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1.01 The 302•.\ power plant consists principally
of motor-generators, rectifiers, or various

combinations of both, and the associated battery
equipment. This plant is designed for use with
dial and toll systems or their combinations. However,
it may be used for other equipments for which
the capacity, voltage range, and circuit arrangements
are satisfactory. The. plant operates from a
commercial GO-Hz, g-phase, ac power supply with
voltage variations of 208,230, 240, or 460 volts.
An output provides -24 volts, -48 volts, or ~

combination of both voltages, with 100 to 10,000
amperes battery charging capacity. Special equipment
arrangements allow an increase in charging capacity
up to 20,000 amperes. The charging units are
automaticallv started and connected in service to a
value so th~t the charging unit or units in service
are fully loaded. As the load decreases, the
charging units no longer required are automatically
disconnected. In some cases when a 24-v01t battery
supply of less than 100 amperes is required, it .is
obtained by using 14 CEMF cells connected In

series with the 48..volt battery. Four of these cells
are automatically switched in or out of the discharge
circuit, one at a time, under voltage control.• • • • 5S

• • • • S9

8. ..Typical 70-Type Fuse Cap~

6. ,Simplified EM CELL Charging Circuit. • 35

5. Simplified Charging Circuit 31

1. Typical Main Control Board Panel Showi~g

a Combined 24- and 48-Volt Plant with
G Charging Units •••••• 5

5. TROUBLES

3. Voltage Regulator and Exciter Controls
Provided Only with Gland G2 Generators

.4. Current-Controlled Generator Control Bay

9. ftFU56 Alarm Testing Cord-Tool Connection~

• • • • • • • • • • • • • • • S5 . 1.02 This section is reissued for the following
reasons:

( \,J
(

Table

. A.. Normal Automatic Operation-Position of
Controls for G 1 Through G 10 Generators

• • • • • • • • • • • • • • • 12

• To add preparatory steps to generator
manual control handwheel adjustment
procedure.

• To change rotation of OLR potentiometer.
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24-VOLT CHARGING UNITS

4S-VOLT CHARGING UNITS

(

0'(

-_ ......."',

• To r evis e the 70-type fuse alarm test
methods.

• To reference both EM CELL CONT fuses.

• To add a caution and reference to capacitor
charging procedure on rectifiers that have
been removed from service.

• To clarify 81 and S3 switch designations on
KS-19210 and KS-19211 rectifiers.

• To revise procedure for charging both groups
of EM cells after power failure.

• To revise procedures for adjusting Gland
G2 generators.

This section does not affect the Equipment Test
List.

Wsrning: T1Jis plant includes automatically
controlled equipment. Ca.re must be
exercised to prevent a.ccidental starting of
the plant while maintenance activity is
being performed. Before starting work,
prevent automatic starting of equipment
byremoving fuses, blockingrelays, opening
switches, etc, as may be necessary. Wben
maintenance bas been completed, make
sure that the circuit is restored to normal.

1.03 Motor-generators or rectifiers (either or both)
are used as charging units. The motor-generator,

together with an automatic motor starter and a
floor-supported generator control bay which mounts
the switches, meters, and control relays, are
required for automatic start control with automatic
voltage or current regulation. Regulated rectifiers
are used as G or G·zero charging units. Two
types of coded rectifiers are used, the J...code
charging unit and the KS-type rectifier. Voltage
regulated rectifiers may be used as the principal
charging unit in a new plant, or used to supplement
the charging units in an existing plant, or as
replacement of any motor-generator in any position.
Voltage regulated rectifiers are available for Gl
and G2 positions and for G-zero applications. The
G-zero units are always voltage-regulated type units
and operate in parallel ahead of the Gl charging
unit. Charging units as they exist are listed as
follows: .

MOTOR-GENERATORS

KS-5123

KS..5668-01

KS-15839

RECTIFIERS

J86249
KS·19210
KS·19211
KS-19212
KS-19356
KS·20039
KS...20040

CHARGE SA Y ASSEM8LY

J87246 H (consists
of one to four
J87222 C-D 100
ampere rectifiers)
J87246 VV (consists
of one to four
J87222 C..D 100
ampere rectifiers)

MOTOR-GENERATORS

KS-5123

KS-5668

KS-l.5839

RECTIFIERS

J86249
J86273
J86295
J86296
KS-156S9

OUTPUT CURRENT CAPACITY
AMPERES

100,200,400,600,
800, 1000, 1500
100,200,400,600,
800
~OO,600,800, 1000

100 or 200
400
800

1600
1600

800
1600

100 to 400

100 to 400

OUTPUT CURRENT CAPACITY
AMPERES

100,200,400, 500,
750, 1200
100,200,400,500,
750
400,500,750

100
200
200
400
200
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48·VOLT CHARGING UNITS

1.04 Where provided, the -J87339A rectifier
sequence control unit provides for manual

and automatic shutdown and sequence starting of
preselected groups of voltage-regulated rectifiers.
The sequence operation occurs when ac power is
transferred from commercial power to engine
standby power, or vice versa, due to power failure
or during routine engine test. The rectifier sequence
control reduces the excessive inrush current due
to initial rectifier loads on the standby engine
alternator and commercial power when transfer
from one to the other takes place.

RECTIFIERS

KS-19213
KS-192l4
KS-19215
KS-19790
KS-19791
I{S-19792
KS-19793
KS-20489
1(8-20490

CHARGE BAY ASSEMBL Y

J87246 J (consists
of one to four
JS7223 C-D 100
an1pere ·rectifiers )
J87246 Y (C011Sists
of one to four
J87223 C..D 100
am pere rectifiers)

800
800

1600
800
800

1600
1600

400
400

100 to 400

100 to 400

does not occur until the light load condition has
persisted for a predetermined time. If the load
exceeds the threshold level after timer initiation,
the timer is automatically reset to zero. The
light-load threshold level is adjusted from no load
to near full load of the plant ammeter. The
disconnection of the Gl and G2 generators due to
light load allows the G-zero rectifier to take control.
If the load" current increases, the circuit operation
is reversed and the Gland G2 generators are
reconnected to the load. If a G-zero rectifier fails,
the circuit will also reconnect the Gl and G2
generators to the load. The applique unit will not
operate if supplementary charging units (rectifiers
or generators) Ga, G4, G- are in operation in
addition to the Gl' and G2 generators. Also, in
case of a low float condition of the battery plant,
the applique circuit will not operate and the
generators will be reconnected to the load.

1.07 The J86323H applique units allow certain
rectifiers designed for use in the 802B

power plants suitable for use in the Gl or G2
positions in 302A power plants. The J86323H
applique units consist of two KS·20522 controllers
(packaged electronic control circuits) and other
necessary circuit components. The J86323H applique
units .are coded as follows: . ..

PLANT RECTIFIER
APPLIQUE UNIT VOLTAGE POSITION

J86323H L2 24 . G2

J86323H L3 24 Gl

J86323H L4 48 G2

J86323H L5 48 Gl

,,,....-~.........

1.05 The J863233 Ll and L2 applique units are
provided for automatic disconnect of Gl

and! or G2 generators on light load when 302A
power plants are equipped with G~zero rectifiers.
The J86323J applique unit consists of a KS-20522
controller (packaged electronic control circuit) with
the necessary circuit components to permit the
unit to be used in 302A power plants equipped with
G·zero rectifiers. TheJ86323 Ll unit applies to
the 24-volt plants and the J86323 L2 unit applies
to 48-volt plants.

1.06 With the J86323J applique unit, Gl or G2
generators are automaticallydisconnected

under light load conditions. These units include a
timer which can -be adjusted so that a disconnect

Page 4

1.08 One bay of main control board is to be used
for each power plant, which mounts the

voltage, control, and alarm relays together with
the fuses, lamps, and keys associated with the
control and alarm circuits (see Fig. 1). Each main
control board has equipment and control facilities
for ten charging units for each voltage. The
regulated rectifiers for trickle charging the emergency
cells are also on the main control board,space
being available for a maximum .of five rectifiers.

1.09 A battery control board is provided for each
power plant, which is the control and

distribution center between the charging equipment,
batteries, and fuse panels to which the battery
supply is furnished. T-he battery control board

( "
)

..,/
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Fig. l-Typical MainContrcl Board Panel Showing A Combined 24- and 48-Volt Plant Having a G Charging
Unit

r

consists of two or more bays of panels, mounting
voltage relays which actuate -the control board
mounted switches required for cutting the emergency
cells into or out of the discharge circuit. It also
contains the charge fuses, the discharge fuses, the
discharge load ammeter, and the suppressed zero
voltmeter. The control equipment for the 24"'volt
CE¥F cells is mounted on a box-type framework
in the battery control bay. The 4 CEMF cells are
mounted on a battery stand near the storage
batteries.

1.10 ...'-\. single-string battery is used for each
voltage. This battery may consist of one

or more groups of enclosed-type cells permanently
connected in parallel. For a -48 volt battery, each
group consists of 23 cells in the main battery with
two 4-volt emergency cell groups that are automatically
switched in series with the main battery in the
event of a power failure. For a - 24 volt battery,
each group consists of either 11 or 12 cells in the

main battery with two 2-volt emergency cell groups
that are switched in series with the main battery
during a power failure, when the automatic charging
equipment is not operating.

1.11 Combination fuse and switch units are
provided for the ac supply to the - 24 and

-48 volt motor-generator or rectifier charging units.
The fuse and switch units will be mounted either
on the 'power service distributing cabinet or the
bus duct, depending upon the size of the power
plant.

1.12 Instructions are based on the following circuit
drawings. For a detailed description of the

operation of the individual circuits, refer to the
corresponding circuit description. If this section
is to be used with equipment that is associated
with earlier or later issues of the drawings,
reference should be made to the SDs and CDs to
determine the extent of the changes and the
manner in which the section may be affected,

Page 5
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AC DISTRIBUTION AND SERVICE CIRCUIT

SD-81185-01, Issue 6D-General Power Service
Circuit, 3-Phase Service

SD-81393-01, Issue 5D-Motor Starter Circuit

CHARGE CIRCUITS

SD80965-01, Issue 12B-Calculation of Equipment
and Lead Size

SD-81155-01, Issue 19D-Charging Generator Circuit
'With MotorDriven Rheostat

SD-8116o-01, Issue 20B-Charging Generator Circuit,
33- or 65-Volt MIG Sets
With Automatic Regulation
(A & M Only)

SD-81184-01, Issue 9D-Application Schematic,
lOG-Ampere, 24- and 48-Volt;
200-Ampere, 24- and 48-Volt
Regulated MetallicRectifiers,

SD-81714-01, Issue 5Ae-Charge Bay Assembly,
100- to 400-Ampere, 24
and 48-Volt, J87246H
&J

SD-81888-01, Issue 4A-Application and Conversion
Schematic for 302A and
302B Type Rectifiers for
use in Chargers in SOle,
302A, and 302B Plants (A
& M Only)

CHA.RGE CONTROL CIRCUITS

SD-81037-01-(1lfr. Disc.) MIG Sets and Rectifiers,
Automatic Operation 45-50 Volts

SD-81039-01-(Mfr.Disc.) MIG Sets and Rectifiers,
.. Automatic Operation 22-26 Volts

SD-81049-01, Iss 3D-(Mfr. Disc.) Generator
Regulation, Manual Start
Control 22-26 and 45-50 Volts

SD-81148-01, Iss 26B-(A & M Only) M/GSets and
Rectifiers, Automatic Oper
ation 45-50 v"olts

Pcge6

CHARGE CONTROL CIRCUITS (OONT)

SD-81148-02, Iss lIB-MIG Sets and Rectifiers,
Automatic Operation 45-50
Volts

SD-81175-01, Iss 27B-M/G Sets and Rectifiers,
Automatic Operation 22-26
Volts

BATTERY CONTROL CIRCUITS

. .. -

SD-80833-01~1\1fr. Disc.) .Manual Switching of
Emergency ·Cel1s, 45-50 Volts

SD-80834-01-(Mfr. Disc.) Manual Switching of
Emergency Cells, 22-26 and 45-50
Volts

SD-80835-01, Iss 8D--(A & M Only) Automatic
Switching of Emergency Cells,
4~50 Volts with 22-26 obtained
from CEMF Cells

SD-80836-01, Iss 19D--(A & M Only) Automatic
Switching of Emergency
Cells, 22-26 and 45-50 Volts

SD-80837-01-(Mfr. Disc.) Manual Switching of
Emergency Cells, 22-26 Volts

SD-80838-01, Iss 20B-A utomatic Switching of
Emergency Cells, 22-26 Volts

SD...81109-01, Iss 4B-24-v"olt CEMF Cell Control
Circuit, 24-Volt Supply from
48·Volt Battery, 10-100
Amperes, 22-26 Volts

SD-81121-01, Iss 17D-Automatic Switching of
Emergency Cells, 45·50
Volts

SD-81220-01, Iss 2AR-(:h!fr. Disc.) Automatic
Switching of Emergency
Cells, 6000 to 10,000 Amperes,
45 to 50 Volts and 100 to
6000 Amperes, 22 to 26
Volts

(

/

\

I

\
J-
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BATTERY CONTROL CIRCUITS (CONT)

SD-81234-01, Iss 13D-.~utomatic Switching of
Emergency Cells, 6000 to
10,000 Amperes, 45-50 Volts
or 6000 to 10,000 Amperes,
22 to 26 Volts

DISCHARGE CIRCUIT

SD-80966-01, Iss 7D-Discharge Circuit, 22 to 26
and 45 to 50 Volts

ALARM CIRCUITS

SD-81060-01, Iss l3D-DC Power Alarm Circuit

SD-81061-01, Iss 17D-Power Audible Alarm Circuit

RECTIFIER ClRCUITS

SD-81064-01, Iss 5D-J86220B, la-Volt, l2-.~mpere,

Rectifier Circuit (Emergency
Cell Trickle Charger)

SD..81129-01, Iss 25B-J86249, 24-Volt, 100.. and
200-Ampere; 48-Volt, 100
Ampere Rectifier Circuit

. .

SD-81242-01, Iss 7D-KS-15689, 48-Volt, 20Q-Ampere
Rectifier Circuit (.~&M Only)

SD-81317-0l, Iss 13B-J86273, 48-Volt, 200-Ampere
Rectifier Circuit

SD-81398-01, Iss 9B-J86296, 48-Volt, 400-Ampere
Rectifier Circuit

SD-81410-01, Iss 13B-J86295, 48-Volt, 200-Ampere
Rectifier Circuit

SD-81552-0l, Iss 11B-J87223A, 48-Volt, lOo-Ampere
Rectifier Circuit (Part of
J87246J)

SD-81553-Ql, Iss llB-J87222.4.., 24·Volt, lOQ-.A.rnpere
Rectifier Circuit (Part of
J87246H)

SD-81627..01, Iss 2B-KS-19210 Ll, 12, L3, L4, L7,
and L9, 24-Volt, 400-.4..mpere
Rectifier Circuit

ISS 10, SECTION 167..621-301

RECTfFtER C1RCUITS (CONT)

SD-81627·02, Iss 4B-KS-19210 Ll1 and L12,
24-Volt, 400-.~rnpere Rectifier
Circuit

SD-81628-01, Iss 2B-KS-19211 L1 and 13, 24..Volt,
800-Ampere Rectifier Circuit

SD-81628..02, Iss 3B-KS-19211 Ll1 and 11:.!,
24-Volt, 800-Ampere Rectifier
Circuit

SD..81629-01, Iss 3B-KS-19212 Ll, L2, L3, L4:,
24-Volt, 160Q-Ampere Rectifier
Circuit

SD-81629-02, Iss 4B-KS-19212 Ll1 and L12,
24 -V 0 It, 1600 -A m pere
Rectifier Circuit

SD-8l630-0l, Iss 2.A.R-KS-19213 L2, L3, L5, L5,
L7, and L9, 48-Volt,
800-Ampere Rectifier Circuit

SD-8l630-02, Iss 6AC-KS .. 19213 Ll1 and L12,
48-Volt, 800-Ampere Rectifier
Circuit •

SD-81631-01, Iss 7B-KS-19214 L2, 13, L5, LB,
Ll1, and L12, 48-Volt,
800...Ampere Rectifier Circuit

SD-81632-01, Iss 3B-KS-19215 L1,' 12, L3 and L4,
48-Volt, 1600-Ampere Rectifier
Circuit

SD-81632-02, Iss 5A-KS-19215 L11 and L1'2,
48-Volt, l6DO ..Ampere
Rectifier Circuit

SD-81684-01, Iss 4B-KS-19356 L1, L2, L3, L4,
Lll, and L12, 24-Volt, 1600..
Ampere Rectifier Circuit

SD-81753-0l, Iss l6B-J87222C and D, Regulated
Rectifier 24 Volts, 100
Amperes-Semiconductor
Type

SD-81756-01, Iss 14B-J87223C and D, Regulated
Rectifier, 48 Volts, 100
Amperes-e-Sem iconductor
Type

Page 7
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RE:TIFIER CIRCUITS (CONT)

SD-81810-01, Iss l-KS-19790 L11 and L12, 48-Volt,
800-AJ.1lpere Rectifier Circuit

SD-81811-01, Iss 5B-KS-19791 L11 and L12,
48-Volt, 800-.4...mpere Rectifier
Circuit

SI.~ ..81812..01, Iss 6B-KS-19792 L11 and L12,
48-Volt, 160Q.A.mpere Rectifier
Circuit

SI~-81813-01, Iss 1-KS.19793 L11 and L12, 48-\701t,
1600-Ampere Rectifier Circuit

SIJ-81895-01, Iss l-KS-20039 L11 and LIZ, 48-Volt,
SOO-Ampere Rectifier Circuit

81)-81897..01, Iss 5B-KS-20040 L11 and L12,
48-Volt, 1600-A m pere
Rectifier Circuit

SI)-81995-01, Iss 4B-KS..20489 L11 and Li2,
48-Volt 400..Ampere Rectifier
Circuit

1.14 For more detailed information on the operation
and maintenance of individual equipment 'of

apparatus, refer to the appropriate Bell System
Practices. All relays and other apparatus should
be adjusted, when required, in accordance with
these sections and the circuit requirements table
on the circuit drawings.

1.15 Adjustment of the stationary low-contact
pointer of AR, ARl, and AR2 ammeter relays

necessitates removal of the relay cover. 'The position
of the low-contact pointer may be changed by
grasping it at the insulated lower end and moving
it as required. Adjustment of the high-contact
pointer may be made by rotating the screw at the
front of the relay.

1.16 The J87246H or J87246W and the J87246J
orJ87246Y charge bay assemblies (G-zero

units) consist of one to four J87222 and J87223
rectifiers. Unless otherwise specified, the checks
and adjustments for the G-zero rectifiers covered
in this section also pertain to the rectifiers in the
G-zero charge bay assemblies.'

2. LIST OF TOOLS·AND TEST APPARATUS

i
\

SD-81996-01, Iss 3AR-KS-20490 L11 and' L12,
48-Volt, 400-Ampere Rectifier
Circuit '

CODE OR

SPEC NO. DESCRIPTION

1.13 The abbreviations used in this section are TOOLS

defined as follows:
365

ew-e-Clockwise
411C

ccw-Counterclockwise
KS-6320

GI-Rectifier or Generator designated 24VGl
or 48VGl .

G2-Rectifier·or Generator designated 24VG2
or 48VG2

G3 through GIQ-Rectifiers or Generators
designated 24VG3 up to 24VG10 or 48VG3
up to 48VG1p

Connecting Clip (four reqd)

Test Pick (two reqd)

Orange Stick

3-Inch C Screwdriver

Fuse Puller, 7-1/2 Inch, Ideal
Industries

Blocking Tools as required. .A.pply
Tools as covered in Section
069-020-801.

(
\

( ';

Pt:ge 8

G-Zero-Voltage regulated rectifiers or charge
bay assemblies designated 24VGOI up to
24VG01.O or 48VG01 up to 48VGOIO.

141

720A

Cord !?-p

Battery Pickup Tool (
\



A. Automatic Operation of Ptant

3.02 For normal automatic operation of the plant,
a sufficient number of rectifiers and/ or

motor-generators should be in operation to carry
the office load and float the battery string at 2.17
volts per cell. The controls should be in the
positions indicated in Table .'\ for the main control

3.01 The 302A power plant will operate with G
charging units alone oOr in combination with

G·zero charging units. G charging units can be
either motor-generators or rectifiers and are arranged
for voltage-regulation or current-eontrol1ed operation
and are connected to operate- successively. The
first two charging units in the plant, Gl and G2,
are electronic-type voltage-regulated units. (See
Fig. 2 and 3.) All subsequent units are
current-controlled (raise/lower) units. (See Fig. 4)
G-zero charging units are always voltage-regulated
rectifiers and may be added to the -24 or -48 volt
plant to operate ahead of the Gl unit. In the
48-volt plant a replaced voltage-regulated Gl or
G2 unit may be reconnected as a 2-step current
unit. As many as two of the 2..step 'units may be
added.

(

c;OOE OR

•SPEC NO.

TEST APPARATUS

KS-8039

KS-14510

KS-20538

WIAY

2W17A

MATERIALS

3. OPER..J\Tl0N

DESCRIPTION

Volt-Milliammeter (or equivalent)

Volt-Ohm-Milliammeter (or
equivalent)

v 0 It-O h m -M illiam mete r (0 r
equivalent)

Cord (8-1/2 feet long, equipped
with one 360.~ tool at each end,
four reqd)

Cord (W2W cord, equipped with
one 310 plug and two 360 tools)

35-Type Test Set

DC Voltmeter, Weston Model 931,
Q··to 3·Volt Scale (or equivalent)

Dry Cell, 1-1/2 Volts

ISS 10, SECTION 167-621-301

board and the generator control keys and switches.
Table B indicates the position of the keys and.
switches for various applicable rectifiers.

