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PREFACE

This pamphlet has been prepared for the use of the members of the Installation Organi-
zation of the Western Electric Company wishing to acquire a general knowledge of Telephone
Power Plants and their component elements. The text material has been prepared with the
idea of describing the operation of the principal elements of the most commonly used modern
plants,

In order to aid the reader in visualizing the field of use of many of the types of
equipment, voltage and current values are referred to in the text. These are only examples
and might not hold for specific applications.

The contents are of a purely descriptive nature and do not prescribe methods or give
engineering information for the installation of central office power plant equipment.

It has been assumed that the reader will have some knowledge of the elementary princi-
ples of direct current and alternating current, or the principles of electricity applied to
telephone and telegraph work, such as is contained in the educational pamphlets on these
subjects. .

At the end of each section a number of questions are given reviewing the contents of

the section. The answers to some will be found concisely stated, while others may require
a digest of several paragraphs.
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1. INTRODUCTION
1.1 General

1.11 The term power plant, or power
equipment, when applied to tele-

phone work has reference to that part of
the central office which is devoted to fur-
nishing current required to operate the tele-
phone apparatus. The purpose of the tele-
phone power plant is to furnish energy of
the required character in proper amount and
available 100 per cent of the time. An
elaborate telephone system is rendered use-
less if the supply of power fails. Such a
failure could cause the "memory" circuits
used in today's larger telephone exchanges
to lose their memory and forget everything,
to say nothing of cutting off thousands of
established telephone conversations. In
addition, no conversations could be held and
no calls could be made or received, during
this interval. In a way, the power plant
might be termined the heart of the system
since every line and connection depends on
the supply of power.

1.12 In order to meet the vital need
of ever-ready power, it is neces-

sary to furnish a primary souce of power
which is reliable. This is usually avail-
able through the commercial power services
of the local electric and power company.
Wherever possible, two services connected
to different generating stations or systems
are brought into the telephone building.
Storage batteries of sufficient capacity
to carry the load of the office during fail-
ure of the sources of power supply are used.
Common practice and experience have re-
sulted in batteries of certain sizes being
provided to carry the load for certain
specified intervals.

Carrier power plant ac require-
ments are such that a continuous supply of
power is necessary for the proper function-
ing of repeater units. This is accomplished
by the use of motor alternator sets which
are ac driven from commercial power under
normal conditions and battery driven during
the period of commerical power failure.

To provide reserve power to clocks
and other ac operated apparatus during
momentary interruptions of commercial power
or where the commercial voltage drops below
approximately 85% of normal, ac generating
units driven from the central office bat-
tery for the particular equipment involved
are automatically switched-in.

Reserve power supplied by an )
engine driven alternator on the premises 1is
usually provided under present day prgctices
to supply the essential ac power require-
ments of the telephone office until the com-
mercial power service is restored.

1.13 The central office equipment re-
quires direct current (dc), usu-

ally at 24 and 48 volts, for voice trans-
mission and also for operating switching
mechanism, relays and other apparatus. In
addition many other forms of current are
required such as 20 cycle, 135 cycle or
1000 cycle alternating current (ac) for
ringing and signaling subscribers or opera-
tors in other central offices. 130 volt

(dc) supply, both positive and negative is
required for telegraph and teletypewriter
operation and for plate battery on electron
tubes. Since central office equipment and
apparatus is engineered to function within
certain specified voltage limits, all bat-
tery voltages are closely regulated within
these limits.

1.14 Since continuous power must be
provided by the telephone power

plant, storage batteries are always pro-
vided. Motor generator units and rectifier
units are used to keep them charged so that
they can take over the load temporarily in
case of failure of the commercial power
supply. There are several arrangements of
generators and batteries that have been
used in the past to develop central office
power. The practice at present is to supply
the load current continuously from several
charging units operated in parallel with
each other and with a single storage battery
line-up. In this arrangement, the storage
battery is "floated", or connected continu-
ously across the main bus bars. Being
always connected to the load, the storage
batteries in addition to being immediately
available in case of a power failure, have
an important filtering effect in reducing
noise caused by the charging units. Noise-
less direct current (free from ripples or
fluctuations) must be furnished for the
talking circuits as the telephone receiver
is sensitive to noises as well as voice
currents. Noise filters, therefore, are
provided in the battery feeders for this
purpose.

1.15 The nominal voltage of each

charging unit used is maintained
at a value sufficiently high to take care
of the load requirements of the office and
to supply a small "trickle” charge to the
battery, thus keeping it fully charged.
The present practice is to provide auto-
matic voltage regulation to insure that the
load on the plant is absorbed by the output
of the charging units and to insure that
the required number of charging units to
absorb the load may be cut-in or cut-out as
required.

1.2 The Power Plant

1.21 Telephone power plants vary in
size and detail depending upon
the size and kind of central office they
are used with. Broadly, the principal ele-
ments of power plants for medium and large
sized central offices are:

1.211 Commercial power supply fusing
and protective equipment for
safeguarding the supply as it enters the
power plant.

1.212 The charging equipment con-
sisting of the motor generator
charging machines or rectifiers and their
associated equipment, used to convert the
commercial power supply to direct current
at voltages suitable for central office
operation.

1.213 The power board containing the
control and distribution equip-
ment which includes switches, meters,
safety devices and other equipment, neces-
sary for the operation of the plant.
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1.214 The storage batteries for pro-
viding a source of emergency
power in case of failure of the power source,
and to aid in maintaining a uniform voltage
for the current supply.

1.215 The ringing and signaling
equipment including the ringing
machines and ringing power board for supply
and control of the ringing current, tone
supply, interrupted current, coin control
current and other forms of current re-
quired for central office operation.

1.216 The reserve power supply con-
sisting of an engine-

alternator set is used to furnish ac power
when the commercial power service fails,
In some older offices engine driven dc
generators are used to charge the batteries
during this failure. However, present day
requirements dictate the use of ac gener-
ators (alternators) .for supplying reserve
power.

QUESTIONS

O o W N

What is meant by the term telephone power plant?

What happens if the telephone power plant fails or its output is momentarily interrupted?
Why are the power plant output voltages usually regulated within close limits?

Why is quiet (noiseless) current required for talking circuits?

What are the principal elements of a power plant?
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2. PRIMARY POWER SERVICE SUPPLY

2.1 Sources of Power Supply

2.11 The source of primary power for
use in telephone power plants must

be dependable, Commercial ac power obtain-
able from the local power companies is as
reliable as can be expected. If the power
company can furnish power from two gener-
ating plants independently or if there is
available some other source of suitable
power, the most dependable and adaptable
source is selected as the regular supply and
facilities for switching to the alternative
source are provided, However, interruptions
in the transmission of the power supply to
telephone central offices do occur on oc-
casions and because of this possibility
provision must be made to furnish reserve
power. By this means the telephone power
plant may continue functioning in the normal
manner irrespective of the duration of the
commercial power failure.

2.12 Reserve power is supplied by
Engine Alternator sets which are
manually controlled in the larger offices.
These units are usually large enough to
provide all the ac power required to pro-
perly operate the power plant in the regular
manner and also that the ac power required
for the proper functioning of radio and tele-
vision channels, automatic message account-
ing equipment, emergency lights and certain
elevator services will be available.

2.121 In the smaller central offices,
particularly those that are

unattended, the engine alternator sets are
automatically controlled and are cut-in as
soon as the ac voltage drops below a certain
value for a predetermined period of time.
In some remote localities such as micro-
wave towers, engine alternator sets furnish
the power exclusively. In these instances,
2 sets are provided and each one automati-
cally carries the load 1/2 of the time.

2.2 Power Service Panels

2.2]1 A power service panel including
the necessary switches, wattmeters

and protective equipment are provided by
the power company for the purpose of ter-
minating the power supply within the central
office building. This main power supply
panel is used to furnish all the power re-
quired for lighting and operating the
various electrical equipments within the
building, as well as for operating the cen-
tral office power plant. Additional smaller
Power Distributing Service Cabinets fed
from the main service panel are located
throughout the central office building as
required,

2.3 Fusing Protection

2.31 All electrical circuits are pro-
tected against abnormal current
flow, short circuits or grounds, which might
damage the equipment or create a fire hazardq,
by means of fuses or other protective de-
vices. Fusing protection for power appli-
cations includes fuses, saftofuses, fuse-
trons and circuit breakers.

2.32 Fuses of the cartridge type (N.E.C.
or National Electrical Code Stan-
dard) are most commonly used for power cir-
cuits.

2.33 Saftofuse is the trade name of a
safety fuse unit (called dead
front) consisting of fuse clips (for holding
a cartridge fuse) attached to an insulating
holder which may be connected to the current
carrying parts of the circuit by inserting

the holder into an insulating body which
carries the bus-bar and lead connections,

See Figure 2-1.

REMOVE AND DISCARD
COTTER PINS
IF FURNISHED

SAFETY GUARD

TERMINAL
LUG

MAIN BUS BAR

(RP=10032-M)

FIG. 2-1 SECTIONAL AND EXTERIOR VIEW OF SAFETY
TYPE FUSE UNIT (SAFTOFUSE)

2.34 Saftofuse Cabinets shown in
figure 2-2 are sheet metal

housings for enclosing the saftofuse units.
The larger saftofuse cabinets are provided
with covered wiring gutters which are opened
only during installation or maintenance
work, In a central office power plant the
power service leads are run from the power
service panel to the saftofuse cabinet (also
called "power distributing service cabinet")
where the circuits which lead to the
charging machines, rectifiers and other
electrical equipment requiring primary
power voltages are protected.

2.35 Fusetrons (and Fustats) are the
trade names of a protective
device which is a combination of a fuse and
a thermal element. (See Figure 2-3). They
are commonly used for the protection of
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small motors. The motor starting current,
for a short period while the motor is ac-
celerating to normal speed, may be several
times the full load ampere rating. A stan-
dard fuse large enough to carry the starting
current would not, therefore, adequately
protect the motor against a continuous over-
load which in time would heat it up suffi-
ciently to damage it. The fusible link of

FUSIBLE LINK

JUNCTION OF FUSIBLE
LINK AND LOW
TEMPERATURE ALLOY

T —GLASS CYLINDER
CONTAINING
BLOCK OF LOW

RECTRACTILE SPRING=
‘l TEMPERATURE ALLOY

A "IIII“””"""'-'”J'.'!!.r -
- | uj‘- |

FUSETRON CUT OPEN TO
SHOW INTERNAL ARRANGEMENT

THERMAL ELEMENT

10 AMPERE FUSETRON (RP-10031-M)

FIG. 2-3 CARTRIDGE TYPE FUSETRON

the fusetron provides the same protection
against momentary abnormal currents as an
ordinary fuse, while the thermal element
heats up and opens the circuit on a contin-
uous current flow only slightly greater than
its rated capacity., A fusetron of approxi-
mately the same ampere rating as the name
plate rating of the motor is usually used,

A fusetron will open in about 1 to 3 minutes
at 50 per cent above its rating and in a
somewhat longer period at 25 per cent above
its rating. It would carry 6 or 7 times its
rated capacity for only one to two seconds.

QUESTIONS

. What steps are taken to assure a reliable source of primary power supply?

. When and how is a reserve power supply provided?

. What is the purpose of power service panels and power distributing fuse cabinets?

. What is the purpose of the saftofuse cabinet?

1
2
3
4, Describe a saftofuse unit,
5
6

. Describe the purpose and operation of fusetrons.
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3. CHARGING EQUIPMENT

3.1 General

3.11 The term charging equipment

applies to motor generator sets
or rectifiers used to convert the commer-
cial power service supply into direct cur-
reat at the proper voltage for operating
central office equipment. Motor generators
usually consist of an alternating current
motor driving a direct current generator.
If the motor and generator of such a set are
combined in one housing with a single rotor,
the machine is referred to as a rotary con-
verter. In either case, however, electrical
energy is first converted to mechanical
energy and this in turn is converted to a
different type of electrical energy. Ac-
cordingly, rectifiers may be somewhat more
precisely defined as devices for converting
ac energy to dc energy directly or without an
intervening step. The term "charging"
equipment is used because storage batteries
are usually connected across the output
which serves to keep the batteries charged
in addition to supplying the current neces-
sary to carry the central office operating
load. The output voltage of the charging
unit under normal operation is controlled
at a value which will cause a small condi-
tioning charge to flow into the batteries
to keep them charged.

3.12 When a motor generator charging
unit is started it takes a little

time to obtain the proper output voltage
before connecting it to the battery. This
is due to the fact that if the battery
voltage is higher than that of the charging
unit, current from the batteries will flow
back through the generator and operate the
reverse current circuit breaker which opens
the circuit to the battery. With automatic
charging units this feature is taken care of
automatically. When the commercial power
supply fails, the charging units are auto-
matically disconnected by the reverse current
circuit breakers and the central office
load is carried by the storage batteries.

3.13 When the commercial power supply
is restored after a failure it is

necessary to charge the batteries promptly
so they will be ready for the next emergency.
During the failure the batteries will become
partially discharged reducing their voltage.
While the batteries are being charged the
charging unit voltage is usually raised to
a "charging voltage" value which is somewhat
higher than the "floating voltage" used for
normal operation.

3.2 Operation
3.21 Manual

3.211 The term manual operation as
applied to charging equipment
refers to the method of controlling the
charging units. With manual operation the
charging units are started and their output
regulated manually to obtain the proper out-
put voltage.

3.212 All automatically controlled
plants are arranged so that
they may be operated on a manual basis by
the operation of a control key. This ar-
rangement facilitates maintenance, adjust-
ment and testing when required.

3.22 Automatic

3.221 When the charging equipment is
being operated on an automatic

basis the charging unit is automatically
started and its output increased as required
until it reaches full load, at which point
the succeeding charging unit is automatically
started and its output regulated in the same
manner. Each charging unit of the motor
generator type is controlled by a motor
driven rheostat or an electronic regulated
exciter. Charging units of the rectifier
type utilize either an autotransformer, a
relay type regulating circuit or an elec-
tronic type regulating circuit to control
the output.

3.222 In some cases a common voltage
regulation circuit is auto-
matically connected to the unit that is
being regulated and as the output of the
unit reaches its maximum or minimum, the
regulation circuit is automatically con-
nected to the next higher or lower numbered
unit for regulation purposes.

3.223 Small rectifier charging units
are self regulating as to out-
put voltage. However, they utilize a con-
trol circuit for connecting or disconnecting
them to the battery when several are re-
quired to float the office load.

3.23 Typical Power Plant

3.231 Figure 3-1 is a schematic of
a typical power plant showing

both a motor generator and a rectifier as a
source of supply and having load require-
ments in the order of 100 to 400C amperes.
The battery in this type plant is contin-
uously floated and the charging unit voltage,
therefore, maintained at a constant value.
As indicated in Figure 3-1 this is accom-
plished automatically by means of a motor
driven field rheostat associated with a
shunt wound generator and by an electronic
regulating and control circuit associated
with the rectifier.

3.232 A voltage relay designated
GEN. REG. Voltage Relay in

the drawing, is bridged across the main
battery. As long as the battery voltage
remains at its proper value, this relay is
not operated. If the battery voltage be-
comes too high or too low, one or the other
of the two relay contacts is closed. This
causes either relay L or relay R to operate
and the operation of either of these re-
lays causes the motor driven field rheostat
to move in the direction which will restore
the generator voltage to its normal value;
or in the case of a rectifier, cause the
electronic control circuit to raise or lower
the rectifier voltage as required.

3.233 To avoid the possibility of
overloading the charging unit,

an ammeter relay is inserted in series with
the line. When the unit is fully loaded, a
contact on this relay closes causing the A
relay to operate and open the regulating
voltage relay circuit. This prevents any
further attempt on the part of the relay to
increase the charging unit output.
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SIMPLIFIED SCHEMATIC OF A FULL AUTOMATIC POWER PLANT
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3.234 The circuit shown includes 2
emergency cells which are con-

nected to switches in such a way that one or
both may be connected in series with the
main battery. These cells are provided to
take care of emergency conditions where the
outside power supply fails and the charging
units are not operating. In such cases the
load must be carried by the batteries alone
and if the failure continues for an appre-
ciable time, the battery voltage will de-
crease below the specified minimum value.
The emergency cells are then automatically
cut into the circuit by means of a voltage
relay bridged across the line as shown.

3.235 Switches are provided for
charging the emergency cells

from the charging units in series with the
main battery. However, since the emergency
cells are not always in use they are contin-
uously supplied with a small trickle charge-
furnished by a rectifier which normally
maintains them in a fully charged condition,
There switches and the emergency cell
charging rectifier are not shown in the
circuit of Figure 3-1.

3.236 The main battery is, of course,
kept in a charged condition as

long as the plant is operating normally.
When failure of the outside supply requires
the battery to carry the load for an appre-
ciable time, however, the battery will be-
come more or less discharged and will there-
for require special charging. In order to
provide charging current in such a case, it
is necessary to increase the output voltage
of the charging unit above its normal value.
However, since the charging unit is con-
nected directly to the load, an increase in
its output voltage would also increase the
load voltage.

3.237 To avoid increasing the load
voltage, the circuit also in-

cludes a counter-emf. (C.E.M.F.) cell which
is automatically inserted in series with
the load circuit when the output voltage of
the charging unit is increased above its
specified maximum value., The C.E.M.F. cell
has the property, when current flows .
through it, of setting up a voltage opposing
the voltage which is driving the current.
The counter cell voltage is approximately
2 volts per cell and is substantially con-
stant under wide variations of current.
Physically, the C.E.M.F. cell consists of
two plates of pure nickel immersed in a
caustic soda solution. The size of the
plates is determined by the amount of
current which the cell is required to handle.
The cells are usually mounted along with
the storage battery cells.

3.238 Figure 3-1 shows one generator
and one rectifier. However,

additional units may be included as required
to carry the maximum office load. With a
light load the motor generator set is run-
ning and the battery voltage is held to
close limits by the motor driven field rheo-
stat under control of the voltage relay.

3.239 For the example shown with a
rising office load when the
first charging unit reaches full load, the
ammeter relay makes its "high" contact and
causes the voltage relay to be disconnected
from control of the first unit thus preventing

an overload and at the same time connecting
it to the second unit. A further increase
in the office load again decreases the bat-
tery voltage causing the voltage relay to
make on its "low" contact. This causes re-
lays in the control circuit to function and
start up the second unit under control of
the voltage relay. Any further increase

in the load will be handled in the same

way and as soon as the second unit reaches
its rated full load, the next unit will be
started and connected.

3.240 wWith a falling office load, the
battery voltage increases and

the output of the charging unit is decreased
when the voltage relay makes its low contact.
When the output is decreased to no load the
unit is shut down and control including the
voltage relay is transferred to the next
lower numbered charging unit. This process
continues until the output of the charging
unit or units is sufficient to float the load.

3.3 Alarm Signals
3.31 Visual and audible signals are pro-
vided to indicate abnormal condi-
tions such as high or low charging or float-
ing voltages. Alarms are also provided to
indicate not only trouble conditions, such
as blown fuses and equipment failures, but
also to serve as a warning to the attendant
when a charging unit is out of service for
maintenance purposes,

3.4 Motor Generator Charging Sets

3.41 The motor generator charging sets
consist of a direct current gener-

ator directly coupled to a 200/230 - volt,
3-phase, 60 cycle alternating current in-
duction motor. Alternating current service
is practically universal at the present time.
However, in a few older offices, in some
larger cities, direct current commercial
power is still furnished thus requiring the
use of direct current motors.

3.42 Since storage batteries decrease
in voltage when discharging and

require a voltage somewhat higher than the
"normal" or "floating" voltage to bring them
up to a fully charged condition, it is neces-
sary that the charging generators have a
controllable wide voltage range. The gener-
ators for charging 24 volt batteries have a
voltage range of about 22 to 33 volts and
are generally referred to as "33 volt gen-
erators" while those for charging 48 volt
batteries have a range of about 44 to 65
volts and are generally referred to as "65
volt generators".

FIG. 3-2 COMMERCIAL MOTOR GENERATOR SET -
200 AMPERE 65 VOLT GENFRATOR,
20 HP INDUCTION MOTOR
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(RP-18157-M)

FIG. 3-3 TYPICAL GENERATOR CONTROL CABINETS
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3.43 Three types of charging generators
have been used in the past, the
"M" type, the "Diverter-Pole" type and the
"commercial" type. The "commercial" type
has replaced both the "M"and "Diverter”
types in new plants because of the lesser
cost and the standardized features with re-
lation to other commercially available di-
rect current generators. They are usually
furnished in sizes ranging from 100 to 750 am-
peres at 48 volts or 800 amperes at 24 volts. Sizes
as large as 1200 amperes at 48 volts or 1500
amperes at 24 volts are used where required.

