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GEK-27887

LOSS OF EXCITATION RELAY
CEH51A

DESCRIPTION

The CEH51A is a single phase, single zone, offset mho distance type relay. The
relay is designed to detect a loss of excitation on synchronous machines. An offset
mho characteristic was chosen to provide selectivity between loss of excitation and
other normal or abnormal conditions that may exist on the system. A €6-83 millisecond
fixed time delay auxiliary unit is employed in the CEH51A relay to prevent undesired
tripping due to shock, vibration or sudden complete loss of AC potential, any of which
might result in momentary closure of the main unit contacts. Depending on the
application, one CEH51A relay and a suitable lock-out relay, or two CEH51A relays plus
an adjustable timing relay and a lock-out relay are required. This is discussed in the
section under APPLICATION.

The CEH51A relay complete with target seal-in unit and auxiliary time-delay unit
is packaged in a standard M2 drawout case, the outline and panel drilling dimensions
for which are illustrated in Fig. 20. The internal connection diagram for the CEHS51A
is illustrated in Fig. 17.

APPLICATION

The CEH51A relay is a single phase offset mho relay and it is used to detect a loss
of excitation on synchronous machines. Loss of excitation can be damaging to the
machine and/or detrimental to the operation of the system. It is recommended that Toss
of excitation protection be considered for all synchronous generators.

When a synchronous generator loses excitation it will tend to act as an induction
generator. It will run above normal speed, operate at reduced power and receive its
excitation (VARS) from the system. The impedance seen by a relay looking into the
generator will depend on the machine characteristics, the load flow to the loss of
excitation, and the type of excitation failure.

Fig. 1 illustrates a unit type generator connected to a power system with an
of fset mho distance relay at its terminals set as indicated on the R-X diagram. The
relay is set with an offset equal to one-half the direct axis transient reactance and a
diameter equal to the direct axis synchronous reactance of the generator. Typical
impedance loci as seen by the relay when the excitation is lost as a result of a short
circuit across the field windings are also shown in Fig. 1. Curve A represents loss of
excitation from full load conditions. This locus terminates in a region near the
negative X axis at about a point located approximately at the average of the direct and
quadrature axis sub-transient impedances of the generator. In the case of no load or
very light load prior to the loss of excitation, the impedance seen by the relay

These instructions do not purport to cover all details or variations in equipment nor to provide for
every possible contingency to be met in connection with installation, operation or maintenance. Should
further information be desired or should particular problems arise which are not covered sufficiently for
the purchaser's purposes, the matter should be referred to the General Electric Company.

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards;
but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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terminates in an area near the negative X axis as shown by point C. The impedance “seen
by this case is approximately equal the average of the direct and quadrature
synchronous impedances of the generator. Curve B applies for some moderate condition
between full and no load.

In the event of an open-circuited field in which the slip rings flash, the field
will then be effectively shorted and the curves of Fig. 1 apply. If the slip rings do
not flash and field remains open circuited, the impedance loci will terminate at
approximately the same points as shown in Fig. 1 (for the same initial conditions), but
since the slip rates are different they will generally follow different paths in
getting there.

Thus, the characteristic of Fig. 1 will suffice to detect a loss of excitation
from any initial loading due to an open or a shorted field circuit.

Since a characteristic with settings as illustrated in Fig. 1 is required to
detect a loss of excitation, it should be ascertained that such an application is
secure against undesired operation on stable system swings resulting from system
disturbances. Fig. 2 illustrates typical impedance loci as viewed by an offset mho
relay located at the generator terminals for different system conditions after a nearby
fault is cleared.

The dash curve A represents the case for conditions of a three-phase short circuit
at (F) the high side of the unit transformer occurring when the machine is running at
full load and unity power factor (La). When the fault is cleared in nominal relay plus
breaker times with the voltage regulator in service, the impedance jumps to point Sy
and follows the path of the dash Tines back to the region around L,. This is a stable
swing and the impedance path does not enter the required CEH characteristic.

The solid curve B illustrates an extreme case of a similar set of circumstances.
In this case:

a) The machine was running underexcited prior to the fault (Lp).

b)  The fault was not cleared until the critical switching time for
the machine in question.

c) The voltage regulator was out of service.

While the resultant swing was stable and would eventually settle back to the area
around Lp, the impedance locus entered the larger relay characteristic. Studies
indicate that the duration of its stay in the characteristic is in the order of 0.2 to
0.4 seconds. Thus, if the larger relay characteristic is employed with a time-delay
auxiliary relay which is set for about 0.5 - 0.6 seconds, undesired tripping will not
take place.

Under these conditions it is recommended that two mho characteristics be employed
as indicated in Fig. 2. Both characteristics should be set with an offset equal to the
ohmic value of X4/2 per unit. The smaller one should be set with a diameter equal to
the ohmic equivalent of (1.0) per unit impedance on the machine base and the larger one
set with a diameter equal to the ohmic equivalent of X4 per unit. The relay with the
smaller set characteristic would operate in conjunction with a built-in four-to-five
cycle time-delay auxiliary while the relay with the larger set characteristic wou ld
operate in conjunction with an external timing relay having a range in the order of
0.15 - 3.0 seconds.
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In actual practice, whether a fault condition will produce a swing similar to that
of curve A or B in Fig. 2 will depend on system and generator operating conditions.
This can be fully evaluated only by a study of the system. Thus, whether one or two
relay characteristics are required will depend on the possible modes of operation of
the generator, the generator characteristics and the particular system involved.

There is some concern about the performance of the voltage regulator when it is
operating on the underexcited limit. It is feared that the regulator will "undershoot"
while trying to maintain the 1imit and thereby cause the apparent impedance to
momentarily enter the relay characteristic. Thus, if one single characteristic is used
as illustrated in Fig. 1, there may exist the possibility of undesired operation as a
result of regulator "undershoot." When two characteristics are used as illustrated in
Fig. 2, the large one with time delay, this problem could be avoided. The generator
regulator manufacturer should be consulted to establish the time delay to be used with
the relay.

It should be recognized when using the two characteristics as illustrated in
Fig. 2, that a bonafide loss of excitation from the lighter load conditions may be
detected only by the larger characteristic. This will result in a delayed trip which
may have some adverse effects on the system. This should be evaluated by the user.

The basic considerations discussed above apply to generators with all types of
prime movers. However, in the case of hydro machines which may be operated severely
underexcited during light load to compensate for system distributed capacitance, the
operating condition can approach the loss of field condition in terms of impedance seen
by the CEH at the machine terminals. These applications, along with underexcited
synchronous condenser applications, should be referred to the factory for additional
information.

The CEH relay is designed for use with line-to-line voltages (Eap-Eg) and delta
currents (Ip-Ig). Wye or delta connected PTs rated 120 volts phase-to-phase may be
used. External connection diagrams for this application are shown in Fig. 3 and 4. It
may also be applied with a single line-to-neutral PT with a secondary voltage rating of
69 or 120 volts, but in this case only one current coil is connected in the CT circuit.
External connections for this application are shown in Fig. 5. Regardless of which
connections are used, the relay settings are calculated as indicated in the section
under CALCULATION OF SETTINGS. However, it should be noted when the CEH is used with
one single phase-to-ground PT that the actual PT ratio on the tap selected (69 or 120
volts) must be used in the calculation of secondary ohms.

The external connections to the CEH51A relay as illustrated in Fig. 3 through 6
indicate that breaker contacts 52/a must be used in the DC circuits. These 52/a
contacts are required in order to prevent the relay from misoperating during start-up
procedures when there might be low frequencies or no voltage (restraint) applied to the
relay.

An important consideration in the application of the CEH relay relates to the PT
secondary fusing practice. In general, the PTs that provide potential to the CEH relay
will have other burdens connected between phases and possibly between phases and
neutral. If a secondary fuse or circuit breaker on one phase is open, the potential on
that phase will not necessarily go to zero. It will generally assume some potential
depending on the impedance of the total burdens connected between that phase and the
other phase and ground. If this resulting potential is applied to the CEH relay the
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diameter of the characteristic will usually increase and the angle of maximum torque
will shift clockwise or counterclockwise depending on the circumstances. This can
result in improper operation during load conditions. Thus, when PT secondary fuses are
employed it is recommended that the CEH relay be fused separately from all other
devices, as indicated in Fig. 7, so that any blown fuse, except a main fuse, will result
in either zero voltage or normal voltage to the CEH relay. This will not cause the
relay to operate falsely under normal load conditions. However, if the short circuit
that caused the fuse to blow or other burden is maintained across the CEH relay, false
operation may occur after clearing a prolonged nearby system fault. Fig. & illustrates
two examples of how not to fuse the PT circuits to the CEH relay.

The blowing of a PT primary fuse (where used) presents a similar problem that
cannot generally be solved as easily as the secondary fuse situation. In the case of
three wye connected PTs, a blown primary fuse can result in the CEH relay receiving low
and phase shifted voltage. This can result in the relay operating falsely on load or
possibly after clearing a nearby system fault depending on the circumstances.

In the case of two open-delta connected PTs, with primary fuses as illustrated in
Fig. 3, a blown primary fuse on the associated PT can result in a characteristic that is
larger than the setting and with its angle of maximum torque shifted in phase angle.
However, this shift is in the direction of non-operatior under load conditions.

If a single PT Is used, connected either phase-to-neutral or phase-to-phase, a
blown primary or secondary fuse will remove potential from the relay. The relay will
not operate to trip correctly or incorrectly for this condition.

Using the connections and secondary fusing shown in Fig, 3 through 7 will prevent
undesired tripping under load conditions when a secondary fuse is removed or blown. In
order to prevent such tripping on the loss of a primary fuse with wye connected PTs, a
Type CVFB voltage balance relay is suggested to supervise the CEH5IA tripping contacts.

CALCULATION OF SETTINGS
There are two settings that must be made on the CEHS51A relay. They are the offset
tap setting and circle diameter restraint tap setting. It is recommended that the
following offset and diameter settings be used.

1. If only one CEH relay is required

OFFSET

one-half transient reactance (X'q/2)

DIAMETER

synchronous reactance (Xq)
2. If two CEH relays are required:

OFFSET

one-half transient reactance (X'4/2) for both relays

SMALL DIAMETER

1.0 per unit reactance on machine base

LARGE DIAMETER synchronous reactance (Xq)
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The offset tap setting is made directly in terms of secondary ohms via the L and H
leads on the offset tap block. Settings can be made in the range indicated on the
nameplate in 0.5 ohm steps. Note that the offset setting is equal to the difference
between the two offset taps used. If the offset tap setting cannot be made exactly, the
next higher tap setting should be used.

The circle diameter setting is made via the upper and lower leads on the restrain
tap block. The tap setting is expresed in percent and is a function of the basic
minimum diameter of the relay and the desired ohmic diameter in secondary ohms. It is
adjustable in a range of zero to 100 percent in one percent steps, but the setting
should never be set below ten percent. It is calculated as follows:

(Basic minimum diameter) (X) (100) (1)

Restraint Tap Setting (%) = TDesired diameter in secondary ohms)

INFORMATION REQUIRED TO MAKE SETTINGS

Transient Reactance (X'gq) - in percent or per unit on the associated
machine base.

Synchronous Reactance (Xgq) - in percent or per unit on the associated
machine base.

Base MVA - MVA base equals generator rating in MVA
Base KV - KV base equals generator rating in KV
CT Ratio

PT Ratio

EXAMPLES OF CALCULATIONS

Given the following:

X'4q = 50% = 0.50 per unit
Xd = 196% = 1.96 per unit
Base MVA = 600

Base KV = 14.0

CT Ratio = 25,000/5 = 5000/1

PT Ratio = 14,400/120 = 120/1

then

gkv base)? X CT Ratio
VA base PT Ratio

Ihase (sec)
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142 5000

n"
>

= 13.8 secondary ohms

X'q(sec) = (Zpase) x (X'g per unit)
= 13.8 x 0.5
= €.9 secondary ohms
Xd(sec) = (Zpase) x (Xq per unit)
= 13.8 x 1.96
= 27.0 secondary ohms
1.0 per unit secondary = (Zpase)

13.8 secondary ohms

In the following calculations the 5-50 ohm relay with 0.5 - 4.0 ohm offset is
assumed. Note that the offset setting is the difference between the two offset taps
used.

