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NO, 5 CROSSBAR
SWITCHING SYSTEM

LESS0N 58
VOLIME I

EQUIFPMENT APPLICATIONS

Thie lesson is issued to describe in general the application and
functions of the equipment in the No. 5 Crossbar Switching System,
Information contained herein is to be used for training purposes only.
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INTRODUCTIOM

One of the important post-World War II switching projects of
the Bell Telephone Laboratories was the development of the No, §
crossbar switching system. This system was primarily designed to
provide a small central office which could be installed in any
area, providing direct trunking to all switching systems, without
major changes in the existing local central offices.

At that time, a central office incerporating this flexibility
was urgently needed because direct trunking facilities were not
available between customer controlled step-by-step central offices
and panal, or No, 1 crossbar offices with common control features,
Sipnaling and pulsing methods were incompatible, Inter-office
traffic was routed through mamual or tandem offices,

In addition to local traffic, the system was designed to serve
tandem and toll traffic., Calls from s step-by-step office to a
panel office could be rouwted through the No, § office on a tandem
basls. Calls to distant terminations could be routed directly into
tandem or toll traina.

The adaptability of the No. S machine leads to itz initial
installation in areas on the outskirts of large cities, where a
small office was required to complete calls to metropolitan offices
as well as to a variety of outlying suburban offices. However,
subsequent improvements in equipment and advances in switching
techniquea, have lead to the replacement of the large No. 1 cross-
bar office by the No. 5 machine. In the other direction, the
Centrex feature wasz developed enabling the No. 5 machine to switch
PBY extensions.

The following are some of the highlights of this system:

(A) COMMON CONTROL: The control of switching tha traffic in
an ollice is concentrated in certain equipment units
which are common to all frames. An advantage of common
control operation is that only a few circuits need be
provided to set up the connection, and theae can be
equipped with selfchecking and service safepuarding
Peaturea, The cost of these features would be prohibi-
tive if many clrcults were involved.
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{B) BI-DIRECTIOHAL CHANNEIS: The basic No. 5 crossbar
switching pattern dilfers from all other electro-
mechanical systems in that the common contrel equip-
ment will use the same elements to eatablish either
an originating or terminating talking channel.

(C) METHODS OF CHARGING: Automatic Message Accounting
TAMA] 1s especially well suited for operation with
the No. 5 crossbar system. This method makes a
permanent record of charge data on paper tape and
requires very little manual cperation. The Ho. §
aystem is arranged for local AMA and centralized
automatic message accounting (CAMA) with operater
or automatic identification of the calling customer.
Megsage reglster and coin service can also be pro-
vided by the No. 5 system. (Coin zone dialing is a
more recent feature added to the No. § crosabar system.

(D) MATNTENANCE: This system is more selfchecking than
ofher systema. The marker (a unit of common equip-
ment ) has access to most of the elements in an office,
and it is able to gather information from many sources
on the performance of the different clircuits, It can,
therefore, antomatically refer to the maintenance
force information about trouble conditions., When a
trouble occurs, a trouble recorder makes a permanent
record on punched cards., These eards are used by the
maintenance force in locating the troubles, Most of
the testing equipment iz mounted on seversl bays,
called the master test frame,

Ho. 5 crossbar can handle the dialing of directory numbers
consisting of four to eight digits and codes of 1 to 3 digits.
It also can handle up to eleven digits for any extension of sub-
scriber and operator dialing outside the home numbering plan
area.

One hundred classes of service are available, including coin
and non-coin, flat rate and message rate, individual, party lines

and centrex groupss

Centrex is a more recent feature of the No. 5 crossbar system.
A No. 5 crossbar central office incorporating this feature can
provide up to one hundred groups of stations with P.B.X. service
that previocualy would have bean connected to an attendant switch-
board or local P,B.X. dial equipment.

Tandem and toll center switching features can be provided in

a No, © croasbar office. Such an office acts as a toll and tandem
offica center as well as & local office,

Page 3
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This system can operate with present dial systems with their
particular tvpes of pulsing: dial, revertive, or mlti-frequency.
However, because miltifrequency pulsing is faster, it is used by
the No. § office whenever practical. Table A shows the usual
kinds of pulsing or manner of operation for the various combi-
nations of MNo. 5 crossbar and connecting offices. When more than
one type of pulsing is available the preferred type is shown first.

Table A
Type of Pulelng Type of Pulsing
Recelved From No, & Sent to No. §
Crossbar Office Typa of Office Crossbar Office

Multifrequency (MF) No. 5 Crossbar Multifrequency (MF)
Mal (DP) Dial (DP)
Revertive (RP) Revertive (RP)
Multifrequeney (MF) No. 1 Crosshar Revertive (RP)
Revertive (RP) Multifrequency (MF)
Dial (DP)
Revertive (RP) Panel Revertive (RP)
Dial (DP) Step-by-Step Dal (DP)
Panel Call Indicator (PCI) Manual ' Multifrequency (MF)
Straightforward (Nompulsing) ki ial (DP)
Step-by-Step Call Indicator (DP) Straightforward (Via

ISE Switchboard)
Panel Call Indicator (PCI) Panel Sendar Tandem Revertive (RP)

Dial (DP)
Multifrequency (MF) Crossbar Tandem Multi sncy (MF)
Mal (DP) Dial (DP

Revertive (RP)
Mult uency (MF) No. L-type Toll (Crossbar) Multifrequency (MF)
Dial (DP Mal (DP)

Revertive (RP)
No Provision Panel Distant Office Revertive (RP)

Tandem (?-way Office)
Fage L
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HO. 5 CROSSEAR

SECTION I - EQUIPMENT ARRANGEMENTS AND ELEMENTS
Im“ " ® ® & W

A+ Equipment Arrangements . « « « »
Oeteral . . & s 6 0 8 8% % 5 5 & %
J-unit‘tlilii'iwlvlil
Frames ., . « « » *
mmrﬂﬂm-hﬁmh;mﬂﬂS%M
Power Ringlng and Tone TMatribution
cﬂhlﬂﬁﬂﬂk LI I T T R TR B TR TR B R
umugiiiii‘i-iilii
Rolling Tadders . . o «a o &« « o & »

L L L L

i & & 8 WM& & = =
B s & ® ® ®m & 8B B
B B B B B B ® B W
E B B ® 8 ® @ B 8
B 8 & ® & @ ® B B
B = & ® B 5 ® B ®
B & & ® 8 8 ® B ®m
B 8 B B ® B & B &
F & & & ® @ & 5 =

Bs Equipment Elements . . . . . 2 2 = = = =
G!nerﬂ L ] - L ] - - - - - - - - - L ]
The Crossbar E-uit-uh L T
Operation of the Eruaahr Sw:l.tch

Oeneral Purpose Relays (Flat =priﬂg}
Ganeral Purpose Relays (Wire Spring)
Multi-Contact Relays (Flat Spring) .,
Multi-Contact Relays (Wire Spring) .,

Dr?ﬁ'!'d'nulmlll"iffIll

EEREaewmuyua scovunnuwwuww g

Figures

1-1 Typlcal J=Unit

1-2 Single Bay Frame Equipped With Fuse Panel

1=3 Typical No, 5 Crossbar Office

1-lj Frame Showing Removal of Flastic Front Cover

1-5 Frame Showing Removal of Herizontal Front Baffle

1-6 Base of Frame Showing Talldng Battery Filter and Power Feeders
1-7 End Guard With Aisle Feeder Fuses and Aisle Pilot

Type ay
1=1% Armature and Additional Parts of AQ and AJ Type Relays
1-20 AJ Type Relay Equipped with Crosstalk Shield
121 263 Type Relay
1-22 286 Type Relay
1-23 287 Type Relay
1-2ly 287 Type Rallr Core with Magnetic Shunt
1-26 Dry-Resd Switch
1-26 289 Type Relay
1-27 289 Type Relay with Cover and Cover Shield Removed
1-28 290 Type Relay
1-2% 290 Type Relay with Cover and Cover Shield Removed
1-30 293 Type Relay
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A, EQUIPMENT ARRANGEMENTS

Ceneral

Standardization and flexibility are two inherent features in
the No. 5 crossbar equipment arrangements. Although ro two offices
are exactly alike, these features provide the means whereby each
Job can be engineered, manufactured, and installed with just the

equipment it needs.
J=lnite

Standard functional units have been designed to package
circuits and their options. Each unit is J-coded for engineering
and administration efficiency. These J=units are bench assembled,
wired, and tested in straight line assembly methods, Inter-
connecting wires, precut to length and pre-skinned, are run along
the surface of the mounting plates which support the components,
and are connected as run. The wire used is covered with plastie
insulation, which reduces wiring congestion, fire hazard, and
contact troubles from lint. A typlcal J-unit is shown in Flgure l-1.

Frames

Frame equipment arrangements are similarly standardiged to
accormodate any prouning of J-units. In addition to these J-units
each frame is equipped with its own common equipment consisting of
L8 wolt fuse panels, talking battery filters, applisnce ocutlets,
terminal strips, and miscellaneous circuits. (see Figure 1-2),

This asrrangemsnt permits the frame and its common sguipment
to be mamufactured apart from its functional units. At a later
stage in the assembly, units and frames are brought together,
interconnected and assembled in & flexible manner.

As a result, the No. 5 frames are fully equipped, wired and
tested in the shop. Field installation is reduced to setting up
the frames on the office floor, interconnecting them with switch=-
board cable, and testing the components and the system as a whole
bafore turning it over to the Telaphons Company. A ssction of a
typical No, 5 office is shown in Figure 1-3,

Another feature of No. S5 crossbar is frame construction.

Heretofore, most switch frames have used angle, channel, or I=-
beam steel sections. In the No. 5 system, the uprights are of
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sheet metal formed into a rectangular box section, which is much
lighter and stronger than former types; formed sheet metal
sectionzs are also used for the other structural members.

Front and rear covers are incorporated in the frame in a
way that enables frame areas to be covered to any extent desired,
This not only avolds a varlety of strip covers and sender type
casings, but it frees from cover restrictions the arrangements
of armaratus on units and of units on frames.

These covera as shown in Figures 1-3, 1-l; and 1-5 protect
frame squirment from dust, fire or mechanical injury. Frames
vith wire-spring relays omit these covers since the relayvs are
individually covered and fire resistant wire is used for their
unit and frame wiring. On fremes with flat spring type relays
covers are required, axcept that crossbar switches are generally
uncovered and multicontact relays are protected by individual
covera,

Fuse panels are mounted on all frames requiring LBV talldng
battery. Figures 1-2 and 1-5 show the base of the frame with its
fuse panel, fuse alarm lamps, 115-volt appliance outlets, frame
talking battery filter, and the power connections for Lb-volt and
15-volt power. Each has a 20= or 30= ampere common supply fuse
mounted on it so that no other frame will be put out of service
if a particular fuse panel is temporarily overloaded. The rear
cover of the frame base is removed to expose the capacitors and
fuses of the talking battery filter. One or two lamps, as
required, in the sloping front sectlon of the base indicate blownm
fuses on the frame,

The test jacks and miscellaneous testing apparatus, as
required, for each frame are shop=-installed in jack boxes, in-
corporated in the frame upright to the right of each bay fﬁgm
1-2)., A spare fuse and plup holder also fit this jfackbox and one
can be specified for any uwmsed jlackbox. As an alternative, a
174 fuse holder can be mounted on the end guard of anv frame
line-up,

A simple end guard (Figure 1-7) is furnished to protect and
dress up the end of each line of frames, It sccommodates the
aisle pilot unit, the power fuses which feed the line of frames,
and the light switches where frame-supported lighting ir =rovided.

Power wiring on the frame is shop-installed. The Lf-wolt
frame feeders from fuse panel, and filter when required, extend
through a frame upright and terminate at solderless connectors
which connect to power feeders in the wiring aisle. The 115=-volt
appliance outleta connect to patching cords for ready intercon-
nection between frames. The 115-volt power is also required for
circuit operation on several frames and units. Each such frame
(or unit) is equipped to accept a patching cable with 115-wvolt
supply.