3.03 Operation of J87339 Rectifier Sequence
Control Unit: With the TR...~l through

TR ...~4 switches in the NORM position, the engine
control circuit controls the stopping and sequence
starting of each group of voltage-regulated rectifiers.
In the event of an ac power transfer, the rectifiers
are stopped and then the rectifiers controlled by
the TRA1 switch come back on immediately. The
rectifiers controlled by the TRA2 switch come on
approximately one second later. The rectifiers
controlled by the TR.~3 switch come on approximately
one second after the TR...~2 switch controlled
rectifiers come back on. The rectifiers controlled
by the TR.'-\.4 switch come on approximately one
second after the TRA3 switch controlled rectifiers
come back on. Operation of any TR...~( ) switch
to the MAN-STOP position stops all rectifiers within
its group and higher numbered groups. The
associated M.A.N GD lamps for the stopped rectifiers
are lighted, Restoring the TR.-\.( ) switch to the
NORM position will sequence start the associated
group and higher numbered groups of rectifiers,
with a one second delay between the starting of
each group. Operation of the TR.~( ) switch to
the STOP-BY-AUTO-ENG position prevents its
group and any higher numbered group from starting
when the RO lead is grounded by the engine circuit.
By preselection, some of the rectifier groups are
held off to prevent overloading of small capacity
automatic engines. Upon the return of commercial
power, all rectifiers are started in sequence. If
multiple engines are furnished to provide additional
load capacity, additional rectifiers may be started
by restoring the TRA( ) switch to the NORM
position.

3.04 During extended heavy-load periods or in
the event of partial loss of charging capacity,

the available charging units may not have sufficient
capacity to maintain the main battery at float
voltage thereby causing the load to be s·witched to
the end cells. Under this condition, the charging
equipment connected to the regular or F bus will
have incorrect polarity to the end cells. This will
reverse the cells and if allowed to continue will
damage the cells. In this event all charging units
must be switched to the end cell bus. Although
this will not effectively charge the battery, it will
extend the reserve time until load has been reduced
or until auxiliary charging equipment has been
secured and added.

Page 9
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Fig. 2-Voltage Regulated Generator Controls
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Fig- 3--Voltage Regulator and Exciter Controls Provided
Only With Gland G2 Generators

Page 10



ISS 10, SECTION 167-621-301
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POTENTIOMETER

o
c

Fig. 4-Current Contrclled Generator Control Bay
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TABLE A

NORMAL AUTOMATIC, OPERATION - POSITION OF CONTROLS FOR
Gl THROUGH Gl0 GENERATORS

CONTROL DESIGNATIONS

MAIA1 CONTROL BOARD (Fig. I)

GEN REG FLOAT-eRG Key
GEN REG MAN-AUTO Key
EM CELL S,\\71\1AN-AUTOKey

RECTIFIER SEQlJElvCE C01\'TROL UNIT

TRAI through TRA4 Switch

Gl <44.l\1D G2 GEl\TER..4TOR ('OA'TROL ~A}' (Fig. 2)

REG TEST-NOR Key
CONT TEST-KOR Key
NOR-STOP Key
"·M BAT-GEl' Key
Generator Manual Control Handwheel
Generator Knife Switch
CC TEST Key (if provided)

1-()[JT.r1Gf: I~EGlil.J~4TOlt .4J\7D exctren FOR GI ANI) G2
Gf:l\rER.·! TORS (Fig. ,1)

LI>:E COI\IP !\'OR-TEST Switch
Rf:G-.A. UTO..J\iAN Switch

G.7 TH 1~()[7GI{ GIO GE.\7f:/t.,1 rou (.'O~\'TllOL BA}· (Fig. 4)

NOR-STOP Key
'TST NOR Key
\,;r~IBAT-GE~Key
Generator Manual Control Handwheel
Generator Knife Switch

Poge 12

POSITIONS

FLOAT
.ItUTO
AUTO

NORM

NOR
NOR
NOR
GEN
BAT
closed
NOR

NOR
AUTO

NOR
NOR
GEN
B,,~T

closed

(

"(

(

(

(
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TABLE B

NORMAL AUTOMATIG OPERATION - POSITION OF CONTROLS OF
VOLTAGE·REGULATED AND CURRENT·CONTROLLED RECTIFIERS

RECTIFIER
KEYS, SWITCHES, AND

POSITION
CIRCUIT BREAKERS

G1 AND G2 REcTIFieRS - VOLTAGe REGt.1lATED

J86249 and NOR-OFF switch NOR
KS-15689 NOR-TEST 1 switch NOR

NOR·TEST 2 switch NOR
NOR-TEST 3 switch NOR .

CONT (NOR-TEST R) key NOR
CC TST switch NOR
CHG-FLOAT (82) switch FLOAT
OUTPUT (83) switch battery

(vertically up)
CONT circuit breaker closed
CHG 4~LNI circuit breaker closed
door switches operated

(doors closed)

J86273, J86295, REeT OFF-NOR switch NOR
and J86296 81 switch BAT

NOR·TSr R key NOR
AMPL TST-NOR switch 'NOR
.REG TST-NOR switch NOR
CON CUR TST, TST-NOR switch NOR
rvIAN..AUTO switch AUTO
CBl, CB2, & CB3 circuit breakers closed

KS..19210 L3, L4, L9 OFF·NOR switch NOR
:··~··§~\Ls~t£ll.j:\ BAT
AUTO-ivIAN key 4~UTO

NOR..TST key NOR
CBl circuit breaker closed

KS-19211 L3, L4, L9 OFF·NOR switch NOR
:lf$$~~::$~j~li/ BAT
AUTO-0I·L.~N key AUTO
NOR-TST key - NOR
CBl circuit breaker closed....-

KS-19212 L3 & L4 OFF..NOR switch NOR
and KS-19215 L3 & L4 swi switch F

S\V2 switch ..- BAT
TST-j\1AN-.~UTOswitch .~UTO

KS-19213 L2, L5, & L9 OFF·NOR switch NOR
NOR·TST key NOR
LVIAl'l'-AUTO potentiometer 4~UTO

CC TST switch normal
REG TST key normal
B.~T..DISCH switch ON or BAT

Page 13



SECTION 167.621-301

TABLE B (Cont)

RECTIFIER I
KEYS, SWITCHES, AND

POSITION
CIRCUIT BREAKERS

CS switch BAT
SC circuit breaker ON
PS circuit breaker ON

KS..19214 L2 & L5 NOR-OFF (84) switch I NOR
81 switch BAT
82 switch BAT
CBl~ CB2, & CB3 circuit
breakers ON
TST R -NOR key NOR-
I\'1.-\N-.~UTOkey AUTO
.~1\lPL TST·NOR (SID) switch NOR
REG T8T-NOR (812) switch NOR
CON CUR TST-NOR (83) switch NOR

KS·19356 L3 & L4 OFF·NOR switch NOR
CC TST switch : OFF
81 switch BAT
CONT circuit breaker ON -
AUTO·l\t~~N key .~UTO "
NOR·TST key NOR

G3 THROUGH G10 RECTIFIER - CURRENT CONTROLLED

KEYS, SWITCHES, AND
.

RECTIF1ER
CIRCUIT BREAKERS

POSITION

J86249 and KS-15689 ON-OFF switch ON
1\lAN·TEST key normal
CHG·FLO.~T switch FLOAT
OPEN (53) switch battery

(vertically up)
CONT circuit breaker closed
CHG Al.M circuit breaker closed
door switches operated

(doors closed)
J86273,J86295,and RECTOFF-NORs\vitch NOR
J86296 81 switch BAT

TST·NO"R·]v!;\N key NOR
CBl, CB2, & CB3 circuit
breakers closed

I

KS..19210 Ll OFF·NOR (81) switch NOR
53 (DC Output) switch F

I AUTO·rvlAN (82) <key AUTO
I NOR-TST (84) key NOR

I
LO\VER.. NOR (S5) switch NOR
R ...o\.ISE-NOR (S6) switch NOR

1 eBl circuit breaker closed
f

KS·192l0 L2 & L7 OFF-NOR (84) switch NOR
81 (DC OUTPLTT)_s\\ritch F
.~ lTTO·rvl..~N (82) switch AUTO

Page 14

(

(
.J

(

/



TABLE 8 (Cant)

ISS 10, SECTION 167-621-301

r
;
\,

RECTIFIER
KEYS, SWITCHES, AND

POSITION ICIRCUIT BREAKERS ,
I

I

NOR-TST (S5) switch NOR
RAISE-NO R (56) swi tch NOR

i LO\VER-NOR (57) switch ; NOR

KS-19211 Ll OFF·NOR switch
I

NOR
I

53 (DC OUTPUT) switch BATI
I
I NOR-TST key NOR
I

.~UTO-iVIAN key .~UTO

I R.~ISE-NOR switch NOR

I LO\VER·NOR switch NOR

KS-19211 L2 & L7 I OFF-NOR switch NOR
81 (DC OUTPUT) switch BAT
NOR-TST key NOR

I
.~UT0-i\'I.~N key _~UTO

R.~ISE-NORswitch NOR
ILO\VER-NOR switch NOR

KS-19212 Ll & L2 OFF-NOR switch NOR
and KS-19215 L1 & L2 S\Vl switch F

S\V2 switch BAT
TST·lYl.~N-..~UTO switch ~:~UTO

R.~ISE-LO\VERswitch normal

• KS-19213 L3, L6, & L7 OFF-NOR switch I f NOR
NOR·TST key NOR
l\1.~N-AUTOpotentiometer .~UTO

CC TST switch normal
CS switch BAT
CHG switch BAT
PS circuit breaker . ON
SC circuit breaker ON

KS-19214 L3 & L6 OFF-NOR (84) switch NOR
S'l switch BAT
82s,vitch BAT
CB1. CB2, & CB3 circuit
breakers ON
TST·NOR·JYl.~N key NOR
.~L\IPL TST·NOR switch NOR
CON CUR TST·NOR (S3) switch NOR

KS-19356 L1 & L2 OFF·NOR switch NOR
CC TST switch OFF
51 switch BAT
CONT circuit breaker ON
lVI.~N .. AUTO key AUTO
NOR·TST key NOR
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SECTION 167-621-301

RECTIFIER

J87222 and J87223

KS-19210 Ll1 & L12,
KS-19211 Ll1 & L12,
and KS..19356 LII & L12

KS·19212 L11 & L12
and KS-19215 LII & LI2

KS..192l3 Lll & LI2

KS-19214 Lll & LI2

KS..19790 Lll & L12

KS..19791 Lll & L12

KS-19792 L11 & L12

TABLE B (Cont)

G·ZERO RECTIFIERS - VOLTAGE REGULATED

KEYS, SWITCHES, AND
CIRcurT BREAKERS

ON..OFF key
DC OUTPUT switch
(on charge bay assembly)

OFF·NOR switch
;~(i~IQ\~\I:~g~\~i.~~~~

AUTO-MAN key
NOR-TST key
eBl circuit breaker

OFF·NOR switch
SWl switch
8\V2 switch
TST·1\1AN·AUTO switch
TCR switch

OFF-NOR switch
NOR..TST key
CC TST switch
REG TST key
CHG switch
CS switch
SC circuit breaker
PS circuit breaker

NOR·OFF (54) switch
81 switch
82 switch
eBl, CB2, & CB3 circuit breakers
CB4 circuit breaker
MAN·AUTO (S13) switch
AMPL TST..NOR (SIO) switch
REG TST·NOR (812) switch
CON CUR TST·NOR (83) switch
TST SIG (811) switch

PO\VER ON ..PO\VER OFF (81 ) switch
AC TAP (82) switch
DG OUTPUT (83) switch
eBl., CB2 circuit breakers

PO\VER ON-PO\\7ER OFF (51) switch
DC OUTPUT (82) switch
CBl circuit breaker
CB2 circuit breaker (L12 only)

PO\VER ON·PO\\TER OFF
(8600) switch
DC OUTPUT (81 ) switch
AC T.A.P S\VITCH (82) switch
CB600~CB601,CB602,CB603,

and CB604 circuit breakers

POSfTION

ON

BAT

NOR
BAT

AUTO
NOR

closed

NOR
F

BAT
AUTO
normal

NOR
NOR

normal
normal
B.~T

BAT
ON
ON

NOR
1 (BAT)

BAT
ON

OFF
AUTO
NOR
NOR
NOR

normal

PO\VER ON
BAT
BAT
ON

PO\VER ON
B.-\T
ON
ON

PO\VER ON

BATF
F

ON

/ '\

(

"(
I~ .•~

(
/

( ,

( I

"J
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TABLE 8 (Cant)

ISS 10, SECTION 167-621-3-:·} 1

. ~

I

."'!

KEYS, SWITCHES, AND
,

RECTIFIER POSITION
I

CIRCUIT BREAKERS
I -

KS-19793 LI1 & L12 PO\VER ON-PO\VER OFF (51') switch PO\VER ON i
I

AC T.~P (52) switch BAT
"- DC OUTPUT (83) switch B.:~T

.;;\UX ..~C P\VR A circuit breaker ON

..~UX ..-\.C P\VR B circuit breaker ON

I KS-20039 Ll1 & L12 I PO\VER ON-PO\VER OFF (51) switch PO\VER ON I,
I

AC T.-\P (82) switch BAT I

IDC OUTPUT (83) switch BAT I

CBl circuit breaker ON ~

CB2 circuit breaker ON j
1

-;

KS-20040 Ll1 & L12 PO\VER ON-PO\VER OFF PO\VER ON j.
(S600) swi tch

I f
DC OUTPUT (81) switch BAT F I

.~C T.~P (82) switch 11 CELL OR !

12 CELL i
I

CB600,CB601~CB602,CB603,and ON i
CB604 circuit breakers i

~

KS-20489 L11 & L12 PO\VER ON-PO\VER OFF PO\VER ON
I

(81) switch !

DC OUTPUT (83) switch B.~T
:

I
iSIlvIUL.-\.TED OUTPUT CURRENT OFF
j(82) switch

--
... KS..20490 LI1 & L12 PO\VER ON-PO\VER OFF PO\VER ON i

I

(82) switch I
DC OUTPUT (81) switch BAT I
SIl\IULATED OUTPUT CURRE0fT OFF i

;

(53) switch i
OFF-TEST (84) swi tch OFF I

i

CBl circuit breaker ON I

I
CB2 circuit breaker ON I

!
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SECTION 167..621-301

3..~5 24- Volt CountercellControl Circuit: In
some cases when a .24-volt supply of less

than 100 amperes is required, it is obtained from
the 48·Yolt plant through automatically controlled
countercells.

8. Manual Operation of Plant

3.06 Plants Provided 'With G ChsrgingUnits:
To manually control the output current of

the plant, operate the GEN REG MAN-AUTO key
011 the main control board to the MAN position.
Tue output may then be controlled by operating
the RAISE or LOWER key on the main control
board. The Gl or G2 charging unit will maintain
voltage regulation unless the output current capacities
are exceeded. Manual operation of the individual
charging units is covered in 3.20 through 3.24.

c. Boost Charging Main Battery

3.07 To boost charge the battery, operate the
FLOAT-CHG key on the main control board

to the eRG position, When the charge has been
completed, restore the FLOAT-CHG key on the
main control board to the FLO.A..Tposition.

D. Boost Charging Emergency Cells

3.08 Adjust trickle charger in accordance with
4.24 to boost charge the emergency cells at

2..! volts per cell.

E. Stopping and Starting Charging Units

2.09 General: The procedure for stopping a
charging unit depends on whether the unit

is supplying load and, in some cases, on the operating
.scquence of the unit. Unless a trouble condition
exists, removal of a charging unit from service
should be done during a light load period. The
Gl and G2 unit should be kept in service at all
ti ..nes since these are the only units in the plant
arranged for automatic voltage regulation. The
procedures for stopping G charging units that are
n.rt operating or the G-zero units are covered in
3 10. Stopping a G charging unit -when it is
si.pplying load should be done only in an emergency
0_' when a slight voltage drop will not affect
s rvice. The normal procedures for stopping G
charging units that are operating are given in 3.11
.tlrough 3.19. .

P~ge 18

Note: If the Gl and G2 units are
motor..generators and the G..zero units have
sufficient capacity to carry the load, the Gl
and G2 units may be automatically shut down.

F. Stopping and Starting G-Zero Rectifiers and
Nonoperating GCharging Units

3.10 Stopping and Starting a.Zero .Rectifiers
and Nonoperating G Cbllrging Units

(a) To remove 8 G-zeroor nonoperating G
charging unit from service, operate the

NOR-OFF, RECT OFF-NOR, OFF-NOR, ON-OFF,
NOR-STOP, Po,\\rER ON-POWER OFF switch
on the unit to the OFF, STOP, or POWER
OFF position. Then disconnect the unit from
the battery circuit as follows.

(1) .If the unit is 8 generator, open the·
battery knife switch on the associated

control bay.

(2) If the unit is a GJ through G10rectifier
or B G-zero rectifier that is not part

of8 charge bay assembly, operate the rotary
or knife battery switch specified in Table C
for the rectifier to the position indicated in
the table.

(3) If the unit is part of a G-zero charge
bay essembl..v, operate the De OUTPUT

switch. on the charge bay to the. OFF position
only if the other rectifiers are not provided
in the charge bay or, where provided, have
also been removed from service,

(b) To restore a G charging unit to service,
proceed in accordance with 3.11 through 3.19.

Caution 1: .,Do not restore the rotary or
knife battery switch to the BAT or F
position without first charging the output
filter capacitors. Reference should be
made to the operating methods section,
for each individualrectifier, for this capacitor
charging proceduree

Caution 2: Do not start the rectifier
before connecting the battery, otherwise
the rectifying element may be damaged.

(c) To restore B G-zero rectifier other tbsax
a KS-19212 orKS-19215rectifier to service,

"(
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TABLE C

SETTING Of RECTIFIER CONTROLS

I u

RECTIFIER
CONTROL

POSITION
POWER

I POSITION
KEY OR SWITCt-t ON/Of F SWI TCH

JB6249 CON'!, NOJl-1"I~ST It 1'ESfl'lt NO 11-0Ii'fi' I oFl·'

J86273 NOI1.-~rS1"\ R (l'S"r R RECff OFF-NOll. OFF

JBG295 NOIt-IrS'f 11 (I'S'l\ It REC'I' OF'}·"-NOll OFF

J86296 NOI1-~rS'rR '{'S'I' Il Il.I~C'r Ol~lt'-NOR o FIt"'

J87222* - - ON-OI~F OIt'I·'

JB7223* - - ON-Oli'l" o FIt'

}{S-15liB9 CONlr NOR-1'ES'r n (rEST It NOR-OFF
~~

1(8-19210 NOlt-'I'8'I' 11'S'1' Ol·'l"-NOR Olt'l~

1(8-19211 NOR-'I'S'I'
,

'1'8'1' OFF-NOll I 01'"'[·"',
1(8-19212 - - OIf'Ii"\-NOll I OF'l~

)(8-19213 NOlt-1'S'1' 'I'S'!' Oli'F-NOJt I Ol·"\!i'

1(8-19214 NOll·MAN 1'S'1' 'f'S'f NOll-OF'F I Ol~'li'

1(8-19215 - - orr.nou I ()fi"\F

I{S-1935H N() It-1'S'I' 'I'S'l' o [.'If'-N() It OFF'

1(8-19790 - - PO\VElt ON-PO\VEll. OFF PO\VI~H. OIi'F·

1(8-19791 - - PO\VEIl ON-POWER OFI-' PO\VEIlOFF

1(8-] 9702 - - PO\VI~ll ON-PO\VER Ol"[i' I PO\VEllOFF

I(S-197H3 - - rowan ON-PO\VJ~R 01"1.' I P() \V)~ 11 0 I·"' I·'

)(8-200:19 - - PO\VI~ll ON-PO\,VEIt OF'I·~ I P()\VEIl ()}t'F

1(8-20040 - - PO\VElt ON-PO\VElt OIi'F I PO\VElt OIi'I~

1(8-20489 - - PO\VJ~)t ON-P()\VElt Olt'l."\ I P()\VI~ 11 0 Ii'1·'

I(S-20 f tHL I - - PO\VI~lt ON-POWI~ft ()F'(4"' I P() \Vl~ It 0 I.' 1·'
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SE:TION 167-621-301

-estore the DC OUTPUT switch on the charge
bay assembly, if the rectifier is part of the
charge bay, to the BAT position. If the rectifier
is not part of a charge bay, restore the rotary
or knife battery switch (specified in Table C)
on the rectifier to the BAT position. Then
restore the NOR-OFF, ascr OFF-NOR, OFF-NOR,
ON-OFF, or POWER ON-POWER OFF switch
on the rectifier to the NOR, ON, or POWER
ON position.

(d) To restore a G-zero K8-19212 or KS·19215
rectifier to service, operate the rectifier

switches in the order given.

(1) Operate the TST-MAN-A UTO switch to
the TST position.

(2) Operate the OFF-NOR switch to the
NORposition.

(3) Operate _the SW2 switch to the BAT
position.

(4) Operate the OFF-NOR switch to the OFF
position.

(5) Operate the TST-MAN ..AUTO switch to
the AUTa position.

(6) Operate the OFF-NOR switch to the
NOR position.

G. Stopping and Starting Gl and G2 Charging
Units-Plants Arranged for Generator Cutoff

3.11 Stopping and Starting G1 Rectifier

(a) To remove the G1 rectifier from service,
operate the keys or switches specified in

. Table C in the order given.

Caution 1: .Do not restore the rotary or
knife battery switch to the BAT or F
position without first charging the output
filter capacitors. Reference should be
made to the operating methods section,
Ioreech individualrectifier, for this capacitor
chlJ.rging procedure".

Oeution 2: Do not start the rectifier
before connecting the battery, otherwise
the rectifying element may be damaged.