3.44 Commercial type generators are
self-excited (shunt wound) and

are provided with a commutating field winding
for satisfactory commutation at any load
between no load and rated full load. Field
rheostats are used to control the output
voltage. The characteristics of the arma-
ture and commutator are such as to produce
noise in the generated current and for this
reason interpoles and other design features
are utilized to keep the noise level at a
minimum., However, a filter, consisting of
choke coil and condensers, is required to
further reduce the noise to the point where
it will not affect the quality of trans-
mission.

3.5 AC Induction Motors

3.51 Since alternating current commer-
cial power is available in prac-

tically all localities, the motors for
driving the dc generators are usually ac
induction motors, However, in the past a
few synchronous motors were used because of
power factor considerations. Synchronous
motors are more expensive than induction
motors and require a more costly starting
mechanism, In view of the higher initial
costs and because power factor correction
can be more economically accomplished by
means of capacitors, synchronous motors are
in general not being specified for motor
generator use in telephone power plants.

3.52 The ac induction motors generally
used are of the squirrel-cage type

and are capable of continuously driving the
dc generator at the specified maximum volt-
age and rated load under any condition of
commercial power service within the limits
of 190 to 253 volts aund 58.8 and 61.2 cycles
per second. They are also capable of car-
rying without injury a 50 per cent momen-
tary current overload on the generator.

3.53 In sizes up to 12 horsepower (with
200 ampere 33 volt or 100 ampere

65 volt generators) the high reactance type
of induction motor is furnished which limits
the starting current sufficiently to permit
the use of across the line starters. Motors
larger then 12 horsepower use starting com-
pensators which hold the starting current
down.

3.6 Power Factor

3.61 This term is used to indicate
a relationship between the
ac current wave and voltage wave. If
these waves are in phase with each other,
this condition is known as "unity power
factor". If the current wave lags behind

the voltage wave, due to the reaction of
inductive loads (such as motors, etc.) this
is termed a "lagging power factor", and

when the current wave leads the voltage wave
it is termed a "leading power factor",.

Since the technical explanation of power
factors is quite complicated it will, there-
fore, merely be pointed out here that a low
power factor results in "wattless" current
or current which does no useful work, but
heats up the conductors and increases the
voltage drop. This condition is observable
with a power factor meter, a phase angle
meter or a varmeter, which may be mounted or
the power board. Some commercial power
companies have a form of contract for power
service which includes a penalty for power
consumed by electrical equipment which oper-
ates at a low power factor. One means of
power factor correction is by the use of
capacitors which in general are associated
with the motor starter circuit. They con-
sist of metallic enclosures containing
pyranol condensers,

3.7 Motor Starters

3.71 The various types and sizes of
motors used in power plants neces-

sarily require different types of starters.
For small motors, the starter may consist
simply of a tumbler switch associated with
thermal cut-outs, or fusetrons, to protect
the motor against overloads or abnormal
currents, From this simple starter, the
types progress to apparatus of a complex
nature, such as the automatic starting
compensators for polyphase ac motors. Some
of those most commonly used in medium and
large sized power plants are briefly de-
scribed.

3.72 Across-the-Line Type

3.721 These starters are usually
employed with motors ranging

from 1.5 to 15 HP where the starting cur-
rent is sufficiently low to permit the
motors to be started by connecting them
directly across the line. They are fur-
nished in either manually operated or auto-
matic types. Both type include a magnetic
contactor (electrically operated switch)
for closing the circuit to the motor and a
temperature overload relay which opens the
circuit to the operating coil of the con-
tactor in case of an overload. The contactor
and overload relay are mounted on an insul-
ating base and enclosed in a sheet metal
housing. A reset button is provided in the
cover for manually resetting the tempera-
ture overload relay after it has been oper-
ated due to an overload.

3.722 The manually operated type
employs “start' and "stop"
buttons, which may be located on the power
board or other location, for controlling
the operation of the magnetic contactor.

3.723 The automatic type is equipped
with a 24 volt dc relay, (with
a resistance for use on 48 volts) for control-
ling the operation of the magnetic contactor.
This relay is operated by the control cir-
cuit in an automatic power plant.
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3.73 Autotransformer Type AC Starter

3.731 The primary purpose of this

type starting compensator is to
limit the starting current of the larger ac
motors (15 HP up) and to provide automatic
starting. Each ac starter consists of a
polyphase autotransformer with taps, a multi-
pole starting contactor for connecting the
autotransformer to the line and the motor to
the autotransformer low-voltage taps, a run-
ning contactor for connecting the motor di-
rectly to the line, a definite time delay
which, after a predetermined time, causes
the starting contactor to open and the run-
ning contactor to close, and overload relays
which open the running contactor in case of
overload. As the motor rotates it drives
the adjustment dial until a projection on
the dial actuates a switchette, thereby oper-
ating contacts to control the opening and
closing of the Start and run contactors. A
control relay is mounted within the starter
case and connected for operating the starter.
The control relay is suitable for use on 20
to 28 volts direct current and a series re-
sistor is furnished for connecting in series
with the relay coil for operation on 42 to 52
volts direct current. The complete equipment
is mounted with a sheet metal case. A pic-
ture and schematic of the 3-phase automatic
ac starter is shown in Figures 3-4 and 3-5.

3.732 Where manual start control

features are required, manual
starters may be used instead of automatic
starters. Motor Generator Sets with manual
starters are generally used as supplementary
units to aid those under automatic control
that normally carry the office load. Manual
starters for the larger motors (larger than
15 HP) may be identified by the operating
handle on the outside of the case with three
different positions marked as "OFF", "START"
and "RUN".

3.8 Rheostats

3.81 Field rneostats are used to con-
trol the current output of gener-

ators by regulating the generator field
current. There are two kinds, hand opera;ed
and motor drive, both are used in series in
automatic plants. The hand operated rheostat
is preset at the charge voltage for the
regular and emergency batteries as required.

3.82 Each rheostat is made up of one
or more circular plates on which
are contact buttons for terminating the
resistance elements., Movable arms with
contact shoes are provided for varying the
amount of resistance in the circuit. To
permit the dissipation of heat generated, the
apparatus is not enclosed. See Figure 3-6

3.83 Hand operated field rheostats are
mounted on the rear of the gener-

ator control panels associated with the
motor generator units. Handwheels on the
front of the board are connected to the
movable arms for varying the resistance.
(See figure 3-3). Interpolating rheostats
have two sections; a main section consisting
of coarse resistance steps covering the
entire operating range of the associated
machine and an interpolating section, con-
sisting of fine resistance steps, which has
a total resistance approximately equal to
the highest resistance step of the Main Sec-
tion. Dual handwheels are used, one fas-
tened to a hollow shaft and the other fas-
tened to a solid shaft which passes through
the hollow shaft, The smallest handwheel
fastened to the inner shaft controls the
interpolating section.
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3.84 The motor driven field rheostat
used in automatically regulated

power plants consists of a circular resis-
tance plate and contact arm operated by a
small motor driven through a speed reducing
mechanism. This contact arm may be oper-
ated in either direction, shunting all or
a portion of the total resistance of the
plate. Limit switches, which open the motor
circuit, are provided to prevent the oper-
ation of the contact arm beyond the end
contacts. Control circuits actuate the
motor drive through relays designated RAISE
and LOWER to decrease or increase the out-
put of the charging unit. Arrangements are
also available for actuating these relays
by means of manually operated keys. The
motor driven rheostat is usually mounted on
the rear of the charging unit control panel.

(RP-10158-#)

FIG. 3-6 MANUALLY OPERATED RHEOSTAT SINGLE

PLATE

3.9 Rectifiers

3.91 A rectifier is commonly defined
as a device for converting alter-

nating electric current to direct electric
current. All rectifying devices depend for
their operation upon the characteristics of
permitting electric current to flow through
them freely in one direction only. They
include a variety of vacuum and gas filled
tubes such as the older mercury arc tube,
the newer mercury-vapor tube, and the tungar
tubes, as well as nearly all other types of
electron tubes when properly connected.
There are also the metallic or disc types
of rectifiers of which the two most commonly
used are the selenium (metallic) rectifier
and the copper oxide rectifier.

The Tungar and mercury-vapor tube
rectifiers depend for their operation upon
the emission of electrons from a heated
cathode. The basic phenomena involved are

3-7 MOTOR DRIVEN RHEOSTAT

FIG.

the same as characterize all types of
electron tubes. Mercury vapor tubes are
used in telephone power plants generally
for charging small storage batteries and
similar purposes.

Metallic disc type rectifiers
are widely used for charging small storage
batteries and emergency cells, the furnish-
ing of a direct source of power for small
repeater installations,etc. In lower vol-
tage plants (12, 24 and 48 volt) they are
used in place of motor generator sets in the
100 and 200 ampere and larger sizes.

The copper oxide rectifier ele-
ment consists of a copper disc upon which
has been formed a layer of copper oxide.
This combination offers a low resistance to
current flowing from the copper oxide to
the copper but a high resistance to current
flowing from the copper to the copper oxide.
Thus it becomes a "valve" to pass current.
in one direction only. They are generflly
known as varistors.

Similarly the selenium rectifier
or cell consists of a back plate or elec-
trode, usually of steel or aluminum. One
side of this plate is coated with a very
thin layer of metallic selenium which in turn

TCI Library www.telephonecollectors.info
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is in direct contact with a front or counter
electrode of conducting metal. Rectification
occurs in the so-called "barrier layer"
where the selenium is in contact with the
front electrode. Current flows readily from
the back electrode to the front electrode

but only very little current will flow in

the reverse direction.

Metallic disc rectifier elements
may be assembled in various arrangements to
provide the total rectifying capacity re-
quired. Selenium rectifier elements are
assembled on an insulated center bolt or
stud, with spacing washers and contact
springs interposed between the cells. The
separation allows for the free passage of
air for cooling the assembly.

Selenium rectifier elements are
available in varying output, current ratings
ranging from ,01 ampere for the smallest
element to 12 amperes for the largest ele-
ment for single phase full wave rectifica-
tion. For power purposes in telephone plants,
selenium rectifiers have largely superseded
the copper oxide types because of their
lower cost and smaller space requirements,
However, the copper oxide type does have
extensive application in carrier and other
circuits where current values are relatively
low.

3.92 Alternating current is made up of
successive waves, half of each

cycle being positive and the other half
negative. Therefore, when alternating cur-
rent is impressed on the rectifying element
it permits the flow of current in one
direction during part of each cycle, but
impedes the flow of current during the re-
mainder of the cycle while the potential is
in the opposite direction. The resulting
rectified current is pulsating unidirection-
al current. When only half of each cycle is
rectified, the rectifier is termed a "half
wave" type. When the rectifier is so de-
signed (by the use of two or more rectifying
elements) that both halves of the ac cycle
are rectified into unidirectional current,
the rectifier is termed a "full wave" type.
This is shown graphically in Figure 3-8.

ALTERNATING
CURRENT

AFTER PASSING
THROUGH HALF
WAVE RECTIFIER

7 A g W W
R E R AR S

7 el 5 o . A

AFTER PASSING +

THROUGH FULL NA'A'A'A'SAAA)

WAVE RECTIFIER

RECTIFIED CURRENT
AFTER FILTER'NGP10 :;::ﬁgJﬂuﬁ\/\g—\fﬁu’N

SMOOTHEN RIPPLES Y

RP-10033

FIG. 3-8 WAVE FORMS OF RECTIFIED CURRENT
3.93 Regulated Tube Rectifiers

3.931 Regulated tube rectifiers vary
in size from approximately

.45 watts to 1200 watts. They are in
general classified as either automatically
regulated or manually regulated. They may
further be classified as to their use such
as for battery charging or floating the
load and furnishing directly without bat-
teries, the plate battery supply required
for electron tubes or the battery supply
for relays where small amounts of current
are required within rather close battery
voltage limits, All type rectifiers are
supplied with noise filters.

3.932 While these rectifiers vary
in size, capacity and opera-

tion all take advantage of the fact that a
small change in voltage on the grid of an
electron tube causes a comparatively large
change in its output, that is, the grid
controls the flow of space current between
the anode (Plate) and the cathode (filament).
Since the space current flows only in one
direction, and therefore, rectifies alter-
nating current, the grid controls the
rectifier output. Various current arrange-
ments are employed to control the grid. For
rectification 3 element gas filled or
mercury vapor electron tubes are usually
used. See Figure 3-9.

ey

®

FIG. 3-9 130 VOLT,

[FP=18175-4]

8 AMPERE REGULATED TUBE RECTIFIER
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3.933 Four types of controls are used
for regulating rectifier output.

They are Phase Shift, Magnitude, Series and
Booster types, any one of which may be oper-
ated on a manual or automatic basis. The
series type control is limited to the capa-
city of commercial electron tubes and is not
arranged for battery charging. The magni-
tude type control is simpler in operation
aid design than the phase shift control but
does not lend itself as readily to multiple
operation and to higher voltages. The
Booster type control is used where the 3
element rectifier tubes of the desired
capacity are not available or are uneconom-
ical.

(a) With phase shift control

the ac voltage is supplied
to the anode of a 3 element gas filled ele-
tron tube and a separate ac voltage of the
same frequency is supplied to the grid.
The grid voltage, however, is out of phase
with the anode voltage. This condition is
shown in Figure 3-10 which omits the nega-
tive loops of the anode voltage because in
a rectifier tube no current flows when the
anode is negative,

For any point in the positive
loop of the anode voltage there is a cri-
tical grid bias voltage and whenever the
grid voltage curve crosses the critical grid
bias curve (shown dotted in Figure 3-10) the
tube will fire. Moving the grid voltage
curve to the right gives a later firing
point and a reduced output and conversely
moving the grid voltage to the left gives
an earlier firing point and an increased
output. Phase shift control is the control
of the relative locations of the anode and
grid voltage curves.

A full wave, phase shift con-
trol rectifier arranged for automatic
regulation is shown in Figure 3-11.

(b) With magnitude control (see
Figure 3-12), the position of

the firing point in the anode positive half
cycle is controlled by changes in the grid
bias voltage. Under normal cnnditions the
earliest firing point is at A which corres-
ponds to zero grid bias. The latest firing
point and minimum output that can be taken
from the rectifier occur at C which is mid-
point in the anode positive half cycle. By
supplying the proper grid bias value be-
tween A and C any desired firing point can
be selected. The action of the associated
filter and contrcl equipment makes any
desired output from nearly zero to full
rated output available.
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;//P. GRID

VOLTAGE
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/LINE

ANODE
VOLTAGE

CRITICAL GRID
BIAS VOLTAGE

————
PHASE

PROGRESSION (RP=-10138=-M)

FIG. 3-10 VOLTAGE RELATIONS - PHASE SHIF1
CONTROL OF FIRING POINT
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@
GRID | W
w
3
o
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INPUT z
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=
o
a
cl v3
I
T2
-
(RP=~10140-M)
FIG. 3-11 PHASE SHIFT CONTROL FULL WAVE-
AUTOMATIC
VARIOUS <
FIRING -~ ANODE
POINTS ! VOLTAGE
K e
PHASE

X {7 PROGRESSION
BASE
LINE "\\ )/
-+
- g‘ VARIOUS GRID
~ =N c VOLTAGES

AN
"~ CRITICAL GRID
BIAS VOLTAGE

VOLTAGE RELATIONS-MAGNITUDE CON-
TROL OF FIRING POINT

(RP=10141-M)

FIG. 3-12

A full wave magnitude control
rectifier circuit together with a series
tube control rectifier circuit are shown
in Figure 3-13.

(c) The series tube control ree-
tifier (see Figure 3-13) is

used primarily for supplying the plate
voltage for amplifiers and oscillators.
The two anodes of the electron rectifier
tube (V1) are connected so that one is posi-
tive during one half of the ac supply cycle
and the other during the other half which
permits full wave operation. No grid is
required because the magnitude of the output
is controlled by changes in the resistance
of the series tube (V2) in the output lead.

This tube (V2) has its cathode
and anode connected in series with the
positive output lead of the rectifier. The
voltage drop over it is controlled by its
grid voltage thus controlling the output
voltage of the rectifier. To hold the out-
put of the rectifier constant a regulating
circuit is provided using electron tube (V3)
to amplify the small changes in the re-
gulated output voltage.
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(d) With booster control (see

Figure 3-14) the ac line vol-
tage is boosted by transformers and an auto-
transformer to give the output necessary
to maintain the desired battery voltage.
The auto-transformer is motor-driven and may
be manually or automatically controlled.
Unbalance in the resistance of the bridge
caused by changes in electron tube (V4)
allows current to flow across the diagonal
of the bridge through relays (L) and (R)
which are in series. These relays are polar-
ized in opposite directions so that un-
balance current caused by lowered battery
voltage will cause the (R) or raise relay
to operate while high battery voltage re-
flected through the (V3) and (V4) electron
tubes will cause unbalance current in
the direction to operate the (L) or lower
relay. The more turns of auto-transformer
(TR) which is connected across the primary
of transformer (T2) the more the line vol-
tage is boosted, the higher transformer (T1)
secondary voltage becomes and the more out-
put is available from the tube.

3.94 Regulated Metallic Rectifiers

3.941 Regulated metallic rectifiers
are in use in sizes from a

few watts up to 10K.W. The principal ad-
vantage of the metallic type rectifier over
the tube type rectifier is that the recti-
fying element does not require periodic re-
placement and as a result can be mounted
in less accessible locations. Various

TCI Library

14

A-C
SUPPLY To
TI BAT.
1 L v
P e SR
TR v"‘ﬁ'J

T2

)

@WL@ »

——
-
o

= - 4

T {ar B s

— w

J v4 m+ v3 . 5

P

RIS 2Z

A2 o

3} o

a

(RP=10611=M)

FIG. 3-14 BOOSTER CONTROL REGULATED TUBE

RECTIFIER

regulating arrangements are employed but

in general they all involve the use of
magnetic amplifiers and/or saturable re-
actors to control the ac voltage applied

to the rectifier stacks. All types include
a noise filter in the rectifier output.

3.942 Five general regulating ar-

rangements for output control
available. They are:

are
(1) Saturable Reactor control

(2)

(3

(C))

(5)

3.943

Saturable Transformer control
Booster control

Electronic Type control

Relay Type control

Eigure 3-15 shows the rectify-
ing elements for a booster con-

‘trolled 48 volt unit of 30 ampere output.

Figure 3-16 is a picture of the 200 ampere
48 volt saturable reactor control unit.

3.944 The saturable reactor is an
electro-magnetic device (usually

a coil with a magnetic core) in which the
magnetic circuit (core of the coil) may be
overloaded before overloading occurs in the
electrical circuit (coil windings). An
overload (saturation) in the magnetic cir-
cuit is reached when an increase of current
in the electrical circuit produces no fur-
ther increase of flux (magnetism) in the
magnetic circuit.

When the reactor is placed in
an ac circuit with an impressed voltage in-
sufficient to produce overloading in the
magnetic circuit of the reactor it would
appear as a high impedance due to the high
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METALLIC RECTIFIER

inductance from its iron core. This condi-
tion gives a high voltage drop across the
reactor. If the impressed ac voltage is
increased until overloading of the magnetic
circuit is reached during a portion of the
ac cycle, the reactor then appears as a high
impedance only during the portion of the ac
cycle when no overloading exists and then
appears as a low impedance during the por-
tion of the ac cycle when overloading of

the magnetic circuit is encountered. The
low impedance during this period results be-
cause inductance is directly dependent upon
the change in-flux in the magnetic circuit

15

[RP=1817 1-M)
FIG. 3-16 200 AMPERE METALLIC RECTIFIER

there is no appreciable change in the flux.
The low impedance is limited only by the dc
resistance of the windings. The voltage
drop across the reactor is also low during
the overloaded portion of the ac cycle.
Control of the saturable reactors used in
this circuit is obtained by adding a direct
current winding to the reactor. Direct cur-
rent applied to this dc winding may be used
to add flux in the magnetic circuit of the
reactor. By use of a controlled direct cur-
rent the saturation point may be set at any
desired voltage level of the ac wave, thus
controlling the ac voltage drop across the
reactor. Figure 3-17 shows the circuit
arrangement with a magnetic amplifier.
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3.945 The magnetic amplifier fur-
nishes controlled dc satura-

ting current for the saturable reactor
which in turn controls the ac voltage ap-
plied to the rectifier units. It is a
bridge circuit with two of the legs being
windings of the saturable reactor. The bal-
ance of the bridge is controlled by the cur-
rent in the dc windings of the saturable
reactor of the magnetic amplifier. An in-
crease in this dc saturating current causes
the impedance of the ac windings of the mag-
netic amplifier saturable reactor to de-
crease with a resulting increase in the ac
output of the bridge circuit. The controlled
ac output of the magnetic amplifier is recti-
fied for use in controlling the saturable
reactor. A tuned circuit is provided in the
magnetic amplifier so that when no satura-
ting current is supplied to the magnetic
amplifier from the voltage reference circuit,
the output of the magnetic amplifier is at
a minimum and consequently the saturating
current to the saturable reactor is reduced,
thereby reducing the ac voltage applied to
the rectifier units. Figure 3-18 shows the
schematic for the magnetic amplifier as
applied to the control circuit of the 302A
power plant.