Page L
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Power Wiring, LB Volts and 115 Volts

The LB-wolt power supply is distributed from the power plant
to 100=ampara fuses on the end guard of each line of frames. Two
battery feeders (from two of the 100-ampere fuses) and one ground
feeder, all of one standard size, are run along either side of
the cable rack over the aisle. The Installer taps the frame cables
to the aisle cablea, alternating the frame battery feeders over
the two battery feeders for the line of frames, This guards against
leaving all frames of a tyme on the same 100-ampere line-up fuse.

Power Ringing and Tone Distribution

Distribution of power (other than LB-volt and 115-volt ac)
and of ringing and tones is with few exceptions from the power,
ringing and tone distributing frame (PRTD), one or more of which
is located on each floor of an office.

The supply leads from the power room for +130 wolts, =130
volts, ringing, and tones are terminated on the PRTD frame nearest
the power room and multipled to other FRTD frames on the same floor.
For 130 volts, ringing, and low tone, two (or more) supplies are
provided from the power room for each potential and the switeh
frames are fed through fuses at the PRTD in a way which distributes
the frames of each type evenly over the supplies so that the blow-
ing of one fuse will not disable all frames.

Supplies from the power room such as high tone, pickup,
howler, and ringing ground, do not require fuses at the PRTD frame
and are distributed directly from terminal strips. Ballast lampa
for ringing and pickup leads are also located on the PRTD frame.

The 22-volt ac is supplied to switch frames from a power unit
and fuses cn a PRID frame.

The PRTD will also mount LAY talk fuse panels for fusing re-
quired bevond the standard capacity of switching framea.

Cable Rack

Cable rack, cabling, and lighting have been simplified., Much
of the effort in olanning and arranging switchboard cable on the
Job has been avolded by adopting a basket type cable rack im which
cable is laid without being confined by clips or sewing. Cable
rack 1s confined to the wiring aisles, and servea two lines of
frames., Two lines of frames, equipment sides facing each other,
form a maintenance aisle. Thus, the rear or wiring side of the
frames in the line up form the wiring alsles between two adjacent
maintenance aisles.
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Switchboard cable drops off the sides of the cable rack into
aither the front or the rear of the frames. Cables to the rear
of frames are carried down the channels confined by the cable
brackets, while cables to the front of frames drop through knock-
outs in the top member of each frame or in front of the top member.

Iighting

Office lighting is by flourescent lamps supported over main-
tenance aisles, This is provided in one of two wavs:

a) From the ceiling hanging above the auxiliary frame-
work as shown in Fipure 1-8, This will be provided
b¥ the Televchone Company.

b) Prom below auxiliary framing bars as shown in Figure
1=%., In this case the lamps snd their power supplies
are installed with the office equipment.

Rolling lLadders

Standard relling ladders are accommodated by a standard
ladder track supported from auxiliary framing bars over the tops
of frames as showm in Figure 1-8. Auxiliary framing is supported
3 1/2 inches above the frames so that additional frames may be
installed in existing line-ups without disturbing the original
installation of ladder track,
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B. EQUIPMENT ELEMENTS

General

Like its forerunner, No. 1 crossbar, the No, 5 machine is an
all relay and relay-like switching system, Cricuits in No. 5
originally used flat spring relays. These "U" and "IV type relays
were designed for, and functional with No. 1 crossbar. However,
with the later development of the wire spring general purpose
ralay, the wire spring multi-contact relay, and the dry-reed relay,
the system was redesigned, creating the wire spring version of Neo.
5 crossbar,

The essential features of the wire spring version are the
same as the flat spring. In fact, many wire spring No. § cross-
bar eireuits are functionally interchangeable with their flat
spring counterparta, However, because wire spring components re-
quire less physical space than the flat spring, a cost reductiom
program developed certain equipment arrangements, These new
arrangements are not mechanically interchangeable with the earlier
product and snecial coordination may be required between the old
and new designs on additions to flat svring offices,

Since tha operation of the No. § machine is primarily electro-
mechanleal, we have limited our reference in this sectlon to the
princinal types of relays used in its circuitry.

The Crosshbar Switch

The basic element in any crossbar system is the crossbar switch,
fron which the system takes its name. Talking connections through
switching frames are made by crossbar switches.

The ¢rossbar switch is essentially a relay mechanism conaist-
ing of ten horizontal paths and ten or twenty wvertical paths,
depending on what size switch is needed. Any horigontal path can
be connected to any vertical path by means of magnets., The pointa
of connection are known as crosspoints. The switch with ten verti-
cal paths has 100 crosspoints and is called a 100-point awitch;
the one with twenty vertical paths has 200 crosspoints and is
called a 200-point switch. Figure 1-10 shows & partial perspective
view of a crossbar switch.
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There are five selecting bars mounted horizontally across
the face of each switch. Each selecting bar has flexible selsct-
ing fingers attached to it, one finger for each vertical path,
and the bars can be rotated sliphtly to cause the select fingers
to go either up or down under control of select magnets. This
forms two heorizental paths per bar, making a total of ten hori-
zontal paths.

Ten or twenty vertical units are mounted on the switch and
each unit forma one vertical path. Fach unit operates under
eontrol of a hold magnet and has ten groups of contacts ([one for
each horizontal path) associsted with it,

Fach group of contacts mav consist of three to six pairs of
eontact snrings. A switch is classified according to the mamber
of cross-points and pairs of sorings; for example, a 200-point,
3=wire crosshar switch.

Operation of the Crossbar Switch:

The normal position of the selecting fingers 1s horigzontal,
lying between two groups of contacts. When a select magnet
operates, the selecting bar is rotated and one of the herizontal
paths available to this bar is chosen. The selecting fingers now
lie in front of & group of contacts.

The hold magnet of the vertical path to be connected to this
horizontal path then operates its holding bar which, using the
selecting finger as a wedge, causes the group of contacts beside
the selecting finger to operate, thus connecting the horizontal
and vertical paths, Both the select and hold magnets must be
operated in order to close a crosspoint. The other groups of
contacts on this vertical unit do not operate since there iz no
selecting finger betwesn them and the holding bar.

After the operation of the hold magnet, the selsct magnet
releases, returning the horizontal bar and gll but one of the
selecting fingers back to normal. The finger used to establish
the connection, being flexible, remains wedged against the contacts
bv the holding bar. In this way it keepa the contacts operated.
When the held magnet releases, the connection is broken and the
selecting finger returns to normal.

fleneral Purnose Relays (Flat Soring)

The U type relay (Figure 1-11) is an improved general purpose
flat spring relay, designed with a heavy and more efficient
magnetic structure than previcus types. It will accommodate up
to 2l contact springs (12 upper and 12 lower) each series of 12
being capable of arrangement in any combination of "make" contacta,
break contacts, make before break, and etc.
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The springs are equipped with twin contacts, and the relay
hes characteristics which make it frees from contact chatter. The
front ends of the core and armature, and the adfusting nut are
chromium plated to reduce any tendency of the armature to "stick"
either against the core or the adiusting nut. The coll is form-
wound for a amig fit arcund the core. Fach winding layer 1s
separated by a sheet of cellulose acetate and each sheet is
harmetically sealed to the spool head at both ends,

The ¥ tvpe relay (Figure 1-17) is a slow acting Ul tvpa. Delay
of the action is secured by inserting a copper or aluminum alesve
hetweesn the core and the winding coil, The armature of the ¥ relay
differs slightly from that of the U in having a small area, raised
by emboasing, for contact with the core instead of two non-freeging
discas, This area provides more definitely contrelled air gaps
between the armature and core with the relay operated, tending to
provide more uniform relesase-time characteristics,

The UA Relay (Figure 1-13) differs from the U type in having
a much lerger pole-face area dus to swaging of the core. The an-
larged pole-=face area and the use of a one=piece armature with a
hings bracket of thicker materisl permit the relay to operats on
lower current than is required by the U type., Other differences
inolwde the UA typs being made wup two ecore and
two thicknesses of armature, The small diameter core is usually
used with the thinner armsture (Figure 1-13). The thicker armature
is used with either dismeter core for operating a large mmber of
contact springs (Figure 1-14). The improved operating character-
isties of the UA type relay as compared with the U type relsy
permit magnetio=iron UA type relays to be used in place
permalloy U type relays, and in place of B type relays where
sufficient cuwrrent for operation is avallable. UA type relays are

oircuita, Individual covers for cross=talk shialding are mot

The B tvpe relay (Figure 1-15) is a U tvpe relay with a
fgard™ arranged to renlace the studs which transmit the armaturs
pressura for moving the springs. The card conslats of a plece
of insulating material with slots that engage the tips of the

moving sorings.

The card is intended to reduce changes in adjiustment due to
gtud wear because the adiustment of each spring on the UB will
only change by an amount determined by its own slot wearing
whereas in the U type with one stud operating the following one,
the wearing of all studs adds up %o affect the last spring of a
plleups. The card is also intended to reduce the tendency of
contacta to "lock" since the card may assist the springs in retum-
ing to normal, The UB is a general purpose relay and will mount
interchangeably with U types of comparable design.
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General Purpose Relays (Wire-Spring)

AF, AG, AJ and ™K type relays were developed to supersede the
U, UA, UB and ¥ type relays. They are known as wire spring relays,
becauses spring wire instead of the converntional flat stock is used
for the contact springs,.

The important features that have been incorporated in these
relays include the use of pretensioned springs, a [ixed armature
travel, a single fibre card for actuating the moving twin contact
springs, a transparent contact cover, and terminals arranged for
wire wrapping comnnections. From an operational standpoint, the
relavs are capable of faster operate and release times, have
reduced contact chatter and armature rebound, and negligible
magnetio interference.

The wire soring relay consists essentislly of an F shaped
core with a filled coil, a U shaped armature, three or four
molded contact spring hinﬂkﬂ and a contact apring actuating card,
held together in rigid alignment by a spring clamp. The magnetis
structure, that is the amature and core, are made of silicon
steal, Two sizes of armatures are provided, a short armature with
1/2n legs for AF type relays, and & long thicker armature
with 1-1/L" long legs for AC and AJ type relays. The armature is
supported by a hinge spring assembly and is held in position
against the backstop by the tension of a U shaped balancing spring.
A non-magnetic core plate, tightly fitted over the ends of the E
shaped core, holds the three legs of the core in alignment, The
coré is zinc plated and the armature and backstep chromium plated
to eliminate sticking on the backstop. Figure 1-10 shows a wire
apring relay with the contact cover in place.

Three basic types of molded wire spring blocks or combs are
employed, two.for the moving nickel silver twin wires for make
and break contacts, and cne with 12 heavy silicon copper wires
for the fixed contacts. HNo. 2 contact metal i3 used on the contact-
ing surfaces. The spring wires are actuated by a single phenol
fibre card, held against the armature by the tension of the balanc-
ing spring. The twin wires that form the make contacts are tensioned
against the ocuter edpe of the card, and the twin wirea that form the
breal contacts are tensicned 1n the opposite direction againat the
inner edge of the card. As the armatura moves toward the core,
the card allows the twin wire make contact sorings to move Torward
and make contact with the fixed contacts. 4s the armature move=
ment cormtinuwes, the card picks up the twin wire break contact
snrings to open the break contacts.

Wire spring relays are equipped with either 17 or 2L contact
positions, arranged in two vertical rows of movable twin contact
springs and one or two rows of flxed contact springs: The twin
wire contact springs are held in position by pulde slots in the
fixed contact sprimg block, Figure 1-17 shows a 17 position AF
relay with the cover removed, 4 2L position AJ type relay without
cover iz shown in Figure 1-18,
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The twin wire contact springs mounted to the left of the
associated fixed contact springs provide the make contacts, and
those to the right the break contacts. In addition to ordinary
make and break contact arrangements, the make and break contacts
can be cperated in three stages of the armature travel, designated
preliminary, early and late, to meet contact sequence requirements.
This is obtained by providing recesses for early makes, and
shoulders for early breaks, on the esdges of the card which engages
with the twin wires. Twin wire contact springs are omitted in any
contact position where no contact make or break is required. Al-
though the fixed contact strings are always provided, the entire
contact portion is omitted when not required.

