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Type KDXG Ground
Distance Relay
(0.1 to 11 Ohms for Zones 1 & 2;

Instruction Leaflet

Effective:  April  1991
New Information

CAUTION

Before putting protective relays into service
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.

1. APPLICATION

The KDXG relay (Internal Schematic Figure 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 transmis-
sion line protection from a single phase-to-ground
fault within 3 zones of protection.

A ground directional-unit timer relay is required with
the KDXG relays. Either a KRT or KDTG relay pro-
vides this function.

The KDTG should be used to avoid incorrect direc-
tional sensing where zero sequence system isolation
may occur and zero sequence mutual exits. It is in-
sensitive to line energizing transients and does not
require zero sequence current for its operation.

Where relay current for a ground fault within the
reach of the relay is less than approximately 3 am-
peres, or where a third zone reach in excess of ap-
proximately 10 ohms is required, the KRT relay
should be used.

Both the KRT and the KDTG relays contain a direc-
tional unit (dual polarized in the case of the KRT and

KD-10 phase to phase unit in the KDTG) and a static
timer that switches the KDXG reactance unit from
Zone 1 to Zone 2 and 3 after the preset time delays.

The IK current transformer, in addition to its ratioing
function for reactance unit current, may also be used
to compensate for adjacent line (or lines) zero se-
quence mutual effect.

A type ITH instantaneous ground over-current relay
may be used to supplement the ratio discriminators
so that the KRT timers may be started at the incep-
tion of a distant fault. Refer to Figure 6. The ITH will
speed the clearing of faults where fault current is
less than about twice the load current flow. Other-
wise, for these cases the timer starting will be se-
quential after remote breaker has opened to redis-
tribute fault current or cut off load current flow.

2. CONSTRUCTION

2.1 Compensator

The KDXG relay consists of two single air gap trans-
formers, one of which acts as a reactance compen-
sator and the other as a ratio discriminator trans-
former, one tapped auto-transformer, a cylinder type
reactance tripping unit, a polar relay unit, 2 tele-
phone relays for zone switching, diode bridge as-
sembly with a filter network, and a maximum voltage
type resistor-diode network.

The compensator is a three winding air-gap trans-
former, (Figure 3). There are two primary windings,
one designated “TL” and the other “T0.” “TL” winding

0.25 to 27.5 Ohms for Zone 3)
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unit depends on the angle between the current and
the relay terminal voltage as modified by the com-
pensator 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
structure 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 con-
nected coils mounted diametrically opposite one an-
other to excite each set of poles. Locating 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 into the bridge. The electromagnet is se-
cured to the frame by the four mounting screws.

The moving element assembly, consists of a spiral
spring, contact carrying number, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The hub to which the moving contact arm is
clamped has a wedge-and-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.

The shaft has removable top and bottom jewel bear-
ings. 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.

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 mount-
ing the adjustable stationary contact housing. This
stationary contact has .002 to .006 inch follow which
is set at the factory by means of the adjusting screw.
After the adjustment is made, the screw is sealed in
position with a material which flows around the
threads and then solidifies. The stationary contact
housing is held in position by a 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.

Figure 4. Tap Plate
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IOE = adjacent line zero-sequence current.

ZOM = mutual zero-sequence impedance

between the two lines.

ZOL = zero-sequence impedance of protected

line.

RG = fault resistance.

IA = K1IA1 + K1IA2 + KOIO (1)

VAG = K1IA1nZ1L + K1IA2nZ1L + KOIOnZOL +

 IOEnZOM + 3IORG (1A)

but K1(IA1 + IA2)=IA - KOIO From (1)

then:

VAG = IAnZ1L - KOIOnZ1L + KOIOnZOL + IOEnZOM

+ 3IORG

+3IORG (2)

Now, let the relay current IR be:

(3)

then (4)

The first term nZ1L is directly proportional to the dis-

tance from the fault to the relay and is independent
of conditions external to the protected section.

The second term is function of fault resistance RG

and has an effect of pure resistance if IO is in phase

with IR. 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 resistanc-
es are very large, and also since IA, IO, and IOE are

usually nearly in phase for this type of fault. Assum-
ing that this term is resistive the reactance unit ig-
nores it by sensing only the imaginary component
of ZR , jXR:

jXR = jnX1L

The relay current

is obtained by supplying the reactance unit current
circuit with line current, residual current, and the re-
sidual current from parallel line. The correction of re-
sidual currents by factors

is done by means of taps on the auxiliary current
transformer type 1K. The factor 3 is needed since
IO = 1/3 residual current in the protected line and

IOE = 1/3 residual current in parallel line.

