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CHAPTER I

INTRODUCTION

It is the purpose of these notes to give a brief description of the

equipment, and an explanation of the operation, of the Panel Dial System of

such scope and in such detail as will enable those, who are already familiar

with the manually operated telephone system, to understand how telephone ser-

vice is rendered by the Panel System*

Among the telephone systems in common use in the U.S. are the so-

called Manual System, Step-by-Step Dial System and Panel Dial System. The

Step-by-Step (also called Stronger) and the Panel systems substitute mechanical

switching equipment (that is, electrically controlled and mechanically operated

trunk and line selector mechanisms) for the telephone operators, ,in the Manual

system, with whose functions you are familiar. When a subscriber, served by a

Step-by-Step or Panel system office removes the receiver, a distinctive tone,

called "dial tone" is transmitted to the subscriber in place of the operator's

"number please". A device called a dial is then actuated by the subscriber

thereby telling the mechanical equipment the number of the line with which con-

nection is desired.

As far as the subscriber is concerned there is no distinction between

servioe rendered by a Step-by-Step office and that rendered by a Panel office.

There are, however, several fundamental differences in the central office equip-

ment. In the Step-by-Step system the selector mechanisms are operated by

electromagnets acting directly under control of the dial. Both the dial and

the selector mechanisms operate on a decimal basis. In the Panel system elec-

trical motors furnish the energy for operating the selector mechanisms. For

this reason the term "power driven" is also frequently made use of in referring

to the Panel system. The energy is applied to the selectors by friction

clutches which are operated by electromagnets. The electromagnets are not di-

rectly controlled by the dial, for the dialed number is first recorded on a set

of "registers" before the selector mechanisms are directed in accordance there-

with. This indirect control permits using a selector mechanism which does not

operate on the decimal basis and the decimal record from the dial must therefore
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be translated to a non-decimal basis before the selector mechanisms make their

selections. This non-decimal selection permits as many trunks in a group as

are required to carry a certain traffic instead of dividing the trunks into

groups of ten, as in the Step-by-Step system. This results in economy in the

use of trunks and selective devices. As many as 90 trunks are directly ac-

cessible to a selector in the Panel system and this system would therefore ap-

pear to be peculiarly adapted for use in large cities where inter-office traffic

is heavy.

The Panel system makes use of a number of circuit units in completing

a connection and we will at this time be introduced to the names of some of

these units and in a general way describe the function of each by analogy with
$

manual operation. (See Figure 1). The following description applies to the op

erations involved in completing an inter-office call over a direct connecting

trunk.

Manual Operation

The subscribers’ lines terminate

on answering jacks at the "A"

board, with each of which is

associated a line lamp.

Panel Dial Operation

The subscribers’ lines in a Panel office

terminate on rows of terminals in a "line

finder bank" there being two additional rows

of terminals associated with the line ter-

minals one of which is called the "hunt"

terminal.

When a subscriber in an office "K"

removes the receiver to make a

call, the line relay in the central

office operates, lighting the lamp

associated with the answering jack

at the "A" board, at which the sub-

scriber’s line terminates, thus

telling the operator that there is

a receiver off the hook.

When a subscriber in a Panel office "R" re-

moves the receiver to make a call and the

line relay operates in the central office

it connects battery to the "hunt" terminal

associated with the line. It also causes

a "start" circuit to tell another circuit

unit called a "line-finder-district" that

there is a receiver off the hook.

The plug of the answering cord is The line finder part of the "line finder-

inserted in the answering jack, district" hunts for the line to whose "huntf

thus establishing a oonneotion terminal, battery has been connected and
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between the operator and the sub

scriber.

The operator says "number please".

The calling subscriber gives his

order verbally to the operator,

"L 3754".

The operator tests with the tip of

the calling cord the sleeves of the

outgoing trunk multiple of the par-

ticular group of trunks which

oarries the traffic from office "K"

to offioe "L" until she finds an

idle one and inserts the plug of

the cord in the Jaok. The tele-

phone of a "B" operator is now

automatically associated with this

trunk and two zip tones are sent

over the trunk to the "A" operator.

The "A" operator tells the "B" op-

erator in offioe "L" that a sub-

scriber wants to be connected with

"L 3754" by saying "3754".

The "B" operator looks over the

plugs on which the trunks from

office "K" are terminated and

when found the line finder stops thereon.

At the same time that the line finder is

hunting for the calling line, a "link"

circuit to which the line finder-district

is connected hunts for and selects an idle

"sender" circuit.

The "sender" to which the subscriber’s

line is connected (through the line finder

and link) transmits a "dial tone" to the

calling subscriber.

The subscriber dials his order to the

sender, "S 3754".

The sender translates the decimal dial

signals by the aid of a decoder and having

determined what selections are necessary

to complete the connection, causes the

"district selector" part of the "line

finder-distriot" to select an idle trunk

in a certain group of trunks which carries

the traffic from office "R" to office "S".

The selected trunk terminates in another

circuit unit called an "incoming selector".

The sender causes this incoming selector
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seeing that trunk 116 has a flash-

ing lamp associated with it, tests

the sleeve of one of the multiple

jacks, associated with line "3754",

with the tip of the plug in which

trunk 116 terminates, and if line

*3754" is idle, inserts the plug in

the jack, ringing being started

automatically*

to hunt for and connect with an idle local

trunk which terminates in another circuit

unit called a "final selector". The sender

then causes this final selector to select

and stop on a set of terminals associated

with line "3754". The final selector

tests the line to see if it is busy or

idle. If the line is idle, the final se-

lector connects the incoming selector

thereto, and tells the incoming that the

line has been selected. The incoming re-

peats this news to the sender. The sender

causes the district selector to connect

the calling line with the inter-office

trunk and the sender then disconnects

itself from the connection. The incoming

closes the ringing circuit and when the

called subscriber answers it connects the

inter-office trunk to the final selector,

and through the final selector to the

called subscriber.

If line "3754" is busy the "B" op-

erator inserts the plug of trunk

116 in a busy back jack thereby

If line "3754" is busy the final discon-

nects itself therefrom and transmits a

busy tone to the calling subscriber as

transmitting a busy flash to the "A" soon as the connection between the calling

operator and a busy tone to the

calling subscriber.

line and the final selector has been

completely established.

One of the greatest difficulties in developing a new type of telephone

system is the limitation placed on such development by the necessity that equip-

ment of the new system must interconnect with equipment of other existing sys-

tems. The indirect control used in the Panel system makes it easy to arrange

for interconnection with sy stems of any other type. Means for interconnection

with Step-by-Step, Manual and Toll Systems have already been developed and

will be considered in these notes.
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APPARATUS

The Panel system makes use of nearly all the apparatus which the Manual

system uses, even to including sections of switchboard very similar to the "A"

switchboard of the §1 type. Of course, much of this apparatus has been modified

to better meet the requirements of the Panel system and in many cases new types
»

have been developed*
«

In the operation of Panel system equipment, events must occur in regu-

lar sequence and with as little delay as possible. To meet these requirements,

large numbers of relays are used, including marginal, differential, polarized,

slow acting and fast acting relays. "E M and "R" type relays are used as far
»

as possible; "B", "L" or "N” type relays are used where extreme sensitivity is

required; 206 type relays are used where directional selectivity is required;

207 and 208 type relays are used where extreme speed is required; 149 and 178

type relays are used where extreme slow action is required; and 114 type relays

are used for controlling ringing circuits. An understanding of the character-

istics and adaptability of the various types of relays is necessary in following

the operation of Panel equipment. The relays are given 1, 2 or 3 letter desig-

nations on circuit and equipment drawings, the designation usually having some

relation to the function of the relay.

Condensers are used in Panel equipment as in manual for transmission,

in AC circuits, and with resistance for contact protection. There are, however,

more cases in the panel system where contact protection is required since many

of the magnets and dutches used are of low resistance and high inductance. The

most commonly used types of condensers are the 89 and 90 types. Most of the re-

sistances used are of the 18 or 19 type, this being the type which is commonly

used in series with condensers for contact protection. 44 type resistances are

used extensively to feed battery to eleotromagnetio apparatus whose windings

are of low resistance, when 18 or 19 type resistances could not safely dissipate

the heat generated. 40 type resistances are used when the heat to be dissipated

is small and they mount like an "En type relay. Condensers and resistances are

alphabetically designated on Panel circuits and are shown symbolically in the
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same manner as on manual circuits.

No special mention is thought necessary at this time in regard to

other apparatus which is common to both Panel and Manual systems, but the Panel

system makes extensive use of other apparatus. This includes the dial, the

power driven selector and line finder, the 200 type selector, the 1202 and

1203 type selectors, the pulse machine, the sequence switch, and the power

driven interrupter. Of these, only the sequence switch and the power driven in-
«

terrupter will be described at this time, the description of the remainder

being made later in chapters which deal with equipment units of which they are

a part.

THE SEQUENCE SWITCH

The sequence switch (see Figure 1) is a rotary device used for

switching a plurality of circuits in a known and positive sequence. The advan-

tages gained by the use of a sequence switch are: 1. That it replaces a large

number of relays and effects a saving thereby. 2. It exercises a more exact

control of the time intervals between successive operations and of the order in

which these operations occur. It consists of a metal framework, a clutch

(rotary) magnet, a number of brush assemblies and a square metal shaft on which

are mounted a metal clutch disc and a number of other circular discs called

"cams”. The shaft is supported horizontally between two bearings at opposite

ends of the frame. The rotary magnet winding is mounted on one end of the
i

framework and the clutch disc is fastened on the same end of the shaft by a

flexible spider which permits movement of the disc in a horizontal direction.

The spider is keyed to a metal driving collar which fits on the end of, and is

>

shaped so as to engage with* the square shaft* A nut is screwed on to the end

of the shaft against the spider and driving collar. When the rotary magnet is

energized the surface of the clutch disc is pulled up against the edge of a

driving disc which is mounted on* and continuously revolves with, a vertical

drive shaft. The drive shaft extends the length of the frame on which a number

of sequence switches are mounted and is gear driven at its lower end by an

electric motor. See Figure 2. Normally, there is a small clearance between

the edge of the driving disc and the surface of the driven or clutch disc.

The circular discs or cams are designated alphabetically from left

-6-
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to right, the first cam at the rotary magnet end of the shaft being the A cam.

The frame and shaft are made in two sizes A and B, the A switch having a maximum

of 20 cams in addition to the A cam, and the B switch having a maximum of 24 cams

in addition to the A oam. The A cam consists of a stamped circular phosphor

bronze disc with a corrugated rim and a disc of hard durable insulating material

which is riveted to the left-hand (or rotary magnet) side of the metal disc

within the corrugated rim. There is a square hole in the center through which

the shaft extends, the cam being rigidly secured so as to rotate with the shaft.

One of the brush assemblies, which consists of three springs insulated from each

other and securely held together between two metal stampings, is mounted on the

framework directly behind the A cam. Attached to the end of one of these springs

which extends out toward the A cam is a metal roller which engages with the

left-hand side of the corrugated rim directly above the shaft. The other two

springs are brush springs which extend to the rear of the metal stampings to

provide terminals to which wires may be connected and which extend forward from

the metal stampings so that their tips rest on the flat central portion of the

right-hand surface of the A cam directly above the shaft. One of these springs,

known as the right outer or #3 spring, rests on the outer rim of the flat sur-

face and the other, known as the right inner or #4 spring, rests on the flat

surface closer to the center of rotation. The wire connected to the terminal

of the #3 spring is connected to ground and the #4 spring terminal is connected

to the winding of the rotary magnet. The other end of the magnet winding is

connected to battery. The switch has a maximum of 18 positions of rest and

there are 18 waves in the corrugated rim. When the switch is in the middle of

any position the A cam roller rests in the trough of one of these waves. The A

cam roller acts, therefore, as a centering device. The #4 brush makes continu-

ous contact with the A cam metal but the #3 brush does not, for the metal is

notched out so that in all of the positions in which it is required that the

switch come to rest the #3 brush rests on the insulating disc and not on the

metal. In between the positions of rest, that is, at all points through which

the switch is to move without stopping, the metal is not notched out, and the

#3 brush holds the WRW magnet energized until the switch reaches the next posi-

tion of rest*
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The cams other than the A cam are made up of two phosphor bronze

stampings which are supported by, and riveted together through, a circular disc
I

of hard durable insulating material. The shaft extends through a square hole

in the center of each cam, the cams being rigidly secured so as to revolve with

the shaft. The cams are separated by metal rings or collars,* the collars being

insulated from the shaft by fibre washers. When adjacent cams are not to be

electrically connected, the metal on the adjacent surfaces is cut away so as to

clear the metal collar; but when electrical connection is desired, the metal is

cut away only enough to clear the shaft and not enough to clear the metal collar.

Cams which are electrically connected in this way are said to be "collar ed n
.

Collars which do not electrically connect cams are distinguished, from those

that do, by a groove around their outer surfaoe. On the end of the shaft fur-

thest from the "R" magnet is mounted an index wheel, on the periphery of which

the position numbers from 1 to 18 are stamped. The cams and index wheel are so

mounted on the shaft that position 1 of each cam is in contact with the brushes

when the pointer is opposite position 1 on the index wheel. Outside of the

index wheel a hexagonal nut screws on to the end of the shaft securely clamping

the index wheel, cams, and the separating collars against the driving collar on

the clutch disc end. A fixed pointer, attached to the frame, points to the

number of the position, on the index wheel, in which the switch is resting.

The brush assemblies other than the A cam assembly consist of 8 brush

springs which are insulated from each other and securely held together between

two metal stampings, one of which is fastened to the frame, there being one
I

brush assembly mounted on the frame directly behind each pair of cams (after the

A cam). On the top of the other stamping are stencilled the designations of the

two cams with which the brush assembly is associated. The brushes extend to the

rear of the stampings as terminals on to which the leads to the brushes are

soldered, and extend forward to the cams on whose surfaces their tips rest. The

ends of four of the brushes rest on the surface of one cam, and the ends of the

other four rest on the surface of the other cam of the pair. There are, there-

fore, two springs on each side of each cam in the same relative position as

springs #3 and #4 on the A cam. Accordingly the brushes are designated left

inner or #1, left outer or #2, right outer or #3, and right inner or #4.
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The portions of the metal discs on which the brush tips rest are

notched so as to provide closures and openings in the brush circuits as are

required in each particular case. Since there are 18 possible positions of

rest the cam is also theoretically divided into 18 positions, each embracing

an arc of 20°. When a switch is centered in a position the brush springs are

located so that 10® (or 1/2 of the position) is in front and 10° in the rear

of the center of the spring. When the A cam is "cut" in a position, 10° of

the metal, that is, 5® on either side of the position center are cut away and

the #3 spring rests on insulation when the switch is standing in this position.

When any of the cams from B to Y inclusive, are "cut" in a single position, the

first and last 5® of metal in this position is out away and a single position

"Cutting", therefore, consists of a 10® metal segment which extends 5® on each

side of the position center. When any cam from B to Y, inclusive, is cut to

close continuously for several positions, the metal segment extends from 5 ° in

advance of brush in the beginning position to 5° beyond the brush in the ter-

minating position.

On circuit diagrams a notation is placed adjacent to each cam spring

to denote the open and closed periods during a revolution of the switch. This
I

notation is best explained by illustration, thus, "1-2-4-6/8-121/16" adjacent

to a spring indicates that there is a circuit closure when the switch is in po-

sitions 1, 2 and 4, 6 to 8 inclusive, and in positions 12f to 16 inclusive. The

notation placed adjacent to the A cam is "ALL" when the A cam is cut so as to

permit stopping in every one of the 18 positions, and a notation such as

1-5-17-18 indicates that the metal is so cut that the switch can come to rest

only in positions 1 # 5, 17 and 18,

Openings are not specifically indicated on circuits but lie between

the indicated closures, . Openings cannot be less than 10°, A cutting in which

no metal is cut away is called a "feed" and is specified by a special symbol*

If a brush is not in use, that is, it is a spare, the metal is also left uncut

but the feed symbol is not used, no notation being shown adjacent to this brush ,

Feeds are usually inner cuttings but where two feeds are used they are sometimes

both on the same side of the cam.

It must be remembered that for all cuttings the metal extends 5 ° in
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advance of the position in which the notation indicates circuit closure and 5°

beyond the position in which the notation indicates circuit opening except for

5° cuttings where the metal extends 2§-° on each side of the center.

Sketch A in figure 3, shows an isometric view of a sequence switch

which is illustrative of the wiring which operates the "R" (rotary) magnet. In

this sketch the winding of the "R" magnet is connected to the #4 brush on the A

cam and to the #2 brush on the C cam. When the switch is resting in position 4

a circuit is closed from battery through the winding of the "R" magnet and

through SS2—C and SS1-C to ground (SS2-C is the designation used for referring

to the §Z brush on the C cam in circuit descriptions and on circuit require-

ment tables, the other brushes being similarly designated). The "R" magnet is
/

\

energized and the clutch or driven disc is drawn up against the edge of the

driving disc starting the switch out of position 4. Ground through SS3-A holds
*•

the rotary magnet energized until the switch is advanced far enough to be

centered in position 6 with the help of the A cam roller. Sketch B in figure 3

shows all of the angles into which a cam may be divided for cam cuttings and

sketch C shows the symbols used on circuit drawings which pertain to sequence

switches.

The most common use of the sequence switch is that of switching a

plurality of circuits in a definite and known order but the switch can also be

used as a code transmitter or as a code register. A switch which is used in the

transmission of a code is the RCI Impulse switch in a "Sender” circuit. This

switch differs from the one we have described chiefly in the omission of the A

cam and A cam roller. The RCI Impulse switch will be further considered in

connection with the completion of calls from Panel to Manual offices.

Where more than one sequence switch is used in a circuit the switches

are designated Rl, R2, R3, etc. The cams associated with any one switch are

distinguished from each other by their alphabetical designation and are also

distinguished from cams on the other switches by adding the numerical subscript

which applies to the switch on which it is located i.e. K2 or M3. In some cir-

cuits sequence switches are used so as to have normal positions, that is posi-

tions in which the switch is resting when the circuit of which it is a part is

not in use. When the switch makes a complete revolution per call it has but one

-10-



Course A-132
Chapter II

normal position (position 1); when a switch makes only a half revolution per

call, positions 1 and 10 are normal positions; and when it makes only one third

of a revolution per call, positions 1, 7 and 13 are normal positions. In all

positions other than normal, some particular operation or operations are con-

trolled and a "legend" is shown on the circuit naming the various positions in

accordance therewith. Positions in which the switch does not stop are called

"pass by" positions which may be shown in the legend or omitted. In some cases

a switch has no normal position and it remains in one position until a call is

originated which requires its advance to some. other position. The legend also

indicates in its heading the alphabetical designation of the last oam with which

the switch is equipped. The legend also indicates the striping which is re-

quired on the sequence switch index wheel. This striping is for the aid of the

maintenance force. Sequence switch legends are shown on most of the circuit

sketches associated with these notes.

TEE POWER DRIVEN INTERRUPTER

The power driven interrupter (see Figure 4) is a device for producing

open and closed periods in a circuit or circuits of some required duration and

sequence. The interrupter consists of a oast iron frame, usually mounted at the

top of a selector frame, with a double bearing bracket at one end in whioh a

gear driven spindle is free to revolve. The spindle is driven directly by a se-

quence switch drive shaft or through a reduction gear. In addition to the drive

gear the spindle carries a oam assembly whose periphery engages with a roller on

the end of a metal bar. The bar is supported at each end by a flat spring which

fastens to the iron framework, the springs holding the roller against the oam.

Rotation of the cam results in a reoiprooating motion of the bar. Extending ver-

tically on both sides of the bar are insulated studs which engage with spring

assemblies attached to the frame in pairs, one above and one below the bar. The

switch may be equipped with any number of pairs of spring assemblies from 1 to

15. Figure 4 also shows the symbols whioh are used on circuit drawings to repre-

sent the various spring combinations obtainable on a power driven interrupter.
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CHAPTER III

SUBSTATION EQUIPMENT

The only change necessary in the subscriber's station equipment when

converting from a manual to a mechanical basis is the addition of a "dial” by

means of which the subscriber makes known the number of the line with which con-

nection is desired. Figure 1 shows the type of desk stand used at subscribers

stations whioh are served by Panel offices. The dial is mounted on the base,

the standard having been located off center so as to make room for the dial.

The dial itself is shown in Figure 2. It is so constructed that by

proper manipulation the line circuit is momentarily opened a number of times

equal to the number of units in the particular digit, of the called line number,

which is being dialed. The line circuit closure is therefore not only under

control of the receiver hook but also under control of two normally made contact

springs (called impulse springs) which are part of the dial. The movable por-

tion of the dial consists of a shaft which carries a finger plate and impulse

wheel and a governor driving gear. The finger plate has ten finger holes

normally located directly above the numbers from 1 up to 0 which appear regu-

larly spaced on a fixed plate below the finger dial. The impulse wheel which

is fixed on the shaft has ten teeth in its periphery. The dial is operated by

inserting the finger in one of the finger holes and rotating the dial in a

clockwise direction until the finger comes up against a finger stop which is

attached to the stationary part of the dial. This rotation winds the dial

against a ooiled spring so that when released by the finger the dial will re-

turn to its normal position. During its return to normal as many of the teeth

on the impulse wheel successively engage with an "impulse pawl" as there were

units in the digit whioh appeared under the hole into which the finger was in-

serted. Each time one of the impulse wheel teeth engage with the impulse pawl,

a hard rubber bushing strikes one of the impulse springs and opens the line cir-

cuit contacts. The line circuit is therefore opened as many times for each

digit dialed as there are units in the digit which appears directly below the

hole into whioh the finger is inserted, exoept that when zero (0) is dialed the

circuit is opened ten times®

The speed at which the dial returns to normal is controlled by a
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oentrifugal governor which is driven by the gear mounted on the dial shaft. This

speed control is necessary in order that the line "open" and line "closed” in-

tervals be of suoh duration as will cause registration of the digit by the cen-

tral office apparatus. The dial transmits pulses at a rate of from 8 to 11

pulses per second while returning to normal* The open periods vary from *050

second to .100 second and the olosed periods which occur between the open periodB

of a series of pulses, vary from .025 second to .050 second. In the same spring

assembly with the line contact springs is an additional set of springs whose

oontacts are normally open. These contacts are closed during the time the dial

is off normal so as to short-oircuit the receiver and transmitter of the subset

during transmission of the dial pulses. This prevents the impulses from being

heard in the reoeiver and also aids registration of the number in the central

office by placing a direct short-circuit across the line during the closed por-

tions of the dial impulses*

Appearing on the fixed plate with the digits from 2 to 9 inclusive are

the letters of the alphabet in groups of three, with the exception of the

letters I and Z. Thus "ABC" appears with 2, "DEF" with 3, etc. The dialing of

one of these letters has the same effect as the dialing of the digit with whioh

it is associated. These letters appear in order that the system of giving

office names can be maintained and the subscriber will therefore not be required

to remember -6 or 7 digit numbers. Instead the exohange name and 4 digits are

used to distinguish one line from another. Theoretically where an exchange

area has an ultimate capacity of less than 100 offices it is sufficient to dial

only the first two letters of an offioe name, but in an exchange area having

more than 100 offices it is neoessary to dial the first three letters of the

office name. For this reason we have what are oalled, 2 digit and 3 digit sys-

tems. Practically, since letters appear only under eight of the 10 finger

holes, the number of offices in a 2 digit area is limited to 64, and in a 3

digit area to 512. The choice of names in an area served by a dial system must

be such that there are no duplications of the office code (first two or first

three letters of the office name) and no names used which oould be spelled in

more than one way. The office code letters are capitalized in the telephone

directory to indicate that part of the name whioh must be dialed.
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CHAPTER IT

PANEL TYPE POWER DRIVEN LINEFINDER

The subscribers* lines extend into a Panel type office through the

main and intermediate distributing frames to terminals in **multiple banks'* which

are mounted on "linefinder frames'*. The Panel system gets its name from the

multiple bank whioh is of the "panel** type. On eaoh unit of the lineflnder

frame (see Fig. 1) can be mounted a maximum of ten 40 point (sets of terminals)

banks of multiple terminals, and 60 sets of selecting brushes together with the

driving mechanism relays, terminal blocks, and other associated apparatus. (The

earlier linefinder frames were equipped with a maximum of fifteen 20 point

multiple banks.) The banks, selecting brushes and clutch mechanisms are mounted

in the central unit of framework; the subscribers line, trip, and start circuit

relay equipment is mounted in a section on one side of the banks. (The line

finder circuit relay equipment is mounted on the district frame); and the ter-

minal blocks are mounted at one end of the frame outside of the relay equipment.

In addition to the tip and ring terminals, there are two other terminals associ-

ated with each line. One of these terminals is the "sleeve" terminal and

corresponds to the sleeve of an answering jaok. The other is known as the

"hunt" terminal and serves a somewhat similar purpose to that of the line lamp
A

on a nw nnai "A" board. Fig. 1 illustrates the wiring in the oentral office
i f

which provides for terminating subscribers* lines on the apparatus through which

oalls are originated. A local form carries the wiring from the terminal blocks

on the linefinder frame to the line and cut-off relays and to soldering lugs on

the multiple bank.

The "multiple bank", which we will now describe, is the one used when

400 subscribers* lines originate oalls at such a rate that 60 linefinders are re-

quired to care for the busy hour load. Other multiple arrangements will be de-

scribed later. The bank, similar to that shown in Fig. 9, is divided vertically

in the middle, each half being made up of 172 metal strips placed one upon the

other. The first 164 are separated from each other by strips of insulation. The

8 top strips are not insulated from each other, but are insulated from the 164th
$

strip and from the frame. A terminal strip or punching, has 15 contact ter-

minals on eaoh edge and a soldering lug at each end. The metal strips are piled
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in sets of 4, the lower of each set being a "sleeve" terminal strip; "ring",

"hunt" and "tip" terminal strips follow in the order named, Eaoh of the first

40 sets of 4 strips is associated with one of 40 subscribers* lines* The ter-

minals on the four kinds of strips differ in their spaoing so that they form 60

vertical rows on both the front and rear of each half of the multiple bank.

These vertical rows group themselves in sets of 4, there being a "tip" row, a

"hunt" row, a "sleeve" row and a "ring" row of terminals in each set, naming

them in order from left to right when facing either side of the frame. The ter-

minal strips in the bottom set on one half of the multiple bank, are connected

by wires from the lugs on their inner ends to the lugs at the inner ends of the

corresponding strips in the fortieth set on the other half of the bank. All

other sets of strips are similarly connected from one half to the other. There-

fore, if the sets of terminals in one half of the bank are associated with sub-

scribers lines from 360 to 399 inclusive the sets of terminals in the other half

Qf •fche hank are associated with the same lines but in the reverse order, that

is, from 399 to 360*

The line finders which hunt over the half in which the lines number

from 360 to 399 are designated sub-group "A" and those which hunt over the lines

in the reverse order are designated sub-group "B", The lines also are divided

into two sub-groups. The lines from 360 to 379 being in sub-group "A" and the

lines from 380 to 399 being in sub-group "B". The controlling circuits are so

arranged that, when a line in sub-group "A" (in any one of the 10 banks)

originates a call, a line finder in sub-group "A" is used to find and connect

to the calling line, except that when all the line finders in sub-group "A" are

busy then a line finder in sub-group "B" will be used if there be an idle one.

Similarly, lines in sub-group "B" are served by line finders in sub-group "B"

unless they are all busy, in which case a line finder in sub-group "A" is used

if there be an idle one* This arrangement of multiple reversal and division of

lines and line finders into sub-groups reduoes the average time required for a

line finder to connect with a calling line and therefore reduoes the possibility

of a subscriber dialing before the line is connected to a sender circuit in

which the number about to be dialed will be registered.

At one end of the bank, the "tip", "hunt", "ring" and "sleeve" strip
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soldering lugs (first 40 sets only) are connected hy wiring in the looal form to

the "T", "R", "S" and "M" terminals on a terminal block which mounts at that end

of the linefinder frame. This wiring is quite clearly shown in Figs. 1 & 2.

The forty-first set of terminal strips and the group of 8 strips on the top are

not connected to subscribers* lines. In addition to serving as brush guides

they are used as "tell tale" terminals, a use which will not be explained at

this time.

In front of each set of vertical rows of "T", "H", "S" and "B" termi-

nals in the multiple bank is located a brush rod on which are mounted 10 multiple

brush assemblies or "multiple brushes", one for eaoh bank on the frame, and one

commutator brush, (see Fig. 10). There is, therefore, space for 30 brush rods

on eaoh side of the frame an arrangement which makes for economy in the use of

floor space. Vertical movement of the rod, a distance equal to the height of a

multiple bank, brings eaoh set of line terminals on the entire frame within

reach of one of the 10 brushes on each of the 60 brush rods. A linfinder

multiple brush consists of a metal framework whioh supports 4 contact springs

insulated from each other. A spring separating devioe whioh engages the two

inner springs, normally keeps the springs spread apart so that they oannot make

contact with the line terminals. The device consists of a metal detail hinged

to a projection at the bottom of the brush framework. The detail supports a

pair of rollers normally wedged between the two inner springs. Extensions of

the hinged detail serve as "trip" and "reset" levers. When the brush is tripped

that is, the "trip lever" has been pulled down from its normal position, the

roller swings out from between the inner pair of springs so that all four

brushes make contact successively with the vertical rows of terminals, when the

brush rod is moved upward. The trip mechanism consists of 2 trip magnets at-

tached to the linefinder frame at one end of, and just below each multiple bank,

one on each side of the frame (see Fig. 2). When the trip magnet is energized,

it engages with and oauses the rotation of a horizontal trip rod through an

angle of about 30°. This trip rod extends the length of the bank just above

the brush rod bearing plates and is held in its normal angular position by a

retractile spring. Attached to the trip rod are 30 trip fingers, one for each

brush rod on the same side of the frame. Rotation of the trip rod moves these
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trip fingers into such a position with respeot to the trip levers on all of the

30 brushes which are associated with this particular bank that if any one of

these brush rods is driven upward the brush on this rod is tripped, so that the

springs make contaot with the bank terminals. The ends of all brush springs

are provided with insulating shoes in which the contact meohanism is embedded,

the shoes acting as guides for the springs. The left outer and left inner

springs ("tip" and "hunt") make oontaot with the left side of the tip and hunt

terminals respectively, and the right outer and right inner springs ("ring" and

"sleeve”) make contact with the right side of the ring and sleeve terminals re-

spectively. The trip magnets associated with only one multiple bank can be op-

erated at one time, otherwise a finder might be electrically connected to the

terminals of two or more different lines at the same time. The reset lever ex-

tends below the brush when in the tripped position and to reset the brush, this

lever must be pushed up to its normal position so that the rollers reenter be-

tween the inner pair of brush springs. At the bottom of each bank there is a

comb for guiding the brushes on to the terminals in eaoh vertical row. This

comb consists of pieoes of aluminum ousting, fastened to the multiple bank

frame, there being vertical ribs on the outer surface of these oastings. At

the top of the bank, the 8 additional terminal strips serve as guides and no

oomb is necessary.
*

The brush rod on which the multiple brushes are mounted is a hollow

metal tube held in place and guided by bearing plates at the bottom of each

bank with the exception of the bottom bank. A bearing plate is not placed at

the bottom of the lowest bank for the reason that the brush rod extends only

to the bottom of this bank and would move out of the bearing each time it is

elevated. Within the rod is carried the wiring which connects the correspond-

ing springs of each of the 10 brushes.

Attached to the lower end of the rod is a flat strip of bronze known

as a "rack". There are rectangular slots in the strip on 1/6" centers corres-

ponding to the spacing of the sets of line terminals in the multiple bank. The

rack is somewhat longer than the height of a multiple bank. On each side of

the frame, the brush rod racks extend downward in front of two "friction rolls"

which are mounted horizontally one eJbove the other. The rolls (shown in Fig,

11) are gear driven by small electric motors, there being one motor for the
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rolls on the same side of two adjacent frames. Each of the rolls consists of a

steel shaft covered with a layer of cork the upper roll being the down-drive

roll and the lower one the up-drive roll. The two rolls in each set revolve in

opposite directions, one of them being known as the "up-drive" roll, the other

as the "down-drive" roll. In front of the two "friction rolls" on eac)i side of

the frame, are mounted 30 "clutch" assemblies, one associated with each of the

60 brush rods on the frame. The line finder "clutch" consists of an up-drive

("UP”) magnet and roller, a down-drive ("DOWN") magnet and roller, a pawl and

a pawl trip lever, all mounted on a metal framework. (The clutch used on a

final selector is shown in Fig. 12. On the line finder clutch the top and

bottom magnets shown are omitted. ) The up-drive roller presses the rack against

the up-drive friction roll when the UP magnet is energized causing the brush rod

to move upward* When the UP magnet releases, the brush rod drops back against

the pawl which has engaged with one of the slots in the rack. This pawl is

pivoted on the clutch framework and is tensioned toward the raok at all times,

by a retractile spring. An index stamped on the edges of the faoe of the rack,

indicates, with reference to the top of the dutch magnet assembly, the number

of the set of line terminals in eaoh bank opposite whioh their respective

multiple brushes are resting. When the down-drive magnet is energized, the pawl

trip lever disengages the pawl from the raok following which the down-drive

roller presses the raok against the down-drive friction roll, returning the

brush rod to normal. If one of the brushes has been tripped, the reset lever

of this brush strikes the trip lever rod, causing the trip lever to be pushed up

to its normal position, thereby resetting the brush. Just above two of the

multiple brushes, up-stop collars are attached to the brush rod to limit its

upward motion. A down—stop detail is collared to the lower end of eaoh brush

rod and this stop detail carrying the weight of the rod, brushes and rack nor-

mally rests against the top plate of the clutch framework.

Attached to the upper end of the brush rod is a set of brush springs

called a "commutator brush" (see Fig. 13). The "T", "H", "S" and "R" springs

of the multiple brushes are connected by the wiring whioh is carried inside of

the brush rod, to the corresponding springs of the commutator brush, and, as

the brush rod moves upward, these springs slide along on the surface of the
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"commutator", making oontaot with similarly designated commutator segments. A

commutator is a bar of insulating material in which are embedded a number of

metal strips. It is fastened by a steel detail called a "commutator locating

plate", to the top of the frame in such a position that the commutator brush

springs make oontact with and slide over its segments when the brush rod is

driven upward. The metal strips terminate at one end in soldering lugs which

are wired to other apparatus in the linefinder district circuit as required.

The commutator and commutator brush are, therefore, necessary in completing a

connection between the circuit of which a particular line finder is a part, and

a set of multiple bank terminals with which one of the multiple brushes is in

contact. The commutator brush also has other springs designated "G", "M", ”N",

"K" and "X", and "C", all of which are strapped together but each of which

makes contact at various times with separate but similarly designed segments on

the commutator. These brushes and segments are used to control various circuits

and their use will be explained when describing that part of the operation in

which they come into play.
4f-

There is one regular trip cirouit for controlling the trip magnets

and the relays used in this trip cirouit are mounted with the line and cut-off

relays at one end of the bank with which they are associated. An emergency

trip circuit is mounted above the relay equipment at the end of the top multi-

ple bank. Connection is made to each regular trip circuit by inserting a plug

in a jack adjacent to the relay equipment. Transfer of this plug to the emer-

gency set of springs in this jack box, outs in the emergency trip cirouit in

place of the regular one. In this way, the one emergency trip circuit can be

used in place of any one of the 10 regular trip circuits.

There is one "start" circuit for the group of 60 linefinders on the

frame which we have described and the relays used in this cirouit are mounted

at the top of the frame just above the emergency trip circuit relays. Relays

for an emergency start circuit are mounted just above the relays for the

regular start cirouit, and the emergency start circuit can be "cut into ser-

vice” in place of the regular circuit by moving a plug in the jack associated

with the start circuits. Below the relay equipment is mounted a fuse panel,

whioh feeds battery and ground as required by the line trip, and start circuit
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apparatus mounted on the frame. The individual line finder apparatus is fed

thru fuses on the district frame* Jacks used for testing and maintaining the

equipment on the frame are grouped on jack mountings attached to the framework

at the end of the multiple hanks next to the relay equipment. The power driven

interrupters which are associated with the line finder circuits on a linefinder

frame are mounted on a separate interrupter frame which is shown in Fig. 3.

We have mentioned that there is a looal form associated with eaoh

multiple hank which carries the wiring between the multiple hank, line and

cut-off relays, and the line terminal blocks. The looal cabling on a line

finder frame consists of the following:

1. Two line finder local cables.

2. Ten multiple bank-line relay and trip circuit local cables

for eaoh line relay bay.

3. One start and emergency trip oirouit looal cable for eaoh

start cirouit unit.

4. One local cable for each line relay bay.

5. One looal. power cable for eaoh line of frames.

Each line finder local cable ties together the clutches, commutators

and miscellaneous jacks associated with the line finders on one side of the

frame and is terminated on the four terminal strips near the top of the left

upright of the bay. One subscriber’s line relay and trip oirouit looal cable

is required with each line relay unit and associated bank or banks. The cable

extends from the multiple bank and trip magnet terminals past the relay equip-

ment and trip circuit jack to the line relay unit terminal strip. When the

subscriber’s lines are multipled before two line finder frames as on a 40 and

80 line finder group the looal cable is extended from the terminal strip to

the soldering terminals of the adjoining multiple bank. The start and emer-

gency trip circuit relays are connected by the start and emergency trip oir-

ouit looal cable to the jack thru which connection to the start circuit is

made. The line relay bay local cable connects the start oircuit equipment
I

and the battery leads with the ten line relay and trip circuit units. It

extends between the terminal strip of the units and the fuse panel with an

arm connecting to the terminal of the start circuit jack. One local power
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cable is required for each line of line finder frames to carry the miscellaneous

leads running between the two sides of the same frame, between adjacent frames,

and from points beyond the line finder frames, to the distributing power terminal

strip which is located at the end of the line-up. From this point the leads are

oarried in switchboard cable to the power alarm board, IDF etc. The miscellan-

eous leads of the line finder circuit are picked up by the local power cable at

the power terminal strip of this bay and those of the line relay bay at the

power punching of the start circuit unit terminal strips. Figure 8 shows the ar-

rangement of the various line finder local cables. The line finder district

circuit are oabled in groups of five and the number of cabled line finders on a

frame will be a multiple of this number.

The line finder bank which has been described was the one used when

400 subscribers lines originate suoh an amount of traffic as requires the use of

60 line finders. Other multiple bank arrangements are used whereby 28, 40 or 80

line finders are grouped together to care for the traffic which is originated by

400 lines. In these oases the multiple bank is divided vertically and the multi-

ple strips are divided into sections. There are two trip magnets one on each

side of the frame for each group of lines and the trip rods actuated by these

trip magnets extend only the length of the group and not the length of the frame.

Figure 14 illustrates the bank arrangements for the 28, 40, 60 and 80 line

finder groups.

Each one of these line finder units is a part of and is used in the

circuit unit oalled the "line finder - distriot". The line finder - district

^j^glmles a district selector which is somewhat similar to a line finder for it

also consists primarily of a brush rod, multiple brushes, a clutch mechanism, a

commutator and a commutator brush. The distriot selector is mounted on a frame

which is also somewhat similar to a line finder frame. The line finder and

distriot seleotor parts of the line finder distriot circuit are connected by

switchboard cables. Each cable oarries the wires for connecting 5 circuits

(6 leads per circuit) and terminates on terminal blocks mounted on the end of

each of the line finder and distriot frames. The relays, resistances, and

sequence switoh associated with each line finder - district circuit are mounted

on the distriot seleotor frame and not on the line finder frame.
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The symbols used on circuit drawings to represent various parts of the

power driven line finder are shown in Figure 15. These symbols are used in a

similar manner for all power driven selectors.
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CHAPTER V

THE PANEL LINK FRAMTC

Before we oan proceed with an explanation of the operation of a line
finder we must first have a particular line finder selected for use on the call
which we will later assume to be originated. We know that the calling line

should be connected with the sender circuit as soon as possible after the sub-

scriber removes the receiver from the hook so that he will not become impatient

waiting for the dial tone and proceed with the dialing before it is possible for
the dial pulses to be registered. The circuit unit which selects a particular

line finder for use on an originating call and which also connects this line

finder with an idle "sender" circuit is the "link" cirouit. Two types of link

circuits have been developed, the rotary and the panel. The apparatus which is

to be described at this time is the "panel link". The apparatus consists essen-

tially of a panel frame of the same general construction as a line finder frame

on which are mounted two groups of brush rods with their associated clutches,

brushes, commutators and commutator brushes. The brush rods in one group are

called district finders, their function being to select an idle "line finder -

district" circuit for use on the next call to be originated. The brush rods in

the other group are called sender selectors, their function being to select an

idle sender in which to register the number about to be dialed. With this

general idea we will proceed with the description of the apparatus which is a part

of and is used in the "panel link" circuit.

The assembly of a panel link frame is shown in Fig. 1 and the equipment

mounted thereon is shown in Fig. 2. The frame consists of three bays, the center

one of which contains a panel bank, clutches and brush rods. The bays at the end

are used for sequenoe switches, relays, fuse panels, jack panels, etc. The frame

has capacity for mounting 30 links, each link including two brush rods, a dis-

trict finder and a sender selector. Facing the front of the frame the 15 brush

rods on the right-hand half of the frame are the distriot finders of the odd

numbered links, 1 to 29 and the 15 brush rods on the left-hand half of the frame

are the sender selectors of these links, 1 to 29. Facing the rear of the frame

the 15 brush rods at the right are distriot finders of the even numbered links,

2 to 30, and the 15 brush rods at the left are sender selectors of these links.
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Two 100 point banks (100 sets of terminals, 3 terminals to a set) are

used for the sender multiple. Each sender selector brush rod is equipped with

two brushes, one for each bay. The brushes are made similar to the line finder

brushes, the inner pair of springs making contact with opposite sides of the

middle terminal in any set. The left inner spring on both brushes is used only

to balance the tension between the two halves of the brush. The brushes are so

spaced on the rod that when the lower brush is making contact with a set of three

terminals in the lower bank, the upper brush is making contaot with the corres-

pondingly situated set of three terminals in the upper bank. A set of three ter-

minals in one bank is thus combined with a set of three terminals in the other

bank to make a set of six terminals through which the brushes make oontact with

T, TR, R, FT, SC, and FR leads from one sender. The six leads from each of 100

senders are in this way multipled so as to be accessible to any one of the thirty

sender selectors.

For cases where the traffic is such that the division between link cir-

cuits which hunt in one group of senders and those which hunt in another group of

senders comes between links on the same frame, banks are provided in which the

multiple is split vertically in the middle giving 15 links access to each sender

group, or is split so as to give 10 links access to one sender group and the re-

maining 20 links access to the other sender group.

There is a brush rod bearing plate at the top of each bank for guiding

the rod. In addition a vertical guide rod extends from the top of the lower bank

to the top of the clutch mechanism just behind the brush rods and a fixture at-

tached to the brush rod engages with and slides on this guide rod. The rack is

slotted to correspond with the sets of multiple terminals, both the terminals and

slots being on 1/8” centers. The clutch and driving mechanism are similar to

those used in the line finder but there is no trip magnet or trip rod since the

brushes are permanently tripped. The T, TR, R, FT, SG and FR multiple brush

frames on each brush rod are connected by wiring carried within the rod to

similarly designated springs on the commutator brush which make contact with and

slide over metal segments on the commutator. These six commutator segments are

connected through the local cabling to the cams on the sequence switch which be-

longs to the same link circuit. The commutator has three additional brush springs
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designated "G", "Y" and "Z", and "0" and "X" there being commutator segments

similarly designated. The commutators are attached to the frame just above the

upper sender multiple bank. Stop collars on each brush rod limit the motion of

the rod both upward and downward.

The multiple bank to whose terminal the leads from a group of line

finder district circuits are connected is mounted in the central bay just above

the sender selector commutators. This bank is of two sizes, the small of which

has 44 terminals in each vertical row and the larger has 84 terminals in each

vertical row. The vertical rows are grouped in sets of three and the multiple

strips are stacked in sets of three. The smaller bank is used where there are

28 or 40 "line finder - districts" in a group, and the larger where there are 60

or 80 "line finder - districts" in a group. The district finder brush rods are

each equipped with two brushes so spaced that when the lower brush makes contaot

with a set of terminals in the lower half of the bank the upper brush is making

contact with the correspondingly located set of terminals in the upper half of

the bank. The sets of 3 terminals each in the upper and lower halves of the bank

are thus combined to make sets of six terminals each to which the six leads (T,

TR, R, FT, SC and FR) from each line finder - district circuit are connected. The

district finder brushes are permanently tripped and are otherwise similar to the

sender selector multiple brushes. The district multiple bank is divided verti-

cally, each terminal strip being divided into sections. There is one section for

each pair of odd and one section for each pair of even numbered district finder

brush rods and one additional section for the 15th finder on each side (#29 and

#30). This arrangement permits the district finder and therefore the link circuit

to be divided into groups as required to care for the traffic. The traffic

originated by a sub-group of lines is handled by a sub-group of line finders. The

sub-group of line finders is in turn served by a sub-group of link circuits. To

care for the traffic originating thru the 14, 20, 30 and 40 line finder sub-

groups the corresponding link sub-groups contain approximately 12, 14, 16, 20 and

24 links respectively, these numbers varying with the traffic in each particular

case. Adjaoent sections of multiple strips are strapped together to build up a

link sub-group multiple to meet the traffic requirements.

The sequence switches which are associated with the odd numbered links
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are mounted in the bay to the right of the odd numbered district finders and the

sequence switches which are associated with the even numbered links are mounted

in the bay to the right of the even numbered district finders. Below the se-

quence switches are mounted the key and lamp panels* jack panels and fuse panels.

Above the sequence switches are mounted the link circuit relays.

The link frames are assigned in pairs, an A frame and a B frame. The

district finders in a sub-group on the A frame hunt over the terminals of "line

finder - districts" which belong to an A sub-group of line finders. The district

finders in a sub-group on the B frame hunt over the terminals of "line finder —

districts" which belong to a B sub-group of line finders. The link sub-groups

are, therefore, numbered to correspond with the numbering of the line finder sub-

groups. The odd numbered link sub-groups are generally placed on the front of

the frame and the even numbered sub-groups on the rear. In locating the link

frames on the floor it is desirable to arrange the frames in pairs so as to keep

the links of a group in the same aisle. Six frames can be located in a line in

many cases. Figure 3 shows the arrangement of link circuit sub-groups to corres-

pond with the "line finder - district" sub-groups.
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CHAPTER VI

CONNECTING A CALLING LINE WITH AH IDLE SENDER CIRCUIT

We now have some conception of the equipment which is involved in con-

necting a calling subscriber’s line to a sender circuit in which the called

number is to be registered when dialed by the subscriber. We have not yet de-

scribed the apparatus whioh goes to make up a sender circuit, nor how the senders

are mounted on frames, and we will postpone that description until we are ready

to register the number which is dialed.