In ordear to meet release recuirements, some wire spring relavs
are provided with a 17 shaped buffer spring. The pretensioned legs
of this sporing have nrotches that engare with the front spoolhesd
to hold the snring in position on the relay. Wire spring relays
operating at high speed, such as pulsing relays, are equipped with
dampers to reduce vibration of the movable wires. The dampers
conslst of a strip of soft material placed betwesn sach movable
wire spring assembly and the rear molded section of the fixed
contact spring assembly. To facilitate the application of electri-
cal requirements, the winding terminals of wire spring relays ex-
tend through the front spoolhead.

Each wire spring relay is provided with a molded plastic
cover that is held in positlion by means of a cover spring attached
to the front molded section of the fixed contact spring assembly.
The cover encloses only the contacts, protects them from dirt and
trapa the twin wires in the gulde slots to avold displacement and
crosaing during shipment and pressure cleaning operations,

There are four types of wire spring relays, designated AF, AG,
AF and AE. The AF type relay shown in Figure 1-17 is a genaral
purpose ralay, equipped with a short armature and stop discs. The
operate and release times of this relay are approximately one half
the time required by a comparable U type relay. The AQ type relay
is a slow releasing relay to replace the T type, Like the ¥ type
relay, it is penerally equipped with a coprer or aluminum sleewve
over the center leg of the core, uses a thick armature with long
legs, and is provided with a dome shaned embossing on the armature
in nlace of stop‘dises. The AJ type relay is used for operating
the heavier soring loads and also for light loads where greater
sansitivity is required. It has a thicker armature with long legs
and uses stop discs,

Some AJ type relays are provided with laminations, consisting
ef & strip of iron on each side of the core to obtain increased
impedances at talking current frequencles. A copper sleeve over
the core and two copper washers and one iron washer over the front
end of the core are used on the AJ 25 relay. This relay is for use
as a trip relay in incoming trunk circuits. The iron washer,
placed between the copper washers increases the leskage flux between
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the core and the armature, which makes the relay more insensitive
to the ac ringing current. The armatures and most of the addition-
al parts used in the construction of AG and AJ type relays are
shown in Fipure 1=19,

Wheres more than 12 make contacta are required, AJ type relays
with 24 make-contact positioms are provided, The make-contact
relay uses four molded wire blocks, two with twin-wire moving springs
and two with fixed contact springs, as shown in Figure 1-18, To
provent orcastalk betwesn adjacent relays used in transmission cir-
oults and mounted at close centars, AJ type relays are fitted with a
magnetic erosstalk shield, Figure 1-20 shows an AJ type relay
equipped with a orosstalk shield,

The requlrements and adiusting procedures for wire spring
relays have been reduced to a minimum. Contact soring tension and
armeture travel requirements have been eliminated, since the relays
are equionad with nretensioned sorings and use a fixed armature
travel, Adtustments are few a=d Include changes in balancing spring
tension to mest armature back tension reguirements, adiustment of
separation between movable and fixed contacts to meet contact make
and break requirements, and adiustment of the mffar spring on
relavs so equipped,

Multi-Contact Relays (Flat Spring)

The use of common control cireuits, in erosshar system switch-
ing, leads to the necessity of connecting a host of control leads
between the control fremes and the switching frames during the
instant of setting up a connection. The similtaneous connecting
of this multitude of leads is done principally by the multi-contact
relay (Figure 1-21) which resemblea in appearance the vertical unit
of a crossbar switch, This relay is actually made up of an assembly
of two relays on a common mounting, since each half of the relay has
its own separate magnet, armature, and spring assemblies. Each as-
sembly may therefore be used as an independent relay, or when

desired they may be used as one relay by connecting the two magnet
eoils in maltinle,

The spring nests consist of normally cpen or "make® contacts
with all springs brought out individually at the front and rear
and with no internal miltipling of contacts, Energiging a magnet
operates all springs under control of that magnet and the contacts
are closed, All sorings have split ends and twin contacta,

The milti-contact relay is available in i soring capacities,
of 30, kD, S0, and &0 nalr of "make" contacts, and when each half
of the relay is used seraratesly, spring canacities of 15, 20, 25,
and 30, respectively, mav be obtained. The relay is mounted with
the armeture wvertical and oceupies a mounting space of approximately
£ inches by 1l inches. A tight fiiting can-type cover slips over
the spring pile-ups, covering the contacts and leaving the magnets
and armatures exposed.
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The multi-contact relay is made in two designsj one, the 263
type, is squipped with soldering lugs for common bare-wire strap-
ping betwaen corresponding springs of two or more relays, and the
other, the 286l type, arranged for individual wiring only. On the
first type, a fiber detall mounted on the soldering lugs guards
against aecidunt.al shorting of adjacent terminals and also maintains
a fixed spat,:ing betweard the terminals. A specially designed termi-
nal strip, the 218 type, is provided for terminating the multiple
strapping and for making the cable connections to that moltiple.

Multi-Contact Relays (Wire Spring)

The 286, 287 and 288 type relays are milticontact relays of
the wire spring type and supersede the 263 and 26l types. They
employ many of the features of the general purpose wire spring
relays (AF, AG and AJ types) such as vretensioned wire springs,
molded wire spring blocks, transparent plastic conbact cover, an
F shaned core, ete., Like the general rurpose wire spring relavs,
they are capables of faster operate and release times and have
reduced contact chatter and rebound,

A 286 tvoe relar with contact cover is shown in Fipure 1-72,
The relay had 30 make contacts arranged in ? rows of 15 contacts.
Fach row again is subdivided into five groups of three contacts.
The relay haz an E shaped core of silicon steel that iz gimilar
but much larger than that of the general purpose wire soring relay.
A non-magnetic core plate, tightly fitted over the ends of the E
shaped core, holds the three legs of the core in alignment, The
magnetic iron armature is U shaped with two short legs that serve
as pivot points. It is made thin to obtain a low mass moving
element and has a triangular shaped cutout to decrease the pole
face area for obtaining the most favorable operating time. The
armature is held in place by a retaining or hinge spring which
bears against the two legs of the amature to hold them against
the core legs. This spring pressure also holds the armature
against the actuating card which in turn is being held against the
core legs by the balancing spring. Details at the ends of the
spring fit into slots in the armature to hold the grmsture in the

proper positiom,

Multicontact wire spring relays are provided with four molded
wire spring blocks, two that contain the moving nickel silver twin
wires and two with the heavy silicon copper wires for the fixed
contacta, In the wnoperated position of the relay, the twin
contacta are held away from the single contacts by an actuating
card which in turn Is held against the two side legs of the core
br two prongs of a8 thres-pronged flast balancing snring. The third
prong of the balancing soring holds the cover in nlece, When the
relay is energived the armature moves the actuating card forward,
allowing the twin-wire contacts to make with the stationary fixed
eontacts, The operation of the armature differs from the general
purpose wire snring relay in that the armature operates (rom right
to left instead of left to right and pushes, rather than oulls,
the operating card.
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The 286 tvpe relays are intended for use in new cirecuits
instead of the 263 tvoe, but are not interchangeabls with the 263
type. The terminals of the moveble twin contact sorings on 286
trpe relays are arranged for individual wiring, while the termi-
rnals of the fixed contact springs are arranged for horizontal
straoping.

The 287 and 268 tyoe relays consilst of an assembly of two
units, each similar to the 286 tvpe relay. These units are as-
sembled one above the other on a bracket and the relays mount
interchangeably with all 263 and 26l type relays. The 287 type
relay, shown in Figure 1-23, which replaces the 2£3 type, has
movable twin contact spring terminals arrangsd for individual
wiring and fixed contact spring terminals arranged for horizontal
strapping. This arrangement of terminals is the reverse of that
on 263 type relays. On 288 type relays, which replace the 26
type, the terminals of both fixed and movable contact springs are
arranged for individual wiring, as in the case of the 26l type

relay.

The 287 and 288 type relays are intended as replacements for
the 263 and 26L type relays in existing equipment and must there-
fore match the speed of the 263 type. Since the 266 type ia con-
ziderably faster operating and releasing than the 263 type, the
two 286 type units used on 287 and 288 type relays incorporate
the following changes in desipn to match the speed of the 263 type.
To increase the operating time, the 286 type unit is provided with
& magnetic shumt across the three legs of the core to increase the
leakage flux, a thicker armature to increase the moving mass and a
core of magnetic iron instead of silicon steel. Other changes to
obtain the reouired operating and releasing times inelude an in-
creased mmber of turns in the winding to retard the flux bulildup
and a larger armature travel. A core with the magnetic shunt in
position is shown in Figure 1-2}.

As in the case of AF, AG, and AJ type wire spring relays the
requirements and adiusting procedures for 286, 287 and 2B8 type
relays have been reduced to a minimum and relate to contact separa-
tion, contact make and electrical requirementas.

Dry Reed Relays

Theae relays are known as dry-reed relays because the con-
tacts consiat of metal reeds sealed in gas-filled glass tubes.
They are fast operating and releasing relays, since the only
moving parts are contact reeds of low mags. The relays provide
a high degree of contact reliability, as the contacts are enclosed
in a glass tube and thus protected from dust and other atmospheric
contaminations. In general, dry-reed relays are for use in circuits
where they are not required to make or break current. The relays
are non=adjustable and thelr principal use is in AMA assembler
computer circuits and in No. 5 crossbar register and sender circuits.
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The slement common to all dry-reed relays is the dry-reead
switch shown in Figure 1-25. This switch consists of a gas-filled
glasa tuba into each end of which is sealed a magnetlc reed whose
terminal extends through the end of the tube. The inner ends of
the reeds overlasp by aporoximately 1/16 inch and normally are
separated by a gap of about 0,010 inch. The gas in the tube 1s
under low nressure which eliminates breakage hazards present
where high-pressure gas is used. One or more dry reed switches
are placed in the core space of a coil to form a single unit of
& dry resd relay. When current is applled to the coll a magnetic
fiesld is set up which causes the tips of the reeds to come to-
gether and make contact.

A 289 relay is shown in Figure 1-26. This relay is equipped
with five switch units, each unit consisting of a coil with one
dry-reed switch. BEach coil is provided with a series resistor to
1limit the current through the coil. The five units of this relay
are enclosed in a wrapping of insulating material for protection
and are held in position by a spring clip formed from each side
of a base shield. The seven leads of the relay are connected to
a terminal block, which is attached to the base shield.

Tha five series resistors are located between two relay units
in a channel shaped portion of the base shield. They are held in
position by two small terminal blocks attached to the base shield.
A cover shield placed over the relay units and held in position by
locking tabs that engage with holes in the base shield, completes
the magnetie return path.

The terminals are arranged for solderless wrapped connactions
and are insulated by sleeving where they pass throogh the holes
in front of the relay cover. The assembly is enclosed in a relay
eover with cover leps that engage with holes in the mounting nlate.
The base and cover shields and the relay cover are made of magnetic
material and serve both as magnetic return paths for the coil flux
and as shields against magnetic interference from adjacent apparatus.
Fipure 1-27 showa the internal arrangement of the parts of a 289

type ralay.

Figure 1-28 shows a 270 type relay. This is a single unit
relay conslsting of 12 dry-read switches placed inside of & single
flat coll., The ecoil i3 held in position in the base and cover
ghields by projections on the rear spoolhead which fit into po-
sitioning slots in the base and cover ghields, The codl leads and
the contact terminals of the individual dry-reed switches are con-
nectad directly to the wiring terminels of two terminasl blocks.
The terminal blecka are held in place by projections that engage
with pesitioning slots in the base and cover shields. The cover
shield fits over the base shield and is held in position by lock-
ing tabs that fit into holes of the base shield. Added mechanical
protection for the coll is provided by a sheet of insulating
material placed between the cover shield and the coil.
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There are 1 wiring terminals in the front and 12 wiring
terminals at the rear of the relay, the firat and last terminals
in the front being those of the coil winding. All wiring termi-
nals are arranged for individual sclderless wrapped connectlons
and with the exception of the two coil winding terminals, are
also arranged for vertical strapping. Like the 289 type relay,
the assembly i= enclosed in a relay cover with cover legs that
fit into holes in the mounting plate, and the base, cover shieslds
and the cover are made of magnetic materlal. The internal ar-
rangement of the parte of a 290 type relay is shown in Figure 1-29.

