Instructions

GE Industrial

Rotating Rectifier

Control Systems (Brushless) Exciters

GEEP-296.1 For SynchronousMachines

Safety Precautions

WARNING: HIGH VOLTAGE  AND
ROTATING PARTS CAN CAUSE SERIOUS OR
FATAL INJURY, THE USE OF ELECTRIC
MACHINERY,  LIKE  ALL  OTHER
UTILIZATION OF CONCENTRATED POWER
AND ROTATING EQUIPMENT, CAN BE
HAZARDOUS. INSTALLATION, OPERATION,
AND  MAINTENANCE OF ELECTRIC
MACHINERY SHOULD BE PERFORMED BY
QUALIFIED PERSONNEL.
FAMILIARIZATION WITH NEMA
PUBLICATION MG-2, SAFETY STANDARD
FOR CONSTRUCTION AND GUIDE FOR
SELECTION, INSTALLATION AND USE OF
ELECTRIC MOTORS AND GENERATORS,
THE NATIONAL ELECTRIC CODE, AND
SOUND  LOCAL  PRACTICES IS
RECOMMENDED.

FOR EQUIPMENT COVERED BY THIS

INSTRUCTION BOOK, IT IS IMPORTANT TO

OBSERVE SAFETY PRECAUTIONS TO

PROTECT PERSONNEL FROM POSSIBLE

INJURY, AMONG THE MANY

CONSIDERATIONS, PERSONNEL SHOULD

BE INSTRUCTED T0O:

o AVOID CONTACT WITH ENERGIZED
CIRCUITS OR ROTATING PARTS,

e AVOID BY-PASSING OR RENDERING
INOPERATIVE ANY SAFEGUARDS OR
PROTECTION DEVICES,

o AVOID EXTENDED EXPOSURE IN
CLOSE PROXIMITY TO MACHINERY
WITH HIGH NOISE LEVELS,

 USE PROPER CARE AND PROCEDURES
IN HANDLING, LIFTING, INSTALLING,
OPERATING, AND MAINTAINING THE
EQUIPMENT.

SAFE MAINTENANCE PRACTICES WITH

QUALIFIED PERSONNEL ARE IMPERATIVE.

BEFORE STARTING MAINTENANCE

PROCEDURES, BE POSITIVE THAT:

* EQUIPMENT CONNECTED TO THE
SHAFT WILL NOT CAUSE MECHANICAL
ROTATION,

* MAIN MACHINE WINDINGS AND ALL
ACCESSORY DEVICES ASSOCIATED
WITH THE WORK ARFEA ARE
DISCONNECTED FROM ELECTRICAL
POWER SOURCES.

IF HIGH POTENTIAL INSULATION TEST IS
REQUIRED, PROCEDURE AND
PRECAUTIONS OUTLINED IN NEMA
STANDARDS MG-1 AND MG-2 SHOULD BE
FOLLOWED.

FAILURE TO PROPERLY GROUND THE
FRAME OF THIS MACHINE CAN CAUSE
SERIOUS INJURY TO  PERSONNEL
GROUNDING ~ SHOULD  BE IN
ACCORDANCE WITH THE NATIONAL
ELECTRICAL CODE AND CONSIST WITH
SOUND LOCAL PRACTICE,
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GEEP-296-1 Rotating Rectifier Exciters

Introduction

This instruction describes the installation,
adjustment, operation and maintenance of rotating
rectifier exciters. The equipment consist of a direct-
connected exciter (which is a small alternating-current
generator) and a rectifier assembly to convert the
alternating current to direct current for the main
synchronous-machine field. See Fig. 1. The rectifier
assembly may also perform certain control functions in the
field circuit of the main machine.

Description

Figure 2 (Type G1) is a typical circuit used with
synchronous generators, and Fig. 3 (Type M1) and Fig. 4
(Type M2) are typical circuits used with synchronous
motors. Voltages generated in the rotating exciter
winding are rectified by diode rectifiers D; through Ds
and applied to the field winding of the synchronous
machine,

Method Of Operation

Generator

In Fig. 2, a group of varistors limits to safe values the
inverse voltages on the rectifiers due to induced reverse
field currents. The varistor is a non-linear resistor and is
left permanently in the circuit.