3.2 Principle of Operation of Reactance Unit

The reactor unit is an inducting cylinder unit having
directional characteristics. Operation of this type of
unit depends on the phase relationship between
magnetic fluxes in the poles of the electromagnet.

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 volt-
age. This compensator determines the reach of the
reactance unit.

Compensator T is designed so that its mutual reac-
tance X has known and adjustable values as de-
scribed in Section 5, SETTING CALCULATIONS.
The mutual reactance of a compensator is defined
here as the ratio of secondary induced voltage to pri-
mary current and is equal to T. The secondary com-
pensator voltage is in series with the line-to-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 voltage V1 (See

Figure 5a). Cylinder unit connections are such that it
closes its contacts whenever the flux in the voltage
polarized poles lags the flux in the current polarized
poles.

Figure 5a, illustrates the operation of the reactance
unit. Here VLG is the line-to-ground voltage leading

the line current by an angle α. Compensator voltage
is shown here as -jXLIR. øV is the flux due to the volt-

age (VLG - jXLIR). øI is the flux due to the relay cur-

rent. Since flux øV is the flux leading øI the cylinder
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unit will have restraining torque keeping its contacts
open.

The balance will occur when flux øV will be in phase

with flux øI. For this to happen, compensator voltage

jXLIR must be equal to VLG sinα, the magnitude of

the reactive component of the relay voltage, as
shown in Figure 5.

For faults inside the protected zone (see Figure 3)
the compensator voltage will be larger than the V si-

nα– value, this makes the flux øV lag the flux øI and

cause the relay contacts to close. For faults beyond
the balance point (Figure 5) compensator voltage

will be smaller than VLG sin α. This will make the

voltage flux øV lead the current flux øI and restrain

relay from contact closing. For faults behind the re-
lay or for reverse power flow the reactance unit will
keep its contact closed (Figure 5) since the current
flux will always lead voltage flux independent of the
value of compensator voltage.

3.3 Principles of Operation of Ratio
Discriminator

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 applied
to the polar unit (RD) it is rectified, filtered, and ap-
plied across the voltage divider resistor (RS). 70 per-

cent of this voltage is tapped off the RS resistor and

applied to the polar unit coil. This coil (RD) is con-
nected in series with a diode (D3) in conducting di-
rection. The full voltage developed across RS resis-

tor is applied to the ratio discriminators networks 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 2 ampere of
current flowing through the primary of the DT-trans-
former. 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 a higher positive poten-
tial 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, current in its line

must be at least  times the 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 current. This
nominal value of 0.7 varies from 0.5 to 0.75 depend-
ing upon the magnitude and phase of fault currents.
(See Figure 11)

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 blocking (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 experience
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 qualities.

For 3ø faults or loads, equal or nearly equal currents
will produce the same restraint in all 3 units, and
ground directional unit will provided additional selec-
tivity.

For most complicated networks, where only a part of
the total zero or positive sequence fault current flows
through the protected line, the ratio discriminator re-
sponse 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 cur-

rent flowing in the protected line.

3.4 For Single Line-to-Ground Fault (Figure 8)

For = 1 Figure 8A

Phase A operates since all fault cur-
rent flows through the faulted phase

For Figure 8B

This case corresponds to the ex-
treme condition where there will be
no positive sequence current flow on
the relay side of the protected line,
Equal zero sequence currents will

100%
70%
-------------- 1.43=

K1
KO
--------

K1
KO
-------- O=
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Z2 leads will be connected to MC = 4, MF = .4

2.5Z3 leads will be connected to MC = 7, MF = .8

6.3 Auxiliary Current Transformer

Auxiliary current transformer settings are made to
compensate for the effects of residual currents in the
protected and the parallel lines. Before the protected
tap settings are made, the cover of the transformer
should be completely open. Complete opening of the
cover assures continuity in the residual ct circuits
and isolates the transformer windings from the resid-
ual circuits.