A link circuit is a willing worker and as soon as it completes its

cycle of operations on one call it proceeds to hunt for and conneot itself to an

idle "line finder - district" circuit so as to be ready for service when its next

turn comes. When referring to a "line finder - district" circuit we may speak

of it either as a line finder or as a district. Any district circuit which is

not in use grounds a lead designated (ST) to the associated sub-group of link

circuits, to notify them that there is one or more idle district circuits. The

panel link hunting circuit is shown in Fig. 1# When a link has completed its

service on a call its sequence switch is advanced to position 7, which is the

hunting district position. The ground on the (ST) lead operates the (RL) relay

in the link circuit. The (C) relay operates and the district finder UP magnet

(D) is energized causing the district finder to move upward. The brushes make

contact successively with the six terminals of the district circuits in the bank

and when an idle district is reached a circuit is closed from battery through

270 ohms in the district circuit over lead (TR) operating the (T) relay in the

link circuit. Operation of the (T) relay does not release the (C) relay until

the brush rod has been driven upward far enough so that the "C M commutator brush

breaks contact with a segment of the "C" commutator. The (C) relay then releases,

the UP magnet releases, and the brush rod drops back so that the pawl in the

clutch mechanism enters a slot in the brush rod rack, thereby centering the six

brush springs on the six terminals of the idle district circuit. The MC W commu-

tator brush and segments perform the function of making it certain that the

brush rod is driven high enough after an idle terminal is found to allow the

rawl to enter the corresponding slot in the rack (all trunk hunting power driven

selectors have a nC" commutator brush and segments for a similar purpose). If
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the finder travels to the top of the bank without finding an idle distriot the

(SW) relay operates and locks, releasing the UP magnet. The DOWN magnet (D) is

then energized and the brush rod moves down to the bottom of the bank in which

position the "Y" commutator brush makes contact with the ”Y" commutator segment

and short-circuits and therefore releases the (SW) relay. The release of the

(SW) relay opens the DOWN magnet circuit and closes the UP magnet circuit so that

the brush rod is again moved upward and the idle district is found. The district

finder and sender selector brush rods have no normal positions as do the power

driven trunk hunting selectors. When the idle district is found the operation of

the (T) relay short oirouits its.S wdg. , holds thru its P wdg. and connects

ground thru its P winding to the TR lead as a temporary busy condition. When the

(T) relay operates the (RL) relay releases thus causing the advance of the link

sequence switch to position 8, whicn is the "awaiting distriot" position. In po-

sition 8 with the (T) relay operated, ground is connected over the T lead to the

district, operating the district (L) relay and thus advancing the district switch

to position 2, "awaiting call". This advance of the distriot switch releases the

district (L) relay and opens the (TR) lead so that the (T) relay in the link cir-

cuit releases. The opening of the (TR) lead also prevents any other link which

is hunting for an idle distriot circuit from selecting this same district. The

release of the (T) relay advanoes the link switch to the "awaiting allotment* po-

sition.

The link circuits in a sub-group are used in rotation and there can be

but one link in the "awaiting call" position at a time, all other idle links re-

mpt ini ng in the "awaiting allotment" position. When a link which n&s been waiting

for a call to be originated moves out of the "awaiting call" position the pre-

ceding link in the sub-group is allotted, that is, advanced out of the "awaiting

allotment" position into the "awaiting call" position. If all links in the sub-

group are awaiting allotment, the last link is allotted for use on the next call.

The link which we have mentioned as being the last link does not derive this

designation from the order in which it is allotted, but from the order in which

the lead from the start circuit connects to and loops through the chain of links

in a sub-group. Figure 2 shows the link allotting circuit and is self-explana-

tory.
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Assume that the link whose operation we are following is advanoed from

the "awaiting allotment" position to the "awaiting call" position. We now have

a link connected with an idle district circuit, both of them in the "awaiting

call" position at the time that a subscriber whose line is in an A sub-group re-

moves the receiver from the hook. Figure 3 shows schematically the circuits in-

volved in connecting a calling subscriber’s line with an idle sender circuit.

When the receiver is removed from the hook the (L) relay in the line circuit op-

erates, connecting battery through a 500 ohm resistance in parallel with the 500

ohm winding of the (R) relay to the "H" terminal strip associated with this line

in one of the line finder multiple banks. The operation of the (L) relay oper-

ates the (A) relay in the trip oirouit. The (A) relay operated, operates the

(at.) and (TR) relays. The (TR) relay locks through its (P) winding, operates

the (ST) relay in the start circuit and operates the trip magnets which are

associated with the group of lines in whioh the subscriber’s line terminates.

The (D) relay operates and looks under control of the (R) relay, thereby causing

operation of the (FLA) relay and connecting ground over the (STA) lead to the

(A) sub-group of links which are associated with the line finders of the frame
X

on which this subscriber’s line terminates. (If all of the links were busy in

sub-group (a), this ground would be connected over the (STB) lead instead of the

(STA) lead to the (B) sub-group of links.) This ground on the (STA) lead is

connected through the chain of links in the sub-group to that link which is

awaiting a oall, and through that link to the "line finder - district" circuit

causing the operation of the (LF) relay. The (LF) relay locks under control of

the (H) relay to ground through the "N" commutator. Operation of the (LF) relay

closes the line finder UP magnet circuit and connects ground to the FR lead.

This ground operates the (GA) relay in the start circuit and the (SW) relay in

the link circuit. The (GA) relay operated, opens the (STA) lead, releases the

(FLA) relay and holds the (ST) relay operated. The operation of the (SW) relay
r

advanoes the link switch to position 2, "hunting sender”. When the link ad-

vances, the district (L) relay operates and locks in position 2. The GA lead is

opened when the link advances but the (GA) relay holds under the control of the

(TR) relay. The (GA) relay also holds the (ST) relay operated so as to prevent

another call from being started. Since the switch magnets are energized when the
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brush rod is driven upward, the multiple brushes associated with the bank in

which the calling line terminates are tripped so that the brush springs make con-

tact with the line terminals. When the line finder brush rod has travelled up-

ward beyond the tripping zone the K commutator brush makes contact with the K

segment holding the (ST) relay but short circuiting and releasing the (TR) relay.

The release of the (TR) relay releases the trip magnets and the (GA) relay. The

(ST) relay releases as soon as the brush rod has travelled high enough so that

the K commutator brush breaks contact with the K sequent. Another line finder

can be started as soon as the (ST) relay releases on a call from any of the other

lines on the frame. When the line finder brushes make contact with the terminals

of the calling line the (H) relay operates releasing the (LF) relay. The trip

circuit (R) relay then operates and holds thru its S winding until the (D) and

(LO) relays release. The (D) relay is slow in releasing so that on an overthrow

of the line finder brushes the (R) relay is held operated so as to prevent the

starting of a second line finder on the same call before the brushes of the first

have settled back on the terminals of the calling line. The line (CO) relay is

operated from battery thru 220 ohms in the line finder circuit over the S lead.

Operation of the (CO) relay releases the line (L) relay. The release of the line

(L) relay releases the (A) and (R) relays in the trip circuit and releases the

(H) relay in the line finder oircuit. With the district (L) relay operated as

previously described the release of the (LF) relay advanoes the district switch

to position 3 -awaiting sender". The district (L) relay releases when the switch

advances.

We now have the calling line connected to a line finder circuit and,

thru this line finder, to a link circuit. This link has in the meantime been

hunting for and connecting itself to an idle sender circuit. Figure 1 shows the

sender hunting circuit, the operation being practically identical with that of

the district hunting circuit. When the (RL) relay releases after an idle sender

has been found, the link switch is advanced to position 3, "awaiting sender ".

This advance closes the SC lead from the sender to the district circuit, which is

also iB the -awaiting sender" position.

When the selected sender Is one of the last ten (or twenty If so de-

sired) at the top of the bank a circuit Is closed thru the Z comnutator which
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causes the sender selector to return to the bottom of the frame at the end of

the call instead of remaining on that set of terminals until the link is ad-

vanced to the hunting sender position on a succeeding call. This is done to

avoid as far as possible delaying the selection of a sender by waiting for the

selector to be driven from the top to the bottom of the frame during hunting.

The olosure of the (SC) lead operates the district and sender (SC) relays but

does not operate the district (D) relay. Operation of the sender (SC) relay

operates the (SCI), (HI) and (SB) relays. The (SB) relay operated, opens the

(TR) lead, releasing the link (T) relay and preventing selection of this sender

by any other link. The release of the link circuit (T) relay advances the link

switch to position 5, "cut through", in which all of the six leads except the

(TR) lead are connected through from the district to the sender, and the link

remains in this position until the sender has completed its functions and is

dismissed by the district. We now have the calling subscriber’s line connected

to a sender circuit and the subscriber is waiting for a dial tone. Before we

have the dial tone transmitted by the sender circuit we should learn something

more about the sender circuit and the apparatus of which it consists.
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CHAPTER VII

SUBSCRIBER * S SENDERS - APPARATUS AND FRAME

In the analogy between panel system and manual system operation in the

first chapter of these notes we found that the sender circuit was the brains of

the system, for it told subscribers when to dial, it registered the numbers that

the subscriber dialed, and it went through a process called "Translation" where-

by it decided what control it must exercise over the various selective mechan-

isms in order that the connection be properly completed. The necessary control

was then exercised and an idle trunk to the office in which the called line ter-

minates was selected. Finally the called line itself was selected and the sender

then caused the selector mechanisms to connect the calling line with the called

line. Since its services were no longer required the sender returned to normal

in order that it might be used on another call.

The sender is, therefore, composed of pieces of apparatus which operate

to fulfill these functions. Every sender circuit consists of a number of relays^

condensers, resistances, sequence switches, registers, and the "translator"

mechanism.

A two-digit sender circuit contains four sequence switches, - a sender

control switch, a sender switch, a class switch, and an RCI impulse switch,

designated (R-l), (R-2), (R-3) and (R-4) respectively. The various switches con-

trol the circuit conditions in the sender during completion of a call as follows

(a) The sender control switch, (R-l), controls the seizure of the

sender and the return of the sender to normal.

(b) The sender switch, (R-2), controls district selections, trunk test,

numerical selections on mechanical calls, and the start of RCI pulses

on RCI class calls.

(c) The class switch, (R-3), causes the sender to function as required

for completing the various classes of oalls. By class of call we

mean whether the call goes directly to a subscriber in another panel

type office, directly to a subscriber in a manual office, whether it

is completed thru a tandem office, or whether it goes to a toll, in-

formation or special operator. In each of these cases, the sender
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must function differently. The class switch has no normal posi-

tion and remains in one position until a succeeding call requires

that it be set in a different position.

(d) The RCI impulse switch, (R-4) establishes the circuit conditions

required for sending RCI impulses to manual or tandem offices. The

switch makes two revolutions on each RCI call.

The two-digit sender contains nine 200 type selectors designated the

register control (RC) switch, office code registers (A) and (B), the numerical

registers (TH), (H), (T), (U) and (STA) and the time measure switch (M). The

three-digit sender has an additional 200 type selector for the office oode regia-
4

ter (C). The use of these selectors is as follows:

(a) The register control (RC) switch directs the impulses from the

calling subscriber’s dial to the office code and numerical registers

in proper sequence. The register control switch also prevents an

attempt to make any selection before the registers which control

this selection have been set.

(b) The office-code registers control the setting of the "translator".

(c) The numerical registers control incoming and final selections on

mechanical class calls and control the circuit conditions established

for sending RCI impulses on RCI class calls.

(d) The time measure and alarm (M) switch measures the time allowed the

sender for performing its several functions and if a given part of

the sender’s operation has not been completed in this measured time

a signal is displayed at an operator’s position.

The translator mechanism for a two digit sender consists of two, or four

1203 type selectors which are mounted on the same frame with the sender. The

translation of the setting of the office oode and numerical registers in a 3

digit sender is performed by a decoder or a power driven selector on a separate

frame, called a translator frame, in connection with a motor driven pulse machine.

The description of the apparatus used for translation will be made later when

translation itself is explained.

-33-



Course A-132
Chapter VII

The 200 type selector which will now be described (shown in figure 1) is

a step-by-step rotary switch which has facilities for controlling six separate

circuits. It is composed essentially of a brush assembly, stepping magnet, and

a semi-circular bank of terminals. The bank consists of six rows of 22 termi-

nals each mounted radially in a semi-circular mounting which is concentric with

the brush assembly shaft. The terminals extend through the mounting, the pro-

jections on the inner surface providing wiping contact for the brushes, and

those on the outer surface forming soldering lugs. The first terminal in each

row is used for making connection with the corresponding brush and for that pur-

pose the inner projection is extended in the form of a flat spring which forks

out on eaoh side of the shaft so as to rest on a slip ring portion of the brush.

Each contact brush is composed of two flat springs so formed that they rest on

opposite sides of any terminal with which they are making contaot. Around the

shaft the springs form the slip ring with which the brush feed terminal springs

make contaot. The brushes are double ended so that when one end of the brush is

advanced a step from the last terminal the other end of the brush makes contact

with the first of the 22 terminals. Brushes may be bridging or non-bridging.

The non-bridging brush makes contaot with one terminal before it breaks contaot

with the next, and a bridging brush makes contact with a terminal before it

breaks contact with the preceding terminal. A non-bridging brush oannot be de-

pended upon not to bridge nor can a bridging brush be depended upon to bridge.

The stepping mechanism consists of a ratchet wheel mounted on the

brush assembly shaft the teeth being spaced so as to correspond with the multi-

ple bank terminals. A stepping magnet is mounted on the same frame which fur-

nishes the bearing for supporting the shaft of the brush assembly. To the arma-

ture of the stepping magnet is attached a spring pawl which engages the ratchet.

Each time the magnet operates the pawl is advanced one step and when the magnet

releases a coiled spring pulls the armature back to its normal position, and in

so doing the pawl pushes the brush assembly around one step. A set of contact

springs on the magnet may be used so as to open the magnetizing circuit each

time the magnet operates and thus continue stepping the brushes ahead until the

circuit is opened at some other point. The multiple bank mounting fastens to the

framework on which the selectors are to be mounted, and the frame which supports

the stepping magnet and brush assembly is fastened to the multiple bank mounting

-34-



Course A-132
Chapter VII

by two machine screws. This arrangement makes the brush assembly and stepping

magnet readily removable both for shipping and maintenance purposes and it also

makes it possible to provide ultimate multiple bank space without initially pro-

viding the magnets and brushes.

The register and register control switches have two normal positions,

spaced 10 terminals apart; the normal terminal is designated N and each set of

10 terminals are numbered from 1 to 0. The time measure switch has but one nor-

mal position and its terminals are numbered from 1 to 21. An attaohed sketch

shows the conventions used on circuit drawings to represent a 200 type selector.

On some of the earlier panel type installations the 200 type selector

was used as a line switch, for connecting the line to an idle district circuit,

and as a sender selector for connecting a district selector to an idle sender

circuit. The line switch and sender selector use one brush and arc of terminals

for hunting an idle circuit. The line switch connects the T and R leads from

the calling line to the T and R leads from the district selector and the sender

selector, (which is part of the district selector circuit) connects the T, R, FT

SC, and FR leads from the district to the sender.

On the latest sender frames the senders are mounted as units on a

single sided steel framework, there being six senders per frame in both two and

three digit offices. At one time only 5 senders were mounted on a unit type

frame and originally sender frames were not of the unit type, that is all of the

apparatus belonging to one sender circuit was not mounted together on a frame-

work as a unit. Each unit type frame is equipped with one interrupter unit which

is common to the six sender circuits. The three digit sender frame is divided

into three bays: the left-hand bay for mounting sequence switches and inter-

rupters; the middle bay for mounting relays, terminal strips and the drive motor;

the right-hand bay for mounting the 200 type selectors.

The two digit sender frame, arranged for 44 office codes, is divided

into four bays, while that for 88 office code is divided into five bays. The

first bay on the right hand side is used for mounting the 200 type selectors; the

second from the right mounts the relays and resistances; the third bay from the

right mounts the sequence switches, interrupters and drive motor; and the re-

maining bay or bays are used for mounting the 1203 type power driven rotary se-

lectors and terminal strips. The relay portion of the sender units are arranged
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for enclosure in a metal dust-proof oasing.

The sender circuits are cabled from the terminal strips on the sender

frame directly to the sender multiple on the link frames. A full group of 100

senders is multipled on from 12 to 16 link frames, (approximately) according to

traffic.

The two and three digit sender frame and unit assemblies are shown in

sketches attached. Other sketches show the cabling between subscribers links and

sender frames and the local cabling on a three digit sender frame.
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CHAPTER VIII

DIALING AND REGISTRATION

Those parts of the line finder, link and sender circuits which are

used in the registration of a dialed number are shown schematically in figure 1,

When the link circuit switch enters the "cut through" position, the (L) relay in

the sender circuit operates. The operation of the (L) relay causes the opera-

tion of the (SR) and (SRI) relays. The (SRI) relay, operated, closes the dial

tone circuit whereby dial tone is inductively transmitted to the calling sub-

scriber. Let us assume the subscriber dials Academy 1345. When the dial re-

turns to normal after dialing "A", the line circuit is opened and reclosed

twice. The first opening of the line circuit releases the (L) relay, thus op-

erating the (RA), (PH) and (ON) relays and the "A" register stepping magnet.

The (RA) relay, operated, operates the register control RC stepping magnet.

The (SR) relay is slow in releasing so that it holds over the open periods of

the dial pulses. When the line is recl03ed by the dial, the (L ) relay reoper-

ates, but the (PH) relay holds the circuit, through its own winding and the

windings of the (RA) and "A" stepping magnet, closed until the "A" magnet

breaks its back contact. The (PH) relay and "A" magnet then release but the

(RA) relay is slow to release and holds until all of the pulses for the first

digit hare been reoeived. The release of the "A" magnet advances the "A"

register one step from normal to terminal 1. 7/hen the line is opened the

second time, the (L) relay again releases, the (RA) relay is held operated and

the (PH) relay and "A" magnet reoperate. The (L) relay reoperates at the end of

the second open period and the (PH) relay and "A" magnet release as soon as the

"A" magnet breaks its back contact. The "A" register is thus advanced another

step and its brushes are now making contact with terminal £. Since the dial

has reached normal, the line will not again be opened until the next digit is

dialed and during this interval, the (RA) relay, which has been holding during

the series of pulses corresponding to the first digit, releases thus causing

the release of the "RC" stepping magnet. The "RC" switch is thus advanced one

step from normal to terminal 1, The advance of the "RC” switch transfers the

pulsing circuit from the "A" register magnet to the "B" register magnet. When

the second digit, that is the letter "C" is dialed, the line circuit is again
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opened, and reclosed, twice causing the repetition of the series of operations

just described except that the "B” stepping magnet, which is operated and re-

leased in the pulsing circuit instead of the "A" stepping magnet and the "B r

register is advanced from normal to terminal 2. When the second set of pulses

has been completed, the (RA) relay and nRC n magnet again release and the T? RC"

switch is advanced another step so that the pulsing circuit is transferred

from the "B" stepping magnet to the "C" magnet. Thus, after each digit, the

"RC" switch advances one step so that the pulses corresponding to each digit of

the dialed number are registered on a different register. Thus, when ACA 1345

has been dialed, registers A, B, C, have each advanced to the No. 2 set of

terminals; the thousands (TH) register has advanced to the No. 1 set of

terminals; the hundreds (H) register has advanced to the No. 3 set of terminals;

the tens (T) register has advanced to the No. 4 set of terminals; and the units

(U) register has advanced to the No* 5 set of terminals. If the call had been

to a line in a manual office, a party designation would also have been dialed

and the stations (STA) register would have been set in the proper position

corresponding thereto. The (ON) and (ONI) relays shown on the circuit are neces-

sary in returning the registers to normal, in some oases, after the sender has

completed its operations on a call.

Should one preliminary pulse be transmitted over the dialing circuit
e

before dialing actually begins due to accidental movement of the dial or switch-

hook or due to any other temporary open circuits, the nAn register is advanced

to terminal 1, closing the circuit in which the (PP) relay operates. The (PP)

relay, operated, holds the "RC" stepping magnet circuit closed so that it does

not release and transfers the pulsing circuit from the "A” stepping magnet to

the 2 ohm winding of the (PP) relay. When the first digit is dialed, the first

pulse holds the (PP) relay operated but does not advance the "An register. The

(PP) relay releases after the first pulse, and the second pulse due to the

dialing of the first digit advances the nA ?’ register from the No. 1 set of

terminals to the No. 2 set of terminals. Should there be but one pulse, a

second time, the release of the (RA) relay again reoperates the (PP) relay and

prevents the advance of the "RC" switch, and this operation is repeated until

more than one pulse is received for the first digit.
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To secure the required cycle of operations t the open and closed

portions of the dial pulses must be held within certain limits as mentioned

previously in Chapter 3 in order that the (L) t (RA), and (PH) relays and the

register stepping magnets be able to do their work properly* The condensers and

resistances connected across the windings of the £00 type selector magnets

protect their contacts and the contacts of the ( L ) and (PH) relays from the

energy dissipated each time the circuits are opened*
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CHAPTER IX

TWO DIGIT TRANSLATION - APPARATUS AND OPERATION

A two digit sender oirouit includes either a 44 point or an 88 point

translator. The 44 point translator consists of two 1203 type selectors and the

88 point translator oonsists of four 1203 type selectors. When the 88 point

translator is used the first two selectors are sometimes referred to as the

first translator and the second two selectors are referred to as the second

translator. Each 44 point translator is capable of being set in any one of 44

positions corresponding to 44 different settings of the A and B registers.

The 1203-E selector (which is used in the latest sender circuits),

inoludes two sets of six brushes each, mounted on opposite ends of the same

shaft. The brushes are single ended and one set is 180° out of phase with the

other set. The brush assembly shaft is supported by bearings in a metal frame-

work on which are also mounted the ROTARY and STOP magnets. The operating cir-

cuit for the rotary magnet is under control of a set of normally closed contacts

on the stop magnet. Operation of the stop magnet releases the rotary magnet,

and also oauses a dog to enter between two teeth in the periphery of a wheel,

which is mounted on one end of the brush assembly shaft, so as to center and

hold the brushes in this position. For each set of brushes there is a multiple

bank similar to that used with the 200 type selector. The brush and magnet

unit is attached to the multiple bank framework by machine screws, thus permit-

ting its removal without disturbing the multiple bank wiring. Since the brushes

of only one of the brush assemblies are in contact with multiple terminals at

one time, the selector as a whole lends itself to the selection of any terminal

in either one of the two banks, that is, any one of 44 sets of terminals. Each

seleotor of this type can therefore control the same number of circuits as the

200 type selector but has a choice of double the number of terminals.

Two selectors are required for each 44 point translator since there

are more than 6 circuits which are controlled by its setting. Two brushes are

used for hunting tne proper position in which it should be set and the remaining

10 brushes govern the further operation of the sender. The two banks associated

with one of the selectors in the first translator are designated Tl-A and Tl-B

and the two banks associated with the other selector in the first translator are
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designated. Tl-C and Tl-D. Similarly the four hanks associated with the two

selectors in the seoond translator are designated T2-A, T2-B, T2-C and T2-B.

Each one of the six arcs in a hank is distinguished from the other arcs in the

same bank hy adding to the hank designation the arc numbers 1, 2, 3, 4, 5 or 6.

To illustrate, the arcs in the first hank of the first translator are designated

Tl-Al, T1-A2, T1-A3, T1-A4, T1-A5 and T1-A6 respectively. The terminals in the

"A” and "C" hanks combined respectively with the terminals in the "B" and "D"

hanks form two sets of 44 terminals each, those in the "A" and "C" hanks being

numbered from 1 to 22 inclusive and those in the "B" and "D" hanks being

numbered from 23 to 44 inclusive.

After the "A" and nB" registers are set a translator hunting circuit

is used to set the translator in a position which corresponds to the setting of

the "A” and "B" registers. The #1 arcs in each of the hanks of a translator are

used for the hunting circuit and are oalled "hunting arcs". Four of the "B"

register arcs are used with two of the "A" register arcs to control and secure

the proper translator setting on each particular call. The eight terminals on

the A3 arc (with one of which the A3 brush is making contact after dialing the

first number of the two digit code) are connected in pairs to the B2, B3, B4

and B5 brushes of the B register, respectively; that is, terminals 2 and 3 of

the A3 arc are connected to brush B2, terminals 4 and 5 to brush B3, etc. The

terminals on the four arcs of the "B" register are then cross-connected to the

terminals on the translator hunting arcs. With the "B" register set in any one

of eight positions (exclusive of 0 and 1) each terminal on the four arcs of the

"B" register represents either one of two settings on the "A" register, and eaoh

one of the 32 "B" arc terminals are connected to two translator points, one in

the first half of one translator and the other in the last half of the same

translator. The 44 terminals on the hunting arcs of one selector are multipled

to the corresponding terminals of the second selector in each 44 point trans-

lator; that is, the 44 terminals in arcs Tl-Al and Tl-Bl are multipled to the

terminals in arcs Tl-Cl and Tl-Dl and the 44 terminals in arcs T2-A1 and T2-B1

are multipled to the terminals in arcs T2-C1 and T2-D1. It is necessary to

distinguish between the two translators (when two 44 point translators are used)
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and between the two halves of each translator* To this end the terminals on

arc A2 are connected to transfer relays which control the translator hunting

circuit in such a way as to hunt in that one of the translator arcs in which

the terminal corresponding to the setting of the "A" and nB n registers is loca-

ted* One -translator relay is sufficient to secure this distinction when the 44

point translator is used but six relays are required when the 88 point trans-

lator is used* When the setting of the nAn and "B" registers is such that the

corresponding point on the translator hunting arc is in the Tl-A and Tl-C arcs

(terminals 1 to 22 inclusive) none of the transfer relays operate and the hunt-

ing circuit is closed through brushes Tl-Al and Tl-Cl; when the setting of the

registers is such that the corresponding point on the translator hunting arcs

is in the Tl-Bl and Tl-Dl arcs (terminals 23 to 44 inclusive) the hunting cir-

cuit is transferred by the operation of the proper transfer relays (as control-

led by the position of the A2 brush) to the Tl-Bl and Tl-Dl translator brushes;

when the setting of the registers is such that the corresponding point on the

translator is in arcs T2-A1 and T2-C1 the hunting circuit is closed by the

transfer relays through the T2-A1 and T2-C1 brushes; and, when the setting of

the registers is such that the corresponding point on the translator is in arcs

T2-B1 and T2-D1 the hunting circuit is closed by the transfer relays through

the T2-B1 and T2-D1 brushes. Careful study of the attached sketch should be

made to obtain a clear idea of how each one of the translator brush positions

represents and corresponds to a particular code or setting of the nAn and "B"

registers*

As soon as the subscriber in a two digit office has completed dialing

and the orfice code and the "An and nB" registers have been set, the sender

knows to what office the call must be routed; and to that end the first step is

to translate the code which has been registered. This consists of establishing

circuit control conditions, which will cause the selector mechanisms (the

district and office selectors) to select an idle trunk to the office whose code

has been registered. When the "RC n switch is advanced to position 2 after the

setting of the "B" register, a circuit is closed which operates the (ST) relay.

We will assume that the sender under consideration has a 44 point translator.
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The (ST) relay looks and. connects ground through the A3 register brush and

through either the B2, B3, B4 or B5 brushes to a terminal on each of the Tl-Al

and Tl-Bl or Tl-Cl and Tl-Dl translator aros. The operation of the (ST) relay

also closes circuits in which the rotary magnets ROT. Tl-A and ROT. Tl-B opera-

te causing the brush assemblies on these two 1203 type selectors to be advanced.

When the translator hunting arc brushes make contaot with the terminals to which

the ground from the make contacts of the (ST) relay is connected, the stop

magnets STOP Tl-A and STOP Tl-3 operate. Operation of the STOP magnets opens

the rotary magnet circuits and stops the two brush assemblies on that set of

terminals whioh corresponds to the setting of the A and B registers. The

operation of the STOP magnets also closes the cirouits in which the (TS1) and

(TS2) relays operate. The (TSl) and (TS2) relays, operated, close circuits for

holding the STOP magnets operated and for holding their own windings energized.

We now have the translator set in a position which corresponds to the

setting of the "A" and "B" registers and in this position the ten translator

brushes other than the hunting brushes are in a position to oause the sender to

control the selector mechanisms so as to establish the desired connection. The

translator A2 and B2 arcs (designated (BO), Beyond Office) control the

compensating resistance whioh is inserted in the "fundamental circuit" for in-

coming and final selections; the A3 and B3 arcs (designated (OS), Office Selec-

tions) control the compensating resistance which is inserted in the "fundamental

circuit" for offioe selections; the A4 and B4 arcs (designated (TS), Talking

Selection) control "talking selection"; the A5 and B5 arcs (designated (SD),

Stations Delay) control the time allowed for dialing a party designation on a

call to a manual offioe; the A6 and B6 aros (designated (SO), Skip Offioe) are

used to tell the sender when office selections are required and when they are

to be skipped (that is, when no office selector is used); the 02 and D2 arcs

(designated (OG), Office Group) control office group selectors and the C3 and

D3 aros (designated (OB), Office Brush) control office brush selection, when an

offioe selector is used in completing the call; the C4 and D4 arcs (designated

(DG), District Group) control district group selection; the 05 and D5 arcs

(designated (DB), District Brush) control district brush selection; and the C6
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and D6 arcs (designated (CL), Class) are used to set the class switch in a

position which corresponds to the class of call feeing made.

We will consider feut one of these control circuits at this time, that

feeing the one which causes the sender to set up the conditions necessary for

completing different classes of calls. In one of the sketches associated with

this chapter is shown the class switch and class set circuit.
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CHAPTER X

DISTRICT AND OFFICE SELECTOR FRAMES

The panel type selectors which are used to select an idle trunk to

the office in which the called line terminates are called "District" and "Office

Selectors". In some cases the number of destinations and the number of trunks

required to each destination make it necessary to use both district and office

selectors., and in other oases enough groups of proper size can be obtained by

the use of only district frames and the office frames are omitted# The first

selector whose operation is controlled by the sender after translation is

completed is the district selector# This selector is a part of the "line

finder-district" circuit and is mounted on a frame called a district frame. The
s

cabling which connects the district multiple on the link frame, the line finder

on the line finder frame, and the district selectors on the district frame was

shown in sketches associated with Chapters IV and V. There are 6 leads between

each frame and the leads for 5 circuits are carried in each cable, terminating

on a terminal strip mounted on the end of the selector frame#

The district selector frame is a double-sided frame consisting of

five bays. On the central bay are mounted the five multiple banks, the

friction roll drive, clutches, brush rods and commutators. The sequence

switches associated with the selectors on the front of the frame are mounted in

the next bay to the right of the multiple banks when facing the front of the

frame; and the sequence switches associated with the selectors on the rear of

the frame are mounted in the next bay to the right of the multiple banks when

facing the rear of the frames. On the two end bays are mounted the relays,

repeating coils, resistances and condensers adjacent to the sequence switches

with which they are associated. At the bottom of the end bays are mounted the

fuse panel and the jack panel. On the earlier district frames the repeating

coils and condensers used in the talking circuit were located on coil racks, as

in manual offices and in that case the relays for each circuit were on a

mounting plate opposite the sequence switch with which they were associated.

To permit mounting the repeating coils on the district frame the relays, coils

and condensers of five circuits are located opposite five sequence switches.
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The relays and resistances are mounted on 2n mounting plates and the repeating

coils on 4" plates. In order to provide space at the bottom of the relay bay

for the horizontally mounted Jack and fuse panels the relays of five circuits

are located at the top of the space occupied by their associated sequence

switches and the repeating coils and condensers of the same five circuits are

mounted at the bottom of the spaoe occupied by the group of five sequence

switches immediately above. For example, the relays of the first five circuits

are placed opposite sequenoe switches Nos. 5, 7 and 9 and the associated coils

and oondensers opposite sequenoe switches Nos. 11 and 13. The six terminal

strips on whioh the cables from the line finder and link frames terminates are

mounted at the end of the relay bays*

Eaoh multiple bank consists of 100 sets of three terminal strips

each. Eaoh strip is punched so as to have 30 terminals projecting from each

edge to which the multiple brushes of the 30 selectors on each side of the frame

have aooess. The brush rods are similar to the line finder brush rods being

hollow metal tubes with a raok attached to the lower end and a commutator brush

attached to the upper end. The brush rods are equipped with five brushes

similar to those used on the line finder frames and their springs do not make

contact with the banks terminals until the brush has been tripped in order that

only one brush on the rod be in use at one time. The first five slots in the

raok are used for holding the brush rod in one of five positions to which it is

elevated in the selection of the brush which is to be tripped on axyr particular

oall. When elevated to a position in which the pawl has engaged with the first

slot the seleotor is in position for having the first multiple brush tripped

when the rod is again moved upward, providing the trip magnet is energized.

Likewise, when the rod has been elevated to a position in which the pawl has

entered the second slot in the rack it is in position for having the second

brush tripped, etc. The trip mechanism differs from that used on the line

finder frame in that each brush rod, or seleotor, has an individual trip

magnet which is part of the clutch. Operation of this trip magnet forces its

armature against a lever which is attached to the lower end of a long vertical

rod known as a trip rod, causing the rod to rotate on its vertical axis thru
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an angle of about 30° . It is located between the brush rod and the multiple

banks and extends from the top of the clutch magnet through the brush rod bear-

ing plate to the top of the fifth bank# A retractile spring holds the rod in

its normal position when the trip magnet is not energized. Five trip fingers

are attached to the trip rod, one for each multiple brush. When the brush rod

is in one of the five brush selection positions, and the trip magnet is

energized, the trip finger corresponding to thia position engages with the trip

lever on the brush to be tripped and subsequent upward motion of the brush rod

causes the trip lever on this brush to be tripped. In the tripped position the

brush springs make contact with the terminals on the multiple bank to which

they have access. To illustrate, assume that the brush rod has been driven

upward to a position in which the pawl has entered the third slot in the rack,

and that the trip magnet is energized. Under these conditions the third trip

finger on the trip rod has engaged with the trip lever on the third or #2 brush.

The first and second trip fingers on the trip rod passed below the trip lever

on the first and second, (#0 and #1) brushes and the fourth and fifth trip

fingers passed above the fourth and fifth, (#3 and #4} brushes on the brush rod.

When the selector again moves upward the third or #2 brush is tripped. Except

for the addition of a trip magnet the clutch is otherwise similar to the clutch

used on the line finder frame. The commutator and commutator brushes are

modified as required for use in the district selector circuit and are shown on

a sketch associated with this chapter.

To the 100 sets of multiple strips in each bank are connected groups

of local or interoffice trunks. The spacing of the B and Z segments on the

district commutator divides these terminals, from a circuit operation viewpoint,

into 8 groups of 11 terminals each and 2 groups of 6 terminals each. The Z

commutator segments are associated with the top set of terminals in each group;

these terminals are not connected to a trunk but are used as "overflow"

terminals. The bank itself is not physically divided into groups but the

"overflow" terminals indicate the upper limit of each trunk group in the bank.

When more than 10 trunks are required to any destination two or more adjacent

groups of terminals in the same bank are combined and the "overflow" terminals
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of all the combined groups except the top group are arranged to test the same as

busy trunks. The district selector will thus hunt over the trunks in the com-

bined group in the same manner as though they were one large group. The district

multiple can therefore be arranged in any desired combination from 40 groups of

10 active trunks each and 10 groups of 5 trunks each to 5 groups of 90 trunks

each. The selection of the group which contains the trunks which go to the

required destination on any particular call is called "Group Selection". When

the brush rod has travelled upward so that the brush springs of the tripped

multiple brush are in contact with the first trunk in the proper group, the UP

magnet is deenergized and the pawl engages with the slot in the rack which

corresponds to this first set of terminals. Since all of the trunks in this

group go the same destination any one of them can be used to complete the call

and the selector circuit selects an idle trunk out of this group. Operation of

the district selector during Brush and Group Selections and during Trunk Hunting

are described in the next chapter.

The 3-wire office selector frame is similar to the district selector

frame. It has a regular 60 selector capacity double-sided central bay, contain-

ing banks, drives, clutches, brush rods and commutators, and on bays at each

end are mounted the sequence switches and associated relays. The three wire

office selector circuit has but one relay which is mounted on a vertical mount-

ing plate located at the end of the sequence switch bay. The relays for five

circuits are mounted on one plate. The banks, drive mechanism, brush rods,

commutators and trip mechanism are identical with those used on the district

frame *

-48-



160- TYPE /NT

COURSEA-/3Z
CHA&jL

FICr.l

~T

IfcV 3-/Uwtms

I 3 97

SEE 6/6 v
53 3557 55

30 3TYPE conrftrr/rrojrs

IP

55

ae~ft PtS/G STBtPS
St PWA PCH6 UST

30 4 0 BEAP/NGS

30 /OOS-a #005

33

99

^ 63-0
£>66/6 ST/P/PS
3/2-0 CARDS

NV/VBER/NG Or/
BfiHkS /5 TOP ,i

REFERENCE ONLY<

2-C COHN SHAFT
tYH£N PEQO

\

\

»9

' O

<*

0

.. 8

I

l
S7-B CONN BLOCA

3 TO 00HP5 W/TH
13-6 F6NN/NG 0772/PS

J

33

30 66 CLOTCHE5 OP
45-6 APR 31ANA'S '

b**- *— 1 — l ML —— "*
--r j. L i

I
— —^ -1 !! ! . .Ar-41

I

.-.r— - - - .. - - - — .... .J.ni

e-F> BPACA6T-
£90TOP

—

L

1

51 33 JJI7I

33

57

i
5/ 53 53 57 53

1

j

55

53

pf

1

1 !

MTfrPLi
,anj 43 4*rw r

41 43 45 47 49

0

w wrn m
31 33 35 jr\ 39

X9

»7^

45

43

41

STTT7rrTT

21 23 £3 27 29

OPTS WHEN
PE&.

39

37

S3

33|

31

cs

£7

£S

3

et

k*l«h«n;-r

II 1 3 15 17 19

J

T
id

17

f r~ 15

13

"I

1 '3 5 7 * i

1

|

1 3 5 7 y
1

£/&
1

[9

7
5

3

6/G 1

mtg .pls.

grsr ji
-
ss

r

> 3 5 7 9 II 13 IS 17 19 21 ?3 25 27 29 31 3j 35 37 39 ^ 43 45 4749 31 53 553759
LF2

v—f .

* 7
- f'

11 l3/\15
17

J®
21 23 25 27 23 31 33 35 373941^3 45474951 5355 l 3LK I Gl LK2GI LK1G2 ^ LK2G2

LF3

^lk,Tg3-

NUMBERING ON FRONT CLUTCH GUARD RAIL

FIG. I

T£

POO

5TP/P3



*

r

i



COURSE A-I3Z.
CHAP.X
nc.2

U v';>

j .j j j ,t .1 / j;t j t t j * r j j ] m j fj ]
*f X i p

fctewwisw** »*» I »f £ « * <i

wrmm*-.

.w**MSSai

' ( »Vt . <

It » i

.

•'

Wvl

'

V.V r.7TC

..dmiMM

DISTRICT SELECTOR FRAME

V/**'****

/7££





COURSE A-I3Z
CHAP,X

PIC.3

tatpy n l
I

m W/B&**'' - *

I I ! 1 1 1 1 1 1 r, ! 1 1 I I

1
1 1 1 1

1

j if 1 :

[If 1

1

IIilU li * i* * II***

1 (HR* ill*

jwuill

UP*
’

I'y^ 1615
3PS

xa&s&ojj* m

FIG. 3

SELECTOR FRAME

3 WIRE

^ -•((!*

*. it"-#*-
^ * . **

»i (, - *#*

I.
*• s * _*»
•»* •» •

** * ••**
*» ^ >.#*•

*« S *-)«
t* - W.&f
?** ^ * ~0r
«< *

OFFICE





COURSE A-I3Z
CHAP. X

FtCr. 4

FRONT
EQUIPMENT an PEAK 5AUE 45 ABOVE

except mjMBEtine re be 2 4 & to to

OFFICE SELECTOR FRAME
3 WIRE

FIG. 4





S/OC F/CPF

COURSE A-132
CHAP. JC.

FIG. >5

m/ir/np ecus//
SUCCOCT

S’ATETC// ~B "

2. OO

/ 75

/ SO

/.as

STfC TC/Z A

TOT* P'/C/V,
ST/O PV//VG T/VC T/V//CC
cos/ r/o/vs or ~rc/r r//yGC/a.

s/tctc/z o

s tc/p> rz^G/zcr

/T/Gt/ZT S/OC H/Ctv

S/rCTCzz ~c "

Ctr^Q

0

ros/r/o/v or me
1 £ zee a/zo r/zzGee
Arrer orcRAT/A/<*

17

DOWH eos/T/oAZ or 7vp//=» r/A/oers
O/V T/?/r COO.

0 UP (HIGH SPEED)

0 UP (LOW SP£EO)

TRIPPING MECHANISM

FIG. J



*

o

I



0

0

n

0 5 7-/?

0

0

3

D

D

COURSE A*
CHARX
HQ.6

3-0

DISTRICT AND OFFICE COMMUTATOR
FIG. 6



(

.



COURSE A 132
CHAP* 21
FIG-7

PANEL SELECTOR BRUSH AND TRIP RODS
F1G.7



r

*



Course A-132

CHAPTER XI

DISTRICT AND OFFICE SELECTIONS AM? TRUNK HUNTING

Before considering the out trunking arrangement the operation of the

district and offioe selectors during brush and group selections (as controlled

by a two digit sender circuit) and also the operation of these selectors during

trunk hunting will be explained. Assuming that translation has been completed

the sender is ready to control district selections. Figure 1 associated with

this Chapter shows schematically those parts of the sender and seleotor oirouits

which are necessary to this explanation. On this and on following schematics

the complete wiring to the counting relays is omitted and the counting relay

windings are shown connected to circles within each of which is shown the num-
4

ber of the pair of counting relays to which it is connected. The other points

in the oirouit to be connected to these leads are designated in a similar man-

ner, or the wiring required is specified by a bracket and note such as "Connect

the points on the DB translator arc to counting relays 0 to 4 as required".

The circuit which controls selections is called the "Fundamental Cirouit" and

is essential to the operation of a panel system. The operation of the (TS-1)

and (TS-2) relays advances the R1 switch to position 2 and closes the funda-

mental cirouit for district brush selection. This circuit is traced from bat-

tery through one winding of the district (L) relay over the "FT" lead through

the link oirouit through the back contact of the (BO) relay, windings of the

sender "Stepping" (OTP) and "overflow" (OFL) relays, and through a 1000 ohm

resistance to ground. The (L) and (OTP) relays operate but the (OFL) relay

does not operate since it is a polarized relay and the current is not in the

operating direction at this time. The 1000 ohm resistance is included in this

oircuit so as to hold the current below a value which will prevent the fast

release of the (OTP) relay. The (L) relay, operated, closes a holding oircuit

for its own winding in positions 3/6 and advances the district switch to posi-

tion 4, in which position the UP magnet is energized and the seleotor is driven

upward. The operation of the (STP) relay in the sender closes a circuit for

operating that one of the counting relays whose winding is cross-connected to

the terminal on the DB translator aro with which the DB brush is making oontact.

Let us further assume that it is the (2) counting relay which is thus operated.

The operation of the (2) counting relay connects ground to the inner end of the
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(2 f
) counting relay but as long as the (STP) relay holds in the fundamental cir-

cuit the (2*) relay cannot operate since ground is connected to both ends of its

winding. As the district selector moves upward the (A) commutator brush makes

contact with the first metal segment of the (A) commutator, connecting ground

thereto. In so doing the (STP) relay is short-circuited but the district (L)

relay is held operated. The release of the (STP) relay opens the short circuit

around the winding of and operates the (2*) counting relay. The (2) and (2*)

counting relays are thus locked in position 1 of the R2 switch. When the dis-

trict selector has travelled upward far enough so that the (A) brush breaks con-

tact with the first metal segment and again rests on insulation the short cir-

cuit around the (STP) relay is removed and the (STP) relay reoperates in series

with the district (L) relay. The operation of the (2*) counting relay and the

reoperation of the (STP) relay closes the circuit from ground through the make

contact of the (.STP) relay through the DB translator arc so as to operate the

(1) counting relay. The (1) counting relay operated conneots ground to the in-

ner end of the (1*) counting relay but the (1’) relay cannot operate until the

release of the (STP) relay removes the short circuiting ground from its outer

end. This occurs when the district selector has travelled upward so that the

(A) commutator brush makes contact with and connects ground to the second metal

segment of the (A) commutator. The (L) relay is held and the (STP) relay is

short-circuited by this ground. The (STP) relay releases causing operation of

the (1*) counting relay and this pair of counting relays is locked in position 1.

With the (L) relay held operated the UP magnet remains energized and when the

(A) commutator brush breaks contact with the second metal segment the (STP) re-

lay reoperates and closes a circuit through the DB translator aro so as to

operate the (0) counting relay. The operation of the (0) counting relay con-

nects ground to the inner end of the (BO) and (F0) relay windings. When the

(STP) relay is again released due to bring short-circuited by the (A) commuta-

tor brush making contact with the third (A) commutator segment, the (BO) and

(F0) relays operate and lock in position 1/1 1/4. The operation of the (BO)

relay opens the fundamental circuit and releases the district (L) relay. The

release of the (L) relay opens the UP magnet cirouit and the selector drops

back against the pawl which has entered the third slot in the raok. The
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release of the (L) relay also advances the district switch to position 5 in

which position the TRIP magnet is operated, rotating the trip rod so that the

third trip finger engages with the trip lever on the third or #2 brush. The op-

eration of the ( FO ) relay in the sender circuit advances the R2 switch to posi-

tion 3. The counting relays which were operated release when the switch advances,

but the (0), (BO) and (FO) relays hold until it has advanced far enough to in-

sure that the fundamental circuit cannot again be closed until the switch en-

ters position 3 for distriot group selection.

With the selector switch in position 4 and the district switch in

position 5 the fundamental oircuit is again closed operating the district (L)

and sender (STP) relay. The (L) relay, operated, advances the district switoh

to position 6 in which position the (L) relay holds and the distriot UP magnet

is energized, as the brush rod moves upward the #2 brush is tripped. The opera-

tion of the (STP) relay closes a circuit through the DG translator arc to that

counting relay which is cross-connected to the terminal with which the DG brush

is making contact. The B commutator brush alternately short-circuits and re-

moves the short circuit from the sender (STP) relay in the fundamental circuit

as did the A commutator brush during brush selection. Each operation and re-

lease of the sender (STP) relay causes the operation and locking of one pair of

counting relays. These metal segments on the B commutator are spaoed so as to

short circuit the stepping relay when the tripped multiple brush reaches the

first set of terminals in a group. When sufficient B commutator closures have

been made to satisfy the sender the operation of the (BO) and (FO) relays opens

the fundamental circuit and advances the R2 switch to position 4. With the R2

switch in position 4 the R1 switoh is advanced to position 3, in which position

a circuit is closed for OFFICE TEST as shown in Figure 3. The opening of the

fundamental circuit releases the distriot (L) relay thus releasing the UP mag-

net and stopping the selector in such a position that the tripped multiple

brush makes contact with the first trunk in the selected group. Release of the

district (L) relay also advances the district switch to position 7.