Motor

Depending on the application and the motor
accelerating torque capability, either an M1 type or an M2
type exciter may be selected by the designer to give
additional accelerating torque margin, in a constant speed
motor system.
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Fig. 2. Type G1 Typical Rotating Rectifier Exciter Schematic Diagram With Generator And Static Regulator.
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M-1 Circuit Operation

The M-1 type circuit illustrated in Fig. 3 operates
as follows:

During normal operation, the exciter armature
and rectifier diodes D1 - D6 generate rectified dc voltage
to provide the motor field current in accordance with the
exciter field current supplied by a separate exciter field
supply and control. During normal operation, SCR1 and
SCR2 are non-conducting. The ac three-phase filter
reduces the dv/dt that occurs in the circuit due to normal
rectifier operation and prevents “false” triggering of
SCR1 and SCR2 which might otherwise occur.

During motor starting, the rotating field in the
motor stator induces a very high ac voltage in the motor
field winding which is proportional to the motor field-
stator turns ratio and to the rotor slip, where slip = 1.0 - [
rotor speed (rpm) / - synchronous speed].

To prevent damage to the insulation system and
the other rotor components, the exciter-rectifier will
provide a low-impedance path for current flow which
reduces the induced voltage to tolerable levels.

When the induced field current Ir is in the
positive direction ( as indicated by the arrow in Fig. 3),
the rectifier bridge diodes will shunt the induced field
current with a low voltage drop 3.0-5.0 Volts.

When the induced current is in the negative direction the
ac voltage from the field winding is positive across SCR1,
SCR2 and the trigger circuit. The circuit is arranged so
that the trigger circuit sees the entire voltage. As the ac
voltage builds up the trigger circuit will allow the SCR’s
to conduct. The trigger circuit voltage level {230 Volts +
11.5 Volts) is selected to be above the normal operating
voltage (125 Voits dc). '

The Shunt Resistor R across the motor field
ensures that a sufficient amount of field current is flowing
to provide successful latching of the Thyristors SCR1 and
SCR2 following triggering.

As the motor approaches synchronous speed, the
induced field voltage value is reduced and the frequency
of that voltage approaches dc. In general, a motor with an
M-1 type circuit will pull into synchronism on the
reluctance torque of the motor.

The exciter field voltage, which has until this
time been held off by the exciter field supply and control,
may now be applied raising the dc output of the exciter to
normal levels of operation. If the Thyristors SCR1 and
SCR2 are conducting when the exciter has a significant
output, the connection between the junction of SCR1 and
SCR2 and the exciter ac phase will permit the Thyristors
to turn off when the induced motor field current is no
longer negative.
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Fig. 3. Type M-1 Typical Rotating Rectifier Exciter Schematic Diagram With Synchronous Motor.

GE Industrial Control Systems GFEP-296-I

Copyright 1997,1998 The General Electric Company, USA 3



GEEP-296-1 Rotating Rectifier Exciters

M-2 Circuit Operation

The M-2 circuit, as illustrated in Figure 4,
provides the same circuit functions as the M-1 circuit to
allow the induced field current to flow during motor
acceleration while protecting the insulation system and
other rotor components from potentially damaging
voltages. The additional thyristors and the Synchronous
Motor Control are required to apply and remove the
motor field discharge resistor and to control the
application of the exciter output to the motor figld
winding.

During motor starting, the exciter field may be
energized as soon as the motor circuit breaker is closed.
This allows the exciter output voltage to build up as the
motor speed increases. SCR2 is not conducting at this
time and no current is delivered to the motor field
winding,

When the induced field current if is in the
positive direction as indicated by the arrow in figure 4, the
current flows through the discharge resistor and diode
D7. When the current flows in the negative direction,
SCRI1 is initially blocking. The negative current flows
through shunt resistor #1 and the voltage builds up rapidly
until the control triggers SCR1 (at approximately 230
volts for this nominal 125 VDC exciter) at which time
negative field current flows through SCR! and the
discharge resistor. Shunt resistor #2 allows enough
current to flow at the turn on of SCR1 to “latch” SCRI1.
Shunt resistor #2 is necessary to overcome any inductance
present in the discharge resistor which may prevent
proper circuit operation