Page 20

(b) To restore tbe Gl rectifier to service,
restore the control key or switch specified

in Table C to the NOR position. Connect the
rectifier to the battery circuit by operating the
rotary or knife battery switch specified in the
table to the BAT position. Then restore the
NOR-OFF, RECT OFF-NOR, OFF-NOR, ON·OFF,
or POWER· ON-POWER OFF switch to the
NOR, ON, or POWER ON position.

(c) When the Gl rectifier is restored to service,
if G2 is the only charging unit operating

and the load is of a value that can .becarried
by Gl, the generator cutoff feature will time
out and cause Gl to restart. in g minutes. -If
more than one charging unit is operating, Gl
will not restart automatically until the load
decreases toa value which can be carried by
G1 without the aid of any other charging unit
or until the total load on the plant requires all
charging units, at which time,the control circuit
will function and restart G1 after a 3-minute
delay.

3.12 Stopping end Starting Gl Generator

(a) To remove the G1generator from service,
first operate the .REG-TEST.NOR~rA~

and .CONT-TEST-NO~~ keys, in that order,
on the G1 generator control bay to the TEST
positions.

(b) When the G2 unit starts and the REeT
FAIL or GEN FAIL lamp on G2 is extinguished,

operate the .NORM.,.~L-STOP~key on the Gl
generator control bay to the STOP position.
"Then the CA contactor on the G1 generator
control bay is released, open the Gl generator
knife switch.

(c) To restore the GJ generator to service,
restore the~ REG-TEST-NORMAI,tand the

.•CONT·TEST-NORMA~keys to the tNORMALt
position. Restore the generator knife switch to
the closed position. Then operate the
.NORl\1AL.STOP~key to the tNORMALt position.
[See 3.10(c)).

Warning: Never close the generator knife
switch while the CA contactor is operated,
aspersonalinjuryand commutetor damage
may result.
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3.13 Stopping and Starting G2 Rectifier

(a) To remove the G2 rectifier trom service,
first operate the control key or switch

specified in Table C for the rectifier to the
position indicated.

(b) When the Gl unit starts and the RECT
Fxn, or GEN F.4JLlamp of G1 is extinguished,

G1 may go to full load and cause G3 to start.
After G3 connects, its output will rise until the
output of Gl is below 75 percent of its load
capacity. The G-zero rectifiers provide voltage
regulation.

(c) When the output of the G2 rectifier has
. decreased to zero, operate the G2 rectifier

NOR-OFF, RECT OFF..~OR, OFF-NOR, ON-OFF,
or PO\VER ON·PO\VER OFF switch to the
OFF or POWER OFF position.

(d) Operate the rotary or knife battery switch
specified in Table C for the rectifier to the

position indicated.

(e) To restore the 02 rectifier to service,
proceed as covered in 3.11(b) for the G1

rectiiier:

(f) When the G2 unit is restored to service, if
the load on the Gl unit is over 25 percent

of its capacity and G3 is operating, the G2 unit
will start and cause the Gl unit to shut down.
If the total plant load is less than 80 percent
of the capacity of the Gl unit, Gl will restart
in approximately 3 minutes and G2 will then be
disconnected. -

3.14 Stopping and Starting G2 Generator

(a) To remove the 02generator from service,
first operate the ~REG TEST-NOR1'1...;\L-t

and CONT TEST-NOR1fAL keys, in that order,
on the G2 generator control bay to the TEST
positions.

(b) When the Gl unit starts and the RECT
F.-tiL or GEN FAIL lamp of Gl is extinguished,

G1 may go to full load and cause the G3 unit
to start. After G3 connects, its output will rise
until the output of Gl is below 75 percent of
its load capacity.

ISS 10, SECT10N 167-621-301

(c) When the output of the G2 generator has
decreased to zero, operate the NOR-STOP

key on the G2 generator control bay to the STf)P
position. When the C...~ contactor on the G2
generator control bay is released, open the G2
generator knife switch.

(d) To restore the G2 generator to service,
restore the .REG-TEST-NORM...~L. and

.CONT-TEST-NORM...~ keys to the NORMAL
positions. Restore the generator knife switch
to the closed position. Then restore the to the
closed position. Then restore the ,NORl'tIAL-STOPt
key to the .NORMALi position. [3.13(£).]

Warning: Never close the generatorknife
switch while the CA contector is operated,
aspersonal injury andconunutator damage
may result.

H. Stopping and S'tarting Gl and G2 Charg iM9
Units-Ptants Not Arranged for Generator Cutoff

3.15 Stopping and Starting G1 Rectifier:

G2 Unit Not Supplying Load-

(a) To remove the G1 rectifier from service,
operate the keys or switches specified in

TableC for the rectifier in the ordergiven,

(b) To restore the G1 rectifier other then a
KS·19212 or KS·19215 rectifier to service,

proceed in accordance with 3.11(b).

(c) To restore the 01 KS·19212 or KS-19215
rectifier to service, proceed as specified in

3.10(d) for the G-zero rectifier..

G2 Unit Supplying Load-

(d) To remove the 01 rectifier from service
when the capacity of the 02 unit is

sufficient to carry the additional load given
up by ttb» 01 rectitier when G1 is removed
from service, proceed as follows. Operate the
NOR-OFF, RECT OFF-NOR, OFF·NOR, ON-OFF,
or POWER ON-POWER OFF switch on the Gl
rectifier to the OFF or POWER OFF position.
Then operate the rotary or knife battery switch
specified in Table C for the rectifier to the
position indicated in the table,
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(e) To remove the G1 rectifier from service
when the cepecity of tbe G2 unit is

insufficient to carry the additionallosdgiven
up by the G1 rectifier when Glisremoved
from service, place the current-controlled (G3
through GIO) charging unit which succeeds the
last operating unit under manual control in
accordance with 3.20 and 3.22 or 3.24. Then
proceed as follows.

Caution: E{S.lQ212andKS·19215rectifiers
provided as G3 through GI0 units must
be shut off before being placed under
manual control or restored to eutometic
operation as specified in 3.23.

(1) Raise the output of the unit under manual
control until the output of the G2 unit is

reduced sufficiently to allow G2 to carry the
'additional load of the G1 rectifier when Gl
is removed from service.

(2) Whe n the output of G2 is reduced
sufficiently to carry the additional load,

operate the NOR-OFF, RECT OFF-NOR,
OFF-NOR, ON-OFF, or POVlER ON-POWER
OFF switch on the G:i rectifier to the OFF
or POWER OFF position.

(3) Restore the unit under manual control to
automatic operation as covered in 8.22 or

8.24.

Caution: tDo not restore the rotary or
knife battery switch to the BAT or F
position without first charging the output
filter capacitors. Reference should be
made to the operating methods section,
for each individualrectifier, for this capacitor
charging procedures:

(4) Operate the rotary or knife battery switch
specified in Table C for the G1 rectifier

to the position indicated in the table.

(f) To restore the Gl rectifier other than B

KS·19212 or KS-19215 rectifier to service,
restore the rotary or knife battery switch specified
in Table C for the rectifier to the BAT position.
Then operate the NOR-OFF, REeT OFF-NOR,
OFF-NOR, ON-OFF, or POWER ON-POWER
OFF switch on the rectifier to the NOR, ON,
or POWER ON position. [See caution in 3.15(e)
(3).]
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Caution: Do not start the rectifier before
connecting the battery, otherwise the
rectifying element maybe da.maged.

(g) To restore the G1 KS·19212 or K5-1D21S"
rectifier to service, proceed as specified in

3.10(d) for the G-zero rectifier.

3.16 Stoppingend Sta.rti.ng GJ Generator:

G2 Unit Not Supplying Load--

(a) To remove the GJ generator from service,
proceed as follows.

(1) Operate the .REG TEST·NOR~and
.CONT-TEST·NORMA~ keys, in that

order, on theGl generator control bay to
the TEST position. ! The G2 unit will start
and cause the Gl generator to disconnect from
the battery.

(2) When the CA contactor on the G1 generator
control bay is released, operate the

tSTOP-NOR~key on the control bay to
the STOP position. Then open the Gl generator
knife switch.

G2 Unit Supplying Load--

(b) To remove the Glgenerstor from service,
proceed as follows.

(1) Mark the setting of the CUR REG
potentiometer on the voltage regulator

and exciter associated with the Gl generator.

(2) Slowly rotate the CUR REG potentiometer
ccw to 'transfer the Gl load to the G2

unit. If the G2 unit goes to full load, the
current-controlled (G3 through GIO) unit
succeeding the last operating unit will start.
Slowly rotate the CUR REG potentiometer cw
to maintain the output of the G2 unit slightly
below full load while the current-controlled
unit is starting.

(3) When the output of the G2 unit goes
below 75 percent of its rated capacity,

rotate the CUR REG potentiometer for G1
ccw(slowly to allow time for the current-controlled
unit to raise its output) until the CA contactor
on the Gl generator control bay is released.

, ,.,(
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(4) When the CA contactor for Gl is released,
operate the STOP-NOR key on the Gl

generator control bay to the STOP position.
Then open the Gl generator knife switch.

(5) Restore the CUR REG potentiometer for
Gl to its normal setting.

(c) To restore the 01 generator to service,
first mark the setting of the CUR REG

potentiometer on the associated voltage regulatcr
and exciter. Then rotate the potentiometer fully
ccw.

(d) ON the Gl generator control bay, restore
the REG TEST-NOR and CONT TEST..NOR

keys, where necessary, to the NOR position and
close the generator knife switch.

Warning: Never close the generatorknife
switch while the CA contector is operated,
aspersonalinjuryandcommutator damage
may result. .

(e) Operate the STOP-NOR key on the Gl
generator control bay to the NOR position.

G1 will start, connect to the battery circuit,
and possibly disconnect on reverse current.

(f) Rotate the CUR REG potentiometer for Gl
slowly cw thus causing G1 to connect to

the battery circuit. Continue rotating the CUR
REG potentiometer slowly cw to its normal
setting, allowing .time for the last operating
current-controlled unit to lower its output, as
required.

3.17 Stopping end Starting G2 Rectifier:

(a) To remove the G2 rectifier from service,
place the current-controlled (G3 through

G10) charging unit which succeeds the last
operating unit under manual control in accordance
with 3.20 and 3.22 or 3.24. Then proceed as
follows. [See Caution of 3.15(e).]

(1) Raise the output of the unit under manual
control until the output of the G2 unit is

nearly zero.

(2) Operate the NOR-OFF, RECT OFF-NOR,
OFF-NOR, ON-DFF, or POVVER ON..POVVER

OFF switch on the G2 rectifier to the OFF
or POWER OFF position.
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(3) Restore the unit under manual control to
automatic operation as covered in 3.22 or

3.24.

Caution: tDo not restore the rotary or
knife battery switch to the BAT or :'
position without first charging the output
filter capacitors. Reference should b·-e
made to the operating methods section,
for eecb individualrectiiier, for this capacitor
charging procedure.q

(4) Operate the rotary or knife battery switch
specified in Table 8 for the G2 rectifier

to the position indicated in the table.

(b) To restore the 02 rectifier other thea
the KS·19212 or KS·19215 rectifier to

service, restore the rotary or knife battery switc~
specified in Table C to the BAT position. Then
operate the NOR..OFF, RECT OFF..NOR, oFF-NOF;
ON-OFF, or POWER ON..PO\VER OFF switch
to the NOR, ON, or POWER ON position. [S€~

caution in (3).]

Caution: Do not start the rectifier betore
connecting the battery, otherwise tb »
rectifying element may be demeged.

(c) To restore the 02 KS·19212 or KS-1921.;
rectifier to service, proceed as specified in

3.10(d) for the G-zero rectifier.

3.18 Stopping and Starting G2 Generator

(a) To remove the G2 generator from service,
proceed as follows.

(1) Mark the setting of the CUR REC~

potentiometer for the G1 charging unit.

(2) Slowly rotate the CUR REG potentiometer
for the G1 unit ccw to transfer the G 1

load to the G2 generator. If the G2 generator
goes to full load, the current-controlled (G:3
through GI0) unit succeeding the last operating
unit will start..

(3) Continue rotating the CTJR REG potentiometer
for G1 slowly ccw until the output of Gl

is nearly zero and the G2 generator is operating
at approximately 75 percent of its ra tec
capacity. Then rotate the potentiornete .
sufficiently cw to cause the output of G2 tn
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drop to approximately 25 percent of its rated
capacity.

(4) Operate the CONTTEST-NOR key on
the G2 generator control bay to the TEST

position. The Gl -unit will assume voltage
regulation and the output of the G2 generator
'Will decrease to zero and cause the CA contactor
for G2 to release.

(5) 'When the CA contactor is released, operate
the STOP-NOR key on the G2 generator

control bay to the ST.OP position. Then open
the G2.generator knife switch.

(6) Restore the CUR REG potentiometer for
the Gl unit to its normal setting.

(b) To restore the G2 genera.tor to service,
proceed as follows.

Current-Controlled (G3 Through Gl0) Units Not
O~erating-

Werning: Never close the generatorknife
switch while the CA contactor is operated
aspersonalinjuryandcommutator damage
may result.

(1) On the G2 generator control bay, restore
the CONT TEST-NOR key to the NOR

position, close the generator knife switch,
and operate the STOp..l~·OR key to the NOR
position, in the order given,

C'..Jrrent-ControUed (G3 Through Gl0) Unit Operating-

(2) Mark the setting of the CUR REG
potentiometer for the Gl charging unit

and rotate the potentiometer fully ccw,

Warning: Never close the generatorknife
switch while the CA contector is operated,
aspersonslinjuryandcommutatordamage
may result.

(3) On the G2 generator control bay, restore
the CONT TEST·NOR key to the NOR

position and close the generator knife switch.

(4) Operate the STOP·NOR key on the G2
generator control bayto the NOR position.

the G2 generator "rill start, connect to the
battery circuit, and assume voltage regulation

causing the G1 unit to disconnect on reverse
current.

(5) Slowlyrotate the CUR REG potentiometer
for the Gl unit cw until Gl connects.

Continue rotating the CUR REG potentiometer
slowly cw to its normal setting allowing time

. for the last operating current-controlled unit
to lower its output as required.

1. Stopping and Starting G3 Through Gl0 Charging
Units

3.19 Stopping and Starting G3 Through -010
Charging Units

(a) To rem 0 ve B G3 tbro ugb G10
current-controlled rectifier otherthen B

KS-19212 orKS-19215rectifier ors G3tbrougb
GI0 current-controlled motor-generator set
from service, proceed as follows. .

(1) Place the unit to be removed from service
under manual control in accordance with

3.20 and 3.22 or 3.24 and lower its output
until it is decreased to a low value and a
succeeding current-controlled unit starts and
assumes the load.

(2) "Then the output of the G2 charging unit
is 75 percent or less of its rated capacity,

lower the output of the unit to be removed
from service to zero. Then operate the
NOR-OFF, RECT OFF-NOR, OFF-NOR,
NOR·STOP, ON-OFF, or POVVER ON-Po~rER

OFF switch on the unit to the OFF, gTOP,
or POWER OFF position.

(3) If the unit removed from service is a
rectifier, operate the rotary or knife battery

switch specified in Table C for the rectifier
to the position indicated in the table. Then
restore the MAN-TEST, TST·NOR..MAN,
AUTO·MAN·TEST, or TST-NOR key on the
rectifier to the normal, NOR, or AUTO position.

(4) If the unit removed from service is a
generator, open the knife switch on the

associated control bay. Then restore the
TEST-NOR key on the control bay to the
NOR position. .

. (
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_I If the output current capacity of the
other·operatingcharging units is insufficient

to pick up the additional load of the KS-19212
or KS-19215 rectifier to be removed from
service, proceed as follows. Successively
place one or more, as required, of the
nonoperating current-controlled charging units
und.er manual control in accordance with 3.20
and 3.22 or 3.24, and increase the output of
these units so that the output of the automatically
controlled units is reduced sufficiently to pick
up the additional load of the rectifier to be
removed from service. Then remove the
rectifier from service as covered in (1).

',,-

.--

.d21.

r·~V

.. \... sw

, through 010 KS·19212
'r from service, proceed

~ capacity of the
~ units is sufficient

.oad of the KS..19212
...:r when it is shut off,

~~OR switch on the rectifier
&,usition. Then operate the S\V2

. cne rectifier to the OPEN position. -
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(1) If the unit to be restored to service is a
rectifier, restore the rotary or knife battery

switch specified in Table C for the rectifier
to the BAT position. If the unit is a generator,
close the battery knife switch on the associated
control bay.

(2) Operate the NOR-OFF, RECT OFF..NOR,
OFF-NOR, NOR-STOP, ON-OFF, or

POWER ON-POWER OFF switch on the unit
to the NOR, ON, or POWER ON position.

(3) , If sue c e e din g G 3 t h r 0 ugh G 1 0
current-controlled units are operating,

place the last operating unit under manual
control in accordance with 3.20 and 3.22 or
3.24 and lower its output until the G2 unit
goes to full load and starts the unit being
restored to service.

Caution: tKS19212andKS-19215rectifiers
provided as 03 through G10 units must
be shut off before being placed under
manual control or restored to eutometic
operation as specified in 3.23.~

(3) Restore the manually controlled charging
units successively to automatic operation

as covered in 3.22 or 3.24 starting with the
last unit.

(c) To restore the G3 through Gl0 chsrging
unit other tluui a KS·19212 or KS·19215

rectiJ1er to service, proceed as follows.

Caution 1: .Do not restore the rotary or
knife battery switch to the BAT or F
position without first charging the output
filter cepecitors. Reference should be
made to the operating methods section,

_ for each individualrectiiierofthis capacitor
charging procedure.•

Caution 2: Do not start a rectifier before
connecting the battery, otherwise the
rectifying element may be damaged.

Werning: Never close the generatorknife
switch while the CA oontector is operated,
aspersonalinjury8.1Jd commutator demege
may result.

(4) Restore the unit under manual control to
automatic operation as covered in 3.22 or

3.24.

. (d) To restore a G3 through Gl0 KS·19212
. or KS.~9215 rectifier to service, proceed
as follows. Perform each operation on the
rectifier in the order given.

(1) Operate the TST-MAN-.~UTO switch to
the TST position.

(2) Operate the OFF-NOR switch to the
NOR position.

(3) Operate the RAISE-NOR-LOWER switch
to the RAISE position and hold operated

until the rectifier output voltage is approximately
equal to the plant battery voltage. Then
operate the SW2 switch to the BAT position.
[See caution 1 in (c).]

(4) Operate the OFF-NOR switch to the OFF
position.

(5) Operate the TST-M.'-\N-AUTO switch to
the A1JTO position.
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(6) Operate the OFF-NOR switch to the
NOR position, and proceed as covered in

(c)(3) and (4). .

J. Manual Operation of Charging Units

3.20 To operate a motor-generator set or rectifier
other than a G-zero rectifier manually, proceed

as covered in 3.21 though 3.24. G-zero rectifiers,
where provi.ded, are not designed for manual
operation.

Caution 1: Generatorsendrectifiersplaced
under manual control should not be left
unattended.

Caution 2: RaisingorJoweringthe current
output of B charging unit m812uslly will
cause one or more of the automatically
controlled units to decrease or increase
their outputs, respectively. Lowering the
output of s charging unit in plants where
the capacityafthe other units is insufficient
to carry additional Ioed saey cause the
plant voltage to go out of limits. Care
should be exercised when operetinge unit
.menuelly to meinteia the battery within
float voltage limits.

3.21 MaIl U 8.1 0 p e r e t i o n of G 1 orG2
Motor-Generator Set: Since it is not

practical to change a G1 or G2 motor-generator set
from automatic to manual control while it is supplying
load,the following procedures are intended for Gl
or G2 generators. which are shut off and are to
be placed into operation under manual control.

Note: Unless otherwise specified, all key,
switch, and handwheel operations are performed
on the generator control bay.

(a) To place the G1 or G2 motor-generator
set into operation under manual control,

proceed as follows.

(1) Check that the NOR..STOP key on the
generator control bay is in the STOP

position and that all of the other keys and
switches on the generator control bay and
the associated voltage regulator and exciter
are positioned as indicated in Table A.

(2) Operate CONT TEST·NOR key to the
TEST position.
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(3) Operate the NOR-STOP key to the },
position.

(4) The starter must operate to the run position"
as indicated by the sound of the run

contactor operating:

Caution: U the starter fsils to go to the
run position, application of the load will
ceuse the stsrtereutotrsnsiormer to burn
o,,!t. f

(5) Rotate the gen.eratormanual control
handwheel eew until the CA contaetor

operates, indicating the set is connected to
the battery.

(6) Raise or lower the output, as required
by use of the handwheel.

" .

(7) After manual operation is completed,
operate the NOR-STOP key to the STOP

position, restore the handwheel to the BAT
position, and the CONTTEST...NOR key to
the NORposition. Then restore the NOR-STOP
key to the NOR position.

(b) For s.n alternate method of placing Gl
or G2 motor-generator set into operation

under manual control, proceed as follows.

(1) Check that all keys arid switches are
positioned in accordance with (a)(l).

(2) Operate the MAN potentiom.eter on the
voltage regulator to the NOR position.

(3) Operate the REG AUTO-MAN switch on
the voltage regulator to the MAN position.

(4) Operate the CONT TEST·NORkey to
the TEST position.

(5) Operate the REG TEST-NOR key to the
TEST position.

(6) Operate the NOR·STOP key to the NOR
position.

(7) The starter must operate to the run. position
as indicated by the sound of the run

contactor operating.

I
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Caution: U the starter fails to go to the
run position, application of the load will
cause the starter autotransformer to burn
out.

(8) Rotate the M..L\.N potentiometer on the
voltage regulator slowly until the CA

contactor operates. Connection of the generator
to the battery is indicated by the sound of
the CA contactor operating.

(9) Control the output as required using the
M..~'f potentiometer.

(10) When manual operation is completed,
operate the NOR-STOP key to the STOP

position, operate the REG and CONT keys to
the NOR position, operate the REG _L\lJTO-~f.~~~

switch on- the voltage regulator to the AUTO
position, operate the MAN potentiometer' on
the voltage regulator to the NOR position,
and restore the NOR-STOP key to the NOR
position.