The taps are set so the difference between the two

taps is equal to the desired setting of C or C1. For
instance, C setting equal to “.8,” as computed under
the sample calculations is set as follows:

Connect leads coming out of opening marked “pro-
tected line” Figure 18 to the terminals marked “C”.
Black lead (which is the polarity terminal) is connect-
ed to terminal marked “1.0.” The difference between
the two taps 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 re-
place the locking nut. Make sure that nut holds the
lug snugly against the terminal to avoid the possibil-
ity of developing a loose or high resistance connec-
tion.

The leads coming out of opening marked “relay” are
connected to the terminals “0” and “1.0” in the row
marked “C” with the black lead on “0” and the white
lead on “1.0”. This connections is the same for all “C”
larger than 1, the “protected line” leads are set for C
= 1, and the “relay” leads are connected for the re-

ciprocal (1/C) of the desired C setting. C1 value,
which was computed in our example to be = .7 is
made as follows: leads coming out of opening
marked “parallel line”: are to be connected to the ter-

minals marked C1. Black lead (plus polarity lead) is
to terminal “.0” and white lead to terminal “0.7". Dif-
ference between taps 0.7 and 0.0 = 0.7 is the de-

sired setting C1 = 0.7.

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

7. INSTALLATION

The relays should be mounted on switchboard pan-
els or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the
relay 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 connection may be made directly to the ter-
minals by means of screws for steel panel mounting
or 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
detailed Flexistest case information, refer to I.L.
41-076.

8. ROUTINE TEST

The proper adjustments to insure correct operations
of this relay have been made at the factory. Upon re-
ceipt of the relay, no customer adjustments, other
than those covered under “Setting“should be re-
quired.

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

8.1 Visual Check

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

8.2 Reactance Unit Check

1. Connect relay as shown in Figure 13 and make
the following settings:

MC, Zone 1 = 9.0

MF, Zone 1 = 1.0

TO = TL = 0.2 ohm

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

Increase current until the contacts just close. This
current should be within ±5% of 7 amperes.

2. Make the following settings:

a.) MC MF

for Zone 1: 2.0 0.5
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Zone 2: 1.0 0.8
Zone 3: 9.0 1.0

b.) Set TO = TL 1.1 ohms = .3 + .2 + .6

This setting correspond to

This equation is used for testing purposes only. The
two TO and TL settings are added only, when for test

purposes, the same current is passed through line
current circuit (terminals 16 and 17) and the residual
current circuit (terminals 19 and 15). Therefore, relay
reach during test is doubled. In normal operation line
current passes through only one current (IL), and the

residual current circuit (IO) is used for compensation

for the effects of zero sequence quantities only.

3. Zone 2 and 3 switches open.

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

5. With terminal voltage at 44 volts, increase cur-
rent until contacts just close. This should be within
±6% of 5 amps. (4.85 - 5.15 amp)

6. Adjust phase shifter for 45° current lagging the
voltage and adjust voltage for 44 volts, increase until
contacts just close. This current should be between
3.3 and 4.1 amperes, if the phase angle meter is ac-
curate within ±2 degrees.

7. Close Zone 2 switch.

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

9. Increase current until contacts just close. This
current should be between 3.2 and 3.5 amperes.

10. Close Zone 3 and Zone 2 switches.

11. Adjust voltage for 27.5 volts and phase shifter for
current lagging the voltage by 90°.

12. Increase current until contacts just close. This
current should be between 4.85 and 5.3 amperes.

This completes the check of operation the reactance
unit.

8.3 Ratio Discriminator Unit

a. With relay in the case connected as per Figure 13
pass 0.5 amp of an ac current through terminals
17 and 16 only. Increase current until ratio dis-

criminator unit just picks up. This should occur at
1 ampere (±10%).

b. Remove 1080 ohm resistor. Apply 225 dc across
terminals 12 and 11, and 13 and 11, with plus po-
larity on terminals 12 and 13. Measure current in
series with terminal 11 and 10,000 ohm resistor. It
should be below 0.5 milliamperes. Reverse polar-
ity and 125Vdc the current should be approxi-
mately 9 milliamperes.

c. Apply 25 volts dc from terminal 11 to terminal 18,
with positive polarity on terminal 11. The current
should read approximately 12mA. Reverse the
polarity and apply 10Vdc the current should read
approximately 10mA.

d. Apply about 3 amps of ac current to terminals 17
and 16. Measure dc voltage from right-hand polar
unit terminal to terminal 18, and from terminal 13
to terminal 18. Ratio between the first voltage and
this voltage should .65 - .80.