I. If only one CEH relay is used,

xl
a) Set offset tap = g = Gég = 3.45 ohms
Use the next higher tap setting = 3.5 ohms

Set L lead on 0.5 and H lead on 4.0

b) Set restraint tap to value corresponding to actual synchronous reactance
of machine in secondary ohms (Xq = 27.0 ohms)

From equation (1) above

Restraint tap = _§?§_%QQ_ = 18.5%, use next lower tap - 18%

Set upper number one lead on tap 8
Set Tower number one lead on tap 10

IT1. When either regulator undershoot or stable swings are of concern, then two CEH
relays should be used.

a) Set offset on both relays for 3.5 ohms as in Ia above.

b) Set small diameter relay restraint tap to value corresponding to 1.0 per
unit reactance which is given above as 13.8 ohms.
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Restraint tap = —§T§—%QQ— = 36.2%, use next lower tap - 36%

Set upper number one lead on tap 6
Sét lower number one lead on tap 30

¢) Set the larger diameter restraint tap to a value corresponding to the actual
synchronous reactance of machine in secondary ohms as described in Ib above.
Determine time delay necessary to ride over regulator undershoot and/or
stable swing and make appropriate time-delay setting on the SAM relay.

Equation (1) above is based on the input taps to the autotransformer being set at
100 percent. Diameter settings that are exactly equal to the calculated values can be
obtained only if the result of operation (1) is an integer. If the result is not an
integer, the diameter setting will not be exactly equal to the desired value. The
resulting error that is introduced may or may not be significant. The diameter setting
can be made to give closer results by using the following procedure if it is felt that
the error is significant.

a. Calculate the restraint tap setting using equation (1) and select the next
lower tap setting; i.e., if restraint tap = 18.5, select restraint tap = 18.

b. Using the value from (a), calculate a new input tap setting as follows:

(Restraint Tap) x (desired diameter in secondary ohms) (2)

Input Tap = [Basic minimum diameter)

As an example, in the case illustrated above, the desired diameter in
secondary ohms = 27.0 and basic minimum diameter = 5 ohms, then, using
equation (1)

Restraint Tap =‘—§—%7l%9— = 18.5%

If the 18 percent restraint tap is used, the relay diameter will be 27.8 ohms, or the
diameter will be 26.3 ohms if the 19 percent tap is used. A closer setting can be
obtained if equation (2) is used and the restraint tap is set for 18 percent.

From equation (2),

Input tap = —15—%—2249— = 97.1%

The input tap leads are attached to the tap block by hex-headed tap screws. The
input tap setting is equal to the sum of the two input taps used, and it is normally set
at 100 percent, i.e., the upper lead at ten percent and the lower lead at 90 percent.
To change the input tap setting, the lower lead should be maintained at 90 percent. The
upper lead only should be moved, and it should only be moved between the 0-10 percent
tap positions. This combination of settings allows the input tap setting to be varied
between 90-100 percent in one percent steps. In the example cited above, the upper
input lead would be set at seven percent, thus giving an input tap setting of 97
percent. The input tap setting should never be set below 90 percent, and this will be
so if the procedure noted above is followed. :
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The relay would then be set with the restraint tap at 18 percent and the input
tap at 97 percent to give:

Input Tap
Restraint Tap

Diameter Basic Minimum Diameter x

97 _ -
5 x I = 27.0 ohms

RATINGS

There are several combinations of ratings available in the 12CEH51A(-)A relays.

VOLTAGE CURRENT FREQUENCY TRANSACTOR (OFFSET)
RATING RATING RATING RATING
115V : 1 amp 50 Hz 0, 2.5, 5.0, 12.5, 20 ohms
115v 5 amps 50 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms
115v 5 amps 60 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms
115v 5 amps 25 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms

The offset transactor has two leads marked H and L for setting the offset
reach. The two leads can be used to vary the offset ohms on the four ohm offset

transactor in 0.5 ohm steps. The 20 ohm transactor can be varied in steps of 2.5
ohms.

The one second thermal rating for this relay is 150 amperes.

BURDENS
Because of the presence of a transactor in the relay, the burdens imposed upon
the current and potential transformers are not constant, but vary with the ohmic
reach, amount of offset, and amount and phase angle of the current.

CURRENT CIRCUITS

The maximum burden imposed on each current transformer is:

RELAY
RATING "I" FREQUENCY R X Z
5A 60 0.064 0.102 0.120
1A 60 1.60 2.55 3.00
5A 50 0.028 0.045 0.053
1A 50 0.704 1.122 1.325

*Indicates Revision 10
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The current burden was measured under phase-to-phase conditions which yield
higher burden readings than balanced three-phase conditions. Also any other change
caused by different conditions of offset will cause the burden to be less than
indicated.

POTENTIAL BURDEN

The maximum potential burden at 115 volts is:

FREQUENCY WATTS VARS VOLT-AMPS
60 10.0 7.8 12.7
50 12.0 9.35 15.2

The potential burden will decrease as the restraint tap is decreased. The
maximim burden, given above, occurs with a restraint tap setting of 100 percent.
The potential burden will also depend upon the angle between the voltage and current
applied to the relay. Maximum potential burden occurs when the current (I7 - I3)
lags the voltage (Vi-3) by 90 degrees (generator at zero P.F. overexcited).

The DC auxiliary unit (A) will draw approximately 35 milliamperes at rated
voltage.

The ratings of the seal-in unit for its various taps (0.2/0.6 or 0.2/2.0) are
given in Table A below.

TABLE A
TAP

0.2 0.6 1 2 4
DC RESISTANCE +10%  (OHMS) 8.3 0.78 0.32 0.24 0.04
MINIMUM OPERATING (AMPERES)| 0.2 0.6 1.0 2.0 4.0
CARRY CONTINUOUSLY  (AMPERES)| 0.37 1.2 1.8 2.3 5.5
CARRY 30 AMPS FOR (SECONDS){ 0.05 0.5 0.85 2.2 13
CARRY 10 AMPS FOR (SECONDS)| 0.45 5.0 7.5 20 125
60 Hz IMPEDANCE (OHMS ) 50 6.2 2.6 0.65 0.16
50 Hz IMPEDANCE (OHMS) 42 5.1 2.2 0.54 0.13

*Indicates Revision 11
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CHARACTERISTICS

The offset mho unit is similar to the basic mho unit with the addition of a
transactor. The transactor is an air gap reactor with a secondary winding for obtaining
the desired voltage at a given primary current. It also provides electrical isolation
between the current and potential circuits. By adding the transactor-secondary voltage
in series with terminal voltage of the potential transformer and applying the vector
sum to the mho unit potential circuit, the effect is to offset the ohmic characteristic
without changing its diameter.

The internal connections to the transactor secondary are of such polarity that the
offset is in the direction to move the center of the circle away from the origin.
Fig. 11 shows the effect of changing the offset tap when the restraint tap is left at
100 percent. This shows that the diameter of the characteristic does not change with
the offset, but that the center of the circle is moved away from the origin by the value
of the offset tap. Fig. 10 shows the effect of changing the restraint tap when the
offset tap is set on one ohm. The diameter of the circle in phase-to-neutral secondary
ohms is equal to

500
restraint tap %.

In other words, the diameter is five ohms if the restraint tap is 100, or 12.5 if the
restraint tap is 40. The one ampere rated relay has a 25 ohm diameter circle.

The auxiliary element (A), a telephone type relay, is mounted centrally. The
purpose of this auxiliary is to prevent the relay from tripping the breaker falsely due
to vibration when no voltage is applied to the potential circuit, or on contact bounce
if the voltage falls to zero. The operating time of this unit is 0.067 to 0.083
seconds.

RECEIVING, HANDLING AND STORAGE

These relays, when not included as part of a control panel will be shipped in
cartons designed to protect them against damage. Immediately upon receipt of a relay,
examine it for any damage sustained in transit. If injury or damage resulting from
rough handling is evident, file a damage claim at once with the transportation company
and promptly notify the nearest General Electric Apparatus Sales Office.

Reasonable care should be exercised in unpacking the relay in order that none of
the parts are injured or the adjustments disturbed.

If the relays are not to be installed immediately, they should be stored in their
original cartons in a place that is free from moisture, dust and metallic chips.
Foreign matter collected on the outside of the case may find its way inside when the
cover is removed, and cause trouble in the operation of the relay.

12
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ACCEPTANCE TESTS
INSPECTION

Before placing a relay in service the following mechanical adjustments should be
checked, and faulty conditions corrected:

The armature and contacts of the target and seal-in unit should operate freely by
hand.

There should be a screw in only one of the taps on the right-hand contact of the
target and seal-in unit.

The target should reset promptly when the reset button at the bottom of the cover
js operated with the cover on the relay.

There should be no noticeable mechanical friction in the rotating structure of the
units, and the moving contacts should return to the right when the relay is de-
energized.

There should be approximately 0.012 inch end play in the shaft of the rotating
structure. The lower jewel screw bearing should be screwed firmly into place, and the
top pivot locked in place by its set screw.

A11 nuts and screws should be tight, with particular attention paid to the tap
plugs.

If possible, the relay contact circuit should be given an electrical test in place
by closing the mho unit contacts by hand and allowing tripping current to pass through
the contacts and the target and seal-in unit.

The rotating structure of the mho unit is not balanced, so that any slight torque
caused by a tilt of the shaft when the relay is installed ready for operation should be
compensated for by using the control spring adjusting arm at the top of the unit.
Rotate the control spring adjusting ring so as to return the moving contact arm to the
right-hand backstop. The control spring should hold the contacts definitely open.

CAUTION: EVERY CIRCUIT IN THE DRAWOUT CASE HAS AN AUXILIARY BRUSH. IT IS ESPECIALLY
IMPORTANT ON CURRENT CIRCUITS AND OTHER CIRCUITS WITH SHORTING BARS THAT THE
AUXILIARY BRUSH BE BENT HIGH ENQUGH TO ENGAGE THE CONNECTING PLUG OR TEST
PLUG BEFORE THE MAIN BRUSHES DO. THIS WILL PREVENT CT SECONDARY CIRCUITS
FROM BEING OPENED.

ELECTRICAL TESTS

Drawout Relays General

Since all drawout relays in service operate in their cases, it is recommended that
they be tested in their cases or an equivalent steel case. In this way any magnetic
effects of the enclosure will be accurately duplicated during testing. A relay may be
tested without removing it from the panel by using a 12XLA13A ‘test plug. This plug

13
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makes connections only with the relay and does not disturb any shorting bars in the
case. Of course, the 12XLAI12A test plug may also be used. Although this test plug
allows greater testing flexibility, it also requires CT shorting jumpers and the
exercise of greater care since connections are made to both the relay and the external .
circuitry.

Power Regquirements General

AT1 alternating current operated devices are affected by frequency. Since non-
sinusoidal waveforms can be analyzed as a fundamental frequency plus harmonics of the
fundamental frequency, it follows that alternating current devices (relays) will be
affected by the applied waveform.

Therefore, in order to properly test alternating current relays it is essential to
use a sine wave of current and/or voltage. The purity of the sine wave (i.e., its
freedom from harmonics) cannot be expressed as a finite number for any particular
relay; however, any relay using tuned circuits, R-L or RC networks, or saturating
electromagnets (such as time-overcurrent relays) would be essentially affected by non-
sinusoidal waveforms.

Similarly, a relay requiring DC control power should be tested using DC and not
full wave rectified power. Unless the rectified supply is well filtered, many relays
will not operate properly due to the dips in the rectified power. Zener diodes, for
example, can turn off during these dips. As a general rule the DC source should not
contain more than five percent ripple.

Polarity Check

The polarity of the relay can be checked by making the connections shown in
Fig. 13. With these connections the mho unit contacts should close when the restraint
taps are on ten percent and open when the restraint taps are on 100 percent, using the
zero offset tap in each case.

A check of the relay reach can be made as follows:

1. Connect the relay as shown in Fig. 15.

2. Set the tgst reactor on the 24 ohm tap.

3. Set the relay restraint tap on 55 percent and the offset tap on two ohms,

4. Determine the minimum test box dial setting that will cause the mho unit
contacts to close. The dial setting should be between 15 and 19.

5. Determine the maximum test box dial setting that will cause the mho unit
contacts to close. The dial setting should be between 87 and 97.