When the motor reaches a pre-set speed {usually 95
percent), the Synchronous Motor Control begins to apply
the exciter output voltage to the motor field winding
during the positive half-cycles of the induced field current
by triggering SCR2. Since the full open-circuit output
voltage of the exciter is applied, the pull-in capability of
the motor is more fully utilized than is possible with the
M-1 circuit. Shunt resistor #1 allows enough current to

- flow at the turn on of SCR2 to “latch” SCR2. Shunt

resistor #1 is necessary to overcome the inductance of the
motor field which may prevent proper circuit operation.

At about 99 percent speed, SCR2 is triggered
continuously so that, even if the motor is lightly loaded
and acceleration to rated speed occurs before the control
can react during a positive half-cycle, field voltage will be
appiied.

SCR3 in the M-2 circuit provides a turn-off
circuit for SCRI in the case where a transient disturbance
turns on the discharge resistor during normal operation.
The motor control senses a continuous voltage across the
discharge resistor and triggers SCR3. SCR3 provides a
temporary alternate path for current which by-passes
SCR1 aliowing SCRI1 to turn off, When the exciter phase
connected to SCR3 is no longer supplying current to the
discharge resistor, SCR3 returns to its normal blociing
state.

The Series Resistor and Capacitor reduce the
voltage applied to the Synchronous Motor Control
slightly and filter out voltage “spikes” which normally
occur during commutation of the exciter rectifier bridge
diodes (D1-D6).
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Fig. 4. Type M2 Typical Rotating Rectifier Exciter Schematic Diagram With Synchronous Motor
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Resynchronizing

If the motor should pull out of synchronism, the
Discharge Resistor Circuit (M2) or the Thyristor Shorting
Circuit (M1) becomes operative only when the induced,
negative, field current becomes greater than the normal dc
motor field current being supplied by the exciter prior to
this condition of operation. The successful operation of
these circuits can be assured by removing the exciter field
current for at least two seconds following a loss of
synchronism. When the motor is capable of absorbing the
additional heating involved due to this mode of operation,
the motor control can be designed to attempt
resynchronizing.

1. If the motor control system is to be set for
resynchronizing following pull-out, these additional notes

may be useful.
' 2. The exciter field supply should be removed for
at least two seconds to allow the induced motor field
current to trigger the field shorting {M1) or discharge
resistor insertion (M2). This action will reduce the
transient torques which will occur  during
resynchronization.

3. In general, the time allowed for resynchronizing
should not exceed the normal motor starting sequence
time without factory consultation,

4. Unloading is usually required for successful
resynchronizing,

5. The motor control switchgear must
differentiate between a failure to start and a loss of
synchronism so that an attempt to resynchronize does not
immediately follow a failure to start. Resynchronizing
attempts should be limited to time intervals as specified
for a given motor design.

The exciter field supply should be removed for
two seconds to allow the induced motor field current to
trigger the field shorting (M1) or discharge resistor

GE Industrial Control Systems GEEP-296-1

insertion (M2). This action will reduce the transient
torques which will occur during resynchronization.

Exciter Field Supply and Control

The exciter field supply and control provides

-control functions necessary to the successful operation of

the motor. In general, these functions are coordinated
with the motor protective relaying and are usually
included in the same control cabinet. It is required that
this control be furnished with a power factor relay or
similar device to control the removal of the exciter field
supply in the event of pullout or other transient
disturbances,

As this equipment may be supplied by others,
some examples of typical control circuit arrangements and
sequence diagrams are illustrated in Fig. 5 and 6.

