 1 1 , and 13 and 1 1 , with plus 
polarity on terminals 12 and 13. Measure current in 
series with terminal 11 and a 10 , 000 ohm resistor. 
It should be below 0 . 5  milliamperes. Reverse po­
larity. The current should be approximately 17 milli­
amperes. 

3. Apply 125 volts d-e from terminal 11 to ter­
minal 18, with positive polari ty on terminal 1 1 . The 
current should read 58MA ( ±10%). Reverse the po­
larity, the current should increase at least . 1 . 5  times. 

4. Apply about 3 amp of a-c current to terminals 
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17 and 16 .  Measure d-e voltage from left-hand polar 
unit terminal to the terminal 18 , and from terminal 
1 3  to the terminal 18. Ratio between this voltage and 
the first voltage should be .65 - .80 . 

O p er a t i o n a l  I n d i c ator  T e st  

Block X and RD - contacts closed, and pass 
sufficient d-e current through trip circuit to drop the 
target. 

* Target must not operate at less than 0.  9 amp 
d-e, or more than 1 .  2 amps suddenly applied. To in­
crease the operational current , bend the springs out, 
or away from the cover. To decrease the operational 
current, bend the springs in, toward the cover. 

Observe the target operation several times. 

E n ergy R e q u i rem e n t s  

Vol t a g e  B u rd en 

Max ,  voltage burden for Me + Mp = 10 .0 - settings 
is 8 .7  voltamp eres at unity power factor. 

The burden at some other setting is equal to: 
Me + Mp 2 

8. 7 ( ) 
10 

voltamperes at unity power factor .  

22 

C u rren t B u rden 

Line Current Circuit ( I  ph) - at 5 amp : 

TAP VOLT- DEGREES 
SETTING - TL AMPERES VOLTAGE 

LEADING 

. 2 3 .95 53 

.3 4.00 53 

. 5  4. 1 3  53  

.8  4 .73 53 
1 . 1 5.00 53 

Residual Current Circuit (Kio) at 5 amp : 

TAP VOLT- DEGREES 
SETTING - To AMPERES VOLTAGE 

LEADING 

. 2 1 . 29 9 

. 3  1 . 30 1 1  

. 5  1 .48 1 3  

.8  1 .95 23 
1 . 1 2 . 14 28 

RENEWAL P ARTS 
Repair work c an be done most satisfactorily at 

the factory" However, interchangeable p arts c an  be 
furnished to the customers who are equipped for doing 
repair work " When ordering parts,  always give the 
complete n ameplate data.. 
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Fig. 1 6 .  O utline- D r i l l ing P lan Fo r Type K D X G - R elay fn F T42 Case. 
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F ig. 17. Type /K Transformer with cover open 
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W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K ,  N .  J.  
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