6. The minimum and maximum test box dial settings, between which the mho unit
contacts should close, can be determined for any relay setting by the
following equations. However, for low restraint setting of the mho unit, the
calculated dial setting will be over 100 percent if a test reactor with a
maximum tap of 24 ohms is used. The phase-to-neutral reach can-be checked by

14
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applying current to one of the two current circuits (either studs 3-4 or 5-
6). When only one of the two current circuits is used the test box dial
setting will be one-half the value calculated from the following equation:

200 sin 8 (offset ohms)
X

Minimum dial setting =

500

200 sin @ TR +xoffset ohms

Maximum dial setting

Where 8 = the power factor angle of the test reactor

X actual reactance of reactor

TR = restraint tap setting of relay.

If the test reactor 6054975G1 is used, the term sin 8 can be assumed to be unity,
as any of the taps above three ohms have a power factor angle of 83 degrees or more.
INSTALLATION PROCEDURE

INSPECTION
Inspect the relay as described under ACCEPTANCE TESTS.
LOCATION

The location should be clean and dry, free from dust and excessive vibration, and
well lighted to facilitate inspection and testing.

MOUNTING

The relay should be mounted on a vertical surface. The outline and panel drilling
dimensions are shown in Fig. 20.

CONNECTIONS

Internal connections are shown in Fig. 17.

Unless mounted on a steel panel which adequately grounds the relay case, it is
recommended that the case be grounded through a mounting stud or screw with a conductor
not less than #12 B&S gage copper wire or its equivalent.

OFFSET TAP_BLOCK

The two leads to this tap block are marked L and H. The ohmic offset of the relay
is the difference between the H and L tap settings. By variation, any combination of
ohmic offset may be obtained up to four ohms in 0.5 ohm steps, phase-to-neutral. As an
example, placing the L lead in the 0.5 ohm tap and the H lead in the 4.0 ohm tap gives

15
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3.5 ohms offset, The H lead must be in a higher tap than the L lead to keep the offset
in the proper direction.

For the one ampere rated relay multiply the values listed by five.

RESTRAINT TAP BLOCK

Variation of the restraint tap setting varies the size of the ohmic
characteristic. See Fig. 10. The variation is in one percent steps up to ten percent
and in ten percent steps up to 100 percent, thus providing for a restraint adjustment
of 1-100 percent in one percent steps.

CHECK OF CHARACTERISTIC

1. Connect as shown in Fig. 18. Allow relay potential coils to warm up by
energizing at rated voltage for 15 minutes prior to testing.

2.  Turn phase shifter to make angle 90 degrees (current leads voltage).
3. Set offset ohms on four ohms and transformer taps on 100 percent.
4, Increase current until contacts Just close.

Current should be:

Voltage across studs 7-8 = 115 _ 6.39A
2 x Min, Ohms + 2 x Offset 10+8 )

The relay should operate within plus or minus five percent of this value
(6.06 to 6.71).

5. To check any particular setting required for a specific application, proceed
as follows: ,

A. Calculate diameter of circle.

Min. Ohms

Tap Setting (P-N ohms)

Diameter =

Example: Assume 23 percent tap setting

Diameter = ) = -
[k 21.7 ohms (g N)

B. Center of circle = radius + offset
Example: Assume two ohms (@-N) offset

Center Zlé7 +2 = 10.85 + 2 = 12.85 ohms

16
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C. Draw relay characteristic on polar paper with center at 90 degrees
lead using distance from origin and diameter calculated above. See
Fig. 9.

D. Srt current in current coils at any test value.

I - Calculate @-N ohms as follows:
Ohms (@-N) = —Loltage on studs 7-8
2 X1

Example: Assume I set at five amperes.

@-N ohms = ?l%gg = 11.5 ohms (Points A and B)

E. Turn phase shifter and determine the two angles between which the
contacts of the relay are closed. These should check with the angles at
which the relay characteristic, drawn in step C above, crosses the
impedance calculated for the test current I in step D above.

F. Set phase shifter for 90 degrees lead and determine the minimum current
for which the relay contacts are closed.

: - Voltage studs 7-8 .
Min. I 2 (Diameter + Offset) (for Point C)

For example above:

. ) 115 15
Min. 1 = —17 77 = 135

2.63 amps

Three points have now been determined on the relay characteristic. These three
points should be enough to show the relay characteristic is the proper size and has the
correct angle of maximum torque. If more points are desired repeat step D above using a
different value of test current. During these checks endeavor to keep the test current
in the order of 20 amperes or less. The maximum current under abnormal conditions is
limited by the generator impedance and will usually be less than 20 amperes.

If the angle of maximum torque is not correct, it can be corrected by adjustment
of reactor (Xp1) or R22. If the diameter of the circle is not correct for the
particular tap setting, it can be corrected by adjustment of resistor (R13).

There is no adjustment on the offset, the offset taps are determined by the turns
of the transactor.

ALTERNATE CHECK OF CHARACTERISTIC

If no phase shifter is available, the relay characteristic may be checked at the
points shown in Fig. 19. The test connections are shown in Fig. 12.

17
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Apply a Tow current and gradually increase the current until the contacts close.
Increase the current further until the contacts reopen. The higher currents should be
removed quickly as they can be several times the relay rating.

For connections for test 1, the points on the R-X diagram of the relay
characteristic will be:

R = 0.5V - 0.25V
2 Ipickup Ipickup
X = -0.866V - -0.433V
2 Ipickup Ipickup
For test 2, the points on the R-X diagram will be:
R = 0.5V - 0.25V
2 Ipickup Ipickup
X = —=0.866V . _-0.433v

pickup Ipickup
INSTALLATION TESTS

When relay is installed and the generator is running, the following tests should
be made to check the overall connections.

To avoid an undesirable drop in system voltage due to operation far into the
underexcited region, this installation check is made with relay potential reversed as
shown in Fig. 14, and with the restraint reduced to zero or five percent. The reversal
of potential inverts the operating characteristic from its normal position, and the
reduction of restraint increases the diameter of the characteristics. Fig. 16 shows
these effects, and also the characteristic with zero restraint and zero offset.

With zero restraint, zero offset, and power out of the generator, the relay
contacts should be closed for all values of lagging power factor (overexcited), and
open for all values of leading power factor (underexcited). For this polarity test, it
1S not necessary to change the field from the unity power factor condition any farther
than enough to open and close the relay contacts.

If the relay, with the potential circuit reversed by the test plug, does not pass
the above polarity test, then it probably has reversed potential connections. Reverse
the connections from the potential transformers to studs 7 and 8. Repeat the above
polarity test. If the relay now passes the polarity test, then the potential
connections to the relay are now correct.

With five percent restraint and the value of offset chosen for the installation
being checked, the relay contacts should close as the excitation is increased from the
unity power factor condition sufficiently to cross the corresponding relay
characteristic of Fig. 16 into the more lagging (overexcited) area.
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PERIODIC CHECKS AND ROUTINE MAINTENANCE

In view of tr~ vital role of protective relays in the operation of a power system,
it is important that a periodic test program be followed. It is recognized that the
interval between periodic checks will vary depending upon environment, type of relay
and the user's experience with periodic testing. Until the user has accumulated enough
experience to select the test interval best suited to his individual requirements, it
is suggested that the points listed under INSTALLATION PROCEDURE be checked at an
interval of from one to two years.

CONTACT CLEANING

For cleaning fine silver contacts, a flexible burnishing tool should be used.
This consists of a flexible strip of metal with an etched-roughened surface, resembling
in effect a superfine file. The polishing action is so delicate that no scratches are
left, yet it will clean off any corrosion thoroughly and rapidly. Its flexibility
insures the cleaning of the actual points of contact. Do not use knives, files,
abrasive paper or cloth of any kind to clean relay contacts.

SERVICING
The relay is adjusted at the factory and it is advisable not to disturb the

adjustments. If for any reason they have been disturbed, the following points should
be observed in restoring them.

CLUTCH ADJUSTMENT

The induction-cup units have a clutch so that cup and shaft can slip with respect
to the moving contact whenever the torque in either the opening or the closing
direction becomes greater than a predetermined value. The grams to slip the clutch
should be measured by holding the cup and pushing with a gram gage against the moving
contact. The moving contact should slip relative to the cup at approximately 50 grams
pressure. The pressure at which the clutch slips can be changed by inserting a special
flat open-end wrench underneath the green composition head directly above the spool
body of the front coils so that it engages with the flats on the bakelite on the cup
shaft. Hold this wrench and with a 5/16 inch open-end wrench, loosen or tighten the
clutch by turning the nut below the spring wind-up sprocket. Turn the nut clockwise
(top-front view) to tighten the clutch setting. Turn counterclockwise to Toosen it.

CONTACT ADJUSTMENT

The stationary contact should rest against its felt backstop and should have about
1/16-3/32 inch gap.
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RENEWAL PARTS

It is recommended that sufficient quantities of renewal parts be carried in stock
to enable the prompt replacement of any that are worn, broken or damaged.

When ordering renewal parts, address the nearest Sales Office of the General
Electric Company, specify quantity required, name of the part wanted, and give the
complete model number of the relay for which the part is required.
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X
SYS. EQUIV.j:lNFINITE
BUS
.~
RELAY
LOCATION
A\\X
i
1.e
(xd + L5

A - SHORT-CIRCUITED FIELD AT FULL LOAD
B - SHORT-CIRCUITED FIELD AT MODERATE LOAD

€ - SHORT-CIRCUITED FIELD AT NO LOAD OR OPEN-
CIRCUITED FIELD AT NO LOAD.

Fig. 1 (0246A3385-0) Typical Impedance Loci on Loss of Field Excitation
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X
SYS. EQUIV.
INFINITE
f BUS
RELAY \F 3¢ FAULT
LOCATION
R
LLperyniT — — — — — — =

(1.0 + L9y perunir

(xd + L) perouniT _ _ >

F - THREE PHASE FAULT LOCATION

A - LOCUS OF SWING IMPEDANCE FOR CONDITIONS OF UNITY POWER FACTOR LOAD, AND/OR FAST FAULT
CLEARING, AND/OR VOLTAGE REGULATOR IN SERVICE (DASHED LINES)

La- UNITY POWER FACTOR 1.0 PER UNIT LOAD IMPEDANCE.

Sa- IMPEDANCE IMMEDIATELY AFTER FAULT IS CLEARED

B - LOCUS OF SWING IMPEDANCE FOR CONDITIONS OF LEADING 0.95 POWER FACTOR LOAD, AND
FAULT CLEARING AT CRITICAL SWITCHING TIME, AND VOLTAGE REGULATOR OUT OF SERVICE. (soLID LINES)

Lp- 0.95 LEADING POWER FACTOR 1.0 PER UNIT: LOAD IMPEDANCE
Sp~ IMPEDANCE IMMEDIATELY AFTER FAULT IS CLE ARED.

Fig. 2 (0246A3386-0) Typical Impedance Loci for Swings Resulting
from System Disturbances
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PHASE SEQUENCE NOTE: |F 2 CEH RELAYS ARE USED CONNECT
1-2-3 OR 3-2-1 POTENTIAL CIRCUITS IN PARALLEL AND
3 2 | CURRENT CIRCUITS IN SERIES USING
]' | I SAME POLARITIES AS SHOWN HERE.