3.22 Manual Operation of 03 Through 010
Motor-Generator Set: To manually operate

a G3 through G10 motor-generator set, proceed as
covered" in (a) or (b). When manual operation is
completed, restore the generator to automatic
operation in accordance with (c).

Note: ...All key operations are performed on
the generator control bay.

(a) If the generator is operating, operate the
TEST-NOR key to the TEST position. Then

operate the RAISE or LOWER key, as required, .
to increase or decrease the current output of
the generator.

(b) If the generator is not operating, proceed
as follows,

(1) Operate the TEST-NOR key to the TEST
position. This should cause the starter

to operate to the run position as indicated by
the sound of the CA contactor operating.

Caution: If the starter fails to operate
to the run position, application of load
will cause the starter autotransformer to
burn out.
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(2) When the generator connects to the
battery, as indicated by the operation of

the CA contactor, operate the R....~ISE key, as
required, to increase the current output of
the generator. To decrease the output of
the generator when it is supplying load, operate
the LOWER key.

(c) To restore the generator to the automatic
control of the plant, operate the LOWER

key until the generator disconnects from the
battery. Then operate the TEST-NOR key to
the NOR position.

3.23 Manual Operation of-Gl or G2 Rectifier:
Since it "is not practical to change a Gl or

G2 rectifier from automatic to manual control while
it is supplying load, the following procedures are
intended for a Gl or G2 rectifier which is shut off
and is to be placed into operation under manual
control. To place the rectifier into operation
manually, first check that the keys, switches, and
circuit breakers on the rectifier are positioned as

. indicated in Table B. Then proceed as follows.

Note: All key and switch operations are
performed on the rectifier control panel.

•

J86249 and KS-l.5689 Rectifiers-

(a) Operate the NOR-TEST 1 switch to the
TEST Lposition, the NOR-OFF switch to

the NOR position, and the CONT key to the
TEST R position, in that order, and allow
approximately 1 minute for warmup.

(b) Rotate the ~I.~N potentiometer slowly cw
until the CA contactor of the rectifier

operates. Operation of the C.L\. contactor indicates
that the rectifier has connected to the battery.
After the CA contactor operates, rotate the
MA.l\T potentiometer c,v or ccw, as required, to
increase or decrease the rectifier output,
respectively.

(c) When manual operation is completed, restore
the MAi\f potentiometer to its extreme ccw

(NOR) position and the NOR-TEST 1 switch
and CONT key, in that order, to the NOR
positions.
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JS6273, J8629S, J86296, KS.19210, KS-1921',
KS-19214, and KS-19356 Rectifiers-

(d) Operate the NOR·TST or NOR·TST R key
to the TST or TST R position.

(e) Operate the RECT OFF-NOR, OFF-NOR,
or NOR-OFF switch to the NOR position.

Then operate the AUTO-MAN key to the MAN
position.

(f) Rotate the }'-1AN, MAN ADJ, or MANUAL
ADJ potentiometer slowly cw until the

rectifier failure alarm lamp is extinguished.
Rotate the MAN potentiometer cw or ccw, as
required, to increase or decrease the rectifier
output, respectively.

(g) Wben manual operation is completed, restore
the MAN, MAN ADJ, or MANUAL ADJ

potentiometer to its extreme ccw (NOR or normal)
position. Operate the AUTO-MA:N key to the
AUTO position. Then operate the NOR-TST or
NOR·TST R key to the NOR position.

KS·19212 and KS-1921S Rectifiers-

Caution: t The ltfANpotentiometer should
elweysberotatedfullyccw before operating
the TST·MAN·AUTO switch to the MAN
position.•

(h). Operate the TST-M.~N-AUTO switch to the
MAN position. Then operate the OFF-NOR

switch to the .NOR position.

(i) Rotate the MAN potentiometer slowly cw
until the rectifier failure alarm lamp is

extinguished. Rotate the MAN potentiometer
ew or ccw, as required, to increase or decrease
the rectifier output, respectively.

(j) When manual operation is completed, restore
the MAN potentiometer to its extreme ccw

(normal) position. Then, in the order given,
operate the rectifier OFF-NOR switch to the
OFF position, the TST-MAN-AUTO switch to
the AUTO position, and restore the OFF-NOR
switch to the NOR position.

KS-19213 Rectifier-

(k) Operate the NOR-TST key to the TST
position. Then operate the OFF-NOR switch

to the NOR position.
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0) Rotate the MAN potentiometer slowly cw
until the rectifier failure alarm lamp is

extinguished. Rotate the MAN potentiometer
cw or ccw, as required, to increase or decrease
the rectifier output, respectively.

(m) "Then manual operation is completed, restore
the MAN potentiometer to its extreme ccw

(normal) position. Then operate the NOR-TST
key to the NOR position.

3..24 Manual Operation ofs G3 Through GJO
Rectifier: To manually operate.a G3through

G10 rectifier, proceed as covered in (a) through
(j).

J86249 Clnd KS-15689 Rectifiers-

(a) If the rectifier is supplying load, operate
the ~1AN-';rEST key on the rectifier to the

TEST position. ~ Then operate the RAISE or
LOWER key on the rectifier, as required, to
increase or decrease the current output of the
rectifier.

(b) Before restoring the rectifier to automatic
operation, lower the output until the rectifier

disconnects from the battery. Then restore the
MAN-TEST key tothenormal position.

(c) If the rectifier is disconnected from the
battery, proceed as follows.

(1) Operate the MAN-TEST key on the rectifier
to the TEST position and allow approximately

1 minute for warmup.

.(2) 'When the rectifier connects to the battery
as indicated by the sound of the CA

contactor operating, operate the RAISE key
on the rectifier, as required, to increase the
output of the rectifier. To decrease the output
of the rectifier when it is supplying load,
operate the LOV{ER key on the rectifier.

(3) To restore the rectifier to automatic
operation, proceed as covered in 8.17(b).

J86273, J8629S,and J86296 Rectifiers-

(d) Operate the TST-NOR-MAN key on the
rectifier to theTST position. Then operate

the RAISE or LOWER key on the rectifier, as
required, to increase or decrease the current
output of the rectifier.
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(e) Before restoring the rectifier to. automatic
operation, lower the output to zero. Then

restore the TST-NOR..rtl.~N key to the NOR
position.

KS-19210, KS.19211, KS-19214, and KS-19356
Rectifiers-

(f) Operate the .~UTO-M_~N switch on the
rectifier to the ~IAN position. Then operate

the R..~ISE or RAISE..LOWER switch on the
rectifier to the R.~ISE position to increase, or
the LOWER or R.~ISE-LOWER switch to the
LOWER position to decrease the current output
of the rectifier as required. Restore the switch
to its NOR or normal position when the required
output is obtained.

(g) Before restoring the rectifier to automatic
operation, lower the current output to zero.

Then restore the .~UTO-jyIAN switch to the
..~UTO position.

KS-19212 and KS-1921S Rectifiers-

(h) Since a KS-19212 or KS-19215 rectifier cannot
be switched from automatic to manual control

I without shutting off the rectifier, the following
proce-dures are for KS-19212 and KS-19215
rectifiers which are shut off and are to be placed
into operation under manual control. With the
switches on the rectifier positioned' as indicated
in Table B, proceed as follows, performing all
switching operations on the rectifier in the order
given. .

(1) To place the rectifier under manual control:

• Operate the TST·M..~'1'..AUTO switch to the
TST position.

• Operate the OFF-NOR switch to the NOR
position.

• Operate the R..~ISE-LOWER switch, as
required, to increase or decrease the current
output of the rectifier.

(2) To restore the rectifier to automatic
operation:

• Lower the rectifier output as much as
possible with the RAISE-LOWER switch.
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• Operate the OFF-NOR switch to the OFF
position.

• Operate the TST-iYIAN-.L\.UTO switch to the
.A.UTa position.

• Operate the OFF-NOR switch to the NOR
position.

KS-19213 Reciifier-

(i) Operate the TST..NE>R key on the rectifier
to the TST position. Then operate the

RAISE or LO\VER key, as required, to increase
or decrease the current output of the rectifier.

(j) Before restoring the rectifier to automatic
operation, lower the current output to zero.

Then restore the TST-NOR key to the NOR
position.

K. Manual Operation of Emergency Cell Switch-

3.25 If manual switching is required, operate the
emergency cell MAi'1'·...-\UTO· key on the battery

control board to the ~I.~N position. Switch the
emergency cells in or out by operating the RAISE
or LOV/ER key as required. If the emergency
cell switch stops between positions, clear the
trouble promptly. Remove the E~I CELL CONT
A and .E~I CELL CONT B.. fuse on the battery
control board. The switch can now be operated.
safely by means of the hand crank. To accomplish
this, insert the hand crank into the aperture (front
top of switch) and crank rapidly cw to remove
emergency cells or ccw to add cells. Do not stop
cranking until contacts are fully engaged, as stopping
between positions will damage the current limiting
resistors. The contact position of the switch can
be viewed through the window on the front cover.

Caution: Do notoperate the switch more
often than once every 5 minutes, otherwise
the current limitingresistors may overheat
and burn out.

L Recharging Afier Power Failure

3.26 General

(a) The 302A power plant is designed for
recharging the emergency cells by the method

known as charge by load. Under this method
of charging, the output of certain charging units
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is switched to the EM CELL bus bar so that
the output current passes through the emergency
cells and then to the main battery and/or the
load (See Fig. 5). The number of charging units
switched over for emergency cell charging depends
on the charging rate and time required to restore
the emergency cells to their proper voltage and
on the amount of office load the plant is required
to supply. "When charging emergency cells, any
trickle charger in use may remain connected.

(b) In plants provided with G-charging units
alone or in combinationwith G-zero charging

units, the current-controlled G3 through GIO
units, ","here provided, are normally used for
emergency cell recharging while the Gl and G2
units remain connected to maintain float voltage
on the main battery.

3.27 An elapsed time alarm circuit- provided on
an ·optional basis is used for monitoring

emergency cell switch off-normal operation. 'Whenever
the emergency cell switch is off-normal, the 48V
EM CELLS or 24V EM CELLS lamp will light
and the elapsed timer (ET) starts timing. When

,the total length of time that the emergency cell
switch was off-normal exceeds a preset length of

e time, the timer will operate and transmit a signal
to the power audible alarm and alarm trunk circuits
to provide a major alarm. When the emergency
cell switch returns to the normal position, the
major alarm will retire and a' signal" is transmitted
to the power audible alarm and alarm trunk circuits
to provide a minor alarm. The release of the minor
alarm must be effected by the manual release of
the elapsed timer. The total elapsed time before
the elapsed timer (ET) operates may be adjusted
from 0 to 3 hours depending on the amount of
battery reserve available.

Note: "The procedures- covered in 8.28 through
3.31 are for 48-volt plants but are also applicable
to 24-volt plants except that the voltages shall
be halved.

3.28 If the power failure was ofshort duration
during 8 light load period and only the

first group (EM GRl) of emergency cells was
switched into the battery circuit, permit the
charging units to restore the main battery to float
voltage. The motor-driven emergency cell switch
will automatically return to its normal position.
Then proceed as follows. .
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(a) In plants where one or more G3tbrougb
GJO charging units are provided and the

last operating unit is a generator, or rectifier
other than a KS-19212 or KS-19215, place the
unit under manual control in accordance with
3.20 and 3.22 or 3.24 and lower its output until
the unit disconnects from the battery. If the
last operating unit is a KS-19212 or KS·19215
rectifier, operate the OFF·NOR switch on the
rectifier to the OFF position. Then proceed as
covered in (c) through (h).

Caution: Do not shut off arceuse the
last operating charging unit todisconnect
until the output of the G2 unit bas
increased sufficiently to carry the load
supplied by the lest operating unit.

(b) 'In plents where G3 through GIOcharging
units are not provided and the G2 unit has

disconnected from the battery, proceed as follows.
For the G2 unit, other than a KS-19212 or
KS-19215 rectifier, operate the NOR-OFF, RECT
OFF-NOR, OFF-NOR, NOR-STOP, ON-OFF, or
POWER ON-POWER OFF switch to the OFF,
STOP, or POWER OFF position and place the
unit under manual control in accordance with
3.20 and 3.21 or 3.23. If the G2 unit is a
KS-19212 or KS~19215 rectifier, operate the
OFF-NOR switch on the rectifier to the OFF
position. Then proceed as covered in (c) through
(h).

(c) With the charging unit under manual control
and disconnected from the battery or shut

off as specified in (a) or (b), proceed as follows.

(1) If the unit is s generator, rotate the
manual control handwheel and operate

the knife switch on the generator control bay
to the .EM CELLS positions.

(2) If the unit is 8 rectifier, other thB.1'J
a KS·19212 orKS..19215rectifier, operate

the switch or switches specified in TableD
for the rectifier to the position indicated for
charging the EM GRI emergency cells.

(3) If the unit is s current-controlled (G3
through G10) KS·19212 or KS·19215

rectifier, connect the unit for emergency cell
charging and place the unit under manual
control as follows, Perform each operation
on the rectifier in the order given.

. .(
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TABLE D

RECTIFIER SWITCH SETTINGS FOR CHARGING EMERGENCY CELLS

FOR CHARGING
EM Gil

EMERGENCY CEW

FOR CHARGING
EM GRl .. GIO

EMERGENCY CELLS

. (

RECTIFIER

J86249 or
KS·15689

J86273
J86295
J86296

KS-19210
KS..19211

KS-19213

KS-19214

KS-19356 •

KS.19790

KS-l9791

KS-19792

KS-19793

KS..20039

KS·20040 11 CELL
PLANT

12 CELL
PLANT

KS..20489 23 CELL
PLANT

OPERATE
SWrTCH

S3

81

eRG

cs

81
82

81

82
S3

82

81
82

82
53

82
83

81
82

81
82

83

TO POSITION

ARROW
POINTED

DO\VNWARD

GRI

GRI

EM CELLo.

E~f CELL
GRl

GRI
EM CELL

GRI

Ee
EC

sc 57

EC
EC 57

EC
EC

Ee
Ee
EC

12 CELLS

EC
13 CELLS

EC

TO POSITION

ARROW
POINTED

nowxwARD

GRI & GR2

GRI & GR2

EM·CELL

E1\i CELL
GRI & GR2

GRI & GR2
EM CEI.,L

EC
Ee

EC 62

EC
EC 62

Ee
EC
EC
EC
EC

13 CELLS

EC
14 CELLS

EC

,r, _

(

(

j
/
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• Operate the SW2 switch to the OPEN
position.

• Operate the SWI switch to the EC position ..

• Operate the TST·M...~'f-.~UTO switch to the
TST position.

• Operate the S4 switch to TST.

• Operate the OFF-NOR switch to the NOR
position.

• Operate the RAISE·LO\VER switch to the
RAISE position and hold operated until the
rectifier output voltage is approximately
equal to the plant battery voltage. Then
operate the SvV2 switch to the EC position.

• Operate the R.L\ISE..LOWER switch to the
LOWER position and hold operated until
the current output of the rectifier is
approximately zero.

(4) If the unit is a voltage-regulated (02)
KS-19212 or KS-19215 rectiJier, connect

the unit for emergency cell charging and place
the unit under manual control as follows'.
Perform each operation on the rectifier in
the order given.

• Operate the SW2 switch to the OPEN
position.

• Operate the SWl switch to the EC position.

• Operate the TST..MA.l.'\f·...~UTO switch to the
TST position.

• Operate the OFF..NOR switch to the OFF
position and immediately operate the SvV2
switch to the EC position.

• Operate the TST·MAl'\I..A1JTO switch to the
MAN position.

• Operate the OFF..NOR switch to the NOR
position.

• Rotate the M•.:\.N ADJ potentiometer cw to
increase or ccw to decrease the current
output of the rectifier, as required, when
charging the emergency cells.
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(d) Operate the EM CELL CHG knife switch
on the battery control board of the plant to

the GRI position.

(e) Observe the voltage indication on the
voltmeter at the top of the battery control

board. Then depress the 48V and ElYI CELLS
voltmeter keys while observing the voltage
indication. The observed change in voltage is
the voltage across the E~f GRI emergency cells
and is r.eferred to as the GRI voltage.

· (f) Raise the current output of the charging
unit under manual control, as required, to

charge the EiJ: GRI cells. When the GRI voltage
increases to 5 volts, lower the output of the
unit until the GRI voltage is 4.4 volts. Repeat

. this procedure whenever the GRl voltage increases
to 5 volts.

(g) As the EM GRl emergency cells approach a
full charge, the GRI voltage will increase

more rapidly.. When the output of the charging
unit is approximately zero, the E1'I GRI emergency
cells are fully charged.

(h) When the emergency cells are fully charged,
restore the EM CELL CHG knife switch on

the battery control board of the plant to the
GRl position. Then operate the NOR·OFF,
RECT OFF·NOR, OFF..NOR, or NOR-8TOP switch
of the charging unit to the OFF or STOP position
and restore the unit to normal automatic operation
as covered in (i), (j), or (k),

(i) To restore the charging unit, other than
a KS-19212 orKS·19215rectifier, to normal

automatic operation, proceed as follows. If
the charging unit is a generator, restore the
manual control handwheel to the BAT position
and the knife switch to the 48V position.· If
the unit is a rectifier, restore the emergency
cell charging switch or switches specified in Table
D for the rectifier to the BAT or F position.
Restore the switch specified in (h) for the
charging unit to the NOR position. Then restore
the charging unit to automatic operation in
accordance with 3.21 through 3.24.

(j) To restore the current-controlled (03
through G10) KS-19212 orKS-19215rectifier

to normal automatic operation, perform the
following operations on the rectifier in the order
given.
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(1) Operate the SW2 switch to the OPEN
position.

(2) Operate the SWl switch to the F position.

(3) tOperate the TST-M.~N-AUTO switch to
the TST position.

(4) Operate the OFF-NOR switch to the
NOR position.•

(5) Operate the R.A.ISE-NOR-LO"\\TER switch
to the RAISE position and hold operated

until the rectifier output voltage is approximately
equalto the plant battery voltage. Then
operate the SW2 switch to the BAT position.

(6) Operate the 54 switch to NOR.

(7) Operate the OFF-NOR switch to the OFF
position.

(8) Operate the TST-MAN-AUTO switch to
the AUTO position.

(9) Operate the OFF-NOR switch to the
NOR position.

(k) To restore the voltage-regulated rGJ to
G2) KS·19212 or KS-19215 rectifier to

normal automatic operation, perform the
following operations on the rectifier in the order
given.

(1) Operate the SW2 switch to the OPEN
position.

(2) Operate the SVll switch to the F position.

(3) Operate the TST-MAN..AUTO switch to
the TST position.

(4) Operate the OFF..NOR switch to the
NOR position.

(5) Operate the SW2 switch to the 'BAT
position.

3.29 If the power was restored during s
heavy-load period and both groups of

emergency cells (EM GRl and EM GR2) were
switched into the battery circuit and sufficient
charging cspecity is not eveileble, it is very
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important that all working charging units be
transferred from the battery bus to their emergenc~r-.. ,.
cell bus (Fig. 6). This is accomplished by manually
operating the charging unit output switches from
BAT to' Ee position or operating the generator
knife switch on the generator control bay to the
EM CELL position and verifying that the EM
CELL CHG switch on the battery control board is
in the GRI and GR2 position. Failure to transfer
the charging unit outputs to the EM CELL position
would result in rapid depletion and possible reversal
of the EM cells. Adjust the charging unit for EM
cell charge-by-load as follows.

Caution: Before operetingrectiiier output
switches or generator knife switches from
BAT to EC position, it is necessary to
operate the NOR·STOP, ON-OFF, or
OFF·NOR key, for the charging unit being
transferred, to the OFF or STOP position.
Failure to do this couldresult in equipment
damage or personal injury.

(a) If G3 through GlO current-controlled
charging units are provided, starting with

the highest numbered unit, adjust the unit for
emergency cell charging .in accordance with (1),
(2), or (3). Then operate the-EM CELL CHG
knife switch on the battery control board of the
plant to the GRl and GR2 position and repeat
procedures (1), (2), or (3) for each preceding
current-controlled unit from the last unit downward.
Perform all switching operations in the order
given.

(1) If the unit is a motor-generator set,
operate the NOR-STOP key on the generator

control panel to the STOP position. Rotate
the manual control handwheel and operate
the knife switch on the control panel to the
EM CELLposition. Then restore the NOR-STOP
key to the NOR position,

(2) If the unit is a rectifier, other than
a KS..19212 or KS·19215rectifier, operate

the NOR·OFF, RECT OFF-NOR, OFF-NOR,
ON-OFF, or POWER ON..pov;rER OFF switch
to the OFF or POWER OFF position. Operate
the switches specified in Table D for the
rectifier to the position indicated in the table
for charging the EM GRl emergency cells.
Then restore the NOR..OFF, RECT OFF·NOR,
ON-OFF, or POWER ON-POWER OFF switch
to the NOR, ON, or POWER ON position.

-'.(
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~ Fig. 6-GR1 and GR2 END Cell Charging Circuit f

(3) If the unit is s. KS-19212 or KS-19215
rectifier, proceed as follows. All switching

operations are"performed on the rectifier.

• Operate the OFF-NOR switch to the OFF
position.

• Operate the SW2 switch to the OPEN
position.

..
• Operate the SWI switch to the EC position.

.' Operate the TST·~Ik'f-...~UTO switch to the
TST position. "

• Operate the OFF-NOR switch to the NOR
position.

• Operate the OFF-NOR switch to the 'OFF
position.

• Operate the TST-M..AJ.'\f·AUTO switch to the
AUTO position.

• Operate the OFF-NOR switch to the NOR
position. "

(b) U G-zero charging units ere provided,
adjust theGOlunit and then each of

the other G-zero units for emergency cell
charging in accordance with (1), (2), or (3).