SATURAT ING
CONTROL
CURRENT (DC
(SIGNAL INPUT)

AUTOTRANSFORMER
FOR SD-81242-01
OO~

|

CONTROLLED
AC
QUTPUT
CONTROLLED
DC
AC [e——OUTPUT—™
[¢———— POWER ——» (SIGNAL
SOURCE OUTPUT)

FIG. 3-18 MAGNETIC AMPLIFIER

3.946 The saturable transformer con-
trol utilizes a line voltage

regulator LR (see Figure 3-19) to minimize
line voltage variations so that substan-
tially constant voltage is delivered to re-
tard coil L1 and the primary of the satur-
able transformer Tl. The saturation of
transformer Tl is controlled by dc current
through the shunt and series coils. The
effect of these coils is opposing. The
magnetizing force due to the dc shunt coil
is practically constant since the coil is
connected to the regulated output of the
rectifier unit.

At no load the effect of the
shunt coil reduces the rectifier output vol-
tage by an amount equal to the drop in vol-
tage due to internal losses at full load.

As the output increases the combined

effect of the series and shunt coils pro-
duces less and less saturation which causes
the voltage applied to the rectifying ele-
ment to be increased. This increase in
voltage applied to the rectifying element
makes up for the increased internal losses
in the rectifier thus giving a constant
output voltage.

At full load the series and
shunt coils neutralize each other. As the
output current increases above rated full
load, the series coil overrides the shunt
coil and increases saturation which reduces
the voltage applied to the rectifying ele-
ment. The output current is thus limited
automatically to prevent overloading.

3.947 Booster control utilizes the
same principles as used in the
regulated tube booster control circuit
except that metallic rectifiers are used
in place of the regulated tubes. See
Figure 3-14.

3.948 Electronic control is so termed
because it controls the ac

input to the main rectifying discs through
the magnetic amplifier and saturable reactor
previously described by means of the elec-
tron tube amplification of voltages ap-
pearing across an ammeter shunt and the
regulating leads. A reference voltage or
voltage standard is supplied so that the
regulation circuit (error detector portion)
may compare this voltage with a voltage
which depends on the rectifier output as
indicated by the voltage drop across the
ammeter shunt. The circuit normally oper-
ates with automatic constant voltage regula-
tion. At an output current near full load
capacity of the rectifier, automatic
constant current regulation begins to take
effect. Further load increases put the
rectifier completely under constant current
regulation at a preset value. If the
constant current circuit fails an alarm
functions and automatically shuts down
the rectifier. A circuit feature is pro-
vided to prevent the rectifier from con-
necting to the load unless it is capable of
delivering full rated output. Figure 3-20
shows the control and voltage reference cir-
cuits in schematic form.

3.949 Relay output control adjusts
the rectifier output in re-

sponse to "raise" and "lower" signals
originating in associated equipment. It
uses the same arrangement of series control
electron tubes to provide saturating current,
a magnetic amplifier and a saturable reactor
as the electronic type control. However,
it differs from the electronic type pre-
viously described in that the output of
the series control electron tube, which re-
gulates the saturating current to the mag-
netic amplifier, is regulated by the charge
on a condenser in its grid circuit. The
charge on this condenser is changed by two
relays, one of which reduces and the other
increases the charge. An additional relay
provides a slowly increasing raise signal
during start conditions to bring the output
of the rectifier up to a point at which the
rectifier can be connected to the battery.
Relay output control rectifiers are nor-
mally used as supplementary rectifiers in a
multiple unit installation, the first two
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units being of the electronic type. The
relay control type unit controls a portion
of the load and is under control of signals
received from the associated electronic
control type of rectifiers. The electronic
control units carry the fluctuating portion
of the load and provide close regulation

of the total output.

3.10 Battery Filters

3.101 The direct current required in
a central office in general
falls into two classes, "signaling battery’
which is used to operate all the various
types of electro-mechanical apparatus such
as relays etc., and "talking battery" which
supplies the medium for voice transmission.

TL CD THEI\:‘STOR

| REGULATING
LEADS

TRANSFORMER CONTROL CIRCUIT

Since practically all equipment for
generating direct current introduces
ripples or noise in their output, it is
necessary that battery filters be used to
keep such disturbances at a minimum.
Figure 3-21 indicates graphically the
effect of a filter on an irregular wave
foym having high frequency ripples or
noise.

3.102 Battery filters consist essen-
tially of an indicator (re-

tardation coil or coils) and a pair of (or
one) electrolytic capacitors with a 20
ampere self-alarming fuse or with a 15
ampere fuse per capacitor between the fil-
tered side of the inductor and ground.
An alarm type fuse is wired in parallel
with each 15 ampere fuse. Filters come in
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I W WiV

BEFORE FILTERING

\/\/\/\

(rP-8967-A) AFTER FILTERING

EFFECT OF A FILTER ON AN IRREGU-

LAR WAVE FORM

FIG. 3-21

capacities of 10-200 amperes. Large common
filters formerly located in the power room
have been replaced by the decentralized
type which are mounted on relay rack bays,
fuse bays, cable racks, on top of frames,
and in switchboard turning sections, as
required. The use of decentralized filters
makes unnecessary separate power cable

runs for signal and talking battery between
the power plant and the various frames.
This not only results in a saving in power
cables but also improves the troublesome
noise and crosstalk exposure encountered
with former common filter arrangement.

3.103 The inductor of the filter im-
pedes the fluctuations in the
talking battery and the capacitor of the
filter furnishes a by-pass for the high
frequency ripples (ac). A typical filter
arrangement is shown in Figure 3-22.

20

===3 —
CHOKE COIL BUS BAR
ELECTROLYTIC _—
CONDENSER = BATTERY
GROUND
CHARGE LEAD FILTER =
c%xgaicom BUS BAR
b
= —1_eLecTroLrTic
Y = PATTERY T~ CONDENSER
GEN i
GROUND
DISCHARGE LEAD FILTER (rR-10088)
FIG. 3-22 TYPICAL FILTER ARRANGEMENT

In computing the values of the
desired inductance and capacity, a com-
?ination is obtained which constitutes a

low pass" filter, that is, it will only
pass low frequencies that are not considered
disturbing. 1In this connection it should
be remembered that storage batteries also
offer a low resistance to high frequency
ripples and therefore contribute greatly
in by-passing noise that might otherwise
reach the discharge circuits.

QUESTIONS

1. What is meant by manual operation and automatic operation?

Why are field rheostats used.

over motor generator sets?

What type ac motor is used for motor-generator sets?

Describe the difference between across-the-line starters and starting compensators.

. What is the principal of operation of a rectifier and what advantages does it have

What type controls are used for controlling output of Regulated Tube rectifiers?

. What type controls are used for controlling output of metallic rectifiers?

6

7

8. Describe briefly the Saturable Reactor control used in metallic rectifiers?
9

What is the purpose of noise filters in power leads and what do they consist of?
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4. CONTROL AND DISTRIBUTION EQUIPMENT

4.1 General

4.11 This section describes the prin-
cipal items of equipment and

apparatus employed to control the operation
of the power plant and for controlling the
power plant output. Some apparatus that
might be considered in this category has
been previously described in Section 3
because of its close association with the
operation of charging units. Most of the
apparatus described in this section is
mounted on the power board or charging unit
control panel.

4.12 The use of automatic power plants

and automatic emergency cell
switching, voltage regulation, etc,, have
led to the use of many new devices and be-
cause of the wide variations in size and
operating characteristics, the following
descriptions are necessarily limited to a
brief outline of the purpose and basic
operation of each type.

21

4.2 Power Boards

4,21 The power board serves to central-
ize the miscellaneous equipment

used in the operation and control of the
power plant and consists of unit panels of
impregnated asbestos composition, each of
which either carries the switches and other
apparatus required for a certain function or
is associated with one or more other panels
arranged for accomplishing the desired re-
sult. Each bay is assembled on a welded
angle iron box type framework arranged for
mounting in the power board lineup. After
assembly, the structure constitutes a floor
supported box type framework which supports
not only the front panels but the cable rack
and bus bars on top as well, Sheet metal
end panels are placed on the framework when
specified. The machine control panel frame-
works are also floor supported and designed
to support the auxiliary framing, bus bars
and cable rack on top. It is therefore,
possible to support the bus bars and cable
racks in the power room without the use of
ceiling inserts, threaded rods and ceiling
supported auxiliary framing, except in
portions of the building where such support-
ing frameworks are not available,

s FIG. 4-1

POWER BOARD, ROW OF CHARGING MACHINES AND CONTROL PANELS
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4.22 The battery control board is
the control and distribution

center between the charging genmerators and
batteries, and the fuse panels to which the
battery supply is furnished. It consists
of two or more bays of panels mounting
charge and discharge fuses, switches, etc.,
associated with the control of the bat-
teries and is usually located in the cen-
tral portion of the power board line-up.
Emergency cell switch and charge fuse units
containing the main charge fuses and an
automatically operated emergency cell
switch panel, mount in this part of the
board. A panel mounting miscellaneous
fuses and a panel mounting the discharge
ammeter and voltmeter are located in this
part of the board as well as a voltage re-
lay for controlling the automatic switch.
Figure 4-1 shows a power board, a row of
charging machines with their associated
machine control panels and a saftofuse cabi-
net at the end of the aisle.

4.23 The main control board mounts
the various voltage, control

and alarm relays together with the fuses,
lamps and keys associated with the control
and alarm circuits. Rectifiers used for
charging the emergency cells are also on the
main control board, space being available
for a maximum of 2 rectifiers. One bay of
main control board is required for each
power plant and is assembled on a welded
angle iron box type framework arranged for
mounting in the power board line=-up.

4.3 Circuit Breakers and Reverse Cur-
rent Relays

4.31 DC circuit breakers for charging
generator units have generally

been replaced by automatic reverse current
switch relays. There are, however, some
offices where circuit breakers are still
being used for this purpose and,therefore,
a brief description of their operation and
use is being given. AC circuit breakers are
used on the ac power distribution boards
installed by the power company. Small cir-
cuit breakers of the toggle switch type
are used for protective purposes for ac and
dc particularly on some rectifier panels
where protection of this type is required.
Figure 4-3 shows a typical circuit breaker
of this type.

4.32 Circuit breakers when wused on

charging units are connected be-
tween each charging unit and the batteries
to protect them from reverse current when
the generator is stopped or operating below
battery voltage. The circuit breaking
device serves as a switch to complete the
circuit from the generators to the batteries
and to break the circuit, by the operation
of auxiliary devices,

4,33 There are two types in use, the
manually operated and the solenoid

operated. The manual type is held closed
mechanically against the pressure of a
spring and is opened when the locking
mechanism is tripped. The solenoid type
shown in Figure 4-2 is similar in construc-
tion and operation to the manual type
except that it is equipped with a solenoid
operated mechanism so that it may be closed
or opened by the operation of a remote con-
trol switch located on the front of the
power board.

TCI Library

OVERLOAD
CALIBRATION
ADJUSTMENT

SHUNT REVERSAL
COILS

TRIP ROD

REVERSAL
CALIBRATION
ADJUSTMENT

AUTO SWITCH
OPERATED BY
SWITCH ON
POWER BOARD

(RP=2956-M)

FIG., 4-2 A SOLENOID OPERATED CIRCUIT
BREAKER

4.34 The Automatic reverse current
switeh circuit shown in Figure

4-4 and consisting of a contractor, re-
verse current relay and a polarized relay,
is used in place of the charging unit
circuit breaker previously described. The
function of the automatic reverse current
switch is to connect a charging unit to
a battery at a predetermined voltage and
to disconnect the charging unit from the
battery on reverse current.

The reverse current relay is
equipped with a shunt coil and a series
coil., When the voltage of the charging
unit slightly exceeds the voltage of the
battery, a polarized relay external to the
switch will operate and cause the reverse

www.tel ephonecollectors.info



(RP—18169-M)

FIG. 4-3 TYPICAL KS-TYPE CIRCUIT BREAKER

current relay to operate through its shunt
coil. This relay operates the contactor
and current flows from the generator,
through the series winding of the relay to
the battery, helping to hold the relay oper-
ated. When the charging unit voltage drops
and current flows from the battery to the
charging unit, the series coil of the re-
verse current relay opposes the shunt coil
and allows the relay to release and to re-
lease the contactor.

4.4 Fusing Protection For Power Plant
Discharge Leads

4.41 All power supply circuits leading
from the power plant to other

parts of the central office are fused to
protect the wiring and the power plant equip-
ment. The carrying capacity of each fuse
is limited to a value that will protect the
wire connected to it against overheating
in case of a short circuit or ground. Where
a large lead supplies current to a number
of smaller leads, each of the smaller leads
is also fused to protect that size wire.
In many cases the fuse capacity specified
may be lower than would be required to pro-
tect the wiring, in order to safeguard the
apparatus in the circuit.

4,42 N.E.C. (National Electric Code
Standard) cartridge type fuses

are used for the supply leads. Western
Electri~ Company manufactured No. 35 and
No. 70 alarm type fuses are used for indivi-
dual central office circuits or small groups
of circuits and are furnished in capacities
of 5 amperes or less. The 70 type is known
as the dead front type. These alarm type
fuses are so designed that when the fuse
wire melts, a small visual signal is dis-
played (a flag type signal for the 35 type
and a plastic cylinder protruding from the
housing of the 70 type) and a spring arrange-
ment makes contact with an alarm bar. This
alarm bar is connected through the central
office alarm circuit which rings a bell and
displays a lamp signal.

REVERSE CURRENT

RELAY
CONTACTOR
CONTACTOR REVERSE
. oy
qd
RES.|. 1:) g
¥ bseriES |
o } ?'j—r é,:u:g,_z SHUNT 1 %
AUXILIARY _tl
O CONTACTS i P EL_(
GEN, $ To
+ L
POLARIZED
REL AY
(RP-10074-M)_L
FIG. 4-4 SCHEMATIC AND PICTURE OF AN

AUTOMATIC REVERSE CURRENT SWITCH

4.43 Where cartridge type fuses are
used on a central office supply

lead it is the usual practice to connect
an alarm fuse in parallel with it so that
when the main fuse blows the alarm fuse
also operates, thereby displaying a signal
and operating a central office alarm to in-
dicate which circuit has failed. Since
some part of the central office is out of
service when a fuse fails, the alarm type
fuse serves a very important function in
sounding an alarm to enable the maintenance
people to quickly locate the condition and
correct it.

4.5 Switches

4,51 Broadly, the term "switch" applies
to any device used for opening
and closing a circuit, or for transferring
the continuity of a circuit from one path
to another., In the past most power switches
were of the knife blade type, either single-
throw or double-throw and equipped with one
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or more poles (current carrying blades). As
power circuits became more complicated and
many operating features were automatically
controlled, switches likewise became more
complex in character. Additional features
were added to the knife switches and elec-
trically operated switches known as "con-
tactors", "multi-pole electrically operated
switches", "motor driven end cell switches",
"emergency lighting relay switches", "con-
trol relays" and others were introduced. In
a modern power plant most of the switches
are of an electrically operated type,
except for the knife switches associated
with the "discharge fuse and switch units"
in the discharge leads.

4.52 Knife Switches: The size of the
switch is controlled by the cur-

rent flow as there must be sufficient cop-
per in the knife blades and jaws, and
suitable contacts to provide adequate car-
rying capacity. Knife switches are usually
mounted on unit type power board panels
arranged to perform specific functions;
such as discharge fuse and switch panels,
battery transfer switch panels, emergency
cell switch panels and the like. Figure
4-5 shows the type of knife switches most
generally used.

SINGLE DOUBLE
THROW THROW
CURRENT

LIMITING
RESISTANCE

c @ dc @icioi®

DISCHARGE FUSE
AND SWITCH UNIT

ROCKER TYPE WITH
AUXILIARY CONTACTS
FOR CURRENT LIMIT-

ING RESISTANCES (RP-10070-A)

FIG. 4-5 COMMONLY USED TYPES OF KNIFE
SWITCHES

4.53 Emergency cell and CEMF cell
switches are either the rocker or

slider type and include additional features.
A unit type panel for emergency cell
switches may include 2, 3 or 4 single pole
rocker type switches, depending on the
number and arrangement of the cells to be
switched. The switches are equipped with
auxiliary contacts and current limiting
resistances, to limit the flow of current,
as the emergency cells are momentarily
short circuited through these resistances
while being switches. The switches are
mechanically interlocked so as to prevent
an improper sequence of operation which
might short circuit the cells and injure
them,

4.54 A discharge fuse and switch unit
consist of a double-throw knife

switch associated with two fuses., The
two fuses are connected in series with the
discharge lead but the knife switch short
circuits one of them. Should the other
fuse operate, the switch can be thrown,
thereby short circuiting the operated fuse
and placing the good fuse in the circuit.
After the operated fuse is replaced, the
switch blade may be returned to its normal
position.

4.55 Safety type switches consist
essentially of knife type switches
mounted on an insulating panel and en-
closed in a metal cabinet. A handle on
the outside of the cabinet operates the

SPRING
COPERAT ING
LEVER

LIMIT SWITCH

KNIFE SWITCH
BLADE

INSULAT ING
L INK
AUXILIARY

CONTACT
MAIN CONTACT

ROCKER ARM
CRANKSHAFT
A

CONTACT SPRING
CRANKSHAFT

Bl cam switen
DRUM

FRAME
(COVER REMOVED)

AP=18746-M)

FIG. 4-6 KNIFE BLADE TYPE SWITCH

TCI Library www.telephonecollectors.info



COMBINATION SPUR AND
BEVEL GEAR UNIT

LIMIT SWITCH

TOP BEARING CLAMP TS

COMMON MAIN
CONTACT

BRIDGING SLIDER

DRIVING SCREW

BRIDGING SLIDER
STOP

BOTTOM BEARING
HOUSING

MOTOR

L)

MOTOR BRUSH COVER

25

(RP-I767I-M)

CRANKING SHAFT WITH BEVEL GEAR

OFF-NORMAL SWITCH

MAIN CONTACT

CONTROL RAILS

AUXILI ARY
CONTACT

LIMIT SWITCH

RELAY

FIG. 4-7 SLIDER TYPE SWITCH

switch. They are furnished in single-throw
and double-throw types, the single-throw type
having fuse clips of the proper capacity
mounted on the panel. They range in capa-
city of 30 to 1200 amperes and are used
principally for controlling circuits carry-

ing primary commercial power supply voltages.

4.56 Saftofuse units serve as switches
in many applications., The in-
sulated saftofuse unit which carries the

fuse may be removed from its holder, there-
by opening the circuit. This unit may then
be placed in the holder reversed, exposing

the fuse to view as an indication that the
circuit is open.

4,57 Motor Driven Emergency Cell
Switches are used in either manual

or automatic power plants where it is desired
to have the emergency cell switching per-
formed automatically under control of a
voltage relay. The "knife blade type"
motor driven emergency cell switches are
most generally used, although the "slider
type" is also used to some extent. These
switches are mounted on the front of the
power board. See Figures 4-6 and 4-7.