A 293 type relay is shown in Figure 1-30., The five units of
this relay, each consisting of a coil with two dry-reed switchea,
are supported betwesn two terminal blocks. Each unit has five
terminals which extend t¢ the front and rear of the relay. The
ends of the terminals in the rear are arranged for sclderless
wrapped connectlons and the ends of the terminals in front are
formed to permit the application of test connectors.

A single shield, slit on one side extends between the termi-
nal blocks, completely enclosing the five units. The unit as-
sambly with the shield in place slides into the relay cover which
is equipped with mounting legs for securing the relay to the
mounting plate. The shield and relay are made of magnetic material
and serve the same purpose as explained for the 289 type relay. A
293 type relay with cover and cover shield removed is showm in

Flgure 1-31,
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A. PATHS OF A CALL

A talking path in the No. § crossbar machine is established
by the marker through two kinde of switching frames; line link
framag and trunk link frames. Subscriber lines are assigned to
line switches on line link frames, and the various types of trunks
and originating registers appear on trunk switches on trunk link
frames. These frames are interconnected by junctera. The junctors
are attached to the junctor switches on the line link and trunk
link frames.

Thare are three basic talking channels established through
thesa switching framesj outgoing, incoming and reverting. In
addition, a fourth path, a dialing channel is established and
required when a subseriber originates a call. The dial tone
channal is showm in Figare ?=-1A4.

A call between subscribers with different subscriber llnes,
who are served by the same offlce, im an intra-office call. The
talking path in this type of call conslsts of a terminating
channal and an originating channel established between the sub-
scriber lines through an intra-office trunk as showm in Flgpure
2-18,

A reverting call is a call betwesn two subscribers served by
the same subscriber line (party line service). The talking path
is between the subscribers on this line, Supervision of the call
is orovided by & reverting channel between the subsceriber line
and a reverting trunk as shownm in Flpure 2-1C.

A subscriber, who makes an outgoing call to another office,
is connected through an originating channel to an outgoing trunk
as shown in Figure 2-1D.

An incoming call to s No. 5 office 1s connected to the called

subscriber by means of a terminating channel between the incoming
trunk and the called customer as shown in Flgure 2-1E.
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B. LIKE LINE FRAMES

General

The crossbar switches on the line link frame are divided
functionally into line switches and junctor switches. Subscriber
lines are connected to the line switches, snd junctors to the
Junctor switches. Iine links, which are merely connecting wires,
are provided for interconnecting the llne swltches and Junctor
switchesj hence the name line link frame, Flgpure 2-2 1s a simple
diagram of a line 1link frame,

There are two general types of line link frames currently in
use,; The newer design employs wire spring type relays and has
been provided on all jobs shipping after the third quarter of 1955,
The clder design employing flat spring type relays is rated
"Manufacture Discontinued,” and will not be discussed in detail
in this section.

The baslc wire spring line link frame 1s avallable in two
sizes, 190 lines and 290 lines. The 290-line frame (Figure 2-3)
most commonly used is a 2-bay framework with each bay mounting
ten 200-point crossbar switches. One and one-half switches on
each level are used as line switches. Each vertical on a line
switch 1s used for a subscriber line, except one which 1s used
for no-test access to the remaining 29. One advantage of using
a vertical for a customer line is that the off-normal springs of
the hold magnet can be used as a cutoff relay. The half switches
not used as line switches are used for junctors, thus providing
ten verticals for terminating the junctors on each level. Line
relays, cne for each customer line, are mounted at the top of the
line link frame,

Iine links appear on the horizontals of the switches, ten
line links on each switch, These ten line links are distributed
among the ten Junctor switches, one line link to one herizontal
on each of the ten junctor switches. This syatem of line links
parmits each line on a line link frame to reach any one of the
100 junctors serving that frame, Figure 2-Li shows how each line
switech has access to all the junctor switches,

Any particular line link can be readily traced by the follow-
ing method., The mmber of the horizontal on the lina switch end
of the 1line 1link is the same as the number of the switeh on the
Junctor switch end, and the rumber of the horlzontal on the junctor
switch end is the same as the mmber of the switch on the line
switch end.
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Since each common basic line switch is made up of one and
one~half 200-point crossbar switches, the 270 line basic line
link frame has a capacity of 300 line switch verticals (30 on
each switch) and 100 line links, However, the actual number of
subscriber lines on this frame is 270 bacause ten line switch
verticals (one on each line switch) are required for no-test
operation, such as obtaining access to busy lines from the local
test desk and verification of busy lines by DSA ocperatord.

Oreater line capacity than that provided by the basio frame can
be obtained by the addition of supplementary bays of switches.
The mumber of lines which can be sarved by 100 links, and therefore
bty a frame, is determined by the average incoming plus ocutgoing
usage (calling rate times holding time) of the lines. To take care
of varylng requirements, rrovision is made for adding supplementary
bays to the basic frames to serve from 240 to 590 lines in steps
of 50, 100, or 200 lines, as required., The size of the frame does
not affect its fumctions, The specific arrangements for the
various frame sizes are shown in Figure 2-5,

Line link frames of either type are universal in that all
classes of subscriber lines may be assigned to any frame. The
of fice can accommodate a maximum of 60 or 100 service-classes if
a1l the completing markers are of the wire spring relay type and
30 service-classes if flat spring relay type completing or cembined
markers are employed. In either case each frame is arranged to
handle all of these classes. The line capacity for each class of
service on a frame iz a multiple of ten since class distinction is
made by vertical files. A wertical file is the corresponding
vertical location on each of the ten switches located on the frame.

The circults are so arranged that the line link frames may
serve up to six office codes having rate discrimination. ILines
for these office codes may be mixed on the line link frames.

It is the recommended procedure in new installationa that all
frames be of the same size, and that lines of all classes be as
equally divided among frames as feasible in order to attain a
uniform load balance.

In addition to assigning subscribers, certain types of trunks
are connected to the line link frame. These include intercept and
verification trunks, one appearance of each incoming tandem trumnk,
two apoearances of each incoming intertoll trunk, and in some
cases the information, repair service, official P.B.X. trunks, ete.
In determining the frame sizea and nusher of frames, the number of
terminations of these trunks and the load which they handle must
ba taken into acecount in addition to subseriber line terminations
and usage. Trunks connected to the line link frames may be assigned
to any vertical file, i.e., they may be assigned in a file which
otherwise mounts flat rate, or message rate, or coin subscriber
lines. However, it is recommended that, where available, they be
assigned on verticals asscclated with a P.B.X. class of service.
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This will allow a simple cross connection to be made, if desired,
to allow the Line Insulation Test Frame to skip these trunks
without requiring the special resistance otherwise needed.

¥hen it is contemplated that & relatively large numbar of
intertoll and/or tandem trunks {in the order of 300 or more) will
be terminated on a Ne. 5 crossbar system, two factors should be
given caraful consideration =

(a) The econcmies, initially and ultimately, of using No. 5
for handling toll and tandem traffic and thus limiting
the local main station capacity should be compared with
the alternative of using a separate system for toll and
tandem switching, such as a crossbar tandem.

(b) In a combined local and toll switching system, such as
No. 5, consideration should be given to the fact that
savars peaks occurring in the same busy hour in either
typa of traffic may adversely affect both services.

Originally, forty line link frames were the maxisum a No. ©
eroasbar office could accommodate in one marker group. Howewer,
a new development permitting a maximum of 60 line 1ink frames and
30 trunk link frames per marker groun became available in 1957,
This development applies only to offices equipped with wire spring
completing markera.

Glasaes of Service

The common control equipment (originating registers, markers,
etc.) for a Ho. § installation is arranged for a maximum of 30
clasaes of service with non-wire spring relay type completing
markers and 60 or 100 classes of service with wire spring relay
type completing markers. The class of service indication given
the originating register is determined by the wvertical file to
which the calling line is assigned. Each vertiecal file can be
asgigned a different class of service, and any ona or all line
link frames within the same marker group may serve as many as 30
or 100 classes of service depending on types of markers.

On frames equipped with 100 classes-of-service, twenty rate
treatments are also available. These rate treatments are only
required to supplement classea-of-gervice when the marker group
serves Centrex customera,

As an exception, in non-wire syring relay cffices where both
a flat rate and a message rate station are servad on the sames two-
party line, only 2% classes of service are available. In this
case the flat rate station must always be on the same side of the
line, preferably but not necessarily the ring side.

Paga 7
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The per cent distribution of lines by classes of service need
be the same for all line link frames but the deviation should
kept to a minimum to obtain traffic balance by spreading the
es of major classes evenly over all the frames.

EE3

A separate class of service indication must be given the
marker and originating register for sach class of lines which:

Requires a separate routing or a tone signal to
the special service or CLR operator.

Requires differentiation by service class on
parmanent signal holding trunks.

Has & dialing area different from other classes
of lines.

Receives treatment different from other classes
of lines with respect to the initial and overtime
rates to pointas within the dialing area.

Represents each Centrex group (100 C/S only)

Where AMA equipment is not provided, flat rate lines may be
assigned the same class as message rate lines if separate routes
to the operator are not required and the dialing areas are the
pame, Where AMA equipment 1s provided, flat rate and message
rate lines should not be given the same service class since this
would result in unnecessary perforationa on the AMA tape.

The originating register will make a two-party test on calls
originated from two-party lines on which it is necessary to
determine, for charging purposes; which party is making the call.
This is not required on four-party lines since automatic charging
is not available for four-party service. This test results in a
slight additional delay in receipt of dial tone. Because of this,
flat rate party, measage rate, or flat rate individual and P.B.X.
linea generally should not be assigned to vertical files serving
such lines,

In general, all linea or trunk groups served on the line link
frams which regquire the trunk hmnting feature on incoming calls
as well as certain test lines require sleeve cabling. In addition,
all lines assocliated with a message register must be assigned to
verticals having sleeve cabling.

Line ent Arran a

The standard line equipment arrangement provides that each
frame shall have 90 verticals (9 vertical files) equipped with
sleeve leads, for use with terminal hunting lines, non-AMA message
rate lines, and trunks requiring line link frame appearances,

Page B
Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Coin lines cperating with 1¥l-type or similar type coln boxes
for use with 10=-cent local coin rates require ground start line
equipments. MNon-coin lines use loop start line equipments. In
order to meet the reqguirements for mest offices, 70 "™universal”
type line equipmente (on 7 vertical files) are provided on each
line link frame., By &8 single wire strapping arrangement these can
be made to operate either as ground start or loop start. Unless
otherwise specified, 20 of the universal type line equipments are
shipped with wiring for ground start V002, VF1 & 2 and 50 for loop
start, (VOO01l, VGO4). If different proportions of the 70 are re-
quired, changes can be made on the job,

Tha standard arrangement provides specific locations for the
sleeve leads and universal line equipments, which are shown in
Figure 2-6. They are shown by vertical group and files. A verti-
cal group consists of five consecutive verticsl files, or 50 line
equipment locations. Vertical groups 00 and Ol are on the half-
gwitch mounting line equipments in the junctor switch bay; and
vertical groups on anmy supplementary baye are numbered 02 and up=-
ward to the last vertical group involved on the frame. A maximim
size frame (590 lines) would contain 12 vertical groups numbered

00 through 11.

Provision is made in the vertical group 02 on each line link
frame whereby calls originating from lines in this location will
be served by a marker before walting calls in cther vertical
groups are served. | The 0 vertical file in the wvertical group 02
is always reserved for gaining acoess to tusy lines on a no-test
basis, which leaves LO line terminaticns in the other four verti-
cal files available for assigmment of subscribers' lines., OCener-
ally, the lines for police, fire, and ambulance as well as coin
lines will be asgigned in the 02 vertlcal group. Any remalning
capacity may be asgigned to other classes of lines. Coln lines
may also be assigned in vertieal group Cl.

Frams Size

The engineering capacity of a No, 5 crossbar line link fram.
is 1260 busy hour CCS. Since frame size is dependent on the CCS
load per line, which is difficult to estimate precisely in advanc .,
it is important that new offices be installed with line link frames
of sufficlent size to provide line equipment margins which will
allow optimum frame loading consistent with good se~wice as de-
termined by experience after the office is cut over. Actual CCS
load per line will usually vary tc some degree from the theoretical
estimate made when the office was engineered since there are so
many variables in estimating future traffic loads that there is
never complete assurance of operating an office during its engi-
nesred busy season at precisely the estimated loading.