SEE FIG. 6 FOR THE NECESSARY
d-c  CONNECTIONS

BREAKER
TRANSFORMER
(IN UNIT CONNECTION) R FUSE CEH
SEPARATELY FROM
SEPARATELY s OFFSET
) - ALL OTHER SEC.BURDENS M TRANSACTOR
TRIPPING 7
DIRECTION
OF MAG- l 8
NETIZING 1
KVAR
- REST
Vi |LOWER RATED DC POL
POSITIVE V2IHIGHER RATEDDC
DIRECTION
OF KW AND
MAGNETIZING ALTERNATE CT
KVAR _J ._I _J T CONNECTIONS
= 9 o-¢

B T
A é) _l_ . j{ hcdé:o';,ms
| I_‘*A '

' 331
L _ 2

TO TRIP COIL
OR TRIP RELAY vz SEE
-9 T
GEN. PARALLEL "a® CONTACTS IN ABLE
RING BUS OR EQUIVALENT 52

S contacts musTse useo 1T @

(=) o-C

Fig. 3 (0246A3387-4) External Connection Diagram for Type CEH Relay
Using PT's Connected in Open-Delta
Either CT Connection
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PHASE SEQUENCE NOTE:
1-2-3 OR 3-2-1 IF 2 CEH RELAYS ARE USED, CONNECT
3 2 } POTENTIAL CIRCUITS IN PARALLEL AND
I l ‘ CURRENT CIRCUITS (N SERIES USING
SAME POLARITIES AS SHOWN HERE.
BREAKER SEE FiIG 6 FOR THE NECESSARY J-c
CONNECT! ONS
FUSE CEH SEPARATELY
TRANSFORMER FROM ALL OTHER SEC.
(IN UNIT CONNECTION) BURDENS OFFSET
2 ?A/\A{ TRANSACTOR
q
TRIPPING
DIRECTION OF —
MAGNETIZING 8
KVAR
REST
3 POL
POSIT I VE £ 4 |VI|ILOWER RATED DC
DIRECTION OF -1 V2IHIGHER RATED DC
KW AND .J .J = ALTERNATE CT CONNECTIONS
MAGNETIZING
KVAR
5, 6
4 3 I
A, |
l -—t
1 L MAIN
_] —I —-[ —l_ :7‘ CONTACTS
L oL | Lo
b_T 5 .6 ,
‘ [
4/\,3 :
|
Lo__ _ _2
T0 TRIP COIL
OR TRIP RELAY - 10lv2 SEE
PARALLEL "a® CONTACTS IN 9 TABLE

RING BUS OR EQUIVALENT

GEN
U 32 conTacTs MUST BE USED
(-)DC

Fig. 4 (0246A3388-4) External Connection Diagram for CEHS5]A
Relay Using Wye Connected PT's
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PHASE SEQUENCE
1=2=3 OR 3-2-|

3 2 [

BREAKER

TRANSFORMER
(IN UNIT CONNECTION)

TRIPPING
DIRECTION OF
MAGNETIZING
KYAR

POSITIVE
DIRECTION OF

KW AND
MAGNETIZING

;W“‘
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NOTE:

IF 2 CEH RELAYS ARE USED, CONNECT
POTENTIAL CIRCUITS {N PARALLEL
AND CURRENT CIRCUIT [N SERIES
USING SAME POLARITIES AS SHOWN

HERE,

SEE FIG. 6 FOR THE NECESSARY

d-c CONNECTIONS

FUSE CEH SEPARATELY
FROM ALL OTHER SEC.
BURDENS

I

KVAR

1
)
1.
+-
|
l_

o

GEN

\4

LOWER RATEDDC

V2|HIGHER RATED DC

POL
aLTERNATE _(3) DC
CT CONNECTIONS |
" J
3 |
| ]
- MAIN CONTACTS
1
LX) Z_ ) \
OTHER |
RELAYS ‘
1 ‘
L L — ___zi .
TO TRIP COIL
OR TRIP RELAY
PARALLEL "a® CONTACTS IN RIN TABLE
BUS OR EQUIV. = 52
52 coNTACTS MUST BE USED | @ a
(-)DC

Fig. 5 (0246A3389-5) External Connection Diagram for Type CEH51A
Relay Using Line-to-Neutral Connected PT
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(+) 125V OR 250V DC
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I
Lo l 4 4o-2
4o~ 1 <:f:> 40-27
S S
- 40- | I T 7 L sz 40-2
T A A A
! 40-2
2 | sl
| | ! 2
f =1 | \r 40-2
40Y 4oy ] N T
T0 TRIP COIL m T
40
| OR TRIP RELAY 4oy Y 1 IO!
(vi__jve 40vY TIMER vi V2
— T
SEE TABLE — I SEE
52 TABLE
] 52 CONTACTS MUST BE USED.
52 2
T a )PARALLEL CONNECT3Z. CONTACTS
IN RING BUS OR EQUIVALENT.
(-)DC
TABULATION OF DEVICES
DEVICE RELAY | INCLUDING
XO. MODEL UNITS DESCRIPTION INTERNAL
§0-1 CEHSI1A LOSS OF EXCITATION UNIT 0227A2540
40-2 CEHSI A LOSS OF EXCITATION UNIT 022742540
sI TARGET AND SEAL-IN
A AUXILIARY UNIT
4oy SAMI1B22A TIMER 208A2421-0-SH
1,2
U TIMING UNIT
T TARGET
VI{LOWER RATED DC
V2 |{HIGHER RATEDDC

Fig. 6 (0246A3390-2) DC Connections for Scheme Using Two CEH51A Relays

and a SAM Timing Relay
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MAIN FUSFS
|F 1ISED |-
T0 OTHEP
|- CEVICES
PT
SECONCARY! s - -
CIRCUITS
{__
T0 OTHER
| + T+ DEVICES
3 -
D ‘ '
—D
. 70 CEH
PEL AY
s i

PROPER WAY TO FUSE CEH

Fig. 7 (0246A3391-1) Correct Secondary PT Fusing for CEH51A Relay

27



GEK-27887

TC CTHFR

f CEVICES
/s

\L

y

TC CEH
REL AY

— é
| T TO OTHEP
E l r BB ” DEVICES

1 TO CFE
f RFL AY

INCORRECT WAY TO FUSE CEH

Fig. 8 (0246A3392-1) Incorrect Secondary PT Fusing for CEH51A Relay
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1200 110° 100° 90° 80° 700 60°

~ N
VOLTAGE ACROSS “STUDS 7-8°
xCURRENT THRU STUDS-3-6
(JUMPER4—Q)

1
‘ 0-N OHMS

£ 10 — 15 — 20 ——

2400 250° 260°

ANGLE BY WHICH CURRENT LAGS VOLTAGE

Fig. 9 (402A977 -5) Characteristics of Type CEH51A Relay with Two Ohm

(Phase-to-Neutral) Offset and 23 Percent Tap Setting
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TYPE CEH11A RELAY

CHARACTERISTICS OF RELAY WITH VARIOUS TAP SETTING WHEN SET
FOR 1 OHM OFFSET.
ALL VALUES ARE PHASE - TO - NEUTRAL OHNS

40%

] /

18

; /

22

d
o /\\20%

Fig. 10 (402A978-0)
Tap Setti

Characteristics of Type CEH51A Relay at Various Restraint
ngs, One Ohm Offset. A1l Values Phase-to-Neutral
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CHARACTERISTIC OF RELAY WITH VARIOUS VALUES OF OFFSET OHMS

WITH TAPPED

ALL VALUES ARE PHASE-TO-NEUTRAL OHMS.

GEK-27887

TYPE CEH11A RELAY

TRANSFORMER SET ON 100%.

X
1]l 21 3| 4| 5| 6| .7| 8 10
._R // R
oA 1 N
Y AL T~X
'//// : — \\ ZERO OFFSET
| OHM
T
M e 3\\ N 0.5 OHM OFFSET
2 //--4\\\ 1 OHM OFFSET

e S 1.5 OHM OFFSET

> 5 | 2 OHM OFFSET

~1= — 2.5 OHM OFFSET
\—// 3 OHM OFFSET
N S [

N 3.5 OHM OFFSET
WANT7 L 4 OHM OFFSET
\\\\/7 -

8+~ A
N
)

10
X

Fig. 11 (402A974-2) Characteristics of Type CEH51A Relay, 100 Percent
Tap Setting, Various Values of Offset
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Vi2 Vi
7
Sf~——TEST 1 VOLTS
/
/
/
3¢ TEST SOURCE

/ V23
TEST 2 VOLTS

3¢ TEST SOURCE
120 V RATED FREQUENCY TEST TEET

&
2
PH. SEQ. 1-2-3 | . o
| 8
>

Fig. 12 (402A994-1) Test Connections for Determining
the Characteristics of a CEH51A

*Indicates Revision 32
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15 VOLTS RATED FREQUENCY

NOTE :

24 OHMS

TEST REACTOR

SET INPUT TAP ON 90
FOR THIS TEST.

6 5

Y 3
—O—A—0—0—4—0—

FIG. €

Fig. 13 (362A502-1) Polarity Test for Type CEH51A Relay

*Indicates Revision
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o
® ® ® 66

Fig. 14 (0127A9516) Test Plug Connections to Reverse Potential
of Polarizing and Restraint Circuits
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FAULT l
SWITCH
G — STUD 8
TEST 7
REACTOR 0
CAT. 6054975 1 0 RELAY
0 § POTENTIAL
RATED A T CIRCUIT
VOLTAGE N P
AND U
FREQUENCY § T
0
R o~ STUD 7
M
e SET INPUT TAP ON 90
R FOR TH!S TEST

8 54 " 3,
RELAY CURRENT
CIRCUIT

Fig. 15 (402A959-1) Test Connections for Type CEH51A Relay
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POWER
FACTOF .
0.64” !
OHMS _ ; |
OFFSET \ \ iy |
> L | 0.76
: - POWER OUT OF MACHINE
3 REVERSE ngER/ﬁ"‘ OVEREXC ITED
QYEREXCITED -
1 0.94
0.98
1.00
% BESTRAINT
\ RO OFFSET
a N 340
S Reve OHER
! ~.  UNDEREXCITED / ,.
| ; ’ ' 330
| A ~ POWER OUT OF MACHIN
n )//// 'UNDEREXC I TED
: // N 220
i
L / /
230 2,0 250

310
ANGLE BY WHICH CURRENT LEADS VOLTAGE |

Fig. 16 (402A924-2, Sh. 2) Characteristics of Type CEH51A Relay with
Potential Reversed and Five Percent Tap Setting
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% =SHCRT FINGER

R
FLOATING
—L MAIN
T CONTACT
TAP TRANS.
‘ SO N0 | e= SHORT
\ { ] S HEX
STUD
/ v——
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- LA\ A
<2 |E< 21 $ J
wo W b3 A
S | c E3RpL R I/WHEN
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<
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| 3 5 7 9
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Fig. 17 (0227A2540-4) Internal Connections for Type CEH51A Relay
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RATED FREQUENCY

w N

LOAC

BOX

®
>0
m==x
—oO >
meo
oxmMmm @

w
*—
s 4
(¢}

s

Yy $5
POTENTIOMETER iS
OR VARIAC

Fig. 18 (0362A501-3) Test Connections for Type CEH51A Relay
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TEST 2

Ny

~

“~—CEH CHARACTERISTIC

Fig. 19 (402A993-0) Test Points to Determine the Characteristics

of a CEH51A Relay
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Fig. 20 (K-6209273-4) Outline and Panel Drilling Dimensions
for Type CEH51A Relay
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LOSS OF EXCITATION RELAY

CEH51A

DESCRIPTION

The CEH51A is a single phase, single zone, offset mho distance type relay. The
relay is designed to detect a loss of excitation on synchronous machines. An offset
mho characteristic was chosen to provide selectivity between Tloss of excitation and
other normal or abnormal conditions that may exist on the system. A 66-83 millisecond
fixed time delay auxiliary unit is employed in the CEH51A relay to prevent undesired
tripping due to shock, vibration or sudden complete loss of AC potential, any of which
might result in momentary closure of the main unit contacts. Depending on the
application, one CEH51A relay and a suitable lock-out relay, or two CEH51A relays plus
an adjustable timing relay and a lock-out relay are required. This is discussed in the
section under APPLICATION.

The CEH51A relay complete with target seal-in unit and auxiliary time-delay unit
is packaged in a standard M2 drawout case, the outline and panel drilling dimensions
for which are illustrated in Fig. 20. The internal connection diagram for the CEH51A
is illustrated in Fig. 17.

APPLICATION

The CEH51A relay is a single phase offset mho relay and it is used to detect a loss
of excitation on synchronous machines. Loss of excitation can be damaging to the
machine and/or detrimental to the operation of the system. It is recommended that loss
of excitation protection be considered for all synchronous generators.

When a synchronous generator loses excitation it will tend to act as an induction
generator. It will run above normal speed, operate at reduced power and receive its
excitation (VARS) from the system. The impedance seen by a relay looking into the
generator will depend on the machine characteristics, the load flow to the loss of
excitation, and the type of excitation failure.