4.58 Emergency lighting relay switches

function to automatically connect

a number of lamps to the emergency lighting
service (usually battery) in case the
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MECHANICAL LOCK ASSEMBLY
(TILTING TYPE)

WASHER & COTTER PIN
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FRONT CONTACT STOP

CONTACT PRESSURE SPRING

MOVABLE CONTACT SPRING

ANCHOR PLATE

CROSSBAR ASSEMBLY

MOVABLE CONTACT SPRING LEAD
(RP=15004-M)

FIG. 4-8 MULTI-POLE ELECTRICALLY OPERATED TRANSFER SWITCH

regular service voltage fails or decreases
below a predetermined value and to discon-
nect the lamps from the emergency service
upon restoration of the regular service
voltage. The emergency lighting switch for
use on single-phase power service is essen-
tially a magnet switch of the mechanically-
latched type with a self-contained closing
coil and an under-voltage tripping device.
Emergency lighting switches for use on poly-
phase services are similar to the single-
phase switches except that additional under-
voltage relays are included. A terminal
block is provided for connecting the grounded
side of the emergency lighting system. A
test switch or switches are provided on the
panel for simulating a power failure for
testing purposes. Emergency lighting
switches are double-pole single-throw, are
available in capacities of 30, 60 and 100
amperes per pole and are suitable for use

on 115 and 230 volt single phase and 200
volt three phase, 60 cycle regular lighting
services and on 24 and 48 volt dc emergency
lighting services., They are available in
either flush mounted or surface mounted
cabinets or on panels without cabinets.

4,59 Multi-Pole Electrically Operated
Transfer Switches are used on

ringing power boards to transfer ringing,
tone and signaling leads from the regular
ringing machine to a reserve machine in
case of a primary commercial power failure
or other emergency affecting the output of
the regular machine. It is operated by
electro-magnets, and transfers 12 circuits
from one set of 12 contacts to another set
of 12 contacts., See Figure 4-8. The
switch is held closed on one throw when
the operating coils of the magnets are
energized, and held closed on the opposite
throw by springs, when the coils are de-
energized.

4.6 Contactors

4.61 Contactors are essentially elec-
trically operated switches. The
main contacts (1 or 2) are operated by an
electro-magnet, which in turn is controlled
by power circuit control apparatus such as
control relays. They are arranged for
front or rear-of-board connection, that is,
the terminalsmay be on the front or brought
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FIG. 4-9 150 AMPERE CONTACTOR

through to the rear of the power panel.

The operating parts are on the front. The
larger sizes are usually provided with mag-
netic blowout coils connected in series
with the main contacts and are shields
which form a chute into which the arc is
blown by the magnetic blowout. The con-
tactors in some cases are equipped with one
or more sets of independent auxiliary con-
tacts for performing associated circuit
functions. They are furnished in various
types such as single-pole, double-pole,
normally open or normally closed types; and
they range in size up to 1500 amperes ca-
pacity for the normally-open types and 300
amperes for the normally-closed type.
Figure 4-4 shows a contactor of 1500 ampere
variety used in connection with automatic
reverse current relays. Figure 4-9 shows
the 150 ampere size.

4.62 Normally open contactors are
those on which the main contacts
remain open when the electro-magnet is not

27

RP-10085-M

FIG. 4-10 FOUR TYPES OF COMMONLY USED
CONTROL RELAYS
energized. Normally closed contactors have

the main contacts held closed under spring
pressure and are open only while the electro-
magnet is energized.

4.7 Control Relays

4.71 Many types of electrically oper-
ated power apparatus (such as

contactors, motor operated emergency cell
switches, etc.), require more current to
operate them than the originating control
device such as a key, telephone relay or
voltage relay will carry. It is,therefore,
necessary to have the originating control
device operate a "control relay" which in
turn operates the larger apparatus. Figure
4-10 shows the appearance of a number of
typical types. Control relays are furnished
in many types and sizes to meet various
operating conditions, They may be furnished
with 1 to 4 contacts and with front contacts,
back contacts, or combinations of hoth.
Some types operate on direct current and
some on alternating current, The smaller
sizes have contacts intended to carry 1 or
2 amperes and some of the larger sizes may
carry up to 30 amperes under certain condi-
tions. The control relays arranged for
back of board connections and mounted on
power board panels are usually fitted with
glass or sheet metal covers. Those arranged
for front connections may not have covers,
although some are enclosed in sheet metal
housings, when they are not located on
power board panels.
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FIG. 4-11 VOLTAGE RELAY ASSEMBLY

4.72 Voltage Relays

4.721 Voltage relays are used to
operate alarm circuits anq

control emergency cell switching circuits
and charging rates for battery charging
units when the voltage reaches a predeter-
mined high or low value. Each voltage relay
is furnished for a specified voltage range.
The re1a¥ is so designed and adjusted that
the "low" contact will make at its rated
low voltage limit and the "high" contact
will make at the rated "high" voltage limit.

4.722 The contacts are also adjust-
able to a limited extent,
within the range of the particular relay,
the method of adjustment depending on the
type of voltage relay used.

4.723 Broadly, voltage relays fall
into two general types, the
moving coil type and the solenoid type.

4.724 The current carrying capacity
of the contacts of both types
is limited, so they are arranged in the
circuit to operate telephone type relays
which in turn operate alarm circuits, con-
trol relays or other equipment.
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4.725 The moving coil type voltage
relay is similar to a standard

voltmeter in general construction except
that the moving arm is provided with con-
tacts. The cases may be designed for either
flush or surface mounting depending on the
type used. Shielded type voltage relays
are provided for applications where the
accuracy of operation might be affected by
the field created by the presence of current
carrying leads.

4.726 The solenoid type voltage re-
lay as shown in Figure 4-11

employs a solenoid with a floating core
linked to a pivoted contact arm. Holding
coils are provided, one connected in series
with each contact. These coils when the
contacts close tend tohold them tighter.
The holding effect of the coil is adjustable,
and the contacts are adjustable. This type
voltage relay is in general used to regulate
the discharge voltage of power plants by
controlling the automatic switching of EM
cells and CEMF cells.

4.73 Ammeter Relays

4,731 In automatic power plants,

ammeter relays are connected
in the output circuit of the charging ma-
chines as part of the control circuit equip-
ment for the starting and stopping of indi-
vidual charging units as the office load
varies. The ammeter relay resembles a con-
ventional ammeter in appearance but the
moving pointer is equipped with contacts
which make on "high" or "low" stationary
contacts, See Figure 4-12.

4.732 Each ammeter relay consists of
a millivoltmeter of the

D' Arsonval type for use with an external
shunt. Suitable shunts connected in series
with the charging unit output are available
in capacities of from 25 to 1500 amperes
inclusive, The moving pointer is provided
with a set of insulated contacts which move
with the pointer and make contact with cor-
responding contacts on two stationary
pointers (high and low)., The ammeter scale

(RP-13979-L)

AMMETER RELAY COVER REMOVED

is calibrated to correspond to the output
of the associated charging unit; such as
0-400 amperes for a 400 ampere unit. Each
meter is enclosed in a pressed steel, cir-
cular, dust-tight, moisture-proof case with
a removable cover.,

4.733 The high and low contacts are
adjustable and are usually
adjusted at the factory. The high contacts
are adjustable by means of an adjusting
screw outside of the case. The low contacts
are adjustable by means of an adjusting
screw located under the case.

4.734 In an automatic power plant
the low contacts are set at a

point which will cause the charging unit to
be shut off through the control circuit,
The high contacts when operated cause the
motor driven field rheostat to stop so that
the charging unit will not be overloaded
and at the same time, when furnished, starts
up the next charging unit, connects it to
the battery and increases its output as
required to carry the office load,

4.735 The contacts of ammeter relays
are limited in their current
carrying capacity and, therefore, they are ar-
ranged in the circuit to operate telephone
type relays which in turn operate control
relays or other apparatus required for con-
trolling the output of the charging units.

4.8 Automatic Voltage Regulators

4.81 In general, the purpose of an
automatic voltage regulator is to
control the output of a charging unit to
float the office load and maintain the
battery voltage within specified float or
charge voltage limits.

4.82 Since the output of a generator
depends upon the generator field
strength, it is necessary to change the
field strength as the load and voltage tend
to vary. An automatic voltage regulator
which responds to changes in voltage is,
therefore, used to control the field stremgth
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FIG. 4-13 VOLTAGE CONTROLLER

of the generator to accomplish this purpose.
Several types of automatic voltage regula-
tors are used depending on the size and
characteristics of the generators involved.

4.83 Voltage regulators are also used
to control ac line voltages where

power service line voltage variations ex-
ceed the allowable voltage variation of
the equipment. They may be either the mag-
netic type with no adjustments to control
the degree of regulation or a motor operated
variable transformer type which controls the
voltage applied to an auxiliary transformer
to correct for changes in line voltage and
load.

4.831 The magnetic type consists of
inductors and capacitors ar-
ranged in a magnetic regulating circuit.

It consists of an input transformer the out-
put of which is applied to a circuit con-
sisting of an unsaturable inductance which
is in series with a parallel resonant cir-
cuit. This circuit combination compensates
for variation in input voltage the output

of which is applied to a frequency compensa-
tion network and the primary of the output
transformer.

4.832 In the motor operated variable
transformer type (more complete-

ly described in paragraph 4.9), the voltage
applied to an auxiliary transformer is con-
trolled to correct for changes in line vol-
tage and load. The motor operated variable
transformer is usually controlled by a
bridge and thyratron circuit.
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4.84 Voltage Controller

4.841 The voltage controller shown
in Figure 4-13 is mounted on

the battery control board of the power
plant involved and consists of a solenoid
coil and plunger operating a contact lever
which controls two sets of contacts, a main
set and an auxiliary set. These contacts
operate in conjunction with a cam which is
driven by a synchronous type single phase
motor. The main contacts make and break
with the toothed part of the cam and the
auxiliary contacts make and break with the
solid disc part.

4,842 The rotating cam and disc per-
mit the "high" or "low" con-

tacts to make every 10 seconds if the move-
ment of the contact arm places them in a
position to make. This allows time for the
motor driven rheostat, located on the
charging unit control panel and operated
through control relays, to function and the
regulated voltage to stabilize between the
contact intervals.

4.85 Motor Driven Centrifugal Type
Automatic Voltage Regulator

4,851 These regulators are usually
mounted on the power board and

may be used for the regulation of small
de generators. When used for ac ringing
generators, the ac voltage to be regulated
is fed to the regulating motor through an
autotransformer and a copper oxide recti-
fier, both of which are part of the regu-
lating unit.

This type, as shown in Figure
4-14, consists of a permanent magnet ex-
cited dc motor which is connected to a cen-
trifugal type regulator enclosed in the
same housing, This regulator includes con-
tacts which in normal operation open and
close rapidly, in turn opening and closing
a shunt circuit across part of the resis-
tance which is in series with the generator
field, thereby varying the field excitations
of the ringing generator. The dc motor,
which is connected to the output circuit of
the ringing generator being regulated, in-
creases or decreases in speed as the vol-
tage varies. As the ringing generator vol-
tage drops and the regulator speed slows
down,the contacts close short circuiting
part of the ringing generator field resis-
tance thus strengthening the field and in-
creasing the voltage. This increase in the
voltage causes the regulator motor to speed
up, the centrifugal action on the weights
causing the contacts to open and again in-
sert the field resistance in the circuit,
thus weakening the field and decreasing the
ringing generator voltage. This rapid cut-
ting in and out of the resistance in the
field circuit provides an effective excita-
tion which gives the desired voltage. An
adjusting knob and dial is provided on the
end of the frame to increase or decrease the
regulated generator voltage.

ACORN NUT

END

REGULATOR BRUSH
SHIELD ‘

INSULATING
COVER

(RE=1877-M) ‘
SCREW CAP

MOTOR BRUSH

FIG.4-14 MOTOR DRIVEN CENTRIFUGAL TYPE

AUTOMATIC VOLTAGE REGULATOR

4.86

Contact Type Speed Voltage Regu-
tors

4.861 This type regulator is designed
to control the speed (fre-

quency) and voltage of battery driven
ringing machine (initially used on the 804C
Ringing Power Plant), by operating on the
respective motor and generator fields.
The mechanical contact type regulators used
for this purpose control the resistance
of these field circuits by sampling the
20 cycle output voltage of the ringing
machine and thus maintain the frequency be-
tween 18 1/3 - 20 cycles and the voltage
between 84-88 volts.

4.862 This type regulator consists
of a sensitive solenoid or

actuating element which moves an armature
which in turn operates a push bar.
The movement of the push bar governs the
position of the direct acting fingers and
determines the amount of resistance in
the regulated circuit. In the no voltage
position all ten fingers are closed and
the regulating resistance is at the minimum
value. As the voltage on the solenoid is
increased, the pull of the reference springs
is overcome and the fingers pushed from
the associated contact bar, thereby in-
creasing the resistance in the regulated
circuit, An air dashpot with an adjusting
screw is provided to obtain optimum speed
of response.

4.863 The regulator is arranged for
pin jack mounting in a suitable
receptacle with soldering type terminals,
for connecting the external regulating re-
sistances and the solenoid winding.
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4.87 Rectifier Type - Electronic Control
Voltage Regulator

4.871 This equipment used with 24
and 48 volt motor generator
sets in the 302A power plant when properly
connected to the field of an appropriate
motor generator set and the power plant con-
trol circuit, provides high grade regulation
of the average battery float and charge vol-
tages which are adjustable. 1In addition,
this equipment automatically protects the
motor generator set from excessive overload.
All parts are designed for long life and
with the exception of the electron tubes
should not normally require replacements.

4.872 The voltage regulator and

exciter are combined. The
voltage regulator monitors the central of-
fice battery and compares it to a reference
voltage standard similar to the magnetic
amplifier outlined in Section 3. When de-
viations from the standard are detected, in-
formation is transmitted to the exciter
which in turn changes the field current of
the generator to increase its output and re-
turn the battery voltage to the proper value

4.873 Battery voltage deviations are
primarily caused by changes

in office load and if these deviations ex-
ceed the capacity of the regulated charging
generator, the voltage regulator automati-
cally switches from constant voltage to con-
stant current to protect the machine from
overload.

4.874 This equipment also regulates
for changes in the ac input

voltage rendering the output of the regu-
lated machine virtually insensitive to ac
input voltage changes. It is mounted on a
framework designed to fit into the bottom
of the control bay of the regulated motor-
generator set. One is used for each regu-
lated machine.

4.9 Autotransformers

4.91 Autotransformers are used as a
means of controlling ac output

voltage,particularly in L type carrier plants,
where constant current high voltages are
required at main stations to feed a series
circuit consisting of auxiliary repeater
stations. The output voltages required
must be maintained within rather close lim-
its in certain applications and in these
instances two connected in series and re-
ferred to as Course and Fine adjustment
autotransformers, are used.

4.92 They normally consist of a single-
phase reversible motor which is
coupled through a gearing arrangement to a
brush mechanism which is moved across the
commutating surface of the autotransformer.

4.93 The magnitude of the voltage out-
put is controlled by the position
of the brush on the autotransformer commu-
tator which changes the winding ratio. With
this arrangement an output voltage may be
obtained within required limits.
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4.94 Limit switches are furnished
which function with a motor con-
trol circuit to stop the brush travel when
predetermined positions are reached on the
commutator segment.

4.95 The motor of the unit may be con-
trolled by relays or an electron
regulator which in turn in controlled by a
voltage sensitive bridge circuit.

4.10 Meters

4.101 To provide a visable means for
determining the characteristics
and the amount of current flowing in the
power circuits, meters are provided for
permanent or temporary connection to them.
They are usually mounted on the power board
or machine control panels.

4.102 Ammeters: Ammeters are used to
indicate the current flow in

amperes between the batteries and distri-
buting fuse panel, between the generators
and battery or at other points where such
information is useful in operating the
plant. Under certain conditions, an instru-
ment switch may be used to permit one
ammeter to be switched from one circuit to
another, such as to a charging or dis-
charge circuit. Where the generators vary
in size it is the usual practice to pro-
vide ammeters of the proper range for each
machine. 1In connecting an ammeter to a
circuit, an ammeter shunt (of the proper
value for that ammeter) is connected in
series with the circuit, and the terminals
of the instrument are connected to the ter-
minals of the shunt either directly or
through the instrument switch. Most of the
current flows through the shunt and only
a very small portion is bypassed around the
shunt through the meter. When the amount
of current to be measured is comparatively
small, this shunt is sometimes self-
contained in the ammeter case.

4.103 Voltmeters: The voltmeter is
used to indicate the voltage

(or potential) of a circuit. It is con-
nected directly to the sides of the circuit
to be measured by means of fused leads.
An instrument switch is sometimes used to
connect one meter to more than one circuit,
such as to one or more generators or to a
battery to which the generators may be
connected.

4.104 Wattmeters: Wattmeters are
occasionally used at emergency
engine driven alternator installations
when it is necessary to know the actual
kilowatt output of the alternator when
carrying the office load.

4.105 Frequency Meters: This type of
meter is used to indicate the

frequency of alternating current. When
furnished with an emergency engine driven
alternating current generator (alternator)
it serves to indicate the frequency of the
alternator output and also as a check on the
engine speed which is directly proportional
to the frequency.
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4.106 Power Factor, Phase Angle and condensers are provided for "boosting" the
Varmeters: These meters are used power factor. They are special ac watt-
on those installations where the commer- meters arranged to indicate the power avail-
cial power company imposes a penalty for able in a circuit but not being used be-
operating at a low power factor, and where cause the voltage and current are out of
either synchronous motors or static phase.

QUESTIONS

—

What is the purpose of the power board and how is it constructed?

Describe the function and operation of circuit breakers.

.

Why are the power supply leads fused?

Why are alarm fuses associated with N.E.C. fuses in dc supply circuits?

How is a "discharge fuse and switch unit" used?

Describe the operation of a motor driven emergency cell switch.

What is the purpose of emergency lighting relay switches?

Describe the function of a multi-pole electrically operated transfer switch.

What are contactors and how do they operate?

©Q W 0 =N U s N

—

How are control relays used?

—
—

What is the purpose of a voltmeter and ammeter?

12. When is a power factor meter used and what is its purpose?
13. Describe ammeter relays and outline their use.

14. Describe the two principal types of voltage relays.

15. What is the purpose of an automatic voltage regulator?

16. Describe the "voltage controller" and its operation.

17 How does a motor driven centrifugal type automatic voltage regulator function?
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5. RINGING, TONE AND SIGNALING EQUIPMENT

5.1 General

5.11 In the operation of a telephone
plant, ringing, tone and inter-

rupted currents are of almost equal impor-
tance to those obtained from the charging
units and their associated batteries.
These currents, which are supplied by the
"ringing power plant”, are used to operate
the bells at subscribers’stations, to sig-
nal from one office to another for estab-
lishing trunk or toll connections and for
providing the various kinds of tone and
signaling current necessary in the opera-

tion of the central office. Continuous
service of the ringing power plant output
is therefore required. For this reason

reserve equipment is furnished for use
where failures occur in the regular equip-
ment or where there is an interruption in
the commercial power service.

5.12 Ringing current, tones and inter-
rupted signal requirements differ

for manual, dial, toll and repeater equip-
ments. The type ringing equipment re-
quired to furnish these needs is influenced
by the size central office involved. 1In
general,the output of the ringing power
equipment usually embraces the follow-
ing types of current, or combinations
thereof.

5.13 Ringing current at a frequency of
approximately 20 cycles is fur-
nished for ringing subscribers’bells. For
passing ringing signals over toll circuits,
135 cycle or 1000 cycle ringing current
is usually employed.

5.14 Tone current is used to audibly
transmit circuit conditions such
as "busy signals”, "dial tone" and the
like to subscribers or to the operating
forces.

5.15 Interrupted signaling current is
employed for the ringing and

silent intervals for machine ringing,
flashing supervisory signals and for other
purposes where periodically interrupted
or timed pulses are required in performing
central office operating functions. Inter-
ruptions of 60 IPM (interruptions per min-
ute) and 120 IPM are commonly used in
many types of central offices and in ad-
dition, interruptions of one, two, three
or four seconds and combinations thereof
are used in central offices arranged for
machine ringing.

5.16 Coin control current is generated
by the larger size ringing

machine for controlling the "coin collect’
and "coin return" features of pay stations.
Positive and negative 120 volt direct cur-
rent is used for this purpose. 1In the
smaller central offices dry cell batteries
are used to provide the coin control cur-
rent.