8.4 Operation Indicator (OI)

Close the main relay contacts and pass sufficient dc
current through the trip circuit to drop the indicating
target. This value of current should be not less than
1.0 amperes nor greater than 1.2 amperes.

9. REPAIR CALIBRATION

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

For best results in checking calibration, the relay
should be allowed to warm up for approximately one
hour at rated voltage. However, a cold relay will
probably check to within two percent of the warm re-
lay.

9.1 Autotransformer Test

Disconnect all Z1, Z2, and 2.5Z3 leads from the taps.

Apply 100 volts ac to ac to terminals 19 and 20.
Check voltages on MC taps between the tap “0” and

all successive MC 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 MC

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 across taps

X 1.1 1.1+( )10
2.5

-------------------------------- 8.8 ohms for Zone 1= =
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0.1, 0.2, 0.3, 0.4, 0.5, should not vary more than ±.1
volt.

9.2 Reactance Unit Test (Cylinder Unit)

a. Contact Gap Adjustment

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

b. Shaft Clearance Adjustment

The upper bearing screw should be screwed
down until there is approximately .025" clearance
between it and the top of the shaft bearing. The
upper pin, bearing should then be securely locked
in position with the lock nut.

c. Spring Restraint Adjustment

Adjust RM2 resistor (3 1/2  inch resistor located
on the right-hand side bottom) to measure 577
ohms. Set TL = TO = .2, MC = 9.0, MF = 1.0. Adjust

voltage to measure 2.4 volts and adjust phase
shifter for current lagging the voltage by 90°. Ad-
just the restraint spring so that the current re-
quired for contacts to just close is equal to 7 am-
peres. Deenergized relay completely - the moving
contact should return to its original position
against the metal stop on the right-hand side of
the bridge.

d. Core Adjustment

Apply 100 Vac to terminals 19 and 20. Relay con-
tacts should stay open. If the contacts are closed,
rotate core by a non-magnetic tool being inserted
into sides of core adjusters located on bottom side
of the cylinder unit.

NOTE:The red dot on the core must be to the
rear.

9.3 Magnetic Plug Adjustment

1. Short out voltage terminals 19 and 20.

2. Terminals 15 and 16.

3. Connect both TL links to a common tap insert.

This will exclude the current from compensator wind-
ing.

4. Repeat step 3 for TO links.

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

6. Apply 5 amps and increase gradually to 80 amps
of current in terminal 17 out terminal 14. Readjust
plugs if necessary to keep contacts open. The reac-
tance unit need not be cooled during the rough ad-
justment but the unit should not be hot when final ad-
justment is made. Recheck core adjustment using
70 volts as the test level.

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

8. When spurious torque is in contact opening direc-
tion (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 is reversed.

e. Phase Angle Adjustment for Zone 1 and 2

Set TL and TO links for .3 setting each. Connect

relay per Figure 14 with test reactance measuring
approximately 1.0 ohm and an adjustable resistor
of 10 ohms (1000 watts). There is no need for ex-
act reactance, since reach of the unit is deter-
mined by a factory-adjustment compensator.
Connect conventional test probe leads to Z1 leads

for convenience. Close switch 1 shorting out the
resistor. Adjust current for 9 amperes current in
the circuit. Apply Z1 leads to different MF and MC

taps. Note MC and MF taps at which reactance

unit just close and opens. If 1 ohm reactor is used,
this should occur at approximately MC + MF = 6.0.

If some other reactor value is used, approximate
values are found by using equations

where X = the available reactor value. Here again
relay reach is doubled, since the same test current
is passed through line and residual current cir-
cuits. Open the switch and set test resistor for 7
ohms. Adjust current for 10 amperes. Check again
MF and MC taps at which reactance unit just clos-

es and opens. Note the taps - they should be the
same as for reactor only value within one MF tap.

If the new taps at which the reactance unit closes

MC MF+
10 TO TL+( )

X test
--------------------------------=
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is higher than the “reactor only value” increase
slightly the RM2 resistance; if it is lower then de-

crease slightly RM2 resistance.

Continue to adjust RM2 until the MC, 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 previous setting (3-4
ohms). Readjust current for 10 amps. Check MC and

MF taps again. The reactance unit should close and

open again within one MF tap. If difference in MF tap

is larger than specified, readadjust RM2 resistor until

all three tests (with “reactor) will close and open at
the same MC and MF taps (within one MF tap). Ener-

gize T2X and T3X-telephone relays with the rated
voltage, across terminals 5 and 6, and 5 and 4.