(1) U the unit is a charge bay assembly,
perform the following operations in the

order given.

• Operate the RAISE-LOWER switch to the
RAISE position and hold operated until the
rectifier voltage is approximately equal to
the plant battery (including the EM GRl
emergency cells) voltage. Then operate the
SW2 switch to the EC position.

• Operate the ON-OFF key on each rectifier
in the charge bay assembly to the OFF
position.

• Operate the DC OUTPUT switch on the
charge bay to the EM CELL position.
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• Restore the ON-OFF key on each rectifier
in the charge bay to the ON position.

.(2) If the unit is 8. rectifier, other than
a KS·19212 or KS-l!J215 rectifier; adjust

the unit for emergency cell charging in
accordance with (a)(2).

(3) If the unit is 8. KS-19212 or KS-19215
rectifier, perform the following operations

on the rectifier in the order given for emergency
cell charging. .

• Operate the OFF·NOR switch to the OFF
position.

• Operate the SW2 switch to the OPEN
position.

• Operate the SWI switch to the EC position.

• Operate the OFF·NOR switch to the °TST
position.

• Operate the OFF·NOR switch to the NOR
position.

• Operate the 8\\12 switch to the EC position.

;, Operate the OFF..NOR switch to the OFF
position.

• Operate the TST·MAN·AUTO switch to the
AUTO position.

• Operate the OFF..NOR switch to the NOR
position.

(c) Adjust the Gl charging unit in accordance
with (a)(l), (a)(2), or (a)(3) for charging the

EM GRI and GR2 emergency cells.

(d) Adjust the G2 charging unit in accordance
with (a)(l), (a)(2), or (a)(3) for charging the

EM GRI and GR2 emergency cells.

(e) t When the output voltage has increased
sufficiently to cause the emergency cell switch

to disconnect the load from the GR2 cells, operate
the EM eEL CHG knife switch on the battery
control board to the GRI position.
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(f) Continue eharging the main battery and the
GRl cells until the output voltage again

increases sufficiently to cause the emergency
cell switch to return to its normal position.
Restore all the charging units to normal operation
in accordance with (g) through (i) in that order,
except the last operating current controlled (G3
through GIO) charging unit, where provided; or
G2 charging unit, if a G3 through GIO unit is
not provided. Then charge the GRl and GR2
cells in accordance with 3.80·.•

(g) To restore the Gl or G2 charging unit .
to normal operation, proceed as follows.

(1) If the unit is 8 generator, operate the
NOR-STOP key to the STOP position.

Restore the generator manual control handwheel
and knife switch to the BAT and 48V positions,
respectively. Then restore the NOR-STOP
key to the NOR position.

(2) If the unit is s rectifier, other tluui
a KS-19212 orKS-19215rectifier, operate

the rectifier NOR-OFF, RECT OFF-NOR,
OFF-NOR, ON..OFF, or POWER ON-POWER
OFF switch to the OFF or POWER OFF
position. Restore the emergency cell charging
switch or switches specified in Table Dfor
the rectifier to the BAT or F position. Then
restore the NOR-OFF, RECT OFF-NOR,
OFF-NOR, ON..OFF, or POWER ON..POWER
OFF switch to the NOR, ON, or .POWER ON
position.

(3) If the unit is 8 KS-19212 or KS-19215
rectifier, operate the OFF-NOR switch

to the OFF position. Then proceed in accordance
with 3.28(j).

(h) To restore the G-zero charging units to
normel operstioll,proceed as follows,

· starting with anyone of the units, and repeating
the procedure for each of the other G-zero
charging units.

(1) If the unit is a charge bay assembly,
operate the ON-OFF key on each rectifier

in the charge bay to the OFF position. Restore
the DC OUTPUT switch on the charge bay
to the BAT position. Then restore the rectifier
ON..OFF keys to the ON position.

( ~
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(2) If the unit is a rectifier, other than
a KS-19212 or KS·19215 rectiiier, restore

the rectifier to normal operation in accordance
with (g)(2).

(3) U the unit is a KS·19212 or KS-19215
rectifier, operate the OFF-NOR switch

to the OFF position and restore the rectifier
to normal operation as specified in 3.28(k)
for Gland G2 rectifiers.

(i) To restore" a G3 through G10
current-controlled charging unit to normal

operation, proceed as follows.

(1) U the unit is s generator or rectifier,
other than a KS·19212 or KS·19215

rectitier, place the unit under manual control
in accordance with 3.20 and 3.22 or 3.24 and
lower its output until the unit disconnects from
the battery. Operate the NOR-OFF, RECT
OFF·NOR, OFF-NOR, NOR-STOP, ON-OFF,
or POWER ON-POWER OFF switch to the
OFF, STOP, or POWER OFF position. Then
proceed in accordance with 3.28(i).

(2) U the unit is a KS-19212 or KS·19215
rectifier, operate the OFF-NOR switch

on the rectifier to the 0 FF position. Then
proceed in accordance with 3.28(j).

3.30 If both groups of emergency cells (E.W
OBi and EM GR2) were switched into

the battery circuit during the power failure
and sufficient charging capa.city is' eveilsble,
permit the charging units to restore the main
battery to float voltage and thus cause the
motor-driven emergency cell switch to return
automatically to normal. Then proceed as follows.

(a) Adjust the last operating current..controlled
(G3 through GIO) charging unit, where

provided, or G2 charging unit, if a G3 through
GI0 unit is not provided, for emergency cell
charging under manual control in accordance with
3..28(a) or (b) and (c). If the unit is a rectifier,
other than a KS-19212 or KS-19215 rectifier,
operate the switch or switches specified in Table
D for the rectifier to the position indicated for
charging the E~I GR2 emergency cells.

(b) Operate the EM CELL CHG knife switch
on the battery control board to the GRI &

GR2 position.

(c) Connect the Weston 931 voltmeter across
the" EM GR2 emergency cells. Raise the
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current output of the charging unit under manual
control, as required, to charge the EM GR2 cells.
When the voltage indication on the meter has
increased to 5 volts, lower the output of the
unit until the voltage is 4.4 volts. Repeat this
procedure whenever the voltage increases to 5
volts.
(d) As the El'YI GR2 emergency cells approach a

full charge, the voltage will increase more
rapidly. When the output of the charging unit
is approximately zero, the EM GR2 emergency
cells are fully charged.

(e) When the EM GR2 emergency cells are fully
charged, lower the output of the charging

unit until it disconnects from the battery.
Disconnect the voltmeter. If the unit is a rectifier, I

other than a KS-19212 or KS-19215 rectifier,
operate the switch or switches specified in Table
D to the positions indicated for charging the E~1

GRI emergency cells. .Operate the EM CELL
CHG knife switch on the battery control board
to the GRI position.e Charge the EM GRI

·emergency cells and then restore the unit to
normal automatic operation in accordance with
3.29 (g) through (i).

3.31 Ifthe batteryreserve becomesinsufficient
for starting the plant after a deep

discharge to below emergency volt limits, the
following procedure should be followed when
emergency ec power or commercial Be power
becomes available.

(1) After it has been confirmed that th-e
central office equipment is inoperative due

to a low battery reserve, J:Joti!y the supervisor
/UJd at his direction remove the discharge
J'uses. The removal of the office load generally
allows the battery voltage to recover enough
to start at least one charging unit.

(2) Using a portable voltmeter, check all of
the batteries for_reversal of polarity in

accordance with Section 157-601-701. (See
note.)

(3) Replace discharge fuses when the plant"
appears to function normally and all

charging units are available.

Note: If one or more cells in a series becomes
fully discharged while the remainder of the
cells are still discharging, there will be a
reversal, that is, a change of polarity on the
discharged cells with adverse affects on the
plates.
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4. ROUTINE -CHECKS AND ADJUSTMENTS

4.01 The purpose of performing routine checks
is to determine whether or not all the

features, indications, and alarms are functioning
properly. The checking time and testing intervals
should be based on local conditions and past
experience. The power room alarms to other parts
of the building when performing .these checks may
be shut off by operating the SERVCO key on .the
main control board to OFF.

4.02 Periodically when the emergency generator
routines are performed, the power plant

should be allowed to function automatically so that
the charging units will shut down, emergency cells
will operate, and, on restoration of power, the
charging units will connect in the required manner.

CLEAN VENTILATING PASSAGES

4.03 Keep all ventilating passages unobstructed
to ensure adequate cooling during operation,

Inspect the control cabinets and charging unit
cabinets for dust and foreign matter. Clean the
inside of the cabinets in accordance with local
instructions when the charging units are removed
fromservice or when the plant is being checked
on a routine basis.

VOLTMETER ACCURACY CHECK

4.04 To check the BAT voltmeter for accuracy,
proceed as follows.

(1) Connect the KS-8039 volt-milliammeter across
the terminals of the B...\T voltmeter.

(2) Compare the indications of the BAT and
KS-8039 meters. If the meters do not agree,

adjust the zero adjusting screw as required on
the BAT voltmeter.

(3) Place masking tape over the adjusting screw
denoting the date the adjustment was made.

(4) Disconnect the KS-8039 volt-milliammeter.

CHECKING OPERATION OF G-ZERO RECTIFIERS NOT
SUPPLYING LOAD

4.05 To check 'the operation of G-zero rectifiers,
proceed as follows.
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(1) Shut off one or more of the G-zero rectifiers
supplying load to the plant by operating

the NOR-OFF, RECT OFF-NOR, OFF-NOR,
ON-OFF, or POWER ON-POWER OFF switch
to the OFF or PO'WER OFF position.

Requirement: Each idle rectifier will pick
up the load in turn.

(2) When all checks are complete, restore the
switch or switches to NOR, ON, or PO'WER

ON.

CHECKING OPERATION OF Gl THROUGH Gl0
CHARGING UNITS NOT SUPPLYING LOAD

4.06 To check the operation of Gl through GIO
charging units, proceed as. follows,

(1) Shut off one or more G-zero units {if provided),
the operating G3 through GIO units, and

the G1 or ·G2 unit, in that order, as required,
in accordance with 3.10 through 8.19.

Requirement: Each idle G charging unit
will pick up the load in turn.

(2) When all checks are complete, restore the
Gl or G2, G-zero, and G3 through G10

charging units, in that order, as covered in 3.10
through 3.19.

Caution: If G-zero rectifiers are not
provided, either the G1 or G2 unit must
be kept in sen-ice at ell times to maintain
voltage regulation of the plant.

Gl ANDG2 GENERATOR ADJUSTMENTS

Note: The ci and G2 generator adjustment
procedure which follows has been written with
the intent to start at either A (Preliminary
Preparations) or G (Voltage Regulator and
Exciter Control Adjustments) and continue
sequentially through all steps. Procedures to
restore controls after each individual adjustment
are eliminated.

A. Preliminary Preparations

4.07 Before adjusting the Gl and G2 generator,
proceed as follows:

(
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(a) If there are no charging units capable of
voltage regulating the plant due to

maladjustment or trouble; use available charging
units, other than the one being adjusted to
manually regulate the plant voltage at 24 volts
for a 24-volt plant or 48 volts for a 48-volt 'plant..

Note: Manual operation of charging units is
outlined in 3.20 through 3.24.

(b) Observe the plant voltage for about two
minutes to assure that it is fairly stable.

At this time, the plant is under manual regulation,
and a large change in load could cause a high
or low voltage condition, Regulate the plant
manually as required to keep the voltage at
either 24 or 48 volts.

B. Setting of Cantrels

4.08 -The preliminary adjustments of the main
control board, Gl or G2 generator control

bay, and voltage regulator and exciter panel of
the generator to be checked are as follows. (See
Table A for normal automatic position of controls.)

(a) At the Main Control Board-

(1) Operate the GEN-REG M...~'f-AUTO key
to the M..A.N position.

(2) Operate the ElY! CELL SW MA.."N"-AUTO
key to the M...W position.

I (3) TheFLOAT/CHG key should be in the
FLOAT position.

(b) At the Gl or G2 Generator Control Bay-

(1) Operate the NOR-STOP key to the STOP
position.

(2) Rotate the generator manual control
handwheel fully ew.

(3) Open the generator knife switch.

(4) Operate the REG TEST..NOR key to the
NOR position.

(5) Operate the CONT TEST-NOR key to
the NOR position.

(6) Zero the.i.\.R or .-\.Rl and the .-\.R2 ammeters.
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(c) At the Voltage Regulator and Exciter Control
Panel for the Gl or G2 Generator-Operate

the REG A1JTO-lYIA.l'T switch to the M.~N position.

Warning: Never open or close thegenerator
knife switch while the CA contector is
operated; as personalinjuryand commutator
damage may result.

c. CB Reverse Current and CC ReJay Check

.
4.09 Check the CB reverse current relay as

follows:

(1) Perform preliminary steps as outlined in
4.08(a) through (c).

(2) Block the CC relay operated on the generator
control bay under test.. (Block armature to

the left facing front of relay.)

(3) Operate the CONT TEST-NOR key to the
TEST position.

(4) Operate the NOR-STOP key to the NOR
position. The motor-generator will rotate

cw as viewed from the generator end.

(5) After the run contactor closes, slowly rotate
the generator manual control handwheel ccw.

Requirement: The CB relay o-perates
between 40 and 45 volts on the 65-volt generator
or between 20 and 25 volts on the 3S-volt
generator. (Read voltages on the generator
control bay voltmeter with the VM BAT/GEN
key in the GEN position..

(6) Remove the block from the CC relay .and
replace cover.e

(7) Rotate the generator manual control handwheel
cw until the' C.-\. contactor and CB relay'

release. (No voltage limit)

4.10 Check the CC relay as follows,

(1) After the CA contactor has released, close
the generator knife switch to the 24V or

48V position.

(2) Using the KS-14510 volt-ohm-milliammeter
on the 60-volt de scale, connect the positive

lead to the armature contact and the negative
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lead to the stationary contact of the CA contactor,
(Do not obstruct the operation of the contactor
tor short contacts ofcontactor.js

(3) Slowly rotate the generator manual control
handwheel ccw until the meter indicates 1

volt. Then change to the 3-volt scale on the
meter and readjust the handwheel to indicate 1
volt.

(4) Reverse the meter leads at the meter.
..The meter ~;11 indica-tea reverse deflection.

(Do not short or ground the leads while reversing.ie

(5) Very slowly rotate the handwheel ccw. The
CA contactor will operate before the meter

indicates 1 volt (that is, before the generator
voltage is 1 volt higher than the battery voltage).

(6) Disconnect the KS-14510 volt-ohm-milliammeter.

(7) Remove the cover of the AR or ARI ammeter
relay, grasp the insulated lower end of the

low-contact pointer and move the contact to the
extreme leftposition.

(8) Slowly rotate the handwheel cw observing a
below zero deflection of the AR and ARI

ammeter relay..

Requirement: T:h~ CA contactor and CB
relay .release before the reverse current (below
zero reading) reaches 3 to 8 percent of the
rated output of the generator.

Caution: Do not permit the reverse current
to exceed the 8-percent value as excessive
reverse curren t mayiLffect future operation
of the CB relay"

(9) Operate the NOR-STOP key to the' STOP
position.

(10) Open the generator knife switch.

(11) Operate the. CONT TEST-NOR key to the
NOR position.

D. Ammeter Relay Adiustments

4. 11 Adjust the ammeter relays as follows:
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(1) Adjust the high contact of theAR or ARl
relay to close on a current equal to the

fun-ampere rating of the associated generator.
The low contact shall be adjusted to close with
a reverse-current sufficient to deflect the pointer
1 to 2 percent of the generator rated ampere
output below the zero reading. (See 1.15).

(2) Adjust the high contact of the AR2 relay
to close on approximately 75 percent of the

ampere rating of the generator with increasing
load. The low contact shall be adjusted to close
at 25 percent of full-load reading on descending
load. (See 1.15).

E. General'or Manual Control Handwheel

4.12 .Set the position of the generator handwheel
pointer as follows. The following operations

are performed on generator control bay.

(1) Operate CONT TEST-NOR key to TEST.

(2) Operate STOP-NOR key to NOR (generator
starts)..

(3) After the run contactor closes, operate the
REG TEST-NOR key to TEST position.

Observe the generator voltage increases on the
generator control bay voltmeter.

(4) Rotate handwheel ecw uritil generator voltage
increases to approximately the rated value

of 63 or 33 volts. Then, rotate the handwheel
slowly cw to decrease the voltage to the following
value.

• Ll-cell battery-23 volts

• 12-cell battery-25 volts

• 23-cel1 battery--48 volts

Stop rotating the handwheel when the desired value
is reached. If the value is passed, start over again
and appproacb more slowly. When the proper
setting has been obtained, the position of the
pointer of the handwheel should be marked with a
line and stenciled BAT. If the board is already
stenciled, loosen the set screws on the pointer and
relocate the pointer to the stenciled position.

(
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(5) Operate CONT TEST-NOR key to NOR.

(6) Operate REG TEST-NOR key to NOR.

(7) Operate NOR-STOP key to STOP.•

F. Generator Cut-Off Relay Adiustments (G2
Generator Only Where Cut-Off Is Provided)

4.13 Adjust the generator cut-off relay as follows.

(1) Perform preliminary steps as outlined in
4.08(a) through (c) at the G2 generator.

(2) Close the generator knife switch to the 48V
or 24V position. [See warning under 4.08(c).]

(3) Operate the CONT TEST-NOR key to the
TEST position.

(4) Operate the NOR-STOP key to the NOR
position.

(5) After the run contactor closes, rotate the
GCR rheostat fully ccw.

(6) Rota~ the generator manual control handwheel
to raise the voltage of the G2 generator to

1 volt above the battery voltage.

(7) After the CA contactor operates, reduce
the ampere output of the G2 generator to

a value equal to 80 percent of the rating ofthe
Gl generator. ·

(8) Slowly rotate the GCR rheostat cw until
the GC relay releases. .

(9) Rotate the G2 generator manual control
handwheel to full load, then slowly decrease

the output. ·

Requirement: The GC relay will release
when the G2 generator output drops to 80
percent of the rating of the Gl generator.

G. Voltage Regulator and Exciter Control Adiusfments

4.14 Adjust the voltage regulator and exciter
control as follows:
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GENERAL

(1) At this time the plant must be manually
regulated at 24 volts for a 24-volt plant or

48 volts for a 48-volt plant.

Note: Manual operation of charging units is
outlined in 3.20 through 3.24.

(2) Observe this voltage for about two minutes
to assure it remains fairly stable. At this

time the plant is under manual regulation, and
a large change in load could cause a high or low
voltage condition. Regulate the. plant manually
as required to keep the voltage at either 24 or
48 volts.

At the Main Control Bocrd-

(1) r Operate the GEN REG M&~-AUTO key to
the M.A.N position.

(2) Operate the EM CELL SW M..~'f-AUTO key
to the MAN position.

(3) The GE~{ REG FLOAT-CHG key' should be,
in the FLOAT position.

At the G1 or G2 Generator Control Bay-

(1) Operate the NOR.sTOP key to STOP.

(2) Operate the CONT TEST-NOR key to NOR.

(3) Operate the REG TEST-NOR key to NOR.

(4) The generator knife switch should be closed
to the 24V or the 48V position.

Warning: ..Never open orclose tbegeneretor
knife switch while the CA contector is
operated; as personalinjuryandcommutator
damage .mey' result.

(5) Rotate the generator manual control handwheel
to the BAT position.

(6) Operate the VM BAT-GEN key on the
Generator Control Board to the GEN position.
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At the Voltage· Regulator and Exciter Control Panels
for the Gland G2 Generators.-

(1) Operate the REG-AUTO-MAN switch to
AUTO.

"(2) Operate the LINE COMP NOR-TEST
switch to NOR.

(3) Rotate the M~ potentiometer fully ccw.

(4) Adjust CON CUR H potentiometer fully
cw.

(5) Adjust CON CUR L potentiometer fully
C\\"•

(6) Adjust ADJ VOLTS potentiometer fully
ccw.

(7) Adjust CHG potentiometer fully ecw.

(8) Adjust CUR REG potentiometer fully ccw.

(9) Adjust ANTI..HUNT 1 potentiometer to
midrange.

(10) Adjust LINE C01fP potentiometer to
. midrange.

(a) Float and Charge "Adjustments-

(1) Using: the 3Q..volt scale setting for 24-volt
plants or 75-volt scale setting for the

48-volt plant, connect the KS-8039 voltmeter
across the REG + and- REG -- pin jacks on
the voltage regulator and exciter" control
panel. (Use the 141 cord tips with voltmeter
leads.)

Note: Unless otherwise specified, all voltage
readings are to be made with the KS·8039
meter.

(2) Operate the NOR-STOP key to the NOR
position (generator starts).

(3) After the run contactor closes, slowly
rotate ADJ VOLTS potentiometer cwuntil

the CA contactor just operates connecting the
unit to the line. This will occur when the
generator output voltage is approximately 1
volt higher than the plant voltage or about
25 or 49 volts.
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Note 1: This adjustment is critical and must
be done very slowly to allow capacitors to
charge or the machine may connect at very
high current and shut down because of overload.

Note 2." If the generator output voltage hunts
during these adjustments, rotate the .Al\'TI-HUNT
1 potentiometer (see Fig. 3) as required to
stop the hunting. .,The ANTI-HUNT 2
potentiometer at the rear of the control panel
has been factory set at the value of 200,000
ohms and should not need to be changed.e

(4) Without exceeding the full capacity of
the unit, slowly rotate the ADJ VOLTS

potentiometer cw until the plant is floating
at the following values.

• 49.9 volts for 23 cells

• 26.04 volts for 12 cells

• 23.9 volts for 11 cells

.Note: It may be necessary to increase the.
output of a manual unit to keep the unit under
test from exceeding full capacity. Allow at
least 5 minutes to permit battery voltage to
stabilize.