CAUTION: IT IS POSSIBLE TO DEVELOP A
HIGH INDUCED VOLTAGE ACROSS THE
EXCITER FIELD TERMINALS DURING
ABNORMAL OPERATION (FAILURE OF A
RECTIFIER CIRCUIT COMPONENT). TO
LIMIT SUBSEQUENT DAMAGE 70 THE
EXCITER FIELD SUPPLY AND CONTROL
COMPONENTS, IT IS RECOMMENDED
THAT A 100-OHM, 200-WAIT, FIXED
RESISTOR BE PLACED ACROSS THE
EXCITER FIELD TERMINALS. IF AN
AMMETER IS  INCORPORATED TO
MONITOR THE EXCITER FIELD CURRENT,
THE RESISTOR SHOULD BE LOCATED ON
THE SUPPLY-SIDE OF THE AMMETER.

FAILURE TO  OBSERVE  THESE
PRECAUTIONS ~ MAY  RESULT IN
EQUIPMENT DAMAGE.,

Copyright 1997,1998 The General Electric Company, USA 5



GEEP-296-1 Rotating Rectifier Exciters

CURRENT
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DIODE RECTIFIER

BRIDGE

Diode Rectifier PRV = 100 x IField Exciter X 2.0

Bxamplg  IField Bxciter = 3.3 Amps For Full-Load Motor Operation

PRV = 660 Volts (min)

T2
T,
2
SECONDS
(MIN)
} TIMING
MOTOR
ACCELERATION
TIME
TYPICALLY 10 SECONDS 10 SECONDS
? (MIN) 1
EXCITER POWER PACTOR
FIELD ?I’BL]CATION SENSITIZED
For Typical Applications
Tp=20xT;

Fig. 5 Typical M-1 Circuit Application
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For a typical M-2 circuit application the exciter
field supply circuit is identical to an M-1 circuit. The
timing diagram is different.

1 T, . .
: 2 | For typical applications
i
T, | | | T2 = Motor Acceleration
i i | Time + 10 Seconds
| , T1=0. Seconds
5 1 1
| MOTOR ACCELERATION 10 SECONDS
} TIME {TYPICAL) f
POWER FACTOR
} RELAY
EXCITER SENSITIZED

FIELD APPLICATION
Fig. 6. Typical M-2

In some applications of the M-1 Circuit (ie., larger components during startup. To accomplish this, the
exciter ratings) it is desirable to apply the exciter field foliowing circuit arrangement is recommended:
current in steps to prevent excessive heating of rectifier
CURRENT (|28
LIMITING EXCITER
RESISTOR FIELD AMMETER
1 On
SERIES
T RESISTOR
100 Ohm 3 EXCITER
SUPPLY % %
RECTIFIER 200 Watt FIELD
BRIiDGE
—
41 yaRriaC

Diode Rectifier PRV = 100 x IFicld Exciter X 2.0
Example:Irieq exciter = 3.3 Amps For Full-Load Motor Operation PRV = 660 Volts

M—1 CIRCUIT
TIMING
T2
T 4
N SECONDS
| |-—“.
1 i T —=
i | !
MOTOR ACCELERATION T
TIME }  power FacTor
EXCITER FIELD FIELD . RELAY
APPLICATION LEve:  SENSITIZED

(41) (58)
Fio 7. M-1 Circuit Annlicatinon For “Stenned” Field Control
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In some severe applications of the M-1 circuit
(i.e., high inertia drives without initial loading provision)

time. It is possible this procedure will require a 2-step
application of exciter field current. (56 Relay and

it is desirable to remove the exciter field current at the end Resistor)
of the  starting sequence for a  short
CURRENT 6
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SERIES
— ?Zl——— RESISTOR
S 10
SUPPLY éog ,?vla“ftl
RECTIFIER
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—
41 yaRIAC

EXCITER
IELD AMMETER

EXCITER
FIELD

NALAALS

Diode Rectifier PRV = 100 X Ipiqis pxciterx 2.0
Example: Irield Bxcier = 3.3 Amps For Full-Load Motor Operation PRV = 660 Volts
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T 4 4
| SECONDS | SECONDS
- R L
B l | i
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TIME f ? f POWER FACTOR
EXCITER FIELD FIELD FIELD SENSIJ‘?}?ZED
APPLICATION LEVEL LEVEL
(41) (58) (56)
FIELD
APPLIED
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T, = 2.x motor acceleration time + 8 seconds

Fig. 8. M-1 Circuit Application For Field Removal Control,

GE Industrial Control Systems GEEP-296-f
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Operation

The Brushless exciter is, an integral part of the
motor and has been completely tested in the factory. All
rotor circuit functions are automatically performed by the
equipment and no special operating procedures, other
than exciter field energization, are required.