The firast step in establishing frame size for a new office
is to estimate the total line link frame cffice busy hour CC5.

Originating and terminating CCS is obtained from recent manual
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calling rate and holding time data projected so as to reflect as
accurately as possible conditions antlcipated after cutover. In
addition, there will be other items of traffic which will inwolve
line 1ink frams usape. Tandam and through switched traffic fall
in this catepory and such ussgs should be added to the manual data
referred to above, If intra-office traffic has not already been
ineluded in the terminating data, then it should be added since it
involves the line link frame usages - one originating and one
terminating. Traffic handled on a "junctor" trunk basis should be
included as an additional traffic item even though the traffic has
already been counted as originating from a subscriber's line. The
reason for this can be illustrated by an example. Assume that all
interoffice outgoing coln traffic is handled on coin junctors, the
traffic losd is carried on the line link frame as originating
traffic; it is trunked to coin junctors and re-enters the office
for completion through the line link frame to an outgoing trunk on
the trunk link frame, hence, this item of traffic involves two dif-
ferent line link frame usages.

Having estimated the total office busy hour line link frame
CGS , the next atep is to calculate the theoretical mumber of line
terminationa per line link frame which will load the frames to
1260 coS. The following formula is recommended for this purpose:

Theoretical = 1260

workdng line __Total office BH LLF CGS
terminations  Total worldng LLF terminations
per line link

frame

The total working line link frame terminations in the above
formula should, of course, be based on line requirements which
contemplote party line fills that experience indicates are pos-
gible of attainment.

It iz most essentlal that the ultimate requirements be esti-
mated in determining the proper frame sire as well as the require-
ments for the engineering period. In this connection, possible
changea in party line and business development and changes in the
relationship of trunk and line assignment requiremsnts should be
considered.

Experience indlicates that many offices can be loaded above
the theoretical line loading per frame. It is, therefore, most
I=mportant that allowance be made in the original enginesring for
this contingency recognizing that line equipments constitute a
rather small proportion of the total cost. For this reason, it
is recommended that the line link frame size selected for a new
office provide at least 10 per cent margin in line equipmente over
and above theoretical requirements.
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The following table allows for the minimum 10 per cent margin
muppested above.

Theoretical Yorking Line Line Link
Terminations Per Idnﬂ_}ink Frame Frama Size

17 ar laaas 170

171 to 215 240

216 to 260 >0

261 to N5 340

36 te 380 350

351 to 395 Lo

396 to LbkO 1,90

hhl te L8S sho

LE6 or more 590

Where experience in existing offices indicates that the line
link frame size is too small to permit terminating sufficlent lines
to lead to capacity, consideration should be given to adding supple-
mentary frame additions to correct this situwation.: In such cases
it is possible to add supplementary bays in a different line-up
from the oripinal line link frames.

Froem an administrative standpeoint; it is desirable; when
supplementary frames are to be added, that the ultimate plan
contemplate all fromes of the same sige. This plan iz also
usually the most economical arrangement when numbers are not
limdting. Interim arrangements may, of course, contemplate add-
ing supplementaries on only part of the frames as required.

The new wire spring and former flat spring relsr line link
framas mavy have supplementary bavs added as shown in the following

tabls.

Tt will be noted from the following table that the 190 sise
frema can have it one ©0 line supnlementarv added, and the 240
gize frame has no orovision for additiomal suonlemerntary bavsj

thereore, these sires obwiously should be apecified o in casea
where the marrin and line equipment available above reguirements

is deermed adeguate to meet all future contingencles.

Page 11
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Hexrdenm Mumber of

Original Frame size to which original can be ralsed Supplementary Frames
Frame 20 290 3h0 390 LLO L90 5h0 590 That Can Be Added

1508 x 1 (50 lines)

2L0¢ 0

250 x x x x #%) (50 or 100 up to 590 lines,
Loy x x x x #3(S0crl00n" ® m ® )
3%0 xr x x x #3(50orl00" » @ LA
hhod x x x #%#2(50crlognm = " ";
L0 x x #2(SOorl0p® * » @
SkLo# x 1 (50 lines)

590 0

# Wire spring type only.
# Raquires special cabling to add more than one frame.

Number of Frames

Ths number of line link frames reguired 1ls determined by
dividing the estimated total working line link frame terminationa
at tha and of the enginesring periocd by the theoretical termi-
nations required to load the frames as estimated by the method
described above, Where the result includes a fractional frame
requirement , a decision must be made as to whether to reduce or
raise the frames to be ordered to the nearest whole number. The
provision of the nearest lower whole mumber of frames will, of
course, affect apprecisble cost saving (particularly if trunk
link frame requirements are correspondingly reduced) and in many
cases, where the fractional requirement is a small percentage of
the total requirement, may have little effect on over-all
performance.

b=Wire Line Liank Frames

A h=wire line link frame is also available in wire spring
marier groups. This frame provides appearances for lines and trunks
that require a L-wire termination for separate transmission paths
in each direction.

These frames serve 190 lines or trunks, one hundred classes-
of-service, and twenty rate treatments.

A maximm of forty l-wire line link frames can be served by
one marker group. However, up to sixty line link frames can be
served when both 2-wire and lLi-wire framea are provided.

Non-wire spring marker groups are not arranged to work with
i=wire line link frames.

Fage 12
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Line Link Frame Line Identification (Line Link Address)

A subs¢riber's line termination on the line link frame is
in no manner numerically associated with his listed directory
number, The marker recognizes this line termination on outgoing
ealls as line link address. In the case of a terminating call,
the marker mist refer the directory mumber to a number group
frame for translation into line link address in order that 1t
may commlete the call,

The line link address 13 identified in terms of the line
link frame number, horizontal group, vertical group, and vertical
file number. Flesase refar to Figure 2-21,

A horizontal group is one switch high and extends across thes
frame, There are IIu'm'E ten horizontal groups on a frame.

A vertical of customer lines is five verticals wide
and ten switches Ehﬂl‘iﬁmtll groups ) high for a total of fifty
lines, Thus, the number of vertical groups on a line link frame
will vary from four for a 190=line frame to twelve for a 590-

line frame.

A vertical file is one vertical wide and ten switches high
for a total of ten lines, The mmber of vertical files on a
frame depends on the size of the frame.
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C. THE TRUNK LINK FRAME

FPhysical Descriptlion of Frama

The fundamental trunk link frame is a two-bay framework
having ten 200=-point, 3-wire crossbar switches in the left, or
junctor bay and ten 200-point, S-wire crossbar switches in the
right, or trunk bay, (See Figure 2-7), The frame has capacity
for terminating 200 janctoras which are used to interconnsct the
tronk 1link frames and line 1link frames. The trunk switches
provide terminations for a maximum of 150 circuits. Thess
circuits include originating registers, intraoffice, interoffice,
intermarker group, incoming, outgoing, two-way and miscellaneous
trunks,

The system of trunk links that permits any trunk or origi-
nating register on & trunk link frame to be connected to any one
of the 200 junctors serving that frame is similar in prineciple to
that used on line link frames. The number of trunk links, which
is 200, is the same as the number of junctors. Trunk links run
from vertical to vertical. Junctors connect to the horizontals
of tha junoctor switches, and trunks to the horizontals of the
trunk switches, (See Figure 2-8).

In order to terminate twenty junctors on the horizontals of
one 200-point junctor switch, the horizontal maltiple mast be
split into left-hand and right-hand half-switches. The two half-
switches thus formed are treated separately and numbaring of the
verticals in each half is similar, but they are identified as left
and right, Although the trunk swlitches are not physiecally split,
the numbering of verticals are also on & left and right basis.

Trunk link distribution ils similar to line link distribution.
Tha vertical number at one end of a link is always the same as the
switeh number at the other end of the link, In addition, a werti-
cal on the left half of a switch is always connected to a wertical
on the left half of the switch at the cther end of the link, and a
vertical on the right half of a switch is always connected to a
vertical on the right half of a switch at the other end of the link.
(3ee Figure 2-8).

Since the trunk switches are f-wire and functors and links
are J-wire, sach crosspoint providea space for connecting a link

P@vﬂoaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



to two trunks. HMeans of determining which of the two trunks is
to be used on a particulsr connection are, of course; required.
Horizontals O and 1 on each trunk switch are used to provide this
distinction and two circuits are connected to each of Horizontals
2 to 9, inclusives. This arrangemant is illustrated in Figure 2-%.
Thus lé circuits may be connected on each switch or & total of
160 on a frame,

The eight appearances on each switch which are selected by
Horizontal O are called A appearances, and those selected by
Hordzontal 1 are called B appearances.

Complete identification of a ecireuit location on a particular
trunk link frame is obtained by specifying:

The appearance - A or B,

The trunk switeh rumber = 0 o 9 from tha bottom
up on the frame,

The horirontal lewvel on the trunk switch, usually
called "level " which may be 2 to 7, inclusive,

The arrangement of the iunctors betwsen the 1line link frames
and trunk link frames is such that all line link frames have squal
access to all trunk link frames and vice versa. Since a line link
frame provides space for 100 functor terminstions and a trunk link
frame provides space for 200 fanctor terminations there are
normally one-half as many trunk link frames as line link frames.
The minimm number of fanctors between one line link frame and one
trunk link frame is 10. Hence the maximum number of frames with
which a particular line link frame may be interconnected is 10, or
the maximim number of line link frames with this arrangement is 20,

In order to increase the maximum number of frames which may
be used in one marker group, extension bays are provided on the :
Junctor switeh side of the trunk link frames when desired. The
axtension frame consists of tem 200-point, 3-wire switches similar
to the junctor switches located on the junctor switch bay. The
switches on the extension frame have capaclty for 200 junctora and
the Junctor switches also have capacity for 200 junctors, thus pro-
viding a total capacity of 40O junctors per trunk link frame., The
Janctors on the extension bay are assigned to line link frames 20
te 3%. The junctor terminationa of two trunk link frames are
multiplied, providing a total of 400 iunctors per pair of frames.
With this arrangement when 20 trunk link frames are provided, a
total of 4000 Jjunctor terminations will be available, This 1s also
the capacity of !0 line link frames and nrovides for a minimm of
10 tunctors between each nair of trunk lin frames and each line
link frame,

F
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A later development permitting & maximum of 30 trunk link and
&0 line link frames per marker group was made available in 1957,
This development applies only to offices equipped with wire spring
completing markeras. With this arrangement a second extension trunk
link frame is added to each trunk link frame and is interconnected
with the extension trunk link frame for triple-frame operation.
This is necessary to provide at least ten junctors between each
line link frame and each trunk link frame, The second extension
trunk link frame is the same as the extension trunk link frame and
provides means for terminating an additlenal 200 junctors to line
link frames L0 to 59. Thus a total of 500 junctors are provided
for the triple frame combination, or ten junctors each to a total
of 60 line link frames.

Cabling of Trunks and Originating Registers

Trunk relay equipment is required for every type of trunk
assoclated with the trunk link frames., These trunk units are

mountad on relay racks. FEach trunk clireuit and each originating
reglster has a number of leads cabled to a relay squipment unit
on a trunk link frame; among these are the tip (T), ring (R),
sleeve (3) and frame f?]l leads. These leads are cabled to either
an FA or FR relay depending on whether the trunk is given an A or
a B appearance on a trunk link frame. Each trunk link frame is
equipped with BO FA and BO FB relays corresponding to the 80 A
and B0 B locations for trunks and originating registers,

Each trunk which handles calls either originating or termi-
nating outside the office is cabled to the MDF for croas con=
nection to the outside conductors and to & line link frame sguip-
mant locatlon if requlired. Trunks which require assoclatlom with
incoming registers for lncoming calls are cabled to incoming
regiater link frames. Trunks which require the use of outgolng
senders are cabled to outgolng sender link frames,

All trunks which may be used to complete a call to a sub=
scriber line in the office, for example, intracffice, reverting
ringing,; incoming, and two-way trunks, are assoclated with ring-
ing selesction awitches. Each ringing selection switch serves &
maxdimum of ten trunks, Usually a ringing selection switch is
mounted on the relay rack immediately above the trunk relay equip=
ment it serves.