Fig. 1 illustrates a unit type generator connected to a power system with an
of fset mho distance relay at its terminals set as indicated on the R-X diagram. The
relay is set with an offset equal to one-half the direct axis transient reactance and a
diameter equal to the direct axis synchronous reactance of the generator. Typical
impedance loci as seen by the relay when the excitation is lost as a result of a short
circuit across the field windings are also shown in Fig. 1. Curve A represents loss of
excitation from full load conditions. This locus terminates in a region near the
negative X axis at about a point located approximately at the average of the direct and
guadrature axis sub-transient impedances of the generator. In the case of no load or
very light load prior to the loss of excitation, the impedance seen by the relay

These instructions do not purport to cover all details or variations in equipment nor to provide for
every possible contingency to be met in connection with installation, operation or maintenance. Should
further information be desired or should particular problems arise which are not covered sufficiently for
the purchaser's purposes, the matter should be referred to the General Electric Company.

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards;
but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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terminates in an area near the negative X axis as shown by point C. The impedance seen
by this case is approximately equal the average of the direct and guadrature
synchronous impedances of the generator. Curve B applies for some moderate condition
between full and no load.

In the event of an open-circuited field in which the slip rings flash, the field
will then be effectively shorted and the curves of Fig. 1 apply. If the slip rings do
not flash and field remains open circuited, the impedance loci will terminate at
approximately the same points as shown in Fig. 1 (for the same initial conditions), but
since the slip rates are different they will generally follow different paths in
getting there.

Thus, the characteristic of Fig., 1 will suffice to detect a loss of excitation
from any initial loading due to an open or a shorted field circuit.

Since a characteristic with settings as illustrated in Fig. 1 is required to
detect a loss of excitation, it should be ascertained that such an_application is
secure against undesired operation on stable system swings resulti g from system
disturbances. Fig. 2 illustrates typical impedance loci as viewed by an offset mho
relay located at the generator terminals for different system conditions after a nearby
fault is cleared.

The dash curve A represents the case for conditions of a three-phase short circuit
at (F) the high side of the unit transformer occurring when the machine is running at
full Toad and unity power factor (L,). When the fault is cleared in nominal relay plus
breaker times with the voltage regulator in service, the impedance jumps to point Sa
and follows the path of the dash Tines back to the region around L. This is a stable
swing and the impedance path does not enter the required CEH characteristic.

The solid curve B illustrates an extreme case of a similar set of circumstances.
In this case:

a) The machine was running underexcited prior to the fault (Ly).
b) The fault was not cleared until the critical switching time for
v the machine in question.

c) The voltage regulator was out of service.

While the resultant swing was stable and would eventually settle back to the area
around Ly, the impedance locus entered the larger relay characteristic. Studies
indicate that the duration of its stay in the characteristic is in the order of 0.2 to
0.4 seconds. Thus, if the larger relay characteristic is employed with a time-delay
auxiliary relay which is set for about 0.5 - 0.6 seconds, undesired tripping will not
take place.

Under these conditions it is recommended that two mho characteristics be employed
as indicated in Fig. 2. Both characteristics should be set with an offset equal to the
ohmic value of X4/2 per unit. The smaller one should be set with a diameter equal to
the ohmic equivalent of (1.0) per unit impedance on the machine base and the Targer one
set with a diameter equal to the ohmic equivalent of Xq per unit. The relay with the
smaller set characteristic would operate in conjunction with a built-in four-to-five
cycle time-delay auxiliary while the relay with the larger set characteristic would
operate in conjunction with an external timing relay having a range in the order of
0.15 - 3.0 seconds.
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In actual practice, whether a fault condition will produce a swing similar to that
of curve A or B in Fig. 2 will depend on system and generator operating conditions.
This can be fully evaluated only by a study of the system. Thus, whether one or two
relay characteristics are required will depend on the possible modes of operation of
the generator, the generator characteristics and the particular system involved.

There is some concern about the performance of the voltage regulator when it is
operating on the underexcited 1imit. It is feared that the requlator will "undershoot"
while trying to maintain the 1limit and thereby cause the apparent impedance to
momentarily enter the relay characteristic. Thus, if one single characteristic is used
as illustrated in Fig. 1, there may exist the possibility of undesired operation as a
result of regulator "undershoot." When two characteristics are used as illustrated in
Fig. 2, the large one with time delay, this problem could be avoided. The generator
regulator manufacturer should be consulted to establish the time delay to be used with
the relay.

It should be recognized when using the two characteristics as illustrated in
Fig. 2, that a bonafide loss of excitation from the lighter load conditions may be
detected only by the larger characteristic. This will result in a delayed trip which
may have some adverse effects on the system. This should be evaluated by the user.

The basic considerations discussed above apply to generators with all types of
prime movers. However, in the case of hydro machines which may be operated severely
underexcited during Tight load to compensate for system distributed capacitance, the
operating condition can approach the Toss of field condition in terms of impedance seen
by the CEH at the machine terminals. These applications, along with underexcited
synchronous condenser applications, should be referred to the factory for additional
information.

The CEH relay is designed for use with line-to-line voltages (Ep-Eg) and delta
currents (Ip-Ig). Wye or delta connected PTs rated 120 volts phase-to-phase may be
used. External connection diagrams for this application are shown in Fig. 3 and 4. It
may also be applied with a single Tine-to-neutral PT with a secondary voltage rating of
69 or 120 volts, but in this case only one current coil is connected in the CT circuit.
External connections for this application are shown in Fig. 5. Regardless of which
connections are used, the relay settings are calculated as indicated in the section
under CALCULATION OF SETTINGS. However, it should be noted when the CEH is used with
one single phase-to-ground PT that the actual PT ratio on the tap selected (69 or 120
volts) must be used in the calculation of secondary ohms.

The external connections to the CEH51A relay as illustrated in Fig. 3 through 6
indicate that breaker contacts 52/a must be used in the DC circuits. These 52/a
contacts are required in order to prevent the relay from misoperating during start-up
procedures when there might be low frequencies or no voltage (restraint) applied to the
relay.

An important consideration in the application of the CEH relay relates to the PT
secondary fusing practice. In general, the PTs that provide potential to the CEH relay
will have other burdens connected between phases and possibly between phases and
neutral. If a secondary fuse or circuit breaker on one phase is open, the potential on
that phase will not necessarily go to zero. It will generally assume some potential
depending on the impedance of the total burdens connected between that phase and the
other phase and ground. If this resulting potential is applied to the CEH relay the
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diameter of the characteristic will usually increase and the angle of maximum torque
will shift clockwise or counterclockwise depending on the circumstances. This can
result in improper operation during load conditions. Thus, when PT secondary fuses are
employed it is recommended that the CEH relay be fused separately from all other
devices, as indicated in Fig. 7A, so that any blown fuse, except a main fuse, will
result in either zero voltage or normal voltage to the CEH relay. This will not cause
the relay to operate falsely under normal 1oad conditions. However, if the short
circuit that caused the fuse to blow or other burden is maintained across the CEH
relay, false operation may occur after clearing a prolonged nearby system fault.
Fig.7B illustrates two examples of how not to fuse the PT circuits to the CEH relay.

The blowing of a PT primary fuse (where used) presents a similar problem that
cannot generally be solved as easily as the secondary fuse situation. In the case of
three wye connected PTs, a blown primary fuse can result in the CEH relay receiving low
and phase shifted voltage. This can result in the relay operating falsely on load or
possibly after clearing a nearby system fault depending on the circumstances.

In the case of two open-delta connected PTs, with primary fuses as illustrated in
Fig. 3, a blown primary fuse on the associated PT can result in a characteristic that
is larger than the setting and with its angle of maximum torque shifted in phase angle.
However, this shift is in the direction of non-operation under load conditions.

If a single PT Is used, connected either phase-to-neutral or phase-to-phase, a
blown primary or secondary fuse will remove potential from the relay. The relay will
not operate to trip correctly or incorrectly for this condition.

Using the connections and secondary fusing shown in Fig. 3 through 7A will prevent
undesired tripping under load conditions when a secondary fuse is removed or blown. In
order to prevent such tripping on the loss of a primary fuse with wye connected PTs, a
Type CVFB voltage balance relay is suggested to supervise the CEH51A tripping contacts.

CALCULATION OF SETTINGS
There are two settings that must be made on the CEH51A relay. They are the offset
tap setting and circle diameter restraint tap setting. It is recommended that the
following offset and diameter settings be used.

1. If only one CEH relay is required

OFFSET

one-half transient reactance (X'q/2)

DIAMETER

synchronous reactance (Xd)
2. If two CEH relays are required:

OFFSET

one-half transient reactance (X'q/2) for both relays

SMALL DIAMETER 1.0 per unit reactance on machine base

LARGE DIAMETER

synchronous reactance (Xd)
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The offset tap setting is made directly in terms of secondary ohms via the L and H
leads on the offset tap block. Settings can be made in the range indicated on the
nameplate in 0.5 ohm steps. Note that the offset setting is equal to the difference
between the two offset taps used. If the offset tap setting cannot be made exactly, the
next higher tap setting should be used.

The circle diameter setting Ns made via the upper and Tower leads on the restrain
tap block. The tap setting is expresed in percent and is a function of the basic
minimum diameter of the relay and the desired ohmic diameter in secondary ohms. It is
adjustable in a range of zero to 100 percent in one percent steps, but the setting
should never be set below ten percent. It is calculated as follows:

(Basic minimum diameter) (X) (100) (1)

Restraint Tap Setting (%) = (Desired diameter in secondary ohms)

INFORMATION REQUIRED TO MAKE SETTINGS

Transient Reactance (X'q) - in percent or per unit on the associated
machine base.

Synchronous Reactance  (Xgq) - in percent or per unit on the associated
machine base.

Base MVA - MVA base equals generator rating in MVA
Base KV - KV base equals generator rating in KV
CT Ratio

PT Ratio

EXAMPLES OF CALCULATIONS

Given the following:

X'qg = 50% = 0.50 per unit
Xd = 196% = 1.96 per unit
Base MVA = 600
Base KV = 14.0
CT Ratio = 25,000/5 = 5000/1
PT Ratio = 14,400/120 = 120/1
then
Ipase (sec) = —&%%—%%%glz X —{;}%%%%}%—
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142

X 5000

= 13.8 secondary ohms

X'4(sec) = (Zhase) x (X'g per unit)
= 13.8 x 0.5
= €.9 secondary ohms
Xd(sec) = (Zpase) x (Xg per unit)

= 13.8 x 1.96

= 27.0 secondary ohms

1.0 per unit secondary (Zhase)

| 13.8 secondary ohms

In the following calculations the 5-50 ohm relay with 0.5 - 4.0 ohm offset is
assumed. Note that the offset setting is the difference between the two offset taps
used. —_—

I. If only one CEH relay is used,

XI
a) Set offset tap = g = 6é9 = 3.45 ohms
Use the next higher tap setting = 3.5 ohms

Set L lead on 0.5 and H lead on 4.0

b) Set restraint tap to value corresponding to actual synchronous reactance
of machine in secondary ohms (Xgq = 27.0 ohms)

From equation (1) above

Restraint tap = _§§;_%QQ_ = 18.5%, use next lower tap - 18%

Set upper number one lead on tap 8
Set Tower number one lead on tap 10

II. When either regulator undershoot or stable swings are of concern, then two CEH
relays should be used.

a) Set offset on both relays for 3.5 ohms as in Ia above.

b) Set small diameter relay restraint tap to value corresponding to 1.0 per
unit reactance which is given above as 13.8 ohms.
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Restraint tap =

5 x 100 _
133 36.2%, use next lower tap - 36%

Set upper number one lead on tap 6
Set lower number one lead on tap 30

c) Set the larger diameter restraint tap to a value corresponding to the actual
synchronous reactance of machine in secondary ohms as described in Ib above.
Determine time delay necessary to ride over regulator undershoot and/or
stable swing and make appropriate time-delay setting on the SAM relay.

Equation (1) above is based on the input taps to the autotransformer being set at
100 percent. Diameter settings that are exactly equal to the calculated values can be
obtained only if the result of operation (1) is an integer. If the result is not an
integer, the diameter setting will not be exactly equal to the desired value. The
resulting error that is introduced may or may not be significant. The diameter setting
can be made to give closer results by using the following procedure if it is felt that
the error is significant.

a. Calculate the restraint tap setting using equation (1) and select the next
lower tap setting; i.e., if restraint tap = 18.5, select restraint tap = 18.

b. Using the value from (a), calculate a new input tap setting as follows:

(Restraint Tap) x (desired diameter in secondary ohms) (2)

Input Tap = [Basic minimum diameter)

As an example, in the case illustrated above, the desired diameter in
secondary ohms = 27.0 and basic minimum diameter = 5 ohms, then, using
equation (1)

Restraint Tap = _5 x 100 _ 18.5%

27.0

If the 18 percent restraint tap is used, the relay diameter will be 27.8 ohms, or the
diameter will be 26.3 ohms if the 19 percent tap is used. A closer setting can be
obtained if equation (2) is used and the restraint tap is set for 18 percent.