Nameplate data should not be exceeded.
However, some discrepancies due to different field
winding temperatures are normal. If test readings differ
from nameplate data, certain checks should be made in the
excitation system. Refer to the Maintenance Section of
this instruction,

Any abrupt change in line voltage or current
observed on an unregulated machine without a
corresponding change in load or exciter field rheostat
setting suggests a possible failure in an excitation
component and should be investigated. Refer to Table 2
of the Maintenance Section of this instruction.

Maintenance

WARNING: INITIATING
MAINTENANCE PROCEDURES,
DISCONNECT ALL POWER SOURCES TO
THE MACHINES AND ACCESSORIES.

BEFORE

REPLACE ALL GROUNDING
CONNECTIONS, COVERS, AND
PROTECTIVE DEVICES PRIOR TO
OPERATING.

FAILURE TO OBSERVE THESE
PRECAUTIONS MAY RESULT IN INJURY
TO PERSONNEL

Inspection And Mainfenance

A carefully planned and executed inspection and '

maintenance program will result in maximum availability
of equipment and a minimum maintenance cost.

When it is necessary to repair, recondition, or
rebuild your electrical apparatus, it is recommended that
the nearest General Electric Service Shop be consulted.

The user is referred to the Maintenance Section
of the main machine instruction book for general
instructions regarding cleanfingss, insulation resistance
and dielectric tests. ( SEE INSTRUCTIONS GEEP-109-1
AND GEEP-107-T)

GE Industrial Control Systems GEEP-296-1

Precautions

CAUTION: DURING THE PROCESSES OF
MAINTENANCE. THE FOLLOWING
PRECAUTIONS MUST BE OBSERVED TO
PREVENT DAMAGE TO COMPONENT
PARTS OF THE RECTIFIER ASSEMBLY OR
CONTROL ELEMENTS.

1.BAKING OR HFATING EXCITER ROTOR
SHOULD IT BECOME NECESSARY TO BAKE
OR HEAT THE EXCITER OR MAIN MACHINE
ROTOR AS IN VARNISHING OR DRYNG OUT
WINDINGS. IT IS RECOMMENDED THAT
THE RECTIFIER ASSEMBLY BE REMOVED
TO PREVENT DAMAGE TO COMPONENTS
OR INSULATIONS TO AVOID DAMAGE TO
THE MOTOR INSULATION, DO NOT
EXCEED A TOTAL TEMPERATURE OF 130C.
2.DIELECTRIC (HIGH POTENTIAL) AND
INSULATION RESISTANCE TESTS.

HIGH POTENTIAL TESIS ARE NOT
NORMALLY RECOMMENDED. IF THIS TEST
IS CONSIDERED, REFER TO THE LATEST
ISSUE OF NEMA STANDARDS. MG-1 FOR
INDUSTRY PRACTICES ON THE MACHINE
0 BE TESTED. THE MAXIMUM
PERMISSIBLE TEST VOLTAGE FOR HIGH
POTENTIAL TESTS ON EXCITERS IS 1250
VOLTS.

70 PROTECT THE RECTIFIER ASSEMBLY
FROM TEST VOLTAGES BEFORE MAKING
ANY INSULATION OR DIELECTRIC TESTS.
CONNECT ALL EXTERNAL HEAT SINKS
TOGETHER WITH CLIP LEADS. ALSO
DISCONNECT THE STATIC CONTROL
EQUIPMENT AT THE GENERATOR OR
MOTOR STATOR TERMINALS AND AT THE
EXCITER FIELD [INPUT. FOR MORE
COMPLETE INFORMATION, SEE IEEE
PRACTICES FOR TESTING INSULATION
RESISTANCE OF ROTATING MACHINES,
PUBLICATION N° 43. FAILURE TO OBSERVE
THESE PRECAUTIONS MAY RESULT IN
DAMAGE TO THE EQUIPMENT.