The sender has now caused the distriot selector to select a group

of trunks in one of the 5 banks on the frame in accordance with the setting of

the (A) and (B) registers as indicated by the setting of the translator. The
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district selector is ready to select an idle trunk out of this group. Figure 2

shows schematically those parts of a panel type selector circuit which are used

during trunk hunting. The (L) relay reoperates in position 7/7 1/4 in local cir-

cuit advancing the switch to position 8- When the switch advances beyond posi-

tion 7 1/4 the operating circuit through the S winding of the (L) relay is

opened but a circuit is closed through its P winding to the sleeve terminal of

the set with which the tripped brush springs are in contact. If this first

trunk is idle the (L) relay releases Since there is no ground on the sleeve ter-

minal to hold it operated. In this case when the switch enters position 8 the

UP magnet is not energized and the selector is not again moved upward. If the

sleeve terminal of the first trunk is grounded indicating that the trunk is in

use, the (L) relay holds through its P winding to this ground and when the

switoh enters position 8 the UP magnet circuit is closed and the brush rod is

driven upward. The S winding of the (L) relay is connected to the C commutator

and the C commutator brush is strapped to the' G commutator brush. The inner pair

of brush springs on the multiple brush of a trunk hunting panel selector makes

contact with opposite sides of the sleeve terminals. The center of the spring

which makes contact with the left side of the sleeve terminals is a little below

the center of the spring which makes contact with the right side of the sleeve

terminals. Thus one of the sleeve brush springs do not break contaot with a

sleeve terminal until after the other sleeve brush spring makes oontaot with the

next sleeve terminal in the bank. A multiple brush with its inner pair of

springs staggered in this manner is called a bridging brush. The (L) relay is

thus held through its P winding to ground on the sleeve terminals of busy trunks,

and the elevator is driven upward until the sleeve brush spring makes contact

with a sleeve terminal which is not grounded. The circuit through the P winding

is thus opened but the S winding circuit holds the (L) relay operated through

the G commutator brush and segment until the brush rod has travelled high enough

to insure centering the brush springs on the terminals of the idle trunk, when

the UP magnet releases. The selector rod is carried a little beyond this set

of terminals so that the pawl engages with the proper slot in the rack, and the

rod then drops down against the pawl. Ground is fed to the G commutator through

the make contact of the (L) relay during trunk hunting so that in case of an
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overthrow of the selector, after the (L) relay releases, the (L) relay will not

reoperate to ground through the next C commutator segment and thus cause the

selector to over-step. The release of the (L) relay as soon as the idle trunk

has been selected connects ground to the sleeve terminal of this trunk so that

it will test busy to any other selector which may be hunting or which may later

hunt for an idle trunk in this same group. The release of the (L) relay advances

the district switch to position 9.

If all of the trunks in the group are busy when the selector is trunk

hunting the brush rod is driven to the top set of terminals in the group. This

set of terminals is known as the "overflow" terminals. Ground is never connected

by the selector circuit to the sleeve terminal of this set in order that no sel-

ector will continue hunting in the next group of trunks in an attempt to find an

idle set of terminals. The release of the (L) relay stops the selector on the

"overflow" terminals, and an "all paths busy tone" is transmitted to the calling

subscriber as will be further explained later in these notes.

The district (L) relay reoperates in local circuit thru the make con-

tact of the district ( SG ) relay advancing the district switch to a position

designated "selection beyond", in which position the district oonneots the T and

R terminals of the selected trunk to the "FT" and "FR" leads from the sender cir-

cuit. When the T and R terminals of the selected trunk are connected to the "T"

and "R" leads of an office selector, a circuit is closed for "office test". See

Figure 3. Before proceeding with office selections the sender makes a test to

see if the trunk to the office selector is closed and to see if the selector is

in its normal position. This circuit is traced from battery thru the P winding

of the office (L) relay, over the "T" lead to the district circuit, over the

"FT" lead to the link circuit, over the "FT" lead to the sender circuit, thru a

14,500 ohm resistance, winding of the Trunk Guard (TG) relay, winding of the

(OFL) relay, thru the (OS) translator brush and arc, compensating resistance,

over the "FR" lead to the link cirouit, over the "FR" lead to the district cir-

cuit, over the "R" lead to the office circuit to ground thru a 1000 ohm resis-

tance. The office (L) relay does not operate but the sender (TG) relay operates

causing operation of the (TGI) relay. The (TGI) relay closes the R1 magnet cir-

cuit advancing the R1 switch to position 4.
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Office selections are controlled by the sender and completed by

the office selector in the same manner as that in which district selections were

completed with the following exceptions: (1) The fundamental circuit is a 2 wire

circuit similar to the offioe test circuit except that the (STP) relay is in-

cluded instead of the (TG) relay and 14,500 ohm resistance* Compensating resis-

tance is inserted in this circuit by the translator in such an amount as is re-

quired to hold the current in the fundamental circuit below a value which will

prevent the fast release of the stepping relay during selections* (2) The count-

ing relays which are operated during office brush and office group selections

are under control of the setting of the OB and 0G translator brushes instead of

being under control of the setting of the DB and DG translator brushes. (5) The

R1 switch is advanced from position 4 to position 6 when office brush selection

is completed, and is advanced to position 7 when office group selection is com-

pleted. When the R1 switch enters position 7 the R2 switch is advanced to posi-

tion 5 for "Trunk Test". The office selector selects an idle trunk in the

selected group, in the same manner as did the district selector and the office

switch is then advanced into a position designated the "Talking" position, in

which the T and R leads from the district are connected to the T and R terminals

of the trunk which the office selector has selected.

In cases where an office selector is not used in completing a call the

sender realizes that these selections are to be omitted. To this end a circuit

is closed when the R2 switch enters positions 2/3 through the brush of the SO

translator arc in which the (S) relay operates. (See Figure 1). The (S) relay

holds until the R1 switch advances beyond position 6* With the (S) relay oper-

ated the R1 switch is advanced from position 2 to position 7 during the time

district group selection is being made, and the R2 switch cannot advance from

position 3 to position 4 until the (S) relay releases. The release of the (S)

relay when the R1 switch advances beyond position 6 advances the R2 switch to

position 4. When the R1 switch enters position 7 the R2 switch is advanced to

position 5 in which position the fundamental circuit is closed for "trunk test".
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CHAPTER XII

TRUNKING SCHEME ON OUT TRUNKING FRAMES

Having described the district and local office frames and the operatiai

of the selectors and sender during district and office selections, attention will

now be given to the arrangement of outgoing trunks whereby all subscribers in

the office are enabled to be connected with all destinations in the area. It is

usually the case that traffic to other offices requires more than ten trunks in

a group and where 90 trunks per group are required only office destinations could

be taken care of. It is, therefore, evident that 450 trunks connected to a

series of district frames in straight multiple would not be enough to take care

of the trunking of the following theoretical exchange areas.

50 Offices - 10 Trunks to each office

10 Offices - 90 Trunks to each office

i

25 Offices - 10 Trunks to each of Five Offices

20 Trunks to each of Five Offices

30 Trunks to each of Five Offices

60 Trunks to each of Five Offices

80 Trunks to each of Three Offices

90 Trunks to each of Two Offices
I

More trunks may be obtained either by "splitting" frames into more

than one group from a trunking standpoint and by introducing office frames. The

application of these methods is shown graphically in Fig. #1 associated with this

Chapter. This figure illustrates a theoretical exchange area of 50 offices,

which, on account of the number of offices and number of trunks to each office,

requires the use of office frames. The requirements of small groups of trunks to

miscellaneous destinations such as information operator, zero operator, AB toll,

long distance, etc., will be ignored for the present in order to simplify the

illustration used to explain the trunking scheme. This figure also shows the

typical divisions of a bank of 100 terminals into eight groups of ten trunks

each and two groups of five trunks each together with the over-flow terminal at

the top of each group.

The seven line finder frames shown have a capacity of 400

lines and 60 line finders each, it being assumed that the calling rates and hold-

ing times of each group of 400 lines are such as to require 60 finders during
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the busy hour. These 420 line finders are linked with 420 district selectors

grouped on seven district frames. These district selectors must have access to

groups of trunks to all destinations in the exchange area so that each one of

the 2400 subscribers will be afforded the facility for being connected with any

other subscriber in this area. Assume that the outgoing trunk requirements of

the office to itself and to the other 49 offices in the area are as follows

:

To Offices No.

No. of Total
Trunks Trunks

1
3,

(Local Trunks)
4, 6, 7, 18, 19, 21, 22, 30, 31, 40,

100 100

41, 48, 49, and 50 each 30 450
2,
8,

9, 10, 24, 25, 38, 44, 45 and 46 each
13, 15, 16, 17, 23, 27, 28, 29, 33, 34,

40 360

35, 37, 39 and 47 each 20 300
5, 11, 14, 20, 32 and 43 each 10 60

12, 36 and 42 each 6C 180
26 50 50

1500

One hundred trunks are required to handle local calls to the subscri-

bers in office No. 1. Since the trunk capacity of a group is 90 the 100 trunks

are obtained by assigning the lower 50 trunks of bank #0 and by splitting the

group of district frames between frames D-3 and D-4. A group of 50 trunks is

thus multipled to the #0 banks on frames D-l, D-2 and D-3 inclusive, and another

50 trunks is multipled to the #0 banks on frames D-4 to D-7 inclusive. Thus

the group of 100 trunks is split into two groups of 50 trunks each. The split-

ting of a large trunk group into smaller sub-groups permits taking care of more

destinations on a given number of banks. It should be noted, however, that the

use of sub-groups results in an inefficient use of trunks since a large group

of 100 trunks, for example, can handle as much traffic as two groups of approxi-

mately 60 or 65 trunks each. Thus in the case of the local trunk requirements

for office No. 1 the use of two groups of 50 is not strictly correct since the

inefficiency of the small groups would require about 60 or 65 trunks in each

one. The division into sub-groups of trunks local to the office is generally

permissible but it is usually desirable to keep inter-office trunks in one group

in order to avoid inefficient use of underground cable pairs. At times it may

be economical to split groups of inter-office trunks on the district frames in
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order to avoid the furnishing of office selectors or to reduce the number of

office selectors required.

The 40 trunks to office No* 2 are multipled to the remaining 40 sets of

terminals in bank #0 on the seven district frames. The multiple terminals on

district banks #1, #2, #3 and #4 terminate as office selectors on office frames.

The remaining 48 offices are grouped in four zones. The offices included in

each zone and the number of trunks required from the district frames to office

selectors on office frames for each zone are as follows:

Zone 1 - Offioes 3 to 17 inclusive - 120 office selectors.

Zone 2 - Offioes 18 to 29 inclusive - 90 office selectors.

Zone 3 - Offioes 30 to 41 inclusive - 90 office selectors.

Zone 4 - Offices 42 to 50 inclusive - 90 office selectors.

The office frames of each zone are separate and distinct from the

offloe frames of any other zone. The group of 120 trunks from the district

frames to the offioe selectors on office frames serving zone 1 are divided into

two sub-groups A and B of 60 trunks each. The office selectors to which these

trunks connect are located on office frames 0—1 and 0—2. The trunks in sub-

group A are multipled to the first 60 sets of terminal strips in bank #1 on dis-

trict frames D-l, D-2 and 0-3 and the trunks in sub-group B are multipled to the

first 60 sets of terminal strips in bank #1 on district frames D-4 to D-7 inclu-

sive. The remainder of the #1 bank on the district frames are spare. The 90

trunks required from the district frames to each of zones #2, #3 and #4 are lo-

cated in banks $2, $3 and #4 respectively on all of the seven district frames.

The trunks to zone jf 2 are connected to office selectors on office frames 0—3 and

0-4; the trunks to zone #3 are connected to office selectors on offioe frames

0-5 and 0-6; and the trunks to zone #4 are connected to offioe selectors on

office frames 0-7 and 0-8.

The inter-office trunks to the various offices included in each zone

are multipled to the banks of both frames which serve this zone. The distribu-

tion of the groups of trunks on the office frames to the various offices in each

zone is shown in figure 1*

Suppose a call is originated by subscriber #2034 in office $1 for some

subscriber in offioe #17. The calling line is found by a line finder on frame

LF-6 and the sender which registers the call directs the district selector on
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district frame D-6 (which is associated with this line finder) to bank #1 where

this seleotor hunts for an idle trunk in sub-group B. The sender then direots

the offioe seleotor (on frame. 0-1 or 0-2 depending upon which trunk was chosen

by the distriot) to group #4 in bank #4, where the office selector hunts in a

group of 20 trunks for an idle trunk to office #17.

In like manner a oall originated by subscriber #254 in offioe #1 for

any subscriber in office #25 is foun^ by a line finder on frame LF-1, and the

associated distriot selector on frame D-l is directed by the sender to seleot an

idle trunk in bank #2. The office seleotor (on frame 0-3 or 0-4) which has

thus been selected is then directed by the sender to hunt for an idle trunk to

office #25 in group #4 of bank #3. If the same subscriber were to call a sub-

scriber in offioe #19 a distriot trunk to office zone #2 would be picked as be-

fore, but the sender would, in this case, direot the office selector to select

an idle trunk in group #3 of bank #0. A looal call originated by subscriber

#254 of office #1 would be direoted by the sender through sub-group A, bank #0

directly to a looal inooming selector on an incoming frame in the same offioe.

From this illustration the derivation of the names "distriot" and

"office" is apparent, "distriot" being applied to selectors on frames whioh pro-

vide trunks to districts or zones of offices, and "office" being applied to se-

lectors on frames whioh provide groups of trunks to the individual offices whioh

are included in a given distriot or zone.

In an office layout in whioh district and offioe frames are used the

larger groups of trunks should be plaoed on the distriot multiple and the smaxxsr

groups on the office multiple since this tends to decrease the number of offioe

selectors which must be provided. On both frames the larger groups of trunks

should be plaoed at the bottom of the bank thereby reducing the average time re-

quired for making group selection; this arrangement also permits making additions

without disturbing the original trunk group and also tends to distribute wear

evenly over all trunks of a group#

Tile trunks in a group or sub-group on the district or office multiple

banks are not connected to the sets of terminal strips in the same order on each

frame but are "slipped* in accordance with a definite plan. By "slip" is meant

the changing of the relative position of the trunks in a group on each succeed-

ing frame# The slip arrangements which, has been commonly used for district or
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office groups of 10, 20 and 30 trunks each is shown on Figure 2. In the case of

the 30 trunk group the trunks appear in regular order on the first frame number-

ing from 0 to 29 beginning at the bottom. On the second frame the trunks number

from 19-10, 20 to 29, and 9 to 0 in three layers beginning at the bottom. On

the third frame the trunks number from 29 to 20, 9 to 0, and 10 to 19 in three

layers beginning at the bottom. On the fourth frame the 50 trunks again appear

in the regular order as shown for the first frame. This cycle is repeated

throughout the entire number of frames on which the group or sub-group of trunks

appear. This arrangement is now the standard only on the office frames and

Figure 3 shows the arrangement now used on district frames. Graded multiple is

used whereby a group of trunks is composed of three classes known as individual,

convertible, and common trunks. All groups whether graded or non-graded are

slipped in layers of 5 trunks each instead of being slipped in layers of 10

trunks eaoh.

The sets of terminal strips in a bank on one frame are multipled to the

corresponding sets of terminal strips on the next frame by a short multiple

cable which is fanned out and connected directly to the multiple strips. Each

cable connects 20 sets of terminals. Formerly the multiple cables connected to

terminals on terminal strips mounted on the end of the frame, but the soldering

lugs on the multiple strips are now made heavier and the cable connects directly

thereto.

Where office selectors are not used the multiple terminals on the dis-

trict frames are cabled to the vertical side of a ”district distributing frame

(DDF) and cross-conneoted to the horizontal side of the same frame. Those trunks

which conneot to outgoing interoffice trunks are cabled from the horizontal side

of the DDF to the horizontal side of the MDF, cross-connected to the vertioal

side of the MDF , and there connected to the pairs of the outgoing trunk cable.

Those trunks which go to local information operator, the local trouble desk,

etc., are cabled from the horizontal side of the DDF to the equipment involved.

Where office selector frames are used there are three methods of

cabling from the district and office multiple. Usually a ’’trunk distributing

frame” (TDF) is used and the multiple bank terminal strips on both the district

and offioe frames are connected to the vertical side of the TDF, and cross-
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connected to the horizontal side of the same frame# From here the outgoing

trunks are cabled to the horizontal side of the MDF and cross—connected to the

pairs of the outgoing trunk cable# The trunks from the district frame which tei*-

minate in local office selector circuits are cabled from the horizontal side of

the TDF to terminal strips on the end of the office selector frames. The other

miscellaneous local trunks are cabled from the horizontal side of the TDF to the

equipment units on which they terminate. By the second method of cabling a TDF

is not used. In this case the multiple terminals on the district frames are

connected to the vertical side of a DDF as described for the case above where no

office selectors were required. The multiple terminals on the office frame are

connected directly to the horizontal side of the MDF and there cross-connected

to the pairs of the outgoing trunk cable. By the third method two distributing

frames are used, the one a district distributing frame" (DDF) and the other an

"office distributing frame" ( ODF ) • These two frames together serve the same

purpose as the TDF in the first method mentioned. This method is very seldom

used. In any case the method used is the one which is the most economical and

efficient, taking into account the number of out-trunking frames and their loca-

tion with respect to the distributing frame equipment.
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CHAPTER XIII

IN TRUNKING - SCHEME AND FRAMES

On calls between subscribers in panel type offices, the trunk selected

by the office or district selector in the originating office terminates either

in a "local incoming selector" cirouit in the same office or an "interoffice in-

coming selector" circuit in a distant office. Incoming selectors are neoessary

in a panel office not only for completing calls which originate in the same and

other panel type offices but for completing calls which originate in manual and

toll offices. We have, therefore, several kinds of incoming selectors differing

from each other according to the type of equipment used in the office from which
I

the trunk comes. For the present, the incoming seleotor with which we are con-

cerned is the one used in completing calls which originate in panel type offices.

The equipment of which an incoming selector is composed is mounted on an "incom-

ing" frame. Incoming frames differ very little with the kind of incoming selec-

tors which are mounted thereon.

The inooming selector in which the selected trunk terminates must be

able to complete a connection to any line in the office. Since the incoming

frame on which this selector is mounted has a capacity of only five 100 point

banks, it is manifestly impossible for all of the 10,000 subscribers* lines to be

directly accessible to each incoming seleotor. To secure this accessibility in-

directly, the 10,000 subscribers* lines are divided into twenty groups of 500

lines each. A group of 500 subscribers* lines are terminated on five 100 point

banks mounted on a panel type selector frame. This frame is known as a "final

frame" and the selectors mounted thereon are called "final selectors". Each

final selector has access to 500 subscribers* lines and enough final selectors

are provided to carry the busy hour traffic which terminates in this group of

lines. The final selectors are multipled to the terminal strips in the banks on

the incoming frames. Every incoming selector must be able to complete a call to

a line in any one of the 20 groups , and to this end each of the five banks on the

incoming frame are divided into four groups of 25 sets of terminals as shown in

Figure 1. The top set of terminals in each of these four groups is used as an

"overflow terminal", leaving 24 sets of terminals in each of the 20 groups on in-

coming frames which connect to final selectors. With this arrangement all in-

coming selectors have access through the 20 groups of final selectors to all of
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the 10,000 lines.

Trunk groups on the incoming frame cannot be combined when the traffic

to any one of the final choices exceed that which can be carried by 24 trunks,

for if this were done an incoming selector would be unable to reach all of the

20 groups of 500 lines® When more than 24 trunks, that is final selectors, are

required to carry the incoming traffic to a group of 500 lines, it is necessary

to divide these final selectors into subgroups of not more than 24 selectors

each. The incoming frames are similarly divided into subgroups, with respect to

the trunk multiple to which these final selectors are connected, and the final

selectors in each subgroup are multipled only to those incoming frames which are

in the same subgroup. For instance, if the traffic is uniformly distributed to

all of the 20 final choices in a fully equipped panel office, and each choice

requires 48 trunks, the incoming frame multiple to each choice is divided into

two subgroups. The traffic originating through the incoming frames in subgroup

(A) is completed over trunks to final selectors in subgroup (A) and the traffic

to the same group of 500 lines which originates through the incoming frames in

subgroup (B) is completed over trunks to final selectors in subgroup (B)» To

obtain proper subgrouping of Incoming frame multiple and final selectors it is

sometimes necessary to employ split banks on the incoming frames. Where the

distribution of traffic to the various final choices is not uniform the sub-

grouping of the incoming frame multiple will not be the same to the various

choices. An illustration of irregular subgrouping occurs in Pennsylvania office

where 300 final selectors are required to carry the traffic to one group of 500

lines; and it is necessary to split the incoming multiple to this choice in 13

subgroups, while the majority of the remaining choices require but 120 trunks or

5 splits in the incoming multiple.

The trunking scheme used in office No. 1 of the same theoretical area

of 50 offices as was considered in the out trunking scheme in a previous chapter

is shown in Figure 6. There are nine inooming frames divided into three sub-

groups so that the final selectors whioh serve any one of the 20 groups of 500

lines are similarly divided into three subgroups. The final selectors in sub-
$

group A are connected to the multiple on inooming frames 1-1, 1-2 and 1-3, the

final selectors in subgroup B are connected to the multiple on incoming frames
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1-4, 1-5 and 1-6, and the final selectors in subgroup C are connected to the

multiple on incoming frames 1-7, 1-6 and 1-9. Provision is made for 60 or more

trunks to each of the EC final choices, or groups of final selectors serving 500

lines. The trunks to the final selectors which serve lines 0 to 499 and the

trunks to final selectors which serve lines 9500 to 9999 are shown in detail; in

each of these cases 24 trunks are multipled to the incoming frames in subgroup

A, 24 to the frames in subgroup B, and 12 to the frames in subgroup C, The other

12 sets of terminals in group 0 of bank 1 and in group 5 of bank 4 on the incom-

ing frames in subgroup C are spare.

When more than 60 trunks are required to handle the traffic to a group

of 500 lines, additional final frames are provided and the subscriber’s multiple

is extended to the banks on the additional frame or frames. When the total

number of final selectors required for a group of 500 lines does not exceed 90,

the multiple banks on the additional frame are split vertically in the middle so

that one half of the selectors on the frame are used for one group of 500 lines,

and the other half may be used for another group of 500 lines. This condition

is illustrated by the addition of split frame F21 on which are located 12 addi-

tional selectors, a total of 72 trunks being required to carry the incoming

traffic to each of the groups of subscribers’ lines 2000 to 2499 and 2500 to 2999,

respectively. In this case, the terminal strips on one half of frame F21 are

multipled to the terminal strips on frame F4 and the terminal strips on the other

half of frame F21 are multipled to the terminal strips on frame F5. When the

number of additional selectors required is greater than 30, a whole final frame

of 60 selectors is added. In business and hotel areas where the incoming traffic

is very heavy, it is frequently necessary to furnish two final frames for a group

of 500 lines. As already mentioned it was necessary to furnish 300 final selec-

tors on 5 final frames in Pennsylvania office to care for the traffic to a par-

ticular group of 500 subscribers’ lines. Sketch A in figure 6 shows the typical

division of an incoming bank of 100 terminals. As in the case of the district

and office frame banks, these divisions are made on the commutator, and in the

wiring attached to the bank. The slip arrangement shown in figure 7 is used for

the incoming multiple and is similar to that used for the trunks on office frames

except that the trunks are slipped in groups of four instead of in groups of 10.
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The incoming frame , shown in figures 2 and 3, is very similar to the

district frame® The multiple banks, as previously mentioned, are divided into

only four groups of trunks by the spacing of the metal segments on the and

"X" commutator bars# Since trunk groups cannot be combined, as on the district

frame , there is no ”0” bar on the incoming commutator and the "S" bar is made

so as to be open in the overflow positions# An additional commutator bar,

designated is required for use in controlling the ringing of the called sub-

scriber where four party service is furnished# The incoming selector contains

supervisory and transmission equipment for the incoming end of the trunk as does

the district selector for the outgoing end of the trunk. This equipment con-

sists of condensers and repeating coils which is now mounted on the incoming

frame, although formerly the practice was to mount this equipment on repeating

coil racks# The trunks from the incoming frame are cabled directly from the in-

coming multiple strips to terminal blocks on the end of the final frame# Two

12 circuit cables are run from each group on the incoming bank, one connecting

the odd numbered terminals of the incoming group to the odd numbered selectors

on the front of the final frame, and the other connecting the even numbered ter-

minals in the incoming group to the even numbered selectors on the rear of the

final frame# This method insures continuity of service from an incoming frame

to a group of 500 subscribers even though one of the drive motors on a pair of

final frames should stop# Four 25 circuit multiple cables per bank are required

between incoming frames in the same subgroup and these cables connect directly

to the multiple terminal strips#

The final frame, shown in Figures 4 and 5, is also very similar to the

district frame# The final commutator does not have a "0” bar and the nBM and

wZn segments are so spaced as to divide each multiple bank, to which 100 sub-

scribers f lines are connected, into ten groups of ten terminals each, there

being no overflow terminals# The subscribers 1 lines are cabled from the H side

of the IDF to terminal strips mounted on the end of the final frame and from

there connected to the strips in the multiple banks# The multiple brushes differ

from those used on trunk hunting selectors in that the sleeve brush is non-

bridging so that it breaks contact with the sleeve terminal of one set before
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it makes contact with the sleeve terminal of the next set. The final selector

relay bay is not as wide as that on district or incoming frames since it does

not include supervisory or transmission equipment. The clutch on the final

frame includes two up-drive magnets, one designated HS (high speed) and the

other LS (low speed). The HS magnet is used to drive the elevator upward dur-

ing brush and tens selections; the IS magnet is used to drive it upward, dur-

ing units selection and during PBX trunk hunting, at a rate of 15 terminals

per second.
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CHAPTER XIV

COMPLETING A MECHANICAL CLASS CALL

Incoming Selections and Trunk Hunting

Those parts of the sender and selector circuits which are used dur-

ing trunk test and in completing inooming and final selections are shown sche-

matically in Figures 1 and 2. With the district selector sequence switch in

the "selection beyond” position (and* when an office selector is used, with

the office selector sequence switoh in the "talking” position), the fundamen-

tal circuit is closed for trunk test as soon as the sender R1 switch enters

position 7 and the sender R2 switch enters position 5, providing the CL relay

has released* The trunk test circuit is held open by operation of the (s) re-

lay until after the class switch is set and the (CL) relay released because

the trunks which are selected on the various classes of call present different

normal conditions to the sender for test. On a meohanioal class call the (S)

relay is also held operated until the RC switch has been advanced beyond ter-

minal 3 so that the sender cannot proceed with trunk test and incoming brush

and group selections until the TH and H registers have been set. With the in-

ooming selector in its normal position, the sender (TG) relay operates and the

incoming (L) relay does not operate in the trunk test circuit, which is traced

from battery through one winding of the incoming (L) relay, over the T lead of

the interoffice trunk (assuming an interoffice call), through the office (when

used) and district circuits, over the FT lead through the link and into the

sender, through the 14,500 ohm resistance, back contact of the (S) relay, wind-

ings of the (TG) and (OFL) relays, 30 translator brush and aro, compensating

resistance, back over the FR lead through the link and district circuits, over

the R lead through the office circuit (when used), over the R lead of the inter-

office trunk, to ground in the incoming circuit. The operation of the (TG) re-

lay operates the (TG-1) relay thus advancing the R2 switch to position 6.

The fundamental circuit is closed by the sender for incoming brush

selection when the R2 switch is in position 6 and for incoming group selection

when the R2 switch is in position Q. The incoming ( L ) relay is connected to

the fundamental circuit for brush and group selections in positions 1 and 3 of

the incoming switch, the operation of the (L) relay in each case advancing the

switch to positions 2 and 4 in which the UP magnet is energized and the selector

66



Course A-132
Chapter XIV

driven upward. The TRIP magnet (TM) is operated in positions 3/4 thus tripping

the selected brush when the selector moves upward. When the sender is satis-

fied for these selections by ground pulses from the "A" and "B" commutator seg-

ments, the sender opens the fundamental circuit, releasing the incoming (L) re-

lay and advancing the sender R2 switch to positions 8 and 10, respectively. The

release of the ( L> relay in each case advances the incoming switch to positions

3 and 5 respectively. The circuits in which the counting relays operate for

these selections are controlled by the setting of the TH and H registers.

Thus for brush selection the (0) counting relay is the first to be

operated and the No. 0 brush is selected when the TH register is set on either

of terminals 0 or 1; the (1) counting relay is the first to be operated and the

No. 1 brush is selected when the TH register is set on either of terminals 2 or

3; the (2) counting relay is the first to be operated and the No. 2 brush is

selected when the TH register is set on either of terminals 4 or 5; the (3)

oounting relay is the first to be operated and the No. 3 brush is selected when
I

the TH register is set on either of terminals 6 or 7; and the (4) oounting re-

lay is the first to be operated and the No* 4 brush is selected when the TH

register is set on either of terminals 8 or 9* When the H register is set on

one of terminals 5 to 9, inclusive, the incoming group (10) relay is operated

otherwise this relay remains normal. For group selection the (0) oounting re-

lay is the first to be operated and the No. 0 group is selected when the TH

register is set on an even numbered terminal and the H register set on one of

terminals 0 to 4, inclusive; the (1) counting relay is the first to be operated

and the No. 1 group is selected when the TH register is set on an even numbered

terminal and the H register is set on one of terminals 5 to 9, inclusive; the

(2) oounting relay is the first to be operated and the No. 2 group is selected

when the TH register is set on an odd numbered terminal and the H register is

set on one of terminals 0 to 4, inclusive; and the (3) counting relay is the

first to be operated and the No. 3 group is selected when the TH register is

set on an even numbered terminal and the H register is set on one of terminals

5 to 9, inclusive.

The release of the incoming (L) relay when the sender is satisfied
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for incoming group selection advances the incoming switch to position 5, in

whioh position the (L) relay operates in local circuit advancing the switch to

position 6 for trunk hunting* The trunk hunting circuit is shown in Fig* 2 and

the operation is similar to that previously explained for district trunk hunt-

ing. When the incoming (L) relay releases after the idle trunk has been select-

ed, the incoming switch is advanced to position 7. In position 7 the (L) relay

reoperates in local circuit and locks over the ”R ,f lead of the selected trunk

to ground in the final selector circuit to which this trunk connects. The opera-

tion of the incoming (L) relay, advances the incoming switch to position 8 in

which position the "T" lead of the incoming trunk is connected through to the

"T" lead of the final selector circuit and the "R" lead of the incoming trunk
«

is connected to ground through the make contact of the incoming (L) relay*

Final Selections

With the incoming selector switch in position 8 the final selector

(L) relay is connected to the fundamental circuit in positions 1, 3 and 5 of

the final switch, the operation of the (L) relay in each case advancing the

final switch to positions 2, 4 and 6, respectively* With the (L) relay held

operated the high speed (HS) magnet is operated in positions 2 and 4 final

brush and tens selection respectively, and the low speed (LS) magnet is operat-

ed in position 6 final units selection, driving the selector upward in each of

these positions. The TRIP magnet (TM) is operated in positions 3/5. The send-

er R2 switch controls final brush selection in position 10, final tens selec-

tion in position 12, and final units selection in position 14, the sender being

satisfied in each case by ground pulses from the final "A", "T" and "Un com-

mutator segments, respectively. The release of the (L) relay after the sender

has been satisfied for each of these selections advances the final switch to

positions 3, 5 and 8, respectively, position 7 being a passby position. When

final brush selection is completed, the sender R2 switch advances from position

10 to position 11 but cannot advance to position 12 for final tens selection

until the RC switch has advanced beyond terminal 4, that is, until the T regis-

ter has been set, likewise when final tens selection has been completed the R2

switch advances from position 12 to position 13 but cannot advance to position

14 for final units selection until the RC switch has advanced beyond terminal
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5, that is, until the TJ register has been set. The advance of the R2 switch

from positions 11 and 13 is prevented, when the T and U registers respectively

have not been set, by the operation of the (S) relay in positions 10/ll or 12/13

of the R2 switch.

Line Busy Test - Called Line Idle

The final selector now proceeds to test the called line to see whether

it is busy or idle. Fig. 3 shows the busy test circuit and the busy and idle

conditions on the sleeve terminals of individual lines and trunks to Private

Branch Exchanges. Let it be assumed that the called line is one which connects

directly to a subscriber’s set and that the line is idle. In this case there is

a 1100 ohm ground condition on the sleeve terminal of the selected line. When

the final switch enters position 7-f/8, the (L) relay operates to ground through

the make contact of the (TK) relay closing the circuit from the sleeve multiple

brush to ground through the windings of the (TB) and (PBX) relays and advancing

the switch to position 9. This operation can be followed on Fig. 4 which shows

schematically a final seleotor circuit in its entirety. Neither the (TB) nor

(PBX) relays operate and when the switch leaves position 8, the (L) relay re-

leases thus advancing the switch to position 12, positions 10 and 11 being pass-

by positions. If the (TK) relay is holding over the sleeve lead to ground in

the incoming circuit when the final switch enters position 12, the final switch
• i

is advanced to position 13. With the (L) relay not operated in position 13* the

switch is advanced to position 14 in which position the "T" and nR" leads from

the incoming are connected through the T and R multiple brushes to the called

line, and the switch remains in this position during talking and until the con-

nection is released by the incoming. The other conditions which may be encoun-

tered by the final selector when testing the sleeve of the selected line will

be considered later in this chapter.

Incoming Advance

When the final switch advanced beyond position ?*£, it disconnected

ground from the ring side of the local trunk thus releasing the incoming ( L) re-

lay and thereby telling the incoming selector that final selections had been com-

pleted. (See Fig. 2). The release of the incoming (L) relay advances the
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inooming switch to position 9 in which position the incoming connects battery-

through the winding of the (L) relay to the ring side of the incoming trunk,

and with the fundamental circuit closed by the sender (R2 switch in position

16 as shown in Fig. 1) current flows through the (STP) and (OFL) relays in the

opposite direction to that in which it flowed during district, office, incom-

ing and final selections. Both the (STP) and (OFL) relays in the sender and

the (L) relay in the incoming operate at this time. The (OFL) relay locks in

position 16 and closes the circuit in which the incoming advanoe (IA) relay

operates. The operation of the (IA) relay closes the circuit through the make

contact of the (STP) relay in which the (0) counting relay operates. The opera-

tion of incoming (L) relay advances the incoming switch to position 11 and the

fundamental circuit is not opened until the incoming switch has advanoed be-

yond position 10. The opening of the fundamental circuit by the incoming switch

releases the incoming (L) and sender (STP) relays thus causing the operation of

the (BO) and (FO) counting relays. The operation of the (BO) relay opens the

fundamental circuit in the sender and the operation of the (FO) relay closes a

circuit in which the advance (AV) relay operates. The operation of the (FO)

relay also advances the R2 switch to position 17. The release of the (OFL) re-

lay when the switch advances from position 16, releases the (IA) relay thereby

advancing the sender R2 switch to position 18.

The operation of (OFL) relay in position 16 tells the sender that all

selections which it controls have been completed and the sender in turn tells

the district selector so as to advance the district out of the selection beyond

position in which its switch has been resting during office and final selections.

To this end, the operation of the sender (AV) relay as shown in Fig. 5 opens the

short circuit around the 21,000 ohm winding of the (SC) relay, thus increasing

the resistance in this lead to such an extent that the district (SC) relay re-

leases; but the sender (SC) relay holds operated. The release of the district

(SC) relay, releases the district (L) relay thus causing the advance of the dis-

trict switch out of the selection beyond position (position 10) to position 12.

When the switch enters position 11 ground is connected to the SC lead instead

of battery thru the windings of the (SC) and (D) relays, thus causing the release
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of sender (SC) relay and thereby telling the sender that the district is ready

to advance to the proper talking position as controlled by the sender. The re-

lease of the sender (SC) relay, releases the sender (SCI) relay, thus operating

the sender (H) relay and releasing the sender (HI) relay. The H relay locks

over the SC lead to ground on the district switch in positions ll/l. When the

district switoh advanoed beyond position 11-f-, the tip and ring sides of the call-

ing line were disconnected from the "T" and "R" leads to the sender circuit, and

were connected to battery and ground through the windings of the repeating coil

and throu^i the winding of the district supervisory (S) relay. The sender (L),

(SR) and (SRI) relays are thus released and the (S) relay operates over the sub-

scriber’s loop and does not release until the subscriber replaces the receiver

on the switchhook. The operation of the (S) relay causes the operation of the

(SC) relay which locks to ground under control of the FI contact of the discon-

nect (DISC) interrupter.

Talking Selection

With the sender (AV) relay operated and the (SCI) relay released, the

fundamental cirouit, as closed for talking selection, is traced from battery

through the P winding of the districc (L) relay over the "FT” lead through the

windings of the (STP) and (OFL) relays to ground through a 1000 ohm resistance.

The district (L) and sender (STP) relays operate. The district (L) relay,

operated, locks through its own make contact to the "FT" lead and closes the

district switch R magnet circuit. As the district switch advances, ground is

connected to the "FT" lead by one of the district switoh cams, in positions

12§*13|“ 14|~ 15^/18 thus holding the (L) relay operated but short circuiting and

causing the release of the sender (STP) relay. Each operation and release of

the stepping relay causes the operation of one set of counting relays. The first

counting relay to be operated depends upon the setting of the translator, the

circuit being controlled by the talking selection (TS) translator brush. When

the sender is satisfied the (BO) and (F0) relays operate opening the fundamental

cirouit so as to release the district (L) relay and stop the district switch in

the next position, in which the talking circuit is established for this parti-

cular call. The sender has completed its duties and returns to normal, but the
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description of its return is postponed for the time being*

Trunk Closure - Ringing

With the district switch in the talking position it closes the trunk

to the incoming selector thru the winding of the (CS) relay* (See Fig* 6}*

With the incoming selector in position 11 and assuming that the district switch

on this particular call has been advanced to position 14, "Talking Charge", the

trunk closure circuit is traced from battery through the S winding of the incom-

ing (A) relay, through one winding of the repeating coil in the incoming, over

the tip side of the incoming trunk, through the office selector (when used)

through one winding of the repeating coil in the district, through the winding

of the (CS) relay, winding of the repeating coil, over the ring thru the office

selector (when used) to the incoming, through the winding of the repeating coil

and P winding of the (A) relay to ground* The (A) relay operates in this cir-

cuit but the (CS) relay does not since it is polarized and the current is in

the non-operating direction* The operation of the incoming (A) relay closes a

circuit thru the winding of the incoming (L) relay which operates and locks in

position 11 advancing the incoming switch to position 12* The (L) relay holds

in position 12/14 under control of the incoming (A) and (R) relays* The incom-

ing switch is advanced from position 12 to 14 by the operation of the (I) relay

under control of the (IR) interrupter. With the incoming switch in position 14,

ground is connected over the "T" lead through the final selector oircuit to one

side of the subscribers line, and a lead from the ringing maohine is connected

through the winding of the ringing (R) relay, over the "R" lead, through the

final selector cirouit, to the other side of the subscriber f s line as shown in

Fig* 6. The called subscribers bell rings and at the same time a circuit is

closed thru a *02 MC condenser and winding of the (S) relay to the repeating

coil whereby "audible ringing" is transmitted to the calling subscriber. When

the receiver is removed from the switchhook at the called station, the (R) re-

lay operates, releasing the (L) relay, thus opening the ringing circuit. The

release of the (L) relay advances the incoming switch to position 16 in which

position the talking connection from the calling subscriber is completed through

to the called subscriber.
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Talking

The district selector supplies talking battery to the calling sub-

scriber and the incoming selector supplies talking battery to the called sub-

scriber through windings of repeating coils in these two circuits* See Figure

8* The district and incoming circuits each contain a supervisory relay desig-

nated (S) which remains operated as long as the receiver is off the hook at the

calling and called stations respectively. These supervisory relays are similar

to those associated with the answering and calling cords at a manual A board.

The transmission of voice currents is accomplished* in the same manner as that

in use in a manual office, by the use of repeating coils and condensers.

The operation cf the incoming (S) relay causes the operation of the

incoming (I) relay whereby the battery and ground through the windings of the

(A) relay are reversed with respect to the tip and ring sides of the trunk so

as to cause the current through the district (CS) relay to flow in the opposite

direction. The district (CS) relay now operates and the incoming (A) relay is

held operated in this circuit. The operation of the (CS) relay indicates to the

district that the called subscriber has answered and that if the calling line is

a message rate line, the message register should be operated or if it is a coin

line the coin should be collected when conversation is completed. Therefore,

with the (CS) relay operated, the (LF) relay operates when the charge (CHG) in-

terrupter closes its back contact. The (LF) relay locks under control of the

(CS) relay and when the (CHG) interrupter closes its front contact, the (CH)

relay operates and locks. With the (CH) relay operated when the calling sub-

scriber replaces the receiver on the switchhook the message register on a

message rate line is operated or the coin is collected on a coin line but where

the (CH) relay is not operated at the time the connection is released the message

register is not operated or the coin is returned. A separate circuit known as

the Coin Control Circuit connects to the district at the proper time for return-

ing or collecting the coin on a coin line.

Called Line Busy

Returning to the point where the final selector is testing the select-

ed line, let it be assumed that the called line is not idle, but is busy, having
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previously been selected by some other final selector on a terminating call, or

having previously been selected by a line finder circuit on originating a call.

The sleeve terminal is connected to the 48 volt battery through 220 ohms resis-

tance, in addition to being connected to ground through the winding of the (CO)

relay (See Fig. 4). Under this condition, the (TB) and (PBX) relays both op-

erate and when the final switch enters position 9, the (L) relay holds to ground

through the make contact of the (TB) relay and the operation of the (PBX) relay

releases the (TK) relay. The release of the (TK) relay advances the switch to

position 12, in which position the (TK) relay reoperates and locks over the

sleeve lead to ground in the incoming selector circuit. The reoperation of the

(TK) relay advances the switch to position 13, in which position the DOWN mag-

net is operated and the selector returns to ..normal. When the selector reaches

normal, the switch is advanced to position 17 in a circuit through the "Y" com-

mutator segment and brush. In position 17 a circuit is closed as shown in Fig.

8 from ground through a power driven interrupter in the "miscellaneous tone and

interrupter" circuit which alternately operates and releases the final (L) re-

lay. The alternate operation and release of the (L) relay alternately closes

and opens a circuit from a tone lead in the "miscellaneous tone and interrupter"

circuit through resistance Bl, B2 and S (total 720 ohms) over the ring lead to

battery through the winding of the incoming (S) relay. The tone is inductively

transmitted to the calling subscriber thereby informing him that the oalled line

is busy.

PBX Trunk Hunting

If the called line, which has been selected by the final selector

under control of the sender, is the first trunk in a group of PBX trunks and is

idle, the sleeve terminal is connected to ground through the 100 ohm winding of

the (CO) relay (See Figs. 3 and 4). In this case, the operation is exaotly the

same as that described when the oalled line was an idle direct line to a sub-

scriber's set. But if this first trunk in the PBX group was not idle, but was

busy, the sleeve terminal would be connected to 48 volt battery through 220 ohms

resistance in addition to being connected to ground through the winding of the

(CO) relay. In this case, the (TB) relay operates, but the (PBX) relay does not
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operate when the (L) relay closes the busy test circuit in position 8. The (L)

relay holds to ground through the make contact of the (TB) relay and when the

switoh enters position 9, the (LS) magnet is energized in a circuit through the

make contact of the (L) relay to ground through the make contact of the (TK) re-

lay. The (TK) relay does not release since the (PBX) relay did not operate.

The elevator moves upward and the sleeve brush makes contact successively with

the sleeve terminals of the trunks in this P.B.X. group. The sleeve brush on a

final selector is not a bridging brush but the (L) relay is held operated by the

"C n commutator and by the make contact of the (TB) relay sufficiently to keep

the elevator moving upward between terminals. When an idle terminal is reached,

the (TB) relay releases but the eirouit through the "C n commutator segment holds

the (L) and (TK) relays operated until the elevator has been driven high enough

to insure proper centering of the multiple brush on the terminals of the select-

ed trunk. When the circuit through the "C n commutator segment is opened, the

(L) relay releases, the IIP magnet circuit is opened and the brush rod drops down

against the pawl which has entered the corresponding slot in the rack. The re-

lease of the (L) relay advances the switch to position 12 and from this point

the operation is no different from that described for a call to an idle direct

line.

The sleeve terminal of the last trunk in the P.B.X. group is connect-

ed to the (CO) relay in the same manner as a direct line, and therefore, if all

of the trunks in a P.B.X. group are busy both the (PBX) and (TB) relays operate

when the sleeve brush makes contact with the sleeve terminal of this last trunk.

When the circuit through the "C n commutator segment is opened, the (TK) relay re-

leases opening the UP magnet circuit. The release of the (TK) relay also advanc-

es the switch to position 12 and from this point on the operation is the same as

previously described for a call to a busy direct line.

Return of Selectors to Normal

When the calling subscriber replaces the receiver on the hook, the

district (s) relay releases and when the FI contact of the DISC, interrupter

opens, the (SC) relay releases (See Fig. 9). The release of the (SC) relay

operates the (D) relay through the F2 contact on the DISC, interrupter, advancing

75



Course A-132
Chapter XIV

the district switch to position 17. The (LF) relay operates in position 17 and

locks through the "M" commutator segment advancing the switch to position 18.

In position 18 the line finder and district DOWN magnets operate driving the

line finder and district elevators down to normal. When the line finder eleva-

tor reaches normal, the nM rt segment is opened and the (LF) relay releases, re-

leasing the line finder DOWN magnet. When the district elevator reaches normal

ground thru the district "Y!t commutator brush and segment advances the line

finder district switch to position 1 "Awaiting Link".

When the district switch advanced beyond position 15f the trunk clos-

ure was opened and the incoming (A) relay released. The release of incoming

(A) relay released the incoming (L) relay thus advancing the incoming switch to

position 18, in which position the DOWN magnet was energized and the elevator

returned to normal. When the elevator reaches normal, ground through the "Y"

commutator brush and segment advances the incoming switch to position 1.

When the district switch advances beyond position 16-f-, busy ground

was disconnected from the sleeve brush thus releasing the office (L) relay.

The release of the office (L) relay advances the office switch to position 18,

in which position the DOWN magnet is energized. When the elevator reaches nor-

mal, ground thru the "Y" commutator brush and segment advances the office switch

to position 1.

When the incoming selector advances beyond position 16^, the busy

ground is removed from the sleeve multiple brush, releasing the (TK) relay in

the final selector circuit and thus advancing the final selector switch to posi-

tion 15. The (L) relay operates in position 14^- and holds over the called sub-

scriber f s loop until the receiver is replaced upon the switchhook. With the (L)

relay held operated, the switch is advanced through positions 15 and 16 by the

operation of the (TK) relay under control of the (TO) interrupter within from 2

to 4 minutes after the final is released by the incoming. When the (L) relay re-

leases due either to the advance of the switch from position 16 or on account of

the receiver being replaced on the switchhook, the switch is advanced to position

18 by ground through the back contact of the (TK) relay. In position 18 the DOWN

magnet is energized and when the elevator reaches normal, ground on the "Yn
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commutator segment advances the final switch to position 1 (NORMAL)#

Sender Returns to Normal

Having thus completed a call and returned the line finder-district,

office, incoming and final selector circuits to normal, it is necessary to re-

turn to the point at which talking selection was completed and follow through

the operation required to return the sender to normal and in advancing the link

from the "cut-through" position into the "hunting district" position* As soon

as the registers are no longer needed for controlling selections, they are re-

set to normal as shown in Fig* 10, which is self-explanatory* When the district

selector advanced out of the selection beyond position the sender (SC) and (SCI)

relays released and the (H) relay operated and locked to ground in the district

selector circuit over the "SC" lead. With the (F0) relay operated on the com-

pletion of talking selection, a circuit was closed in which the (W01) relay

operates, advancing the R1 switch to position 9. See Figure 10* When the R1

switch enters position 8, battery through the 270 ohms is connected in parallel

with the winding of the (H) relay to the "SC" lead causing operation of link

(T) relay. Operation of the (T) relay operates the link (C) relay, advancing

the link switch to position 6. The (T) relay releases when the switch advances

beyond position 5-J-, and if the sender selector elevator is not standing on one

of the last 20 (or 10) sets of terminals, the (C ) relay releases and the link

switch is advanced to position 7 which is the "Hunting District" position— the

same position in whioh we originally assumed the link to be at the time we

originated a call. With the sender R1 switch in position 9, the sender R2

switch is advanced to position !• With the R2 switch in position 1, the RC

switch normal, and with relays (H), (HI) and (SR) released, the R1 switch is

advanced to normal, releasing the (SC) relay. The class switch stays in the

position in which it was used until it is advanced to some other position on a

succeeding call. All equipment used on the call, whose operation has been follow-

ed, has now been restored to normal#

Time Alarms

When a call is originated and a "trip" circuit (A) (or (B)) relay

operates, a timing circuit starts operation and, if the called line has not been
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found and the (A) (or (B)) relay released within from 5 to 12 seconds, an isle

pilot lamp is lighted and an audible alarm is operated. An individual lamp also

lights, indicating the particular trip circuit which has not been released with-

in the measured time*

When the (GA) or (GB) relay in the "start” circuit fails to operate

within an interval of from 2 to 5 seconds after ground has been placed on the

STA (or STB) lead, an audible alarm is operated, and individual and aisle pilot

lamps are lighted to assist the maintenance force in finding the particular

circuit which is in trouble. At the same time as the alarm is operated a so-

called "Throw-over Feature" becomes operative Whereby all succeeding calls will

be served by links and line finders in the sub-group which is not affected by

the trouble which caused the throw-over.