5.2 Ringing Systems _

5.21 Manual Ringing Systems

5.211 Manual ringing systems are em-
ployed in the small manually
operated céntral offices and some P.B.X.'s
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where the subscribers' bells are rung by
operating a key in the operators' keyshelf.
The duration of the ringing period and the
method of ringing, that is, whether it is a
steady long ring or an intermittent series
of short rings is entirely under control of
the operator. For this service, the ringing
equipment provides a steady flow of alter-
nating or superimposed ringing current to
the switchboard.

5.212 Alternating ringing current

of approximately 20 cycles 1is
employed for single party lines, where the
subscribers!' ringers are connected across
the line, and for two party selective or
four party semi-selective (code) ringing,
in which case the ringers are connected
from each side of the line to ground.

5.213 Superimposed ringing current
is supplied for four party

selective ringing or eight party semi-
selective ringing, the subscribers’ringers
being connected from each side of the line
to ground. Superimposed ringing current
is alternating ringing current superimposed
on a direct current by connecting the ring-
ing current supply in series with a battery
of about 36-40 volts so that the ringing
current becomes in effect pulsating direct
current. This is shown graphically in
Figure 5-1. The ringing current is super-
imposed on a positive and a negative battery,
to obtain positive and negative pulsating
current. The subscribers' ringers are so
constructed and adjusted that each will re-
spond to only one polarity of superimposed
current. By connecting a ringer responding
to negative and another responding to posi-
tive ringing current from one side of the
line to ground, and two more similar ringers
from the other side of the line to ground,
four party selective ringing is accomplished.
By doubling the number of ringers and em-
ploying "one-ring" and "two-rings", eight
party semi-selective ringing is obtained.

ALTERNATING m m m
RINGING CURRENT U U U

ALTERNATING
CURRENT AFTER
PASSING THROUGH

+ SUPERIMPOSING

BATTERY
(RP~10107)

FIG. 5-1 COMPARISON OF AC AND SUPERIMPOSED
RINGING WAVE FORMS

5.22 Machine Ringing Systems

5.221 The term "machine ringing"
indicates that after ringing is

started it continues automatically until
the subscriber answers or the call is aban-

doned. It is employed in dial central of-
fices and in the larger manual and p.B.X.
exchanges. In manual central offices the

ringing is started by the depression of a
key controlled by the operator, or by the
operator plugging into a jack. In dial

TCI Library www.telephonecollectors.info



35

offices the ringing starts as soon as

the connection is established to the

called subscriber's line. The ringing
current flows through a "tripping relay”

in the operators cord circuit, or in an
equivalent circuit in dial exchanges, and
when the subscriber answers the tripping
relay operates and discontinues the flow of
ringing current to that line.

5.222 The ringing current supplied

for machine ringing is broken
up into ringing and silent intervals. These
intervals vary somewhat in different types
of ringing plant equipment, but in the
larger plants the ringing interval is two
seconds and the silent interval four seconds.
For semi-selective ringing where "one-.ring”
and "two-rings" are employed the two rings
are one second ring, one second silent.
These interruptions are provided by the
slow-speed interrupters which are driven by
the gear ringing machine, although in small
plants motor driven interrupters are used.

5.223 In order that the tripping
relay may function the instant

the subscriber answers, tripping battery
is furnished (also through the low-speed
interrupters) during the silent interval.
This silent interval tripping battery may
be furnished by the central office battery
or by separate cells. The direct current
component of the superimposed ringing cur-
rent, where this type of ringing current
is employed, assists in the operation of
the tripping relay during the ringing inter-
val.

5.224 "AC-DC ringing" is employed to
improve the operation of the
tripping relays in machine ringing circuits
where straight ac ringing was formerly used.
This current is obtained by connecting cen-~
tral office 48 volt battery in series with

WEST SIGNALING

INTERMED{ ATE

the ac ringing generator. The dc component
of the AC-DC ringing increases the tripping
range and assures that positive tripping
will occur during the ringing interval as
well as during the silent interval.

5.225 The "pick-up" circuit arrange-
ment, where one-ring and two-

ring semi-selective machine ringing is used,
is devised to avoid the false ringing of
the two-ring subscribers. The connecting
circuits, include pick-up relays which con-
trol the starting of the ringing interval
and these relays are in turn controlled by
the "pick-up" slow speed interrupter (PKU)
on the ringing machine. By means of the
pick-up circuit the ringing is always
started so that both rings of the two-ring
code are sounded initially as well as
during the remainder of the ringing period.

5.23 Toll Signaling

5.231 Ringing, supervisory and

pulsing signals over toll cir-
cuits involve the passing of suitable forms
of current over toll trunks directly or by
dc composite signaling. AC or DC signals
are used at toll switchboards to operate
outgoing signaling units which in turn trans-
mit 135 or 1000 cycle ringing currents over
toll circuits to the terminating end where
the signaling current passes through a tuned
circuit and a combination of relays send
out the type local signal required. Since
135 and 1000 cycle frequencies are within
the voice range, they are generally suitable
for toll circuits. However, 135 cycle ring-
ing currents are generally limited to cer-
tain repeater arrangements for composited
toll circuits. Since 1000 cycle ringing cur-
rent is in the middle of the voice frequency

range, it is known as "voice frequency signal-

ing" and may be used in connection with any
type or combination of toll trunk or carrier
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telephone system. DC composite or simplex
signaling may be used for toll trunk
signaling, dialing and supervision over
limited distances.

5.232 Under the Nationwide Dialing
arrangement including "Direct

Distant Dialing" it is essential that all
intertoll trunks provide for rapid 2-way
transmission of the necessary supervisory
signals in addition to meeting the require-
ments of speech transmission and pulsing.
For efficient dial operation certain super-
visory signals are required. These signals
may be transmitted by dc signaling methods,
however, composite signaling is not practi-
cal or economical on trunks more than 300
miles long.

To meet the requirements im-
posed by direct distant dialing and the
extensive use of carrier facilities a sin-
gle frequency (SF) signaling system was
developed. This SF system transmits super-
visory signals and dial pulses over the
same channel as voice by using signal tones
of one or two distinct frequencies in the
voice band (2400 or 2600 cycles). Briefly,
the principle used is as follows: At each
end of the trunk a single frequency signal
tone source is provided. This tone is
applied or removed from the trunk under con-
trol of the intertoll trunk relay circuit.
At the opposite end of the trunk an elec-
tron tube responds to the application or
removal of the signal tone, and then passes
dc signals to its associated trunk relay
circuit. All supervisery signals required
for dial pulsing and multi-frequency pulsing
intertoll trunks can be transmitted by
this method. 1In addition, like composite
signaling, the SF system can be used on
dial pulsing trunks to transmit the digit
pulses which route the call to the called
station.

The signaling tones of 2400
or 2600 cycles are supplied by electron
tube oscillators which are very stakle as
to both output and frequency. These oscil-
lators are accurately adjusted to within
+ 1/2 cycle of 2400 or 2600 cycles and
must stay within £ 3 cycles for proper oper-
ation of the system. Figure 5-2 is a
schematic view of the application to a 4
wire circuit.

(RP-10152-M)

FIG. 5-3 A 135 OR 1000 CYCLE SIGNALING

MOTOR GENERATOR
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5.233 The 135 cycle and 1000 cycle
motor generator sets are

similar in size and appearance and is shown
in Figure 5-3. They consist of a dc motor
(operated by the central office battery)
and an inductor alternator, mounted on the
same shaft and enclosed in the same frame.
A speed regulator is incorporated in the
motor end of the frame for controlling the
speed of the motor. The 135 cycle generator
delivers this frequency at approximately
20 or 35 volts.

5.234 The 1000 cycle generator has
three armature windings; one

delivers this frequency continuously at
about 6 volts (used principally for testing)
while the other two windings deliver 1000
cycle current at about 4.25 volts which is
interrupted at the rate of 20 times per
second. These windings, therefore, deliver
in effect 20 cycle current imposed on a
1000 cycle carrier which is used for the
toll signaling. The tuned circuit and com-
bination of relays on the terminating end
of the toll circuit are designed to respond
to this form of current, but will not re-
spond to a continuous note of 1000 cycle
voice current.

5.235 These motor generators are
mounted on a panel of the
ringing power board and two are usually pro-
vided, one which runs continuously and the
other serves as a reserve to be switches
into service in case of emergency.

5.3 Tones and Interrupted Signaling
Current

5.31 Tones are used to audibly transmit

circuit conditions to subscribers

or operators. These are usually furnished
as "high tone" and "low tone",

For certain purposes they are
furnished as continuous tones such as "dial
tone", "audible ringing tone", "number
checking tone", etc. For other purposes the
tones are uniformly interrupted by means
of motor driven interrupters for such as
"busy tone", "all trunks busy tone", etc.
Howler tone, used for attracting the atten-
tion of subscribers where the receiver has
been left off the switch hook, is provided
by the high tone frequency. In the larger
sizes of ringing plants the tones are pro-
duced by a tone alternator which is pro-
vided as part of the ringing machine. 1In
smaller plants these tones are produced by
high speed split ring interrupters normally
driven by small ac or dc motors or by static
frequency generators. Static frequency
generators usually include a varistor, con-
densers, resistances and transformer units
potted in a metal case and are used as a
source of high tone, low tone, busy tone,
dial tone and audible ringing tone.

5.32 The tone alternator consists of
three inductors and is wound for
three different tone channels. One tone
channel produces low tone, a second channel
produces high tone and a third channel
produces audible ringing tone. The "low
tone" frequency is 660 cycles/second, the
"high tone" frequency is 500 cycles/second
and the "audible ring" frequency is 420
cycles/second. The audible ringing tone,
when used in connection with suitable re-
peating and retardation coils, impresses
upon the ringing circuit a tone which
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HOUSING

FIG. 5-4

is audible to the calling subscriber during
ringing. As shown in Figure 5-4 the tone
alternator consists of a case in which are
mounted a common exciting structure of
Alnico (a permanent magnet type), three
stators, each with a separate inductor
winding for supplying tones and their cor-
responding rotors. It produces a uniform
induced tone which is taken from the stator
windings without brushes. The tone alter-
nator case is arranged for bolting to the
bearing housing of a ringing machine. The
rotor spider is provided with pins for
driving a low-speed interrupter.

The flux through the stator poles
changes as the teeth of the rotor rotate
past the stator poles and thus generates the
alternating voltages in the windings on the
poles. Figure 5-5 shows the tone alternator
mounted between the ringing generator and
the low speed interrupters.

(RP -10153-M)

FIG. 5-5 LARGE RINGING MACHINE WITH TONE
ALTERNATOR AND MERCURY TYPE INT.

STATOR

i—ALNICO PERMANENT

MAGNET

STATOR POLE
CHANNELS
LOW TONE

HIGH TONE
AUDIBLE RINGING

SET SCREWS (2)
“DRIVE PINS (2)

(RP-18186-M)

TONE ALTERNATOR ASSEMBLY

5.33 The low-speed interrupter, which
serves to control the ringing

and silent intervals for machine ringing
and for providing variously timed interrup-
tions or signals for many other purposes,
consists of a worm driven reduction gear
assembly and the necessary interrupting
units. In the smaller plants the interrup-
ting units may consist of contact springs
operated by cams and the reduction gear
may be driven by the ringing machine shaft
or by a small motor. Figure 5-6 shows a
25 watt ringing machine with cam-and-spring
type low-speed interrupters at one end and
the high-speed (tone) interrupters at the
other end. Figure 5-7 shows an ac motor
driven spring-type interrupter used in
806F type ringing power plants. The single-
phase synchronous capacitor-type motor

[RP-10154-M)

FIG. 5-6 A 25 WATT RINGING MACHINE WITH
HIGH-SPEED AND LOW-SPEED INTERRUPTERS
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(RP-17676-M)
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FIG. 5-7 AC MOTOR DRIVEN LOW-SPEED INTERRUPTER

operates at a speed of 1800 r.p.m. and is
equipped with an inclosed gear train. De-
pending on the gear train used,a 6 or 8
second ringing cycle is obtained.

5.34 The rotary mercury type interrup-
ter used on the larger 803C Ring-

ing Power Plant consists of one or more
interrupter units mounted on the low-speed
shafts of a reduction gear driven by a ring-
ing machine. The rotary mercury-type inter-
rupter units shown in Figure 5-8 consist of
either two or three steel discs separated
by insulators placed between the discs and
the whole clamped tightly together. Annular
grooves or channels are cut in one side of
the discs and the units are so assembled
that the channel of one disc is adjacent to
the channel of the next disc with the insula-
tor separating them. The insulators have
one or more openings or ports connecting ad-
jacent channels. The grooves are partially
filled with mercury and, when the units are
rotated, contact is made from one disc to the
other by means of the mercury when a port
of the insulator dips into the mercury pool.
The port openings are provided with Lavite
washers to withstand the arcing during oper-
ation. On interrupter units having 3 discs,

ANNULAR GROQVE
FOR MERCURY

LAVITE WASHER
WITH PORT

*INSULATOR DISC

{RP=10156=M)

FIG. 5-8 ASSEMBLY OF A ROTARY MERCURY-Ty"®
INT. UNIT

channels are cut on both sides of the
center disc. The number of ports and their
spacing around the insulator, the amount

of mercury in the channels, and the speed
of rotation determine the timing of each
interrupter unit. The rims of the discs
against which the brushes bear, present a
continuous surface and, therefore, longer
wear with less maintenance is obtained.
Figure 5-9 shows a group of rotary mercury-
type interrupter units as assembled on the
803C Ringing machines,

5.35 Ringing machines with tone alter-
nators and cam-driven spring-

type interrupters shown in Figure 5-10 are
used on the 804C Ringing Power Plant. In
this plant high and low tones are furnished
by a tone alternator which is part of the
ringing machine. One channel of high tone
and two channels of low tone (one for
steady tone and one for interrupted tone) are
furnished. Each channel is tapped so that
all tone voltages, with the exception of
step-by-step dial tone (10V), may be ob-
tained direct from the tone alternator with-
out the necessity of additional coils.
Machine and code ringing and various other
interruptions are obtained from the new type
nylon cam-driven interrupters which can be
maintained to a greater degree of accuracy
than has been previously possible with the
spring-type interrupters.

(RP=10157=M)

FIG. 5-9 A GROUP OF ROTARY MERCURY-TYPE
INT. UNITS

TCI Library www.telephonecollectors.info



39

INTERRUPTERS

GENERATOR SLIP
RINGS UNDER COVER

TONE ALTERNATOR
20 CYCLE

GENERATOR—

FIG. 5-10

5.4 Ringing Generators

5.41 The three principal methods of
generating ringing current are
by means of pole changers, static ringing
generators and motor generators. Space
does not permit describing all the types of
ringing generators in common use but several
representative types are outlined in order
to illustrate the scope of applications.

5.42 Pole Changers

5.421 In small central offices employ-
ing manual ringing a type of

pole changer known as the "No. 84 interrup-
ter" may be used, although the static ringing
generator is preferred because of its lower
maintenance and accurately regulated output.
It consists of a vibrating element, operat-
ing on the same principle as a common door
bell, actuated by the storage battery. The
vibrating contacts interrupt the flow of
battery current through the primary of a
transformer thus inducing alternating cur-
rent in the secondary at a frequency satis-
factory for ringing purposes. The No. 84

GEAR CASE

GREASE FITTING

&

(RP=18173-M)

AC MOTOR

GREASE FITTING J

MOTOR DRIVEN 804-C RINGING MACHINE

interrupter, whichproduces ringing current,
should not be confused with the high-speed
and low-speed interrupters previously de-
scribed which perform entirely different
functions. Figure 5-11 shows a standard
arrangement of two No. 84 interrupters on

a panel, together with a three-pole double-
throw switch for connecting either one into
service. Figure 5-12 shows a No. 84 inter-
rupter with the cover open.

5.43 Static Ringing Generator

5.431 Static ringing generators are
frequency converters and are

used to convert 60 cycle commercial power
to 20 cycle ringing power. Similar genera-
tors are used to convert 50 cycles to 16 2/3
cycles. They have no moving parts, except
a2 starting relay armature which is found in
some generators. This armature is in motion
only at the time of starting. When a start-|
ing relay is not required, a modulating
transformer is provided to start the 20
cycle oscillations.
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(RP -10158-M)

TWO NO. 84 TYPE INTERRUPTERS
MOUNTED ON A PANEL

FIG. 5-11

(RP = 10159-4)

FIG. 5-12 NO. 84 TYPE INTERRUPTER WITH
COVER OPEN

5.432 Figure 5-13 shows an exterior
view of a static ringing gen-

erator together with a small dec motor
driven ringing machine for reserve use,
Figure 5-14 shows a view with the covers
removed and a schematic of the static ring-
ing generator with a starting relay. When
the 60 cycle supply is applied, the start-
ing relay operates, opening its back con-
tact and setting up a condition favorable
for the 20 cycle oscillations. If the 20
cycle frequency is sustained, the starting
relay will be held operated; but if the 20
cycle frequency is not sustained, the start-
ing relay will release and a second start
will be made. In general, not more than 2
or 3 successive starts of the starting re-
lay are required. On those generators where
the input is a 50 cycle source, the same
operation will give a 16 2/3 cycle output.

5.433 Referring to the schematic
diagram, 60 cycle ac is applied
to the oscillating circuit consisting of
part of the output transformer, the 8 MF
condenser, winding of the starting relay,
and the tone coil. The circuit, with the
saturated coil shorted by the starting relay
back contact, has a relatively low impe-
dance to 60 cycle current which operates

(RP-i0I80-M) |

FIG., 5-13 A STATIC RINGING GENERATOR AND
DC MOTOR DRIVEN RESERVE RINGING
GENERATOR
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STATIC RINGING GENERATOR WITH
COVER REMOVED AND SCHEMATIC

FIG. 5-14

the starting relay, placing the saturated
coil in the circuit and setting up a condi-
tion favorable for 20 cycle oscillations.

If the 20 cycle frequency, for which the
circuit is favorably turned, is sustained
the current at this frequency will be great
enough to hold the starting relay operated.
If the 20 cycle current is not sustained with
the initial operation of the relay it re-
leases and reoperates until the 20 cycle
frequency is sustained. The frequency of
the 60 cycle primary supply, being equal

to the third harmonic, serves to keep the
train of the 20 cycle wave and its harmonics,
in operation. The 20 cycle ringing output
is taken from the secondary of the output
transformer. By means of the tone coil and
its condenser, proper harmonics are made to
serve the useful purpose of furnishing
audible ringing tone.
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The static ringing generators
will deliver an output up to approximately
1/2 ampere of 20 cycle ringing current
continuously at 75-110 volts and withstand
temporary overloads of 100 per cent. In
offices where superimposed battery is con-
nected in series with the ringing supply a
separate autotransformer is used for this
purpose and connected to the output trans-
former terminals.

5.44 Motor Driven Howler Interrupter

5.441 This apparatus consists of a
single-phase, split-phase
motor with a tone commutator mounted on the
motor shaft extension. The commutator has
one solid collector ring and one segmented
ring with 16 live segments, each connected
to the collector ring, to obtain 480 inter-

ruptions per second at a speed of 1800 r.p.m.

The collector ring has one common brush to

feed current into the interrupter, and the

segmented ring has three brushes furnishing
three interrupted circuits.

5.45 Small Motor Driven Ringing Machine

5.451 In some smaller central offices
which require a continuous
ringing current supply, dc motor driven

ringing generators are used either as the
reserve source or for both the regular and
They may be arranged

the reserve sources.

ROCHKER RING I
CLAMPING BOLT-

—ROCKER RING

41

THROUGH-BOLTS

to operate continuously or to operate under
control of the telephone switching equipment.
Figure 5-6 shows the type machine used in
these plants. They are of the inverted
rotary converter type and are used in small
offices and large P.B.X.'s. Two of these
machines are usually mounted on a power
board panel and covered with a common sheet
steel cover with circuit provisions for
automatically switching from the regular
machine to the reserve machine in case of
failure.

5.452 As shown in Figure 5-13 a dec
motor driven ringing generator

may be used as a reserve for the static
ringing generator during a commercial power
failure. However, the more recently devel-
oped plants, such as the 806 E and 806 F
types, use static ringing generators, fre-
quency generators and ac motor driven cam
and spring interrupters on a regular unit
and a reserve unit basis. 1In these plants
a rotary inverter is provided to furnish
ac during power service failures. If the
ac line voltage falls below 85 per cent of
normal, the plant transfers automatically
to the inverter. About 15 seconds later
the plant transfers back if the line has
recovered to at least 90 per cent of normal
voltage, or if not, remains on the reserve
until the line voltage does recover, Figure
5-15 shows a typical disassembled inverter.