From equation (2),

18 x 27.0

£ = 97.1%

Input tap =

The input tap leads are attached to the tap block by hex-headed tap screws. The
input tap setting is equal to the sum of the two input taps used, and it is normally set
at 100 percent, i.e., the upper Tead at ten percent and the Tower lead at 90 percent.
To change the input tap setting, the Tower lead should be maintained at 90 percent. The
upper lead only should be moved, and it should only be moved between the 0-10 percent
tap positions. This combination of settings allows the input tap setting to be varied
between 90-100 percent in one percent steps. In the example cited above, the upper
input lead would be set at seven percent, thus giving an input tap setting of 97
percent. The input tap setting should never be set below 90 percent, and this will be
so if the procedure noted above is followed.
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tap at 97 percent to give:

Diameter

There are several combinations of ratings available in the 12CEH51A(-)A relays.
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Basic Minimum Diameter x

= 27.0 ohms

RATINGS

Input Tap

Restraint Tap

p at 18 percent and the input

VOLTAGE CURRENT FREQUENCY TRANSACTOR (OFFSET)
RATING RATING RATING RATING
115v 1 amp 50 Hz 0, 2.5, 5.0, 12.5, 20 ohms
115v 5 amps 50 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms
115v 5 amps 60 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms
115v 5 amps 25 Hz 0, 0.5, 1.0, 2.5, 4.0 ohms

The offset transactor has two leads marked H and L for setting the offset

reach. The two leads can be used to vary the offset ohms on the four ohm offset

transactor in 0.5 ohm steps. The 20 ohm transactor can be varied in steps of 2.5
ohms.

The one second thermal rating for this relay is 150 amperes.

BURDENS
Because of the presence of a transactor in the relay, the burdens imposed upon
the current and potential transformers are not constant, but vary with the ohmic
reach, amount of offset, and amount and phase angle of the current.

CURRENT CIRCUITS

The maximum burden imposed on each current transformer is:

RELAY
RATING "I* FREQUENCY R X Z
5A 60 0.064 0.102 0.120
1A 60 1.60 2.55 3.00
5A 50 0.028 0.045 0.053
1A 50 0.704 1.122 1.325

10
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The current burden was measured under phase-to-phase conditions which yield
higher burden readings than balanced three-phase conditions. Also any other change
caused by different conditions of offset will cause the burden to be Tess than
indicated.

POTENTIAL BURDEN

The maximum potential burden at 115 volts is:

FREQUENCY WATTS VARS VOLT-AMPS
60 10.0 7.8 12.7
50 12.0 9.35 15.2

The potential burden will decrease as the restraint tap is decreased. The
maximim burden, given above, occurs with a restraint tap setting of 100 percent.
The potential burden will also depend upon the angle between the voltage and current
applied to the relay. Maximum potential burden occurs when the current (I - I3)
lags the voltage (Vi.3) by 90 degrees (generator at zero P.F. overexcited).

The DC auxiliary unit (A) will draw approximately 35 milliamperes at rated
voltage.

The ratings of the seal-in unit for its various taps (0.2/0.6 or 0.2/2.0) are
given in Table A below.

TABLE A
TAP

0.2 0.6 1 2 4
DC RESISTANCE +10%  (OHMS) 8.3 0.78 0.32 0.24 0.04
MINIMUM OPERATING (AMPERES)| 0.2 0.6 1.0 2.0 4.0
CARRY CONTINUOUSLY  (AMPERES)| 0.37 1.2 1.8 2.3 5.5
CARRY 30 AMPS FOR (SECONDS)| 0.05 0.5 0.85 2.2 13
CARRY 10 AMPS FOR (SECONDS)| 0.45 5.0 7.5 20 125
60 Hz IMPEDANCE (OHMS) 50 6.2 2.6 0.65 0.16
50 Hz IMPEDANCE (OHMS) 42 5.1 2.2 0.54 0.13

11
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CHARACTERISTICS

The offset mho unit is similar to the basic mho unit with the addition of a
transactor. The transactor is an air gap reactor with a secondary winding for obtaining
the desired voltage at a given primary current. It also provides electrical jsolation
between the current and potential circuits. By adding the transactor-secondary voltage
in series with terminal voltage of the potential transformer and applying the vector
sum to the mho unit potential circuit, the effect is to offset the ohmic characteristic
without changing its diameter.

The internal connections to the transactor secondary are of such polarity that the
offset is in the direction to move the center of the circle away from the origin.
Fig. 11 shows the effect of changing the offset tap when the restraint tap is left at
100 percent. This shows that the diameter of the characteristic does not change with
the offset, but that the center of the circle is moved away from the origin by the value
of the offset tap. Fig. 10 shows the effect of changing the restraint tap when the
offset tap is set on one ohm. The diameter of the circle in phase-to-neutral secondary
ohms is equal to

500
restraint tap %.

In other words, the diameter is five ohms if the restraint tap is 100, or 12.5 if the
restraint tap is 40. The one ampere rated relay has a 25 ohm diameter circle.

The auxiliary element (A), a telephone type relay, is mounted centrally. The
purpose of this auxiliary is to prevent the relay from tripping the breaker falsely due
to vibration when no voltage is applied to the potential circuit, or on contact bounce
if the voltage falls to zero. The operating time of this unit is 0.067 to 0.083
seconds.

RECEIVING, HANDLING AND STORAGE

These relays, when not included as part of a control panel will be shipped in
cartons designed to protect them against damage. Immediately upon receipt of a relay,
examine it for any damage sustained in transit. [If injury or damage resulting from
rough handling is evident, file a damage claim at once with the transportation company
and promptly notify the nearest General Electric Apparatus Sales Office.

Reasonable care should be exercised in unpacking the relay in order that none of
the parts are injured or the adjustments disturbed.

[f the relays are not to be installed immediately, they should be stored in their
original cartons in a place that is free from moisture, dust and metallic chips.
Foreign matter collected on the outside of the case may find its way inside when the
cover is removed, and cause trouble in the operation of the relay.

12
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ACCEPTANCE TESTS
INSPECTION

Before placing a relay in service the following mechanical adjustments should be
checked, and faulty conditions corrected:

The armature and contacts of the target and seal-in unit should operate freely by
hand.

There should be a screw in only one of the taps on the right-hand contact of the
target and seal-in unit.

The target should reset promptly when the reset button at the bottom of the cover
is operated with the cover on the relay.

There should be no noticeable mechanical friction in the rotating structure of the
units, and the moving contacts should return to the right when the relay is de-
energized.

There should be approximately 0.012 inch end play in the shaft of the rotating
structure. The Tower jewel screw bearing should be screwed firmly into place, and the
top pivot locked in place by its set screw.

A1l nuts and screws should be tight, with particular attention paid to the tap
plugs.

If possible, the relay contact circuit should be given an electrical test in place
by closing the mho unit contacts by hand and allowing tripping current to pass through
the contacts and the target and seal-in unit.

The rotating structure of the mho unit is not balanced, so that any slight torque
caused by a tilt of the shaft when the relay is installed ready for operation should be
compensated for by using the control spring adjusting arm at the top of the unit.
Rotate the control spring adjusting ring so as to return the moving contact arm to the
right-hand backstop. The control spring should hold the contacts definitely open.

CAUTION: EVERY CIRCUIT IN THE DRAWOUT CASE HAS AN AUXILIARY BRUSH. IT IS ESPECIALLY
IMPORTANT ON CURRENT CIRCUITS AND OTHER CIRCUITS WITH SHORTING BARS THAT THE
AUXILIARY BRUSH BE BENT HIGH ENOUGH TO ENGAGE THE CONNECTING PLUG OR TEST
PLUG BEFORE THE MAIN BRUSHES DO. THIS WILL PREVENT CT SECONDARY CIRCUITS
FROM BEING OPENED.

ELECTRICAL TESTS

Drawout Relays General

Since all drawout relays in service operate in their cases, it is recommended that
they be tested in their cases or an equivalent steel case. In this way any magnetic
effects of the enclosure will be accurately duplicated during testing. A relay may be
tested without removing it from the panel by using a 12XLA13A test plug. This plug

13
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makes connections only with the relay and does not disturb any shorting bars in the
case. Of course, the 12XLA12A test plug may also be used. Although this test plug
allows greater testing flexibility, it also requires CT shorting Jjumpers and the
exercise of greater care since connections are made to both the relay and the external
circuitry.

Power Requirements General

A1l alternating current operated devices are affected by frequency. Since non-
sinusoidal waveforms can be analyzed as a fundamental frequency plus harmonics of the
fundamental frequency, it follows that alternating current devices (relays) will be
affected by the applied waveform.

Therefore, in order to properly test alternating current relays it is essential to
use a sine wave of current and/or voltage. The purity of the sine wave (i.e., its
freedom from harmonics) cannot be expressed as a finite number for any particular
relay; however, any relay using tuned circuits, R-L or RC networks, or saturating
electromagnets (such as time-overcurrent relays) would be essentially affected by non-
sinusoidal waveforms.

Similarly, a relay requiring DC control power should be tested using DC and not
full wave rectified power. Unless the rectified supply is well filtered, many relays
will not operate properly due to the dips in the rectified power. Zener diodes, for
example, can turn off during these dips. As a general rule the DC source should not
contain more than five percent ripple.

Polarity Check

The polarity of the relay can be checked by making the connections shown in
Fig. 13. With these connections the mho unit contacts should close when the restraint
taps are on ten percent and open when the restraint taps are on 100 percent, using the
zero offset tap in each case.

A check of the relay reach can be made as follows:

1. Connect the relay as shown in Fig. 15.

2. Set the test reactor on the 24 ohm tap.

3. Set the relay restraint tap on 55 percent and the offset tap on two ohms.

4. Determine the minimum test box dial setting that will cause the mho unit
contacts to close. The dial setting should be between 15 and 19.

5. Determine the maximum test box dial setting that will cause the mho unit
contacts to close. The dial setting should be between 87 and 97.

6. The minimum and maximum test box dial settings, between which the mho unit
contacts should close, can be determined for any relay setting by the
following equations. However, for low restraint setting of the mho unit, the
calculated dial setting will be over 100 percent if a test reactor with a
maximum tap of 24 ohms is used. The phase-to-neutral reach can be checked by

14
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applying current to one of the two current circuits (either studs 3-4 or 5-
6). When only one of the two current circuits is used the test box dial
setting will be one-half the value calculated from the following equation:

200 sin B (offset ohms)
X

Minimum dial setting =

500

200 sin 0 TR +Xoffset ohms

Maximum dial setting

Where 8 = the power factor angle of the test reactor

X = actual reactance of reactor

TR = restraint tap setting of relay.

If the test reactor 6054975G1 is used, the term sin 8 can be assumed to be unity,
as any of the taps above three ohms have a power factor angle of 83 degrees or more.
INSTALLATION PROCEDURE

INSPECTION
Inspect the relay as described under ACCEPTANCE TESTS.
LOCATION

The location should be clean and dry, free from dust and excessive vibration, and
well Tighted to facilitate inspection and testing.

MOUNTING

The relay should be mounted on a vertical surface. The outline and panel drilling
dimensions are shown in Fig. 20.

CONNECTIONS

Internal connections are shown in Fig. 17.

Unless mounted on a steel panel which adequately grounds the relay case, it is
recommended that the case be grounded through a mounting stud or screw with a conductor
not less than #12 B&S gage copper wire or its equivalent.

OFFSET TAP BLOCK

The two leads to this tap block are marked L and H. The ohmic offset of the relay
is the difference between the H and L tap settings. By variation, any combination of
ohmic offset may be obtained up to four ohms in 0.5 ohm steps, phase-to-neutral. As an
example, placing the L lead in the 0.5 ohm tap and the H lead in the 4.0 ohm tap gives
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3.5 ohms offset. The H lead must be in a higher tap than the L lead to keep the offset
in the proper direction.