Due to the control arrangements used, it is necessary that
the trunks served by a particular ringing selection switch appear
on & given trunk link frame, on the same trunk switch level, with
one trunk on & trunk switeh. Conversely, the ten trunk link
locations made up of a particular level on the ten switches of a
particular trunk link frame mist be served by the same ringing
selection awitch 1f all ten are used for trunks requiring ringing.
0f courae, some of these locations may be unequipped or may be
used for trunks which do not reguire ringing.
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Trunka associated with ringing selectlion switches rust be
cabled to B annearances on the trunk link frame, Thus a trunk
link frame has capacity for 80 trunks which require ringing.

A1l circuits selected as the result of the operation of a
route relay in the marker (out-going trunks, originsting registers,
calling end of intraoffice trunks, etc.) must be sssigned to trunk
link frame locations which are provided with busy test leads =so
that the marker can select an idle e¢ircuit in the group desired.
The btusy test leads are cut through to the marker for testing by
trunk block (TB) relays. The cabled association of busy test
leads, trunk block relays and locations on the trunk link frame
is shown in Figure 2-10,

Cireuits to be salected by marker action may be cabled to
either A or B appearances to the extent that busy test leads are
provided as shown in Figure 2-10. Since there are gix trunk block
relays each with 20 associated locations, a maximum of 120 circuits
which are to be selected by operation of a route relay in the
marker, may be cabled to one frame,

Cireuit Operation for Trunk Selectiom

m an incoming eall the marker 1=z directed to the partleular
trunk in use by an indleation recelved from the incoming reglster.
The particular trunk used for s particular call is determined by
the salecting mechanism at the originating office. If the call
is one which iz to terminate in the No. © office, the marker obtains
access to the trunk through the trunk link connector and sets up a
connection to the called line, If the call is one which is to be
switched through the No, § office, the marker obtains the trunk
mmmber, consults a trunk number group to determine the line link
frame address of the trunk and then sets uwp a connection to a
tandem completing, toll switching, intertoll, or miscellaneocus
trunk as required. If the called line is tusy, or if all completing
trunks are busy, the incoming trunk is set to returm the line busy
or ovaerflow signal as required.

The trunk pumber is & 3=-digit number. For tandem trunks in-
coming from other offices, the trunk number is obtained from the
incoming register link frame. The units digit of the mumber mast
be the same as the units digit of the wvertical with which the trunk
1ls aszoclated on the lncoming register link frame. The tens and
hundreds digits may be assigned by cross connections on the incoming
register link frame but must be the same for all trunks sssociated
with a particular right or left half-switch om the incpming regls-
ter link frame, For intermarker group tandem trunks the trunk
number is obtained from & vertical mssigned to esach trmunk for that
purpoge on the out sender link frame.
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In the case of a demand for dial teone connectlon to an origi-
nating register, a demand from an originating register for con-
nection to an cutgoing, intraoffice, or cther trunk, or a demand
from en incoming register for connection to a tandem completing,
toll switching or intertoll trunk, the marker mist select an idle
eireuit in the proper group. Fxcept for particular situations,
which are discussed later, the trunks in the group of which one
13 to ba gselected by the marker are spread over gll trunk link
frames. The procedure followed in locating an idle eircuit of a
particular group i= discussed in the following parapraphs, For
convenlence it is assumed that an outpgoing trunk to a particular
destination is to be selected although the prineciples apply to the
selection of an originating register or any type of trunk selected
by marker action.

The operation of the route relay in the marker for the desired
roeute causes the cperation of a frame connector (FC) relay, also
in the marker, and cabled to the particular route relay. As
mentioned above each trunk location on the trunk link frame has
an assoclated FA or FB relay. One of the contacts of each of
these relays asscclated with a locatlon having a busy test lead
as shown in Figure 2-10 is brought ocut to an FT (frame test) termi-
nal in a cross-connection field on the trunk link frame. When the
particular trunk is idle this terminal is grounded.

The FT terminals for the trunks in a particular group on one
trunk link frame are strapped together and a cross-connectlon run
to an FTC (frame test connector) terminal, alsc on the trunk link
frama, The FTC terminal is cabled to a contact of the FC relay,
agsociated with the particular route in each marker. The FTC
terminal from each trunk link frame having trunks in the partiocular
route is cabled to a different contact on the FC relay. The FTC
terminal will be grounded unless all trunks in the route on a trunk
link frame are busy. Thus by operation of the FC relay the marker
is able to determine which trunk link frames have idle trunks in
the desired route,

Fach route relay provided in each marker has an assocliated FC
relay. These FC relava are numbered to correspond with their as-
soclated route relays. The corresponding contacts on correspond-
ingly numbered FC relays in all markers are strapped together and
each set of contacts cabled to an FIC terminal on a particular
trunk link frame. Thus each FC relay has as many working comtacts
as there are trunk link frames and, by means of the FT to FTC cross
connections any equipment locations on the trunk link frames which
have busy test leads, may be asscclated with any FC relay and
thereby with any route relay. A total of L60 FTC terminals are
provided on each trunk link frame so that a maximum of L60 FC
relays and corresponding route relays may be used in a marker group
(Flat spring markers).
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A memory cireuit in the marker retains the number of the trunk
link frame with which the marker worked on the last call it handled.
If there are idle trunks of the desired group on all frames and, if
there is no interference from other markers, the marker will salect
the next higher numbered trunk link frame. However, if this first
cholce frame has no idle trunks of the desired group, or if it is
being held busy by ancther marker attempting to complete a con-
nection, the marker will select the next higher nunbered frame which
is idle and has at least one idle trunk in the desired group,

Having selected the trunk link frarme through which it will at-
tempt to complete the call, the marker must make a selection among
the idle trunks of the desired route on that frame. The operatlon
of the TB relay asaigned to the trunk link frame locations on which
the trunks of the desired route are located closes through the busy
test leads to the 20 trunk equipments (assuming all 20 locatlons
are equipped) with which the TB relay 1s assoclated. The proper
TE relay is operated by the route relay in the marker. Thus, it
is seen that all trunks of a particular route must be assigned to
locations assoclated with one TB relay (except for allotted groups
discussed later) on a particular trunk link frarme and with the
same numbersd TR relay on all frames, It is not necessary, however,
that the squipment locations be identical on all fremes,

In the general case only a part of the 20 trunk link frame
locations associated with the TB relay are used by trunks of the
desired route, Each trunk link frasme location which 1= associated
with a TB relay has a lead brought out to an "F" punching on the
trunk link frame. The "F® punchings for the trunks to the desired
destination are strapped together and cross-connected to a TG
(trunk group) terminal on the trunk link frame. The marker reaches
thae TG termlnal for the desiresd route by means of a contact on the
route relay. The combination of an operated TH relay and tha TG
indlcation of the route relay causes the busy taest leads of all
trunks associated with the desired route on the selected trunk link
frama to be presented to the marker for testing. A seguence circult
in the marker determines which trunk is first cholce for the par-
ticular call and the order of testing if the first cholce trunk is
hl-ﬂ?i

The result of the method of trunk selection just deseribed
is that the traffic over a particular trunk group is distributed
prectically uniformly over all the trunks in the group with esach
trunk carrving its proportionate share of the CE load on the group.

Since the TH relavy is desipned to handle the busy test leads
from twenty trunk appearances, this is the maxisum number of trunks
on one trunk link freme which can be tested st one time by the
marker, Hence the maximam number of trunks in one group, if the
allotter feature is not used, is twenty times the number of trunk
link frames,
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The 20 busy test leads assoclated with each TP relay may be
used for as many as 20 (00=19) TO indications. Hence, the as-
sociated 20 trunks may be assigned to as many as 20 different
trunk groupa. Since the TO indication for a particular route is
given by the route relay assigned to the route, all trunks in a
particular group must be given the same T0 mmber on all the frames
on which they appear. The same TO number on the same TB relay may
be used for two different groups of trunks provided the two groups
are on different trunk link frames, that is, there is no instance
in which trunks from both groups appear on the same trunk link
frame,

If more than 20 trunks per trunk link frame are required in
a particular group of interoffice or one-way outgeclng trunks, or
more than ten trunks per tronk link frame in a particular group
of two-way trunks, approximately half of the group is asaigned to
each of two trunk block relays on each freame to provide two sub-
groups. A two-gten allotter circuit in each marker is uased to
cause it to alternste its first cholce between the two subgroups
on alternate calls., On any pvarticular call, if the marker finds
all the trunks in its first cholece subgroup busy, it will test
the trunks in the other subgroup before advancing to an alternate
route or to set overflow. In this way a group equal to LO times
the mmber of trunk link frames can be obtained as a maximum,
Since the allotter feature causes some increase in marker holding
time it i3 seldom used unless neceasitated by a group slza
larger than mentioned above.

With allotted trunk groups it is possible to have each sub-
group served by a different group of outgoing senders. When thia
is done, the marker will advance to test its second cholce sub-
group in cases where it finds all senders associated with the
Tirst choles subgroup busy even though there are idle trunks in
the first choice subgroup.

Mumber o1 Frames

Since the traffic load capacity of trunk link frames is 2520
CS, the number of frames required for load is half the number of
line link frames. However, with the limited number of trunk
spaces on a trunk link frame (160), it is sometimes difficult to
obtain good arrangements of trunks on the frames with this minlmom
provision because of:

8. The need for providing an adequate number of the
many separate tvpes of trunk squipment.

b The relatively high mumber of =iscellansous trunks.

¢, The inefficiency of small trunk groups in small joba,
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de The difficulty in acociurately estimating trunk
nesds for a growbth marker group making it necas=
sary to provide reascnable margins,

8, Tna necessity for vroviding trunk arrangements
for two entirely different conditions; a cutover
period with maximum operator handling of calls
and an exhaust period with maximum subscriber
dialing of calls,

A1l of the factors mentioned above tend to increase the
mumber of trunks of all types required, and providing initial
frames on a load basis may result in excessive trunks per frame
when compared to full marker group requirements. A choice has
to be made, therefore, as to whether to place these initial trunks
on the fewest mumber of frames or provide frames on the basis of
the ultimate trunk arrangesent.

As it does not appear probable that any of these conditions
can be wholly eliminated, it is recommended that on any No. &
crosabar job two layouts of the assipnment of trunks to trunk
link frames be made; the first based on minimum number of trunk
link frames only, and the second based on a full marker group
with ideal trunk distribution over all frames. This would be cut
back to the number of trunk link frames needed to provide the
trunka for the current job., It will then be possible, on a job
basis, to welgh the coet of advancing the installation of trunk
link frames against the cost of any later rearrangement.

The above recommendation will normally result in spare trunk
link terminations being provided initially and care should be
taken to assure proper apporticonment of these spare appearances
among the varicus trunk classes,

Az a final check it is recommended that a minimum of 10%
spare terminaticns be provided on each trunk link frame in offices
having a reasonable growth potential.

When the mumber of trunk link frames provided exceeds one-
half the mumber of line link framea the junctor pattern will be
provided on the basis of the number of trunk link [rames. For
example, if 16 line link and 10 trunk link frames are provided,
the Junctor pattern for 20 line link - 10 trunk link frames will
be used and 10 junctors (100 divided by the mumber of trunk link
frames } will be provided between each line link and each trunk
link frame. Thus the junctors will carry the planned load for the
pattern used but the trunk link frames will carry less than 2520
G assuming that the line link framer are normally loaded. On
the other hand, the number of juncters provided between each line
link and trunk link frame will be decreased by using a 16 LIF =
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10 TLF rather than a 16 LLF - 8 TLF pattern. The combined effect
of these factors on matching losa performance varies depending on
the frame quantities involved. However, in no case where this
type of pattern is employed should the matching loss exceed engl-
neered service objectives,

Distribution of Trunks on Trunk Iink Frames (New Offices)

Since the trunk units are cabled to their locations on the
trunk link framea, it is necessary that detalled assignments be
made for all types of circults sopearing on the trunk switches.
Starting from a trunk estimate,the mumber and tvpe of trunk
circults to be used for each frunk group can be determined. In
=any instances several groups will require the same type of unit.
The total number of relay eculpments of each type, including
spare equipments is determined, Tt 1s the usual practice to carry
the type designation of the trunk unit for clasasification parpoaess
throughout the traffic order and specification,

In the case of trunks requiring assoeciation with incoming
registers, particular trunk cireuits are usually cabled to par=-
tioular incoming register link frames. Thus for assignment
‘purposes the trunk units asacclated with each type of incoming
register pulsing are considered separately. They are usually
distinguished by adding a lower case letter to the trunk type
designation, (d for dial pulse, m for mltl frequency).