[—END SHIELD

——— BRUSH
, | HOLDERS

COLLECTOR RINGS
BRUSHES

OO0

ARING
ASHERS

H HOLDER
CAPS

FIG. 5-15 TYPICAL ROTARY INVERTER
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FRE QUENCY
TONE GENERATOR
FOR HIGH & LOW TONES

ROTARY INVERTER [NV
AND CONTROL RELAYS

STATIC FREQUENCY
GENERATOR RING G2

STATIC FREQUENCY
GENERATOR RING G1

FIG. 5-16

5.46 Tone and Interrupter Features

5.461 In central offices employing
ringing machines they are
usually equipped for producing tones and
low speed interruptions. In the large
plants the ringing machines also produce
coin control current.

5.462 One quarter ampere ringing
plants, B06-F type, developed
for use in community dial offices use static
machines for 20 cycle ringing and all tones.
The interrupters are ac motor driven and
are operated by nylon cams assuring maximum
reliability and precise timing intervals.

(RP-18180-M)

806-F RINGING PLANT

Automatic transfer to the reserve machine
is included and in the event of a power
failure a battery driven inverter supplies

ac to operate the plant. Figure 5-
the 806-F plant. P gure 5-16 shows

5.463 A larger ampere ringing plant,
804-C type, developed for

use in No. 1 and 5 crossbar, No. 1 and 350
SXS and No. 11 manual offices fills the
gap between the 1/2 ampere plants used
mainly in community dial offices and the
large 2-6 ampere 803-C type ringing machine.
It employs 1 ampere ringing machine which
incorporate integrally mounted tone alter-
nators for high quality dial and busy tones
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FIG. 5-17 804C RINGING PLANT
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and adjustable type interrupters capable of
a high degree of accuracy of interrupter
timing intervals. There is an ac line driven
ringing generator for normal supply with
automatic transfer to a dc driven generator
under conditions of ac service failure, dial
tone failure, high or low 20 cycle ringing
voltage. An electronic type voltage regu-
lator on the ac machine and a contact type
speed regulator on the dc set maintains the
standard 18 1/2 to 20 cycle and 84 to 88
ringing voltage.

The ringing machines are mounted
in the ringing bays on pull out sliding
shelves for easy maintenance, and the com-
plete plant is contained in two box type
framework bays having a total width of
49 1/8", depth of 36" and heighth of 8'.

The interrupters are driven
from nylon cams which are machined to close
tolerances and the interrupter springs are
equipped with adjusting screws, thus the
ringing intervals can be maintained to a
greater degree of accuracy than has been
previously possible with spring type inter-
rupters. Each machine is equipped with a
totally enclosed tone alternmator on one end.
Two channels of low tone, one for steady
dial tone and one for interrupted busy tones
are provided, and one channel of high tone.

The 1 ampere ringing generators
used in this plant do not furnish coin con-
trol battery and, therefore, a separate unit

TRANSFER
SWITCHES
|
|
e, b
e — g
AC MOTOR DC MOTOR I Y
RING & e e

CC GENERATOR M, f
-
TONE

ALTERNATOR h

GEARCASE

FIG. 5-18

consisting of two 120 volt, 0.8 ampere
rectifiers and two strings of 6 dry cells,
one for positive and one for negative coin
control are furnished. The coin potential
is normally obtained from the rectifiers,
but in the case of power or rectifier
failure, the load is automatically trans-
ferred to the batteries.

Additional units of this plant
may be provided as the need arises to
supply ringing loads above 1 ampere. It
has the advantage of requiring less floor
space and is considerably cheaper than the
larger B803-C type. Figure 5-17 shows the
804-C Ringing Plant.

5.464 The large B03-C type ringing
plant is shown in Figure 5-18

and is furnished in the 2, 4 or 6 ampere
size, The ac line driven machine normally
carries the load and the reserve dc
machine operates from the office 24 or 48
volt central office battery. Automatic
transfer to the battery driven machine
takes place when the ac commercial power
fails or drops below a specified value.

The battery driven motor
speed is controlled by a speed regulator
mounted on the commutator end of the motor
and serves to keep the motor speed within
limits. A tone generator is mounted be-
tween the generator and the low-speed in-
terrupter reduction gear which drives the

HOWLER

-
A

RECTIFIERS

"

AC
REGULATORS

SAFTO FUSE

/ (RP=1858=M)

803-C RINGING PLANT
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rotary mercury-type interrupters. The
generator furnishes ac ringing current and
positive and negative direct current at
approximately 120 volts for coin control.
This direct current is also used to excite
the field coils of the generator and for
this purpose is connected through a gener-
ator field rheostat and an ac motor driven
centrifugal voltage regulator for control-
ling the ringing current voltage.

In order to provide the
various ringing voltages necessary for the
continuous supply to PBX's as well as for
the AC-DC or superimposed machine ringing
service, an output transformer having sever-
al output voltage taps is supplied with
each machine.

5.5 Ringing Plant Operating Features

5.51 The foregoing descriptions did
not outline certain features,
frequently incorporated in ringing power
plants, which are described broadly in the
following paragraphs.

5.52 The division of the ringing load
in machine ringing offices is
accomplished by means of the slow-speed in-
terrupters. Since the ringing interval is
usually only one half as long as the silent
interval (2 seconds and 4 seconds) it is
possible to utilize three slow-speed inter-
rupter units in an arrangement whereby one-
third of the office is supplied ringing
current during a two-second ringing period,
another third of the office during the next
two-seconds and a third during the following
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two-seconds. Thus the ringing generator
can carry three times the load it could
handle if the whole office were supplied
during the same two-second ringing period.

5.53 Automatic switching from the re-
gular to reserve ringing supply is

employed in most of the larger plants. While
the detailed circuit arrangement may differ
with various sizes and types of plants this
feature provides for starting the reserve
battery driven machine when the voltage of
the regular ac driven machine falls below
predetermined value, caused by a primary
power supply failure or other trouble. The
ringing supply, tone and interrrupted sig-
nal circuits are transferred from the regu-
lar machine to the reserve machine by means
of a multipole electrically operated trans-
fer switch. When ringing current of the
proper voltage from the regular machine be-
comes available, the supply circuits are
automatically transferred back to it and
the reserve machine stopped.

5.54 The charging of the ringing bat-
teries is treated as a function of
the ringing power plant. It was previously
mentioned that batteries are employed in
connection with silent interval tripping,
ringing interval tripping and for superim-
posed ringing. In certain systems the cen-
tral office battery is used for some of
these functions and separate storage bat-
teries for others. Where separate storage
batteries are used as part of the ringing
facilities the ringing power plant is pro-
vided with suitable types of rectifiers and
auxiliary equipment to maintain these bat-
teries in a properly charged condition.

QUESTIONS

1. What are the principal types of current furnished by a ringing power plant?
2. How is superimposed ringing current produced and what is it used for?

3. What is meant by "machine ringing"?

4. How is semi-selective machine ringing accomplished?

5. What is the purpose of AC-DC ringing?

6. Why is the "pick-up” circuit arrangement used and how does it function?

7. Briefly describe how 135 or 1000 cycle signaling functions.

8. Describe the 135 and 1000 cycle motor generator sets.

9. How are tones used and what are the two pfincipal types?

10. Describe a tone alternator.

11. What is the purpose of low-speed interrupters?

12. How does the rotary mercury-type interrupter function?

13. Briefly describe a No. 84 Interrupter and its function.

14. Describe a motor driven howler interrupter.

15. What is the purpose and operation of a static ringing generator?

16. Why are dc operated ringing machines provided with speed regulators?

17. Describe the 804-C type ringing plant.

18. Why are output transformers usually used with ringing machines?

19. How is the division of ringing load accomplished in machine ringing plants.
20. Briefly describe "automatic switching from regular to reserve ringing supply.”
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6. BATTERIES
6.1 General

6.11 There are three general types of
battery cells used in telephone

plants., They are storage batteries,
C.E.M.F. cells and dry cells. The most
important of these is the storage battery
or accumulator in which chemical changes
are brought about by passing direct cur-
rent through them, called charging, there-
by rendering them capable of delivering
electrical energy, called discharging.
The plates of some storage battery cells
contain lead-calcium and others lead-
antimony. Nickel-cadmium (nicad) bat-
teries are being used for engine starting
batteries in reserve power plants with ex-
cellent results. However, the voltage per
cell is less than lead-type cells so that
more nicad cells are required for any re-
quired voltage.

6.12 Associated with the storage bat-
tery in certain instances are

counter electromotive force (CEMF) cells
which do not accumulate or store energy
but develop potential or voltage when cur-
rent is passed through them. Therefore,
they are not charged and discharged as are
storage batteries but are connected in
series with them in units of one or more.
They are used for regulating the voltage
supplied to the telephone plant by the
storage batteries in combination with the
charging equipment.

6.13 In some instances, small am-
perages at voltages different
from those required for the operation of
the bulk of the circuits and apparatus in
a telephone plant, are obtained from pri-
mary batteries of the dry cell type.

6.2 Storage Batteries

6.21 Storage batteries are of great
importance in telephone plants.

They act as reservoirs of electricity and
are,therefore,capable of supplying energy
for limited periods, irrespective of inter-
ruptions in commercial power service. They
are of low impedance and absorb much of
the electrical noise which charging machines
generate by reason of undulations in the
voltage of their output.

6.22 A storage cell can be made by
immersing lead plates in dilute

sulphuric acid and passing direct current
through the combination thus electrically
"forming" the plates:. This is an expensive
method of accomplishing the results, and
the storage capacity of a battery so made
would be relatively small., Commercially
it is more economical to form the plates
chemically.

In a commercial lead-acid storage
battery the plates consist essentially of
lead with which a small amount of antimony
or calcium is alloyed to increase its
mechanical strength and stiffness. The
plates are cast in the form of grids and
are so formed to become containers for lead
compounds known as active materials. There
are many different designs of storage bat-
tery grids, however, the result obtained by
all of them is essentially the same.
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6.23 A storage battery cell is an elec-
trolyte cell for supplying elec-

tric energy. It consists of several posi-
tive and negative plates with separators in
between in a suitable container filled with
an electrolyte which is dilute sulphuric
acid. All positive plates of a cell are con-
nected together and all negative plates are
connected together and terminated at suitable
positive and negative terminals used to con-
nect the cell into the circuit. The number
of plates in a cell will always be odd since
an extra negative plate is required in each
cell in order that each positive plate may
have a negative plate on each side, this
being necessary to prevent buckling of the
end positive plates, which are more likely
to become distorted in operation, than are
the negative plates.

6.24 During charge a chemical action
takes place within the cell between the
plates and electrolyte whereby the lead sul-
phate on the positive plates is changed to
lead peroxide and on the negative plates it
is changed to sponge lead.

During discharge a similar but

opposite chemical action takes place whereby
lead sulphate is formed on both sets of
plates. This form of lead sulphate is in

a finely divided state, and is essential to
the operation of the cell. The loss of
sulphuric acid from the electrolyte in the
formation of the lead sulphate causes the
lowering of the specific gravity during dis-
charge while the chemical reaction producing
water further dilutes the electrolyte. The
relative density of electrolyte is an indi-
cation of the state of charge of a cell which
may, therefore, be determined with a hy-
drometer.

6.25 The voltage of a storage cell
varies between 1.75 volts when dis-

charged, to approximately 2.55 volts at full
charge. The normal voltage under correct
operating conditions may be computed at
approximately 2.17 volts. Therefore, the
number of cells to be connected in series
to obtain a desired circuit voltage require-
ment is in general obtained by dividing the
desired voltage by 2.17.

6.26 The capacity of a storage cell
is determined by the surface area

of the positive plates of the cell, that is,
the ampere capacity of the cell increases
in direct proportion to the increase in the
area of these plates. Rated capacity, or
ampere-hour capacity, is the number of ampere-
hours which can be delivered under specific
conditions as to rate of discharge, final
voltage and temperature. For example, the
rated capacity in ampere-hours of batteries
classified under the 8 hour rate is 8 times
the 8 hour discharge rate in amperes at a
temperature of 77 degrees fahrenheit when
discharged to 1.75 volts per cell. If the
discharge rate is 12,5 amperes, the rating
és 8 hours x 12.5 amperes or 100 ampere-
ours.

6.27 Sediment accumulates in the normal
use of a cell which is regularly
discharged and charged. The active material,
mostly from the positive plates, is gradually
worked loose from the plates and settles to
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the bottom of the cell in the form of
sediment. Unnecessary overcharging,
resulting in excessive gassing acceler-

ates the wear on the plates and consequent-
ly the accumulation of sediment. If sedi-
ment piles up either on the bottom of the
container or on the plate supports, so that
it comes into contact with the bottom of

the plates, it will produce a partial short-
circuit which will shunt part of the current
during charging and will also cause the af-
fected cell to discharge continuously when
not being charged. With present operating
methods, particularly continuous float, there
is very little sediment deposited.

6.28 Sulphation in a storage cell is

due to the lead sulphate on the
positive plates reaching an abnormal condi-
tion where it tends to fill the pores of the
plates and make the active material hard and
dense. During the normal discharge of a cell
lead sulphate is being formed on the plates.
If a cell is permitted to stand completely
discharged, is habitually undercharged, or is
otherwise neglected, the sulphate reaches
the condition called sulphation. This form
of sulphate makes the portions of the plates
on which it is deposited inactive, thus re-
ducing the capacity to that which is given
by the remaining good material. The harmful
sulphate formed in this manner when not in
too large masses, can usually be converted
into lead peroxzide and lead in the same
manner as the finely divided useful sub-
stance by considerable extra charging.

6.3 Pilot Cell

6,31 A readily accessible and well
lighted cell of the battery which
is selected and used as a guide for voltage
and temperature readings in the initial and
other charges necessary to meet requirements
before turn over to the telephone company.
In general, it is the new cell which arrived
on the job with the lowest electrolyte level
except, that it shall not be a cell next to
a window or hot radiator or a cell at the
end of a row. This precaution is necessary
since heat from the direct sunlight or near-
by radiators will increase the local action
in any type cell.

6.4 Battery Plates

6.41 A positive plate consists of a
grid and positive active material.
A charged positive plate is usually dark
brown in color. The terminal to which posi-
tive plates are attached is usually designa-
ted (+) or (POS) or is referred to as the
plus terminal.

6.42 A negative plate consists of a
grid and negative active material.
A charged negative plate is light gray in
color. The terminal to which negative plates
are attached is usually designated (-) or
(NEG) or is referred to as the minus termin-
al.

6.43 Positive and negative plates of
any cell are separated mechanically
to prevent metallic contact or short circuit.
The material used must be porous to allow
circulation of electrolyte and provide low
resistance to current flow.

6.5 Separators

6.51 It is essential that the positive
and negative plates of any cell
should be mechanically separated from each
other in a way to prevent metallic contact
or short circuit., The material used is
porous and allows circulation of the elec-
trolyte and low resistance to current flow.

6.52 Wood or microporous hard rubber
separators and fine spun glass-
fiber mats or perforated hard rubber re-
tainers in various combinations are used

to separate the plates. See Figure 6-1,
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_’« “———LEAD FILLING FUNNEL
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—
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(RP-14001-M)

FIG. 6-1 CELL ASSEMBLY
6.53 The separators deteriorate with
age becoming mechanically weak

or brittle or both so that if work is done
on an aged cell, it is quite likely that

the separators will be damaged. However,

if the cell is not disturbed, the separators,
are likely to provide the required separa- _
tion and last as long as the plates.
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6.6 Electrolyte 6.72 Because the large surface of ac-
tive material and the low internal
6.61 The electrolyte is the solution in resistance, a battery can usually be dis-
which the plates of a storage cell charged at any rate without injury. 1In gen-
are immersed and which in combination with eral, the greatest output in both ampere-
the active material of the plates, deter- hours and watt-hours is obtained when the
mines the electromotive force or voltage of battery is discharged over a considerable
the cell. This solution consists of puri- time such as several days, since the dif-
fied sulphuric acid and approved water. fusion of acid through the active material
is more complete and a greater percentage
6.62 The specific gravity of the solu- of the active material is available to sus-
tion at any time is dependent upon tain the charge. Telephone batteries are
the type of cell, the electrolyte tempera- usually rated to discharge to 1.75 volts
ture and the amount of charge in it. Since per cell in 8 hours.
specific gravity varies with changes in
temperature, readings must be corrected to 6.8 Accessories
an established base temperature of 70 or 77
degrees Fahrenheit for reference purposes. 6.81 A number of accessories are re-
quired for the maintenance and
Specific gravity is the ratio be- operation of the various type batteries
tween the density of the electrolyte and the some of which are shown in Figures 6-2, 6-3
density of water. The specific gravity of and 6-4.

the electrolyte becomes lower as the battery
is discharged and rises as the battery is
charged.

6.63 Water which is lost from the elec-
trolyte through evaporation or

other reasons must be replaced to keep the
proportion of water to acid practically con-
stant. If this were not done the hydrometer
readings would reflect the variation of the
electrolyte density due to water loss and GUICE
cannot be relied upon as an accurate indica-
tion of the condition of charge.
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6.64 Gravity range is the difference in
specific gravity of the electro- HIGH

lyte of a fully charged cell and of the same LEVEL
cell discharged to the point where for prac- BARREL
tical purposes it is considered as fully LOW LEVEL —-
discharged. The actual amount of this dif- “Pmﬁsg)
ference depends upon the quantity of elec-
trolyte in the cell as compared with the
quantity of available active material in the
plates. If the plates are badly sulphated,
or a portion of the active material has been GOUD EXIDE
dissipated so that the full capacity is not
available, the range in specific gravity to ks-8662
complete discharge is reduced approximately
in proportion to the reduction in capacity.
The range also varies with the rate of dis-
charge. Ampere-hour capacity and, therefore GLAND NUT
the gravity range, increases as the dis-
charge rate is decreased, because more time WASHER
is available for diffusion of the electro-
lyte in the pores of the plates, and a large
part of the total active material is able to
take part in the chemical action.
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The nominal specific gravity of a
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(1.201 to 1.225) GOULD EXIDE

LEVEL OF ELECTROLYTE
6.7 Charge and Discharge Rates WITH NO FLOAT CQVERS (RP-15789-1)
MA%, - SECOND COLOR SH(stso-Is (RED)

FLOAT

FLOAT
{SPUR TYPE)

LEAD STRIP
(EXIDE)

6.71 The nominal charging rate is a cur- HIN. - FLOAT st

rent value recommended by the manu- MAX. - TOP OF FLOAT AT LOWER EDGE OF UPPER LINE
facturer as a current which can be absorbed MIN. - TOP OF FLOAT AT UPPER EDGE OF LOWER L INE

by the cell throughout the charge without

overheating or harmful gassing. There is no

harmful effect in charging at a rate less

than the nominal and usually a reduced rate

is more economical and ‘tends toward greater

battery life. 1In order to conserve time, a

relatively high starting rate with a low

finishing rate is sometimes specified. FIG. 6-2 ELECTROLYTE LEVEL INDICATORS
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EXPLOSION PROOF VENT AND FILLING
FUNNEL BAYONET TYPE

FIG. 6-3

6.82 Level indicators are provided for
cells when the level cannot be ob-

served through non-transparent containers
such as rubber jars. The indicator floats
through a hole in the cover of the cell. The
stem of the indicator without a dome cover is
colored part way so that a change in color in-
dicates the electrolyte at the maximum level
as soon as it appears.

6.83 Containers are made of hard
rubber and transparent molded
plastic.

6.84 The term "case" is applied to the
wooden case or box in which small
cells are packed and left during life.

6.85 A tray is a rubber or lead pan for
one or more cells set under a bat-
tery, particularly in rented quarters, to
catch electrolyte in case a cell should break

or leak.

6.86 Thermometers to measure electrolyte
temperature are graduated in de-
grees Fahrenheit and also have a scale indi-
cating the correction to be made on the ob-
served hydrometer reading to correct it to
the established base or reference tempera-
ture.

6.87 A hydrometer is an instrument for
measuring the specific gravity of

the electrolyte. The syringe type consists
of a sealed glass tube properly weighted and
provided with an inner scale graduated in
terms of specific gravity. This is enclosed
in a syringe, consisting of a glass cylinder
with rubber bulb at one end and a tip at the
other, arranged so that electrolyte can be
drawn out of the cell to float the hydro-
meter.