Copyright 1997,1998 The General Electric Company, USA 9
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Rectifier Disassembly

The exciter rectifier assembly may be removed
for repair or replacement without removing the exciter
rotor and stator parts. Follow the following procedure,
referring to figure 9.

1. Remove the exciter endshield cover bolts (7)
and remove the exciter end shield cover.

2. Identify and mark the lead comnections (6) at
the rectifier assembly. Refer to the appropriate rectifier
type schematic diagram to identify the leads.

3. Remove the lead connections beiween the
rectifier assembly, exciter, and main machine field and
discharge resistor (when supplied).

4. Mark the rectifier position to assure
replacement at the same location.

5. Remove the rectifier assembly mounting bolts
(13) and remove the rectifier assembly.

6. To replace the rectifier assembly, reverse the
above procedure.

Exciter Disassembly

Handling

Exciter parts should be handled carefully to
avoid damage to windings, semiconductors and other
parts. Slings or blocking should never be used around or
against windings or the rectifier assembly as these parts
may be damaged.

The exciter rotor is assembled on 2 mounting
quill which is then fitted to the main machine shaft
extension. When removing the exciter rotor, care should
be taken to support the weight of the exciter rotor as it is
removed from the shaft extension.

GE Industrial Control Systems GEEP-296-1
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WARNING: WHEN LIFTING THE EXCITER
ROTOR OR STATOR USING EYEROLTS OR
OTHER BOLTED LIFTING DEVICES BE
CERTAIN THAT THE BOLTS ARE PROPERLY
ENGAGED AND TIGHTENED.

FAILURE TO DO THIS MAY RESULT IN
INJURY TO PERSONNEL AND DAMAGE TO
EQUIPMENT

Disassembly

The exciter may be removed for cleaning or
repair using the following procedure referring to figure 9

1. Remove the exciter endshield cover bolts (7)
and remove the exciter end shield cover.

2. ldentify and mark the lead connections (6) at
the rectifier assembly. Refer to the appropriate rectifier
type schematic diagram to identify the leads.

3. Remove the lead connections between the
rectifier assembly, exciter, and main machine field and
discharge resistor (when supplied).

4. Mark the exciter position on the main machine
shaft.

5. Remove the bolts (4) holding the exciter rotor
assembly to the main machine shaft. Slide the exciter rotor
assembly off the shaft. Be sure to support the assembly
during removal.

6. Remove the grease purge pipe (1) and the
grease inlet pipe (2), the oil fill plug (10) (when used) and
all bearing instruments,

7. Mark the exciter frame location on the main
machine end shield.

8. Support the exciter frame with a sling and then
remove the exciter frame mounting bolts(11). Remove the
exciter frame.

9. To replace the exciter, reverse the above
procedure,

Copyright 1997,1998 The General Electric Company, USA
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Fig. 9. Typical Rotating Brushless Exciter
Cutaway View

Mechanical Balance

The user is referred to the main machine
instruction book for information regarding balance or
vibration

NOTE: In the unlikely event that it should

become necessary to correct a vibration problem

by adding weights to the exciter. Do Not add
weight to the rectifier assembly. Required weight
may be added to the exciter rotor spider.

Semiconductor Device
Replacement

NOTE: In the following text, “semi-conductor”
will be used as a generic term encompassing
diodes. SCR’s, and Zener diodes.

If it should become necessary to replace any of
the semiconductors, the following instructions should be
observed:

is recommended that identical semiconductors, as originally

furnished, be used as replacements. The replacement

GE Industrial Control Systems GEEP-296-1
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Grease Purge Pipe or Housing
Drain Qil Pipe

Exciter End Shield

Exciter Retaining Bolt
Rectifier Assembly
Connection Cable Leads
Exciter End Shieid Bolt
Exciter Rotor Assembly

. Exciter Stator Assembly

10. Oil Fill Plug

11. Exciter Frame Mounting Bolt
12. Main Machine Assembly

13. Rectifier Mounting Bolt

14, Lifting Lug (exciter only)

e e S

semiconductors should be ordered by manufacturer’s
renewal part number rather that by the device catalog
number stamped on the part.