For the one ampere rated relay multiply the values listed by five.

RESTRAINT TAP BLOCK

Variation of the restraint tap setting varies the size of the ohmic
characteristic. See Fig. 10. The variation is in one percent steps up to ten percent
and in ten percent steps up to 100 percent, thus providing for a restraint adjustment
of 1-100 percent in one percent steps.

CHECK OF CHARACTERISTIC

1. Connect as shown in Fig. 18. Allow relay potential coils to warm up by
energizing at rated voltage for 15 minutes prior to testing.

2. Turn phase shifter to make angle 90 degrees (current leads voltage).
3. Set offset ohms on four ohms and transformer taps on 100 percent.
q, Increase current until contacts just close.

Current should be:

Voltage across studs 7-8 = 115 _ 6.39A
2 x Min, Ohms + 2 x Offset 10+8

The relay should operate within plus or minus ten percent (*#10%) of this
value,

5. To check any particular setting required for a specific application, proceed
as follows:

A. Calculate diameter of circle.

Diameter = Min. Ohms -N ohms
Tap Setting (e )

Example: Assume 23 percent tap setting

D = 3
iameter 0,23

21.7 ohms (@-N)

B. Center of circle = radius + offset

Example: Assume two ohms (g-N) offset

Center = 21é7 +2 = 10.85 + 2 = 12.85 ohms
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C. Draw relay characteristic on polar paper with center at 90 degrees
lead using distance from origin and diameter calculated above. See
Fig. 9.

D. Sct current in current coils at any test value.

I - Calculate @-N ohms as follows:

Ohms (@-N) = Voltage on studs 7-8
2 X1

Example: Assume I set at five amperes.

115

#-N ohms = > X 5

= 11.5 ohms (Points A and B)

E. Turn phase shifter and determine the two angles between which the
contacts of the relay are closed. These should check with the angles at
which the relay characteristic, drawn in step C above, crosses the
impedance calculated for the test current I in step D above.

F. Set phase shifter for 90 degrees lead and determine the minimum current
for which the relay contacts are closed.

Voltage studs 7-8
2 (Diameter + Offset)

Min. I (for Point C)

For example above:

i 115 _ _ 115

Min. 21,7 ¥ 2) = I35 - 2.63 amps

Three points have now been determined on the relay characteristic. These three
points should be enough to show the relay characteristic is the proper size and has the
correct angle of maximum torque. If more points are desired repeat step D above using a
different value of test current. During these checks endeavor to keep the test current
in the order of 20 amperes or less. The maximum current under abnormal conditions is
limited by the generator impedance and will usually be less than 20 amperes.

If the angle of maximum torque is not correct, it can be corrected by adjustment
of reactor (Xp1) or R22. If the diameter of the circle is not correct for the
particular tap setting, it can be corrected by adjustment of resistor (R13).

There is no adjustment on the offset, the offset taps are determined by the turns
of the transactor.

ALTERNATE CHECK OF CHARACTERISTIC

If no phase shifter is available, the relay characteristic may be checked at the
points shown in Fig. 19. The test connections are shown in Fig. 12.
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Apply a low current and gradually increase the current until the contacts close.
Increase the current further until the contacts reopen. The higher currents should be
removed quickly as they can be several times the relay rating.

For connections for test 1, the points on the R-X diagram of the relay
characteristic will be:

R = 0.5V - 0.25V
2 Ipickup Ipickup

X = -0.866V - -0.433V
2 Ipickup Ipickup

For test 2, the points on the R-X diagram will be:

R = 0.5V - 0.25V
2 Ipickup Ipickup

X = -0.866V - -0.433V
2 Ipickup Ipickup

INSTALLATION TESTS

When relay is installed and the generator is running, the following tests should
be made to check the overall connections.

To avoid an undesirable drop in system voltage due to operation far into the
underexcited region, this installation check is made with relay potential reversed as
shown in Fig. 14, and with the restraint reduced to zero or five percent. The reversal
of potential inverts the operating characteristic from its normal position, and the
reduction of restraint increases the diameter of the characteristics. Fig. 16 shows
these effects, and also the characteristic with zero restraint and zero offset.

With zero restraint, zero offset, and power out of the generator, the relay
contacts should be closed for all values of lagging power factor (overexcited), and
open for all values of leading power factor (underexcited). For this polarity test, it
1s not necessary to change the field from the unity power factor condition any farther
than enough to open and close the relay contacts.

If the relay, with the potential circuit reversed by the test plug, does not pass
the above polarity test, then it probably has reversed potential connections. Reverse
the connections from the potential transformers to studs 7 and 8. Repeat the above
polarity test. If the relay now passes the polarity test, then the potential
connections to the relay are now correct.

With five percent restraint and the value of offset chosen for the installation
being checked, the relay contacts should close as the excitation is increased from the
unity power factor condition sufficiently to cross the corresponding relay
characteristic of Fig. 16 into the more lagging (overexcited) area.
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PERIODIC CHECKS AND ROUTINE MAINTENANCE

In view of tf+ vital role of protective relays in the operation of a power system,
it is important that a periodic test program be followed. It is recognized that the
interval between periodic checks will vary depending upon environment, type of relay
and the user's experience with periodic testing. Until the user has accumulated enough
experience to select the test interval best suited to his individual requirements, it
is suggested that the points listed under INSTALLATION PROCEDURE be checked at an
interval of from one to two years.

CONTACT CLEANING

For cleaning fine silver contacts, a flexible burnishing tool should be used.
This consists of a flexible strip of metal with an etched-roughened surface, resembling
in effect a superfine file. The polishing action is so delicate that no scratches are
left, yet it will clean off any corrosion thoroughly and rapidly. Its flexibility
insures the cleaning of the actual points of contact. Do not use knives, files,
abrasive paper or cloth of any kind to clean relay contacts.

SERVICING
The relay is adjusted at the factory and it is advisable not to disturb the

adjustments. If for any reason they have been disturbed, the following points should
be observed in restoring them.

CLUTCH ADJUSTMENT

The induction-cup units have a clutch so that cup and shaft can slip with respect
to the moving contact whenever the torque 1in either the opening or the closing
direction becomes greater than a predetermined value. The grams to slip the clutch
should be measured by holding the cup and pushing with a gram gage against the moving
contact. The moving contact should slip relative to the cup at approximately 50 grams
pressure. The pressure at which the clutch slips can be changed by inserting a special
flat open-end wrench underneath the green composition head directly above the spool
body of the front coils so that it engages with the flats on the bakelite on the cup
shaft. Hold this wrench and with a 5/16 inch open-end wrench, loosen or tighten the
clutch by turning the nut below the spring wind-up sprocket. Turn the nut clockwise
(top-front view) to tighten the clutch setting. Turn counterclockwise to loosen it.

CONTACT ADJUSTMENT

The stationary contact should rest against its felt backstop and should have about
1/16-3/32 inch gap.
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RENEWAL PARTS

It is recommended that sufficient quantities of renewal parts be carried in stock
to enable the prompt replacement of any that are worn, broken or damaged.

When ordering renewal parts, address the nearest Sales Office of the General
Electric Company, specify quantity required, name of the part wanted, and give the
complete model number of the relay for which the part is required.

Since the last edition, Figures 3-6 have been changed, Figures 7 and 8 have been
relabeled 7A and 7B, the cover photograph and Figure 8 have been added, and paragraph 4
of the INSTALLATION PROCEDURE Check of Characteristic has been changed.
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X
SYS. EQUIV. .~ INFINITE
BUS
.~

RELAY

LOCATION
A_\S
i
.
(xd + 439

A - SHORT-CIRCUITED FIELD AT FULL LOAD
B - SHORT-CIRCUITED FIELD AT MODERATE LOAD

C - SHORT-CIRCUITED FIELD AT NO LOAD OR OPEN-
CIRCUITED FIELD AT NO LOAD.

Fig. 1 (0246A3385-0) Typical Impedance Loci on Loss of Field Excitation
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SYS. EQUIV.

INFINITE
BUS

RELAY ‘\F 3¢ FAULT
LOCATION

léﬁ PER UNIT

(1.0 + 58y per umiT

(xd 4 559 PER uNIT

F - THREE PHASE FAULT LOCATION

A - LOCUS OF SWING IMPEDANCE FOR CONDITIONS OF UNITY POWER FACTOR LOAD, AND/OR FAST FAULT
CLEARING, AND/OR VOLTAGE REGULATOR IN SERVICE (DASHED LINES)

L.~ UNITY POWER FACTOR 1.0 PER UNIT LOAD IMPEDANCE.

Sa- IMPEDANCE IMMEDIATELY AFTER FAULT IS CLEARED

B - LOCUS OF SWING IMPEDANCE FOR CONDITIONS OF LEADING 0.95 POWER FACTOR LOAD, AND
FAULT CLEARING AT CRITICAL SWITCHING TIME, AND VOLTAGE REGULATOR OUT OF SERVICE (SOLID LINES)

Ly~ 0.95 LEADING POWER FACTOR 1.0 PER UNITT LOAD IMPEDANCE
Sy~ IMPEDANCE IMMEDIATELY AFTER FAULT 1S CLE ARED.

Fig. 2 (0246A3386-0) Typical Impedance Loci for Swings Resulting
from System Disturbances
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PHASE SEQUENCE NOTE: |F 2 CEH RELAYS ARE USED CONNECT
{-2-3 OR 3-2-1 POTENTIAL CIRCUITS IN PARALLEL AND
3 2 | CURRENT CIRCUITS IN SERIES USING
| SAME POLARITIES AS SHOWN HERE.
| SEE F1G. 6 FOR THE NECESSARY
d-c  CONNECTIONS
BREAKER
|
TRANSFORMER
IN | "NNF \
(IK UN!T CONNECTION) | FUSE CEM
SggigA?ELi SEPAPATELY FROM OFFSET
—— 7 ALL OTHER SEC. BURDEKS X“"AX TRANSACTOR
T ! L
7 1
TRIPPING ! ‘
DIRECTION | |
OF MAG- | i 8 \
T
NETIZING t T e | ' i
KVAR Y " T"’V’V”V”‘ {
q L
' ‘ REST
w,4€}____QcL__AV
POL
PCSITIVE
DIRECTION
OF Kw AND

MAGNETIZING

ALTERNATE CT

L

KVAR -j _J
3

GEN.

T CONNECTIONS

= {(+) D-C

1 |

* ] L 1 s s :

. s 1 MK

A /T Lo T} COKTACTS

— -__L_ A A ®CONNECT AS SHOWN
|

Vi LOWER RATED DC
V2 HIGHER RATED DC

S|

TO TRIP COIL

OR TRIP RELAY lvz
9} VI bao
PARALLEL "a* CONTACTS id
RING Bus OR EQUIVALENT 52 o 52

52 conracts musT BE used [ 2 T

(—=) p-¢

Fig. 3 (0246A3387-5) External Connection Diagram for Type CEH Relay
Using PT's Connected in Open-Delta, Either CT Connection
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NOTE:

1-2-3 OR 3-2-1 IF 2 CEH RELAYS ARE USED, CONNECT
3 2 ] POTENTIAL CIRCUITS N PARALLEL AND
l { | CURRENT CIRCUITS IN SERIES USING
SAME POLARITIES AS SHOWN HERE
BREAKER SEE FIG 6 FOR THE NECESSARY d-c
CONNECT!ONS
1 - FUSE CEH SEPARATELY
l TRANSFORMER } FROM ALL OTHER SEC.
'(IN UNIT CONNECTION) | BURDENS OFESET
; ?AJ\A( TRANSACTOR
1"—*~——Q‘] {"’-—1 |
TRIPPING |
DIRECTION OF | -
MAGNETIZING | —-
KVAR i
' j I
P_—-\ —
——
REST
of
i G“““‘A/—"\F‘*J
tl___ POL
POSIT I VE # ?Ejv 1¥'
DIRECTION OF
! 1
KW AND _J = ALTERNATE CT CONNECTIONS
MAGNETIZING E:
KVAR

o
I ‘L_T

|
|
|
| MAIN

€:_J E:_J ;?LT ] (;§j> :f}fglﬂﬁgs

— C

A® CONNECT AS SHOWN
Vi LOWER RATED DC
V2 HIGHER RATED DC

GEN

Fig. 4 (0246A

|
|
i
| S|
[ ?{
T0 TRiIP COIL
OR TRiIP RELAY

PARALLEL "a® CONTACTS IN
RING BUS OR EQUIVALENT L 52
52 CONTACTS MUST BE USED T
(-) DC

3388-5) External Connection Diagram for CEH51A
Relay Using Wye Connected PT's
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PHASE SEQUENCE
1-2-3 OR 3-2-1
3 2 i

I

BREAKER

g

TRANSFORMER

!
{
i

{(IN UNIT CONNECTION) |

GEK-27887

NOTE:

IF 2 CEH RELAYS ARE USED, CONNECT
POTENTIAL CIRCUITS IN PARALLEL

AND CURRENT CIRCUIT

N SERIES

USING SAME POLARITIES AS SHOWN

HERE.