When a link circuit becomes stuck in the "Awaiting District", "Hunt-

ing Sender", "Awaiting Sender", "Return from last 10 (or 20) SS Terminals", an

alarm is operated within from 20 to 30 seconds after the sequence switch enters

the position in which it is stuck.

When a calling subscriber fails to replace the receiver on the hook

within from 2 to 3 minutes after the called subscriber replaces the receiver

on the hook, or within from 2 to 3 minutes after the district enters the over-

flow position and transmits overflow signal to the calling subscriber, an alarm

is operated.

Sender Time Measure Switch

Failure of any selector to perform its function under control of a

sender as well as failure of the sender itself results in what is known as a

#

"Stuck Sender". The "Time Measure" switch (M) is used with a power driven

interrupter designated "TMA" to measure time intervals within which the various

parts of the sender’s operation should be completed. See Figure 11. As soon

as a sender is seized and made busy, the (TMS) relay operates and locks to "off-

normal" ground. The time measure advance (TMA) relay operates advancing the

(M) switch from normal. Its further advance is under control of the (TMA) in-

terrupter and the setting of the RC switch. Thus, an interval of from 30 to

60 seconds is allowed within which dialing must be started. If the RC switch
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has not been advanced from normal during this interval, a circuit is closed

through terminal 4 on the M6 arc operating the stuck sender-release (SSR) re-

lay. The operation of the (SSR) relay at this time causes the sender to func-

tion in such a way that the call is completed and the line is connected to a

trunk terminating at a permanent signal operator’s position.

If dialing is started and the RC switch advanced from normal within

the time allowed, the time measure switch begins to measure a new interval of

from 30 to 60 seconds within which dialing must be completed. If dialing is

not completed within this interval a circuit is closed through terminal 7 on

M6 arc causing a partial dial sigjial to be displayed at a sender monitoring

position. The monitoring operator inserts a talking cord in a jack associated

with this lamp and attempts to have the subscriber complete dialing or replace

the receiver on the hook; but if unsuccessful the insertion of the talking oord

plug in a make-busy jack (an operation called priming) causes the line to be

connected to a permanent signal trunk in oases where translation has not pre-

viously been completed, and causes the sender to return to normal if transla-

tion has been previously completed.

After dialing is completed and if the line is not a coin line the

time measure switch allows an interval of from 30 to 60 seconds on calls to the

other panel type offices within which the sender should complete its operations

and return to normal. If the sender has not completed its functions within

this time the time measure switch closes a circuit whioh flashes a lamp at the

sender monitoring position and the sender may be released by priming as pre-

viously described.

When the calling line is a coin line and after dialing has been com-

pleted within the allowed tine, the time measure switch closes and oontrols

circuits in which tests are made to determine whether the coin has properly

been deposited except on calls for whioh no charge is made, such as a call to

information operator. Should the test indicate that there is no coin deposit-

ed or that there is a false coin ground on the line, the time measure switch

closes a circuit which causes a lamp to light at a monitoring operator’s posi-

tion. Should the coin subsequently be deposited the call will proceed, otherwise
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the equipment will be held until released by priming. After a test has shown
1

that the coin has been properly deposited the M switch measures the interval
«

within which the sender should complete its operation, as previously described.

Coin Control

When the calling line is a coin line and a coin has been deposited it

should either be collected or returned after the receiver is replaced upon the

switohhook. When the district (S) relay releases the district is selected by

an idle "Coin Control" circuit. This circuit collects the coin by connecting

+110 volts to the line if the charge (CH) relay in the district is operated and

returns the coin by connecting -110 volts to the line if the (CH) relay is not

operated. On the earlier panel installations the sender was reselected by the

district under such conditions as caused the sender to limit its operation to

the return or collection of the coin as the case required. It is more economi-

cal, however, to place this control equipment in an auxiliary circuit which con-
*

nects itself to the district at the time it is needed.

Various Ringing Conditions

The arrangement shown in Fig. 6 for closing the ringing circuit is one

which would be used for either individual or 2-party ringing. Fig. 7 shows the

ringing circuit not only for individual and 2-party service but also for 4-party

selective and 4-party semi-selective service. No further explanation is requir-

ed for ringing where the service is individual or 2-party f except that usually

immediate ringing is furnished in positions 12 and 13 during the time the switch

is being advanced under control of the (IF.) interrupter. Immediate ringing is

continuous and not under control of the ringing machine so as to signal the sub-

scriber as soon as trunk closure has been received by the incoming, even though

the ringing machine should be on a silent part of the cycle.

Where 4-party selective ringing is used two of the stations are sig-

nalled over the tip side of the line to ground and the other two are signalled

over the ring side to ground, this being accomplished by proper cross-connection

at the M.D.F. Superimposed ringing current is used to distinguish between the

two stations which are signalled over the tip side of the line and between the

two stations which are signalled over the ring side of the line. One station on
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each side is signalled with ± - and the other station on the same side is sig-

nalled with ± + ringing current. The four line numbers are assigned in such a

manner that a call to either of the two which are signalled by ± - current will

be completed over a trunk in groups 0 or 2 of any bank on the incoming frame,

and a call to either of the two stations which are signalled by ± + current will

be completed over a trunk in groups 1 or 3 of any bank. When a trunk has been

selected by the incoming in either of groups 0 or 2, the incoming (P) relay re-

mains non-operated, but when a trunk has been selected in either of groups 1 or

3, a circuit is closed in position ll/l4 through the (P) commutator brush and

segment operating the (P) relay. The polarity of ringing current connected to

the line depends then on whether the (P) relay is operated or non-operated and

this in turn depends upon the group in which the incoming has selected a trunk

to a final selector.

Where 4-party semi-selective ringing is used, two stations are sig-

nalled over the tip side of the line and the other two are signalled over the

ring side of the line. The (P) commutator is used to distinguish between the

two stations which are signalled over the same side of the line, one of them

being signalled by a one ring code and the other by a 2 ring code, both bells

ringing at the same time. It is necessary that when ringing starts, both rings

of a 2 ring code will always be given. To this end, the closing of the ringing

circuit is under oontrol of a pick-up (PU) drum on the ringing machine. When

the incoming (A) relay has operated from trunk closure in the district, the (L)

relay operates, advancing the switch to position 12. If the called line number

is such that the incoming has selected a trunk in either of the groups 0 or 2,

the (P) commutator circuit is not closed and the (L) relay releases when the

switch advances from position 11. The incoming pick-up (PU) relay which closes

the ringing circuit, operates immediately in position 12 to ground through the

back contact of the (L) relay. Operation of the (PU) relay advances the switch

to position 13 in which position the "Rl" ringing lead is connected through the

winding of the ( R) relay, make contact of the (PU) relay and through the final

selector to one side of the called line. If the called line number is such that

the incoming has selected a trunk in either of groups 1 or 3 the (L) relay does

not release when the switch advances from position 11 but holds to< ground through
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the (P) commutator segment and brush. In this case the operation of the (PU)

relay is under control of the pick-up interrupter, and it is therefore operated

at such a time as will cause the ringing circuit to be closed during the silent

period preceding the first ring of the two-ring code. The operation of the (PU)

relay advances the switch to position 13 and since the (L) relay is holding

through the (P) commutator segment and brush, the switch does not stop in posi-

tion 13 but advances to position 14. The (L) relay releases when the switch

leaves position 13 and the switoh is stopped in position 14. When the (R2)

drum Of the ringing machine completes the silent part of the cycle, ringing is

started. The removal of the receiver from the switchhook at the called station

operates the (Ft) relay in either of positions 13 or 14 causing the release of

the (PU) relay, thus opening the ringing circuit and advancing the incoming

switch to the talking position.

Overflow - Tell-Tale

When the district selector fails to find an idle trunk in the select-

ed group, it stops on the overflow terminals of that group and the district

switch advances to the "Selection Beyond" position as previously described.

Ground through the "Z" commutator brush and segment operates the district (CH)

relay thereby connecting "reversed battery" to the fundamental circuit. The

sender (OFL) relay is operated and the sender realizes that the district selec-

tor "went to overflow". After dialing has been completed, the sender advances

the district from the "selection beyond" position and controls talking selec-

tion as on a regular call except that the (3) counting relay is the first to be

operated and the district switch is therefore advanced to position 17. In this

position an "All Paths Busy Tone" is transmitted to the calling subscriber. See

Fig. 8. The sender returns to normal as soon as talking selection is completed.

When the calling subscriber replaces the receiver on the switchhook, the dis-

trict supervisory { S) relay releases and the line finder district circuit returns

to normal, as on a regular call.

Should the district selector "go to tell-tale", that is, travel to

the top of the bank during the time the UP magnet is energized either for group

or brush selection, or for trunk hunting, ground through the "X" commutator
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brush and segment advances the district switch to position 7, in which position

operation of the (L) relay advances the switch to position 8* Ground through

the "X" commutator brush and segment then advances the switch to position 17.

The "T" and "R" leads to the sender are thus immediately opened and ground is

connected to the "SC" lead. The sender under this condition does not wait for

dialing to be completed but returns to normal immediately; the district remains

in position 17 and transmits overflow tone to the calling subscriber in the

same manner as when it went to overflow.

If the line finder travels to the top of the bank without finding the

calling line the elevator stops on the forty-first terminal (which is called an

overflow terminal) if the multiple brush has been tripped for although there is

no line connected to this set of terminals, the "trip" circuit connected battery

to the (H) terminal the same as if it were a subscribers line. When this set

of terminals is connected through the line finder and link circuits to an idle

sender, the sender (L) relay fails to operate and the sender immediately causes

the district to return to normal and restores itself to the idle condition. If

the line finder multiple brush were not tripped, the elevator travels past the

41st terminal until the "N" commutator brush has broken contact with the "N"

segment. The (LF) relay then releases and the circuits are returned to normal

as on "overflow" except that the trip circuit is not satisfied as it is when a

calling line is found and has to "time itself out" of the busy condition, be-

fore it can be used on another call.

When an office selector "goes to overflow", ground through the "Z"

commutator brush and segment advances the office selector to an "overflow" posi-

tion in which "reversed battery" is connected to the fundamental circuit, (the

district being in the selection beyond position), causing operation of the send-

er (OFL) relay. The sender and district circuits then function in a similar

manner to that described for district overflow. When the district switch ad-
.

vances beyond position 16-i ground is removed from the sleeve brush thus releas-

ing the office (L) relay, and the office selector returns to normal as on a regu-

lar call. In some of the earlier installations, the office selectors were not

arranged to connect reversed battery to the fundamental circuit on "tell tale"

83 -



Course A-132
Chapter XIV

condition and the equipment was stuck until released by a trouble operator or

by the maintenance force* Office selectors are now arranged so that when they

travel to "tell-tale" the operation is the same as that which occurs on "over-

flow" condition, except that it is the "X" commutator which causes the switch

to advance to the "overflow or reversed battery" position.

When an incoming selector "goes to overflow", the incoming switch is

immediately advanced to the "reversed battery" position, since there is no final

selector connected to these terminals and therefore no ground to hold the incom-

ing (L) relay operated. The sender (OFL) relay is operated and the sender causes

the district to advance to the overflow position. In so doing, the district

gives a temporary trunk closure which advances the incoming selector out of the

"awaiting trunk closure" position. When the closure is removed by the district

the incoming selector is returned to normal as on a regular call. If the in-

coming "goes to tell-tale" the operation is similar to that just described for

"overflow", except that ground thru the "X" commutator brush and segment causes

the advance of the switch to the "reversed battery" position, and also causes

its return to normal as soon as the switch enters the trunk closure position.

When a final selector "goes to tell-tale" ground thru the "X" com-

mutator brush and segment advances the final switch through the "busy test"

position and the switch is then advanced, as on a regular call, to the "talking"

position. The incoming proceeds to give "reversed battery" to the sender just

as on a call when final selections were actually completed, but the sender,

knowing that they have not been completed, accepts the operation of the (OFL)

relay as a tell-tale signal and causes the district to advance to the overflow

position and give the overflow signal to the calling subscriber. The final

selector is returned to normal when released by the incoming as on a regular

call.

Abandoned Calls

When a call is abandoned, the sender (L), (SR) and (SRI) relays re-

lease, causing the operation of a "wipe-out" (WO) relay. If district group

selection has not been completed when the (WO) relay operates, the sender and

district are returned to normal immediately. If district group selection has
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been completed, office test and selections are also completed (when an office

selector is used) and a trunk to an incoming selector is selected. The sender

then causes the incoming to travel to tell-tale during brush selection; or if

the call is abandoned after incoming brush selection has been completed, the

sender causes the incoming or final (as the case may be) to travel to tell-tale

on the next selection after the operation of the (7/0) relay. With either the

incoming or final at "tell-tale", return to normal is completed as described

for tell-tale condition except that the district does not have to wait for the

oailing subscriber to replace the receiver on the hook. When a call is abandon-

ed after the sender has completed its operation and during the time the called

subscriber is being signalled, the district opens the trunk closure to the in-

coming. The incoming opens the ringing circuit, and return to normal of all

the selectors involved is completed as on a regular call.
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CHAPTER XV

RCI EQUIPMENT AND OPERATION

Calls from subscribers in Panel offioes to subscribers in manual

offices may be completed over trunks direct to and terminating at, positions of

the "B" switohboard which are equipped with relay call indicator, "RCI", equip-

ment as shown in sketch A of Figure 1. On such a call the registers are set and

translation completed by the sender in the same manner as on a mechanical class

call. The CLASS switch (R3) is set in an "RCI DIRECT" class position and the

sender causes the district and office selectors to select an idle trunk which

terminates at a position of the "B" board in the manual offioe. An "assign-

ment lamp" associated with this trunk lights telling the operator that the

trunk has been selected. The operator depresses a "display" key associated

with the lighted lamp, thereby causing the sender circuit in the panel office

to transmit a code of "RCI" pulses, over the trunk, to the position "RCI Control"

circuit. The RCI control circuit causes the called number to be displayed on a

"call indicator" mounted in the keyshelf of the position. The manual operator

inserts the plug of the trunk in a multiple jack of the called line and ringing

is automatically controlled. In case the called line tests busy the operator

inserts the plug in a "busy back" jack and busy tone is transmitted to the

calling subscriber.

Sketch "A" in Figure 1 shows schematically the equipment involved in

completing a direct RCI call; Figure 2 shows a No. 1-B switchboard position

with RCI equipment, and Figure 3 shows the keyboard equipment of such a posi-

tion.

The equipment at eaoh RCI position includes a maximum of 48 plug

ended trunks incoming from the panel office or offices with each of which is

associated an assignment lamp, a disconnect lamp and one or two non-locking

display keys. Number plates and designation strips are provided for numbering

the trunk circuits. The RCI position control circuit consists of a number of

relays mounted in the rear of the board directly behind the position with which

they are associated. That combination of relays is operated on each incoming

call, by the pulses from the sender in the panel office, as will cause the
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called number to be displayed on the "call indicator". The call indicator con-

sists of a set of lamps located under a ground glass plate arranged in 6 groups.

Each lamp is so shielded that when lighted it will display a number or letter on

the ground glass plate above it without allowing any light to illuminate

neighboring characters. The first group at the left consists of two lamps

marked 0 to 1 used for indicating the "ten thousands" digit and on calls where

the number is below ten thousand, the 0 lamp lights when there is no party

designation. The next 4 groups consists of 1C lamps each, numbered from 0 to 9

for displaying the "thousands", "hundreds", "tens" and "units" digits,

respectively. The group on the right consists of 4 lamps numbered J, M, R and W

which are used for displaying the party designation. When one of the ten

thousands digit is displayed no party designation is displayed and vice versa*

As many positions at the "B" board in a manual office are equipped

with RCI equipment as are needed to handle the traffic incoming directly from

panel type offices. In order to provide teamwork between operators at

adjacent positions a number of trunks are provided with two display keys.

Figure 3 shows all trunks so equipped. The front key is the "home" or regular

display key and its operation causes the called number to be displayed on the

regular or home position indicator. The rear key is known as the "teamwork"

display key and its operation by an adjacent operator causes the assignment

lamp to flicker indicating to the operator at the home position that the call

is being handled by the adjacent operator. Depressing the teamwork display key

also transfers the "busy test" from the home operators telephone set to the

adjacent operators telephone set.

Where the traffic to each of a number of manual offices is not suf-

ficient to Justify the installation of direct trunks and direct call indicator

equipment in each of these manual offices, tandem RCI equipment is installed

at "B" positions in one of the manual offices (or at some other office

centrally located with respect to these offices). See sketch B Figure 1.

Manual tandem operators receive all the calls for these offices over the

tandem RCI trunks and complete these calls on a "call wire" or "straightforward"

trunking basis to that one of this group of manual offices in which the called
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line terminates. In this case the originating sender transmits current pulses

not only for the called number hut also for the office code. The tandem call

indicator is therefore equipped with an additional set of lamps arranged in 3

groups of 10 lamps each on which a numerical code is displayed which corres-

ponds to the office code which was dialed by the originating subscriber. The

key board equipment includes a set of call circuit keys, where the calls are

completed on a call circuit basis. These keys are arranged 12 in a strip and

the office code numbers are engraved on the buttons. The office code

abbreviation corresponding to the office code numbers are shown on a designa-

tion strip to the right of each row of buttons. The maximum of 144 call cir-

cuits can be installed. Only 40 trunks incoming from panel offices are

terminated on each tandem RCI position. It will be evident that in general the

operation of the incoming end of the tandem RCI position is similar to the

operation of a direct RCI position.

Every direct or tandem RCI position is provided with a two-way look-

ing key whose operation transfers the busy test circuit to the operators

telephone circuit of the adjacent position, so that during hours of light load

one operator may complete connections at several positions without transferring

her telephone set from position to position.

An emergency call indicator equipment is provided consisting of a set

of lamps and a multiple contact plug which can be plugged into a jack mounted

on the lock rail at the right end of each call indicator position. The relays

associated with the emergency indicator are mounted in the terminal room and

cabled to this jack at each of a group of positions. The trunks are switched

from the regular to the emergency equipment by the operation of a locking key

mounted above the subscriber f s multiple. In case of failure of the regular

call indicator apparatus the supervisor plugs in the emergency lamp set and

operates the emergency key, thereby maintaining service.

When it is desired to discontinue the use of a position either

during hours of light traffic or due to trouble that cannot be corrected by use

of the emergency equipment, all trunks to this position must be made to test

busy at the panel office. To do this it is necessary to ground the sleeve
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terminals of the trunks at the district (or office) frames. A sequence switch

is provided at the panel office for each call indicator position to which trunks

are provided. This "make-busy" switch, when advanced to a certain position,

grounds the sleeve terminals of all trunks in this group. "Make-busy" switches

are mounted on "Make -Busy Frames" in the panel office.

There are two methods of controlling the "Make Busy" sequence

switches. By the first method each position is equipped with a "Make Busy" key.

Operation of the "Make Busy" key at any position connects battery over a cable

conductor to a circuit in the machine switching office which controls the

sequence switch associated with the trunks to this RCI position. The switch is

thus advanced to the position in which the sleeve terminal of each trunk in the

group is connected to ground. To remove the busy condition the "Make Busy" key

is restored to normal causing the switch in the maohine switching office to

advance to normal. The "Make Busy" keys are located on the face of the board

above the subscriber's multiple.

The second method involves the use of selectors in the machine switch-

ing office to actuate the "Make Busy" switches. For each office to which RCI

trunks are provided two terminals are set aside on a final frame in the machine

switching office, one as a "Make Busy" number and the other as a "Make Idle"

number. These terminals are common to all groups of trunks to a manual office

while other terminals are assigned as group numbers, one for each call

indicator position which has trunks from the panel office under consideration.

To make the trunks from the panel office to any oall indicator position busy,

the supervisor or an "A" operator at the manual office oalls the "Make Busy"

number, the connection being established in the same manner as a regular

subscriber’s call. A second oall is made for the "Group Number" which is

assigned to the position to be taken out of service. With these two con-

nections established the "Make Busy" switch, associated with the particular

group of trunks which it is desired to make busy is advanced to the busy posi-

tion. A distinctive tone is then transmitted to the manual office over the

second connection to indicate that the trunks have been made busy. The

supervisor then releases both connections and the selectors in the mechanical
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office are returned to normal. To restore the trunks to service, the "Make

Idle” number and the "Group Number" are called p,nd the control oircuit at the

panel office advances the "Make Busy" sequence switch to its normal position. A

different tone is transmitted to the manual office over the "Group" number

connection to indicate that the busy condition has been removed. The release of

the connections returns the selectors in the machine switching office to normal.

The first method requires a cable conductor from each position to the

machine switching office which has trunks terminating at the position. If

trunks from more than one office terminate on a position a conductor is required

connecting these offices in series. If difficulty is encountered with dif-

ferences of ground potential a pair of conductors is required. The second

method does not require cable conductors; but in cases of trouble it is

desirable to take a position out of service a3 quickly as possible and from

this view point the first method is more satisfactory than the seoond. There-

fore in deciding which of the two methods to use the cost of cable conductors

should be compared with the undesirable traffic feature of the second method.

It is usually desirable during hours of light traffic to be able to

vacate all but one or two "night" positions and to be able to complete all

calls at these positions. For this purpose one or more positions are provided

at which a few trunks from each machine switching offioe are terminated. By

making all other positions busy, as described above, all calls will be

completed at the "night" positions.

Parts of the sender* trunk, and RCI control circuits are shown

schematically in Fig# 4. The RCI impulse switch (R4) in the sender circuit is

advanced as soon as the class switch has been set either to position 17

"Awaiting start for RCI Direct" or to position 9 (position 5 on three-digit

senders) "Awaiting start for RCI Tandem"# The trunk test circuit cannot be

closed by the sender on RCI class calls until dialing has been completed so as

not to light the trunk assignment lamp in the manual office until the sender

is ready to transmit the pulses corresponding to the called number# The time

measure switch allows from 3 to 4 seconds additional time for the setting of

the stations register on RCI class calls when there may be a party designation
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dialed or when the number may "be above 9999. Dialing having "been completed, the

sender (S) relay releases closing the trunk test circuit which is traced from

"battery thru one winding of the (A) relay in the trunk circuit, over the T side

of the trunk, thru the office, district, and link circuits, thru the sender

(TG) and (OF) relays, "back thru the link, district, and office circuits, and

over the R side of the trunk to ground thru the other winding of the (A) relay.

Note that the 14,500 ohm resistance which was included in the trunk test cir-

cuit on mechanical class calls is not included on RCI class calls. The (A)

relay in the trunk circuit and the (TG) relay on the sender circuit operate.

The operation of the (A) relay lights the assignment lamp; and the operation of

the sender (TG) relay causes the operation of the sender (TGI) and (Cl) relays,

advancing the R2 switch to position 15, "RCI pulses". The operation of the

"display key" at the manual position causes a number of operations one of «

which is the operation of the (I) relay in the trunk circuit. The operation

of the (I) relay disconnects the trunk from the windings of the (A) relay and

connects it to the RCI control circuit. The (TG) relay in the sender is thus

released, in turn releasing the (TGI) relay. The release of the (TGI) relay

closes a circuit for advancing the RCI impulse switch (R4) from the Start

position thru the remaining positions of the first revolution and thru an

entire second revolution. During this advance of the ( R4 ) switch, battery and

ground are connected to the T and R sides of the trunk in such a manner as to

cause the transmission of a code of current pulses thru the winding of the

(SN+ ) (SN-) and (MG) relays in the RCI control circuit. The pulses which are

transmitted depend upon the setting of the office code and numerical

registers on a tandem RCI call, and upon the setting of the numerical

registers alone on a direct RCI call. Four circuit conditions are set up by

the sender for each letter of number to be transmitted. The first and third

of each of these sets of four conditions may be such as to transmit a light

positive pulse or may be such as to transmit no pulse (open circuit). The

second and fourth of each of these sets of 4 conditions may be such as to trans-

mit a light negative pulse, a heavy negative pulse, and may be an open circuit

with no pulse sent. A negative pulse is transmitted when negative battery is
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connected to the ring side and ground is connected to the tip side of the trunk;

and a positive pulse is transmitted when negative battery is connected to the

tip side and ground is connected to the ring side of the trunk. A heavy pulse

is transmitted when the battery is connected through a 52.5 ohm resistance in

parallel with a 6500 ohm resistance, and a light pulse when it is connected

through the 6500 ohm resistance only. The 4 circuit conditions for each digit

are established in 4 successive positions of the RCI sv/itch in the following

order on RCI direct calls for numbers below 10000: Stations, thousands,

hundreds, tens and units. On tandem RCI calls the pulses are transmitted in

the order A, B (and C in 3 digit areas), stations, thousands, hundreds, tens

and units. On calls to numbers above 9999 the pulses controlled by the setting

of the stations register are sent after those controlled by the setting of the

units register, instead of being sent immediately preceding those pulses con-

trolled by the setting of the thousands register. The tables in Figure 5 show

what pulses are sent for each digit as controlled by each register and also

shows the positions of the R4 switch in which these pulses are sent by both 2

and 3 digit senders. The senders are also arranged so as to transmit a heavy

positive pulse after all of the office code and numerical pulses have been

transmitted# This pulse is necessary when a call is completed thru a "two-wire

office selector" which will be considered in a later chapter#

Referring to figure 5 and assuming the called number to be 3974-J

the pulses for the letter "J" will be sent in positions 17, 18, 19 and 20 of

the first revolution of the R4 switch; the pulses for the digit 3 will be sent

in positions 1, 2, 3 and 4 of the second revolution; the pulses for the digit

9 will be sent in positions 5, 6, 7 and 8; the pulses for the digit 7 will be

sent in positions 9, 10, 11 and 12; and the pulses for the digit 4 will be sent

in positions 13, 14, 15 and 16. The 4 conditions for the party designation J

will be, - open circuit, light negative pulse, light positive pulse, and light

negative pulse; the 4 conditions for the thousands digit 3 will be, - light

positive pulse, light negative pulse, open circuit, and heavy negative pulse;

the 4 conditions for the hundreds digit 9 will be, - open circuit, light

negative pulse, light positive pulse, and heavy negative pulse. The 4 condi-
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tiona for the tens digit 7 will be, - open circuit, heavy negative pulse, open

circuit, heavy negative pulse; and the 4 conditions for the units digit 4 will

be the same as were sent for the party designation "J Tt
.

The RCI position control circuit receives these pulses through two

polarized and one marginal relay and records each set of 4 pulses on sets of

register or lamp control relays * One of the polarized relays (SN-) operates on

a negative pulse and non-operates on a positive pulse; the other polarized

relay (SN+) operates on a positive pulse and non-operates on a negative pulse*

The (MG) relay non-operates on a light pulse and operates on a heavy pulse

irrespective of their polarity* When the pulses for the letter TT Jn are received

open circuit has no effect, the light negative pulse operates the (SN-) relay,

the light positive pulse releases the (SN-) relay and operates the (SN+) relay,

and the light negative pulse releases the (SN+) relay and reoperates the (SN-)

relay* The first operation of the (SH-) relay operates the (W) relay but does

not operate the (Z) relay* The release of the (SN-) relay causes the operation

of the (Z) relay and holds the (W) relay through the make contact of the (W)

relay* The operation of the (SN+) relay with the (W) relay operated^ operates

the lamp control relay (C). The (C) relay locks and closes a circuit that will

light the (J) lamp as soon as all pulses have been received* Release of the

(SN+) relay has no effect but the reoperation of the (SN-) relay short cir-

cuits the (W) relay causing its release but holding the (Z) relay operated.

The operation and release of the (W) relay transfers the circuits controlled

by the (SN*), (SN-) and (MG) relays from the first to the second set of register
t

or lamp control relays so that the next set of 4 conditions set up by the im-

pulse switch in the sender will cause those register relays to be operated

which are necessary in lighting the "3" thousands lamp* In a similar manner

each set of 4 conditions set up by the impulse switch in the sender causes

certain lamp control relays to be operated as are required for lighting the

proper lamp in each group of lamps. When the pulses for the units digit have

been received the lamps are lighted, and when the operator inserts the plug of

the trunk in a multiple jack of the called line the control circuit is released

and the display on the call indicator extinguished. Since the impulse switch
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in the sender has completed sending the RCI impulses the sender makes talking

selection and returns to normal in a similar manner to that described for a

mechanical class call. The connection is under control of the calling sub-

scriber and when the receiver is replaced on the hook at the calling station

the district returns to normal, opening the trunk and causing the DISC lamp at

the manual position to light. The operator then removes the plug of the trunk

from the multiple jack and the DISC lamp is extinguished.

In the following table is shown the operation of the assignment and

disconnect signals under different circuit conditions.

1. Trunk selected by the switching apparatus. Dis-

play k§y not depressed, and trunk not up in the

multiple.

2. Trunk selected by the switching apparatus.
Display key in home position depressed. Trunk

not up in the multiple.

3. Same as condition No. 2, except team work dis-

play key is depressed instead of home key.

4. Trunk selected by switching apparatus. Display

key depressed and trunk plugged into a

multiple jack; or another display key has been

depressed later.

5. Calling subscriber (or special operator) dis-

connects, causing the switching apparatus to

disconnect.

6. Call indicator trunk cord removed from multiple

in error.

7. Trunk which is still plugged up in the multiple

from a previous call is selected by the switch-

ing apparatus on a new call.

Assignment
Lamp

Steady

Flashes

Flickers

Out

Out

Steady

Steady

Disconnect
Lamp

Out

Out

Out

Out

Steady

Out

Steady
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CHAPTER XVT

PANEL SYSTEM "3" SWITCHBOARD
AND ASSOCIATED EQUIPMENT

There are three methods by which calls from lines in manual offices

are completed to lines in panel offices, as follows: (1) by use of a "Panel

System B" switchboard in the panel office, (2) by use of "Key Indicator" equip-

ment in the manual office and (3) by equipping each "A" position in the manual

office with a dial and dial key. The use of a panel system "B" switchboard will

be considered in this chapter, the other two methods being considered in the

next chapter.

The use of a "B" board in the Panel office makes unnecessary any change

in the Manual office and calls to Panel offices are handled by the "A" operator

in identically the same manner as calls to Manual Offices. In fact neither the

calling subscriber nor the "A" operator need know in what type of office the

called subscriber is located. The trunks from the Manual office to the Panel

office may be arranged either for call circuit or straightforward operation and

connect to inooming selector circuits on incoming frames in the panel office.

The trunks are also multipled to a panel type multiple bank on a "3 Sender and

Link Frame" but do not terminate as a cord and plug at the "B" position as do

the "plug ended" trunks at manual "3" positions. For that reason the term "Cord-

less" is commonly applied to this "3" board and to the incoming selector cir-

cuits.

With reference to call circuit operation the "A" operator repeats the

called number to the machine switching "B" operator who assigns an idle trunk.

The "A" operator inserts the plug of the calling cord into a multiple jack of

the assigned trunk lighting a "GUARD" (White) Lamp at the "3" position. The "B"

operator depresses the assignment key whioh is associated with the lighted lamp

and also depresses numerical recording keys corresponding to fhe called number.
i

Operation of the assignment key causes a "B" link circuit to connect an idle "B"

sender to the assigned trunk, the link and sender being mounted on a "3 Sender

and Link (Panel Type) Frame". This sender then causes incoming and final selec-

tions to be made, according to the numerical keys which were depressed, so as to

connect the calling subscriber to the called subscriber. The equipment involved
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in completing such a call is shown schematically in Figure 1* The connection is

under the supervision and control of the "A" operator in the originating office

and the "GUARD" Lamp and a "BUSY" (Green) Lamp, whioh are associated with this

trunk, indicate the various conditions which exist during the establishing of

the connection as follows:

Condition
Guard Lamp
(White)

Busy Lamp
(Green)

Normal Out Out

Calling Cord Plugged
Into Trunk Multiple Jack Steady Out

Last Numerical Key Depressed
Selections Not Completed Out Flicker

Ringing and Talking Out Steady

Disconnect Flash Flash

Paths Busy Flicker Out

A Panel system (or cordless) "B" switchboard is shown in Figure 2 and

the keysheIf equipment is shown in Figure 3. The board consists of low desk

type sections, two positions to a section. The keyshelves are sloped at the

angle shown in order to make the trunk keys and numerical recording keys as

accessible to the operator as possible. Each trunk has associated with it an

"assignment" key, a "disconnect" key, a White "GUARD" Lamp and a Green "BUSY"

Lamp. The lamps and keys are mounted on the upper keyshelf in two rows, 30

trunks per row with designation strips for trunk numbers and office names just

below each row. A set of numerical recording keys are mounted in the middle of

the lower keyshelf on which to record the number of the called line. The key

sets are removable and one emergency set is provided for every 10 positions.

Should the regular set at any position become defective the emergency set can be

substituted and service maintained. Each recording key set consists of four

groups of 10 keys each, numbered from 0 to 9 inclusive. The keys are manually

operated and electrically released.

Thus, each cordless "3" position handles the traffic incoming over a

maximum of 60 trunks which connect to incoming selectors mounted on an incoming

frame. Each position is served by 6 link circuits, 2 allotter circuits, and 2

key control circuits, the apparatus for three positions being mounted on each "B
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Sender and Link Frame”. All of the cordless ”3” positions are served by a com-

mon group of ”B” senders there being a maximum of eight of these common senders

mounted on each ”B Sender and Link Frame”. The "B Sender and Link Frame” and

the three incoming frames, which serve three positions are located in a row.

The incoming frames are similar to those on which incoming selectors from panel

type offices are mounted, as shown in Figure 3 Chapter 13. The ”3 Sender and

Link Frame”, shown in Figures 4 and 5, is a double sided frame somewhat similar

to the panel link frame described in Chapter 5. The framework is divided into

three bays. The end bays (one for the front of the frame and the other for the

rear of the frame) are used for mounting the motors, fuse panels, sequence

switohes, patching jacks and terminal strips. The upper portion of the middle

bay is divided vertically into two halves, one of which is used for mounting the

relays, condensers and resistances for the senders, links, allotters and key con-

trol circuits whose sequence switches and panel selectors are located on the

front of the frame. The other half is used for mounting this apparatus for the

senders, links, allotters and key control circuits whose sequence switches and

panel type selectors are located on the rear of the frame. With this arrange-

ment the equipment which serves each position is divided between the front and

rear of the frame so that, if the motor on one side should stop, the position

would not be deprived of service as long as the motor on the other side of the

frame continued to run. The lower part of the middle bay is used for mounting

the commutators, trunk and sender multiple banks, trunk finders, sender selectors

friction roll drive, keys and jacks. The relay bays in the upper half are pro-

tected both at the front and the rear by dust-proof casings with metal doors.

Eaoh link circuit includes a trunk finder, a sender selector, a se-

quence switoh and a number of relays. Since more than three leads are required

to and from the link circuit, each trunk finder and sender selector brush rod has

two multiple brushes one for each of a pair of multiple banks. Each bank con-

sists of 65 sets of three terminal strips each. The pair of banks at one end of

the frame furnishes the trunk finder multiple for the trunk finders associated

with positions 1 and 2. These banks are split vertically in the middle so that

the six- trunk finders (three on each side of the frame) which are associated with
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each of these two positions have individual trunk multiple, A pair of banks at

the other end of the frame is split vertically so that the inner section furnish-

es the individual trunk multiple for the six trunk finders (three on each side

of the frame) associated with position 3; the outer or end section of these

banks furnishes the sender multiple for the 9 sender selectors (three for each

position) on each side of the frame. The brushes which make contact with the

terminals in the upper banks are bridging brushes while those associated with the

lower banks are non-bridging. The brushes are permanently tripped and the brush

rods are returned to normal after each connection has been established.

Each allotter circuit includes a sequence switch and a number of re-

lays. One of the two allotter circuits associated with each position allots the

three links located on one side of the frame and the other allotter circuit

allots the three links located on the other side of the frame. The three links

on the front of the frame are allotted on three successive calls and then the

three links on the rear of the frame are allotted on the next three successive

calls handled at this position.

A key control circuit includes a sequence switch and a number of relays

there being two key control circuits provided for each position. They are used

alternately on successive calls thus permitting the starting of a second call as

soon as the recording keys are released without waiting for the key control cir-

cuit to return to normal. If one of the key control circuits should become de-

fective the other key control circuit is used on all calls, and it is to insure

continuity of service that the second key control circuit is provided.

Each sender consists of one sequence switch and a number of relays,

condensers and resistances. The apparatus for senders A, B, C and D is mounted

on the front of the frame and the apparatus for senders E, F, G and H is mounted

on the rear of the frame. Senders A, B, C and E, F, G are connected to the six

bottom sets of terminals in the bank on the same frame on which the senders are

located. Thus, when only six senders are equipped per frame the link sender

selectors will always select a sender which is located on the same frame provid-

ing one of them is idle; but if all of the senders on this frame are busy the

sender which is selected will be located on some other rtB n sender or link frame.
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The remaining sets of terminals in the sender multiple bank are connected in

groups of six to the senders mounted on other frames, using multiple slip and re-

versal. When senders "D n and "H" are equipped, they are wired to the terminals

in a group above the terminals which connect to the first six senders on the

last regular "3" sender frame.

Those parts of the circuit involved in completing a call through a

cordless nBn board which are required in following the operations described be-

low are shown in Figure 6. Assuming that the trunks incoming to a cordless nB"

position are operated as call circuit trunks, and the trunk having been assigned

by the operator on a particular call, the assignment key associated therewith is

depressed causing the incoming switch to advance to position 2. In position 2,

the guard (white lamp) is lighted, and ground is connected to the hold (H) , start

(ST) and fundamental (F) leads. Ground is disconnected from the hunting (HT)

lead when the switch advances from position 1 so that the panel trunk finder in

the link oircuit, which has previously been allotted for use on this call, will

select and connect to this trunk. The ground on the (ST) lead operates the (T)

relay in the link oircuit. The (T) relay, operated, operates the (SH) relay,

thus advancing the link switch to position 2. With the (T) relay operated, ground

is connected to the. trunk finder (G) commutator bar. and, with the switch in

position 2, ground is connected to the sender selector (G) commutator bar. The

circuit through the "P n winding of the (SH) relay is opened when the switch ad-

vances to position 2 but a circuit is closed through the "S" winding to ground

to the (C) commutator brush and segment holding the (SH) relay operated. The

sender selector wUP n magnet is operated in position 2 driving the sender selec-

tor brush rod upward. The bottom sleeve multiple brush (SH) is a bridging

brush and the (SH) relay holds through its nPw winding to the grounded sleeve

terminals of busy senders; but when the idle sender is reached, the circuit

through t;he "P" winding is opened and as soon as the brush rod has travelled

high enough to insure the pawl entering the slot in the rack which corresponds

to the multiple terminals of the idle sender, the circuit through the "S" wind-

ing to ground through the (C) commutator brush and segment is also opened, re-

leasing the (SH) relay. The release of the (SH) relay connects ground to the
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(SH) multiple terminal so as to make the test busy to any other hunting sender

selector. The release of the (SH) relay also advances the link switch to posi-

tion 3. A permanent busy condition is connected to the (SH) multiple terminal

as long as the link switch is in positions 2 3/4/8 1/4. With the link switch

in positions 2/3 and with the (T) relay operated, the trunk finder (UP) magnet

is energized driving the trunk finder brush rod upward. The (T) relay holds

through the (H) multiple brush to ground in the trunk circuit until the assigned

trunk is reached. Since ground has been disconnected from the (H) multiple ter-

minal of this trunk, the circuit through the nP" winding of the (T) relay is

opened and when the trunk finder has traveled high enough to insure the pawl en-

tering the slot in the rack which corresponds to the multiple terminals of the

assigned trunk, the circuit through the "S" winding of the (T) relay to ground

through the (C) commutator brush and segment is also opened releasing the (T)

relay. The release of the (T) relay connects ground to the (H) multiple terminal

so as to make it test busy to any other hunting trunk finder. The release of the

(T) relay also operates the (H) relay thus advances the link switch to position

4. The operation of the (H) relay also operates the (HD) relay thus closing the

holding circuit for the (H) relay through the (H) multiple brush and over the

"Hn lead to ground through the back contact of the (L) relay in the incoming cir-

cuit. Ground is connected directly to the sender selector (G) commutator bar in

position 3 3/4 / 18. With the link switch in position 4, ground is connected to

the "B n lead operating the (S) relay in the selector sender. The (S) relay

locks through its "S n winding to this ground in the link circuit and advances

the sender switch to position 2. The (SH) relay in the link circuit operates in

position 4 of the link switch over the nFw lead to ground in the incoming circuit

(incoming switch in position 2). The operation of the (SH) relay advances the

link switch to position 5. The (SH) relay holds operated in this position. As

soon as the nB" operator has depressed all of the keys corresponding to the call-

ed number a circuit is closed from ground in the key control circuit over lead

"A" through the link circuit to the incoming circuit advancing the incoming

switch to position 3. In position 2 3/4 / 1, the incoming connects ground direct-

ly to the nH" lead so as to hold the (H) relay in the link circuit operated until
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the call is completed. In position 3, the guard (white lamp) is extinguished

and the busy (green lamp) flickers under control of the progress interrupter

(PR). When the incoming switch advances frcm position 2, it disconnects ground

from the nF" lead releasing the link (SH) relay and thus advancing the link

switch to position 6. In position 6, the link (KC) relay operates over lead

nS" to battery in the key control circuit. The (KC) relay operated connects

the "A" and "B” lead from the key control circuit through the sender circuit

and while the link switch is in position 6/7 register relays are operated in the

sender as controlled by the numerical recording keys which were depressed by the

operator. The (KC) operated also operates the (SH) relay connecting the "C"

lead frcm the key control circuit to the sender circuit and advancing the link

switch to position 7. When the switch leaves position 6 the (KC) relay holds

through the contacts of the (SH) relay and in position 6 3/4 / 16 ground is con-

nected to the "Y" lead from the allotter circuit to advance the allotter switch

to the next allotting position ready for the next call. When registration of

the called number has been completed in the sender, the key control circuit opens

the nS" lead, releasing the link (KC) relay. The release of the (KC) relay and

consequent release of the (SH) relay opens the A, B and C leads and advances the

link switch to position 8 in which position incoming and final selections are

completed over the fundamental "F" lead from the incoming and the nBn lead to

the sender. When incoming selections are completed and an idle trunk to a final

selector has been selected, the incoming switch is advanced to position 11,

selection beyond in which position the "F” lead is connected to the final and

the (SH) relay in the link operates over the "FR" lead to ground in the final

circuit. The (SH) relay operated operates the (T) relay and when final selec-

tions are completed, the sender connects ground to the "A" lead advancing the

link switch to position 9. The final disconnects ground from the "R rt lead when

final selections are completed, thus releasing the link (SH) relay and advancing

the link switch to position 10. In position 10, ground over the "A" lead advanc-

es the incoming switch out of the selection beyond position thereby disconnecting

ground from the "H" lead and releasing the (H) relay. The (HD) relay is thus re-

leased advancing the link switch to position 11, in which position the ’’TF” and
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"SS" down magnets are energized returning the trunk finder and sender selectors

to normal. When the nTF" selector reaches normal ground to the "TF" ( Y) com-

mutator brush and segment operates the (SH) relay releasing the •tTF" down mag-

net, and when the "SS" selector reaches normal* ground through the "SSn (Y) com-

mutator brush and segment advances the link switch to position 13. Ground on

the (B) cam advances the link switch to position 17 in which position the link

awaits assignment by the allotter for use on a succeeding call. The sender was

released and the busy ground removed from the "SHn terminal when the link switch

advances from position 8 l/4.

*

<
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Call Distributing "B" Switchboard

Incoming trunks terminate directly on incoming selectors which are

multiple! to a trunk finder bank of tne "B" link. The "B" link is a three-

way link consisting of a trunk finder, position selector, and sender selector.

The trunk finder has access to the trunk finder bank having a capacity of

120 incoming selectors. The position finder has a capacity for 20 positions

and the sender selector has access to a sender multiple with capacity for

100 senders. A link frame accommodates two link groups of 14 links each to-

gether with their associated start and trip circuit. Each link group is

further divided into two subgroups "A" and "B" similar in circuit operation

to the panel type line finder.

When a trunk is selected at the originating end, the selection

causes the trunk finder selector of the "R" link to hunt for that trunk and

its associated incoming selector. At the same time, the position selector

starts hunting for an idle "B" operators position. After the position is

cut through to the trunk, order tone is sent out to the originating end and

the sender selector starts hunting for an idle sender. When an idle sender

is found, the "B" operator is informed of this condition, after which she

plays up the call on her key set. When the sender is satisfied, the link

releases the position and then the sender proceeds with fundamental selec-

tions in the usual manner. When selections are complete, the sender re-

leases, which causes the link to be released. See Fig. 1,

Position Circuits

The position keyshelf is provided with a set of ten non-locking

numerical keys numbered 0 to 9 on which the operator plays up the number,

a non-locking reset key marked "RS", a non-locking position disconnect key

marked "PD", a sender lamp (white) and a link lamp (green). The general

arrangement of this equipment on the keyshelf is shown in Fig. 2.

In addition a supervisor’s "call bell and pilot" key is provided

on the left-hand position of each section, designated "SR". The white pilot

Ian?) located on the top of each section is associated with the "SR" key.
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A green jeweled lamp associated with the calls-waiting signal cir-

cuit is located on the top of the switchboard in each supervisor’s division.

The supervisor’s and operator’s telephone jacks are mounted in the

lock rail. Each position is wired so that when the operator’s telephone plug

is removed from the jack, the position will test busy to incoming calls.

An "a", Manual Tandem, or Toll operator on receiving an order for

a Panel dial office number will plug into an idle trunk to that office in

the usual manner. The plug-in of the operator will cause a circuit to be

closed to start a link functioning as described above. When an idle ’’B"

position is found, the link (green) lamp at that position starts flashing
>

(120 I.P.M. ). When the trunk is also found the sender (white) lamp on the

position lights and the sender selector of the link starts hunting for an

idle sender. At the same time, the order tone is sent back to the originat-

ing operator. The "B" operator will also hear this order tone. At the com-

pletion of this tone, the "B" operator’s telephone circuit is cut in and

she is ready to receive the order from the originating operator. At this

point', the link lamp becomes steadily lighted.