1. Always tighten or loosen a semiconductor by
turning the nut and holding the hex on semiconductor
body stationary.

2. Clean the heat sink thoroughly around the
semiconductor mounting hole. Be sure there are no raised
areas that would prevent the semiconductor from seating
tightly against the heat sink. This mounting surface and
the diode mounting surface must be flat, smooth, and
clean to permit meximum heat transfer from the
semiconductor to the heat sink.

3. Since semiconductors can be damaged by
excessive heat during soldering, apply heat just long
enough to make the solder connection. Use only resin
core solder. Clean the surfaces before soldering. Care
must be exercised in soldering to avoid overheating of the
semiconductor and / or a cold solder joint.

4. Check the threads on the semiconductor stud to
see that they are clean and free of burrs, The nut shouid
turn freely by hand the full length of the thread. If the
semiconductor is one which was removed and is to be
reinstalled, removed all “Loctite” from the stud and nut
threads prior to installation.

5. Before mounting the semiconductor, apply a
coating of Burndy “Penetrox A” or an equivalent heat
sink compound to the semiconductor heat sink mounting
surface. Avoid getting Penetrox on the stud threads as
torque values are based on nonlubricated threads.

Copyright 1997,1998 The General Electric Company, USA
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6. Install the semiconductor in its proper position,
install the spring washer such that its ouiside diameter is
in contact with the heat sink (where two Belleville
washers are used, their outside diameters should be in
contact), apply one or two drops of Loctite “Screw lock”
or equivalent to the threads of the diode stud, put the nut
on the stud, and torque the nut to its proper value
immediately, (See Table 1.)

CAUTION: AFTER THE LOCTITE HAS BEEN
APPLIED TO THE SEMICONDUCTOR
THREADS AND THE NUT INSTALLED, THE
NUT MUST BE TORQUED TO ITS PROPER
VALUE AS QUICKLY AS POSSIBLE AND
BEFORE THE LOCTITE BEGINS TO SET.

FAILURE TO DO SO MAY RESULT IN FALSE

TORQUE READINGS, IMPROPER
SEMICONDUCTOR  MOUNTING  AND
SEMICONDUCTOR FAILURE.

8. When installing semiconductors, a torque
wrench must be used. ‘

Semiconductor mounting nuts should be
tightened in accordance with the maximum stud torque
listed in Table 1. The minimum torque must be no less
than 95 percent of the maximum value. Prior to torquing,
connect pigtails and twist the semiconductor so that
pigtail strands are reasonably tight,

TABLE1 TORQUE VALUES

Description Stud Size Maximum
Stud Torque
In-Lb Ft-Lb
Diode 1/4-28 30 2,5
Diode 3/8-24 100 83
Diode 3/4-16 300 25
SCR 1/2-20 150 12.5
SCR 3/4-16 300 25

NOTE: Both forward and reverse  polarity
semiconductors are used in the exciter rectifier assembly.
Semiconductor polarity is often indicated by an arrow on
the case. When replacing semiconductors be certain that
replacement rectifiers on each heat sink are the proper
polarity. .

Varistor Replacement

If it should become mnecessary to replace
varistors, the following instructions should be observed:

GE Industrial Control Systems GEEP-296-1
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1. Since the varistors have special characteristics,
they should be replaced only with the same type as
furnished by the generator manufacturer.

2. Varistors can easily be replaced by removing
the nut and bolt that hold the varistor assembly to the heat
sink. When removing varistors, observe how the parts are
assembled so that the new varistor can be installed in the
identical manner.

3. Prior to mounting the new varistors, check all
mounting surfaces, such as the heat sink, shims,
insulators, and the varistor faces, to see that they are flat
and smooth.

4. When installing the new varistor, tighten the
nut and bolt which secure the varistor to the heat sink
only sufficiently to make a good electrical connection.
Excessive tightening may crack or damage the varistor.