6.88 Battery cells always give off a cer-

tain amount of hydrogen and oxygen
in explosive mixtures. When a static charge
or spark is released (discharged) by a per-
son or tool in the presence of this gas, or
mixture, near a cell, and the gas is of suf-
ficient concentration it will ignite. If it
occurs in a confined space this will cause
an explosion. These hazards are controlled
by releasing static accumulation to ground
and by dissipating the gas. Static hazards
are most .-severe in dry cold weather rather
than in humid warm weather,
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FIG. 6-4 EXPLOSION PROOF VENT

The design of battery cells fit-
ted with explosion control devices reduces
a minimum the possibility of an explosion
that would injure personnel, or cause
damage to the cell cover or equipment or
create a hazard to other equipment. With
these features a spark, flame or arc can
ignite only a small amount of gas wunless
it accumulates near the cell in large quan-
tities.

to

6.9 Types of Cells

6.91 There are two general types of
enclosed or sealed type storage

batteries in use in the telephone power
plant. They are known as the rubber tank
type and the jar type. The jar type may be
of plastiec or rubber, The rubber tank type
is enclosed in a hard rubber cover. Figures
6.5 and 6.6 show the two types.

(RP-10134)

FIG. 6-5 ENCLOSED PLASTIC JAR
BATTERY

TCI Library www.telephonecollectors.info



50

GAS VENT

ELECTROLYTE LEVEL

INDICATOR WITH NO
COVER

FILLING FUNNEL

CONNECTOR BOLT
TERMINAL POST

EXPLOSION-PROOF
GLASS BALL
CONSTRUCTION

PERFORATED
HARD-RUBBER
RETAINER

[RP=14081=-M)

FILLING
FUNNEL

GAS3 ESCAPE
> W DEEP SEAL

G
COLﬂﬁﬁbﬂ
HOOD

GROOVED
WOOoD
SEPARATOR

FOSITIVE
PLATE

SLOTTED

[RP=12494=M)

FIG. 6-6 ENCLOSED RUBBER JAR BATTERY

6.92 The rubber tank type cells are

designed to rest directly on the
floor. Jar type cells are usually supported
by battery standsaibattery shelves or cabi-
nets. Separate battery rooms are not re-
quired for these enclosed type battery in-
stallations. Figure 6-7 shows enclosed
rubber tank type batteries.

6.93 Jar type cells are received in a
wooden shipping crate or box.
Any crate or box containing a cell can be
taken into a building through the usual
standard door or window opening. They are
mounted on shelves as shown in Figure 6-8.

6.94 Cells may be shipped on pallets
(platform) in groups of six or

less and may weigh as much as 2000
pounds, They are normally left on the
pallet until the final location is reachea.
However,the palletized unit may be dis-
assembled in the freight car or truck and
handled as individual units whenever this
becomes necessary or where the lifting
equipment is not of sufficient capacity to
handle the entire assembly.

6.95 Rubber tank type cells are re-
ceived in a crate as shown in
Figure 6-9 and use a one ton battery 1lift
to remove them from the crate and to their
proper position on the battery room floor.

6.10 Counter Cells

6.101 After batteries have been par-

tially discharged, it is neces-

sary to charge them promptly, so they will
be in condition for further use. During
the charging, however, the voltage across
the battery must be somewhat higher than
when floating. To prevent this higher
voltage from reaching the central office
discharge circuits, it is necessary to
employ counter electromotive force (CEMF)
cells, between the battery and the load,
tolreduce the potential to the desired
value.

6.102 Alkaline type counter-emf cells
normally function to oppose,

and thereby cause a voltage drop in the
main discharge battery supply, the voltage
being lowered by an amount depending on
the number of cells in the circuit. This
drop occurs as current is passed through
the cells when they are connected in
series with the battery discharge supply.

The advantage of counter-emf
cells as compared to a series resistance,
which may be used, is that the voltage
drop through the counter cells does not de-
pend entirely on the amperage flowing
through the circuit, whereas the voltage
drop due to a series resistance (IR drop)
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FIG. 6-7 ENCLOSED RUBBER TANK BATTERY CELLS

is directly proportional to the current
flow. The counter-emf developed is depen-
dent to some extent on the amount-of cur-
rent passing through it but the range of the
counter voltage is fairly narrow, varying
from 1.85 volts per cell at 10% rated load
to approximately 2.15 volts per cell at full
load when the alkaline solution is new,

at the correct level and at a temperature

of 100 F. The values change with age and
temperature,

Primarily counter-emf cells are
introduced in the discharge circuit, when
the battery is being charged, in order to
hold the office voltage within the upper
allowable voltage limits at the distribu-
tion point, and in other cases to provide
a reduced voltage supply constantly. Briefly,
their function is that of voltage regula-
tion and,therefore,may operate in the cir-
cuit continuously or intermittently.

6.103 The cell shown in Figure 6-10
consists of glass jars in

which are contained identical positive and
negative plates of approved metal or alloy
suspended in an alkaline solution, Since
the cell has no polarity, it can be con-
nected for either direction of current flow.
The alkaline solution which is of high con-
ductivity, serves as a conductor for the
current from one group of plates to another,
Each plate is provided with glass bead
separators to separate and insulate the
plates of opposite polarity. The water con-
tent of the solution is decomposed by elec-
trolysis.

After the plates are immersed in
the solution, the surface of the solution
is covered with a layer of chemically inert
mineral oil which serves to prevent exces-
sive spraying and evaporation when the cell
is in operation,

These cells have no storage capa-
city, that is, when it is short circuited
after having been in circuit there is no
appreciable short circuit current. No ini-
tial charge is required, nor adjustment of
the solution.

6.104 A cell container or jar is filled
with alkaline solution over
which there is a layer of mineral oil.
Plates are suspended from the cell cover
in this solution. One or more of the iden-
tical plates are connected to each of the
terminal posts on the cover for connection
in the circuit. The voltage drop in the
cell is the voltage expended in forcing
the current from one plate or group of
plates through the solution of the other
plate or group of plates.

6.105 Cell containers or jars are
usually of boro-silicate glass

such as pyrex but may be of a plastic such

as polystyrene. Glass, when used, must be

of this type to resist attack by the caustic
solution and to reduce breakage by avoiding
the strain usually present in ordinary glass.
They must be carefully handled at all times
to prevent internal or external scratches.
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FIG. 6-8 BATTERY HOIST LIFTING RUBBER JAR
CELL

6.106 The alkaline solution is approx-
imately 9 per cent caustic soda

(sodium hydroxideg in distilled water or
water approved for storage battery use. It
also includes a depolarizer when nickel
plates are used. Stainless steel plates
are now being used. The solution is corro-
sive to many materials including aluminum,
zinc, clothing, paint, and the skin but it
does not attack iron or steel. .It may be
neutralized with boric acid or vinegar.

6.107 The solution may be shipped

ready mixed, but considerable
saving in shipping charges is possible when
the sodium hydroxide (plus depolarizer, if
any) is shipped dry for mixing with water
on the job. The dry caustic in unopened
containers may stand for a year or two with-
out contamination or loss of strength. In
solution form, however, the caustic attacks
the ordinary glass used in shipping bottles,
causing contamination of the solution by
sodium silicate. This shortens the useful
life of the solution.
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FIG. 6-9 CRATED RUBBER TANK CELL

6.11 Engine Starting Batteries

6.111 Batteries of the lead-sulphuric
acid type, and the more recent

nickel-cadmium alkaline type, are designed
for engine starting where the normal routine
is three starts per week, with voltages
maintained between starts at 2.16 volts
per cell for the lead acid type and 1.4 volts
per cell for the nickel-cadmium type. All
batteries are shipped filled with electro-
lyte and charged. They are composed of a
number of cells in trays (nickel-cadmium)
or cases (lead-acid) depending on the vol-
tage required to start the engine as shown
in Figure 6-11 and 6-12.
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6.112 Nickel-cadmium batteries have
been on trial in telephone plants

for some time with excellent results and
minimum maintenance. These batteries will
gas only on charge and then only at poten-
tials over 1.33 volts per cell. At poten-
tials up to 1.47 volts per cell the gassing
is negligible. The gas given off is the
same as given off by lead-acid cells, namely,
a mixture of hydrogen and oxygen. Since
this is explosive, the same anti-explosion
precautions apply to these cells as to
lead-acid cells. However, very little ex-
plosive gas is given off at voltages of
1.47 volts and below. Bell System operat-
ing routines call for no operation at vol-
tages above this value. For this reason,
explosions are less likely than on lead-
acid cells, and anti-explosion design fea-
tures have not been provided for these cells.

The alkaline electrolyte is
corrosive and attacks most animal and vege-
table products including clothing, the skin,
and paint, as well as some metals including
aluminum and zinc but excluding iron, steel,
and nickel. It attacks glass very slowly
(Pyrex-type glass almost negligibly), so
exposure of glass other than the Pyrex type
or of porcelain should be for as short dura-
tion as practicable, and glass or porcelain
objects should be washed in water after any
exposure to electrolyte.

.6.12 Dry Cells

6.121 A dry cell is a primary cell. It
produces electrical energy

through an electrochemical .reaction which
(RP=16373=M) is not efficiently reversible except in the
earlier stages of discharge. Hence, the
cell when fully discharged cannot be econ-
omically recharged. The electrolyte is
completely enclosed in the absorbent mater-
ials within the cell.

FIG. 6-10 GOULD CEMF CELL

(RP-1E89Y )

FIG. 6-11 TRAY OF NI-CAD BATTERY CELLS
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FIG. 6-12 EXIDE ENGINE STARTING BATTERY

A dry battery is a combination
of two or more dry cells electrically con-
nected together to produce electrical
energy.

Ordinarily, the cell is enclosed
in a zinc can which serves as the negative
electrode and which is usually lined with
a layer of paste and absorbent paper. The
positive electrode consists of a central
carbon rod surrounded by a layer of material
known as the depolarizer or "mix," The mix"
consists of a mixture of ground carbon or
graphite and manganese dioxide. Both the
'mix" and the lining are moistened with
electrolyte consisting of a water solution
of ammonium chloride (sal ammoniac) and
zine chloride.

The open end of the zinc can is
closed by a layer of insulating compound,
or by an insulated metal top, to hold the
materials in place and to prevent evapora-
tion of the moisture in the cell.

6.122 When the external circuit between
the terminals of the cell is

closed, chemical changes within the cell
produce electrical energy. These changes
result in the liberation of hydrogen, which
would tend to collect at the carbon elec-
trode if it were not absorbed by the man-
ganese dioxide in the "mix)' In use, the
various constituents of the cell either
become exhausted or coated with the products
of chemical reactions, thereby increasing
the internal resistance and lowering the
operating voltage of the cell.

Local intermal action is re-
sponsible for the consumption of some of
the chemical energy in the cell. This loss
of energy, which occurs both while on open
circuit (either in storage or assembled in
equipment) and while on closed circuit, is
known as shelf depreciation.

6.123 The life of a cell depends upon
many variables such as its size,
ingredients, processes of manufacture, age,

and also on the frequency, duration, and
rate of discharges and the circuit voltage
limits.

The chemicals in the cell, in-
cluding the water, gradually become ex-
hausted due to useful current output and to
shelf depreciation. When this condition is
reached, no more electrical energy can be
supplied. In order to obtain reliability
of service it is economical in most tele-
phone application to discard cells before
their capacity is completely exhaused.
However, if the cell has become exhaused
due to a high rate or extended period of
discharge, it may recover to some extent if
allowed to stand idle and will then be
capable of rendering further service.

6.124 When batteries are exposed to
abnormally high temperatures, the
voltage, both open-circuit and operating,
and the rate of shelf depreciation are in-
creased. Batteries should,therefore,be
kept away from abnormally high temperatures
both during storage and in use.

Low temperatures decrease shelf
depreciation but also reduce the open-
circuit and operating voltages. Under most
operating conditions the life of a battery
may be considerably decreased if its temper-
ature is appreciably below 70F. Except for
grid service, it may be considered that a
cell becomes inoperative when its internal
temperature falls below 0°F. Batteries
subjected to low temperatures incur no
permanent injury and regain their normal
characteristics when their internal tempera-
tures are restored to normal. To minimize
shelf depreciation, batteries should be
stored at a temperature of about 34F to 40F.

6.125 Batteries in low-current-drain
service will deliver almost all of the
available ampere-hour output at a relatively
high operating voltage, after which the
voltage drop will be comparatively rapid.
Hence, in this service a high cutoff point
is desirable in order to insure reliability.
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For batteries in high-current-drain service,
the higher current will produce a greater
internal resistance drop and a lower oper-
ating voltage. A lower cutoff point is,
therefore, necessary in oFder to obtain
efficient use of the available energy con-
tained in the cells., When it is necessary
to maintain the battery voltage within close
limits under high current drains, it is
frequently desirable to add one or more
cells in series when the cutoff point is
first reached, in order to take advantage
of the increased output thereby obtainable
from the whole battery.

6.126 Dry cell batteries are used in
the telephone office for a
purposes. In the power plant
common use is for tripping
battery reserve, where a rectifier normally
furnishes the supply, and for message
register battery supply either as a re-
serve for use where a rectifier is furnished
or as the main source of message register

battery supply.

variety of
their most

QUESTIONS

1. What types of cells are used in the telephone plant?

2. Describe a storage battery cell and what action takes place during charge and discharge.

What determines the capacity of a storage cell and what two methods are employed to

3 increase battery capacities?

4. What is sediment and how does if affect the cell?

5. What is sulphation? What causes it? How is it removed?
6. Name the accessories required for storage batteries.

7. Describe briefly the types of storage battery cells used.
8. Describe the alkaline CEMF cell,.

9. Describe a Ni-Cad Battery.

0. Describe a dry cell.
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7. RESERVE POWER EQUIPMENT

7.1 General

7.11 Reserve power equipment for tele-
phone central offices consists of
alternators driven by internal combustion
engines and associated speed and voltage
control and either manual or automatic
start control equipment.

7.12 It is essential in the design of
telephone power plants that pro-

visions be made to assure an uninterrupted
source of power. The batteries provide
reserve for a short period, but reserve
power plants are generally provided. Ex-
perience has shown that even in communities
where there are two independent sources of
commercial power a reserve plant is desirable
to insure uninterrupted power service. The
size reserve plant and its control features
are determined by the telephone company.
These units, either gasoline or deisel
driven, may be arranged to develop single or
polyphase alternating current as required by
the needs of the central office or station.

e Ll

FUEL CUP
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7.2 Types of Engine - Alternators

7.21 There are two general types in

use in the telephone power plant;
manually controlled and automatically con-
trolled. They are mounted to a floor base
and are known as stationary units. The man-
ually controlled sets are used in attended
stations where maintenance forces can start
them and throw the load on or off. Auto-
matically controlled sets are used in un-
attended stations and power rooms that are
partially attended. They are arranged to
start automatically on power failure and
assume the load when ready, as well as
shut down when power is restored.

7.22 Engines may be either the gasoline
or diesel type. Both are avail-

able for manual or automatic operation.
However, the diesel type is preferred in all
available sizes because the exhaust fumes
are not poisonous and the fuel does not
create a serious fire hazard. The gasoline
type is presently only used in the 2 and 4
KW sizes.

COOLING WATER

THERMOMETER
CARBURETOR

GOVERNOR OIL PRESSURE

GUAGE

FIG. 7-1

FUEL OVERFLOW
CONNECTION

LOW QIL

AUTOMATIC CHOKE PRESSURE SWITCH

—

FUEL PUMP

HAND LEVER ON
FUEL PUMP

CARBURETOR
AIR CLEANER

(RP=15682-M)

SUCTION FUEL
LINE CONNECTION

2.8 TO 4KW ENGINE ALTERNATOR
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7.23 The fuel supply is usually stored
in buried tanksand is pumped from
the tanks by fuel pumps on the engine. Over
flow pipes are provided to return the excess
fuel. Suitable gauges are provided for
reading the level of the fuel in the tank.

7.24 The exhaust equipment includes a
flexible metallic exhaust hose
connection and a silencer located over or
close to the engine. An Exhaust pipe is
provided from the silencer to the roof or
into a building flue known to be tight and
adequately strong.

7.25 The alternators used in the re-
serve power plants are usually

furnished for an output of nominally 220
volts, 60 cycle, 3-phase current to corres-
pond with the local normal commercial power
supply. The frequency is controlled by the
speed of the engine which can be regulated
by adjusting the governor when required.
Each alternator has a rotating field ex-
cited by a direct connected direct current
generator called an exciter. Each alternator
control panel includes an automatic voltage
regulator and necessary controls to insure
the desired voltage by manual or automatic
control as desired. When more than one
alternator is required to carry the emer-
gency load they can be operated in parallel.

57

7.3 Features

7.31 Gasoline and diesel driven alter-
nator units consisting of the
engine, alternator, exciter and starting con.
trols are mounted on a common subbase. The
engine is directly connected by means of a
flexible coupling to its associated alterna-
tor and exciter.

7.32 The engines are cooled by radiators
and fans or by city running water
in which case heat exchangers are provided.
The gasoline engine is of the 4 cycle type

while the diesel

cycle or 4 cycle.

to run at spéeds
Figure 7-1 shows

engine may be either 2

They are usually designed
of 1200 or 1800 r.p.m.
the gasoline driven type

currently in use and Figures 7-2and 7-3 two
diesel driven types.

7.33 In general, the units are started
by means of either a 12 or 32

volt starting motor, the control of which
is arranged with a manually or automatically
controlled starting contactor. Some gaso-
line driven units utilize the exciter as a
starting motor otherwise a separate starting
motor is provided.
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FIG. 7-5 MAIN CONTROL PANEL

7.4 Start Control

7.41 Engine alternator sets may be

manually controlled or automat-
ically controlled. The automatically con-
trolled types are in general the same in
appearance as the manually controlled
types. Since the automatic types are in
most instances used in unattended or semi-
attended offices,they are in general smal-
ler in size because of the smaller require-
ments for emergency power. However, there
are some instances where the larger units
may be operated automatically.
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AUTOMATIC
TRANSFER SW.

(RP=13919-M)
- REAR

7.42 All controls for the manually

operated type sets are generally
on the control mounted on the

set. The controls for automatically oper-
ated sets are mounted in a separate main
control cabinet. These controls start the
set, warm it up, transfer the load to it,
and run and stop it on an entirely auto-
matic unattended basis. Additional controls
operate to shut the set down when engine
troubles occur. When they do occur, still
other controls operate to set up connections
to the alarm circuits which are transmitted
to the attended office for alarm purposes.
Figure 7-4, 7-5 and 7-6 illustrate the con-
trol panels and cabinets used for both
gasoline and diesel automatically controlled
sets.

available
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FIG. 7-6 MAIN CONTROL CABINET - FRONT

7.43 The automatic types are operated
on a fully automatic basis with

their starting, running and stopping en-
tirely under control of preset automatic
devices, When the commercial power fails
or any one-phase drops to approximately
88 per cent of normal voltage, or lower, the
engine starts after a short delay and oper-
ates at no load for 4 to 5 minutes before
assuming the load. When the commercial
power is again available at approximately
94 per cent of normal voltage, or higher,
after a slight delay the engine is stopped.

Automatic arrangements for routin-
ing the engine alternator may be provided
in the main control cabinet or panel for
routining the engine alternator set without
visiting the station. Arrangements provide
for starting the set from a remote location,
operating it at no load and at the station
load for certain prescribed intervals after
which it is automatically shut down.

7.44 The alarm system features on the
control cabinets or panels trans-
mit signals to the attended main station
where alarms function to indicate a commer-
cial power failure, proper operation of the
set, fuse failure and engine failure.

7.5 Alternately Operated Engine Alter-
nators

7.51 Diesel operated automatic sets
are available to furnish contin-
uous power at points on transcontinental
radio and carrier routes where outside
commercial power can not be made available.
They are furnished in pairs and arranged
so that each set operates for 12 hours.

7.52 Either engine starts automati-
cally at the expiration of a 12

hour run of the other engine, the load
being transferred automatically from one
set to the other just before the set which
has been carrying the load shuts down.
Sets are equipped with 32 volt starting
motors and a 32 volt starting battery which
is common to both sets. The starting bat-
tery is charged by means of a regulated
rectifier operated from the output of
either set.