(5) Insulate the 4T and 5T contacts of the
RT relay. (Contacts count left to right

facing front of relay.)

(6) Without exceeding the full capacity of
the unit, .slowly rotate the CUR REG

potentiometer cw until the voltage indicated
on the KS-8039 voltmeter increases to 1 volt
above battery voltage. (It may be necessary
to increase the output oJ one of the units
operating under manual control to keep the
unit under test from exceeding full capacity.)

(7) Remove the insulation from 4T and 5T
contacts of the RT relay. The battery

will return to float voltage.

Note: If the plant has been modified for
solid state G..zero operation (SD-81148-01;
Fig. 6; Z\V option), skip (8) through (10).

(8) Operate the GEN REG FLO_~T-CHG key'
on the main control board to the CHG

position.

(
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(9) Without exceeding the full capacity of
the unit, slowly rotate the CHG potentiometer

cw until the battery voltage increases to the
following float voltage values:

(10) Operate the GEN REG FLOAT..CHG key
on the main control board to the FLOAT

position. (Battery restores to float voltage.)

CC Test Circuit Not Provided-
• 50.6 volts for 23 cells

• 26.4 volts for 12 cells

• 24.2 volts for 11 cells

(It may be necessary to increase the output
of one of the units operating under manual
control to keep the unit under test from
exceeding full capacity.)

Note 1: When a CC Test Circuit is not
provided, the test procedure can be performed
as outlined in (b) through (d) while the plant
is still set up for manual operation. An
alternative procedure would be to construct a
portable constant current test circuit (see Fig.
7). Perform the test, using the portable test
circuit, as outlined in ~~CC Test Circuit
Provided".
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fig- 7-Constar-t Current Test Circuit
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Note 2: Where the voltage regulator is not ~

equipped with the CC test circuit, an external
millivoltmeter with the proper scale, such as,
a 35-type test set can be connected to read
load currents in excess of 100 percent. (See
Table E.) If a 35-type test set is used, select
a low scale so that the current drawn by the
test set does not exceed 20 milliamperes and
thus cause calibration error due to wiring
resistance. Connect the de millivoltmeter to
the SH + and SH - test jack' on' the voltage
regulator (0.3 volt is equivalent to 300
millivolts).

TABLE E

LOAD PERCENTAGES AND VOLTMETER READINGS·

CC TEST MILLIVOLTMETER RE/AOIN~

LOAOIN FOR ?50-AMPERE FOR ALL OTHER
PERCENT GENERATORS GENERATORS

~ ... 176 188,~

77 181 193
79 186 198
85 200 213

100 235 250
105 246 262
110 258 275
115 271 288
120 282 300
125 293 310
150 352 375

(b) DroopandLine Compensation Acfiustrnenta-

(1) Operate the REG TEST-NOR key to the
TEST position.

(2) Operate the CONT TEST-NOR key to
the TEST position.

.(3) Insulate 4T and 5T contacts of RT relay
and the NO (Normally Operated) spring

of A segment of theREGTEST·NOR key in
the voltage regulator and exciter" circuit.
Battery voltage will increase approximately 1
volt. Increase the load from 95 to 100 percent
of the generator rating. Adjust the CON
CUR' H potentiometer ccw until the battery
voltage is maintained at the float voltage. If
periodic swings of the output-current meter
are observed, rotate the ANTI-HUNT 1
potentiometer slowly cw until the swings
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decrease to a minimum. If necessary, rotate
the ANTI·HUNT 2 potentiometer (inside
voltage regulator) slighly cw to stop hunting.

Note: The ANTI-HUNT 2 potentiometer
should never be adjusted to less than 200,000
ohms.

(4) Operate the LINE COMP switch and
observe the value to which the output

current returns after the initial change. If
the output does not recover, release the LINE
COlvIP switch and rotate the LINE COMP
potentiometer slightly ccw. Readjust the
CON CUR H potentiometer to maintain float
voltage. Repeat operations. of the LINE COMP
switch and adjustment of the LINE COMP
and CON CUR H potentiometer until operation
of the LINE COMP switch causes approximately
+ 2 percent change in output. Remove the
insulation from contacts of RT relay and the
REG TEST-NOR key. Rotate CON CUR H .
potentiometer fully cw.

(5) Recheck the float voltage, current regulation,
and charge voltage values in accordance

with (a)(7) through (14). Increase the ·load
slowly until the generator output reaches 110
percent of its rated output. Then rotate the
CON CUR H potentiometer ccw until the
output drops to 105 percent of its rating.
Since part of the load is now being supplied
from the battery, its voltage should decrease.
Maintain the generator output at 105 percent
by adjusting the CON CURH potentiometer
while the voltage is decreasing to:

48.9 volts for 23 cells

25.5 volts for 12 cells

23.15 volts .for 11 cells

Leave the CON CUR H potentiometer at the
setting which gives 105 percent output at the
above voltage.

(c) CON CUR L Adjustment-s-Ol Generator
Only

(1) Remove the load 'to reduce the generator
output to zero. Then block CR and CRL

relays operated. This raises the generator

- -"..j
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voltage 1 volt above the float value. Add
load slowly up to 80 percent of the generator
rated output. Rotate the CON CUR L
potentiometer ccw until the generator output
drops to 75 percent of its rated output. Since
part of the load is now being supplied by
the battery, voltage should decrease. Watch
the battery voltage as it drops and, when it
reaches the float voltage, quickly adjust the
CON CUR L potentiometer further ccw so
that the generator is delivering 75 percent of
its rated output at float voltage. Remove
the block from CR and CRL relays.

Note: The setting of the CON CUR L
potentiometer should be as close as possible
to 75 percent of the full ..load rating of the
machine without permitting variable load to
cause false starting of the second machine.
Make this adjustment when load variation is
at a minimum.

(d) Veriiicstion of Adjustments

(1) Decrease the load to 50 percent of the
generator rating and readjust the ADJ

VOLTS. potentiometer to the float voltage, if
necessary. Increase the load slowly to 105
percent- of the generator rating and observe
that the high contact of ARl ammeter relay
makes before the voltage drops below:

49.0 volts for 23 cells

25.5 volts for 12 cells

23.4 volts for 11· cells

(2) Increase the load to 120 percent of the
generator rating and observe that the

generator output does not exceed 120 percent
of the rating when the battery has decreased
to 2.0 volts per cell.

(3) If periodic swings of the generator output
occur as the voltage is decreasing to 2.0

volts per cell, rotate the ANTI-HUNT 2
potentiometer (inside voltage regulator) slowly
cw until the hunting almost stops. [See note'
under (b)(3)]. Then adjust the ..~NTI ..HUNT
1 potentiometer until the hunting stops. With
Gland G2 operating in parallel, it may be
necessary to make further adjustments of the
AJ."lTI-HUNT 1 or ~'rTI..H1JNT 2 potentiometer.
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Note: The ANTI..HUNT 2 potentiometer
should never be adjusted to less than 200,000
ohms.

(4) Operate the NOR ..STOP key on the
generator panel to the STOP position.

Note: ..';"11 remaining adjustments are to be
made off the line. Except for the unit being
adjusted, the plant may be restored to normal
automatic operation as outlined in Table A to
voltage regulate the plant at float voltage. If
no other voltage regulating units are operational
at this time, the plant may be left in the
manual mode at 24 or 48 volts during the
remaining adjustments.

CC Test Circuit Provided-

Note 1: The CC test circuit furnished with
generators with voltage regulators consists of
a CC TST millivoltmeter (0 to 500 millivolts),
a CC TST key, and a CC TST potentiometer,
which is used to apply a voltage to the shunt
leads of the voltage regulator to simulate
output current. For instance, to simulate 105
percent load, operate the CC TST key to the
TST position, and then rotate the CC TST
potentiometer so that the CC TST millivoltmeter
indicates 246 millivolts for 75Q-ampere generators
or 262 millivolts for all other generators. This
will affect the regulating circuit in the same
way as an actual load. Table E shows load
percentages and corresponding millivoltmeter
readings.

Note 2: With the CC TST key operated to
the NOR position, the millivoltmeter is bridged
across the ammeter relay shunt and may be
used as an indication of the output current.
In this case the millivoltmeter should read 235
millivolts for full load on the voltage regulator
for 750-ampere generators or 250 millivolts
for full load on the 'voltage regulator for all
other generators. See Table E.

(e) OL Relay Adjustment-«

(1) Verify that the NOR..STOP key on the
generator panel is in the STOP position.

(2) Open the generator knife switch.

(3) Rotate the OLR potentiometer fully cw
and CC TST potentiometer fully e«.
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(4) The cover must be on the OL relay.
Connect the K8-14510 volt-ohm-milliameter,

using the 60-volt scale, Neg. lead to the No.
1 contact of the OL relay and Pas. lead to
frame ground to observe the operation of the
OL relay. Voltmeter reading indicates the
released position (contacts count from right
to left in rear).

(5) Operate theCONT TEST-NOR key to
the TEST position.

(6) Operate-the REG TEST-NOR key to the
_TEST position.

(7) Operate the N OR·STOP key on the
generator control panel to the NOR position

(generator starts).

(8) After the run contaetor closes, operate
the CC TST key to the TST position and

hold operated.

(9) If the OL relay is not operated, rotate
the OLR potentiometer slowly ccw until

the OL relay operates.

(10) Slowly rotate the 'CCTST potentiometer
ccw until the OL relay releases.

Note: Operation of the OL relay will operate
a generator .failure alarm.

Requirement: The release value of the OL
relay should be between 120 and 125 percent
of generator full-load rating as indicated on
the CC TST millivoltmeter. See Table E for
millivoltmeter readings.

(II) Rotate the OLR potentiometer ccw if
the release value of the OL relay exceeds

125 percent of generator rating and c~ if it
is less than 120 percent. Then with the CC
TST potentiometer, reoperate (cw) and-release
(ccw) the OL r elayvadjust.ing the OLR
potentiometer until the release value of the
OL relay is within limits.

(12) Release the CC TST key.

(13) Rotate the CC TST potentiometer fully
ecw.
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(14) Allow the OL relay to cool for at least
5 minutes and recheck the release value

as outlined in (8) through (13).

(15) Operate the CC TST key to the TST
position and hold operated.

(16) Slowly rotate the CC TSTpotentiometer
cw and check that the OL relay operates.

Requirement: The OL relay should operate
before 150 percent of the rated load is reached.
See Table E for millivoltmeter readings.

(17) Release the CC TST key and rotate the
CC TST potentiometer fany ecw.

(18) Allow. the OL relay to cool for at least
5 minutes and recheck the operate value

as outlined in (15) through (17).

(19) Disconnect the KS-14510 volt-ohm
milliammeter.

Note: Reset the generator failure alarm by
operating the NOR-STOP key to STOP, then
to NOR.

(f) Droop Point CON CUR H Adjustment-

(1) Rotate the generator manual control
handwheel on the generator control bay

fully cw from the BAT position so the manual
setting does not prevent setting .the droop
adjustment.

(2) After the run contactor closes,adjust the
ADJ VOLTS potentiometer as necessary

to obtain float voltage (26.04 volts or 49.9
volts). ·

(3) Operate the CC TST key to the TST
positionand hold operated during a4j~tments

[(c)(4) through (e)(4)].

(4) Rotate the CC TST potentiometer ew until
the CC TST millivoltmeter indicates 250

millivolts for the 750-ampere generators or
265 millivolts for all other generators.

(5) Rotate the CON CUR H potentiometer
ccw until the generator output voltage
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decreases 2 volts for the 48-volt plants or 1
volt for the 24-volt plants (as observed on
the KS-8039 meter) at the millivolt setting
stated in (4).

Notes Du-e to the interaction between controls,
it will be necessary to alternate between the
CC TST potentiometer and the CON CUR H
potentiometer to obtain the required voltage
droop stated in (5) at the required millivolt
setting stated in (4).

(g) Line Compensation Check-

(1) Operate the LINE COMP NOR-TEST
switch to the TEST position and hold

operated.

Requirement: The CC TST millivoltmeter
should increase to approximately 254 millivolts
for 750-ampere generators or 270 millivolts
for all other generators.

(2) If correct millivolt reading is obtained,
omit (3) and (4). Restore LINE CO~IP

NOR-TEST switch to the NOR position.

(3) If the millivolt reading does not change
at all, or if it does not raise to the

required reading, rotate the LINE COMP
potentiometer slightly ccw, affecting the CC
TST millivolt reading in a raise direction.

(4) If the-millivolt reading raises higher than
the required reading, rotate the LINE

COMP potentiometer slightly cw affecting the
CC TST millivolt reading in a lower direction.

(5) Restore the LINE CO~IP NOR-TEST switch
to the NOR position.

(6) Return to step (4) of Droop Point CON
CUR H adjustment and repeat all steps

until the CC TST millivoltmeter changes from
250 to 254 millivolts for the 750-ampere
generators or from 265 to 270 millivolts for
all other generators when the LINE COjyIP
NOR-TEST switch is operated to the TEST
position.

(h). Check ofDroop Point Adjustment-

(1) Rotate the CC TST potentiometer fully
CCW, then slowly rotate it cw until the
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CC TST millivoltmeter indicates 225 millivolts
for 750-ampere generators or 240 millivolts
for all other generators.

Requirement: The output voltage remains
approximately constant as indicated by. the
KS-8039 voltmeter.

(2) Continue rotating the CC TST potentiometer
until the CC TST millivoltmeter indicates

250 millivolts for 750-ampere generators or
265 millivolts for all other generators.

Requirements The generator output voltage
decreases 2 volts for 48-volt plants or 1 volt
for 24-volt plants (voltage droop).

(3) Continue rotating the CC TST potentiometer
slowly cw until the generator output

voltage decreases to:

• 46 volts for 23 cells

• 24 volts for 12 cells

• 22 volts for 11 cells

During this time the output indicated on the
CC TST millivoltmeter should not exceed 275
millivolts for 750-ampere generators or 288
millivolts for all other generators.

(4) Release the CC TST key and rotate the
CC TST potentiometer fully ccw. .

(i) CON CUR L Adjustment (01 Generator
Only, Where Generator Cutoff Is Not

Provided)-« '

(1) Block the CR and CRL relays on' the
generator control bay operated.

(2) Operate the CC TST key and hold operated
during entire adjustment..

(3) Slowly rotate the CC TST potentiometer
cw until the CC TST millivoltmeter

indicates a load equivalent to 79 percent for
48-volt generators or 77 percent for 24-volt
generators. See Table E for millivolt meter
readings.

(4) Rotate CON CUR L potentiometer ccw
until the generator output drops to 75

percent of its rated output.
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Requirement: The generator output voltage
drops at least 1 volt.

(5) Release the CC TST key and rotate the
CC TST potentiometer fully ccw.

(6) Remove the blocks from the CR and CRL
relays.

(i) Final Adjustments

(1) Return the generator manual control
handwheel to the BAT position.

(2) Restore all keys and switches for normal
automatic operation as outlined in Table

A.

(3) With the unit. on the line and voltage
regulating the plant, readjust as required

the ADJ \'OLTS potentiometer for float voltage.

(4) By removing from the line or reducing
the output of other generators, force the

unit under test to increase to its full output
(constant current high). Be careful not to
lower plant voltage below working limits.
Adjust .A..NTI·HUNT 1 potentiometer as required
for minimum hunting on CC TST millivoltmeter
or se meter.

G3 THROUGH Gl0 GENERATORS

4.15 With the keys, switches, and generator
manual control handwheel on the generator

control bay of the generator to be adjusted positioned
as indicated in Table A, check each generator as
follows.

A. CB Reverse Current and CC Relay Check

4.16 Check the CB reverse current relay as
follows.

(1.) Perform preliminary steps as outlined in
4.08(a) through (c).

(2) Operate the NOR·STOP key to the STOP
position.

(3) Rotate the generator manual control handwheel
fully cw,

(4) Open the generator knife switch.
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(5) Block the CC relay opera.ted.

(6) Operate the NOR·STOP key to the NOR
position. The motor-generator will rotate

cw as viewed from the generator end.

(7) Slowly rotate the generator manual control
handwheel ccw.

Requirement: The CB relay operates before
45 volts are reached on the 65-volt generator
or before 25 volts are reached on the S3-volt
generator (read voltages on the generator
control bay voltmeter).

(8) Remove the block from the CC relay.

(9) Rotate the generator manual control handwheel
cw until the CA contactor and CB relay

release.

4. t 7 Check the CC relay as follows.
\

(1) After the CA contactor has released, close
the generator knife switch to the 24V or

48V position.

"(2) Using the 60·volt de scale of the KS·14510
volt-ohm-milliammeter, connect the positive

lead to the armature contact and the negative
lead to the stationarv contact of the CA contactor.
(Do not obstruct the operation of the contactor
or short the contacts of the contactor.)

(3) Slowly rotate the generator manual control
handwheel ccw until the meter indicates 1

volt. Then change to the 3-volt scale on the
meter and readjust the handwheel to indicate 1
volt. .

(4) Reverse the voltmeter leads at the tmeter.•
The meter will indicate a reverse" deflection.

(Do not short or ground the leads while reversing.)

(5) Slowly rotate the handwheel ccw. The CA
contactor will operate before the meter

indicates 1 volt (that is, before generator voltage
is 1 volt higher than the battery voltage).

(6) Disconnect the KS-14510 volt-ohm-milliammeter.

(7) Remove the cover of the AR or ARI ammeter
relay; grasp the insulated lower end of the

\
\

(
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low-contact pointer; and move the contact to
the extreme left position..

(8) Slowly rotate the handwheel C\V, observing
a below zero deflection of the ..4..R or ARl

ammeter relay.

Requirement: The C..-\ contactor and CB
relay release before the reverse current (below
zero reading) reaches 3 to 8 percent of the
rated output of the generator.

Caution: Do not permit reverse current
to exceed the 8 percent value as excessive
reverse currentmayaffectfuture operation
of the CB relay.

(9) Operate the NOR-STOP key to· the STOP
position.

(10) Open the generator knife switch.

(11) Operate the CONT TEST-NOR key to the
NOR position.

(12) Set the AR, ARl, and AR2 relay contact
positions as outlined in 4.11(1) and (2).

(13) Restore all keys, switches, and the handwheel
for normal automatic operation as outlined

in TableA.

(14) Repeat 4.16 and 4.17 on all remaining G3
through G10 generators as required.

B. Motor-Driven Rheostat Adjustments

4.18 To adjust the motor-driven rheostat, proceed
as follows.

(1) Operate the NOR..STOP key to the STOP
position and allow approximately 2 hours

for the generator to cool. .

(2) After cooling period, operate the NOR·STOP
key to the NOR position.

(3) Operate the LOWER key continuously until
the RL relay releases (...~LL RESIST_~NCE

IN position).

(4) Operate the R..~ISE key until the generator
is operating at full rated-ampere output at

the voltage shown as follows (read voltage by
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operating VM key on the generator control panel
to the BAT position):

• 54.1 volts for 23 cells

• 28.2 volts for 12 cells

• 25.9 volts for 11 cells.

(5) When the generator reaches full output,
operate the LOWER key, slowly decreasing

the output (allow time fer the battery voltage
to decrease). Continue operating the lower key
until the AR or ARl ammeter relay just closes
its lower contact with the battery voltage shown
as follows:

• 48.3 volts for 23 cells

• 25.2 volts for 12 cells

• 23.1 volts for 11 cells.

(6) Operate the NOR..STOP key to the STOP
position.

(7) Open the generator knife switch..

(8) With the rheostat arm in the position of
(5), set the B limit switch operating lever

against the limit switch so that the contacts just
open, and then clamp the lever in place. This
position of the motor-driven rheostat is the ALL
RESIST..-\NCE IN position.

,
c. OL Relay Adjustments

4.19 . To adjust the overload relay, proceed as
follows.

(1) Operate the NOR·STOP key to the STOP
position.

(2) Rotate the generator manual control handwheel
fully cw.

(3) Open the generator knife switch.

(4) The cover must be on the OL relay when
adjusting the OLA and OLR potentiometers..

Connect the KS-14510 volt-ohm-milliammeter,
using the 60-volt scale, to the No. 1 contact of
the OL relay and frame ground to observe the
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operation of the OL relay. Voltmeter reading
indicates the released position.

(5) Move the high contact of the AR or ARI
relay so that it does not make contact when

the generator is delivering full load-ampere rating.

(6) Connect a millivoltmeter across the AR or
ARlammeter relay shunt at the same point

as the connections for the winding of .the OL
relav. An external millivoltmeter with the proper
scale, such as the 35-type test set, can be
connected to indicate load currents in excess of
100 percent. (See Table E).

Note: If a 35-type test set is used, select a
.low scale so that the current drawn b)T the
test set does not exceed 20 milliamperes and
thus cause calibration error due to wiring
resistance. Connect the dc millivoltmeter to
the SH + and SH -- test jacks on the voltage
regulator (0.3 v6-1t is equivalent to 300
millivolts).

(7) Operate the generator knife switch to the
24V or 28V position.

(8) Operate the TST-NOR and NOR-STOP keys
to the NOR position.

(9) Rotate the generator manual control handwheel
to raise the output to the full-ampere rating

of the generator.

(10) Read the voltage drop on the millivoltmeter,
then increase the .outputuntil. the millivoltmeter

indicates 110 percent (258 millivolts for 75O-ampere
generators or 275 millivolts for all other generators).
(See Table E.)

(11) Slowly rotate the OLA potentiometer ccw
until the OL relay operates, as indicated

by the KS·14510 volt-ohm-milliammeter.

(12) Rotate the generator manual control handwheel
to decrease the output indicated on the

millivoltmeter to 105 percent o,f full-load rating.
(See Table E.) Observe that the OL relay does
not release.

(13) Continue rotating the generator manual
control handwheel to decrease the output

of the generator until 85 percent is indicated on
the millivoltmeter and the OL relay releases.
(See Table E.)
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(14) If the OL- relay does not release at 85
percent of generator rated output, cut the

strap between the OLA and OLR rheostats.
Then, with the generator at 85 percent of the

. full rated output, slowly rotate the OLR
potentiometer cw until the OL relay releases.