SEE FIG. 6 FOR THE NECESSARY

d-c CONNECTIONS

FUSE CEH SEPARATELY
FROM ALL OTHER SEC.

BURDENS
TRIPPING | "*?Eg c* —
DIRECTION OF | .
MAGNETIZING 1
|
KVAR Y L__?M.%
T
POSITIVE 4 E: —
DIRECTION OF ; :I: O
KW AND { *77__ALT£RNA*E (3) £C
WAGNETI20NG | CT CONNECTIONS | i
: 03 4
] ! |
LA ! -
| \ _[: S| MAIN CONTACTS
) R ; —
‘ T T
¢ 2 3 A A
E_ | L SE’CE&‘S ; ®CONNECT AS SHOWN
L¥7 : ! Si Y1 LOWER RATED DC
, I
: I; L Y2 HIGHER RATED DC
\\\\\ TO TRIP COIL

OR TRIP RELAY

PARALLEL "a"
BUS OR EQUIV.

52 CONTACTS MUST BE USED

CONTACTS IN Ri

sov'! ol V2
NG
52 52

a

=7

( )CC

Fig. 5 (0246A3389-6) External Connection Diagram for Type CEH51A
Relay Using Line-to-Neutral Connected PT
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(4) 125V OR 250V DC
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i, uo_' —— ‘40-2
T e w2 T
40- | J—l&-lﬂ— St T o Lu-z
A T A | ‘ -— A
R | L
40- | ! '
l
<%, 40-2
— ) | S —
B TP
4o-1 y il
== yoy  HOY N
T0 TRIP COIL TU T 4OY
® OR TRIP RELAY 4oY ®
Vil > oY TIMER | V!
90 0 i v O
- £l
2
i ——_lsz ST CONTACTS MUST BE USED. @CONNECT AS SHOWN

5

Ta
i

a‘,

PARALLEL counec7§§-conr‘crs
IN RING BUS OR EQUIVALENT,

V1

LOWER RATED DC

V2 HIGHER RATED DC

(-1 0C
TABULATION OF DEVICES
DEVICE RELAY INCLUDING T T
NO. MODEL UNITS DESCRIPTION INTERNAL
4o-1 CEHSIA LOSS OF EXCITATION UNIT 0227A2540
40-2 CEHS1 A LOSS OF EXCITATION UNIT 0227 A2540
Si TARGET AND SEAL-IN
A AUXTLIARY UNIT
4oy SAMI 18224 TIMER 208A2421-0-SH
1.2
T TIMING UKIT
T TARGET

Fig. 6 (0246A3390-3) DC Connections for Scheme Using Two CEH51A Relays

and a SAM Timing Relay
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| 2 3
MAIN FUSES
}F USED -
— CD—
0 OTHER
2 - DEVICES
PT
SECONDARY D
CIRCUITS
CI— -
70 OTHER
{— > - DEVICES
’ —
o
T
70 CEH
—_‘1 REL AY
L ¥

PROPER WAY TO FUSE CEH

Fig. 7A (0246A3391-1) Correct Secondary PT Fusing for CEH51A Relay

T O— —1 [ ‘\
g 70 OTHER
C —D— ( CEVICES
_
— D R
L 10 ceH
J RELAY
| opi
T —
o 10 OTHER
E D DEVICES
L —D— T

TO CEH
REL AY
—T

INCORRECT WAY TO FUSE CHH

Fig. 7B (0246A3392-1) Incorrect Secondary PT Fusing for CEHS51A Relay
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TARGET SEAL-IN
UNIT R22
TAP BLOCK ——
TRANSACTOR TAPS »
RELAY “A“ ©
[
© TAP BLOCK
———— RESTRAINT TAPS
%
&
&
L)
by
&
@
X21 @
e
R13
MHO UNIT

CEH51A Relay Removed from Case

Fig. 8 (8919506)
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160°

1700

180°

1900
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220°

230°

GEK-27887

1200 1109 100° 90° 80° 70° 60°

_VOLTAGE 'ACROSS™STUDS 78
PHASE-TO-NEUTRAL OHMS = 5 ZCRRENT THRU STUDS -6
(JUMPER 4-5) \

2400 0500  260° 2700 280°  290° 3000

ANGLE BY WHICH CURRENT LAGS VOLTAGE

Fig. 9 (402A977 -5) Characteristics of Type CEH51A Relay with Two Ohm

(Phase-to-Neutral) Offset and 23 Percent Tap Setting
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TYPE CEH11A RELAY
HARACTERISTICS OF RELAY WITH VARIQUS TAP SETTING WHEN SET

FOR 1 OHM OFFSET.

ALL VALUES ARE PHASE - TO — NEUTRAL OHMS
X
2 4 6 8l 10 12 14
~R R
% 2 N
(RN
4 \
\\ \\\>7 6 \\ \\
£ N
/ \4—/\80%\
o) 6b0%
\\\\_7///X/7

; /

18

22

AN 24 A s

26 L —]

Fig. 10 (402A978-0) Characteristics of Type CEH51A Relay at Various Restraint
Tap Settings, One Ohm Offset. A11 Values Phase-to-Neutral
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TYPE CEH11A RELAY

CHARACTERISTIC OF RELAY WITH VARIOUS VALUES OF OFFSET OHMS

WITH TAPPED TRANSFORMER SET ON 100%.
ALL VALUES ARE PHASE-TO-NEUTRAL OHMS.

X
1y 2| 3| 4| 5| 8| 7| 8 10
-R - - T
;/C?\\\\\
/
15
/| /// 2\\\\ N
//// == ZERO OHM OFFSET
s S ER RN 0.5 OHM OFFSET
¢ ] 1 OHM OFFSET
// - \\% 1.5 OHM OFFSET
>1 15 2 OHM OFFSET
~{ — 2.5 OHM OFFSET
N \"gj // 3 OHM OFFSET
\ = 3.5 OHM OFFSET
\\\tiﬁ P / - 4 OHM OFFSET
\_/
N 8’?
e ,/
10
X

Fig. 11 (402A974-2) Characteristics of Type CEH51A Relay, 100 Percent
Tap Setting, Various Values of Offset
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Vi2 Vi3
/
S<~——TEST 1 VOLTS
/
/
/

3¢ TEST SOURCE / — Vos
TEST 2 VOLTS

e
, o \G,Cb 6543@

3¢ TEST SOURCE v
120 V RATED FREQUENCY TEgT TE?T
PH. SEQ. 1-2-3 | a
8
7 i
Fig. 12 (402A994-1) Test Connections for Determining iy

the Characteristics of a CEH51A
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T1E VOLTS RATED FREQUENCY

NOTE: SET INPUT TAP ON 90
FOR TH!S TEST.

TEST REACTOR
24 OHMS Yy 3

6 5

“A—A—

Fig. 13 (362A502-3) Polarity Test for Type CEH51A Relay
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Fig. 14 (0127A9516) Test Plug Connections to Reverse Potential
of Polarizing and Restraint Circuits
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FAULT 1
SWITCH
ﬁ — STUD 8
TEST 7
REACTOR 0
CAT.. 6054975 I RELAY
R POTENTIAL
RATED A CIRCUIT
VOLTAGE "
AND S
FREQUENCY >
0
R o STUD 7
M
E SET INPUT TAP ON 90
R FOR THIS TEST

6 5.4 3,

RELAY CURRENT
CIRCUIT

Fig. 15 (402A959-1) Test Connections for Type CEH51A Relay
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POWER
FACTOP 7"
0.64” l
v
i 0.76
AN > | POWER OUT OFDMACHINE
AN AR NN VEREXCITE
- !i\ &,  REVERSE POWER™ 0
PV \. OVEREXCITED 0.87
1 0.94
0.98
1.00
RESTRAINT
J/FRO OFFSET
i 340
\\ //)X
REVER%E POWER .
| UNDEREXCITED \ - 10
i ‘x \‘\\ " POWER OUT OF MACHIN 3
| ‘./</// UNDEREXC I TED
i // N —
7 d
: / o 320
{
l 1/// /
230 2,0 250 310

ANGLE BY WHICH CURRENT LEADS VOLTAGE

Fig. 16 (402A924-2, Sh. 2) Characteristics of Type CEH51A Relay with
Potent1a1 Reversed and Five Percent Tap Setting
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=

22

FLOATING
—L MAIN
~T CONTACT
—LSL::A TRANSACTOR
\ { 08
O L)
z | 2
<% [ <
| 7o
s | & z2
S | o ES
%S\ H
L
Pips
Sz
WX F oy —\ V—\
/- } I’“\/
O
: 3 5
® O O
2 4 6

TAP TRANS.
E0 40 7

10

% =SHCRT FINGER

«= SHORT
HEX
STUD

<A

| _wHEN
— USED
| R

2

R2

Fig. 17 (0227A2540-4) Internal Connections for Type CEH51A Relay
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nwm
RATED FREQUENCY |
2
3
PHASE
SHIFTER I
PHASE | BOX
o ANGLE
METER
S
<$>
3e 96
’ 2 - <
0 v Ll
) - 4e $5
POTENTIOMETER Tfs .
OR VARIAC

Fig. 18 (0362A501-3) Test Connections for Type CEH51A Relay
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TEST 2

.
.,

“~

.

“—CEH CHARACTERISTIC

Fig. 19 (402A993-0) Test Points to Determine the Characteristics
of a CEH51A Relay
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PANEL LOCATION

SEMI-FLUSH SURFACE (4) S/16-18 STUDS
6.625 —
" 168MM ( MTG. M19ﬂ| FOR SURFACE MTG.
P o= ' I i
/TZ;_____—\\\ | I
|
! i i 14.375
| =1= 365MM
|
15. 125 (6) 10-32 X 3/8 $:£:, STUD
384MM I MTG. SCREWS 10-32 NUMBERING
| | STUDS
26336
— ) . 39999
< 1.125 | 75 | l ! BACK VIEW
: Lt —— ! [e— A .
1/4 DRILL 29MM 6.187 1M 3.0 CUTOUT MAY REPLACE
4 HOLES - S ouM 76MJ~'—- DRILLED HOLES
MM . S/8 DRILL 3.500
] 88MM
4 HOLES 1.75
+ X ! 1SMM GaMit | 4156
s.187 | | 17.406 ::i>%9~———F————¢— 105MM
' @_ 18 0MM | | I
131MM 8.31§k_"___w______+_
! _j__ 21 1MM 4
TS | e o
10.375 f__ CuThuTt 14.812 YT Y { 7.281
ee3H | 375MM ?7%3@ s Ty s8R
o ¢ 10O L0 1,468
-4 N ’
| ook
718 2.50
;
2.843 ——-+|*'~ l *
e 2,843 e 1 8MM 6MM
=1 =S - .23 2
SMM 5.687 —//////Iﬂ 133MM (TYPICALD
144MM [
3/4 DRILL
PANEL | LY 10 HOLES

PANEL DRILLING
FOR SEMI-FLUSH MOUNTING
FRONT VIEW

CASE

TYPICAL DIM.

INCHES
MM

3.0
76MM

\

PANEL DRILLING
FOR SURFACE MOUNTING
FRONT VIEW

1SMM

S5/16-18 STUD

VIEW SHOWING ASSEMBLY 0OF HARDWARE
FOR SURFACE MTG. ON STEEL PANELS

Fig. 20 (K-6209273-5) Outline and Panel Drilling Dimensions
for Type CEH51A Relay

(2/93) (1000) GENERAL ELECTRIC METER AND CONTROL BUSINESS DEPT., MALVERN, PA 19355
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