The sender lamp goes out as soon as the sender selector of the

link finds an idle sender. This interval will usually be less than one

second. If the sender selector on the link is standing on an idle sender

when the trunk is found, the sender lamp will light momentarily and then go

out. In any event, a sender should generally be found before it is required

by the ”B” operator..

The "B” operator after obtaining the number from tne originating

operator can start to play it up on her key set immediately, provided the

sender lamp is out. After the "B" operator has played up the four digits,

the link lamp goes out and the link releases the position while the incom-

ing and final selectors proceed with fundamental selections under control of

the sender. As soon as the position is released by the link, it is available

for another call. When final units selection has been completed, the link

and sender are released, restoring the trunk finder to normal. The sender
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selector also restores to normal at this time if it is standing on one of

the top 20 terminals.

Reset Key

If the "B" operator depresses a wrong numerical key before playing

up the units digit of the number, she may correct the error by first depres-

sing the reset key "RS" and then, as soon as the sender lamp goes out, set-

ting up the complete number again. The reset key in this case merely re-

leases the register relays already operated in the sender and again prepares

it for registration. If , however, the key corresponding to the units digit

of the number has been depressed and released, correction cannot be made and

the call will result in a wrong number.

In case the "B" operator depresses a numerical key before the
4

sender is found as described in the preceding section, the sender lamp will

start flashing (120 I.P.M.}. In this case the momentary depression of the

reset key will retire the sender lamp provided the sender has then been

found. If the sender selector is still hunting, however, the depression

of the reset key will cause the sender lamp to become steadily lighted

until the sender is found.

Should the link lamp remain lighted after the last numerical key

has been depressed, the "B" operator may depress the reset key and as soon

as the sender lamp goes out play up the number again.

Position Disconnect Key

The position disconnect key "PD" is provided to allow the "B"

operator to release her position from the link in case the green lamp flashes

for an appreciable interval indicating a stuck link, or in case she cannot

free her position by writing up the number on her numerical keys. The

operation of this key will normally cause the link to free the position im-

mediately. Under this condition the reorder signal will be sent back to

the originating operator until she pulls down her cord, at which time the

incoming selector, the sender and the link will attempt to release. The

link and sender, however, may be held by the maintenance forces for tracing
«

trouble as will be described later.
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Unoccupied Position and Night Alarm Circuit

Positions are automatically made busy by the removal of the opera-

tor’s plug from the jack. When all positions are busy or vacant the circuit

functions to prevent any link circuit from hunting a position until one be-

comes idle. Should all positions become unoccupied & night alarm is auto-

matically effective. A call coming in at that time will sound the night

alarm bell. An operator can answer this call on any position to which all

links have access.

Calls-Walting Signal Circuit

A calls-waiting signal circuit is provided to give an indication

to the operating force when calls are being delayed due to an insufficient

number of "B" positions in service. A calls-waiting meter with three asso-

ciated locking keys is mounted on the cable turning section at the end of the

switchboard. See Fig. 3. This meter is wired so as to indicate the number

of links attempting to find a position, provided the meter key is operated.

In case all the "B" positions are busy and four or more calls are

waiting for operators, the alarm circuit will start to count time and will

continue to count time as long as there are four or more calls waiting.

At the end of 30 to 60 seconds, if this condition persists the green jeweled

lamp located in each supervisor’s division will light and a buzzer in the

cable turning section will sound. A key is provided for the purpose of

silencing the buzzer whenever this is found to be desirable. The operation

of the meter key retires the lamps at the supervisors’ divisions and as

explained above, transfers the circuit to the milliammeter which is gradu-

ated directly in calls waiting. The third key is for the purpose of chang-

ing the circuit so that the alarm will ccme in only if seven or more calls

are waiting instead of four or more.

A cable turning section, 1’ 4-5/8" deep and 1' long, is provided

for the end of a lineup of sections. The "calls waiting" meter with the as-

sociated keys and relays and the night alarm equipment are located at this

point. The capacity of the cable turning section is such that a maximum of

approximately 40 positions can be placed in a single lineup. See Fig. 3.
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Key Monitoring

Where specified, key monitoring equipment is furnished as part of

the "B" switchboard installation. This equipment permits a central office

instructor at a monitoring desk to listen in on the telephone set of any

position and, at the same time, receive by means of a lamp indicator ar-

rangement a complete record of the operation of the keys and lamps at the

pos it ion.

The instructor plugs the monitoring cord into the jack correspond-

ing to the "B" position on which observations are desired. Taps from ihe

"B" operators telephone circuit are connected to the tip and ring of this

jack and over this circuit the instructor hears the order tone and all

verbal orders passed to the "B M operator. Three monitoring relays at the

”B W position operate over the sleeve of the jack, to extend the key set

leads, link and sender lamp leads, and leads from the reset and position

disconnect keys to the monitoring desk. These leads are held open at the

monitoring desk until any call which is in progress through the position

has been completed.

With the monitoring desk ready to record a call the link lamps

(green) both at the "BH position and the monitoring desk flash when the

position is seized by a link. When the trunk is found these lamps change to

a steady condition and the order tone is sent out. The order tone is heard

by the "B" operator, the "A” operator and the instructor. Also, when the

trunk is found the sender lamps (white) light at both the position and the

monitoring desk indicating that a sender is being hunted.

When the sender is found the sender lamps go out and the "B" opera-

tor proceeds to play up the number requested. As the key corresponding to

each digit is depressed the digit is displayed on the indicator at the moni-

toring desk.

When the registration in the sender is completed and the "B" posi-

tion circuit is dismissed the "WO" lamp at the monitoring desk lights to

indicate this condition and the link lamp goes out. The numerical display,

however, is locked in and all the leads from the position to the monitoring

desk with the exception of the listening circuit are opened. When the
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instructor has noted the display she depresses the release key which wipes

out the display and puts the monitoring desk in condition to record another

call.

Link, Trip and Start Circuit

The link as described previously consists of a trunk finder, posi-

tion selector and sender selector together with the necessaiy control appa-

ratus all mounted on a common frame. This equipment is shown schematically

in Fig. 4. The equipment layout in Fig. 5 will be described in a separate

paragraph.

A trip -and-start circuit is provided per link group which is divid-

ed into two separate halves, one for starting the "A" subgroup of links and

the other for starting the "B" subgroup of links.

The trunk finder portion of the link is a panel selector similar

in design and operation to the panel line finder. Each trunk finder has

access to a maximum of 120 incoming selectors which appear on two panel

banks similar to the banks used on line finder frames, but having 60 termi-

nals. These banks are split in the middle thereby providing for two groups

of a maximum of 120 incoming selectors each. A link frame, therefore, has

capacity to serve 240 incoming selectors.

The position selector consists of a 206-type selector with a
*

capacity of 20 positions. Suitable means are provided at the link frame fi .•

connecting the position selector terminals to the positions to permit grad-

ing where more than 20 positions are required.

The sender selector is a panel selector hunting over two 100-termi-

nal banks. The two banks in this case are provided to give the necessary six

leads to each sender. The senders are, therefore, used in groups of 100 or

less. The sender-selector is almost identical to that employed by the sub-

scribers' panel link, the selector remaining on the sender terminals between

calls except after serving a call through one of the top 20 terminals in the

multiple. In this case the selector returns to normal.

The link circuit sequence switch makes only one-half revolution per

call allowing two complete calls per switch revolution. The operation of the
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circuit for the last half revolution is identical with that of the first half

The function of starting a link and the tripping of the proper

brush of the trunk finder is controlled by the trip-and-start circuit. A

signal over the start lead from the incoming selector causes the trip-and-

start circuit to begin functioning. During the time a trunk finder is hunt-

ing for a trunk, the trip-and-start circuit prevents another call from

starting a link in that subgroup until this trunk is found; however, it is

possible to start a link in each subgroup simultaneously provided links are

available in each subgroup. A transfer circuit is provided so that when one

subgroup of links is busy the calls which would normally be served by that

subgroup are transferred to the other subgroup of the same link group. With

this arrangement, when a trunk is selected by an "A", manual tandem, or toll

operator the trunk finder in the proper subgroup is started if one is avail-

able. If, however, the links in that subgroup are all busy a trunk finder

in the other subgroup will be started, provided they too are not all busy.

In this case the trunk finder will travel into the upper half of the bank

to find the trunk. Since the two halves of a trip-and-start circuit are

largely independent electrically, that part of the circuit serving one sub-

group of links may be taken out of service and worked on without interfering

with light hour service. For this reason no emergency trip-and-start cir-

cuit is furnished.

While the trunk finder is hunting for the trunk, the position se-

lector is started hunting for an idle position. A double test feature is

employed in the selection of an idle position which is essentially that

used in the subscribers' panel link circuit for hunting a district selector

and sender.

When the trunk and a position are both found the "B" operator is

cut through to the originating operator as described above. Meanwhile, the

link advances and starts hunting for an idle sender. The double test relay

in conjunction with other relays in the link, functions to drive the sender

selector over the sender multiple to find and test an idle sender "hunt"

terminal, similar to the method described above for selecting an idle
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position. As soon as a sender is found, the link functions to close through

three leads from the position to the sender connecting the key set on the

position to the registration relays in the sender. See Fig. 7.

When the sender has received complete information from the opera-

tors' keyset, it signals the link to release the position circuit and to

cut the fundamental tip and ring through to the incoming selector. When

the incoming selector is in a position to proceed with incoming selections,

the link is advanced in preparation for incoming and final selections.

Upon the completion of final units selections the incoming se-

lector sends reverse battery back to the sender which in turn advances the

link into its "down drive" position. The trunk finder is then returned to

normal. The sender selector remains on the sender terminals just engaged

unless they are within the top 20 terminals of the multiple in which case

the link functions to return the sender selector to normal before advancing

to the "awaiting assignment" position.

Link Allotment

The link allotment arrangement is similar in some respects to

that employed in the subscribers' panel link circuit. After a call is

served the link advances into its "awaiting assignment" position, 9 or 18.

Links in the "awaiting assignment" position are allotted in order by means

of a chain circuit in the links. When allotted the link is advanced into

the "awaiting call" position, 1 or 10.

Figure 6 is a simplified drawing illustrating this arrangement.

Assume for example the link of Figure C to be in the "awaiting call" posi-

tion. ’When a call is originated on this link it advances into position 3 on

finding the trunk, which completes a path from ground on the Q, cam of tne

last link in the subgroup through like cams of intervening links over the

"SA" lead to the first link of tne subgroup and then back over the "S" lead

to the link just picked by a call. From the "S" lead the ground is then

carried through the "R" cam and over the "AS" lead to operate the "TF" relay

of the next succeeding link in the "awaiting assignment" position. The

•operating path of the "TF" relay is from the "AS" lead through cams "U" and
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"V" to the "F" lead. The operation of the "TF" relay advances the link into

the "awaiting call" position.

When the last link in the subgroup is allotted, the next link to

be moved to the "awaiting call" position will be the first link of the sub-

group or if that is still busy serving a call, to the next link found in the
t

"awaiting assignment" position.

Abandoned Call

If the originating operator should- abandon the trunk before the

trunk finder selector finds it, the trunk finder will be driven to the top

of the trunk finder bank (telltale) . Here the selector up-drive is released

and the link circuit advances to the "sender hunt" position where an idle

sender is selected. The link then advances to the "down drive" position

where the trunk finder and sender selectors are returned to normal.

Should the call be abandoned after the trunk has been found but

prior to the start of the fundamental selections the link will continue to

advance and select an idle "B" operator if one has not already been selected.

The "B" operator, however, is freed immediately she is found and the link
t

advances to select an idle sender. As soon as a sender is found, the link

sequence switch is driven into the "down drive" position where the link is

restored to normal.

If the call be abandoned during fundamental selections, the incom-

ing or final selector will complete the selections begun and then move into

the "reverse battery" position, where the sender dismisses the link as de-

scribed above.

Link Circuit Automatic Release Feature

In case the link remains in certain of its positions too long due

to improper functioning of the circuits, the automatic release feature at-

tempts to release the circuits. This feature is so arranged that the "B"

operator will be released immediately and a reorder signal sent back by the

link to the originating operator until she pulls down her cord, at which

time the incoming selector, the sender, and the link will release.

The various positions of the link sequence switch and time interval
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in which the automatic release feature functions when effective are as fol-

lows:

Position 1
Position 2
Position 3
Position 4
Position 5
Position 6

Position 7

Position 8
Position 9

or 10 - Awiating Call
or 11 - Trunk and Position Hunt
or 12 - Position Hunt
or 13 - Local Relay Operation
or 14 - Sender Hunt
or 15 - Registration in Sender
or 16 - Selections
or 17 - Down Drive
or 18 - Awaiting Assignment

Link Release

Not Effective
15 to 30 Sec

.

30 to 60 "

15 to 30 "

15 to 30
30 to 60
15 to 30
15 to 30 "

Not Effective

n

n

"Bw Switchboard Link Start Circuit Time Alarm And Start Lead Cutoff Jacks

An alarm is provided together with an automatic throw over feature

in connection with the trip-and- start circuit. If the trip-and-start cir-

cuit attempts to start a link and the link does not free the start circuit

within 5 to 12 seconds, the call is automatically transferred to the other

subgroup and a link in that subgroup is started. Subsequent calls in the

subgroup, in trouble may or may not be shifted back to their proper subgroup

depending on the nature of the trouble. The alarm, however, is locked in

under control of a key located on the link frame. An audible alarm is

sounded, a lamp on the frame is lighted, the aisle pilot and a pilot on the

floor alarm board are lighted.

In addition to the regular start circuit alarm, an alarm is pro-

vided for the common lead from the trunks to the start circuit in order to

indicate grounds on the common lead or failure of the start circuit relay

contacts. This alarm is effective if the trouble persists for more than

from 15 to 30 seconds. When this alarm comes in, a lamp on the frame is

lighted in addition to the aisle pilot and a pilot on the floor alarm board.

Before being connected to the common start lead, the start leads from the

incoming selectors are connected together in groups of ten and carried

through cutoff jacks, located on the "B" sender and position test frame.

Thus, in case of a ground on the start lead in some incoming selector a make

busy plug can be inserted in one start lead jack after another until the

group of ten selectors involved is isolated. These particular Incoming se-

lectors can then be taken out of service and the trouble cleared without

blocking service in the entire group.
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Make-Busy Features

The usual means for making the incoming and final selector circuits

busy are provided. The incoming selectors are made busy at the outgoing end

and the final selectors are made busy by means of jacks and plugs at the

final selector frames.

The "B" switchboard links are made busy by inserting a make-busy

plug in a make-busy jack at the link frame, there being one jack for each

link circuit. If a make -busy plug is inserted in a link make -busy jack dur-

ing the process of setting up a connection, it does not interfere with the

call. When the connection is completed, the link sequence switch advances

to the out -of-service position and remains there until the plug is removed.

A make -busy jack is provided for each subgroup of "B n switchboard

links and is associated with the start circuit. When a make-busy plug is

inserted in one of these jacks, calls over trunks in that subgroup are

routed through the other subgroup of links. The circuit is arranged so that

in case make-busy plugs are inserted in both make-busy jacks of a group,

neither one is effective.

A make -busy jack is provided for each "B" switchboard sender for

the purpose of making the senders busy. These jacks are mounted on the "B"

switchboard sender and position test frame

nB" Switchboard Link Time Alarm and Holding Jack

In case the link circuit remains in any of its positions other than

the awaiting assignment or awaiting call positions, more than 20 seconds

after the release feature, or the operation of the position disconnect key,

an alarm is given. When the connection is released by the originating

operator the incoming selector, the final selector, the link and sender re-

store to normal if possible and the alarm is retired. However, in order to

provide means for the maintenance force to hold the links for the purpose

of tracing trouble, and to indicate as nearly as possible where the trouble

occurred, a holding jack per link is provided. When a make busy plug is in-

serted in one of these jacks, the operation of the time alarm feature or the

operation of the position disconnect key causes the position to be freed and
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the reorder signal to be sent back to the originating operator but when the

originating operator releases the connection, the link and sender are pre-

vented from restoring to normal, being held as nearly as possible in the

position in which the trouble occurred. The trunk finder remains opposite

the terminal of the incoming selector involved in the call. The incoming

and final selectors are restored to normal and can then be used for subse-

quent calls *

The alarm cirouit operates an audible alarm and lights the aisle

pilot and a pilot on the floor alarm board. A lamp individual to the link

and located on the link frame lights as soon as the release feature functions.

Motor Stop Alarm and Transfer

A "B" switchboard link motor stop alarm is provided which is simi-

lar to the alarms for other duplex motors. However, if a link motor stops,

the circuit is arranged to transfer calls to the links on the side of the

frame on which the motor is running.

The Link Frame

The "B" switchboard link frame is similar in design to the sub-

scribers' link frame except that an additional relay bay is furnished at

each end. The frame, which is 8' 2-5/8" in length, is designed to accom-

modate two link groups each consisting of 14 links aid each serving a maximum
»

120 trunks. Each link consists of a panel-type sender selector and trunk

finder and a 206-type selector for the position selector. See Fig. 5.

The links of each group are divided equally between the front and

rear of the frame. Of the seven links of a group on the front, four are in

the "A" subgroup and three in the "B"; and on the rear three are in the "A"

subgroup and four in the "B". As on the 28-28 line finder frame, the start

circuit equipment for the even numbered group is located on the front and

for the odd numbered group on the rear. The apparatus far this circuit is

mounted above the sequence switches.

The sender selectors are located in selector positions 9-22 and

39-52. as these selectors extend only half way up the frame, space is avail-

able on the trunk finder bank for reversing the multiple and for the trip
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magnets. The trunk finders occupy selector positions 1-8, 23-28, 31-38 and

52-58. One test selector is required for group of senders. This selector

is located in selector position No. 29 on the frame which has the senders of

the group arranged in numerical order.

Two 100 terminal multiple hanks are required for the sender se-

lectors. These banks are the same as the corresponding banks used on the

subscribers' link frame. If so specified, the sender multiple banks can be

furnished with a 30-30 or a 40-20 split.

The sender cables for the first sender group are terminated to the

outer end of the multiple banks on the first link frame. Where a second

sender group is required, the cables are terminated near the middle of the

multiple. This permits rearrangement of the sender grouping with minimum

recabling.

The senders are multipled between the frames by means of a hand-

made local cable. As on the subscribers' link frame, the lower 80 terminals

of the sender selector banks are multipled with a latin square slip, and the

top 20 terminals with a rotating slip. Eighty per cent of the senders are

always connected to the lower portion of the bank and the remaining senders

to the upper portion.

Two 60 terminal trunk finder banks are located above the sender

selector commutators. These banks, which are split in the middle and have

a reversal in each half, are similar in design to a 28-28 line finder bank.

Each half of a bank accommodates 60 trunks or a total of 240 per franB.

Trip magnets are provided to select the proper bank.

The incoming selectors are cabled directly to the trunk finder

bank. In order to equalize hunting time and to insure any group of trunks

being equally represented in both the A and B subgroups, the odd numbered

selectors of an incoming frame are cabled to the lower 30 terminals of each

bank and the even numbered selectors to the upper 30 terminals. Since there

is a reversal in each half of the trunk finder bank, the even numbered se-

lectors have first choice to the A subgroup of links and the odd numbered

selectors have first choice to the B subgroup of links. The group and sub-
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group numbers are always assigned left to right facing the front of the frame.

The position selector, which is a 206-type selector, is located on

a removable unit above the relays and sequence switches. The banks of the

14 position selectors on the same side of a link frame are multipled together

without slip and wired to a terminal strip mounted on the unit. The terminal

strips on the front and rear sides of the link frames are then multipled to-

gether by means of switchboard cable with a latin square slip between frames,

so as to form a continuous multiple.

The cables from the switchboard positions are terminated on termi-

nal strips located at the end of one or more lineups of link frames. From

this point, switchboard cable is used to connect to the nearest position

selector terminal strip described above. Where more than 20 positions are

required, grading is resorted. In such cases, the individual positions are

cabled from the grouping terminal strips to those position selector terminal

strips where the subgrouping occurs and there connected to the proper termi-

nals. The multiple cable leads between the frames are, of course, not con-

nected for these positions.

The drive used on this frame has different roll speeds from those

used on selector frames, and therefore, is not adapted to be connected to

motors through the incoming frame drives.

It is considered standard to furnish a minimum of two frames each

equipped with one link group for any installation. This requirement insures

service to the subscriber should it be necessary to remove a frame tempora-

rily because of drive or bank failure. Unless otherwise specified, the two

trunk finder banks and all of the position finder banks on a frame are always

furnished. The start and trip circuits are equipped as required. The frame
V

is always completely wired for the two link groups.
«

Sender Circuit

The ”B rt senders are designed with no sequence switch or other power

drive apparatus, all switching being accomplished by means of relays. This

allows the sender to be mounted without regard to the possibilities of motor

or drive failure.
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The seizure of a sender was described above. The operation of

registering the number in the sender i3 essentially as follows: See Fig. 7.

After the sender is made busy by the link, a ground from the link

circuit is placed on the "SC" lead which operates the off-normal "ON" relay

in the sender. This relay remains operated until the sender is released.

The operation of the "ON" relay removes the 270-ohm battery from the hunt
«»

"H" terminal and places the off-normal ground on the sender circuit.

When the link outs the "Kl", "K2" and "K3" leads through to the

sender, a battery from the position circuit is connected to the "FT" and

"FR" leads to operate the "KL", "K2" and "K3" relays in series with the

"U4" and "Ul" register relays. The operation of the "Kl" and "K2" relays

together causes the "RR" relay to operate, whose function it is to operate

all the register transfer relays, thus preparing tne sender for registration.

The register transfer relays lock to the off-normal ground. The "U4" and

"Ul" register relays release when the "RR" relay operates.

The position circuit then removes the battery from the "FT" and

"FR" leads releasing the "Kl", "K2" and "RR" relays. At this point an indi-

cation is given the "B" operator that the sender is attached and ready for

registration.

The "B" operator on depressing the numerical keys connects either

high or low resistance battery to leads "Kl", "K2" or "K3". This is carried

through the link circuit to the "FT", "FR" or "K" leads of the sender re-

spectively. The "FT" lead is traced through, the winding of the "Kl" and "K3"

relays, through the make contacts of the register transfer relays to the

"TH4" and "TH1" register relays to ground. The "FR" lead in a like manner
r

is traced to the "TH4" and "TH1" relays except that it passes through the

"K2" relay instead of the "Kl" relay. The "K" lead, however, is traced

through the "K3" relay and thence through the contacts of the register trans-

fer relays to the "TH3" register relay. The "KL", "K2" and "K3" relays oper-

ate on either high or low resistance battery while the register relays operate

in accordance with the table shown on the drawing. The operation of the "Kl"

relay has no function to perform. However, each time the "K2" relay operate^
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ground through a back contact of the "HR" relay and make contacts of the
\

register transfer relays operate the nTH2" register relay. The "K3" relay

operates upon the depression of a key to shunt down the "TRA" transfer re-

lay, and releases when the key comes up, to drop the "TR1" transfer relay

which switches the pulsing leads to the next set of register relays.
9

When the last digit is registered the sender signals the link

which proceeds to release the position circuit at once. Fundamental se-

lections do not differ materially from former "Bw senders except that relays

are used for switching instead of a sequence switch.

Sender Reset

Should the "B" operator depress the reset key, battery is connect-

ed from the position to the "FT" and "FR" leads to operate the "Kl n and "K2"

relays as shown in. Fig. 7. The operation of these relays operates the "RR"

relay which removes the off-normal ground from the register relays allowing

them to restore to normal, and reoperates all the register transfer relays

that may be released. The operator is then informed by the sender lamp

that the sender is again ready for registrations.

Sender Frame -

The "B" switchboard senders, as pointed out in Section 2.53 do

not require any power driven apparatus. The frame is a single bay structure

2* 6-5/8n in length and arranged to mount five sender units. Each unit ac-

commodates two senders.

The senders are normally furnished in units of two although a unit

equipped with but one sender can be furnished if so specified. It should

be noted, however, that doing this involved installing the relays of the

second sender in the field at the time the additional sender is required.

Call Distributing "B" Switchboard Selectors
a-

These incoming selectors are also arranged to return the overflow

signal to the originating operator instead of the "Bn switchboard operator

as in the past when the selector encounters an overflow condition on trunk

hunting, or when the selector is sent to telltale.

The call distributing nB n switchboard incoming selector circuits
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for operation from manual local, and manual tandem offices, have been de-

signed for conversion to operation from a panel office, mounting the various

types of incoming selectors.

Universal local cables are furnished to permit the following con-

versions to be made.
*

1. Manual local to panel local.

2. Manual local to panel tandem (See Note 1)

.

3. Key indicator local to panel local.

4. Key indicator local to panel tandem (See Notes 1 and 2).
/

5. Manual tandem to panel tandem (See Note 1).

6. Panel local to panel tandem (See Notes 1 and 2).

Note Is

Note 2:

any of the tandem circuits may be converted from 24 to 48 volts
talking battery.

For four-party semi-selective offices, the panel tandem circuits
are mounted on 9’ 6-5/8" frames, whereas the K.I. local and
panel local circuits require only a 9’ 1-5/8" frame.

As mentioned previously in this chapter, each link group serving

120 incoming selectors is divided into A and B subgroups of 60 selectors.

Thirty of the selectors in the A subgroup together with a similar number of

the B subgroup are terminated on each bank. The start leads for these 30

trunks are again subdivided and carried through cutoff jacks, so that each

jack controls the start lead for 10 trunks. Likewise, at the incoming

frames, the 60 selectors on a frame are divided into six groups, each con-

taining 10 consecutive selectors on a side. It is necessary to keep this

arrangement in mind when assigning selectors to the link frames in order

that the start and hunt leads in the selector circuits will be connected

to the associated link group. For cases where it is necessary to assign

less than 120 selectors to a link group, the remaining selectors of a group

of 10 if any should not be used for "B" switchboard operation. For example,

should 115 selectors per link group be sufficient, 11 complete incoming

groups of 10 selectors each plus one partial incoming group of 5 selectors

would be required. The five selectors remaining in the last group would

either not be equipped or would be arranged for other than "B" switchboard

operation.
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Reorder and Permanent Signal Trunks

In case the "B” operator fails to remember the number passed by

the originating operator or in case no number is passed, the operator will

play up the reorder number. This will route the incoming trunk to a group

of final terminals on which are the reorder and permanent signal trunks.

Each of these trunks is arranged to give a reorder signal to the originat-

ing operator. An alarm is given after an interval from 15 to 30 seconds,

in case the originating operator fails to disconnect or in case of a

permanent signal.

Coin Control Circuit .

Coin control equipment is provided for call distributing "B” in-

coming selectors from long distance. The collect and refund keys of this

circuit are mounted on the face equipment of the D.S. "A" switchboard. The

long distance operator is provided with a call circuit to the D.S. "A"

operator so that she may order the operation of these keys as required.
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CHAPTER XVII

"KEY INDICATOR" AND "DIALING A" METHODS OF COMPLETING CALIS FROM

MANUAL OFFICE TO PANEL OFFICE

Key- Indicator Method

Where a Manual office is to remain in service for a number of years

and an appreciable percentage of the originating traffic at the "A" position is

trunked to Panel offioes, key-indicator equipment may be used in the Manual of-

fice, instead of providing Panel System cordless "B" switchboards in the Panel

offices, as a means for completing Manual to Panel calls.

The equipment involved in completing a call from a Manual to a Panel

office by the key-indicator method is shown in Figure 1. The "A" operator at

the Manual office answers a subscriber in the usual way, but instead of passing

the call to a trunk operator, she completes it herself without the aid of any

other operator. Each "A" position keyshelf is equipped with numerical keys and

the panel in front of her is equipped with a trunk indicator, consisting of a

set of lamps for displaying the number of the assigned trunk. The method of op-

eration is briefly that the "A" operator, having received the number from the

calling subscriber, depresses the office key corresponding to the called office.

This operation causes the allotter circuit to select an idle link circuit, which

in turn connects the numerical keys at the operator’s position with a sender,

and with an idle trunk to the called office. Immediately upon depressing the
*

office key, the "No Trunk" signal, located in the left end of the trunk indica-

tor, will light, and as soon as the link circuit has picked out an idle trunk,

this signal will be extinguished and the number of the trunk will be displayed

on the trunk indicator. If no trunk is available, the "No Trunk" signal will

remain lighted, either until the link is released or until a trunk becomes

available. A sender lamp, which is located in the panel immediately in the rear

of the numerical keys, will also light when the office key is depressed and will

remain lighted until an idle sender has been selected. Immediately after the

sender lamp has been extinguished the operator depresses the numerical keys

corresponding to the thousands, hundreds, tens and units digits of the number

called. The keys must be depressed in the sequence given above, but may be op-

erated as rapidly as possible, so long as only one key is depressed at a time.
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The called number is thus registered in the sender oirouit. The operator then

inserts the plug of the calling cord into a multiple jack of the assigned trunk,

the number of which has, until this time, been displayed on the trunk indicator.

This retires the trunk number displayed, and releases the operator’s position

from the connection. The trunk connects to a key indicator incoming selector

circuit in the Panel office and the key indicator sender in the Manual office

controls incoming and final selections. When the connection is established the

sender returns to normal. Incoming selectors from key indicator offices are

simi lar to incomings from Panel offices except that they are arranged for manual

(high-low) supervision instead of for "reverse battery" supervision, and are ar-

ranged to flash the oalling cord supervisory lamp in the Manual office on over-

flow or tell-tale condition. In case the called line is not available, due to

its being busy, out of order, etc., the call is handled the same as a call from

a Panel to a Panel station.

When key-indicator equipment is provided, the connections between the

subscriber’s answering jacks and the outgoing trunk jacks are set up by means of

regular subscribers' cord cirouits. The function of the key-indicator equipment

is merely to establish the connection in the Panel office and consequently no

changes are required in the present position equipment. It is necessary, how-

ever, to add the following apparatus in each position:

A trunk indicator

A numerical key-set

A sender lamp

1 - office key for each full mechanical office

The trunk indicator is located in the answering jack space in the

switchboard, and is wired to the position relay equipment, located on the key in-

dicator frame, by means of switchboard cable. The numerical key-set and sender

lamp are wired to terminals located in the rear of each position. The wiring of

the regular call oirouit keys is used for the office keys. The numerical key-set*

sender lamp and office key wiring is extended to the relay equipment on a key-

indicator frame by means of switchboard cable.

There is one position circuit for each "A" position equipped for key

indicator operation, the apparatus for ten position cirouits being mounted on one
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"position relay frame". There is at least one allotter circuit, one group of

link cirouits f and one group of trunks for each panel office to which it is

necessary to complete calls® Each allotter circuit serves a maximum of 100 po-

sitions and can allot one out of a maximum of 21 link circuits. When the office

key is depressed at any one of these positions, one of the idle link circuits is

allotted by the allotter circuit. The apparatus for either 2, 4, or 6 allotter

circuits is mounted on each "allotter and miscellaneous frames", one allotter

circuit consisting of a regular and an emergency allotter. Outgoing trunk re-

lays are also mounted on this frame. An allotter has a starting circuit for

every twenty positions of "A" board, only one of which can be in use at one

time® Each link circuit can select any one of a maximum of 160 trunks in a

group, select any one of a maximum of 21 senders, find the position at which the

office key has been depressed, and connect the selected sender to the numerical

keys at this position and to the selected trunk. The link circuit is composed

of a number of relays and three or more 200 type selectors; one 200 type selec-

tor is used as a sender selector, one is used as a position finder for each

group of 20 positions, and one is used as a trunk finder for each sub-group of

20 trunks there being one additional 200 type selector when there is more than

20 trunks to distribute the calls over the various sub-groups. The apparatus for

ten link circuits is mounted on a link frame together with a set of battery and

position jacks. A sender circuit consists essentially of register relays, count-

ing relays and fundamental circuit relays, the apparatus for ten senders being

mounted on each sender frame.

The economy secured through the use of the key-indicator method is due

to the elimination of cordless "B" operators and equipment at Panel offices.

There is also a saving in operating expense due to the speed with which calls can

be handled under this arrangement and the chances for error or less than those

which exist when numbers are "passed" between two operators. The disadvantage

lies in the fact that existing Manual offices must be equipped with a rather

large amount of apparatus, entailing a considerable amount of labor and incon-

venience during installation. This equipment consists principally of relays and

200 type selectors and does not include any power driven apparatus. Key indica-

tor apparatus is also used at Manual Toll boards for connecting Panel subscrib-

ers* lines with a toll line on both incoming and outgoing toll calls
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"A" Positions in Manual Offices equipped with Dials.

When, in an area having both Panel and Manual offices, it is uneconomi-

cal to provide key indicator equipment in the Manual offices, and when the

traffic is not sufficient to warrant the installation of a cordless "B” board in

the Panel office, the "A" positions in the Manual offices are equipped with dials

and dial keys. The "A” operator answers a call in the usual way and having re-

ceived the subscriber’s order tests the sleeve of the outgoing trunk jacks and

inserts the plug of the calling cord in a jack associated with an idle trunk to

the panel office desired. Operation of the dial key which is associated with

this cord connects the dial to the selected trunk. The trunk terminates on a

dialing incoming selector in the Panel office and as soon as the calling cord

plug has been inserted in the outgoing trunk jack the incoming selector circuit

selects and connects itself to an idle "incoming trunk sender" circuit. Opera-

tion of the dial registers the called number in this sender. Incoming and final

selections are then controlled by the sender according to setting of the regis-

ters, the sender being released as soon as selections have been completed. This

method is low in first cost and involves the addition of only a small amount of

equipment in the Manual offices; but it has the disadvantage that the additional

time required by the "A" operator, in dialing the called number, decreases the

number of calls which each operator can handle in the busy hour to such an extent

that additional positions and operators may be required.
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CHAPTER XVIII

ty OPERATOR CLASS" CALLS

In addition to mechanical class and RCI class calls the subscribers

in panel offices also make "Long Distance" calls, "Suburban" toll calls, calls

to "Information" operator, calls to "Repair Clerk", and calls to the Telephone

Company’s commercial department, all of which come under the general heading

"Operator Class" calls. Other operator class calls which are completed by the

sender include "Restricted Zone" class calls on which the subscriber dials the

office code and number instead of dialing 0, and calls which the sender routes

to a "Sender Monitor" operator on account of incomplete dialing*

Long Distance Galls

In making a call which is completed through a "long distance" toll

board the calling subscriber dials 211. Only the first two digits are neces-

sary in a 2 digit area but for traffic reasons it is desirable to use the same

code in both 2 and 3 digit areas. The operation of the panel equipment is the

same as on a mechanical class call up to the point where a district or office

selector has selected an idle recording trunk which terminates in an answering

jack at the recording board, with the following exceptions: The class switch

in the sender is set in the "operator" class position and the register control

switch RC is advanced to terminal 9 as soon as the class switch has been set

(since dialing has been completed). After making "trunk test" the sender

advances to the talking selection position passing by the incoming and final

selection positions. Talking selection is completed, the district being

advanced to the proper talking position, after which the sender returns to

normal. A ringing tone is transmitted to the calling subscriber after talking

selection has been completed until the recording operator answers. The call

is answered and a ticket is made out by the recording operator in the usual

way.

In certain cases it is necessary that the recording operator know

the class of line from which the call is being made, and, for this purpose,

three groups of recording trunks are generally provided from the machine

switching offices to the recording operator. One group is used only on calls

from multi-slot prepayment coin box lines (it being necessary that the record-

ing operator note on the ticket that a coin box switching trunk is required
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by the outward toll operator in completing the call); a second group of trunks

is provided for calls from "refused toll" lines; and a third group is provided

for calls from all other classes of lines. The switching trunks over which

the "outward" operators at the toll board complete the connection to the call-

ing subscriber terminate on multiple jacks at the toll board and terminate

either as cordless "B" incoming or key indicator incoming circuits in the

panel office, depending upon which of the two methods is provided for complet-

ing these calls. These incoming circuits differ from those used on calls from

local Manual offices only in respect to control of ringing. Incoming and

final selections having been completed the incoming waits for operation of a

ringing key, associated with the toll cord in the toll office, before ringing

is started; and since the talking connection is established without advancing

the incoming switch, the toll operator can again start ringing, if necessary,

by reoperating the toll cord ringing key. Key indicator or cordless "B" in-

coming trunks are also used by the operators at "inward" positions of the toll

board for completing calls, incoming over toll lines to subscribers in Panel

offices. The trunk circuit and panel selector circuits, which are used on a

call, are released when the toll operator disconnects.

Suburban Toll Galls

On toll calls other than those completed thru a long distance toll

board, %he subscriber in a panel office dials "0". Translation is made as

soon as the "A" register in the sender has been advanced to terminal 0, and

the trunk selected terminates at a special service position of the Panel system

"Aw switchboard. The operator at this position answers the call with a cord

which is either a manual double-ended cord or a semi-mechanical single-ended

cord, depending upon the type of "A" board which has been provided. When

the position is equipped with manual double-ended cords, the call may be

completed to Manual offices or Manual Tandem offices by the use of either

call circuit or straightforward trunks. Calls to offices of all types are com-

pleted by inserting the plug of the calling cord in a jack which connects to

a dialing district selector, the called number being dialed by the "A" operator

and the connection completed as controlled by a regular subscribers sender;

when completed the connection is under control of the operator and the calling
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subscnoer, it being necessary for both to release the connection before the

district selector returns to normal* When the position is equipped with the

semi -mechanical single-ended type of Cord, the called number is recorded in an

"A" operator’s sender circuit by the depression of the numerical recording keys,

located on the keyshelf, which correspond to the called number* The cord is

part of a T1semi-mechanical cord and district selector circuit" and the call is

completed as controlled by the operator’s sender. The equipment and the

operations involved in completing a call at a special service position of the

"A" board is considered in greater detail in the next chapter*

Since the method of handling a call at a special service position

of the MS T,A IT board depends upon the class of line from which the call origi-

nates, it is necessary to provide separate groups of special service or "zero

operator’s" trunks for handling originating calls from those classes of lines

involving different operating practices* One group of trunks is provided for

flat rate or message rate lines entitled to unrestricted service within the

maximum local area; a group is provided for flat rate and message rate lines

entitled to service within a restricted local area (for every restricted local

area there is a separate group of trunks); a group is provided for flat rate

and message rate lines which are "refused-toll" service (if restricted local

area service is rendered a group of refused-toll trunks is provided for the

maximum local area, and an additional group is provided for each restricted

local area); a group is provided for single slot coin box lines; a group is

provided for single slot coin box refused-toll lines; and a group is provided

for multi-slot coin box lines* In any one office it is not necessary to

provide all of these groups of trunks because one office will not render

service to all of these classes of lines.

Restricted Zone Class Calls

When a subscriber dials an office code and number which involves

an extra charge the sender class switch is set in the "Restricted zone" class

position and the call is routed to a special service (or AB) toll position

of the Panel System "A" switchboard over a trunk in the same group as it would

have been routed if the subscriber had dialed "0". The only difference between
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the two calls is that the sender makes sure that dialing has been completed

before it permits "trunk test" to be made on a restricted zone class call so

that the dialing of the numerical digits will not break down the connection

after the trunk has been selected*

Calls to Other 5 Digit Operators

When a Panel subscriber wishes to make a call and cannot find the

name and number in the directory, the code 411 is dialed causing the calling

subscribers line to be connected to a trunk which terminates at an "Informa-

tion" operator’s position which is usually located at a centralized information

desk, serving all offices in the area* When a subscriber wishes to report a

telephone out-of-order, the code 611 is dialed causing the calling subscriber’s

line to be connected to a trunk which terminates at a "Repair clerk’s position

which is located at a centralized "Repair clerk’s desk" serving all the
*

offices in the area. When the subscriber wishes to talk to someone in the

Telephone Company’s business office, the code 811 is dialed causing the calling

subscribers lines to be connected to a trunk which terminates at a P.B*X*

serving the commercial department. On each of these three kinds of calls the

operations involved, in selecting an idle trunk to the proper designation, are

the same as those on a call to "Long Distance" operator.

Calls Routed to Sender Monitor Operator

When a subscriber’s line has been connected to a sender circuit and

a "permanent signal" or "partial dial" condition results, the call is routed

over a "permanent signal" trunk to a "sender monitor operator’s" position as

described in Chapter XIV* Sender monitoring equipment is located either at the

Panel System "A" switchboard or at a "Trouble Desk", both of which are con-

sidered in subsequent chapters*
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PANEL SYSTEM "A" SWITCHBOARD

PURPOSE

The services of an operator are required for handling certain classes

of traffic in a Panel Office and to care for this traffic a "Panel System !tA n

Switchboard" is provided. The positions of this board may be classified accord-

ing to the service rendered as intercepting, special service, subscribers 1

line, and sender monitoring positions. The latter will be considered in a

following chapter,

TYPES

Panel System "A" Switchboards may be of two general types. The one

employing manual dialing cords at the special service and subscribers positions

and the other employing semi-mechanical cords at these positions. It is

customary to refer to a Panel System "A" Switchboard as either a "Semi-MechanicsL

"A" Board" or a "Manual Dialing "A" Board" depending upon the type of cord

equipment employed at the special service and subscribers positions. The posi-

tions of semi-mechanical "A" boards are all inclined slightly toward the

operator to facilitate the operation of the keys at these positions which are

equipped with semi-mechanical cord circuits. With this exception the positions

of both manual dialing and serai-mechanical "A" boards are of the same general

type as the "A" positions of a standard #1 board.

POSITIONS

Intercepting positions are provided for intercepting calls to unused

codes, to unequipped groups of 500 lines for which there is no group of trunks

from the incoming frames, to all classes of non-working lines, and to stations

to which service is being intercepted on account of directory errors, temporary

disconnections, non-payment of bills, or change of number. It is very

essential that means be provided for bringing calls for unused codes or for

non-working terminals to the attention of an operator; in either case a mistake

has been made in dialing or the equipment has failed to operate properly. When

an unused code is dialed the calling subscriber’s line is connected by a
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district or office selector to a trunk which terminates on an answering jack

at one of the intercepting positions. In cases where the office is not fully

equipped with 10,000 lines non-working terminals appear as blank lines on the

final frames or as unequipped choices on the incoming frames. The blank final

lines are cross-connected at the IDF to answering jacks at an intercepting

position, a large number of these lines (usually 100) being connected to one

jack. Unequipped choices on the incoming frames are multipled together and

regular slip multiple cable is installed between each choice on all of the

frames. A switchboard cable is then run from as many sets of terminals as are

required on the top choice to the IDF and is there cross-connected to answering

jacks in the ”A” switchboard. When incoming service to a particular line

number is to be intercepted on account of directory error, change of number,

or temporary disconnection an answering jack at one of the intercepting posi-

tions is cross-connected at the IDF to the multiple terminals of this number

on the final frames. Where outward service is denied on account of non-payment

of bill the subscriber’s line is cross-connected at the IDF to an answering

jack at an intercepting position instead of to the line finder so that a call

from this line will be answered by an intercepting operator. Calls incoming

to this line are still completed thru the final multiple. (See Fig. 1, Chapter

4.)

Special service positions are provided for handling TTAB TT toll and

n two -number” toll calls, information or assistance calls, complaint calls,

subscribers reports of TT cut-offs”, and request from subscribers for verifica-

tion of ” don’t answer” or ”busy” reports. The operators at these positions

are reached by dialing zero in which case the trunk is selected by a district

or an office selector which terminates on an answering jack at a special service

position. Similar trunks are used to complete extra charge or toll calls when

the calling subscriber dials the office code and number instead of dialing ”0”.

At a manual dialing type ”A” board the incoming calls are answered

by inserting the plug of the answering cord in the answering jack; calls to

points reached through the subscriber’s district multiple may be completed by

inserting the calling cord in one of the jacks which connect to an ”A T! position
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"Dialing District Selector" circuits; calls to manual or manual tandem offices

may be completed over call circuit* straightforward, or ringdown trunks, which

connect to jacks in the outgoing trunk multiple; and calls to subscribers in

the same office may be completed over call circuit or straightforward trunks

to the Cordless "B" board, or over trunks to "Dialing Incoming Selector"

circuitso

At a semi-mechanical type "A" board the incoming calls are answered

by the use of single ended cords which are part of a "Semi-Mechanical Cord and

District Selector" circuit; the called numbers are recorded in "A" sender

circuits by the operation of recording keys which are mounted in the keyshelf

of each position and the connections are completed under control of the "A"

senders

.

Subscribers 1 line positions may be provided for handling coin box

lines and message rate party lines when the number of such lines is not

sufficient to warrant handling them on a full mechanical basis. These posi-

tions are from an equipment viewpoint special service positions# It may be

desirable to terminate the coin lines at one group of subscribers positions

and to terminate the message rate party lines at another group of subscribers

positions.

In all offices both intercepting and special service positions will

be furnished at the Panel System "A" switchboard but subscribers line posi-

tions will not always be required. It is desirable to equip adjacent positions

handling different classes of traffic with both kinds of cord equipment so

that the operators at both positions can handle traffic of either class. In

general positions arranged for "teamwork" operation are placed between inter-

cepting and special service positions. The relative arrangement of the

various classes of positions in the line-up of an "A" board is largely de-

pendent upon the relative rates of growth of the various classes, the slower

growing classes ordinarily being placed at the head of the board.

FACE EQUIPMENT

The assignment of face equipment at the "A" board varies widely

according to the conditions of each installation but may be divided broadly
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into the following classes which normally appear in the order given starting

at the top of the piling block:

1. Holding Jacks

2 • Outgoing trunk multiple

3* Answering jack equipment

4. Checking multiple.

At each position having semi-mechanical cords, holding jacks are

required in order to permit "split cord” operation. If a cord which has been

used to establish a connection is transferred to one of these jacks, the con-

nection is held providing the operator is "listening-in” while transferring the

cord.

The outgoing trunk multiple of the Panel System ”A TT switchboard is

installed on a six-panel basis and the outgoing trunks are multipled throughout

the entire board even though the complete multiple is not required at all

positions since the advantages of flexibility and uniformity out-weigh the

additional cost. Outgoing trunks are provided on both manual dialing and semi-

mechanical type ”A” boards to chief operator f s and assistant chief operator’s

desks, to supervisors, to power driven frames, to sender make busy frames, to

routine test circuits, and to cordless ”B” positions. Manual dialing type ”A"

boards are also provided with call circuits or straightforward trunks to manual

and manual tandem offices, trunks to recording operator, trunks to "A” operators

district selectors, and trunks to dialing incomings. Semi-mechanical type ”A”

boards are not equipped with trunks to ”A” operators district selectors or to

dialing incomings, but the semi-mechanical cords are part of "semi-mechanical

cord and district selector" circuits thru which the semi-mechanical "A"

operator reaches all points to which it is necessary to complete calls.

The lines and trunks terminating in answering jacks at the "A" board

include intercepting and verifying trunks, blank incoming lines, blank code

trunks from district and office frames, non-dial subscribers, trunks to

special service operatbrs from district and office multiples, supervisors lines,

desk lines, and lines from sender monitors positions.