(15) Recheck the operation of the OL relay as
follows.

(a) Raise output of generator to 105 percent
of fu111oad. OL relay does not operate.

(b) Raise output of generator to 115_ percent
of full load. OL relay operates. -

(c) Decrease output of generator to 105
percent. OL relay remains operated.

(d) Decrease output of generator and check
that the OL relay releases at 85 percent

or .higher, .

(16) Operate the NOR-STOP key to the STOP
position and disconnect the millivoltmeter

and the KS-14510 volt-ohm-milliammeter,

(17) Reset the high contact of theAR or ARl
'relay.

(18) Restore all keys, s-witches, and the handwheel
for normal automatic operation as outlined

in Table A.

GlAND G2 RECTIFIERS

4.20 The keys, switches, and circuit breakers on
each rectifier, where provided, are set to

the normal automatic positions as indicated in Table
B. Except for the following adjustments, no further
methods of this section for theGl and G2 rectifiers
are required.

(a) The plant voltmeter should indicate a battery
float voltage value of:

• 49.9 volts for 23 cells

• 26.0 volts for 12 cells

• 23.9 volts for 11 cells.

(b) If the float voltage is not as specified in
(a), adjust the output voltage potentiometer,

(
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as follows on the rectifier to obtain the proper
voltage. Allow at least 5 minutes for the battery
voltage to stabilize after adjustment.

* To obtain a finer adjustment of the rectifier
output voltage, adjust the ADJ VOLTS FINE
or .WJ VOLTS potentiometer on the rectifier.

RECTIFIER

J86249
J86273
J86295
J86296
KS-15689
KS-19210
KS-19211
KS-19212
KS-19213
KS-19214
KS·19215
KS-19356

POTENTIOMETER

* COARSE .~DJ VOLTS
* ADJ VOLTS COARSE
* .~DJ VOLTS COARSE
* ..~DJ VOLTS COARSE
* COARSE ..~DJ VOLTS

VOLT ADJ
VOLT .~DJ .
VOLT ADJ
VOLT ADJ
VOLT ..~DJ
VOLT 4~DJ

VOLT 4~DJ
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(1) J86249 or KS-15689 Rectifier-Adjust the
.L\.Rl ammeter relay to close its low contacts

at 5 percent and its high contacts at 90 percent
of the rated output current capacity of the
rectifier.

(2) J86273, J86295, J86296, or KS-19214
Rectifier-Adjust the AR1 ammeter relay

to close its low contacts at 2 percent and its
high contacts at 100 percent of the rated
capacity of the rectifier.

(3) KS-19212 or KS·19215 Rectifier-Adjust
the ARI ammeter relay to close its low

contacts at 5 percent and its high contacts at
95 percent of the rated capacity of the rectifier.

(4) Adjust the AR2 ammeter relay in the Gl
and G2 rectifiers to close its low contacts

at 25 percent and its high contacts at 75
percent of the rated output current capacity
of the rectifier.

. -,,/

(c) After the proper float voltage adjustment
is obtained, operate the GEN REG FLOAT·CHG

key on the main control board of the plant to
the CHG position.

(d) The plant voltmeter should indicate a battery 
charge voltage of:

• 50.6 volts for 23 cells

• 26.7 volts for- 12 cells

• 24.6 volts for 11 cells.

~f the charge voltage is not as specified, adjust
the CHG or eRG ADJ potentiometer on the
rectifier to obtain the proper voltage.

(e) After the proper charge voltage adjustment
is obtained, restore the GEN REG FLOAT-CHG

key on the main control board to the FLOAT
position.

(f) Restore the rectifier NOR-OFF, RECT
OFF-NOR, or OFF·NOR switch to the OFF

position.

(g) AmmeterRelayAdjustment (See 1.15}-For
the Gl and G2 rectifiers listed in (1) through

(3), adjust the ARI and .~R2 ammeter relays in
each rectifier to close their contacts as follows.

(h) Current Limiting Circuit andLoadSignal
Limit Adjustments-KS-19210, KS-19211,

KS-19213, and KS-193S6 Rectifiers-If a KS-19210,
KS-19211, KS-19213, or KS-19356 rectifier is
provided as the G1 and/or G2 unit, adjust the
low and high current limiting circuit to limit at
5 and 95 percent of the rate¢ output current
capacity of the rectifier and the low and high
load signal limits at 25 and 75 percent in accordance
with Bell System Practices covering the operating
methods for the rectifier.

G3 THROUGH G10 RECTIFIERS

4.21 Except for the following adjustments, no
further adjustments other than those covered

in the Bell System Practices for operating methods
for the rectifier are required for the G3 through
GIO rectifiers.

(a) On 03 through G10 rectiiiers, other than
KS-1921O, KS-19211, KS-19213, and KS-19356

rectifiers, adjust the AR or .L\.Rl ammeter relay
to close its low contacts at 2 percent and its
high contacts at 100 percent of the rated output
current capacity of the rectifier (see 1.15).

(b) On 03 through G10 KS-19210, KS-19211,
KS-19213, end KS-19356 rectifiers, set the

minimum and maximum load signal limits at 2
and 100 percent, respectively, of the rated output
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current capacity of the rectifier in accordance
with the Bell System Practices for operating
methods for the rectifier.

G-ZERO RECTIFIERS

(2) Check that the rectifier is operating at
approximately 50 percent of its rated output

current capacity.

(3) Check whether the plant voltmeter indicates
a battery float voltage of:

• 49.9 volts for 23 cells

• 26.0 volts for 12 cells

• 23.9 volts for 11 cells.

If not, adjust the rectifier in accordance with
the Bell System Practices covering the operating
methods for the rectifier.

(4) If only oneG-zero rectifier is provided, .no
further adjustment of the rectifier is required.

Restore the G2 charging unit to service.

(5) If more than one G..zero rectifier. is provided,
shut off the adjusted rectifier and repeat

the procedure in (1) through (3) as required.

(6) After adjusting each of the additional rectifiers,
restore the G2 charging unit to service.

Note: The ideal adjustment would be to
have each G..zero rectifier share the load
equally but, because of the extreme accuracy
of the voltage regulating circuits, equal load
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sharing is not practical. Adjust the G"zero
units when the rectifiers are in the voltage
regulating mode.

TWO-STEP MOTOR-GENERATOR

4.23 A replaced 48-volt motor-generator taken
from either Gl or G2 position may be

reconnected as a 2-step current unit in any position
from G3 through GIO. Two of these units may
be used in the plant. Normally, a 2-step unit will
connect at 60 percent and step to 100 percent
when the voltage regulated unit (Gl or G2) reaches
full load and again reduces to 60 percent when
the voltage regulating unit reaches one quarter of
the rated output. This arrangement is used only
when reuse 'Of the motor-generator set is intended
and Gl and G2 is replaced with a regulated 302A
type rectifier. Normally, additions to plants for
increased capacity use G-zero circuitry with voltage
regulated 302B type rectifiers.

Note: The Gl or G2 2-step machine monitors
its own output voltage; therefore the ADJ
VOLTS potentiometer OD the regulator should
be set about 1 volt higher than the float
.voltage. After the machine connects to the
load, the CUR REG potentiometer is inoperative.
The CHG potentiometer may then be used in
addition to the ADJ VOLTS potentiometer as
a vernier" adjustment

(1) The following adjustments "rill change from
the original setting (Table A) when the unit

was either the G1 or G2 unit.

(a) Set the CHG potentiometer for the following .
indications.

• 5~.1 volts for 23 cells

• ~6.9 volts for 12 cells

• 24.7 vols for 11 cells

(b) Adjust the CON CUR L potentiometer
for 60 percent indication.

(2) If there is an operating current-controlled
unit after the 2-step current unit, operate

the NOR-STOP key on the 2-step unit to the
'NOR position. The 2-step unit will start and
assume the .load of the current-controlled unit
which will shut down. If this load is not 60

(
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percent of the rated output of the unit, place a
current-controlled unit immediately preceding
the 2-step unit on the TEST position and manually
decrease its output to shift the load to the 2-step
unit.

(3) If there is no operating current..controlled
unit after the 2..step unit, the unit will not

start. Place a current-controlled unit immediately
preceding the 2..step unit on the TEST position
and manually decrease its output until the voltage
regulating G1 or G2 unit goes to full output.
This will start the 2-step unit and assume part
of the load of the voltage regulating unit.

(4) If there is not a current-controlled unit
preceding the 2..step unit and the office load

is greater than the Gl capacity] the G2 unit will
_be running and the G1 unit will be either in
constant current low (75 percent) or constant'
current high (100 percent).

(a) If me Gl unit is in the low mode, mark
the setting of its eeL potentiometer and

then rotate it ccw to reduce the output of
Gl and increase the output of G2. When G2
reaches full load, the Gl unit will increase
its output to 100 percent, the 2..step unit will
start, and the G2 unit will drop back.

(b) If the Gl unit is in the high mode, mark
the setting of the CCH potentiometer

and then rotate it ccw to reduce the output
of Gland increase the output of G2. When
G2 reaches full load, the 2~step unit will start
and the G2 unit will drop back.

(5) Adjust the eeL potentiometer on the 2..step
unit for exactly 60 percent of load.

Note: If the eeL potentiometer does not
affect the amount of load, adjust the CHG
potentiometer and/ or the ADJ VOLT
potentiometer.

(6) Operate the LINE COMP NOR-TEST switch
on the VOLT..~GE REGUL.L\.TOR to the

TEST position and hold operated for about 3
seconds. The output current should increase 5
percent.

(a) If the output current decreases, rotate
the LL.'TE COMP NOR-TEST potentiometer
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CCW, then rotate the eeL potentiometer cw
for the 5 percent increase.

(b) If the output current increases, rotate
the eeL potentiometer ccw, then rotate

the LINE COMP NOR..TEST potentiometer
cw for the 5 percent increase.

(7) Recheck the adjustment by operating the
LINE COfiIP NOR ..TEST switch for about 3

seconds.

(8) Shift the load to the G2 unit until it reaches
full output. The OX relay in the 2..step

unit operates and the output will rise to 100
percent, with the G2 unit dropping back to 40
perc.ent. Increase the load on G2 by one of
the methods previously outlined in (2) through
(4). The CeE potentiometer on the 2..step unit
may have to be adjusted for the 100 percent
load point.

(9) Reduce the output of the G2 unit to 25
percent and observe that the 2-step unit

decreases to the 60 percent point. This is
accomplished by manually increasing. the output
of the current-controlled units, or if the Gl unit
had been reduced with the CCH potentiometer,
turn the CCH potentiometer on the Gl unit cw
to the original marked position.

(10) Reduce the output of the G2 unit to zero
and observe that the 2-step unit shuts.

down. This is accomplished by manually picking
up the load on the units preceding the 2-step
unit.

(11) Restore the potentiometers in the Gl unit
to the normal marked positions ana restore

the plant to normal automatic operation.

EMERGENCY CELL TRICKLE CHARGERS

4.24 Adjust ,the output voltage of the KS-15678
L18 rectifier in accordance with Section

169-265-301 to float the emergency cells at 2.17
volts per cell. When adjusting the output of the
KS-15678 L18 rectifier, simultaneously adjust the
autotransformer on each J86220 rectifier so that
the current output of the KS-15678 L18 rectifier
is approximately 2 amperes. Rotating the
autotransformer cw or ccw will decrease or increase
respectively, the output current of the KS-15678
L18 rectifier.
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FUSE ALARMS

4.25 Test all fuse failure alarms and indicators
periodicallyas covered in 4.26 through 4.29

and Table F. The operator should analyze the
test indication shown in Table F prior to applying
the test voltage or test ground to ascertain whether
the test would shut down essential equipment. If
such is the case, it may be desirable to postpone
the tests until a lighter load period.

4.26 35-Type Fuse: Test 3S-type fuse alarms
and indicator lamps using the W1AF cord.

The test can usually be made by connecting the
test battery or ground to the alarm bar or stud
under the fuse. Note that the alarm operates
when the connection is made. r

, .
4.27 7().T}pB Fuse: Test the 70-type fuse alarm

as follows.

tNote: The later design of fuse caps for
70-type fuses contain an aperture or slot
'adjacent to the hole for the colored bead,
providing access to the alarm test point (see
Fig. 8). The new P-344900 fuse cap assembly
is for use on non-modular fuse block (18A,
19.~, and 21A) and theP-llF667 fuse cap
assembly is for use on modular fuse blocks
(22 through 27-type). This style cap should
be used when testing fuse alarms.

Caution: Due to possible fuse and/or
equipment damage, the former procedure
of testing fuse elerms by inserting s 411C
tool or 8 266C tool (wire burnisher) held
in B 265C tool (contact burnisher holder)
beside the colored bead on older fuse csps
without the slot or eperture, should be
discontinued.

(1) Prepare the alarm test cord by connecting
one end of the "W1AY testing cord to the

141 cord tip and 720A voltage pickup tool. (The
KS-6278 connecting clip may be used to replace
the 720A voltage pickup tool). On the opposite
end of the W1AY testing cord, connect the 411C
test tool (see Fig. 9).

(2) Install the 720A voltage pickup tool in a
spare 70..type fuse position. (If the 720A

tool is not available, obtain the same polarity
voltage supply by connecting a KS-6278 connecting
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clip with the W1AY testing cord to the positive
or negative bus bar.

Caution: Test only the fuses associated
witb the same polarity voltage supply.

(3) With the tip of the 411C tool (attached to
the battery connected W1AY cord) touch

the exposed alarm test point on the fuse cap
for one fuse.

Note: Tests made at. the individual fuse cap
check the contact between the fuse cap and
the alarm bus bar. On modular-type fuse
blocks, there is also' an aperture in the corner
of the block to test directly to the alarm bus
bar (see Fig. 8).

Requirement: The alarm operates when
the connection is made.

(4) Remove the 411C tool from the. fuse cap.

Requirement: All alarms are silenced.

(5)\ Repeat (3) for each fuse.

(6) Remove the 720A tool from the spare fuse
position. (If. the KS-6278 connecting clip is

used, disconnect the clip from the bus bar.~

4.28 Fuse Alarms-Alarm Fuse Sbunting a
Larger Fuse: Remove the alarm-type fuse.

With the WIAY cord equipped with two 411C test
picks, connect one and then the other alarm fuse
terminal to the fuse alarm stud or bar. Note each
time that the alarm operates. Replace the alarm-type
fuse.

4.29 Fuse Alarms-Circuits Supplied Througb
an Alarm-Type Fuse: Connect one test

pick of the WIAY cord to the terminal at the side
of the fuse. Momentarily connect the other test
pick of the cord to the associated alarm stud or
boar. Note that the alarm operates.

CHARGING UNIT FAILURE ALARM

4.30 G1 Through G10 Charging Units: Each
charging unit should be checked periodically

for the associated failure alarms as follows,

(a) If the charging unit is operating, remove it
from service as described in 3.09 and 3.11

(
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through 3.19, but do not disconnect the unit from
the plant battery.

(b) Carefully remove theac input supply fuses
for the unit or operate the associated switch

or circuit breaker to its OFF position.

(c) If the unit to be checked is a rectifier,
restore the keys and switches on the unit

to the positions indicated in Table B and operate
the NOR-OFF, RECTOFF-NOR, OFF-NOR, or
POV{ER ON-POWER OFF switch to the NOR,
ON, or POWER ON position. If the unit is ·a
generator, restore the keys and switches on the
generator control bay to the po.sition indicated
in Table A.

(d) Block operated the relay for the unit to be
checked as follows.

(1) Gl Unit-With the generator cut off,
block operated the RS2 relay in the charge

control circuit of the plant. Without the
generator cut off, it is not necessary to block
any relay.

(2) G2 through GIG Units-Block operated
the corresponding ST relay in the charge

control circuit of the plant.

(e) The GENFA.~L, ReT FAIL, or RECT FAIL
lamp on the unit under test will light. After

a delay of about 3 minutes, the GEN FAIL
lamp on the main control board and- the PWR
lamp in the emergency engine room on the main
control board will light.

(f) Shut off the GEN FAIL and PWR lamps
and the audible alarm by operating the

ACO key on the main control board. The GEN
FAIL GD lamp on the main control board will
light.

(g) When the check is completed, remove the
block from the RS2 or ST relay.. Operate

the NOR-OFF, RECT OFF·NOR, OFF-NOR,
NOR-STOP, or POWER ON-POWER OFF switch
to the OFF,. STOP, or POWER OFF position.
Remount the ac supply fuses or operate the ae
supply switch or circuit breaker to restore the
ac power to the unit. Then restore the unit to
-service in accordance with 3.09 through 3.19.

Pcge S6

(h) G1 and G2 Charging Units Provided With
CC Test Circuit-Shutdown of the Gl or

G2 unit due to overload should also be checked
as follows.

(1) Operate CC TST or TEST key to the
TST or TEST position.

(2) . Rotate CC TST or TEST potentiometer
cw until overload (OL or OLA) relay

operates and causes the unit to shut down.

Notes If the unit reaches 150 percent of .its
rated output without shutting down, stop -the
unit by operating the NOR-OFF, RECT
OFF-NOR, OFF-NOR, NOR-STOP, or POWER
ON-POWER OFF switch to the OFF, STOP,
or POWER OFF position and check the
overload relay circuit of the unit.

(3) The RCT FAIL, RECT FAIL, or GEN
FAIL lamp of the unit under test should

light.

(4) After a delay of about 3 minutes, the
GEN FAIL lamp on the main control board

and the PWR lamp in the emergency engine
room will light, and the minor alarm will
sound.

(5) Operate the ACO key on the main control
board to shut off the audible alarm and

extinguish the GEN FAIL and PWR lamps.
Operation of the ACO key will light the GEN
FAIL GD lamp on the main control board.

(6) Restore the CC TST or TEST potentiometer
to the extreme ccw position and the CC

TST or TEST key to the NOR position to
restore the unit to normal operation.

4.31 a-Zero Rectifiers: Periodically check the
rectifier failure alarm for each G-zero rectifier

as follows,

(a) Shut off the rectifier to be checked by
operating the rectifier NOR-OFF, OFF-NOR,

or POWER ON-POWER OFF switch to the
OFF or POWER OFF position,

(b) Restore the rectifier to service by operating
the NOR-OFF, OFF-NOR, or POWER
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(b) Close the locking lever of the No. 3 key
and move the No. 3 resistor slides to their

extreme left position. Close all resistance knife
switches to remove all fixed resistance. Under
this condition, the test set has its least resistance
and the dry-cell battery is out of the circuit.

(c) Place the test set into the circuit by carefully
removing the test link associated with the

voltage relay under test. Care should be taken
not to open the circuit through the voltage relay
or to change the current flowing to cause any
violent operation of the relay as this may prevent
a case of contact trouble from being detected in
this test.

Connect dry cells (in series) to BAT and GRD
terminals of the test set as required (estimate
1 1/2 volts per cell) to operate the voltage relay
to its high contact (see circuit requirements
table). Connect the GRD terminal of the test
set to the positive terminal of the dry cells and
connect the BAT terminal of the test set to the
negative terminal of the dry cells.

ON-POWER OFF switch to the NOR or POWER
ON position and observe that the RECT F.~IL

lamp on the rectifier lights and remains lighted
until the rectifier is supplying load.

(c) After checking the alarm for each rectifier,
apply ground to the CMD or RFA terminal

on one of the G-zero rectifiers as covered in
(d) to check the rectifier failure alarm circuit
of the plant.

(d) Using the W1AF cord equipped with one
411C test pick and one 365 connecting clip,

· apply ground to the C~ID or RFA terminal on
one of the G-zero rectifiers. After a delay of
about 3 minutes, the GEN FAIL lamp on the
main control board and the PWR lamp in the
emergency engine room will light, and the minor
alarm will sound. Operate the ACO key on the
main control board to extinguish the lamps and
silence the alarm. Operation of the ACO key
will light the GEN FAIL GD lamp on the main
control board. Remove the ground to extinguish
the lamp.

VOLTAGE CONTROL ALARMS

4.32 Periodically check the voltage alarm circuits
in accordance with 4.33 through 4.37. The

following procedures are common to both the 24
and 48-volt plants.

CONTROL

I3.~T & GRD CO I{ey

REV Key

V0II Key

G Switch

POSITION

Operated

Normal

Normal

Open

4.33 Test Set Connections to High-, Low-,
and Float-Voltage Alarms: Set the locking

levers of the No. 1 through No. 4 keys on the
35-type test set to the open position. Move all
resistance sliders to the extreme right position.
Remove the connection on the center contact of .,
each voltage relay as it is tested. Using the 2W17A
cord with the 365 clips, connect the T and R
terminals of the 35-type test set across the test
link of the voltage relay being tested (see the circuit
requirements table for test link). Connect the R
terminal of the test set to the positive G side of
the test link.

(a) Position the controls of the 35-type test set
as follows:

4.34 High-Low Voltage (HL ll) Relay: Test. the
low voltage and high voltage contacts of

the HLV relay in the following manner.

(a) Low Voltage Test

(1) Connect the KS-8039 volt-milliammeter,
set to the 30 '~lOLTS DC range for the

24-volt plant or set to 75 VOLTS DC range
" for the 48-volt plant, across the terminals of

the HLV relay.

(2) Slowly move the No. 3 sliders to the
right. This introduces resistance and

lowers the voltage across the low contacts of
the HLV relay. Note the approximate point
at which the low-voltage alarm should come
in (see circuit requirement table) and the
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audible and visual signals operate (EM CELL
S\V lamp and major alarm).

Note: If the voltage across the HLV relay
is not lowered enough to operate the low
contacts of the HLV relay when both No.3
sliders have reached the extreme right, slide
them fully back to the left. Then cut in
25,000 ohms by opening one or more of the
No.3 knife switches and slowly moving the
No. 3 sliders to the right.