7.53 Complete automatic operation of
the two sets is controlled by

means of a main control cabinet which is
floor mounted separate from the two engine
alternator sets. An engine alternator of
this type is shown in Figure 7-7 and the
control cabinet with covers removed is
shown in Figure 7-8.
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AMMETER TRANSFER
SWITCH

VOLTMETER TRANSFER
SWITCH

AIR SHUTOFF FIELD RHEOSTAT

VALVE
REGULATOR SWITCH

CONTROL FUSES AND
ASSOCIATED ALARM
FUSES

OIL FILLER AND
BREATHER TUBE

LUBRICATING OIL
PRESSURE GAUGE

WATER TEMPERATURE
GAUGE

CRANKCASE (RP=16724-M)

OIL DRAIN VALVE

i ' EMERGENCY SHUTDOWN LEVER

FIG. 7-7 20KW ENGINE ALTERNATOR SET
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SWITCHES
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FUSES

- e s JB6207 L
TRANSFER SWITCH PANEL BATTERY CHARGING
(SWITCH ON REAR) RECTIFIER

FIG. 7-8 MAIN CONTROL CABINET

(Rp-l&l?a-ﬂ)

QUESTIONS
Why are reserve power plants used?
What is the advantage of engine alternators over dc generators?
What are the two general types of engine alternators?
Where are manually controlled units generally used?
Describe an application where engine alternators supply regular power.
What methods of cooling the engine are used?
How is the fuel supply stored and used?
Briefly describe the exhaust equipment.

Where is the control equipment for a stationary type plant located and what does it
comprise?

What is the principal difference between a portable and a stationary set?
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8. AC POWER SUPPLY FOR L CARRIER

8.1 General

8.11 Continuous 230 volt, 60 cycle
alternating current power is sup-

plied to L carrier equipment from motor
alternator sets. They consist of single-
phase, self-excited alternators operated
normally from commercial ac service by 3-
phase induction motors and during emergen-
cies from the 130 volt central office bat-
tery by dc motors all connected on the same
shaft.

Three capacities of alternator

sets are presently available, namely, 10, 16
and 21-KVA. The 10-KVA set is usually used
in stations sending power in one direction
for each pair of coaxials or in both direc-
tions when the number of auxiliary stations
limits the power required within its capa-
city. The 16-KVA set is usually specified
in stations sending power in two directions
where the capacity of the 10-KVA set is in-
sufficient. The 21-KVA set has application
only for long spans in both directions.

8.12 By supplying the power from the
alternator instead of direct

from the ac commercial service, the effect
of instantaneous changes in the coaxial
current due to ac commercial service fluc-
tuations will be reduced and will insulate
the coaxials from surges and transients
from the ac service due to lighting, power
line crosses, etc. On ac commercial power

AC MOTOR

l‘DC MOTOR
=] -

FIG. 8-1

63

failure or low voltage,a control circuit
automatically transfers the drive from the
ac motor to the dc motor. The sets are
especially designed to include large

amounts of inertia in their rotating ele-
ments to maintain nearly constant alternator
output during the motor transfer and to
prevent too rapid changes in the output
during motor surges.

8.13 The output from the motor

alternator sets is connected to one

or more power control bays which supply a
substantially constant current to a power
section. Means are provided for manual re-
gulation with safeguards to remove personal
hazards as well as high voltages due to im-
proper operation.

8.2 Two Motor Alternators

8.21 A two motor alternator set con-
sists of a single-phase, rotating

armature-type alternator with exciter,
direct-connected to either a 3-phase or a
single-phase ac squirrel cage induction
motor and a dc shunt motor. They are
mounted on a common Subbase having resili-
ent mountings and normally operate contin-
uously from ac line motors which have a
suitable output to drive the alternator at
full load and the dc motor at no 1load. All
sets are started from the central office
130 volt battery under manual control until
up to normal speed and voltage limits.
Figure 8-1 shows the 2 motor alternator set
used on L3 carrier.

FLYWHEEL
ALTERNATOR

EXCITER——

TWO-MOTOR ALTERNATOR SET
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ACD
ACCELERATING
CONTACTOR

(AC2)
ACCELERATING
CONTACTOR
(LC)
(SR2) LINE CONTACTOR
SERIES RELAY
(RI & R2)
TERMINALS FIELD RESISTOR
(RP=13593=M)
OVERLOAD SERIES RELAY
RELAY
T e 5 | T =
BAT : } : o :
|
z4y£_ | 4 : i j! i
T e Y
A - L o e R gl
GRD
LC LINE CONTACTOR SR1 AND SR2 SERIES RELAYS
OL OVERLOAD RELAY AC1 AND AC2 ACCELERATING RELAYS
R2 FIELD RESISTOR R3 AND R4 RESISTORS
AR ARMATURE RESISTOR AND RELAY (RP=13560=~M)

FIG. 8-2 MOTOR CONTROLLER PANEL AND SCHEMATIC
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8.22 The output of the alternators
of these sets is fed to a power

control bay where the 230 volt, 60 cycle
supply voltage is stepped up to the re-
quired voltage and automatically regulated
to maintain a constant current to the
power packs of office repeaters and over
the coaxials to the power packs of auxiliary
repeaters. The alternator, associated with
each power section has a designation such
as ALT 2 L201-202,etc.

8.23 An emergency alternator set is
run continuously at no load,

driven by its ac motor normally. This set
is a common emergency for a maximum of 4
regular sets for supplying an 8 coaxial
system. The emergency set is arranged
through a common control unit to replace
automatically any regular set that fails or
goes low in voltage or that is removed from
service for maintenance.

8.24 Alarms are provided for fuse
failure, alternator failure, power
failure, alternator high low voltage, or
failure of the ac motor to hold the alter-
nator voltage above 90 per cent of normal
voltage.

8.25 A motor controller panel which
contains the contactors and re-
sistors for controlling the starting and
running of the dc motor, is mounted on a
start control panel directly associated
with each motor alternator set. A typical
controller panel of this type and a sche-
matic arrangement are shown in Figure 8-2.

8.26 Keys mounted on a transfer con-
trol bay provide means for start-

ing and stopping, transferring the load to
and from the emergency alternator, trans-
ferring the drive from one motor to the
other, cutting off alarms, and testing
automatic throwover due to power failure.
A typical motor alternator control panel is
shown in Figure 8-3.

8.27 On ac power failure or low vol-
tage, a marginal control circuit

automatically transfers the drive of the
set by opening the input to the ac motor and
shorting a current-limiting resistance in
the battery supply circuit of the dc motor
to allow the dc motor to pick up the drive
quickly. On resumption of commercial power,
after a short delay, to allow the ac service
to become stable, automatic transfer returns
the drive to the ac motor, reinserts the re-
sistance between the dc motor and the bat-
tery, and shorts out a portion of the field
resistance to keep the dc motor field at
the proper value. During dc motor operation,
the speed of the set will be determined by
the battery voltage. A fixed field resis-
tance setting on the field resistance
mounted on the dc motor controller unit is
required to match the ac motor speed at the
mean battery discharge voltage.

8.28 Auxiliary charging equipment is
required for use in recharging the

130 volt battery of the power plant where

the rectifier equipment furnished to float
the light normal battery load is inadequate
for the heavy emergency load imposed by the

— 5
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O @]
START & START & START & START &
~ DG MOT TST- ~MAN RUN-~ STOP FAIL ~DC MOT TST~ ~MAN RUN-~ STOP FAIL
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FIG. 8-3

(RP-18182-M)

MOTOR ALTERNATOR CONTROL PANEL
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motor alternators. This control brings in
an automatically controlled charging gener-
ator operated from the ac service whenever
the battery stays at low voltage for a per-
iod of approximately 6 minutes. Once con-
nected to the battery, this generator is
controlled to charge the battery to its max-
imum voltage and the control functions to
hold this charge for a predetermined time up
to 6 hours, after which the battery is re-
turned to its normal float condition.

8.3 Power Control Bay

8.31 The power control bay receives the
230 volt ac output from the motor
alternator sets and regulates it for one
power section and the associated office re-
peaters.

A power section is a series loop
through the central conductors of two coax-
ials with the primary windings of the auxi-
liary repeater transformers in series at
each repeater point. The power control cir-
cuit output voltage is applied to the input
of a power section, the voltage depending on
the length of the power section.

8.32 Power for the L3 carrier system in-
volves supplying regulated and un-

regulated 230 volts to office repeater equip-
ment and regulated current over the coaxials
to power sections of auxiliary repeaters.
Step~up transformers with secondaries tapped
at suitable increments provide power for
auxiliary repeaters at 1.5 amperes at any
voltage up to 4400 volts depending on the
length of the power section. Protective
switches are furnished on each power control
bay which open the power circuit to the high
voltage transformer when the covers to the
high voltage panels are removed-:

8.33 The particular current for each of
the two lines of each power sec-
tion is usually specified on a card holder
mounted just above each of tne two ammeters
on the power control bay shown in Figure 8-4.
The power control bay is shown in Figure 8-5.

8.34 A resistance in series with the
coaxial. current circuit provides

a drop for controlling motor driven variable
transformers to raise and lower the supply
voltage to the step-up transformer ‘as re-
quired to maintain constant coaxial current.
Two types of control are furnished; a fine
+ 1 per cent control using an electronic re-
gulator to control the motor which drives a
fast acting small variable transformer which
has a buck-boost range of 10 per cent of the
total, and a coarse control using relay con-
trol of a motor driving a large variable
transformer. This large variable transfor-
mer mounted in the base of the control bay
is slower acting and normally serves to hold
the fine control within * 3 per cent of a
center position so that the fine control will
be ready at all times to correct for antici-
pated changes.
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8.35 The course control arrangement al-
so provides emergency regulation
within £+ 3 per cent in the event of fine
control failure and a means for manually
turning power up or down on the cables as
well as turndown protection in case of
trouble such as an open cable.

8.36 Suitable alarms are furnished to
indicate fuse failures, high or
low line current if it persists more than
1/2 second, or line current failure in
either of the two coaxials. Manual controls
are included with each power control panel
to raise or lower the line current.

UESTIONS

What safety precautions are furnished?

(4 O

bay?

6. What is a power section?

Why are motor alternators used to supply ac power?
Describe how a motor alternator functions regularly and during commercial power failures.

What is a power control bay and what is it used for?

What means are provided for regulating the constant current output of the power control
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9. POWER CABLING AND WIRING

9.1 General

9.11 Conductors in cables or in con-
duit are used to extend the com-

mercial power supply to charging, ringing
and other motor driven equipment including
rectifiers and to lighting and plug fix-
tures. They are also used to distribute
converted ac or dc power to the equipment
in the telephone central office. Conduc-
tors may be insulated, so0lid or stranded
wires or they may be bus bars which de-
pend upon spacing and non-conducting sup-
ports, for their insulation.

9.12 The size conductor required for
each particular application will
depend on the following factors:
(a) The safe carrying capacity. This
is the amount of current a con-
will carry without becoming over-
heated. An open bus bar of a given sec-
tional area will safely carry more current
than an equivalent insulated wire or cable
because the bus bar, being directly exposed
to the air, radiates heat more readily than
does an insulated wire or cable. In gen-
eral, this factor is controlling for ac cir-
cuits since in dc circuits the voltage
drop considerations usually dictate the
size conductor thus insuring more than an
adequate safe carrying capacity.

ductor

(b) The permissible voltage drop.
This is the amount that may be
lost in a pair of conductors, and still
supply sufficient potential at the end of
the loop to insure that the apparatus served
will not fail to operate. It is computed
at the maximum current which the conductors
are expected to carry. 1In some instances
the allowable drop is in the order of one-

tenth of a volt while in others,it may be
one-fourth or one half volt.
(¢c) The limitation of noise. This

is accomplished by making the
conductors, which are a common source of
supply to a number of circuits including
telephone transmitters and receivers, suf-
ficiently low in reactance or effective re-
sistance so that the inductive effect is at
a minimum.

NOTE: Other precautions which are

necessary to limit cross-
talk and noise, are covered later
in this section.

(d) The size fuse to which the con-
ductor is connected. Main dis-

charge fuses are frequently selected which
will carry indefinitely somewhat more cur-
rent than the expected peak load. This is
done as an extra precaution against service
interruptions in case some unusual condi-
tions arise. The conductors connected to
those fuses must then be made sufficiently
large to be protected by the fuses. This
means that they must be larger than would
be required on account of carrying capacity
determined by the maximum load, and in the
case of very short discharge leads, larger
than needed to meet the voltage drop and
noise requirement.
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9.13 The various terms used in con-
nection with conductors, cables,
are as follows:

(a)

consisting

etc.

"Armored Cable" is usually a
multiconductor flexible cable

of flame retarding, moisture -
resistance wires helically wound with paper,
or other fiberous covering, and a flexible
metallic armor. The wire is 600 volt type
"RH" braided rubber covered as defined by
the National Electrical Code. Armored cable
may be used in telephone power plants for
power service to motors, rectifiers, for
ringing and tone circuits and for frame and
aisle lighting circuits. Sizes are from
No. 14 A.W.G. to 500000 cm.

(b) "Braided Rubber Covered" (BRC)
cable and wire is usually 600
volt, type "RH." This wire is made in
sizes No. 14 A.W.G. to 800000 and is used
in power plant conduit or on racks where

required.
(c) "Cable" is an assembly of two
or more conductors. Single con-
ductors, whether solid or stranded, are
called wire.
(d) "Charge Conductors" are those
between charging units and the

battery or the point at which discharge
conductors connect.
(e) "Discharge Conductors" are those

that carry discharge current from
the battery. Counter Electro-Motive Force
Cell (CEMF), electrolytic condenser and
choke coil conductors are classified as dis-

charge conductors.
(f) "Filament Conductors™ are those
carrying direct current to fila-

nent circuits.

(g) "Paired Conductors" are con-

ductors of opposite polarity of

a given circuit run close together (but
not necessarily twisted) so that the inter-
linking magnetic fluxes from currents in
opposite directions neutralize each other.
Three conductors (ground, 24 volts and 48
volts) are considered paired if run close
together. Bus bars are considered paired
if run on 3" centers, or as close as the
plant equipment arrangements permit.

(h) "Plate Conductors" are those
carrying current to plate cir-
cuits.
(i) "Service Circuits" are used to

designate bus bars or wires con-
nected to commercial power service or to a
local reserve engine alternator set during

power failure.
(j) "Signaling Conductors" are those
classified generally as telegraph,
ringing and tone.

(k)

signal,

"Singly Run Conductors" are
those not paired with a conduc-
tor carrying current in the opposite direc-
tion.
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(1) "Sleeves" are conduit nipples or
short length of conduit or
smooth iron pipe or fiber duct. They are
frequently used to protect cables or wires

passing through walls or floors.
(m) "Telegraph Conductors" are those
carrying current to telegraph or
teletypewriter equipment.

9.14 For convenience in handling, and
in stocking the conductors, as well

as, the terminals and bus bar clamps used
with them, power cables are limited to 800,000
circular mils in area, and bus bars 12 inches
wide x 1/2 inch thick. Where more conduc-
tivity than would be provided by using these
maximum sizes is required, parallel cables
or laminated bus bars are used. In many
instances, space considerations require the
use of laminated bus bars less than 12 inches
in width.

9.2 Commercial Power Service Leads

9.21 Commercial power service supply
leads are brought into the building

and terminated on a service panel which is
equipped with fuses or circuit breakers or
other protective devices as required. From
the service panel, circuits are extended to
various parts of the building for lighting
and other power services not directly asso-
ciated with the telephone equipment and to
a second service panel for telephone equip-
ment known as the power service cabinet. All
of this work is customarily arranged for
by the telephone company prior to the start
of the telephone installation work.

FIG. 9-1
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9.22 The power service supply for the
telephone power plant is picked-up

at the power service cabinet by the instal-
ler, and extended, through suitable fusing
to the various machines, etc., with their
control apparatus. Electric power service
for frame and aisle lighting and for conven-
ience outlets at frames and switchboards is
usually picked up by the installer at the
lighting panel boxes previously provided by
the telephone company. All wiring which is
either normally or intermittently connected
to the commercial power supply sources or to
2quivalent sources such as reserve engine
alternator plants located in the telephone
buildings, is either runm in conduit or with
armored cable.

9.3 Inductive Interference In Power Wiring

9.31 Precautions are necessary in power
plant wiring, to insure that the
currents flowing in or the voltages maintained
on certain wires do not cause objectionable
reactions on other circuits through induc-
tive and capacity effects.

9.32 To reduce these effects to a
minimum, conductors are paired

to neutralize their inductive effect;
talking (quiet) battery leads and signaling
battery leads are run separately at specified
distances apart; and conductors carrying
ringing, tone and other high and low fre-
quency ac currents having high voltage
peaks including service circuits, are run
in armored cable or conduit. 1In addition,
leads which feed amplifiers are shielded
since any inductive effect would be ampli-
fied along with the voice current.

)

fﬁP-IﬂlB M

REAR VIEW OF BATTERY CONTROL BOARD
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9.4 Bus Bars

9.41 Where
as in
machines, power

the available space permits,
runs between charging
boards and batteries, alum-
inum bus bars are usually used. For any
given current carrying requirement, an
aluminum bus bar is approximately one and
one-half times as large as a copper bar.
Owing to the relatively lighter weight of
the aluminum, its weight is about one-half
of that of the equivalent copper bar.
Figure 9-1 shows a typical arrangement of
bus bars on the rear of a power board.

9.42 In addition to the weight ad-
vantage which makes aluminum bus

bars easier to handle than copper, it re-
quires no protective finish even when lo-
cated in rooms with open type storage bat-
teries, and presents a very good appearance
in a telephone office where most of the
ironwork and apparatus is finished with
aluminum colored paints and enamels.

9.43 To insure satisfactory contacts
when aluminum bars are joined
together, or to other metals, it is cus-
tomary to apply petrolatum to the aluminum
surface which is to form the connection
before cleaning the surface by means of an
abrasive. The reason for this is that this
metal oxidizes rapidly on exposure to the
air, and if not coated with some material
which will exclude the air, satisfactory
connections would not be obtained. Figure
9-2 shows an arrangement of bus bars joining
two battery line-ups. The batteries are
sealed rubber tank type and are rated at
5000 ampere-hours.
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9.5 Central Office Grounds

9.51 Earth connections or central office
grounds, perform several important

functions. One of these is the provision
of a low resistance path to earth, for dis-
sipating lighting and other strong currents
intercepted by lightning arrestors and pro-
tectors. Another function is to ground one
terminal of the central office common bat-
tery to minimize the trouble encountered
in case of a cross with a high potential
line. Usually this is the positive (+) end
of the batteries. If this were not done,
that is, if a common battery telephone ex-
change were insulated from the earth, and
some portion of the wiring became crossed
with the wiring of an electric light, power
or railway distribution system, the poten-
tial of the telephone system would be raised
to that of the other system and subject the
telephone apparatus to voltages which may
be higher than they were designed to with-
stand and subject personnel to unnecessary-
unusual voltages. Similarly all frames,
racks, etc., which support equipment are
grounded so they will not be sources of
danger to people working in telephone cen-
tral offices nor to telephone apparatus and
equipment,

9.52 Some circuits used in the tele-

phone plant utilize the earth as
part of their operating paths. This is
particularly true of ringing circuits where
selective and semi-selective party ringing
is used on subscriber sets and for dc
telegraph and simplex or composited dc sig-
naling.

FIG. 9-2

(RP-18184-M)

BUS BARS CONNECTED TO SEALED BATTERIES
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9.52 Because of the importance of
these grounds, it is customary
to make use of the piping of water supply

or gas distribution systems which can usually

be depended upon to be adequate as to low
resistance and carrying capacity. In some
instances, such as at repeater stations

and small manual and dial offices, where
water or gas system piping is not available,
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what are known as made grounds must be
uitilized. Several methods of producing
these have been used. The present standard
method is to drive several pipes or rods
into the ground, preferably in the basement
of the building housing the telephone plant.
The pipes or rods are spaced six to ten
feet apart, and are bonded together so

as to form a unit.

UESTIONS

1. What types of conductors are used in the telephone plant?

2. What four main considerations determine the size of conductors to be used?

w

cable?

Describe what is meant by

W O N & U e

Outline the advantages of aluminum bus bars.

Why will an open bus bar safely carry more current than an equivalent insulated wire or

What is meant by the term safe carrying capacity?
"permissible voltage drop".

What three main precautions are taken to prevent inductive interference in power wiring?

What are two reasons for a Central Office Ground?

What is the usual method of obtaining a ground?
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