A special type of multiple called "Checking multiple" is provided

within the reach of the operators at special service positions so that a check
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can be made of the calling subscriber’s number, on calls requiring the writing

of a ticket o The checking multiple consists of a series of lugs mounted in

strips in the same order as the jacks of regular subscriber’s multiple in the

manual system and these lugs are connected to the correspondingly numbered

subscribers line sleeve terminals. The checking multiple is arranged in groups

of 100 lines as shown on figure 4. In order to facilitate selection of any

particular lug the test strip is provided with white ’’spotting” between each

five lugs and a horizontal slot is cut in the mounting in line with each hori-

zontal row of lugs. Separate rows of 100 lines are separated by a groove filled

with white enamel* The lugs are made of brass rods extending to the rear at

which point the connection is made with the sleeve of the line circuit* On a

call to an ”A-B” toll operator a checking tone is connected thru the sleeve of

the answering cord plug to the sleeve of the answering jack* This tone is

then transmitted over the sleeve conductor of the trunk, thru the sleeve

' terminal, sleeve brush, and sleeve conductor of the office and district selec-

tors, thru the transmission condenser in the district selector, thru the line

finder multiple brush and sleeve terminal of the calling line, to the checking

multiple lugs. When the tip of a special check tone cord plug is placed in

contact with the checking multiple lug of this line, the check tone is con-

nected from the lug to the operator’s telephone circuit, thus telling the

operator that the number of the calling line, as given by the calling sub-

scriber, is the number of the line from which the call originated. This cir-

cuit is shown schematically in figure 5*

KEYSHELVES

The keyshelves used on Panel System T?A ,T switchboards may be classified

as ” Semi-mechanical” , ’’Manual Dialing”, ” Combination” , and ” Intercepting” * The

keyshelves at intercepting positions of the Manual dialing type and Semi-

mechanical type A boards differ somewhat, although the cords used in either

case are manual cords.

SEMI-MECHANICAL

A semi-mechanical type keyshelf, shown in figure 1, has a capacity

of EO semi -mechanical cords, 3 ’’final terminal” cords, one supervisor’s cord,
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one "busy-test" cord, and a semi-mechanical key set. The last 2 serai-mechanical

cords may be wired and used as final terminal cords. The key set includes

routing, office code and numerical recording keys (including party designations

keys), and a start key; these keys are of the mechanically-locking, electrically

released type. In addition a number of miscellaneous keys are provided such as

the Master Listening Out key "LO" , the Master Disconnect key T,DISC tT

, the

Supervisor's Pilot key "SR", the Bulletin key "BUL", and the Peg Count key "PEG"

these keys are of the non-locking plunger type. A Master Coin Return key

"RTh" is provided when the semi-mechanical cords are equipped with "Coin Col-

lect 11 keys. Four ring-back keys are furnished in four-party offices for use

when it is necessary to "ring back" the called subscriber. When "verifica-

tion request" calls are completed by means of cordless "B" equipment, special

trunks are provided between the "A” switchboard and the cordless "B" switch-

board, The "BUL" key is also a call circuit key which connects the "A" board

operator with a "Bulletin Operator", who is provided with the latest records

as to "change of number" or similar information.

With each semi-mechanical cord are associated three supervisory

lamps (back, middle and front), a "Listening-in" key, a "Monitoring" key, and

a ticket clip. These keys are of the non-looking plunger type. A non-locking

coin collect key is also provided for each cord, when required. Semi-mechanic-

al cord circuits do not have the busy-test feature, and a single-ended "busy

test" cord is provided for use when the operator wishes to test outgoing

trunk jacks. This cord is also used as the "check-tone" cord when "checking

multiple" is provided at the special service positions. The final terminal

cords are used in completing two-number toll calls, and with final terminal

cord there is associated a supervisory lamp and a listening key. A super-

visor 1 s cord is provided for use by the "A" board supervisors in answering a

call, or in connecting the supervisors telephone set to an outgoing trunk

jack; there is a set of four ringing keys associated with this cord. A

ticket-pad holder and ticket receptacle are provided on each semi-mechanical

keyshelf and space is available for mounting a bulletin holder for holding

routing instructions. When position clocks are required, they are furnished

at alternate positions of the board.
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MANUAL DIALING

The manual dialing keyshelf shown in figure 2 has a capacity of 17

double-ended cords and 60 call circuit keys. Each pair of cords is provided with

a back and a front supervisory lamp, with non-locking coin collect and return

keys (when required), and with front and back lever-type keys for ringing, listen-

ing and flashing on the cords. The rear key unit also serves as a "dial key”

when operated away from the operator. Usually from 10 to 14 pairs of cords and

24 call circuit keys are provided. In addition to the double ended cords from 2

to 5 single ended final terminals are provided and located in the front cord

space of the last cord positions. One or two test cords may also be provided

from the test desk at the last manual dialing position of the A board so that the

test man may test through the entire switchboard multiple when testing trunk or

subscriber’s line conductors which terminate at the Panel System "A" switchboard.

When furnished these cords are located in the cord sockets of the first or last

regular cord positions the number plates being marked "Tl w and ”T2n . A discon-

nect lamp is associated with each test cord.

The dial used in connection with manual dialing cords is similar to the

subscriber’s dial except that it is a 20 pulse per second dial. It is mounted at

the right end of the keyshelf on a semi-circular metal dial adapter by which it

is fastened to the keyshelf. Provision is made for a maximum of 5 strips of call

circuit keys, 12 keys per strip; for a master call circuit ringing key OCR (sel-

dom furnished), 4 master ring-back keys and 1 master ring-forward key which are

furnished in offices using four-party full selective ringing. A ticket-pad holder,

a ticket receptacle and a peg count key are always provided at each manual dial-

ing keyshelf. Position clocks are provided at alternate positions when required.

COMBINATION

A combination manual and semi-mechanical keyshelf shown in figure 3 has

a capacity of 7 manual cords, 15 semi-mechanical cords, 1 busy test cord, and the

semi-mechanical key set. The manual cords are located at the left, the keyshelf

being split so that the manual portion can be raised independently of the semi-

mechanical portion, and vice versa. The manual cord and key equipment is similar

to that furnished on a manual dialing keyshelf and the semi-mechanical cord and

key equipment is similar to that furnished on a semi-mechanical keyshelf, except
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that call circuit keys which are required for use with manual cords are mounted

on the left-hand strip of routing keys in the semi-mechanical key set.

INTERCEPTING

A keyshelf for use at the intercepting position of a manual dialing "A"

board is similar to the manual dialing keyshelf except that only 5 of the cord

oirouits are equipped, the space for the other equipment being filled with ap-

paratus blanks. A keyshelf for use at the intercepting position of a semi-

meohanioal "A" board shown in figure 3 is similar to the keyshelf of a manual

dialing type "A" board except that the supervisory lamps are located on the key

strips instead of being mounted in a lamp rail, and the general dimensions of the

position conform to those of the other positions of the semi-mechanical type "A”

board.

PANET. EQUIPMENT ASSOCIATED WITH PANEL SYSTEM "A" SWITCHBOARD - OPERATION

DIALING DISTRICTS

When a call is completed at a Panel system "A" switchboard by the use

of a manual dialing type cord, the plug of the calling cord is inserted in a jack

which connects to an "A" position "Dialing district selector circuit." These

district selector circuits are mounted on frames similar to the regular subscrib-

ers district frames as described in Chapter X. As soon as the plug is inserted

a panel type sender—seleotor (which is a part of the dialing district selector

circuit, but which is mounted on a regular subscriber* s panel-link frame) selects

and connects the district circuit to an idle subscriber’s sender circuit. Oper-

ation of the dial key, associated with the cord used, connects the position dial

to this cord. The called office and number are dialed and registered in the se-

lected subscriber’s sender; the sender controls the completion of the call just

as if it had been originated directly by a subscriber without the assistance of

an operator. The connection is, however, under the joint control of the calling

subscriber and "A" operator.

DIALING INCOMINGS

"Dialing incoming selectors" may be provided for completing calls to

subscribers in the same office. In this case the plug of the calling cord is in-

serted in an outgoing trunk jack which connects to a "dialing incoming selector"

circuit mounted on a regular incoming frame. As soon as the plug is inserted the
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incoming selector circuit selects and connects itself to an idle ’’incoming-trunk

sender" circuit. Operation of the dial key and dial causes the called number to

be registered in the selected incoming trunk sender; the sender controls incoming

and final selections, returning to normal as soon as the connection has been es-

tablished. Incoming trunk senders are mounted on a "Dialing Incoming Sender and

Sender-selector frame”, which is of the type generally known as a single-sided

frame. The framework is divided into two bays; the right-hand bay is used for

mounting relays, resistances, 200-type selectors and a jack panel; the left-hand
i

bay is used for mounting terminal strips, relays, sequence switches, a fuse pane],

and a power drive. The frame has a capacity of 4 sender circuits and 9 sender-

selectors. The sender-selectors belong to the individual dialing incoming selec-

tor circuits and consists of 200-type selectors. The sender circuits include

200-type selectors on which the dialed number is registered, together with the

counting relays, fundamental circuit, and miscellaneous relays which are necessaiy

in controlling incoming and final selections. The senders are used in common

with "Dialing Incoming Selector circuits" which are used to complete calls from

manual offices, when this method is used as described in a previous chapter.

SMI-MECHANICAL CORD AND DISTRICT

The single-ended cords used at the special service positions of the

semi-mechanical type of Panel system "A” switchboard are a part of "Semi-mechani-

cal Cord and District Selector" circuits which mount on special district frames.

These frames are of the double-sided type consisting of 5 bays. The center bay

is used for mounting the banks, friction roll drive, clutches, commutators, brush

rods, etc.; the 2 bays on either side of the center bay are used for mounting se-

quence switches; and the 2 end bays are used for mounting relays, repeating coils,

condensers, resistances, etc. The multiple on an "A" position District frame is

separate from the subscriber’s district multiple, and is usually connected to

trunks outgoing to suburban points, to tandem offices, and to two-number toll

boards. In order that the "A" operator may complete calls to destinations which

appear on the subscriber’s district or office multiple, a group of trunks from

the "A" position district multiple connect to "local tandem district selector cir-

cuits" which are mounted on a regular subscriber's district frame. One "A" op-

erator’s district frame is furnished for every 3, 4, 5 or 6 positions of "A"
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hoard, equipped with the semi-mechanical type of cord circuit, depending upon

whether the positions are equipped with 20, 15, 12 or 10 cords per position re-

spectively.

ALLOTTER. LINKS AND A SENDERS

The mechanical equipment associated with a semi-mechanical "A" position

is mounted on a frame known as an "A" position ’’Sender and Link” frame. This is

a single-sided unit-type frame, with a capacity of either 4 senders and one posi-

tional unit, or 3 senders and 2 positional units. The framework is divided into

3 bays; the right-hand bay of each unit is used for mounting the relay equipment;

the center bay is used for mounting sequence switches; and the left-hand bay of

the positional unit is used for mounting 200 type selectors while the left-hand

bay of the sender uni^c is used for mounting 1203 type selectors. The positional

unit for each semi-mechanical position of "A" board includes one key control cir-

cuit, one allotter circuit and 4 link circuits. The allotter circuit consists of

a sequence switch whioh allots a maT-iimim of 8 link circuits, in rotation. Usual-

ly 4 links are sufficient to handle the traffic at one position and the allotter

passes by the positions in which it would allot the other 4 links, if furnished.

A link circuit consists of a 200 type selector designated TH, which is used to

find the "cord and district selector cirouit" with which a call has been an-

swered, a 200 type selector designated SS whioh is used to select an idle sender

circuit, a sequence switch, and a number of relays, resistances, condensers, etc.

Each link circuit can, therefore, find any one of the 10, 12, 15 or 20 "oord and

district selector circuits" and connect it to an idle sender, in a group of 22

senders. A key control circuit, which consists of a sequence switch and a number

of relays, condensers, resistances, etc., is used on all calls and connects

therefore to all of the links and also to the allotter circuit. The senders are

multiple! to the banks of all of the sender-selectors, the senders being used in

common by the link circuits associated with as many "A" positions as are required

to load a group of not more than 22 senders.

The "A" sender circuit includes a large number of relays, resistances,

condensers, etc., 6 sequence switches (known as the register control switch (Rl),

sender control switch (R2), sender switch (Ro), class switch (R4), RCI switch

(R5), and route switch (R6)), and two 1203 type selectors (known as routing se-

lectors). As soon as the "A" operator inserts the plug of the single-ended semi-

120



Course A-132
Chapter XIX

mechanical cord in an answering jack or in an outgoing trunk jack, the sequence

switch in the link circuit (which has been previously allotted by the position

allotter circuit and which has been awaiting a call), advances to a position in

which the TH selector hunts for and connects the link circuit to this "cord and

district seleotor" circuit* At the same time the SS selector hunts for and con-

nects the link to an idle sender circuit. The link circuit then connects the

"key control" circuit to the sender, and such register relays are operated in

the sender as correspond to the route, office code, and numerical keys depressed

by the "A" operator. The office code keys are used only when the call is routed

to a tandem office, either manual or full mechanical} for on such a call it is

necessary that the office code be transmitted, in addition to the number of the

called line, so that the tandem operator or full mechanical tandem sender can

complete the connection to the called office and line. The 40 route keys in the

semi-mechanical keyset at the "A" position are divided, from a circuit viewpoint,

into 8 groups of 5 keys each and depression of a particular route key causes the

operation of certain register relays in the sender. The route relays operated

cause the route sequence switch R6 to be set in a position which corresponds to

the group of 5 keys in which the depressed route key is included. With the route

switch so set the routing selectors (1203 type) are advanced to that one of 40

positions, which corresponds to the particular route key depressed, under control

of the route switch and the route register relays. The routing selectors are

similar to the translator in a 2 digit sender circuit; and the arcs of these se-

lectors control the setting of the class switch R4, control district and office

selections, and control compensation for office and incoming selections. After

registration is completed the key control circuit is released for use on a

succeeding call, and the link circuit connects the sender to the district, the

connection being established, under control of the sender, as required for the

particular class of call being made. The sender circuit returns to normal when

the connection is established and the link circuit advances to the "awaiting

allottment" position.

T.nnAT. TANDEM DISTRICTS AND SENDERS

When the call is one which can be completed only through the subscrib-

er's district multiple the "A" sender causes the selection of a trunk which con-

nects to a "local tandem district seleotor circuit" mounted on a regular sub-
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scriber , s district frame, the "A" sender completing the connection as a tandem

RCI class call. The tandem district selector circuit includes a 200 type sender-

selector, which is mounted on a Local Sender-Selector frame. As soon as the

trunk which connects to a "local tandem district circuit" has been selected, the

sender-selector associated with this district circuit selects an idle "local tan-

dem sender circuit". As soon as the tip and ring of the trunk are connected

through the sender-selector to the local sender circuit the "A" sender transmits

the RCI pulses corresponding to the office code and number of the called line.

The pulses are recorded in the tandem sender by the operation of certain register

relays. The "A" sender returns to normal after transmitting the RCI pulses and

the "A" link advances to the "awaiting allottment" position. After operation of

the register relays the local tandem sender functions in a similar manner to that

in which a subscriber’s sender functions in controlling the completion of a call,

except that translation is controlled by the register relays instead of being

controlled by the setting of 200-type office code registers. A sufficient number
*

of local tandem districts are furnished on regular subscriber’s district frames

to handle this traffic. Usually not more than 10 local senders are required, and

in many cases no local tandem districts or senders are provided. It should be

remembered that local tandem district and sender circuits are not required in any

case unless the semi-mechanical type of "A" board is used.

A-B TOLL CALLS

Those toll calls which can be completed by the "A" operator over direct

trunks to the called office without going thru a toll board are termed A-B toll

calls. These calls are completed at a manual dialing type "A" board by inserting

the calling cord plug in a trunk jack on which is terminated a trunk to the de-

sired destination; they are handled at a semi-mechanical type "A" board by answer-

ing the call with the semi-mechanical cord the outgoing trunk being selected under

control of an "A" sender. The "A" operator tickets and times these calls.

METHOD OF COMPLETING TWO-NUMBER TOLL CALLS

Where the calling subscriber is making a call which in a manual system

would be handled by the standard two number method of operation, the call may be

completed by one of two general methods. By the first method, the "A" operator

may handle and time the call, obtaining the connection through the two number
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toll board. In this case, if manual cords are used, the two number toll board

is reached over an idle recording trunk in the same manner as at an "A" position

in a manual office; or if semi-mechanical cords are used, the two number toll

board is reached over a recording trunk seleoted by the "semi-mechanical cord

and district selector circuit" under control of an "A" operator’s sender circuit,

the proper routing key having been depressed. The trunk lamp at the two number

board lights when the connection is made to the recording trunk (either by use

of a manual cord or a semi-mechanical cord and district circuit), and after the

two number operator has answered the call, the connection is completed to a toll

line as directed by the "A" operator. Release of the connection is under joint

control of the calling subscriber and the "A" operator. When the calling party

"hangs up" the "A" operator disconnects and a disconnect signal is given at the

two—number board; the toll operator then releases the toll line. This method of

operation may be found desirable when the toll lines are equipped on such a

liberal basis that in the majority of oases, the "A" operator can secure a toll

line without material delay; it is necessary, however, that the recording trunks

be of high grade to minimize the toll transmission loss.

The second method of handling two-number toll traffic can also be used

at special service positions equipped with either manual, semi-mechanical, or

combination equipment. Where semi-mechanical or combination equipment is used,

from 2 to 5 special final terminal cords are provided with each of which is

associated two supervisors lamps and a listening-in key. Where manual equipment

is used, from 2 to 5 of the manual cords are wired as final terminal cords. These

final terminal cords connect to sets of final multiple terminals and are given

numbers corresponding thereto. After answering the subscriber, the "AB" operator

removes the answering cord from the jack and replaoes it by a final terminal cord.

The number is then passed by the "AB" operator to the two-number operator over a

recording trunk. The two-number operator establishes a connection to the calling

subscriber through this final terminal cord either by the key indicator or by the

cordless "B" method. The disconnect signal is given on the final terminal cord,

when the two-number operator releases the switching trunk at the completion of

the conversation.
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CHAPTER XX

OTHER METHODS OF HANDLING ORIGINATING TRAFFIC

Semi-Mechanical

The very earliest installations of Panel type equipment were made on a

semi-mechanical basis. The calls are answered by "A" operators at an "A” switch-

board the positions being equipped with single-ended, semi-mechanical cords and

with a set of office code and numerical recording keys. The semi-mechanical "A' 1

positions are very similar to positions of the semi-mechanical type of Panel

System "A" switchboard used in Panel type offices for handling "zero" operator

and AB toll traffic, (described in a previous chapter). The semi-mechanical

cords are part of "semi-mechanical cord and district selector" circuits. The

called number is registered in a sender circuit (there being three sender cir-

cuits serving each position) by the depression of the proper office code and

numerical recording keys. A trunk to the desired destination is then selected by

the district and office selectors under oontrol of the sender. Calls which ter-

minate in the or another semi-mechanical office are completed by incoming
I

and final selector circuits under control of the originating sender circuit.

Calls which terminate in a manual or manual tandem office are completed over

"carriage call indicator" trunks to call indicator positions at the "B" board in

the manual office*

The "carriage call indicator" method is similar to the present "relay

call indicator" method but differs from it in two major respects. First, the

called number (and office code on tandem calls) is registered on sequence switches

in the manual office instead of on relays, there being one sequence switch for

each digit to be recorded. Second, instead of transmitting RCI pulses the semi-

mechanical sender functions the same as if it were a call to a Panel type office.

The register switches in the Manual office are advanced, in succession, under

control of the semi-mechanical sender circuit; as each register switch advances

it alternately connects ground to, and disconnects ground from, the tip side of

the trunk or fundamental circuit. As soon as the sender is satisfied for each

selection it opens the fundamental circuit stopping the register switch, all the

register switches are thus stopped in those positions which will cause the called

number to be displayed on a call indicator in somewhat the same fashion as the
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number is displayed at the "relay oall indicator" positions.

Line-Switch and Sender-Selector

When the first Panel type offices were installed, the subscribers lines

terminated on individual "line-switohes" instead of being connected to the

multiple on line finder frames. The line-switch is a 200 type selector to whose

22 sets of terminals are connected the leads from 22 distriot selectors. When

a subscriber originates a oall, the line-switch hunts over its terminals for an

idle district selector oircuit; and, having found one, it makes the selected

district circuit test busy to all other line-switohes to which this distriot cir-

cuit is multipled. A group of 22 districts is multipled to the banks of enough

line-switches to "load" the group of districts. Eaoh district selector circuit

in an installation of this kind includes a 200 type selector which is used to

select an idle sender circuit, the senders also being arranged in groups of 22.

As soon as a line-switch selects a district the sender-selector selects an idle

sender circuit and the calling line is connected to the selected sender. Line-

switches are mounted in bays, 20 switches wide, the line and cut-off relays

being mounted directly below each line-switch. A line-switch bay has space for

9 horizontal rows of switches together with the 9 rows of line and out-off re-

lays - a total of 180 line switches per bay. The sender-selectors are also

mounted in bays, 20 selectors wide but since no (L) and (CO) relays are associ-

ated therewith, there are 12 horizontal rows of selectors per bay - a total of

240 sender selectors. A line switch and distriot selector circuit with the

sender selector is shown schematically in figure 1.

Line Finder and Distriot with Sender-Selector

On later installations the line-switch equipment was replaced by line

finder equipment which was developed as a more economical method of handling

originating traffic.

The first line finder frames had a capacity of fifteen 20 point banks,

a total of only 300 lines per frame (without splitting the multiple). There

were, therefore, 15 regular and one emergency trip circuits and one regular and

one emergency start circuit per frame. This arrangement provided for either 28,

40 or 60 "line finder districts" per group, as required by the traffic originat-

ing from 300 subscribers’ lines. Each district selector circuit included a 200
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type sender-selector, which was mounted on a sender-selector frame and the

senders were divided into groups, 22 senders per group. This type of equipment

has been installed in a large number of offices.

Rotary Links

In order to secure more efficient use of senders "Rotary Link" equip-

ment was developed, which provided "link" circuits for connecting the district

selector circuits with idle sender circuits, instead of including a 200—type

sender—selector in each district selector circuit# The "rotary link" cirouit

uses one 1203 type selector as a district finder, and another as a sender-se-

lector. The senders are, therefore, divided into groups of 44 senders each, re-

sulting in a much higher effioienoy per sender, and a consequent reduction in the

number of senders required, in an office, as compared with the number that would

be required if the sender-selector type of equipment were used. Rotary link cir-

cuits are mounted on "subscribers’ link frames" as shown in Figure 2. Figure 3

is a schematic of those parts of the Line, Trip, Start, Rotary Link, and Line

finder-district circuits involved in finding a calling line. In general the oper-

ation of Rotary Link equipment is the same as the operation of Panel Link equip-

ment.
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CHAPTER XXI

THREE-DIGIT TRANSLATOR - EQUIPMENT AND OPERATION

A three-digit translator consists of a power driven selector on a panel

type frame, used in connection with certain register relays in the sender circuit

and in connection with a pulse machine which is common to all the senders. Each

panel selector on the translator frame is associated with a particular sender

circuit. After the office-code registers have been set this selector is driven

upward for brush, group, and terminal selection so that six leads from the sender

are connected, thru a pair of multiple brushes, to a particular set of 6 termi-

nals in the selected group of the bank to which the tripped brushes have access.

These 6 multiple terminals connect to the brushes on a pulse machine which make

contact with "sending drums" which are divided into battery segments and ground

segments. A Master Register Relay in the sender is operated over each of these

leads when the sending drum brush to which the lead connects is making contact

with battery segment; while these master register relays are operated another set

of 6 leads from "receiving drums" on the pulse machine are connected to the

windings of register relays, there being a group of register relays associated

with each master register relay. When any one of the "receiving drum" brushes

makes contact with a battery segment at the time that a master register relay is

operated (in a sending drum lead) one of the register relays associated with this

master relay is operated. That combination of register relays is operated on

each call, as controlled by the sending drum leads to which the selected transla-

tor multiple terminals are connected, as will cause the sender to exercise the

proper control over the various selections according to the class of call which

is being made. The register relays thus perform the functions that the 1203 type

selectors (two-digit translator) perform in a two-digit sender circuit.

The translator frame (shown in Figure 1) is a steel structure of a type

generally known as a double-sided frame, designed for mounting the apparatus re-

quired in providing a flexible medium for connecting the pulse machine to the

register relays in the sender. The frame consists of a single bay for mounting

the hunting and multiple banks, the friction roll drives, the clutches, commuta-

tors, brush rods, etc. It has a capacity of 60 panel selectors, each associated

with a particular sender cirouit.
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The translator frame is equipped with 10 multiple banks, having 40 sets

of three terminal strips eaoh, and with one hunting bank, divided vertically to

make 60 vertical sets of 57 terminals eaoh. The terminals on the 10 multiple

banks oonneet to lamps located in "lamp and cross connecting units'* which are

mounted at one end of the frame, one unit for each pair of banks. The banks are

arranged in pairs, six terminals being required for each office code, and the

frame therefore provides for 200 different codes* The sending drum leads are

cross-oonneoted from the lamps to the various pulse leads from the sending drums

of the pulse machine; the facilities for cross connection are provided by the

" inrap and cross-connecting" unit in which the lamps are mounted.

The hunting bank, containing the 60 sets of 57 terminals eaoh, is lo-

cated at the top of the frame immediately below the commutators. Its terminals

are oonneoted to the terminals of the office code registers A, B and C in the

sender circuits as shown in Figure 5.

The translator brush rods are similar to the line finder brush rods,

being hollow metal tubes with a raok attaohed to the lower end and a commutator

brush attached to the upper end. They are equipped with 10 brushes similar to

those used on the panel link brush rods and with an additional brush for the

hunting bank which has but two contact springs. The hunting brush has no separat-

ing roller and trip lever so that it does not need to be tripped in order to make

contact with the terminals in the hunting bank. The first 5 slots in the rack are

used for holding the brush rod in one of five positions to which it is elevated In

the selection of the pair of brushes which is to be tripped on any particular call.

When the rod has been elevated to a position in which the pawl has engaged with

the first slot it is in position for having the first pair of brushes tripped,

when it again moves upward, providing the trip magnet is then energized. Likewise

when the rod has been elevated to a position in which the pawl has entered the

second slot it is in a position for having the second pair of brushes tripped,

eto. The tripping mechanism and friction roll drive is similar to that used on

any "trunk-hunting" panel type frame. The commutator and commutator brush are

modified as required for use in the translator circuit.

A pulse machine has two sets of drums to which the pulse leads from the

translator frame multiple connect; one set of drums and leads are known as A drums
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and A leads the other set being known as B drums and B leads. The translator

frames are likewise divided into A frames and B frames so that the multiple on A

frames connects to the A pulse machine leads and the multiple on B frames con-

nects to the B pulse machine leads. It is, therefore, necessary to furnish at

least one pair of translator frames for each installation. A pair of translator

frames accommodates 120 senders each of which can secure a translation of 200

different settings of the A, B and C registers. Additional pairs of translator

frames are provided for additional groups of 120 senders or fraction thereof for

these same 200 settings of the A, B and C registers; these additional frames are

placed adjacent to the first pair, the banks are multiple! together, and the

lamps furnished with the first pair are used in common with the second pair.

Where the number of destinations exceeds 200 it is necessary to provide another

set of translator frames and pulse leads so that each sender can then secure

translation of a maximum of 400 different settings of the A, B and C registers.

A pulse machine shown in figure 2 consists of 4 sets of motor—driven in*

terrupter units mounted one above the other, each unit consisting of 23 drums on

a horizontal shaft. The first (lowest) and third interrupter units each oontain

19 sending, one combination sending and timing, three receiving, and one battery

drum; and the second and fourth units contain 20 sending, three receiving, and

one battery drum. The first and second units are designated the "A” drums and

the third and fourth units are called the "B" drums. For each set of drums there

are, therefore, 39 sending, one combination sending and timing, six receiving and

two battery drums. Each drum is divided into two parts, a brush making contact

with each part. The periphery of -both halves of the battery drums is solid copper

and is used for feeding battery to the battery segments on the sending, receiving

and timing drums. The periphery of both halves of the timing drum and of one-half

of each of the sending and receiving drums is divided into six segments and six

intermediate segments alternated and separated by insulating material. The timing

drum segments in both halves of the drum are connected to the battery feed drum.

The periphery of the other half of each of the sending and receiving drums is

solid copper and the brush making contact therewith feeds ground through this

solid half to such segments of the other half as may be connected therewith. Each

one of the receiving drums has a different one of its metal segments connected
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with the battery feed drum, the remaining segments being connected to the ground

feed half of the same drum* Each one of the 40 sending drums has a different com-

bination of its segments connected to its ground feed or to a battery feed drum*

To illustrate, sending drum No* 0 has its No* 1 segment connected to battery and

all other segments connected ground, while drum No* 32 has segments Nos* 1, 2 and

4 connected to ground and segments Nos* 3, 5 and 6 connected to battery* The

leads from the brushes making contact with the interrupter half of the sending

drums are wired through the pulse machine fuse board to tflamp and cross-connect-

ing unit" on the translator frames; the sending drum leads are then cross-con-

nected to the pulse lead lamps which are mounted on the same unit* The leads

from the brushes making contact with the interrupter half of the receiving and

timing drums are wired thru the pulse machine fuse board to the sender pulse fuse

board where connection is made to leads from each sender* See Figures 3 and 4.

The pulse machine drums are rotated at the rate of 80 revolutions per

minute* The brushes are in contact with the interrupter segments for intervals

of *096 second, separated by intervals of *029 second* The segments of the re-

ceiving drums make contact *024 second later than the segments on the sending

drums.

In order to divide the load and insure continuous service, the ter-

minals in the banks on odd numbered translator frames ere cross-connected to the

pulse leads from the "A" frames and the terminals on the banks of the even

numbered frames are cross—connected to the pulse leads from the nB" drums* Not

more than 25$ of the translator brush rods associated with any sender group are

located on the same side of any translator frame* To further insure against any

interruption in service three separate pulse machines are provided on each in-

stallation; the sending, receiving, and timing leads from the A and B drums of

the three machines are wired thru 6 manually operated multiple transfer switches,

which are located on the pulse machine fuse board; these switches make it possible

to connect the leads from the translator frames and associated senders to the

drums on any one of the 3 pulse machines. (The A leads are always connected to A

drums and the B leads to B drums). The pulse machine is provided with an auto-

matic alarm device which operates when the pulse machine (which is in use) stops.

Figure 5 is a circuit schematic of that portion of the sender circuit,
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including the pulse machine and translator frame, which is necessary to the ex-

planation of three-digit translation. The terminals in the hunting hank and the

hunting brush are used in setting the translator brush rod in the required posi-

tion on a particular oall. Terminals 1 to 4 and terminals 6, 8, 10, 12 and 14 in

the hunting bank are not used* Terminals 5, 7, 9, 11 and 13, in eaoh of the 60

vertical sets of terminals, are cross-connected to terminals on the A3 and B2

register arcs, and are used for translator brush selection. Terminals 15, 23,

31, 39 and 47 are cross-connected to terminals on the A4 and A5 register arcs and

are used for translator group selection. The other seven of the eight terminals in

each one of the five groups (15 to 22 inclusive, 23 to 30 inclusive, 31 to 38 in-

clusive, 39 to 46 inclusive and 47 to 54 inclusive) are cross-connected to ter-

minals on the C2 register arc. When the A and B registers have been set and the

RC switch is advanced to terminal 2 the (ST) relay operates and locks to off

normal ground. The (TC) relay operates and locks through both windings in series

under control of the (TS) relay. Operation of the (TC) relay advances the trans-

lator control switch to position 2 where the translator UP magnet is energized

for brush hunting. The ground on register arc B2 and through aro A3 (according

to the setting of the registers) and through one of the brush hunting terminals

in the hunting bank, operates the (TS) relay when the hunting brush on the

translator brush rod makes contact with this grounded terminal. Operation of the

(TS) relay releases the (TC) relay. The UP magnet holds to the C commutator un-

til the elevator has been driven upward far enough to permit the pawl to engage

with the corresponding slot in the brush rod rack. Brush selection has thus been

completed and the release of the (TC) relay advances the translator control

switch to position 3. In position 3 the TRIP magnet associated with this trans-

lator brush rod is operated. The (TC) relay is again operated in position 3 ad-
4

vancing the switch to position 4 in which position the (TC) relay holds under

control of the (TS) relay and closes the UP magnet circuit. When the selector

moves upward for group selection the pair of multiple brushes corresponding to

the selected brush terminal in the hunting bank are tripped. When the hunting

brush makes contact with that one of the group selection terminals (15, 23, 31,

39 or 47) to which ground is connected through arcs A6 and B5 or thru arcs A6,

B5 and A4, relay operates, releasing the (TC) relay and stopping the hunting
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brush on the grounded, terminal. Croup selection has thus been completed and the

release of the (TC) relay advances the switch to position 5. The (TC) relay re-

operates in position 5, advancing the switch to position 6, in which position

the (TC) relay holds under control of the (TS) relay and energizes the UP magnet

for terminal selection. When the hunting brush makes contact with the terminal

to which the ground from the C2 register aro is connected, the (TS) relay once

more operates, releasing the (TC) relay and stopping the hunting brush on the

grounded terminal in the selected group of hunting bank terminals. The release

of the (TC) relay advances the translator control switch to position 8. When

the terminal is the first one in the group the (TS) relay reoperates in position

5 3/4 releasing the (TC) relay and preventing the UP magnet from being energized.

We now have the tripped pair of multiple brushes making contact with

six terminals, three in each of the two 40—point banks to which this pair of

brushes has access. Each one of these Six terminals is connected through a lamp

to a terminal on the class (CL), district brush (DB), district group (DG),

office brush (OB), office group (0G) and talking selection (TS) terminal strips

and from there cross—connected respectively to six of the pulse leads from the

sending drums of the pulse machine. When the translator control switch entered

position 7 the (PC) relay was operated connecting these six terminals through

the tripped pair of multiple brushes to the six master register relays desig-

nated CL-A, DB-A, DG-A, OB-A, OG-A, and TS-A, thus causing operation of these

relays when the sending drum brushes to which they are connected make contact

with battery segments of the sending drums. Operation of these relays causes

operation of the (CL-B), (DB-B), (DG-B), (OB-B), (OG-B) and (TS-B) relays in

local circuits. The six pulse leads from the receiving drums of the pulse ma-

chine are multipled to six normally open contacts on each of these six (B) re-

lays. With each (B) relay is associated a group of from 4 to 6 register relays

of which certain ones must be operated on a given call by pulses from the re-

ceiving drums of the pulse machine. Of the relays associated with the (CL-B)

relay, the (CL-1), (CL-2), (CL-3) and (CL-4) relays control the setting of the

class switch, the (CL-5) relay controls preliminary coin test, and the (SO-6)

relay j.s operated when no office selector is used in completing a call* Of the
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relays associated with the (DB-B) relay, the (DB-1), (DB-2) and (DB-3) relays

oontrol district brush selection, and the (C-4), (C-5), and (C-6) relays con-

trol the compensating resistance used for office and beyond office selections.

Of the relays associated with the (OB-B) relay, the (OB-1), (OB-2) and (OB-3)

relays control office brush selection, the (C-4A) relay is used with the (C-4)

relay (previously mentioned) to control the compensating resistance, and the

(R-5) relay controls the setting of the class switch for special routes and is

used only when special routes are required. Of the relays associated with

the (DG-B) relay, the (DG-1), (DC-2), (DC-3) and (DG-4) relays control dis-

trict group selection, and the (Z-5) and (Z-6) relays control restricted ser-

vice calls. Of the relays associated with the (OG-B) relay, the (OG-1), (OG-2),

(OG-3) and (OG-4) relays control office group selection and the (TW-6) relay is

necessary when a two-wire office selector is used. Of the relays associated

with the (TS-B) relay, the (TS-2) and (TS-3) relays control talking selection,

the (SD-4) and (SD-5) relays cancel the "stations delay" feature on calls where

it is not necessary to wait for the STA register to be set, and the (ST-6) relay

controls "trunk test" on low resistance trunks.

To illustrate the operation of the register relays, assume the (PC) re-

lay operated. The (DG-A) relay operates when the sending drum brush to which it

is connected makes contact with a battery segment of the drum. The (DG-B) relay

is thus operated, thereby connecting the six pulse leads from the six receiving

drums of the pulse machine to the (DG-1), (DG-2), (DG-3), (DG-4), (Z-5) and (Z-6)

relays. During the time that the (DG-B) relay is operated certain ones of these

register relays are operated when the receiving drum brushes to which they are

connected make contact with battery segments on the receiving drums. The regis-

ter relays which are thus operated lock in local circuit. In like manner such

of the other groups of register relays are operated (by battery pulses from the

receiving drums, during the time their oontrol relay is operated over a lead to

a sending drum) as will set up control conditions to govern some portion of the

sender’s cycle of operations.

The length of time during which the (PC) relay remains operated, so as

to cause operation of the register relays, is controlled by the timing drum in

such a manner that the sending and receiving drum pulse leads are connected to
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the register relays for at least one full cycle of pulses (one revolution of the

pulse machine drums). When the translator control switch enters position 8 the

lead from the timing drum is connected through a 1200 ohm resistance through the

windings of the (STP) and (OIL) relays and through another 1000 ohm resistance to

ground. The (STP) relay is thus alternately operated and released as controlled

by the six battery segments on the timing drum. The first operation and release

of the (STP) relay operates the No. 6 pair of counting relays. When the timing

drum has completed one revolution and contact is made with the first battery seg-

ment on the second revolution, the (0) counting relay operates, followed by oper-

ation of the (B0) and (F0) relays when the stepping relay releases. Operation

of the (F0) relay advances the translator control switch out of position 8, thus

opening the pulse leads. With translation thus completed the sender proceeds

with the completion of the call.
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Course A-132

CHAPTER XXI-A

THE DECODER AND DECODER SENDER

The most spectacular development in the panel system in recent years

is the decoder. The function of the decoder is the same as that of the pulse

machine translator which it will replace; that is, to give the sender the
9

necessary information for reaching the distant office and the method for

transmitting the number.

The use of the decoder will result in a reduction of initial cost in

equipment, floor space and maintenance, and in increased speed and accuracy.
9

The equipment for decoding the office code in a typical office will oonsist of

six decoders, one cross-connecting frame and a decoder connector oirouit for

each group of ten senders. The apparatus consists chiefly of "R" type and

multi-contact relays. The multi-contaot relay is a recent development designed

for a very heavy spring pile-up having fifty-two make contacts. It is es-

sentially a power driven interrupter with the oam actuating mechanism re-

placed by a powerful eleotromagnet.

THE DECODER SEMPER
.

Before taking up the decoder it would be desirable to become

familiar with the sender since it differs radically from the translator sender.

In fig. 8 is shown a sender frame with only one unit mounted. Four other

units can be mounted above it. A unit is made up of two senders with the

relay cabinets in the end bays and the sequence switches of which there are

only three, each in the middle bay. Since there are no 200 type selector

switches the number of exposed base metal contacts has been materially re-

duced as well as the initial cost and maintenance.

The dialed number is registered on relays as shown in fig. 1. The

number register circuit has been arranged into groups according to their

var ious func t i ons :

-

(1) The dial pulse control circuit consists of the (L), (LI), (RA) and

(SR) relays whose functions are similar to those in the translator

sender.
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(2) The dial pulse counting circuit consists of ten relays designated

(Pi), (pi') to (P5) and (P5’)» This circuit unit, under control of the

back contact of the (L) relay and front contact of the (RA) relay will

count each train of pulses. The table on fig. 1 shows the combina-

tions of relays operated corresponding to the digit dialed.

(3) The register groups, one for each digit, oonsist of four relays each
\

whose designations are made up of the letter corresponding to the

digit it registers and the numerical suffixes (1), (2), (4) and (5)

respectively. Thus the thousands register group is designated (THl),

(TH2), (TH4) and (TH5 ) . The table in fig. 1 shows the combinations
J

of the relays operated corresponding to the digit registered. It

should be noted that the sum of the numerical designations of the

relays operated is equal to the number of pulses in the digit. Thus

if the units digit is eight, relays (Ul), (U2 ) and (TT5) will be

operated.

In the "A" register it will be observed that the locking path for

the (Al) relay is complete only when the (A2) or (A5) relay is operated. Then

if a one is dialed or if the switchhook is accidentally moved causing a

momentary open no number is registered.

In the nB" register the looking path for (B4) relay i3 opened when

both (Bl) and (B5) relays are operated. Hence if a zero is dialed a six will

be registered. The "C" register has the same arrangement. If the subscriber

dials a zero for the second or third digit of the office code it is assumed

that he intended to dial the letter 0 which is in the "6” finger hole.

(4) The register control circuit consists of cut-in (C), and lock-up (L)

relays, one pair for each digit. These designations are prefixed

with the letter corresponding to the register group as (AC), (Al),

(BC), (BL), etc. The cut-in relays oonneot contacts in the dial

9

pulse counting circuit to the windings of its associated register

relays. When the digit has been registered the lock relay operates

from the back contact of the (RA) relay in series with locking wind-

ings of the operated register relays. The lock relay operating re-
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leases the associated cut-in relay and operates the succeeding cut-in

relay in preparation for the next digit.

As soon as the complete office code or zero operator has teen dialed

as indicated toy the operation of the (CL), or the combination of the (Al), (A4)

and (AL) relays a circuit is established for operating the (ST) relay which

places off-norraal battery on the (ST) lead to the decoder oonnector cirouit as

a signal that it is ready for deooding. The connector will then seize an

idle decoder and connect it to the sender thru approximately fifty leads. The

decoder then reoeives the office code and gives the sender the necessary in-

formation by causing a combination of the selection register relays to oper-

ate. The method by which this is accomplished will be taken up separately

later.

In fig. 2 are shown the selection register, counting relays and

miscellaneous control relays necessary for the normal progress of a full

meohanical call. The selection register relays are operated in such combina-

tions that, except for distriot brush, the sum of the numerical designations

of the relays operated is equal to the selection desired. For a "zero" no

relays are operated. For Office Group "three" relays (0G1) and (0G2) are

operated, etc. For Distriot Brush "zero", "one" and "two" the above rule

holds but for distriot brush "three" relays (DBl) and (DB3 ) are operated and

for distriot brush "four" relays (DB2) and (DB3) are used.

The funotion of the selection register relays is to provide a means

for connecting the contact of the stepping relay to the windings of the cor-

rect pair of counting relays required for each particular selection. The

numbered circles at the registers are connected to the corresponding numbered

circles at the counting relays. It should be noted that the counting relays

are "split". By the use of the relay register it was possible to simplify

the wiring as illustrated by a special case: If District Group "three" is to

be made the contact of relay (STP) should be connected to the winding of

counting relay (3) and the front contact of relay (l 1
) should be connected to

the winding of relay (0). Consulting the legend for the selection control

switch it is found that distriot group selection is accomplished in position

134-C



Course A-1552
Chapter XXI-A

v * *

I

3. Then the stepping relay contact goes thru cam (H), thru the collar to cam

(j), thru brush #2 to the (DC) register group. For distriot group "three"
*

(DG1) and (DG2) are operated. Hence the lead we are tracing goes thru the

front contacts of both relays to the winding of counting relay (3). After

three pulses have been received this lead will be connected to lead "0" on the

front contact of (1*) which goes to cam (K) thru brush $2 and thru the back

contact of relay (DG5) to the winding of relay (0). Now if district group

eight had been desired relay (DC5) would have been operated and the above lead

would have gone to the winding of relay (9) and after five more pulses would

have gone thru the front contact of relay (5*) directly to the winding of re-

lay (0). Other features of this circuit will manifest themselves as we trace

the progress of a call.

As soon as the first digit has been dialed as evidenced by the

operation of relay (AL) in fig. 1 ground is placed on the (ST) lead which

goes to (B) oam of the selection register switch causing it to move to posi-

tion 2. When the decoder has set up the selection register it grounds the

(RL) lead which operates the (RL) relay causing all operated relays to lock

under control of the (M) oam to ground from the (SB) relay. The operation of

relay (RL) also closed the fundamental circuit which is traced from (FT) lead

thru (OF) and (STP) relay windings, thru make contact of (RL) relay, back

contact of (BO), make contact of (F03) and thru the (L ) oam to lead (FR).

This oauses the (L) relay in the distriot selector circuit to operate in

series with the (STP) relay. The (OF) relay will not operate since the cur-

rent is not in tne right direction. Since the switch is in position 2 the

selection is under control of relay (DB1), (DB2) and (D33) which will con-

nect the front contact of (STP) relay to the proper counting relay. Lead

"0" is connected thru (K) oam directly to the winding of relay (0). Then as

the selector is moved upward the (STP) relay is shunted down for each com-

mutator segment crossed causing the successive operation of the counting re-

lays until the (BO) relay operates which opens the fundamental circuit and

releases the district (L) relay. Relay (FO) also operated causing the oper-

ation of (F01) whioh, (a) locked to (C) oam, (b) released the odd numbered
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counting relays, (c) prepared a path for moving the sequence switch out of

position 8 and (d) operated (FOE) relay in turn releasing (F03) relay which

opens the fundamental and releases the rest of the counting relays. When (FO)

released the sequenee switch moved to position 3 releasing (F01). The (FOE)

relay being slow to release prevents the immediate reoperation of (F03) in

order that the fundamental circuit will not be reclosed before the switch has

moved out of position 8.

In position 3 the fundamental is closed as before; but this time

selections are made under control of the (DG) relays. The (DG5) relay will

in this case determine whether lead "0" is connected directly to relay (0) or

to relay (9). The switch is moved out of position 3 as described for District

Brush selection.

In position 4 office test is made by running the fundamental circuit

thru the (TG) relay and a high resistance of 14,500 ohms. If the trunk has

battery and ground the (TG) relay will operate but the (STP) relay and the

office (L) relay will not. This moves the switch to Office Brush position.

Office Brush and Office Group selections are made in a manner as described for

District selections.

In order to simplify the wiring it was found desirable to use che
»

0

selection register relays for Incoming and Final selections as well as for

District and Office selections. This is done by releasing the decoder set-

ting and transferring the numerical register setting as will be seen later.

^ Having completed Office selections the switch is in position 7 where

the outgoing trunk is tested by means of the (TG) relay. In position 7 the

( THT ) relay is operated provided the thousands digit has been dialed and the

setting is transferred to the (IS) and (DB) relays. The previous set-up on

the ('DB) relays was released when the switch moved out of position 3. With

relay (THT) and (TG) operated the switch is moved to position 8 where in-

coming brush is made and the switch advanced to position 9. In this position

the hundreds digit is registered on (DG1) and the (OB) relays. The operation

of (HT) moves the switch to position 10 where Incoming Group selection is

made. Incoming Group selection is controlled by delays (DG1) and (DGE).
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(DGl) relay is operated if hundreds is greater than 4 and (DC2) relay is oper-

ated if thousands is an odd number.

The switch is moved out of position 10 .in the regular manner and the

(HT) relay being operated it goes immediately to position 12 where Final Brush
I

selection is made under control of the (OB) relays. Final Brush, Final Tens

and Final Units selections are made similarly as described above. In posi-

tion 17 the incoming puts a momentary reverse battery and ground on the

fundamental operating the (OF) and (STP) relays. The (OF) operates the (IA)

which locks and the (STP) operates the (0) which locks in series with (BO)

and (FO). When the (FO) operates the switch is moved as for District

selection. In position 18 Talking selection is made in the district circuit
f

under control of the (TS) relays. At the completion of this selection the

sender 'is restored to normal and the connection has been established.