(3) Operate the BAT & GRD CO key on the
3o-type test set to- its normal position.

(b) High Voltage Test

(4) Move the No.3 sliders to their extreme
right position, From the reading on the

KS-8039 volt-milliammeter, determine whether
the voltage has been reduced sufficiently to
add the test battery without causing the high
contact to make (see circuit requirements
table). Estimate the test battery voltage at
1 1/2 volts per cell.

Note: If the voltage has not been reduced
sufficiently.add additional resistance by opening
one or more No.3 knife switches as required
to get the necessary reduction in voltage.

(5) Slowly move the No.3 sliders toward
the left, This removes resistance from

the circuit and raises the voltage across the
high contacts of the "HLV relay. Note the
approximate point at which the high-voltage
audible and visual signals operate (EM CELLS
SW lamp and major alarm).

Note: If the voltage across the HLV relay
is not raised enough to operate the high
contacts cf the HLV relay when both No. 3
sliders have reached the extreme left, slide
them fully back to the right. Then cut out
25,000 ohms by closing one or more of the
No.3 knife switches and slowly move the No.
g sliders to the left.

(6) Operate the BAT & GRD CO key on the
35-type test set to the operated position.

(7) Replace the test link to the voltage relay
and replace the connection on the center

contact of the relay.
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(8) Disconnect the 35-t)"Pe test set and remove
the KS-8039 volt-milliammeter.

4.35 Float.. Voltage (FV) Relay: Using the
method described in 4.34{a), check the

low-voltage alarm contact of the FV voltage relay.
When the low-voltage contact closes, the PWR
lamp in the emergency engine room will light and
a minor alarm will sound. If an HV timer is
provided, these signals will operate after a g-minute
delay. To check the de timed float alarm, if
provided, repeat the low-contact closure of the FV
voltage relay with the HVl relay blocked nonoperated,
In about 3 minutes the V FLOAT ALM lamp will
light. Remove the HVI relay block. Using the
method described in 4.34(b), check -the. high-voltage
alarm contact of the FV voltage relay. Operation 
of alarms for high-contact closure is the same as
that for low-contact closure. When the tests are
completed, operate the EAT & GRD CO key on
the test set and reconnect the test link to the
voltage relay. Then remove the test equipment.

4.36 Higb-Voltage (HV) Relay: Check the low
_ and high-voltage contacts of the HV voltage

relay as follows.

"(a) Check the low-voltage contacts, using the
method covered in 4.34(a). This will simulate

a failure of the VC fuse and cause shutdown of
the G1 and G2 units or of all charging units,
according to the option furnished in the plant.

.Do not make this test when temporary loss of
the Gl and G2 charging units will cause service
reaction.

(b) Check the high-voltage contacts, using the
method covered in 4.34(b) and observe the

following.

(1) The veo lamp (24V or 48V) on the main
control board will light. If the HV timing

motor is provided, the veo lamp will light
after a 3-minute delay.

(2) Gland G2 or all charging units will shut
down according to the option furnished in

the plant.

(3) The PWR lamp in the emergency engine
room will light and the major alarm bell

should sound.

(
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(c) When the tests are completed, operate the
BAT & GRD eo key on the test set and

reconnect the test link to the voltage relay.
Then remove the test equipment.

(d) Operate the veo RLS key (24V or 48V) to
return the circuit to normal.

EMERGENCY CELL ALARM LAMP

4.37 In accordance with 3.09 through 3.19, where
provided, shut off one or more of the G-zero

rectifiers, the G3 through GIO charging units, and
Gland G2 charging units in that order, to lower
the plant discharge voltage slightly below the float
voltage and to light the FLOAT ALM lamp. The
emergency cell switch in the discharge circuit will
operate to the GRl position and light the - V E~I

CELLS lamps. Upon restoring the charging unit(s)
to regular operation, the emergency cell switch
will return to normal. ,\Vith the float alarm retired,
the RLS key may be depressed to extinguish the
- V EM CELLS lamp.

Note: The lighted - V Er,I CELLS lamp leaves
a record of emergency cell usage to indicate
possible need of charge by load.

COUNTERCELL VOLTAGE CONTROL ALARMS

4.38 The countercells are used to provide 24 volts
from a 48-volt plant when the current

requirement for 24-volt supply does not exceed 100
amperes. Periodically check the operation of the
countercell switching circuit as covered in 4.39 and
4.40.

4.39 Voltage Check

(a) Read the 24V DISCH voltage on the plant
voltmeter.

(b) Block operated the H relay just long enough
to check that one countercell has been added

to the circuit (Gl contactor operates) and the
voltage has fallen accordingly. Remove block.
The circuit will automatically return to normal.

4.40 Alarm Check

(a) Insulate the top contacts 4 and 5 of the L
relay and the top contacts 1 and 2 of the

H relay in the countercell switching circuit.

ISS 10, SECT10N 167-621-301

,(b) Block operated the H relay.

(c) Keep the relay blocked operated for about
3 minutes. The - V CEMF CELL lamp will

light; the major alarm will sound; and the P~VR

lamp in the emergency engine room will light.

(d) Remove the block from the H relay and
block operated the L relay.

(e) Wait for about 3 minutes until the indications
described in (c) are observed.

(f) Remove the block from the L relay and the
insulation from the Land H relay contacts.

ALARM MULTIPLE

4.41 The alarm multiple should be checked to be
sure that major and minor alarms from

other locations in the building will give corresponding
audible alarms in the power room when the ALM
MULT key, located on the main control board, is
in the ON position.

5. TROUBLES

5.01 Plant troubles listed are only those in
connection with the charge control circuit

which connects or disconnects units of charging
equipment and the controls which switch countercells
or emergency cells in or out of. the discharge
circuit. Troubles 'in units of equipment; such as
motor-generator sets, rectifiers, and regulators, are
covered in the respective Bell System Practices.

5.02 The generator rheostats are adjusted at the
time of installation. Rheostats may require

subsequent readjustment where generator-rated
output current cannot be maintained. Other than
this, generator rheostats should not require
readjustment unless disturbed, such as the replacement
of a rheostat or parts of a rheostat.

5.03 Motor-Driven TDl and TD2 Timers: If
no instructions are given, no maintenance

of KS-8560 motor-driven timers is required. The
timers should be replaced if they stick in the
operated position or if the operating time is less
than 1·1/2 minutes or more than 4 minutes.
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The following list showa all alarm lamps in
alphabetical order together with their functions.
Action to be taken is also indicated in some cases.

Ceutioxu Beforereplacings batterycbsrge
or emergency cell charge fuse, shut offsll
of the charging units by operating the
NOR-OFF, BEeT OFF·NOR, OFF-NOR,
NOR-STOp, ON-OFF, orPOWER ON-POWER
OFF switcb to the OFF', STOp, or POWEB
OFF position to prevent the generators or
rectifiers from starting when the blown
alarm fuse is removed. After replacing'
the charge fuse and alarm fuse, restore
the .keys to their NOR or ON position,
starting with the Gl and G2 charging
units.

LAMP

..~BS FA

FUNCTION AND ACTION.

Alarm battery supply fuse
alarm (see notes) .

LAMP

GEN or RECT
F.~IL (on main
control board)

GEN FAIL GD

GEi\ PAN FA

I).:~BS FA

fUNCTION AND ACTION

Charging unit failure. Op
erate ACO key

GEl' FAIL alarm has been
cut off by operation of ACO
key.

Generator panel fuse alarm.
Look for blown fuse on
generator panels. If no
GE~ F.:~IL lamp is .lighted,
check panel of first non
operating machine . (see
notes i.

Power alarm batterv sup
.ply fuse alarm (~ee notes).

Trouble in powerroom,

(

+

CBS FA

CEMF CELL

eRG & MIse FA

DISCHG FA

EM CELL

EM CELLSW

ENGRECT FAIL

FLOAT

FLOAT ,\rOLT GD

GEl': FAIL
(on the generator
control bay)
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Control battery supply fuse
alarm and voltage control
fuse failure (see notes)!

Countercell switching cir
cuit trouble.

Charge and miscellaneous
fuse alarm (see notes).

Discharge fuse alarm (see
notes) .

Indicates emergency cell
switch has operated.

Emergency cell .S wit c h
alarm.

Indicates failure of recti
fier used to charge emer
gency diesel engine batter
ies.

Float-voltag-e alarm. Oper
ate ACO key.

FLO ..~T \10LT alarm has
been cut off by operation
of ACO key.

Control fuse or charging
unit failure.

ReT or ReT FAIL Rectifier failure.
(on the rectifier)

\~CO High central office volt-
age. Operate '·ea RLS key

.to cancel alarm. If alarm
comes in ag-ain. check for
cause.

Note 1: 'Where alarm fuses are in parallel
with supply fuses, replace the blown supply
fuse first and then the alarm fuse..

Note 2: Some plants have a DFL lamp at
the tip of each battery discharge fuse panel
which gives a visual signal of any fuse failure
in that "bay.

5.04 Trouble Chart: The troubles and possible
causes listed as follows are not necessarily

all-inclusive but are merely indicative of some of
the difficulties that may be encountered when the
plant is not operating normally. In the case of
visual alarms, the operator can tell the trouble
location by the designation of the lamp on the
generator bay, rectifier bay, or main control board.
In the case of fuse alarms, Table F will assist the
operator in locating the difficulty.
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TROUBLE POSSIBLE CAUSE TROUBLE POSSIBLE CAUSE

(a) Battery float ADJ VOLTS potentiom- ( f) 24-volt dis- Control circuit failed to
voltage high or eter on voltage regula- charge bus switch countercells in or
low tor and exciter for Gl or voltage high or out.

G2 generator out of ad- low when ob-
justment. Tube failure tained from a
in voltage regulator and 48-volt plant
exciter. through coun-

tercel1s
AUTO-MAN key on
main control board in

Check for trouble inl\IAN position. (g) Rectifier has
no output rectifier as covered in

Failure of motor-driven respective BSP Section.

rheostat in G1 or G2
generator set. (h) Emergency Trouble in emergency

cell-switch cell switch control
Voltage adjusting poten- alarm operates circuit.
tiometer on G1, G2, or with battery
G-zero rectifier out of voltage within
adjustment. proper limits

Battery trouble.

(i) Battery volt- Emergency cell M..~N-
(b) Battery float FLOAT-eRG key on age low and AUTO switch on main

voltage high main control board in emergency cell control board in M...~N
CHG position. switch does not position.

. operate
(c) Battery float Motor-generator or rec- Trouble with El'YI CELL

voltage low ti tier fails to start. relay.

Load exceeds connected (j) Discharge fuse Check for operated dis- .
rectifier and/or genera- alarm operates charge fuse.
tor capacity.

Motor-generator or rec- (k) Charge and Fuse blown, either bat-
tifier shut off. miscellaneous tery or emergency cell

discharge fuse charge, rectifier charge
Charging units stopped alarm operates fuse, or miscellaneous
(see note) 0 C, CHG, or discharge fuse (see cau-
';11 & VR fuse blown. tion under 5.03) .

i, Power failure or blown
(1) Alarm battery Either alarm battery

ac fuse. supply fuse supply or control bat-

Control failed to switch
alarm or con- tery supply fuse on main

~
(d) Discharge

trol battery control board blown,
voltage high emerg-ency cells out of

alarm operates
circuit.

(e) Discharge volt- Control failed to switch (m) Generator Fuse blown on generator
age low emerg-ency cells into panel fuse panel (see note) .

-,
/ circuit. alarm operates
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TROUBLE

(n) General failure
alarm operates
and all charg
ing units are
stopped

(0) Generator fail
ure alarm oper
ates with one
generator
stopped when
it should be
running

POSSIBLE CAUSE

Service failure or blown
fuse in main supply to
power service distribut
ing cabinet.

Blown service fuse or
defective generator mo
tor starter or start con
trol circuit. If the start
control circuit is de
fective, the generator
should start when the
TEST key on current
controlled sets or the
CO~T key on voltage
controlled sets is oper
ated to the TEST posi
tion with STOP key in
NOR position.

Shutdown due to over
load (see note).

TROUBLE

(q) Generator
takes too long
to connect to
load

(r) Set operates
properly but
alarm comes in
too quickly _-

(s) Rectifier .not
operating
when it
should be
operating

POSSIBLE CAUSE

FR relay on current
controlled generator
operates at too low
voltage or does not
make proper contact
to short-circuit field
rheostat.

Faulty time delay relay
in alarm circuit.

Blown service fuse or
AC line contactor not
operated (see note).
Trouble in rectifier.
Check rectifier as cov
ered in respective BSP
section. If charge con
trol circuits are defec
tive, the rectifier can be
operated manually as
described in 3.19
through 8.28. .

f
\

(p) Generator
starts but does
not build up

, sufficient volt
age to connect
to load
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No field or defective reg
ulation circuit.

Note: Charging units that have shut down
will not restart until the NOR-OFF, RECT
OFF-NOR, OFF-NOR, STOP-NOR, ON
OFF, or Po\,rER ON-POWER OFF switch
has been switched to OFF, STOP or POWER
OFF and then restored to NOR, ON, or
POWER ON.
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fUSE fAILURE ALARM INDICATIONS
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Churl{int( (;clwralnrd I nnd2 - 24-ivolt (a~:~ ('ONT )'hU"t! :!-I \'ult~ on alnrm ~had. Nutc 1
Circuit Hreuker Pnnel CUt; FA PIiU,t~ I: ~U on nln rm stud. Nole I·

e ..lace 2·1 \'ult~ 011 .. lurm stud. Notc J.
CHAt Phu't! 2,j \'uh:i un EM CI~I.L nuxiliury contact. EM CELl.. lump lights
ellA2 Place :!-1 \'olt~ on itA T nuxiHury contact. BAT I...up liuhts

\'1\1 & vu PIUl'C 2·1 \'oltA on alarm :ill ul, Nute ••

ehll ..~i"t( c.;t!Ue..ulor~ I illld 2 - 4H-volt GgN CON'r Place -lI:i \'''U~ un alarm :illu" Note I
Cin'uil Hreukcr Panel CIU; I"A Pluee (;~U un ularm stud, Nuti! .t

C "In,',,· ,aa \'ult:i on ;lIurna stud, Note .t
CIlAt Place -ttl nalt~ on EM CI~LL auxiliary contuet. I·~P.·I CI'~LL IUIU,I lights
CBA2 Plnce ,hi \'ult~ on HAT uuxilinry eontnct. BAT lump liuhl:t

\'M & vu Place ,Iii \',.It:\ ou .. lurm suul, Nutc I'

ehar~iugGCllcrnlor:t 3 to 10 - 2·1 volts (a~N CONT 6,25A :-\u h~st .-to'a"in·d. f':unl!
(at~N CO~T 1/2A Place ~·l \'uH:i ou ulurm stud. !'\utc I

cuo VA "I~u'c (;XI) ou "hu-n, stud. :\U1C I
C Il~x'amilh' visually. Nunc

ellAl Pliu'c ~·I \'ull:\ un 1-:"1 ('I·~I.L uuxiliury contact. I'~M CgLl, lump lights
CBA2 "'''t'C ~·I volts on BAT nuxiliill'Y contact. IlA" lamp light:t

\"M Plure 2-1 \'ult:\ un alarm shact. Nute I

Chundnl{ (~encrnlur~3 to 10 -- 48-volts nEN COST 6,2fiA ~u tC:it n~'luin~cI, Nunc
(:t~N (70:'\'1' 1'2A .. Iat'c ·18 ,"ull.'i on nl..rm suul. Nutc'

(:11(. FA Plnce (':~H nn alarm stud. Nute 1
e I':saruint." \'ism,U}'. Nbl\C

CIlAI I'lat'l~ ,IKnaUs on 1'~l\1 CI'~L'" uuxiliill'Y contact. I'~M (,I'~LL lnrnp li~ht9

t'IlA2 Plare -IR \'ult:{ un HAT uuxiliary t~uHtnd.. BAT lamp lights
\'M Plat't~ -h4 ,-uUs ou nlu rm :ittld, Nule I

Main CuulrHI BCUlrd 2·&V (:ltS ~lr ir) ....u-e ~-I v.. lts un alarm 'mI'. Nute 2
(~,!C Nute 9) .•~\. CB~ -Stril) Pliln~ -ttl \'ull:\ Ullalnrm lurr. r-\ule 2

"AH~ };tril)(H) Phan' h·;-it \'ult.a.:t~ nn ularm har, UMe 2,. vults on
~·I-\"t~lt l)h"la.

I l!:\t~ ·Hi naUs un ,IK-\'Hit nlut ('cunlaincd 1,lunls, Nutc :1
~·Ir I~E(: vc Pluce ~-I ,·..lts un nlnrm sturl, Notc 2
~·I\" J:I'~(; (;1 "la('.~ :!.-I \"I.h~ UII ,al"nn st,ul_ Note ~ - 'I'runsfer to Changing Unit 2
2-1\" HI"~(: ti2 Ph't'''" ~·I v..lts uu ••lunn tillut Note 2 -1'rnn~(er to Charging Unit 1
,1M\' HEti ve Plan~ ·IH nails on ulan.. :illul. Nulc 2

\ ·IM\' HE(: n I PlalOt· oUt \"tIltS un al....... shut Nute 2 -1'..nnsfcr to Churidng Unit 2
,IN\" 1:10:(; (:~ Plat't" -SH "uU:\ can :lh,U-Ol ~tutl, ",..t.c 2 - 'I'rnllHfcr to Charging Unit 1

• ~cl wiU not rcolnrt until NOIt-~T()" ke}' hn~ hct~n uIH·.-att!tI to ~'I'OP n...1 n·tu ......d tn NOll.
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nAUery Control BOArd nndEm~rKcnc)' Cell n/\T ('"IIG X/\ No leRt required, None
Control Panel (ace Note") I-~I\t ("I~I.I, cno XA

I':MC (:1 15J\
I;;I\IC (:2 I a/\
EI\IC (;1 t5A
1~J\lC (;2 faA
It (.;(; - 15/\
1<;1\1 CI':LL R\" CONT A and IJ
1<;l\tC \01\1 ;IA A rcadin~ indicates
V1\f :JA rtt~f! i~ not blown.

H/\ T enG I 2/\ On 24-\'olt plant, place 2~ volt!l on alarm stud, Note 5
1;;1\1 ("';1,1, CUt: I, 2A Nole 5
I<;MC(;'I 2A Nole 6
I;;I\U' (;2 I 21\ On tiS-volt plant, place "R volts on Alarm Rtud. Note 6
EMC GIl 2/\ Note 6
1~l\t(· (;2 1 2A Note 6
n,<;(; I 21\ Nole 7
EM CEl,h S\V CONT A And n 1/2A Note 7

cn FIRI;; IUtH,11 Place 24·volt.~ on alarm Rttnl. Note 7
2·1\·n I'I:trf! 24 \'olt~ on alarm stud. Note 7
1t'='G P\\'1t nn l'l:tcp 2,1 \'(l'h~ 011 nlnrm stud. Nole 7

24-volt 2·1\' CUR Plncc 2·1 \Oolt~ on alarm ~ltul. Nole 7
Fuses 1<;1\'1(: AI..r.t I'ht(~~ 24 vntt~ on alarm Nhul. Note 7

"AnH Place 24 volt~on alarm Rbut Nnte 8
AilS I'lut'e 2,1 volts on nlnrmstud. "ole 8

1-:1\1(; I\I,M I'l:u~(' 48 volts on alarm ~hHI. Note 7
2·'" CEMF PhH~(, 48 vnll!l on alarm Rb)d. Note 7

.f8-voll It t~(; rwu nn Place 48 volts on alarm stud, Note 7
FUN(,~ ·IR\· ens I'lnce 48 voltR on alnrm ~hul. Note 7

1',\ n:-; I'lut'e "8.\,ftll~ nnnlnrm stud. Note 8
,\UH I'lnt'c 48 \'olt~ on nlnrm f:but Notc·8

Note«:

I. nRN PAN J~A lump li,r.ht:-t 011 main ronlrol honrd ; p\Vn1A11111 in ~m('rtrcrH.'y enjrlneroom n~ht~: minor Alarm bclll'in~~: R980ciAled ~ener8lor

f:h'I)~ and t.rnn~r'!'·:-lcontrol to next Rf!l.

2. en~lnmflliJ!ht~ on mnln control board ; l'lVR tnhlp in enwrJ!('nry ('ntrine room liJ.!ht~;mnjor "hum hell rinJ.!~.

3. I' Ans '''A lnm] Ii,!hl:-l. on main ('outro' hnnrd: rhlJ.!8nlnrm lmtlcrJ' ~u"flh' shmnl hell.
4. AU rtlN(,~ shown do nol Rpp('nr on nil fllnntNo ('hl'rk lho!4t! whidlnl'IlI~' lo Uw plRnl "dhl! checked.
r;. (~It r.'ln,\' n')f~rnt('~ to ~lopJ!c"~r:ttor~l "nd 2.
G. (:11(; & f\1IRC lamp liJ.!ht::l onmnin ("uhlro'h.,nrd ; P\\'1t Inrnll liJ.!ht~ in em,~rJ.!c,,(·y "I1J.!ine ronm ; minor "In rm hell rinJ!!1.
7. IJI~GII lnm] liJ.!ht~ nn mnln ('nnlrnlhunrd: 1'\\'1{ lnh1flli,!ht~ in ·~nw'·J!f!nr~· ,'nJ!ine room: mnjnr nh...mlwU rinK!l.
8. AHR '''A Inn111 liJ!h'~ on mnih ('ont.l·of hn:trd: rinJ.!~ nhrrm tmttt'r~" R"'ll'~' ~iJ.!IU.1 IIdl.
9. 70.ly"c r:O- rn~~~ on 24\' or .fRV Itl<;n Rh'i,) are not vnnheeler' tnnlnrnl!l nnrl th(;refore no l('Rl i!1 re""ir~d.
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