Diode Testing

Semiconductors are long-life devices and do not
require frequent testing to determine their status or
condition. However, if at any time faulty diodes are
suspected, as might be the case if the exciter were
observed to require a field current higher than normal,
they can be tested in the following manner-

NOTE: When checking semiconductors, the
polarity of the test leads with respect to the
semiconductor polarity must be observed.

1. Disconnect the diode(s) to be tested fiom the
rectifier circuit by removing the flexible lead
connection,

2. Using an ohmmeter or bridge with at least a

¥2 - volt source, measure the resistance of each

diode in both directions.

A diode in good condition will have a low
resistance (up to approximately 100 ohms) in its forward
direction, and a very high resistance (approximately 1
megohm and higher) in its reverse direction. Defective
diodes usually read zero ohms in both directions.

In most cases the preceding ochmmeter tmethod of
testing diodes is sufficient to indicate a faulty diode.
However, in some extreme cases it may be necessary to
apply rated blocking voltage and / or forward current to
detect a faulty diode. In view of the test effort required, it
may be less expensive to replace the diode.
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Controlled Rectifier Testing

Disconnect the Controlled rectifier(s) to be
tested from the circuit by disconnecting the flexible lead.

A Controlled rectifier in good condition will have
a very high resistance in both directions. Defective
controiled rectifiers usually read almost zero ohms in both
directions.

The gate circuit of a controlled rectifier will have
a low resistance (25 -100 ohms) in both directions.

CAUTION: THE APPLICATION OF MORE
THAN TEN (10) VOLTS TO THE GATE LEAD
OF A CONTROLLED RECTIFTER MAY
DAMAGE THE (GATE) CIRCUIT.

FAILURE 0 OBSERVE THESE
PRECAUTIONS MAY RESULT IN DAMAGE
TO THE EQUIPMENT.

In most cases, the preceding ohmmeter method
of testing is sufficient to indicate a faulty controlled
rectifier. Comparison of readings those of a reputable
device is helpful.

Hockey-puck type semiconductors may have to
be under pressure to obtain proper chmmeter reading. A
C-clamp and two insulating boards can be used to apply
pressure without marring the mounting surfaces,

Varistor Testing

A varistor is a device whose resistance decreases
as the voltage across it increases. Thus it becomes
difficult to test the device. However, the resistance of a
varistor, as checked with an ohmmeter, should be very
high (approximately 20.000 ohms at 20 volts). If its
resistance, when checked with an ochmmeter, is very low,

or if there is any question of its operating characteristics, -

it should be replaced.

For complete information on semiconductor
tests, refer to the instructions issued by the component
manufactures.

Filter Testing

General

The 3-phase filter unit can be tested using a 60
hertz, 120 Volts ac, single-phase source.
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Testing

Apply single phase power (120 volts RMS, 60
Hertz) to each combination of lines (1-2, 2-3, and 3-1) of
filter.

Current should be 0.015 amperes = 15 percent,
at 120 volts, 60 hertz. The three currents obtained should
be within + 10 percent of each other.

WARNING: PRIOR TO AND AT THE
CONCLUSION OF THE TEST DISCHARGE
THE CAPACITORS BY SHORTING THE
THREE FILTER LEADS TOGETHER. DO NOT
CONTACT THE TERMINALS PRIOR TO
FULLY DISCHARGING THE CAPACITORS
EXCEPT WITH SHORTING CONDUCTOR
INSULATED FROM PERSONNEL.

FAILURE TO OBSERVE THIS PRECAUTION
MAY RESULT IN FATAL SHOCK OR
SERIOUS INJURY.

A dc ammeter may be used in place of ac with
test circuit shown in Fig. 10. With this circuit the current
readings will be 90 percent of the ac values.

. X
ﬁg oo

LINE
120 VOLTS, 80 HERTZ

\

O

FILTER
CONNECTION

|

Fig. 10. Filter test circuit for use with dc ammeter

Repair And Failure Procedures

Repair

Repairs should be made only by qualified
personnel using the materials and processes for which the
motor was designed. To protect the warranty during the
warranty period, all repairs must be made in a General
Electric Service Shop or approved repair facility. Many
repairs can be easily performed with only assembly
operations if General Electric replacement parts are
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