If the foregoing call had been destined for a manual or a tandem

office the sender, after trunk test in position 7, would have handled the call

differently. For instead of controlling panel selectors in the distant office

it would have primed a relay call indicator circuit. How the two-digit

sender accomplished this was explained in chapter (15). The purpose of this

discussion is to show how relay call indicator pulses are generated when

controlled by a relay register.
»

Each pulse must either operate a lamp relay or pass it by. Hence

there are two conditions that the pulse may have. A digit requires four re-

lays for registration thus four pulses are sent for each digit. The first

and third pulses may be either positive or grounded while the second and

fourth are either light negative or heavy negative. The grounded pulses are
%

for the purpose of discharging the cable to allow the polarized relay to re-

lease. By this arrangement no consecutive pulses are alike and the control

circuit will be able to differentiate between them. The chart shown in fig.

(6) illustrates graphically how the pulses are constructed. The axis of

abscissa is the horizontal line marked Tt o w which let us assume is the base

or ground line. The area above this ground line represents a positive pulse
$

while below, a negative pulse. Since a positive pulse has battery on the tip
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and ground on the ring side of the trunk the ground line is designated "R" and

the + line "T" in the first and third quadrants. Since a negative pulse has

ground on the tip and battery on the ring the ground line of the second and

fourth quadrant is designated "T" and the negative, either light or heavy, is

designated "R". It will therefore be seen that the ring will always be

grounded in the odd positions of the switch while the tip is grounded in the

*

even positions. This is done on cam (FI) thus constructing the base line on

one side of the pulses. To complete the skeleton of pulses 6500 ohm battery

is connected in the even positions to the ring and in the odd positions (ex-

cept 1 and 3) to the tip. This gives an alternating succession of light

positive and negative pulses.
I

It is now necessary to provide a means to modify these pulses ac-
i

cording to the number desired. In order to be able to modify the pulses in

the odd quadrants the tip side of the fundamental circuit is connected thru
f

brushes 2 and 4 of cam (Dl) to leads which may or may not be grounded in the

various positions of the switch depending on the combination of register re-

lays operated. One lead is connected to the tip by cuttings in the first

quadrant of each digit and is therefore designated "Tl". The other is con-

nected to the tip by cuttings in the third quadrants and is appropriately

designated "T3 n
. The tip is also connected in both the first and third

quadrants to a lead designated "B”. Either one of these leads (which will
t

henceforth be referred to as quadrant leads) or the lead designated "Bn may

be connected to a lead which is grounded in both the first and third quadrants

of a particular digit. This ground digit lead is designated by the letter "G"

and a numerical subscript denoting the first of the two consecutive odd posi-

tions in which it is connected to ground. Thus the hundreds ground lead would

be designated ,TG5 W since it is grounded in positions 5 and 7. Whenever the

tip is thus connected to ground the 6500 ohm battery is shorted out in either

or both the first or third quadrants.

In the even quadrants , however, there are either light or heavy

negative pulses. Therefore in order to modify the skeleton pulse which is

light negative, the ring must be connected to 52.5 ohm battery in the even
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positions of the switch. These quadrant leads are designated (R2) and (R4)

indicating that they are connected to the ring side of the trunk in the second

and fourth quadrants respectively of every digit. The battery digit leads are

designated by the letter "B" and a numerical subscript indicating the first of

the two consecutive even positions of the switch in which they are connected

to 52.5 ohm battery. The hundreds battery lead would then be designated "B6 M

indicating that it is connected to low resistance battery in positions 6 and

8 .

The cross-connection between the quadrant and digit leads is deter-

mined by the wiring on the register relays shown in fig. 1. Let it be assumed

that an "8” is to be sent as the tens digit. Consulting the chart it is

found that tens is sent in positions 9 to 12 -inclusive and the digit leads

are therefore "G9" and "BIO". The chart also shows that for this number the

relays in the first, second and fourth quadrants are to be operated or the

pulses will be positive, heavy negative, ground, and heavy negative. The

connections between the quadrant and digit leads will be n T3 n to ”09” causing

the positive pulse in the third quadrant to be erased and "B to BIO" making

both negative pulses heavy. With an "8" set up on the tens register relays

(Tl), (T2) and (T5) are operated. It is readily seen that this combination

of relays operated will result in the desired connections.

It should be borne in mind that this explanation does' not attempt to

present a rigorous exposition of standard practice but merely indicate as
^ r

simply as possible the methods of circuit operations in the panel system.

Such special oases, therefore as the sending of a number greater than 9999,

have been omitted in order to simplify instruotion.

.
THE DECODER C ONNECTOR

" — i n i m
i i ii

The Decoder Conneotor circuit is, essentially a multi-contact relay

per sender and a multi-contact relay per decoder with about fifty connecting

common leads for eaoh group of ten senders. Also "R" type relays which

perform preference and lock out functions allowing one sender of the group
i * • *

/?$ f
i

and one decoder to be connected by the common leads at one time.
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THE DECODER

The decoding of the office code whioh was given only cursory mention

in the above description of the sender will now be considered in more detail.

The operation of the decoder will be divided into three functions.

(1) Receiving and cheoking the office code.

(2) Selecting a route relay corresponding to the office code.

(3) Transmitting and checking the selections.

Fig. 3 illustrates the first function. When the sender has been connected to

the decoder by the connector circuit on a signal over the (ST) lead as

previously explained, the armatures of transfer contacts on the office code

registers in the sender are connected to the windings of corresponding relays

of similar designation in the decoder. The armatures of those relays opera-
e

ted will connect local ground operating the corresponding relays in the de-

coder. But the closure of the (CK) lead will connect ground thru the back

contacts to the armatures of the non-operated relays in the sender causing the

remaining registers in the decoder to operate. With all register relays in

the decoder operated a chain circuit closes ground to the winding of the (CKl)

relay operating it. The (CKl) relay operating prepares a locking circuit in

series with (CK2) which meanwhile remains shunted, and opens the ground on

(CK) lead causing those relays not needed, to release. The release of these

relays opens the chain circuit which 'held relay (CK2 ) shunted so that the

latter now operates in series with the (CKl) and the office code has been

cheeked. If one of the receiving leads had been open the register relay

corresponding to that lead would not have operated so that (CKl) relay could

not have operated thus blocking the call. The time measure circuit then
4

oounts off five seconds and sends a trouble release signal to the sender which

disconnects and makes a second trial, most likely getting another decoder.

However if ground had been present, on a lead corresponding to a register relay

not operated on this oall the operation of the (CKl) relay would not have re-

moved the ground from the (CK) lead since the trouble ground would have backed
4

»

up and held all relays operated. Hence the (CK2) relay would not operate and

after five seconds the sender would get a trouble release signal and make a
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second trial.

Fig. 4 illustrates the second operation, that of selecting the route

relay corresponding to the office code. When relay (CK2) operated it grounded

three leads. The first one under control of the (A) register group operates

an (H) multi-contact or gang relay whose numerical designation corresponds to

the digit registered. Thus if relays (Al), (A2) and (A5) are operated relay

(H8) will operate. The (H8) relay will close 100 contacts causing the wind-

ings of 100 route { R ) relays numbered 800-899 to he connected to one hundred

common leads terminating on contacts on the (T) relays.

The second lead which the (CK2) relay grounded will operate one of

the (T) relays depending on the setting of the (B ) -register group. Here again

the numerical designation of the relay operated corresponds to the digit re-

corded on the (B) register. The operation of the (T) relay closes ten of the

aforementioned hundred common leads to contacts on the (C) register relays.

If (T7) has been operated leads number 70 to 79 will be connected to the (C)

relays.

The (CK2) relay also closed ground to a lead which is connected to

one of the above mentioned ten leads the particular lead depending upon the

digit set up. Thus if relays (Cl) and (05 ) are operated lead number six is

grounded which goes thru a contact on (T7) and (H8) to operate route relay

#876 it being assumed that that is the number corresponding to the office

code. In this way any one of 1000 route relay^may be operated.

The next step is the transmitting and checking of the office se-

lections. The route relay, shown on fig. 5, having been operated grounds six

leads which terminate on the cross connecting frame and are designated

respectively by the letters "CL”, "LB", "LG", "OB", n0G" and "CR".and a

common number corresponding to the (R) relay with which they are associated.

These six leads are cross connected to terminals wired to the primary or

secondary windings of the transmitting relays corresponding to the leads. The

"OG" lead for instance would be connected to either the primary or secondary

winding of any of the (OG) relays from (0G0) to (0G5) depending on the se-

lection desired and according to the table shown on the figure. Thus if
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*

Office Group seven is desired the ”0G" lead is connected to the primary windT

ing of (0G2) relay. It should he noted that hy connecting to the primary in-

stead of the secondary the selection is increased hy five and that (0G5) re-

lay is used for grounding the (SO) lead which gives the sender a skip office

signal meaning that no office selections are required.

The primary windings of the transmitting relays (0G0) to (0G4) are

each in series with (OGP) relay while the secondary windings are in series

with (OGS) relay. Both (OGP) and (OGS) relays receive battery thru the (OGX)

relay. For any selection either (OGP) or (OGS) will operate in series with

the transmitting relay. The (OGX) relay, however, will not operate except

when two windings in the transmitting group are grounded. With (OGX) opera-

ted a ground is placed on lead (X) operating relay (X) which sends a trouble

release signal to the sender causing it to disconnect and make a second trial.

In this way the windings of the transmitting relays are checked for false

crosses.

In order to transmit the selections for any group of transmitting

relays a varying number of transmitting leads are grounded thru the windings

of the checking relays which for the group under discussion are designated

(OGA), (OGB) and (OGC). The rest of the leads are connected to the (X) lead

so that a false ground will result in a second trial. If any of die working

leads are open or grounded the associated checking relay will not operate and

the sender fails to get a release signal. In this case the timing circxiit

»

will send a trouble release signal oausing a second trial.

Let it be assumed that an Office Group of three is desired. In this

case the (OG) lead on the (R) relay is connected to the secondary of the ($G3)

relay causing it to operate in series with the (OGS). Lead (0G1) will then

be connected to 200 ohm ground thru winding of relay (OGC) oausing it to

operate in series with (0G1) relay in the sender. Lead (0G2) is connected

thru the 200 ohm winding of (OGB) relay to ground causing (OGB) to operate

in series with (0G2) relay in the sender. Leads (0G4), (0G5) and (SO) are
/

connected to lead (X) to check for false ground.

With the above relays operated ground from the other five similar
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groups of transmitting and checking relays goes thru the make contacts on

(OGrC ) , (OGB ) and (OGS) relays to operate the (RL) relay which grounds the (RL)

lead to the sender causing the sender to look up its selection registers and

release the decoder.

The time required for translation due to the decoder alone is equal
*

to the sum of the following relay operations

(1) Simultaneous operation of all register relays

(2) Operation of (CKl) relay

(3) Simultaneous release of unused register relays
,

(4) Operation of (CK2) relay

(5) Simultaneous operation of an (H) and a (T) relay

(6) Operation of a route relay

(7) Simultaneous operation of transmitting relays

(8) Simultaneous operation of checking relays

(9) Operation of (RL) relay

Added to the above times are the times of connection and discon-

nection due to the sender and connector circuits. Altogethfer the total time

required for decoding is about 0.3 second, which is remarkable when it is

considered how thoroughly the decoder performs its duties.

THE TROUBLE INDICATOR

In the foregoing paragraphs there was mention of trouble being en-

countered resulting in a trouble release signal being transmitted to the

sender. In case of trouble it is important that the maintenance operator be

informed of its existence and given as much information as possible of its

nature in order to expedite the work of locating and correcting it. Since

there are only six decoders in an office it is desirable to keep them in

service as much a3 possible. In order then to keep the decoders in service

andalso to record troubles encountered the trouble indicator has been develop-

ed. When a decoder gets into trouble the trouble indicator receives a signal

causing it to connect to the decoder and record the following information

about the call.
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1. The number o? the decoder

2. The number of the sender

3. The number of the office code

4. The lead or leads on which trouble occurred

The maintenance operator will hear an alarm causing him to record
. % .

the above information and release the indicator so as to make it available

for further service. Analyzing the trouble he will test' either the sender

or the decoder or both if necessary in order to reproduce and locate it.

NOTE: It should be noted that in certain cases the relays as shown

in the figures carry spring combinations which cannot be ob-

tained on a single nR TT type relay but represent the switch-

ing of leads which must be obtained.
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TARDM OPERATIONS

In many cases it is not economical to provide direct trunkc between

one office and all other offices in the area served by a panel system, in which

case traffic to a group of offices is routed over a common group of trunks to a

tandem point. "Tandem" ordinarily means "in series", and, altho all local and

interoffice calls originating or terminating in a panel offioe employ various

equipment and oirouit units in series, the term "tandem" as used in this chapter

does not include such connections. It applies only to those connections or that

traffio which is routed out of the originating office over trunks whioh terminate

at an intermediate office, at which some manual or mechanical operation is nec-

essary in selecting a trunk from the intermediate to the terminating office,

over which the call can be completed.

Tandem trunks may be selected by district selectors in the originating

office and terminate on 2-wire office selectors at the tandem point; or they may

be selected by either a district or a 3-wire office selector in the originating

office and terminate, - (1) as tandem RCI trunks in a Manual Tandem office, (2)

as tandem RCI trunks in a Semi-Mechanical Tandem office, or (3) as tandem trunks

connected to tandem district selector circuits in a meohanical tandem office.

Figure 1 illustrates the equipment involved in completing the various types of

tandem connections. Sinoe calls completed thru Manual Tandem offices have been

considered in the chapter on "Relay Call Indicator" equipment no further con-

sideration will be given to the equipment and operations involved in handling

this traffic.

Two-Wire Office and Repeating Incoming Selector Circuits

The office selector circuits which have been considered in the previous

chapters, were 3-wire circuits located in the same building with the district

frames to whose multiple banks they were connected. When it is desirable to use

a common group of trunks to a tandem point in reaching a group of offices, none

of which are so far distant from the originating offioe as to prevent the use of

direct trunks, two-wire office selectors would be installed at the tandem point,

thus permitting completion of the call under direct control of the sender in the
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originating office. A two-wire office selector circuit is made to test busy on

the district multiple sleeve terminal as soon as it has been selected but can

not be controlled over the sleeve conductor as is the 3-wire office selector.

Having been selected on a call the two-wire office selector circuit makes brush

and group selections under control of the sender in the originating office,

selects an idle trunk in the selected group and advances into the ’’Selection

Beyond" position in which it remains until Incoming and Final Selections are

completed, if the call terminates in another panel office, or until RCI pulses

have been transmitted from the originating sender to an RCI control circuit if

the call terminates at an RCI position in a manual office. In either case it

is necessary that the two-wire office selector circuit know when to advance in-

to the talking position. On a mechanical class call the reversal of current in

the fundamental circuit by the incoming selector circuit when final selections

have been completed operates a polarized relay, in the two-wire office selector,

which is cut-in on the "Ring" side of the fundamental circuit in the "Selection

Beyond" position. On an RCI class call the originating sender transmits a final

heavy positive pulse, after all the pulses corresponding to the office code and

number have been transmitted, so as to operate the polarized relay in the two-

wire office selector. In the talking position the trunk incoming to the tandem

point is connected to the trunk outgoing from the tandem point thru windings of

a supervisory relay in the two-wire office selector circuit. This relay operates

when the talking circuit is established, and its release, when the district re-

turns to normal, causes the return of the two-wire office selector circuit to

normal. Two-wire office selector circuits are provided with a "timing-out"

feature for advancing the switch if the circuit fails to complete selections,

becomes "Stuck" in the "Selection Beyond" position, or fails to return to "Nor-

mal" after the switch has been advanced beyond the "Talking" position*

The use of two-wire office selectors extends the area within which

calls may be completed under control of the originating sender circuit; but

where the trunk loop between the originating and terminating offices exceeds the

capability of the regular incoming and final selector circuits, it is necessary

to use "Repeating Incoming Selector" circuits. "Repeating Incoming Selector"
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circuits are equipped with a speoial commutator, and with an (L) relay of such

extreme sensitivity that it cannot perform the trunk hunting function as does

the (L) relay in a regular incoming selector circuit. In order that regular

final selector circuits can be used on calls through repeating incomings, the

repeating incoming is arranged so that the ( L) relay in the incoming circuit

also controls final selections, the ground pulses from the final commutator

segments being repeated by the incoming to the sender circuit. With these ex-

ceptions Repeating Incoming Selector circuits operate in a similar manner to

regular incoming selector circuits.

The use of Repeating Incoming Selector Circuits is not limited .to

traffic which is routed thru 2-wire office selectors but it is more likely that

trunk loops will exceed the capability of the regular incoming selectors on

traffic which is routed thru 2-wire office selectors than on traffic which is

not so routed. ’’Repeating Incoming Selector" circuits have also been develop-

ed for use on calls incoming from key indicator manual offices.
*

Full Mechanical Tandem

On calls which are completed thru a full mechanical tandem office the

trunks selected under control of the originating subscriber’s sender circuits

connect to tandem district selector circuits in the tandem office. As soon as

the trunk has been selected on a particular call the tandem district selector

circuit to which this trunk connects is selected by a link circuit and connect-

ed to an idle full mechanical tandem sender. The present link circuits are of

the rotary link type, both the trunk finder and sender selector consisting of

1203 type selectors. The link circuits are allotted in rotation by an allotter

which consists essentially of a sequence switch and a number of relays. When

the trunk has been "cut thru" to the tandem sender, the originating subscriber’s

sender transmits such RCI pulses over the trunk as are required to cause the

operation of combinations of register relays in the tandem sender corresponding

to the office code and number of the called line.

Since a tandem point is used in completing calls between offices in a

local area and points suburban to this area, an additional set of office codes

is used for the suburban destinations. To avoid reducing the number of letter
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codes available for local office code use suburban points are given 3-digit

numerical codes, at least one of the 3 digits being either an "0 n or a "1".

(These codes are the same ones used by the nA" position operators in completing

suburban toll traffic even though not routed thru a tandem point*) Since none

of the letters in the local office codes correspond to either an "0" or a nl",

the full mechanical tandem sender can distinguish between letter codes and numer-

ical codes as recorded on the tandem code register relays by the incoming RCI

pulses. An additional set of translator frames is provided for the translation

of the numerical codes and each sender has access to translator brush rods on

both letter code translator frames and numerical code translator frames. On each

call the sender uses a translator which corresponds to the kind of tandem code

registered. Three-digit translation is thenjmade as controlled by the combina-

tion of the tandem code register relays which have been operated* The tandem

sender causes the tandem district (and office selector when used) to make such

selections as are required. When the called office is a panel type office the

tandem sender completes the connection as a mechanical class call, and when the

called office is manually operated the call is completed as an RCI class call.

A 3-wire or 2-wire office selector circuit may be used in completing the call and

in some cases the call may be routed to a second tandem point. The tandem dis-

trict circuit repeats supervision between the calling and called offices. Tan-
' *

dem operation is not limited by the capability of the panel type selector cir-

cuits when the tandem points are equipped with tandem senders, but is limited by

the standard of transmission to be maintained, and by the ability to arrange for

the repeating of supervision at the tandem points between the calling and called

offices.

Semi -Mechanical Tandem Office

The present Metropolitan Toll office is equipped for both semi-mechan-

ical tandem and full mechanical tandem operation. Calls incoming from manual

offices over call circuit or straightforward trunks are handled at semi-mechani-

cal positions which are similar in some respects to Cordless B positions and in

some respects to semi -mechanical type panel system "A n positions. An incoming

trunk terminates on a cordless district circuit which is selected by the trunk
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finder of a link circuit and connected to an idle sender circuit, the sender

being selected by the sender-selector part of the link. The link circuits,

which are of the panel link type, are allotted in rotation by an allotter cir-

cuit which consists essentially of a sequence switch and a number of relays.

The key set provided is similar to the key set at a semi-mechanioal type panel

system MA" position except that the office code keys are replaced by co-ordinate

keys and a chart which informs the operator what oo-ordinate keys (one vertical

and one horizontal) should be depressed, in addition to the numerical keys, to

reach any particular office. Two key oontrol oirouits are provided for con-

trolling registration in the sender according to the keys depressed. The sender

circuit makes translation in a similar manner to that in which a subscriber’s

three-digit sender makes translation. The connection is completed under control

of the sender as required for the class of call involved.
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I

MISCEJ.TAWEOUS FRAME AND DESK EQUIPMENT

As in the manual office, so too in the Panel system office, it is

necessary to provide a number of miscellaneous desks and frames. Some of this

equipment is similar to that used in a manual office. Equipment, which is used

for maintenance and the clearing of trouble, inoludes an outgoing trunk test desk,

sender monitor positions, chief switchmen’s desk, switchmen’s desks, local test

desk, repair clerk’s desk, and desk sender frames; that used for the automatic

indication of trouble or irregular operation inoludes floor alarm boards, aisle

pilot lamps and alarm bells; and that used for traffic supervision includes a

chief operator’s desk, assistant-chief operator’s desk, and a service observing

desk. A traffic register rack equipped with message registers is furnished for

the automatic registration of traffic handled by the various groups of equipment.

SENDER MONITOR EQUIPMENT

In most of the offices already installed the sender monitor positions

are combined with outgoing trunk test positions in which case the combined desk

is known as the "trouble desk". It is now the practice to handle the sender moni-

tor work at intercepting positions of the Panel system "A" board where the larger

operating force insures prompt handling of stuck sender calls at all hours of the

day or night. The new method is the one considered in these notes.

Equipment Located in Panel System "A" Board

The following circuits are located on the sender monitor positions of

the Panel system "A" board.

Sender Monitoring Giroults . There is a talking jack, stuck sender

lamp, and priming jack located at the sender monitor position for each sender. A

"no-coin" lamp is provided in addition for each coin sender. A steady stuck

sender lamp indicates that the sender has been made busy by inserting a make-busy plug

in the make-busy jack, located at a "sender make-busy frame”; a flashing lamp in-

dicates a stuck sender or a partial dial condition# A steady no-coin lamp indi-

cates that no coin has been deposited on a call which requires that a coin be de-

posited* The stuck sender and coin lamps are associated with a separate night

alarm circuit from the one associated with the regular panel and night alarm
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circuit at the other Panel system "A” positions. These lamps and talking jacks

are the ones which were mentioned in Chapter XTV.

Coin Control Monitoring Circuits - There is a talking jack, a lamp, and

a priming jack located at the sender monitor position for each coin control cir-

cuit. The lamps are associated with the same buzzer and night alarm key as is

provided for the sender monitoring circuits. The steady lamp indicates a trouble

condition in the coin return position and a slow flash indicates a trouble con-

dition in the coin collect position.

Permanent Signal Holding Trunks - The permanent signal holding trunks

from the district multiple terminate at the sender monitor position of the Panel

system "A" board, there being a jack, lamp and disconnect key per oircuit. These

lamps connect to the regular panel pilot and night alarm circuit in the Panel

system ’’A” board. A lamp and key associated with the permanent signal trunk over*

PS
flow oircuit are mounted in the piling block and marked qyjt • The lamp lights

whenever all of the permanent signal trunks from a group of frames are busy. Op-

eration of the key extinguishes the lamp.

Plugging-Up Circuits - If the sender monitor operator is unable, on a

permanent signal condition, to get the subscriber to replace the receiver on the

hook, or if either a permanent signal or a stuck sender condition is due to

trouble on the subscriber’s line, the machine switching equipment connected there-

to must be released for service; but the line must be held so that it will not

originate smother call and so that calls to this line will be intercepted. Such

subscriber’s lines are held by connecting them to plugging-up lines which are fur-

nished for this purpose. The plugging-up lines originate in a jack box at the

M.D.F. and terminate in a bridging jaok and two cut-off jacks at the monitor po-

sition. A patching cord is used in connecting a plugging-up line with a particu-

lar subscriber’s line; a plug on one end of the cord is inserted in place of the

heat coils on the vertical side of the M.D.F. and the plug on the other end is in-

serted in a jaok at the jack box. The plug at the M.D.F. makes separate contact
*

with the line outside and the line inside the office so that one of the cut-off

jacks is connected to the line outside and the other is connected to the line in-

side the office. These jacks are known as the trouble observation and test jack

and the trouble intercepting jaok, respectively. This arrangement also permits
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testing the outside and inside line separately by the use of the test cord which

connects to the local test desk*

Trunks Transferred from Repair Clerk’s Desk - For night service certain

trunks incoming to the repair clerk’s desk oan be transferred by operation of a
*

key so as to oonnect to answering jacks located at the sender monitor positions.

The lamps associated with these jacks connect to the panel pilot and regular

night alarm cirouit in the Panel system "A” board.

All Senders Busy Alarm - A group of lamps for all senders busy alarm

circuits, which are located on the floor alarm board, are multipled at the sender

monitor position; they are not connected with a pilot lamp or night alarm circuit.

Tie Lines to Sender Make-Busy Frame - A tie line is provided between the

sender monitor positions in the Panel system "A” board and the sender make-busy

frame. This line is a two-way automatic circuit terminating at the Panel system

"A” board in an answering jack and lamp for inooming service, and an outgoing
If'

trunk jack for outgoing service. The cirouit terminates in a lamp and key on the

make-busy frame, and a multiple of the line appears at the chief switchman’s desk

and at the outgoing trunk test desk, if specified.

Tie Lines to Repair Clerk’s Desk - The tie lines between the repair

clerk’s test desk and Panel system ’’A" board are all terminated at the sender

monitor position instead of at special service positions, as was formerly the case

in those offices where the sender monitor positions are combined with the out-

going trunk test positions at the trouble desk.

Cord Circuits - The cord circuits used on the sender monitor positions

of the Panel system "Aw board are the same as regular intercepting cords, except

that coin oolleot and return keys are provided when required. One emergency com-

pleting cord is provided for completing emergency calls which come in over a

sender supervisory circuit; the use of this cord connects the subscriber’s line

to a special service operator, but the sender monitor can remain in on the connec-

tion to assist in passing the necessary information to the special service opera-

tor.

Test cords which connect to lines from the local test desk are also

provided at the sender monitor position, and a call circuit is provided between

the sender monitor and test desk so that information may be passed relative to
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the use of the test cords. The keyshelves used at the regular intercepting posi-

tions are modified as required for use by a sender monitor operator.

Equipment Located in Switch Room

A sender make-busy frame is associated with the subscriber* s sender test

frame whioh is located in the switoh room. On the make-busy frame is mounted the

equipment for the following cirouits.

A stuck sender lamp circuit and a make-busy jack for each sub-

scriber *s sender. No pilot or alarm is provided for this cir-

cuit. When a sender is to be made busy a make-busy plug is

inserted in the make-busy jack, thus lighting the stuok sender

lamp at the sender monitor position as was previously described.

All-senders busy alarm cirouits for subscribers* senders with

whioh are associated aisle pilot lamps and a sender alarm bell

whioh rings steadily; additional pilot lamps are located at the

floor alarm and main alarm boards.

Tie line and talking circuits to other desks.

The equipment for miscellaneous cirouits is located elsewhere in the

switch room as follows:

Make-busy jacks for "A** operators’ local tandem and cordless "B"

senders are located on the sender test frames which are used for

testing these senders.

Stuok sender lamps and the all-senders busy alarm circuits for

local tandem senders are located on the local sender test frame.

The stuck sender lamps light steadily regardless of the stage

at whioh the trouble condition occurs. An audible signal is op-

erated when any one of the sender lamps is lighted. When a

make-busy plug is inserted in the make-busy jack the alarm is

retired* If any sender becomes stuck the alarm again operates.

Miscellaneous alarm pilots are located in the floor alarm board on the

same floor with the chief switchman’s desk, this alarm board being

known as the main alarm board.
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LOCAL TEST DESK

-A local test desk is provided for use in testing subscribers* lines,

outside cable pairs, and switchboard multiple. Where there is more than one of-

fice in a building the one test desk serves all of the units, both manual and ma-
0

chine switching. In some cases this testing is centralized in one test desk for

a part or all of the offices in an area. The desk is made up of as many one po-

sition units as are required to take care of this work. Testing and recording

keys and testing cords are mounted in the keyshelf, while key ended trunks and

jack ended lines appear in the face of the position, A volt-milliammeter is also

mounted in the faoe of each position.

The following key ended trunks are provided, a lever type key and lamp

being associated with each.

One-way trunks from final frames, which provide means for obtaining

a connection to the local test desk through the exchange apparatxis.

Two-way talking lines between local stations and the test desk.

The local stations are regular subscribers* wall sets used by the

maintenance force in talking to the test man at the local and out

going trunk test desks, the lines being multipled to both,

A two-way trunk for use in receiving or originating a call at the

local test desk.

Two-way 3 wire automatic trunks for use in communicating with

the assistant chief operator, chief switchman. Sender Make Busy

Frame, and Trouble Desk,

Two wire automatic trunk line to Toll Board,

Three wire automatic trunk line to Panel system "A” switchboard.

The following key ended trunks terminate on push button type keys:

Trunks for talking on lines that are bridged to other lines, on

which common battery supervision is required.

Trunks for talking on lines that are bridged to other lines, on

which common battery supervision is not required.
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Trunks to other test desks (private line system).

Trunk lines to "B** supervisor* s sets in manual central offices.

The following test lines are provided at the looal test desk with each
\

of which is associated a jack, a lamp with a red cap, a lamp with a white cap,

and a key.

Test lines to incoming test selectors located on a regular incoming

frame for use in testing subscribers* lines. To make a test the

plug of a test cord is inserted in the jack, the number of the line

to be tested is written up on the numerical recording keys and the

sender associated with this cord oauses the line to be seleoted.

Voltmeter tests are then made by the operation of the various test

keys. These trunks are mnltipled before each position; the red

lamp is a busy lamp which lights at all positions except the one

at whioh a plug is inserted, and the white lamp is a supervisory

lamp whioh lights when the plug is withdrawn from the jack after

connection has been established. The disconnect key is operated

when the test man is ready to release the connection.

Test lines to sender monitor positions for use in connecting the

test cords at the test desk to the plugging up lines located at

the sender monitor positions.

Test lines from district or office multiple whioh are selected

when a speoial code is dialed by an outside trouble man on a line

whioh he wishes to have tested. The subscriber* s line is tested

thru this oonneotion.

Two test lines to the MDF used in connecting to the subscribers*

lines at the vertical side of the MDF. These lines terminate in

a jack box at the MDF and are connected to subscriber’s lines by

a patching cord; the plug at one end is inserted in a jack in the

jack box and the plug at the other end of the patching cord is

inserted in place of the heat coils making separate connections

with the line outside the office and the line inside the office.
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The test line terminates at the test desk in a bridging jack for

listening and two cut-off Jacks; one of the cut-off jacks is known

as a trouble observation jack and connects thru the test line and

patching cord to the line outside the office, while the other out-

off jack is known as a trouble intercepting jack and connects to

the line terminals inside the office.

Two test lines to MDF and IDF for detecting intermittent trouble.

Each line originates in a plug at the MDF which is inserted in

place of the heat coils, in a plug at the IDF which connects to

the line sleeve lead, and in a clip on the line finder frame for

connecting to the armature of the line relay. The line terminates

on the test desk in a bridging jack and two cut-off jaoks with

which are associated three lamps and two keys. A lighted red lamp

indicates that the subscriber’s line is busy, a lighted green lamp

indicates a ground or cross on the outside, and a lighted white

lamp indicates a ground or cross inside the office. One key is

used to monitor on a line while the other key is used to distinguish

between an individual line and a line of a P.B.X. group.

The following equipment is provided in the keyshelf of local test desk

positions:

Call circuit keys for connecting the test man with operators

at the Panel system ''A" board.

Ringing keys, for ringing on the primary test cord and for

ringing on the secondary test cord.

A primary test cord, which is used in making ground, foreign

battery, resistance, talking, ringing, transmission, coin collect,

line insulation breakdown, and loop tests requiring the use of a

Wheatstone Bridge.

A secondary test oord which is arranged for making only those

tests which do not involve the use of the volt-milliammeter and

Wheatstone Bridge and which is arranged for applying machine

- 146 -



Course A-132
Chapter XXIII

ringing, the howler, dial test and the sounder. The primary and

secondary test desk cord circuits can be interchanged, with re-

spect to the cords, by operation of a test oord interchange key

"X".

A sounder cord whioh is used to show intermittent ground, short-

circuit, or open conditions on a line* When trying to locate an

intermittent short circuit or ground the cord is connected, to

the line under test in such a maimer as to oause the operation of

a sounder (or buzzer) when a short circuit or ground comes on the

line; and when trying to locate an intermittent open, the cord is

connected to the line in such a manner as to oause the operation

of the sounder (or buzzer) when the line goes open.

A Wheatstone Bridge oord and cirouit, which is used in making

Murrary and Varley loop tests is controlled by keys which set up

the cirouit conditions for either of these tests.

A howler key, whose operation applies a graduated howler tone

to the line into which the secondary test cord is plugged.

A dial test key, whose operation connects the secondary test cord

with the dial test apparatus. The "dial tester" is wall mounted

and is used either from the local test desk or directly from a

subscriber’s line over a special test line from the district or

office multiple. A dial tone is transmitted to the subscriber’s

station as soon as the test apparatus is ready to reoeive pulses

and after the pulses have been received a tone is transmitted to

indicate the results of the test. The tone thus transmitted in-

dicates either a slow, an "O.K.", or a fast dial.

An insulation breakdown test key, whose operation applies a 200

volt breakdown potential. The maximum voltage is applied and re-

moved gradually.

DESK SEMPER FRAME

A desk sender frame is provided whioh has spaoe for mounting the ap
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paratus associated with seven test desk senders and seven howler circuits which

includes sequence switches, power driven interrupters, 200 type selectors, re-

tard coils, relays, resistances, condensers and a fuse panel. The sender re-

ceives the registration from the numerical recording keys at the test desk posi-

tion and controls incoming and final selections.

OUTGOING TRUNK TEST DESK OR TROUBLE DESK

An outgoing-trunk test desk is provided primarily for testing outgoing

inter-office trunks and for making these trunks busy, when out of service. The

desk is made up of as many two position sections as are required to take care of

this work, the outgoing trunks being multipled to test and make-busy jacks in

the face of the desk. The test equipment is essentially the same as that at the

local test desk, which has already been described. The tip and ring conductors

of each trunk are connected to the test jack and the sleeve conductor is con-

nected to the make-busy jack. Where a trunk distributing frame is used these

jacks are wired to this frame but where the outgoing trunks are wired directly

from the selector multiple to the horizontal side of the MDF the Jacks are also

wired to the MDF. Designation strips indicate the district or office bank to

which these trunks are connected and on what frames they are multipled.

Key ended talking lines provide for communication with the local test,

repair clerk’s, chief operator’s, and switchmen’s desks, with local station

telephones, and with the various equipment frames; two of these lines may be

associated with each key. Two-way trunk lines are furnished for originating

calls from and completing calls to the O.G.T. desk thru the regular Panel system

equipment. Test desk lines are also provided directly to the test desks in dis-

tant offices.

REPAIR CLERK’S DESK

A repair clerk’s desk is provided adjacent to the local test desk for

handling trouble reports from subscribers. A card file is located at this desk

in which there is a card for each subscriber’s line. On the card is recorded

the cable pair and termi nal box data, the date of installation, all troubles re-

ported concerning the line, and their disposition. The lines terminating at a

repair clerk’s desk are key ended, leaving the desk space free for writing up the

trouble tickets and making the records on the cards. The circuits provided in-

clude:
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Lines from district or offioe multiple which are selected when a

subscriber dials the repair clerk's code 611.

Lines from final and line finder frames whioh provide for communi-

cation both to and from the repair clerk's desk through the regular

exchange apparatus.

Two-way tie lines from the sender monitor positions, outgoing

trunk test desk, speoial service operators’ positions of the

Panel system "A" board, and the commercial offioe.

An operator's telephone circuit to which any line is c<|nnected

by operation of the individual trunk key.

TRAFFIC DESKS

The traffic desks in a panel machine switching offioe are an assistant

chief operator's desk and a chief operator's desk. In some cases only the as-

sistant chief operator's desk is furnished.

The assistant chief operator's desk is a flat top double sided desk on

which is mounted a turret arranged for key ended and jack ended trunks on both

front and rear. Two-way key ended lines are multipled to both sides of the tur-

ret for use by the assistant chief operator on one side and the clerk on the

other side in establishing and receiving calls. These lines include trunks from

the final frame, local test desk, outgoing trunk test desk, sender monitor posi-

tions, chief operator's desk. Monitoring lines to Panel system "A" and cordless

"3” operators and supervisors are jack ended either on one or both side of the
/

turret. Each side of the desk is provided with a telephone circuit, a monitor-

ing cord, a flashing key, a transmitter cut-out key, and a key for connee'ting the

monitoring cord to the telephone circuit.

The chief operator’s desk is a single or double sided flat top desk on

which is mounted a small key box. Two lines from the final multiple, one line to

the assistant chief operator, and one monitoring line from the assistant chief

operator are provided, together with a telephone set and circuit.

SERVICE OBSERVING- DESK

A service observing desk is provided in a machine switching office for
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use by the Traffic Department in making observations on calls in determining the

quality of service being rendered by the offioe. The service observer can follow

the progress of a call from the time it is originated until the connection has

been released. The desk is an ordinary flat top desk on which is mounted a tur-

ret containing the lines and supervisory signals* operator's telephone circuit

and oontrol keys. It has a capacity of sixty servioe observing trunks which ter-

minate in a jack box at the IDF; 40 are used for observing on subscribers’ lines

and the other 20 may be used for observing on miscellaneous trunks. Any sub-

scriber’s line is connected to one of these trunks by the use of a plug-ended

patching cord, the plug at one end being inserted in a jack at the jack box and

the plug at the other end being attached to the line terminals on the vertical

side of the IDF. When a call is originated on one of the subscriber’s lines,

which are connected to these trunks, it is automatically connected and locked in
/

on the operator’s telephone set. The other lines are locked out until the

calling subscriber replaoes the receiver on the hook. A pen register is provided

for recording the dial pulses received, so that the number actually dialed by the

subscriber can be determined and errors in the manipulation of the dial can be

checked. When it is evident that an error has been made by the machine switching

equipment the connection can be held, by putting a bridge across the line. Pro-

vision is also made for talking with a subscriber who has encountered difficulty

in making a call.

TRAFFIC REGISTER RACK

A unit type traffic register rack is provided on which are mounted the

traffio registers used in full mechanical equipments to record the traffic

handled by groups of line finder, sender, office selector, incoming selector, and

final selector circuits; these registers are known as "group” registers. Other

registers known as "all trunks busy" or "overflow" registers are provided for in-

dicating the frequency with which a selector finds all trunks busy. On the rack

is mounted such relay, key, fuse and terminal strip equipment as is required for

the register circuits.

SWITCHMEN’S DESKS

A chief switchman’s desk is provided for each office, and an additional

switchman’s desk is provided on eaoh floor having machine switching apparatus.
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The chief switchman’s desk is a flat top, single position desk with drawers on

each side; it is equipped with a telephone circuit and a turret in which are

terminated key ended talking lines for use in supervising the maintenance men

and for establishing connections through the exchange apparatus. The switch-

men* s desks are small, single sided, single position desks used in making records;

they are equipped with a telephone circuit and such lines as are required for

communication with the chief switohman’s desk, other switchmen’s desks, the out-

going trunk test desk, and sender make-busy frame. The chief switchman’s desk

is usually looated near the outgoing trunk test board.

Floor Alarm Boards

The present standard arrangement of alarm boards locates one or more

bays of floor alarm board on each floor having machine switching equipment ex-

cept the floor that is occupied by the power apparatus. On the floor alarm board

are located the alarm lamps which light whenever there is some portion of the

machine switching equipment which requires attention. These lamps are associ-

ated with fuse alarm, time alarms, motor stop alarms, motor transfer alarms,

pulse machine alarms, ringing machine and "pick-up" alarms when the ringing ma-

chines are not located on the same floor with the power equipment, cordless "B"

position emergency alarms, automatic routine test circuit alarms, and an aux-

iliary night alarm.

’.Then one of these alarm circuits is operated a lamp at the floor alarm

board lights and an alarm bell rings attracting the attention of a switchman.

The alarm bells for ringing machine and pulse machine troubles are D.C. single

stroke gongs, while the alarm bells for practically all other kinds of trouble
y

are A.C, ringers. The lamp indicates what kind of trouble is causing the alarm

(whether a fuse has been blown, a motor stopped, a selector stuck, etc.) and in-

dicates the location of the trouble.

On each of the floor alarm boards there are floor pilots so that the

operation of an alarm on any floor lights the corresponding floor pilot lamp on

all floors. One of the floor alarm boards is known as the main alarm board and

it has additional supervisory lamps for all of the floors which indicate the

nature of the trouble which has caused the lighting of one of these floor super-

visory lamps. The operation of an alarm on any floor also causes operation of
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the audible alarm at the main alarm board. With this arrangement the chief

switchman knows on what floor a trouble is located, what kind of a trouble it is,

and knows the promptness with which the switohman on that floor responds to the

alarm.

An audible alarm switching circuit is provided for connecting the

audible alarm on one floor in multiple with that of the floor above, so that,

when one switchman is taking care of two or more floors, the operation of an alam

on any of these floors will signal the switchman no matter on which floor he may

be. The switching keys are located at the main alarm board and the circuit is so

arranged that the operation of either an AC or a DC alarm on one of the floors

lights the corresponding pilot lamp at each of the floors so grouped. The floor

pilots previously mentioned indicate on which of the floors a trouble exists.

Aisle pilot lamps and audible alarms are provided to further assist the

switchman in locating the equipment which is in trouble. A red aisle pilot in-

dicates a fuse alarm, a white aisle pilot indicates a selector, link or trip cir-

cuit time alarm, a green aisle pilot indicates a Coin Control or Start circuit

time alarm, and a yellow aisle pilot indicates a test frame time alarm. The

audible alarms associated with the aisle pilots are A.C. ringers, each located

near the equipment with which it is associated; there is a different ringer for

each of seven alarm circuit groups which are: (1) Link Circuit Fuse and Time

Alarms and Start Circuit Time Alarms, (2) Line, Trip and Start Circuit Fuses, (3)

District and Coin Control Frame Alarms, (4) Sender Frame Alarms, (5) Office Frame

Alarms, (6) Incoming Frame Alarms, and (7) Final Frame Alarms. Miscellaneous

equipments such as test frames, RCI make busy frame, etc., are connected to the

aisle pilot audible alarm of the equipment nearest to which they are located. In

general the fuse alarm oauses continuous operation of the audible ringer and a

time alarm causes operation of the ringer under control of the ringing machine in-

terrupters.

Individual frame or individual circuit lamps indicate the particular

frame of a group or the particular circuit on a frame which requires attention.

Start and Trip circuits have individual alarm lamps, the various frames have in-

dividual time alarm lamps, and there is a frame pilot lamp on each frame fuse

panel, all of which assist the maintenance force in locating the cause of an

alarm.
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The fuse alarm lamps on the floor alarm boards are associated with line

finder, link, district, sender, office, incoming, final and all other individual

frame fuse panels, and with pulse machine power distributing and miscellaneous

fuse panels. An operated fuse on one of these panels gives a visible indication

that it has operated; as a result of its operation a frame fuse panel lamp lights,

the aisle pilot lamp lights, the aisle pilot alarm bell rings, the group pilot

lamp lights at the floor alarm board, the floor alarm bell rings, the floor pilots

light on all of the floors, the main alarm pilot lamp lights and the main alarm

bell rings.

The time alarm lamps are associated with trip, start, link, line finden-

distriot, and automatic testing circuits. When any one of these cirouits fails

to oomplete various portions of its normal operation within certain allowable

times, as measured by power driven interrupters, the time alarm associated there-
V

with is operated.

When a frame motor stops and the alarm is operated, a frame make-busy

relay also operates making all of the circuits, driven by this motor, test busy.

When the outside power supply is out off from a particular frame motor or pulse

machine motor but has not failed in the whole offioe the motors so effected are

transferred to the storage batteries and the corresponding individual motor trans-

fer alarm lamps at the floor alarm board are lighted. In case of a total outside

power failure a power service master switoh operates lighting a lamp a* the mam

alarm board, in addition to the alarm at the power alarm cabinet and although

each motor is transferred to the storage batteries as before mentioned the in-

dividual motor transfer alarm lamps at the alarm boards do not light.

The pulse machine fuse and battery alarm circuit is arranged so that the

operation of a pulse lead fuse, a battery cross, or a timing lead failure lights

the corresponding lamp in the floor alarm board, lights a pilot lamp in the main

alarm board, and operates auxiliary signals at the floor alarm and main alarm

boards. These alarms are released after the trouble condition has been removed

by the operation of. a release key.

When the ringing machines are not on the same floor as the power alarm

cabinet the failure of the ringing generator voltage, failure of the machine ring-

ing current, failure of coin control current, failure of high or low tone, or a
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trouble ground on any of the "pick-up” leads lights corresponding alarm lamps at

the floor alarm board; pilot lamps are lighted at the main alarm board and at

the power alarm cabinet and auxiliary signals are operated at the floor alarm

board, the main alarm board, and at the power alarm cabinet*

Each machine switching ”B” operator is equipped with an emergency key

to be operated when the position is out of order. Operation of the key lights

lamps at the main and floor alarm boards calling maintenance men to the position

and to the cordless "B" frame equipment associated with this position. When the

key is restored to normal the lamps are extinguished and the alarm bells are

silenced.

When an automatic test circuit is blocked on account of locating a

trouble or on account of failure within itself "Test Frame" alarm lamps are

lighted at the floor alarm and main alarm boards, the associated aisle pilot

lamp is lighted and the various audible alarms are operated.
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ROUTINE TESTING

It is essential that the equipment in a maohine switching office be

kept in proper working condition. The amount of apparatus used and its complex-

ity multiplies the opportunities for trouble in a panel office as compared with

a manual office. To find defective apparatus before it has caused failure is

the main purpose for whioh Routine testing equipment is provided. This equip-

ment is of two general types. Portable and Automatic.

Automatic Routine test circuits are arranged to select and test, one

after another, all of the circuits in any group. The particular circuit under

test is made busy during the time it is being tested, and is put through all or

a part of the operations which it would normally make on a regular call. Each

step of its progress is checked and if the circuit is found to be in good condi-

tion, it is released and the test circuit advances to the next circuit in the

group. In case the circuit fails to properly complete any particular step, the

test circuit stops the test, gives an alarm, and indicates the nature of the

trouble encountered. Automatic routine test frames and circuits are provided

for "routining" the groups of all major circuits, namely. Sender Circuits, Dis-

trict, Office, Incoming and Final Selector Cirouits, and for testing the Pulse

Machines.

Portable test circuits are provided for use in testing groups of cir-

ouits which are not large enough or complex enou$i to warrant providing automatic

equipment, and for use in making auxiliary tests on the equipment for which auto-

matic test equipment is provided. This type of equipment, which is also known

as "Manual Routine test" equipment is made up in the form of test boxes $nd test

wagons. The wagon type tost circuits include an "Office, Incoming, and Final

Selector Test Circuit", a "Subscriber’s link test circuit", a "Two-Wire office

selector test circuit" and a "Subscriber’s" line test circuit". The box type

test circuits include a District Selector test circuit, a "B" position Incoming

Selector test circuit, a Coin Control test circuit, a 200 type Selector test

circuit, a Message Register test circuit, a "B" position key unit test circuit,

a tripping relay adjusting test circuit, a Patching Cord test circuit, and a
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35-C test circuit which is used in testing and adjusting relays and other appara-

tus by the current flow method.