Occasionally it may be necessary to change the association
of certain incoming trunk groups from one reglster group to
another. This may occur, for example, in the case of trunks from
a mamial office to be cut over to dial within the engineering
period of the No. 5 job. If the manual office has dials on the
switchboard the trunks require assoclation with dial pulse in-
coming registers. Assume that the mamaal office is to be cut
over to No. 1 erossbar with customer dialing to the No. S. The
trunks mist then be assoclated with revertive mulse incoming
reglsters after cutover., These cases should be reviewed with thes
Engineering Department so that the reassociation can be made at
cutover without the necessity of rroviding trunk units for both

the mamual and dial basis since the same trunk relay can usually
ke used for hoth tvoes of pulsing.

In some fobs it may be found that only a relatively small
number of outpoing trunks regquiring a particular type of out
pulzing are reguired. In such a case a saving in outgoing sender
1link frames can be made if these trunks are confined to a minimum
number of trunk 1link frames. The outsender link switch arrange=-
ment per trunk link frames resulting from this plan should be
specified in the Telephone Company specification.
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The use of the type desipnations of trunk relay equipments
is illustrated in Fipure 2-11,

triginating registers are not glven a trunk type number but
are usually designated tw a canital "A". Similarly, the location
on a trunk link frame used by the master test frame is usually
designated by "B" as it does not require a trunk relay equipment,

When the number of relsy equipments of esch type has been
determined the various types are separated into groups according
to the way the trunks are to be assigned to locations on the
trunk link frames, Figure 2-11 shows & simple case of a local
No. 5 office where the groups are:

Intraocffice trunks

Two-way trunks - those requiring both ringing
selection switches and TH relays

Originating registers

Cutgoing trunks - those requiring TR relays

Incoming trunks - those requiring ringing
selection switches.

As shown in Figure 2-11, the various types of trunk squip-
ments within each group and subgroup are arranged in order by the
mumbar of trunk equipments to be provided starting with the type
requiring the largest number,

Figure 2-11 also shows the distribution of trunks over the
trunk link framea. The chief objective in making this distri-
bution is to spread the CCS load over all frames as evenly as is
economically practical, For the most part this objective can be
accomplished by spreading the trunk equipments of sach type over
a1l frames so that, as nearly as posaible, the same mumber of
trunks of each type appear on each frame. However, there are a
rumber of factors which tend to prevent complete applicatlion of
this principle so that compensating adiustments are required.
The more impertant conglderations are:

#. Many of the equipments are provided on the basis of two
or more trunk circuits per unit in order to save space
on the trunk relay racks, This makes no difference in
the case of trunks not requiring ringlng selection
switches except that the number provided should be an
integral maltiple of the trunks per mounting unit.
However, in the case of trunks requiring ringing se-
lection switches, the trunks which are mounted as &
unit mist be cabled to the same trunk ink frame.
Hence, a number which is an integral sultiple of the
mumber of trunks per mounting unit must be assigned
to sach frame,
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bs The mumber of trunk circuits of some types is less than
the mumber of trunk link frames.

¢s In offices having paired or tripled trunk link frames it
is desirable that all types of trunk equipments be spread
over as many pairs, or triples of frames as possible.
This principle becomes applicable only when the mumber
of trunks is less than the mumber of frames, Normally
frames 00 and 01, 02 and 03, etc., are paired and 00, 01,
02, and 03, OL, 05, etc., are tripled that iz, they are
gerved by the same group of junctors. Thus, for example,
suppose that B trunks of a particular type are provided
in an office having 16 trunk link frames., If one trunk
is assccliated with each pair of frames the lanctor accesa
to the group will be at & maximmm and hence calls lost
due to failure to match will be at a minimom,

d. Intermarker group subscriber-to-trunk, that 1s, trunks
for completing calls from subsoribers in a non=-tandem
marker group to outgolng trunks in the tandem marker
group, use the units digit of the number of the trunk
link frame on which the called ends are located as the
hundreds digits of their number group trunk numbers.
These trunks sre assigned as "bunched" trunks, that is,
several trunks use the same trunk link frame location on
the incoming ends. It is important that the locations
used for the incoming ends be coordinated with the di-
rectory numbers reserved for trunk numbers. When sub-
scriber number groups are used for trunk numbers it may
be necessary to limdt these trunks to not more than two
trunk link frames.

e¢s There are a number of limitations on the association of
trunks requiring incoming reglster link frames which may
affect the way these trunks are distributed over the
trunk link frames; These limitations are discussed in
Section V. covering incoming registers and incoming
reglater link frames.

fs Complete flexibility does net exist in the cabling of
originating registers to trunk link frames: Consider-
gtionz invelving trunk link frame assignments of wire
spring tvpe originating registers are covered in
Section V.

Non-wire spring type originating regpisters are mounted
five on an originating register frame. The five regls-
ters or less on a frame must be cabled to sither one or
two trunk link frames, When split between two trunk
link frames the split may be made between any two con-
secutively numbered registers. It is not necessary
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that the cabling be to two adjacent or consecutively
numbered trunk link frames. The problem of making this
distribution is somewhat simplified if the number of
originating registers per five trunk link frames is
computed and a distribution made as shown by the follow-

idg tables

Orig.

RuEa. Trunk ILink F:'EE i

£ (o] 0L o2
P;:m’i i No. Trig. Regs, P

15 3 2 3 i 3 & Repeat
15 3 3 L % Repeat
17 3 L 3 % Repeat
18 L g i h
19 3 h L L L % Repeat
20 Li % Repeat

A chart showing the particular originating registers
cabled to each trnk link frams shall be provided by the
Telephone Company in the Telsphone Company specification.
Since the 005 load on originating reglsters is comparable
with that on large trunk groups, the unbalance caused by
these restrictions can be compensated for most easily by
providing a compensating unbalance in the distribution
of ocutgoing trunk equipments of a type that are to be
used for large groups of trunks.

Es On jobs where the mumber of line link frames is cne less
than twice the number of trunk link frames, soma re-
duction in the work of moving and recabling trunk equip-
ments with the first addition may be effected by special
attention to the way in which the trunk equipments are
arranged initially. The trunk gstimates may be made and
the layout work done on the basis of the number of lines
which would require the additional line link frame, The
locations for the excess number of trunks obtained ars
indicated as regsarved for the particular types required,
Whan this is done, the engineer will ressrve space on
the trunk relay recks and provide cabling so that the
trunk smiipments may be added later at & minimm cost.

In making the distribution of trunk eguipments over the trunk
link frames, the most sfficient procedure is to arrange the
various types of equipments reguired in the order shown in Flgure
2=11, Assignments are started with the first item and the wvarious
items taken in the order in which they appear with one exception.
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It is wall to leava the typas of incoming trunks which produce no
C0S load on the trunk links (bunched trunks) until last as they
will not disturb the loading balance.

The first type of trunk is distributed a= evenly as possible
over all of the trunk link frames. The second type is handled in
the same way except that adjustments are made to compensate for
unavoidable unbalances in the first type. This process is re-
peated until all types have been distributed, It will be found
helpful if subtetals by major groups are maintained as illustrated
in Figure 2-1l.

The zase where only a relatively few outgoing trunks require
a particular type of pulsing and it ls desired that their dis-
tribution be restricted to only a part of the trunk link frames
in order to economize on outgolng sender link frames requires
special consideration. Exact rules to be followed in such cases
can not be established. The general principle is that any re-
striction in the distribution will tend to increase marker hold-
ing time by increasing the mmmber of times the marker can find an
idle trunk onlv on & frame which i3 being held by another marker.
However, the effect is not seriows if the trunks are spread over
a mumher of trunk frames which is preater than the number of
markers and if the mmber of calls invelved is less than five per
ceant of the total oripinating calls, In peneral it is not de-
girable that the rumber of frames over which important groups,
such as groups to tandem used as an alternate route, are spread
be limited artificially,

Additions to Existing Offices

Additions to existing offices should be possible with a mini-
mum of trunk rearrangements, provided the initial job was engi-
neered as recommended.

Where trunk distribution is substantially changed from origi-
nal plans due to such factors as changes in traffic distribution
by individual trunk groups, rate changes, area transfers, ete.,
it may be found that the number of additional trunk equipments
required does not provide the proper numbers and types to continue
the previous distribution patterms on the new trunk link frames.

In thesa latter instances a complets redistribution of trunk
equipments in sccordance with the practices followed with inditial
jobs is not practical because of the cost. Outgoing trunk equip-
ments not requiring senders can be recabled rather easily but
those requiring senders mist have the cabling to both the trnk
link &nd outgoing sender link frames changed. PBecause of the®
restrictions on the assoclation of trunks requiring ringing se-
lection switches with these switches, and with incoming register
link fremes the cost of reassoclation with trunk link frames i=s
high,
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In view of the above factors trunk link frames added under
these circumstances are generally loaded by the following
procadurs :

a, Assopiste the new trunk equipments and originating
registers with the new trunk link frames insofar as is
practical. Of course, if a new tvpe of trunk is being
added, the equipments must be spread over an adequate
number of trunk link frames.

b. Change the association of existing trunk equipments from
the old frames to the new ones as required to obtain an
adequate load. In general, preference is given to
moving im the following order: outgoing trunks not re=
quiring senders, outgoing trunks requiring senders,
incoming trunks, inter-marker group trunks, intraoffice
trunks, and originating registers. Consideration should
be given to the fact that standard cabling of equipment
ia always from the lowest numbered relay rack unit of a
group, up. Therefore, it is always easiest to dis-
conneact the highest numbered unit of a group and, gener=-
ally, it is possible to do so without disturbing the
lower units. Furthermore, when the lower units are to
be disconnected, it is necessary to take all higher
mimbered units of that group out of service until the
necessary recabling within the group is completed. This
unnecessarily increases and complicates transition work,

It is recommended, in the traffic enginesring practices, that
when trminks which requlre ringing selection switches are to be
moved the preferred practice is to physically move the trunk relay

to the new trunk relay rack. This can be done without
requiring additlionsl expenditure for ringing selection switches
and trunk relay rack space if the number of trunks moved is such
that they do not increase the number of ringing selection switches
on the new relay racks. For example, assume that an addition re-
quires one new trunk link frame and fifteen new trunks which
require ringing selection switches all of which are to be as-
soglated with the new trunk link frame. Two ringing selsction
switches must be provided for the fifteen trunks. Five or fewer
trunks can be moved from old frames to the new one without in-
creasing the expenditure for ringing selection switches. In most
cases, the total trunk relay rack requirements will not be
affected nor will the cabling costs be materially increased.

In any compromise involving deviations from ideal balance it
is desirable that the relationship betwesen incoming and ocutgoing
CG5 load be falrly uniform over all the frames.

In cases where an addition results in the number of line link
frames being one lesa than twice the number of trunk link frames,
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it may be desirable to estimate the nmumber of trunk equipments
and make the new trunk layout as though one more line link frame
were being provided:. The locations on the new trunk link frames
occupled by the excess trunks are marked as reserved for the
particular types of equipment involved. Space will be reserved
on the trunk relay racks and cabling arranged so that later ad-
ditiona and changes can be made at a minimum costs

In cases where changes in requirements result in an excess
of trunk equioments of a particular type,it is not necessary that
the aquipments be physlcally removed or the cabling disconnected
unless the locationa on the trunk link frames or the trunk relay
rack space is required for other purpoass,

Location of Trunks on Trunk Link Frame

It iz necessary that the Telephone Company specification
show the assignments of trunks and originating registers to par-
ticular locations on the trunk link frames. Because of circuit
operation the assignments rmst be made in accordance with certain
rules. Figure 2-12 shows a form which is used for making these
assignments. These forms are provided as a part of the No. S
Questionnaire. The arrows on this form show the general order of
malding assignments. The following rules cover the limiting
requirements.