9.3.1 Zone 3 - Phase Angle Adjustment

Set TL = TO .8 ohms. Use test reactor that has ap-

proximate reactance of 5 ohms and test resistor
equal to 24 ohms (250 watts). Set RM3 resistor lo-

cate on the bottom left-hand side, to measure, 1020
ohms. Follow the same procedure as described un-
der Phase Angle Adjustment for Zone 1 and 2, ex-
cept adjust current for 3.0 amperes and use first 24
and then 12 ohms resistance in series with reactor.
The approximate tap value is computed as follows:

9.4 Compensator Check

Accuracy of the mutual impedance T of the compen-
sator is set within very close tolerances at the factory
and should not change under normal conditions. The
mutual impedance of the compensators can be
checked with accurate instruments of the high input
impedance type by the procedure outlined below:

1. Set TO = TL = 1.1

2. Disconnect Z1 and 2.5Z3 leads from MC and MF

taps.

3. Pass 10 amp ac current in terminal 14 out termi-
nal 17 (with 15 and 16 jumpered together).

4. Measure voltage across Z1 leads. It should mea-

sure 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%).

9.4.1 Ratio Discriminator Transformer Check
With relay connected per Figure 13 measure current
in the polar element by inserting a dc milliammeter in
series polar unit coil.

With 1 amp passed through the relay the dc current
through the polar element should measure .70 milli-
amperes (±10%).

9.4.2 Ratio Discriminator Calibration
1. For best results, the calibration should be done

with relay in the case. Adjust the contact screws
to obtain a .050" contact gap such that the arma-
ture motion between the left- and right-hand con-
tacts is in the central part of the air gap between
the pole faces. Tighten the contact locking nuts.
Approximate 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 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 less than this value, it will be
necessary to advance the left-hand shunt to ob-
tain the desired dropout.

This in turn will require a slight readjustment of the
right-hand shunt. Recheck the pickup and drop-
out points several times, and make any minor
“trimming” adjustments of the shunt screws that
may be necessary to obtain correct calibration. If
the above procedure does not give sufficiently
high dropout, a small amount of further adjust-
ment can be obtained by advancing the left-hand
contact screw a fraction of a turn. As finally ad-
justed, the contact gap should be at least .045"
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

MC MF+ 25
TO TL+( )
X test

--------------------------=
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obtain equal vibration of both contacts as indicat-
ed by a neon lamp connected in the contact cir-
cuit.

Pass 50 amperes ac 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 be-
fore and after amps are applied.

2. Remove 1080 ohm resistor. Apply 225V dc
across terminals 12 and 11, and 13 and 11, 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 polarity and apply 125Vdc. The current
should be approximately 9 milliamperes.

3. Apply 25 volts dc from terminal 11 to terminal 18,
with positive polarity on terminal 11. The current
should read approximately 12mA. Reverse the
polarity and apply 10Vdc the current should read
approximately 10mA.

4. Apply about 3 amps of ac current to terminals 17
and 16. Measure dc voltage from left-hand polar
unit terminal to the terminal 18, and from terminal
13 to the terminal 18. Ratio between this voltage
and the first voltage should be .65-.80.

9.5 Operational Indicator Test

Block X and RD - contacts closed, and pass suffi-
cient dc current through trip circuit to drop the target.

Target must not operate at less than 0.9 amps dc, or
more than 1.2 amps suddenly applied. To increase
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.

9.5.1 Energy Requirements

9.5.1.1 Voltage Burden

Max. voltage burden for MC + MF = 10.0 settings is

8.7 volt-amperes at unity power factor.

The burden at some other settings equal to:

volt-amperes at unity power factor.

9.5.1.2 Current Burden

The R and X values tabulated below are based on 5
amperes flowing through both, the TL and the TO cir-

cuits, with TL and TO set for the same value.

8.7
MC MF+

10
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TL & TO TERMINALS TERMINALS
TAP 17 TO 16 15 TO 14

SETTING R X R X

0.1 0.121 0.116 0.072 0.015

0.2 0.087 0.117 0.038 0.016

0.3 0.088 0.118 0.039 0.017

0.5 0.091 0.123 0.041 0.022

0.8 0.113 0.161 0.064 0.061

0.9 0.147 0.167 0.097 0.067

1.1 0.117 0.179 0.068 0.079

10. RENEWAL PARTS

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