A cord test circuit is provided for testing the oords at the panel

system "A” board, the equipment being mounted on a frame in the switchroom but

it is non-automatic in operation. The circuit is multi pled to test Jacks at the

”An board and each cord can be inserted in these jacks.

Routine test equipment is designed to function properly when the vol-

tage is maintained between 48.5 to 50 volts, so as to approach as closely as

possible to making current flow tests which are no more severe than test values

and no easier than worst circuit conditions. Tests made when the voltage is not

maintained within these limits do not give a fair indication of trouble condi-

tions.

Testing Subscriber’s Senders

The sender test circuit is used either for routining all the sender in

an office or for locating a particular trouble that has been reported on a parti-

cular sender.

It is necessary that sender routine testing equipment be driven at

practically a constant speed and a specially designed 48-volt DC motor is used on

sender routine test frames. The motor is driven from the exchange battery and

contains a speed regulating device by which a praotically constant speed is main-

tained throughout a voltage variation of from 45 to 50 volts.

The apparatus for a sender test circuit is mounted on a subscriber’s

sender test frame as shown in Figure 1. Figure 2 shows schematically the means

for connecting the test circuit to the various sender circuits. The test frames

are essentially the same for two, two-three, and three digit sender test cir-

cuits. Six leads from each sender, T, R, SC, FT, FR and TL are connected to

sets of terminals on 200 type selectors mounted on the test frame; 18 senders

(from 3 frames) are connected to each one of the selectors, which are known as

selecting swit ohe s , there being as many selecting switches as are required to

take care of all of the senders in the office. The leads from the six brushes

of each selecting switch are in turn connected to sets of terminals on a master

switch (200 type) whose six brushes connect to the T, R, SC, FT, FR and TL leads

in the test circuit. The leads from each sender are the same leads which are
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multi pled on the sender multiple banks on the panel link frames, except that the

TR lead is replaced by the TL lead so as to permit the testing of a sender which

has been made busy at the sender make-busy panel. The operation of a Stepping

key associated with the master and selecting switches connects the test circuit

to any particular sender. When routing all senders these switches advance auto-

matically from one sender to the next after each test is completed; when all

senders have been tested the selectors return to normal and a lamp lights to in-

dicate that the tests have been completed, unless a key has been operated which

causes the test circuit to repeat the tests on all senders in the group.

Normally only one type of test call (meohanioal class. Direct RCI

class. Operator Class, etc.) is made on each sender when "routining". Having

operated the keys which control the tests which are to be made, the operation of

a Start key begins the testing on the first or any particular sender. When the

test cirouit connects to a sender it makes a preliminary test to determine

whether or not the sender is busy and is arranged to do one of three things if

it finds the sender busy. First, it may immediately pass-by the busy sender;

second it may wait a certain period of time, and then pass by if the sender has

not become idle within this time; and third it may wait and if the sender does

not become idle within a certain length of time operate a time alarm. As soon

as a sender is selected for test and is found idle, the test circuit makes it

busy to regular service and then proceeds with the cycle of tests to be made.

The test circuit contains apparatus which produces interruptions corresponding

to dial pulses and transmits them to the sender so as to set the offioe code and

numerical registers; it contains apparatus for duplicating the operation of the

district, office, incoming and final selectors on a mechanical class test, or of

the district, office, RCI trunk, and RCI control circuits on an RCI class test;

and it contains means for checking the correctness of each step, means for giving

an alarm when trouble is encountered, and means for indicating the nature and

location of the trouble. The number of counting relays operated in the sender

for each selection is checked by a set of counting relays in the test cirouit,

both sets being operated by the same pulses supplied by the test circuit. Pro-

vision is made for testing under maximum or minimum line or trunk loop conditions.

After a trouble has been found and recorded, operation of one key restores the
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time alarm circuit to normal and operation of another key advances the test. By

operation of a repeat key the test will be repeated on the same sender until the

key is released. The operation of the repeat key together with the operation of

another key causes four single tests to be made successively on each sender.

Testing wAn Operators and Local Senders

The test circuit and the test frame, on which the apparatus is mounted,

for testing "A" operators and local tandem senders is very similar to that used

in testing Subscriber's Senders. Since the number of "A” and Local Senders is

not large, only one test circuit is furnished. The senders are selected for test

by means of master and selecting switches. Two control keys are provided, one of

which is operated when an "A" (or suburban) sender is to be tested, the other

being operated when a local tandem sender is to be tested. Since dial operation

does not have to be duplicated, the means for simulating dial pulses is replaced

by apparatus for duplicating the setting of the "A" operators' recording keys,

and by apparatus for duplicating the sending of RCI pulses into the local tandem

sender. On this frame are located the "A" and local sender make busy Jacks as

described under "Sender Monitor Positions" in a preceding chapter. Lamp and key

equipment is provided for supervision and control, as in the subscriber's sender

test circuit.

Testing "B" Senders

The apparatus included in a "B" sender test circuit is mounted on a "B"

sender Test Frame. A sender selector located on a "B" sender and link frame is

used in connecting to any one of the senders in the group. This sender selector

is known as a test selector and cannot be used for regular service. The n B"

sender test circuit is much simpler than the subscriber's sender test circuit, as

the cordless sender is much simpler than the subscriber's sender. It is arranged

to set up numbers in place of those set up at a cordless "B" position on a regu-

lar call and transmit them to the sender being tested. A set of counting relays

checks the operation of the sender counting relays, both being operated by the

same- pulses from the test circuit. Lamp and key equipment provides for super-

vision and control of the test circuit.

Finding a Stuck Sender and the Associated District

When a sender becomes stuck it should be located as soon as possible
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so that the defective apparatus can be made busy and the other apparatus connect-

ed thereto be released for regular service* To this end a "link finder frame"

is provided on which are mounted a number of "link finder selectors" (200 type).

One lead from each link circuit terminates on a bank of one of these 200 type

selectors. Five of the arcs on a selector are used for this purpose so that 100

links conneot to each link finder bank. When a sender is stuck and the ticket

which is made out by the sender monitor has been passed to the maintenance force,

a switchman operates a start key associated with the group of senders, in which

the particular sender is included. The 200 type selectors associated with this

group begin to rotate, testing the terminals of each of the 5 arcs; if a perman-

ent ground is found on any terminal the selector stops and lamps are lighted

which indicate the selector and terminal number at which this ground was found.

A translation chart tells the switchman where the link circuit is located. The

start key is again operated and the selectors return to normal, testing the re-

maining terminals in so doing. After locating the link connected to the stuck

sender, the switchman makes busy whatever portion of the equipment (sender, link,
. *

district, office, incoming or final) is defective and releases the remaining
%

equipment for regular service.

Testing Line Finder - District Selector Circuits

One District Selector Test Frame and circuit is furnished for every

1600 line finder - district selector circuits in an office and, when two test

circuits are required, they both have access to all line finder - district cir-

cuits in the office. The means for connecting the test circuit to the various

line finder - district circuits to be tested, and to the Start, Trip and Test

line circuits which are associated with the various line finder and district

frames, is shown schematically in figure 3.

The line finder-district circuits are divided into groups of 400 for

test purposes and a master switch (200 type) directs the test circuit to any one

of these groups. The six leads, T, R, SC, FT, FR and TR which connect to the

district multiple on the panel link frame are also multi pled to the terminals of

200 type connector switches. There is one connector for every 20 line finder

district circuits and there are therefore 20 connectors for each of these groups

of 400 circuits. Associated with each group of 20 connectors is a set of 4 group
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conneotors (200 type) of which one arc is used for connecting the test circuit to

the originating test line terminals on the various line finder frames, one arc is

used for connecting to the regular Start circuits, one arc is used for connecting

to the Trip magnets associated with the banks in which the originating test line

terminals are located (the first set of terminals in the first bank on each line

finder frame is used as the originating test line), and one arc is used (togeth-

er with relays) for connecting the T, R, SC, FT, FR and TR leads to the six

brushes of each of the 20 connectors associated with the 400 line finder-district

circuits that are in one group as controlled by the master switch; of the remain-

ing arcs in each set of 4 group connectors, certain ones are used for synchroniz-

ing the advance of the 4 group connectors.

The tests to be made are controlled by locking keys so arranged that

any one, any combination, or all of the different tests may be made on each dis-

trict circuit in succession. The operation of a start key (ST) is necessary to

start the test on the first circuit but thereafter, the test circuit is advanced

automatically until all circuits have been tested or until a trouble is encoun-

tered, in which case the test circuit is blocked, and an alarm is operated; the

position in which the test circuit sequence switch is blocked and the lighting

of one or more of the supervisory lamps indicates the nature of the trouble.

Before testing any circuit, a preliminary test is made to see whether this cir-

cult is idle or busy; if busy the test circuit may wait for it to become idle in

which case, an alarm is operated after waiting a certain length of 'time, or if a

certain key has been operated, the test circuit will pass by busy districts; if

idle, the link circuit attached thereto is dismissed and the district is made

busy so that it will noi be reselected by any link circuit during the routine

test. This district is then tested as soon as the regular Start circuit is free.

That is, as soon as the Start circuit (on the line finder frame on which is lo-

cated the line finder to be tested) has completed its operation in starting a

call which has already been originated and there are no other lines on this frame

waiting to be started, the test circuit blocks the Start circuit, operates the

Trip magnets associated with the bank in which the originating test line terminals

are located, connects battery thru 250 ohms resistance to the "H'' terminal of the

test line, and then operates the (LF) relay in the line finder-district circuit
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which is being tested. This line finder is driven upward and as soon as it has

passed the tripping zone, the Start circuit is released for regular service. The

line finder should stop on the originating test line terminals. The test circuit

has its own sender which so controls the district selector as to cause the selec-

tion of a set of terminals to which a district selector test line is connected.

There is one of these test lines associated with each test oircuit, the first

connecting to the 91st, and the second to the 92nd, set of terminals on the 5th

bank of the distriot frames unless the test call is completed through an office

selector, in which case the test lines are similarly located on a group of office
%

frames. Both test circuits can be used at the same time but cannot be testing in

the same group of 400 districts.

A portable district selector test oircuit of the box type is also pro-

vided for use in making such tests as are necessary in locating trouble, or for

testing a circuit which has been repaired or adjusted before turning it back in-

to service. Connection is made with a particular circuit at the test Jaok panel

mounted on the individual district frames. A regular sender is used when testing

with this set.

Testing Office Selectors

An automatic routine test circuit is provided for testing 3 wire office

selector circuits, but none has been developed as yet for testing 2 wire office
«

selector circuits. Selectors on district frames are used by the test circuit

(one for each group of trunks, from the district multiple, which connect to

office selectors) in selecting and connecting to the 5 wire office selector cir-

cuits. Figure 4 shows schematically the means for connecting the test circuit

to the various office selector circuits. Regular selectors are used for this

purpose on subscriber’s district frames, but where it is necessary to usb MA T’

operator’s district selectors for this purpose they cannot also be used for

regular service. Usually the first selector on a frame is provided with addi-

tional leads which are wired to the office test circuit when the selector is to

be used as a test selector. The leads from the test selectors connect to the

test circuit under control of connector sequence switches and 200 type directing

switches. An office selector test frame is arranged for one test circuit, 6 con-

nector sequence switches and 5 directing switches. Each connector sequence
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switch provides for the leads from 3 test selectors, and each directing switch

provides the control leads for 20 different brush and group selections in reach-

ing the various groups of trunks which connect to the office selector circuits

to be tested. Thus one frame provides for a maximum of 18 test selectors and

100 different district brush and group selections by these 18 test selectors.

The office selector circuit under test is so controlled by the test circuit as

to cause the selection of an office selector automatic test line. When the

tests have been completed the test circuit is automatically advanced to the

next office selector circuit. The supervisory features are similar to those on

the routine test circuits previously mentioned.

Two-wire office selector circuits are tested by a wagon type two-wire

office selector test circuit which connects to the selector circuits at the test

jacks on the office frames, the trunks being made busy, before test, in the

originating office. The portable wagon type "Office, Incoming, and Final Selec-

tor Test Circuit" is also used in testing three-wire office selectors, the con-

trol keys being operated so as set up the proper conditions for this purpose.

Testing Incoming; Selector Circuits

The means for connecting the incoming selector automatic test circuit

to the incoming selector circuits are similar to those provided for connecting

the office selector test circuit to three-wire office selector circuits. Incom-

ing Selector circuits are therefore tested by the test circuit in the office in

which these trunks originate. An incoming selector test frame is arranged for

one test circuit, 8 connector sequence switches, 8 pair of directing switches,

and 12 final multiple test lines. This takes care of a maximum of 24 test

selectors and provides for 160 different brush and group selections by these

selectors. The test selectors are located on district or office frames, or both,

as required to reach all groups of trunks to incoming selectors. Having been

connected to a particular incoming selector circuit the test circuit caises such

incoming and final selections to be made as are necessary in reaching a final

multiple test line. The final multiple test line, thus selected, controls the

tests for che’cking the ringing and supervisory functions of the incoming circuit.

When the cycle of tests has been completed the test circuit is advanced to the

next trunk. The position in which the test sequence switch is blocked, on a case
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of trouble, together with the lighting of supervisory lamps indicates the nature

of the trouble encountered. The final multiple test line transmits various tones

back to the test circuit according to the results of the tests made by this line.

Provision is made for supervision as in the other routine test circuits previous-

ly described.

The final multiple test line equipment may be mounted on the inooming

selector test frame or may be mounted on a separate "final multiple test line

frame "

.

"B" position incoming selectors are not tested by the circuit just de-

/scribed, since there are no district or office selectors through which they may

be chosen. The circuits to be tested are made busy in the originating office.

A box type "B” position Incoming Selector test circuit is provided which is con-

nected to the circuits to be tested at the individual test jacks looated on the

incoming frames.

The combination "office, incoming and final selector test set" may be

used for making tests on individual incoming selectors; it is connected to the

test jack of the circuit to be tested on the incoming frame. >

Testing Final Selector Circuits

The means provided for connecting the final selector automatic test

circuit to the Final selector circuits are similar to those used by office and

incoming selector automatic test circuits. A final selector test frame (see

figure 5) is arranged for one test circuit, six connector sequence switches, and

five 300 type directing switches, thus providing for the use of a maximum of 18
«

test selectors and for a maximum of 100 different brush and group selections by

these test selectors. Regular incoming selectors of suqh number and location as

is necessary in reaching all final selectors are used as test selectors. The

final selector circuit under test is so controlled by the test circuit as to

select a "final test line" which connects back into the test circuit; two or three

of these test lines are provided so that both Direct and PBX line tests may be

made. The supervisory features are similar to those provided in the other auto-

matic routine test circuits.

The portable "offioe, incoming and final selector test set" may be used

in making tests on a particular final selector circuit by operating the proper

keys. Connection is made to the circuits to be tested through the individual test
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jacks on the final frames.

Testing Subscriber r s Link Circuits

A Panel link testing circuit is used in testing subscriber's link cir-

cuits. This test circuit is of the portable wagon type and connects to the link

circuits by inserting the plug of a test cord into the individual test jacks on

the link frame. Two test lines are associated with each sub-group of links and

when a start key is operated the district finder of the link under test starts

upward. The test lines connect to the last two sets of terminals in the bank.

When the first one of these lines is reached, a relay in the test circuit

operates, putting the most severe busy condition on the first line and putting a

severe idle condition on the next set of terminals. The district finder should

stop on the second line. When the link has also selected an idle sender, a code

is dialed so as to advance the sender far enough to complete the link test. When

completed an "O.K." lamp limits, or if the link fails to ope rats properly the

circuit is blocked; the nature of the trouble is indicated in the usual way.

Testing Pulse Machine

A separate test frame is provided for use in testing pulse machine

leads. The pulse machine automatic test circuit connects to the pulse machine

leads one at a time; it receives pulses to operate register relays while the

pulse machine is in regular service without interfering therewith. If the cor-

rect registration is received the test circuit is advanced to the next sending

drum. The connection to the different drums is made by the rotation of sequence

switches. The six receiving drums are tested each time a sending drum is test-

ed. Failure to operate the proper register relays stops the test circuit and

brings in an alarm. If no trouble is encountered, one operation of the Start

key causes the test circuit to make a complete test of all leads 20 times in

succession before coming to a stop.

Testing Subscriber's Lines

A wagon type test circuit is used in making line and cut-off relay

tests, voltmeter tests, and insulation breakdown tests on subscribers’ lines.

This test set is shown in Figure 6. Special final selectors are used in connect-

ing to the subscriber's lines, the test 'circuit being connected to the final

selector by means of cords and plugs inserted in jacks on the final frame. These
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selectors are used in regular service Then not used as test selectors. The final

selector is driven upward under control of the test circuit to a particular line

or to each line in succession. All of the tests or a particular test may be made

on each line. Lamps indicate the progress of the test.

Certain Other Test Sets

A coin control test set is provided for testing coin control circuits

in offices rendering coin line service on a mechanical basis.

Since a very large number of 200 type selectors are used in a panel

office, a test set has been developed for use in testing and adjusting these

selectors. The tests made include high and low voltage step and running tests.

Tripping relay adjusting sets have been developed for use in testing

and adjusting tripping relays in trunk and incoming selector circuits. These

sets provide for testing the relays on ringing current in such a way that the
*

test is applied when at a certain point in the ringing voltage wave. This is

called the "particular part of the wave" method of testing and insures a very

much more uniform adjustment on tripping relays.
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POWER EQUIPMENT

The telephone power plant consists; (1) of equipment which transforms

the commercial power supply obtainable in the particular area in whioh the tele-

phone office is located into the forms required by the telephone equipment; (2)

of stand-by or reserve equipment for supplying the power when the outside power

supply fails, and (3) of such control equipment as is necessary in distributing

this power and in insuring continuous telephone service. The forms of power

commonly required in a Panel system office are:

Commercial power service (usually 60 cycle alternating current)

at suitable voltages for operating the charging motor generator

sets, the motor generator sets for supplying ringing current,

frame drive motors, regular frame lighting equipment, and for

driving other miscellaneous motors serving both the power and

frame equipments.

Direct current regulated within definite voltage limits for op-

erating signalling circuits, message registers, coin control

circuits, power driven switches, frame drive motors during

failure of the outside power service, and for emergency lighting

equipment.

Direct current regulated within required voltage limits, the

characteristics of which are maintained in such a way as to be

suitable for use in talking circuits.

Direct current interrupted to produce tones for signalling, suoh
l

as dial tone line, busy tone, etc*

Alternating current at 20 cycles per second and within definite

voltage limits for ringing subscribers bells and for other

miscellaneous purposes*

The power equipment in a Panel system office includes storage batteries,

motor generator sets and rectifier units for charging the batteries, motor gen-
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erator sets for supplying ringing and coin control ourrent, drive motors, and

emergency power generating equipment. The control equipment includes generator

switch panels, a main control hoard, a battery control board, battery distribut-

ing fuse panels, a ringing power board motor, distribution boxes, and a power

service board.

Due to its weight, the power equipment has, in the past, been located

in the basement of the telephone building but in recent years and in some cases a

more economical wiring arrangement has been secured by locating the power plant

on upper floors of the building. The storage batteries are located in a battery

room separate from the other power equipment so as to confined the acid spray

during periods of charging. The battery charging equipment is located in a ma-

chine room adjacent to the battery room and a Battery Control Board is usually lo-

cated in the machine room parallel to the wall separating the battery and machine

rooms. Large bus-bars coming through sealed opens in the wall connect the batter-

ies to the switches and fuses on the control board.

Connection between the charging generators and the batteries is pro-

vided by an overhead bus-bar system to which each generator is connected by means

of a vertical riser. A generator control panel is located alongside of each gen-

erator and adjacent to each motor is located a starting compensator. A part of

the equipment used in controlling the charging generators is located on these in-

dividual generator panels and the remainder is located on unit generator and in-

strument panels which are assembled together and called the Main Control Board;

the Main Control Board is usually lined up at one end of the Battery Control

Board.

The ringing current motor generator sets are sometimes located in the

same room with the charging machines in which case the Ringing Power Board may be

lined up with the Main Control Board but in many oases it is found desirable to

locate the ringing machines on another floor of the building and the Ringing Power

Board is adjacent.

The discharge leads carrying the battery current from the Battery Con-

trol Board to various Battery Distributing Fuse Panels are carried by an iron

cable rack of the type used for telephone switchboard cables which terminates

above and at the rear of the Battery Control Board. The Battery Distributing

167



«
Course A-132
Chapter 22T

Fuse panels are located on the various floors of the building near the equipment

frames which are to be supplied therefrom*

STORAGE BATTERIES

Generally speaking, the switching and signalling mechanisms in a Panel

type offioe are designed to operate within a voltage range of from 45 to 50 volts

DC. and the looal talking circuits are designed to operate within a voltage

range of from 21 to 25 volts* To fulfill these conditions 12 cells of the Eleo-

trio Storage Battery Company’s chloride accumulator type are oonneeted in series

to supply the 24 volt load, and 12 additional cells are connected in series with

the first 12 to supply the 48 volt load. Thus, the 12 cells which carry the 24

volt load are known as the 24 volt battery and must be large enough to carry the

ourrent for both the 24 and 48 volt loads; the other 12 cells known as the 48

volt battery earry only the 48 volt load.

Two sets of batteries are provided, the 24 volt batteries being desig-

nated 1-A and 1-B and the 48 volt batteries designated 2-A and 2-B. The oells

are arranged in eight 6-cell groups, 4 groups on each side of a center aisle over

whioh the battery bus bars and leads are supported. The grounded or positive

end of the battery having the oombined 24 and 48 volt load to oarry is located

nearest the battery control board. The 6-eell groups are arranged with their

long dimensions parallel to the battery oontrol board so as to keep the 24 and

48 volt leads as short as possible. Figure 6 will help to visualize the arrange-

ment of the oells.

The plates used in these oells are of rugged construction suitable for

use in standard batteries and are of 2 sizes, G and H. The G plate is approxi-

mately 15” wide and 15" high and the H plate is approximately 15" wide and 30"

high, so that the H plate oan carry twice as much ourrent as a G plate without

occupying any more floor space. The plates are assembled in lead lined wooden

tanks which are of a length sufficient to aooommodate the ultimate number of

plates which will be required; if the load at the time of installation is less

than the ultimate only emf plates are installed as are required to oarry the ini-

tial load, the remaining spaoe being filled by non-active lead alloy displace-

ment tanks.

To avoid the rapid discharge of the battery during hours of heavy
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traffic, one or more charging generators are connected in parallel with the

battery so that the office load is carried by the generators and the batteries

which are said to be "floating" act as voltage regulators and are charged or dis-

charged only in such a degree as is necessary to smooth out the fluctuations in

load and voltage. In offioes where the load is fairly heavy even in the light-

hour periods the batteries are floated over the 24 hour period this being known

as "full floating". In offices where the load during the light-load periods is

so small that it would be uneconomical to operate the oharging generators (or

mercury arc rectifiers, when furnished) the load is taken from the batteries dur-

ing the light-load periods and the batteries are floated only during the heavy

load periods in which oase they are recharged to the extent that they have been

discharged during the light load period; this is termed "partial floating".

By the use of the floating method of carrying the office load the

batteries are kept in a charged condition, the losses due to battery inefficiency

are minimized, the life of the battery is increased since they are not subject

to the alternate cyoles of charge and discharge, and the discharge voltage can

be very closely regulated during the floating period.

Storage cells are periodically overcharged, the chemical action attend-

ing charge being thereby thoroughly completed in order that the batteries be

kept in good operating condition. At the end of overcharge the cell has an

average voltage of 2.16 volts; but, as soon as load is connected and the cell be-

gins to discharge, the voltage drops to approximately 2.10 volts. The minimum

voltage when completely discharged is about 1*75 volts. Since the maximum

charging voltage very much exceeds the maximum discharge voltage, it would be

impossible to keep the voltage at the battery distributing fuse panels within

the required limits if the batteries were charged while in service. By provid-

ing the 2 sets of batteries as mentioned previously, one set may be given the

overcharge while the other is in service.

The leads furnished from the batteries to the distributing fuse panels

are of such size that the voltage drop in the 48 volt leads will not exceed

2.25 volts; and, to maintain a minimum of 45 volts at the distributing fuse

panels, the voltage at the battery control board oannot fall below 47.25 volts.

Since the maximum discharge voltage of 24 cells in series is only 50.4 volts
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(24 i 2.1 volts) the average voltage per oell oould be reduced only to about 1.97

volts even though less than half of the energy stored in the oell (when fully

charged) had been discharged. This is of no importance during normal operation

but in case of a total power failure the telephone equipment would fail to give

service on account of insufficient voltage as soon as the average voltage per cell

fell below 1.97 volts. To make it possible to use all of the energy remaining in

the cells 3 booster or emergency cells are provided which may be connected in

series with the 48 volts battery, one at a time; the voltage does not, therefore,

45 at the fuse panels volts until the 24 regular cells have been fully

discharged. For the same reason one emergency oell is provided for the 24 volt

battery, the discharge leads from this battery being of such size as to limit the

voltage drop between the battery and distributing fuse panels of 1.75 volts.

The emergency cells are normally kept in a charged condition by con-

necting them in series with the loads which are being floated. The 48 volt emer-

gency cells can also be oharged direotly by the oharging generators, switching

arrangements being provided to connect the batteries for these conditions. The

24 volt emergency oell oannot be charged direotly from the generators since it is

not feasible to sufficiently reduoe the generator voltage.

The fixtures of the room containing a large battery are subject to con-

siderable sulphuric acid oorrosion. Any condensation on the walls, bus bars,

superstructure or other fixtures forms a sulphuric aoid solution whioh makes nec-

essary the use of special acid resisting paint to proteot the equipment. Steam

pipes, water pipes and conduits are therefore excluded as far as possible from

the battery room. Battery bus bars are run over the aisles rather than over the

tanks and in order that there be as few flat surfaces as possible on whioh con-

densation can oolleot a special pipe superstructure is used to support the bus

bars. Even with these protections the coating of acid resistance paint has to be

renewed about every 2 years.

RATTERY CONTROL BOARD

On the panels of the battery control board are mounted (1) the battery

charge and main discharge fuses, (2) small alarm type fuses which are in parallel

with the main fuses, (3) switches used in connecting the office load to either

battery or to both in parallel, (4) switches used in cutting in or cutting out
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the emergency cells, and (5) shunts used with the ammeter on which the charge or

discharge load is indicated. The charging fuses are of the open link type and

range in capacity from 650 to 9600 amperes. The main discharge fuses are of the

cartridge type and are furnished in duplicate so that by throwing a single-pole

double-throw knife-switch the load can be transferred from one fuse to the other.

This arrangement permits the immediate restoration of service without replacing

the fuse, providing the failure was caused by a momentary overload or by a weak

fuse. Alarm type fuses are placed in parallel with the main fuses and arranged

to close an audible alarm circuit when they operate; they also give a visible in-

dication to assist the attendant in locating the main fuse which has operated.

The battery transfer switches are single-pole double-throw knife-

switches of the circuit maintaining type, ranging in capacity from 200 to 6000

amperes. They are arranged so that the two 24 volt sections of the battery can

be connected in parallel and so that the two 48 volt sections of the battery can

be connected in parallel, when load conditions require. The emergency cell

switches are mechanics lly interlocked so that the cells can only be cut in or

cut out in the proper sequence; mistake in operating these switches and conse-

quent interruption of service, in the ezcitement caused by a power failure, is

thus prevented.

BATTERY DISTRIBUTING FUSE PANELS

The leads from the discharge fuses at the battery control board feed

bus bars on the rear of the distributing fuse panels on the various floors, these

panels being centrally located with respect to the equipment frames which are to

be supplied. The distributing fuse panels are assembled in one or two bays as

required, there being one cartridge type fuse mounted on the front of the panel

for each branch lead which feeds a row of equipment frames. The branch leads of

braided rubber covered wire are run on top of, or on the underside of, switch-

board cable racks and each lead is run down the end of the first frame in the

line of frames which it feeds; the lead then continues under the line of frames

taps being taken off at each frame to feed the individual frame fuse panels. With

each of the cartridge type fuses is associated an alarm type fuse whose opera-

tion when the cartridge fuse is blown closes an audible alarm circuit and lights

a lamp at the floor alarm panel; the alarm fuse also gives a visual signal to

aid the attendant in locating the fuse which has burned out.
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BATTERY CHARGING EQUIPMENT

The generators provided for charging the batteries and carrying the DC

load vary in rated oapaeity from 175 to 1500 amperes at 33 volts and from 175 to

800 amperes at 65 volts. The 65 volt generator capacity is large enough to float

the 48 volt busy-hour load, and may be supplied by one generator alone or by

several operating in parallel. The 33 volt generator capacity is large enough to

float the 24 volt busy-hour load and may be supplied by one or more generators.

A 65 volt generator large enough to replace the largest 33 or 65 volt generator

is furnished in addition, as a reserve machine, and can be used for charging

either the 48 volt or 24 volt batteries. The generators are direct connected to

either AC or DC motors depending upon the outside source of power; if AC, these

motors may be either of the induction or synchronous type in accordance with the

requirements of the power company supplying the power.

A speoial telephone generator termed the nM" type has been used in the

past since the ordinary commercial DC generators were too noisy to float batter-

ies whioh supplied talking circuits. The "Mw type generator is surfaoe wound

(instead of slotted) to do away with slot ripple in the generated voltage. The

commutator is made up of 4 or 5 times the number of bars used in commercial prac-

tice and copper gauze brushes are used to reduoe the noise due to commutation.

The generators shown in figures 1 and 2 are of the "M* type and driven by AC in-

duction motors.

Commercial generators are now used Instead of the "M" type generator

but it is neoessary to use a filter cirouit to eliminate the machine noise from

the talking circuits. The filter consists of large electrolytic condensers and

large ohoke ooils which are placed in the discharge leads whioh carry the talking

load. A commercial generator is shown in figure 3.

Mercury arc reotifiers are used in some offices for carrying the offioe

load during light load periods, when it is uneconomical to operate the motor gen-

erator sets. These reotifiers have a capacity of 50 amperes and are of the auto-

starting type.

In order to keep the generators, which are being used to float the

load, within the required floating voltage range, a voltmeter relay is connected

in parallel with the voltmeter, so that if the voltage varies outside of the
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allowable limits the relay operates and aotuates an alarm bell. When the alarm

is given the attendant readjusts the generator field rheostats to correct the

voltage. In offices where considerable variation in load is encountered the ad-

justment of the field rheostats is made by an automatic voltage regulator of the

oontact making voltmeter type; the field rheostats are driven by motors which

are governed by the voltage regulator. The regulator is usually set to operate

on a ± 0.5 volt variation on the 48 volt load and ± 0*25 volt variation on the

24 volt load.

GENERATOR CONTROL

The generator control is of a type known as the ’*Semi-remote System of

Generator Control”. A motor starting compensator is mounted on the sub-base ad-

jacent to each motor and an individual generator control panel is located ad-

jacent to each generator, as shown in figures 1 and 2. On the generator panel

is mounted a solenoid-operated air circuit breaker, with overload and reverse

current protection. Each of these circuit breakers is closed or opened by the

operation of a switch at the main control board; when dosed, the leads from the

positive brushes of the generator are connected through the overload coil to

ground. A single-pole double-throw knife-switch is also mounted on this panel,

so that the leads from the negative brushes of the generator can be connected to

that one of the two batteries which is to be floated or charged; vertical risers

from the panel conneot to the main charging bus bars which are run overhead, as

} shown in Figure 2. Figures 1 and 2 show the generator field rheostats mounted

adjacent to the generators, these rheostats being motor driven and controlled

from the main control board; but the standard method is to mount each field rheo-

stat on the rear of a unit panel at the main control board, and it is adjusted

manually by a handwheel on the front of the panel.

On the main control board are mounted the oontrol switches, for operat-

ing the air circuit breakers, and all the supervisory equipment used in connec-

tion with control of the charging generators after they are running and connected

to the battery to be floated or charged. This equipment includes battery am-

meters, voltmeters, individual generator field rheostats and ammeters, and pilot

lamps which indicate the battery to which each generator is connected; it is

mounted on unit type meter and generator control panels. Reotifier panels may
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he included with the main oontrol board if meroury aro rectifiers are furnished,

a 3-pole double-throw service switoh whioh is used to connect the motors of the

charging generators to either the line power or an emergency power supply is

mounted on one of the lower panels of the main oontrol board; 3-pole double

throw duplex motor switches are mounted on another of the lower panels, these

switches being used to oonnect the duplex motors to the line power supply.

When synchronous motors are used for driving the generators an AC ser-

vice voltmeter, an associated instrument switoh, a power factor meter and an ex-

citer field rheostat are mounted on panels at the main control board; and, when

automatic voltage regulators are used, the control switches for the regulators

are mounted on a unit panel at the main oontrol board.

When a generator is to be started the attendant operates the starting

compensator associated with the motor of this set, thus starting the motor; the

single-pole double-throw knife switch is thrown to the position in which the gen-

erator is connected to the battery whioh is to be charged. The attendant pro-

ceeds to the main control board, adjusts the generator voltage by turning the

field rheostat handwheel, and then operates the remote control switch to the

"close" position, thereby causing the circuit breaker on the generator panel to

close the generator circuit. If several generators are to be put into service

they will all be started and connected to the battery to be charged or floated;

then each one is connected to the load, after adjusting its voltage, by operat-

ing the remote control switch. To shut down a generator the load is taken off

by reducing the voltage generated and the remote control switch is then operated

to the "open" position, causing the circuit breaker to open the generator cir-

cuit. The attendant proceeds to the generator switch panel, opens the generator

switch and stops the motor by operating the release switch on the compensator.

RINGING AND COIN CONTROL GENERATORS

For supplying 20 cycle ringing current and for supplying direct current

for coin control circuits, a special generator is used whose armature has a com-

mutator on one end, from which the direct current for the generator field and

for coin oontrol circuit operation is taken, and slip rings at the other end, to

which the alternating current ringing load is connected. The generator is di-

reot connected to two motors, a line driven motor and a battery driven motor.
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Upon failure of the outside service the battery motor takes the load due to the

operation of automatic control circuits, and an alarm is given to indicate this

condition. When the outside power is restored the contaotors in the automatic

control circuit disconnect the battery motor and the line driven motor again

takes up the load. The motors driven from the outside power supply are usually

fed through a master switoh associated with the duplex panel-frame drive motors,

the leads being separately fused at a motor distributing box when possible. The

battery motors are fed directly from a panel at the battery control board or

from a battery distributing fuse panel, depending upon whether the ringing ma-

chines are, or are not, located in the same room with the oharging generators.

At least two sets of ringing machines are provided so that service will

not be interrupted when one set requires cleaning or repair. When two sets are

required to carry the office load, one additional set is furnished for reserve,

all three being of the same size. The generators are driven at a rated speed of

1200 rpm and generate about 155 volts AC at the slip rings. The slip rings are

connected to the winding of a transformer which is mounted under the machine

table or on the rear of the ringing control board. The transformer has four un-

regulated voltage taps at ranges of from 69-83 volts, 77-91 volts, 92-106 volts,

and 97-111 volts. The load is connected to the proper voltage tap and the volt-

age on this tap is regulated by means of a voltage regulator which controls a

pair of contacts bridged around part of the resistance in the generator field

circuit. The contacts of a centrifugal type speed regulator which is mounted on

the end of the shaft perform a similar function in the field circuit of the

battery driven motor. By these regulating devices the output voltage is kept

within limits of +3 and -5 volts AC and ± 10 volts DC. Thus, the AC voltage

supply for individual, 2-party selective, and 4-party semi-selective ringing is

regulated between 95-103 volts; and for 4-party selective ringing it is regu-

lated between 72-80 volts; the coin control voltage is regulated between 100-

120 volts.

The two-motor ringing and coin control sets are furnished in two sizes,

P-1 and P-2, each of which with its transformer is capable of delivering the

output shown in the following table:
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Unregulated Type P-1 Type P-2
Voltage Range Ampere Output Ampere Output
AC DC AC DC AC DC

97-111 100-120 3.0 0.38 6.0 .5
69-83 100-120 4.0 0.38 8.0 .5

Each ringing machine includes two sets of interrupter rings. One set

is known as the high-speed interrupter and is mounted on the same shaft with the

generator; the other set, which is known as the low-speed interrupter is mountec

at right angles to the generator shaft and geared to it by a 120:1 reduction

gearing.

The high-speed interrupter consists of four rings, two of which are

solid and two of whioh are divided into metal segments separated by insulation.

A brush rests on each of the solid rings and feeds 24 volt battery to alternate

metal segments of the split ring with whioh the solid ring is associated. One

of the split rings is divided into 16 segments and the other into 48 segments.

Three brushes 120° apart rest on each of the split rings and each of these 3

brushes is thus connected to 24 volt battery 160 times per second and supplies

"low tone" which is used for "dial tone", "line busy tone" and "all paths busy

tone". Each of the 3 brushes on the other split ring is connected to the 24

volt battery 480 times per second and supplies "high tone" which is used as the

"checking tone" at the special service positions of the MS "A" board and also

as the "howler" which is applied to subscribers lines by the sender monitor when

the receiver has been left off the hook at subscribers stations.

The low-speed interrupter is also an assembly of split and solid rings

so arranged as to interrupt the 20 cycle alternating current for machine ringing

and to apply 60 volt tripping battery on the line during the silent interval. In

individual 2-party selective, and 4-party selective offices a set of two solid

rings and one split ring provides a ringing interval of 2 seconds followed by a

silent interval of 4 seconds; in 4-party semi-selective offices one split ring

provides a ringing interval of 2 seconds followed by a silent interval of 4

seconds, this being known as the R-l or one ring code, and another split ring

provides in the order named, a ringing interval of one second, a silent interval

of one second, a ringing interval of one second and a silent interval of three

seconds* this being known as the R-2 or two ring code* Each of the split rings

has 3 brushes resting thereon spaced 120° ^ipart so that the ringing load is
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divided into 3 parts, 1/3 of the load being carried by each brush.

For 4-party selective ringing one set of 3 rings is used to supply the

3 brushes which rest on the split ring with ringing current on which is superim-

posed a +DC current, and another set of 3 rings is used in a similar manner to

superimpose negative battery upon the AC ringing current.

For 4-party semi-selective ringing a set of 2 solid rings and one split

ring is provided for controlling the beginning of ringing when the called station

is rung by the two ring code, these rings being known as the "pick-up interrup-

ter”. The split ring is divided into 2 segments and the brush resting thereon is
. X
•'i

connected, first to the one and then to the other for 3 second intervals. The

brush on one of the solid rings feeds pick-up ground to one of the metal segments

on the split ring, and the brush on the other solid ring feeds 48 volt battery

(supplied through the winding of a pick-up alarm relay) to the other metal seg-

ment of the split ring. Each of the 3 brushes on the split ring thus supplies

piok-up ground to the various incoming selector circuits for 3 second intervals

each followed by a 3 second test of the pick-up leads for a false ground.

RINGING POWER BOARD

The equipment provided for controlling the ringing and coin control

motor generator sets is located on an assembly of unit type panels termed the

Ringing Power Board. This board usually consists of 3 bays. On the panels in

the first bay are mounted (1) the switches for starting and stopping the ringing

machines, (2) the switches which automatically close the battery motor circuit

when the line power fails and which open this oircuit when the line power is

again available, end (3) the voltage regulators; the equipment for eaoh ringing

machine is mounted on a separate panel. A voltmeter switch and switches for

transferring the load from one machine to the other are mounted on the panels of

the second bay. On the panels in the third bay are mounted an ammeter, the ring-

ing battery control switches and rheostats, and the fuses in the ringing leads,

on the rear of the panels in this bay is mounted miscellaneous ringing equipment

which includes tone repeating coils, a choke coil for the battery driven motor

and a filter for keeping the "howler" noise out of the talking battery. The ring-

ing power board is located near the ringing maohines and when these machines are

in the same room as the charging generators the ringing board is usually lined up

with the main oontrol board.
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RESFOTE POWER PLANT

It Is essential that means be provided in Panel System offices for sup-

plying power temporarily in case of failure of the outside power source. The se-

lector frame drive motors and ringing machines must be kept running, and when the

power service fails they are automatically switohed onto the storage batteries,

which are large enough to carry the regular offioe load plus a 3-hour drive-motor

load. It is expected that the line power oan be restored within three hours, but

reserve equipment sometimes known as "House Plant", is plaoed in operation as

soon as the failure oocurs even though the batteries have such a reserve. The

House Plant usually consists of a gas engine-driven generator which generates

electrical power of the same characteristics, either AC or DC, as the power ser-

vice for which it is substituted; or it may consist of gas engine-driven oharging

generators of such a size and number as is required for oharging and floating the

batteries. Other types of emergency equipment are provided when required by

varying power supply conditions. The control equipment for House Plant is lo-

cated on a separate control board unless the generator or generators are looated

in the same room with the regular battery oharging generators, in which oase the

House Plant control panels may be in the same line-up with the regular main con-

trol board, A gas-engine driven alternator may be seen in the baok ground of

Figure 2.

FRAME DRIVE MOTORS

The frame equipment in the Panel system is operated by 1/16 horse power

motors which are normally driven by the regular line power (either AC or DC as

the oase may be) but driven by the 48 volt battery in emergencies. They are

called "Duplex Motors",

The AC-DC Duplex Motor is in reality two complete motors, a shunt-

wound DC and an AC induction motor enclosed in a single housing, A DC armature

with its commutator is plaoed on one end of the armature shaft and an AC rotor on

the other end. With the DC armature is associated a DC shunt field, and with the

AC rotor is associated an AC stator winding. The brushes of the DC motor ar#

normally held away from the commutator by springs, but when the outside power

fails, the release of an AC relay closes the DC shunt field and energizes a

brush closing magnet which pulls the DC brushes down against the commutator. On
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restoration of the AC power the AC relay reoperates opening the DC shunt field

and deenergizing the brush olosing magnet so that the DC brushes are pulled away

from the commutator# The transition from AC to DC, or vice versa, is accomplished

without appreciable variation in the motor speed. Notice of outside power fail-

ure is given by the ringing of a bell, and lighting of a lamp in a power alarm

oabinet. The construction and operation of a DC/DC Duplex Motor is similar to

that of the AC/DC motor described.

The motors are mounted on braokets by means of a clamping arrangement

the motor shaft being fastened to the drive shaft by means of a pin coupling.

YYhen any motor becomes defective it oan be removed by releasing the bracket clamp

and pulling the motor out of place; the coupling pins merely pull out of their

sockets when the motor is drawn out. The new motor is then slipped in and damped,

A plug ended cord attached to each motor provides for an electrical connection at

a power supply socket.

Duplex motors rated at 1/12 horse power but otherwise of the same de-

sign as the frame drive motors described above are used for driving the pulse ma-

chines.

MOTOR DISTRIBUTION BOXES

The frame motors are supplied by separate leads from motor distribution

boxes, there being one or more boxes on eech floor located near the frames to be

served. The boxes are designed to serve the ultimate number of motors on the

floor and are similar in construction and wiring arrangement to a distribution box

in a lighting system.

MASTER SWITCHES

The power supplied to the Duplex motors is brought through a relay and

contactor device called a "Master Switch" which automatically opens and discon-

nects the line service in case of voltage fluctuation which would affeot the

speed of the frame drive motors or which would be likely to cause damage. The

frame drive motors then automatically throw over to the battery supply. As indi-

cated above, an alarm lamp is associated with each motor to indicate that it is

operating on the battery, but at a time of power failure the master switch opens

the individual lamp and alarm oirouits and aotuates its own visual and double

alarm.
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SERVICE BOARD

The outside power is supplied to a telephone offioe through a ser-

vioe board whioh provides such protection as is required by the power company and

the Board of Eire Underwriters.

POWER ALARM SYSTEM

Throughout the power plant every safeguard is taken to minimize servioe

interruptions and a system of power alarms is provided to notify the maintenance

force when some trouble exists; the alarms thus operated help in locating the

trouble, by giving both an audible and a visible signal. A large vibrating gong

operated from the central offioe battery is used for the major alarms which cause

interruption to service; and an ordinary subscribers ringer operated by the ring-

ing machine is used for the minor alarms, those whioh are of lesser importance.

The visible signals are switchboard lamps mounted behind numbered bulls-eyes in a

cabinet termed the "Power Alarm Cabinet". This oabinet is looated in a conspicu-

ous place in the power room and a chart showing the lamp numbers and the alarms

with whioh each is associated is fastened to the cabinet door. The lamps in a

power alarm oabinet are multipled at the main alarm board so that if trouble con-

ditions are not cleared by the power man, action oan be taken by others of the

maintenance force. The main alarm was mentioned in a previous chapter.

FUSE AIAHMS

In parallel with each battery discharge and ringing discharge fuse,

there is connected a £ ampere 35-F fuse. This is a fuse of the "Grasshopper"

type which energizes the alarm circuit and throws out an indicating bead upon op-

erating. When the main fuse blows, the alarm type fuse also operates bringing in

an audible and visible signal. The alarm fuse is either looated adjacent to its

associated main fuse, or numbered to agree with it so as to aid the attendant in

replacing the blown fuses.

KO-VOLTAGE AIAHMS

Ringing and coin control servioe is subject to interruption by brush

failures on the ringing and coin control generator or the associated interrup-

ters. Continuously operated relays are therefore connected to the bus bars fed

by eaoh brush. These relays release and bring in alarms in oases of brush fail-

ures or other open circuit conditions.
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FLOATING ALARMS

The floating alarms were mentioned in the seotion covering storage

batteries* As indicated therein, when the floating limits are exceeded in carry-

ing the 24 and 46 volt loads, voltmeter relays are operated and bring in audible

and visible signals. A key is provided which outs off these alarms when the

floating routine is not in use*

HIGH-LOW VOLTAGE ALARMS

A voltmeter relay which is set to operate on wider limits than the 48

volt floating relay is connected to the 48 volt battery and causes an alarm to be

given whenever the battery is outside the l imits for satisfactory operation of

the machine switching equipment.

MISCELLANEOUS ATARMS

The transfer of the ringing and coin control motor-generator sets to

the battery supply is also covered by an alarm which is usually cut off by the

operation of the master switch, so that the audible signal will not continue

during a power failure.

Various other alarms are provided among which might be mentioned those

associated with the charging generator circuit breakers and those which operate

on the failure of a meroury arc rectifier.

LIGHTING EQUIPMENTi a ~~i 1
— M —

To assist maintenance of Panel equipments, it is necessary to provide a

comprehensive system of overhead aisle lighting and to provide a number of plug

reoeptacles conveniently looated to which extension lights can be connected. The

regular lighting equipment is supplied from the outside power source, but emer-

gency lights located adjacent to the mechanical equipment are supplied from the

storage batteries when the outside souroe fails.
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Errata Sheet
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- Chap. I Should have trunk lamp shown at "B" Board.

- Chap. XI Remove B Commutator at G cam.

- Chap. XII Should have line connecting all the "40" groups in "0

banks on all the District Frames.

-Chap. XIV Should have cutting 17 added at brush 1, cam B2.
V

Line Should Read

11 group ft4 of bank #2

.

18 employ split banks on final frames

.

all reference to (0FL) should be (OF)

26 .02 M.F. condenser

27 letter or number

2 by use of a Panel System "B" Switchboard

21 called number to the Panel System "B"

1 so as to make it test busy

27 the chances of error are less

22 a "permanent signal" due to no digits being dialed re

suits, the call is automatically routed

9 are recorded in an "A" sender f

6 .
(add comma, following senders)

16 each unit consisting of 24 drums

14 Murray and Varley loop

19 The "B” switchboard senders do

21 2» 6-5/8" in width