A. Intraoffice Trunks

These trunks are a combination of outgoing and incoming trunks.
Since one trunk of the group must be selected by the marker the
tutgoing end of the trunk requires a TB relay. Since the incoming
end ie assoclated with a ringing selection switch it must be as-
signed to a B appearance. Both appearances of a particular trunk
are on the same trunk link frame and on the same level, but the A
appearance is on the next lower numbered switch from the B appear-
ance, Humber 9 is considered as next lower then O in making these

assipgnments.

These trunks are assigned in order to level &, 7, B, or 9 since
these levals do not have a TE ralay associasted with the B appear-
BrCEesS .,

B, Two-Way Intertcll Trunks, Reverting
Ringing Trunks, Ringer Test Trunks

Two-way intertoll trunks are considered in two categories,
When these trunks are both selected by the markers for outgoing
callg and terminate on the switches for incoming calle, they are
similar to cutgoing trunks in that they require TB relays. They
are also similar to incoming trunks in that they require ringing
selection switches. Hence, they must be assigned to B appearances
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on level 2, 3, 4 or 5. They are ususlly started at 5B and continue
downward on the form,

In some cases the two-way intertoll trunks appear on the No. 5
awitches for incoming traffic only with the appearances at the
toll board used for all outward traffic. In such cases the trunks
do not require TH relays but do require ringing selection switches.
Assignments may be made to any B appearance but, because of the
posaibility of a future need for selecting the trunks by marker
action for outgodng calls, the usual practice is to make mssign-
mente as described in the preceding paragraph.

Reverting Ringlng and Ringer Teat Trunks require both ringing
seleaction switches and TE relaya. They are assigned to B appear-
ances on level 2, 3, h or 5 usually starting at 5B and continuing
downward on the form.

G Dri.gl.nat-in; Enp.ﬂtnrn

Originating registers require a TB relay. The circuit oper-
ation requires that they be assigned to 24 starting with switch O
and contimiing consecutively to the higher mumbered switches,

D. Outgoing Trunks

utgoing trunks require TE relays but not ringlng selection
switches., Assignments are made in order to the A appearances of
level 2 where the originating registers end and continuing upward
to meet the outgoing end of the intracffice trunks amd to fill
through level 9. They are then contimued to the B appearances of
levels 2, 3, L and 5.

Those typea of cireuits used for only one trunk group all mist
be assigned to the same TB relay except when allotted.

Where the trunk equipments of a particular type are to ba used
for a number of different trunk groups, for example, outgoing
interoffice trunks, they may be assigned to more than one TB relay.
However, the greatest flexibility of trink administration is
obtained when they are all associated with the same TB relay. To
obtain this result, assigrments are made to B appearances of levels
2, 3, L and § before all A appearances have been assigned,

When the mmber of trunk circuits of a particular type is in
axceas of 20 per trunk link frame, it is necessary to assign them
te more than one TE relay. If the circuits are to be used as a
single trunk group the sllotter feature in the marker is used and
the equipments are divided equally between two TE relays. If the
eircuits are to be used for several different trunk groups not
one of which exceeds 20 per trunk link frame,no allotting is done.
In this latter case, the best method of dividing the circuits
betwesn the twoc TE relays is determined by the nmumber and sizes
of the expected trunk groups with the division made in such a way
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as to provide maimom flexibility of administration. ALL trunks
in a partleular trunk group mast be on one TE relay on a ‘par-
ticular frame and on the same TE relay on each frame.

Es Intermarker Group Trunks

The intermarker group trunks require TB relays on the trunk
link fremes of the originating marker group, and ringing selectlion

trunks of the terminat-
marker group. It is usually desirable that the outgolng ends
of intermarker group subscriber-to-subsoriber trunks be assigned
to the same TB relays as the intracffice trunks having the sama
charge features, When & marker group has reached full size and

to increase, while the mmber of intracffice trunks decreases,
Adjustments can be made with decreases, Adjusiments can be made
with less expense if the two types are assoclated with the same
TB relay, To meet this situatiomn, the allotting feature may be
required for groups having fewer than 20 trunks per trunk link

Fa Im:nninE Trunks

All types of one-way trunks which handle calls terminating in
the Ko. 5 office require a ringing selection switch, but do not
require a TB relay. Thesa trunks may be incoming intercffice
trunks, tanden trunks, one-way intertoll trunks, and various others
for which at least some of the calls terminate in the No., 5 office.
The types that handle traffic which are totally switched through
the Ho. 5 office are discussed below.

These incoming trunks are started at 9B and continue dowrmward
through the B appearances until they meet the terminating appear-
ances of the intracffice trunks. They skip the terminating ap-
pearances of these latter trunks and the appearances of the two=
way intertoll, reverting ringing and ringer test trunks and then
continue downward to 2B.

G« Master Test Frame

(ne location on a B appearance on any trunk link frame is re-
quired for the master test frame to obtain access to subscriber
lines. This location i= assigned as if it were an incoming trunk.

H. Bunched Trunks

Trunks outgoilng from the switchboard, which require appearances
on the No. 5 equipment for marker pulse conversion and a few types
of trunks which are used entirely for calls to be switched through
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the No. 5 equipment, require locations on trunk link frames so
that the marker may cbtain access to them for setting up an over-
flow signal under certain conditions. Seversl of any one type of
these trunks may be multipled on one trunk link frame location.

The location used may be either an A or B appearance but the level
used mist be equipped with a ringing selection switch. In general,
an A appearance is preferred in order that the corresponding B
appearance may be used for a trunk requiring a ringing selection
switch. The types of trunks which may ba s0 treated are indicated
in this section under trunks.

In making the assignments each such type of trunk is considered
separately and assigned one appearance per trunk link frams for
all trunks which are to be assoclated with that trunk link frame.
These assignments are usually made last after a switech balance has

been obtained.

In making the assignments of trunks, it is found most adwvan-
tagecds to proceed in the opder in which the trunks are shown in
Figure 2-11. Under each major category the types are sssigned in
descending order by the number of equipments provided. Each type
of trunk is assigned on all trunk link frames before proceeding
to the next typs in order to keep the frames as nearly alike as
poasible.

Insofar as possible each level is completely [illed as trunks
are assigned to it.

One ringing selection switch serves the trunks assigned to the
ten switches on a particular B appearance and level, Hence, if
any trunks requiring ringing selection switches are assigned to a
particular level, it is desirable that all trunks assigned to that
level be types that require ringing selection switches to the ex-
tent required to keep the number of ringing selection switches at
a minimim. Trunks requiring ringing that are provided two per
unit miat be assigned to the same level and preferably to consecu-
tive switches on the trunk link frame.

When locations are to be especially reserved for particular
types of trunk equipmenta which are to be provided in the future,
the assignments are made as though the trunks were being provided
initially with suitable notations to indicate the reserved status,
Such action 1z particularly desirable in connection with trunks
which require ringlng selection awltches in order that the proper
space will be reserved on the trunk relay racks.

Fxcapt for known requirements, it is usually unnecessary to
resarve locations on the trunk link frames for specific purposes.
In general, the number of originating registers and trunks per
trunk link frame will tend to decrease as additions are made to
an office,
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This general tendency ls due to the increase in trunking ef-
ficlency as the group sizes incresse. When the marker group is
filled, there is little tendency for the number of trunks per
trunk link frame to change except in case of a major rate change
or a change in trunking arrangements in the area. In an area
whera the number of offices in service is increasing rather rapidly,
there 1s a slight tendency for the number of trunks per trunk link
frame to inecrease. Such an increase applics primarily to the out=
going and incoming interoffice trunks. In these areas it may be
desirable to reserve a few locations as spare on the TB relay used
for outgoing interoffice trunks. Such action is exceptional,
however, as the requirements can almost always be handled by making
the assignments initially and with additions in such a way as to
concentrate the urused locations on B appearances of levels 2, 3, L
and 5 with preference given to the level having outgoing inter-
office trunks on the A appearance. These spare locatlons are then
usable as required for any types of trunks except intracffice,

It is important in making assignments that all switches on a
tmmk link Trame be glven the same CCS leoad. If each type of
trunk iz spread over as many switches as peossible and each swiltch
assigned the same number of trunks, this reguirement normally will
be met adequately. Further reflinement can be attained by takling
into azeount the CC5 load on each trunk by dividing them into two
major classes of high, medium, and low usage in accordance with
group sizes and use of the trunk. When any unbalance among the
switches is unavoidable, it is best to have the switches with
which originating registers are associated, lightly loaded in
order to reduce failures to match on dial tone attempta.

On the basis of the typicel trunking requirements shown in
Figure 2-11 the assignment of trunks to Trunk Link Frame 00 is
shown in Figure ?=12. A similar layout is prepared for sach
trunk link frame, and these frame layouts become a part of the

Telephone Company specification.
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D. JUNCTORS AND CHANNEIS

Junctors

A junctor is a 3-wire circuit extending between a line link
frame and a trunk link frame. It terminates on a vertical on the
Junctor switeh of & line link frame and on a horizontal on & par-
ticular trunk link frame or palr of trunk link frames.

Each line link frame has 100 junctor terminations which are
used to connect to all the trunk link frames in the office. Sinca
sach trunk link frame has 200 functor terminations for connecting
to all line link frames, the ratio of line link frames to trunk
link frames in an office generally iz 2 to0 1, There ars no half
frames, (In an office with thirteen line link frames, there are
usually seven trunk link frames,) However, conditions peculiar
to a partlcular office may cause some varlation im this ratio,

The 100 junctors from each line link frame are divided into
approximately equal groups, with one group from each line link
frame going to each trunk link frame. The mumber of junctors in
a group depends on the number of trunk link fremes in the office,
The number of junctors per group is determined by dividing the
100 jonctors on the line link frame by the number of trunk link
frames., Howewver, there is a limiting factor; for efficient
service no group can contain less than ten junctors.

Junctor group sizes are provided in accordance with standard
patterns and the standard pattern which most nearly fits the par-
ticular case i3 used. The standard patterns are listed in Flpure

2-13.

The junctors in a Junctor group are divided into subgroups
of ten or less for test purposes. Figure 2-13, also shows the
subgrouping for esach pattern. HNot more than two subgroups are
tested on a particular marker usage and a walldng and stepning
circult is provided in the marker to rotate the use of the varlous
subgroups, The number of subgroups tested on each marker usage
is limited in order to reduce marker holding time.

When there are ten or fewer trunk link frames in an office,

each junctor group has ten or morej for example, in an office with
glx trunk link frames and twelve line link frames, each junctor
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group contalns sixteen or seventeen junctors. Figure 2-14 1llus-
trates the junctor distribution for two trunk link frames and
four line link frames.

When more than ten trunk link frames are required to meet the
needs of an office, each junctor from a line link frame is multi-
plied to two trunk link frames, which has the effect of doubling
the number of Junctors from the line link frames. Then each line
Link frame can supply a group of 10 junctors to as many as twenty
trunk link frames.

With twice as many line link as trunk link frames for an
office having twenty trunk link frames, there are a total of L0 x
100 or L4000 junctors from the line link frames. Since each of
these junctors connects to two trunk link frames, there must be
terminations on twenty trunk link frames for 8000 junctors, which
are 40D per frame, twice the number shown in Figure 2-14. To
secure thess additional junctor terminations, ectension bays are
added to the trunk link frames and are connected to them as in-
dicated in Figure 2-15, These extension frames are arranged like
the regular junctor bays of the trunk link frames, end the verti-
cals of the junctor bay and the extension bay are maltipled. In
this way terminations for LOO junctors are provided for each trumk
link frame, %hen such extension frames are used, the trunk link
frames are grouped in pairs, and each iunctor from a line link
IFI.M is connected In maltiple to junctor terminals on both frames
of a palr,.

In offices with 21 to 30 trunk link frames, each junctor is
miltinled to three trunk link frames. In an office with 50 line
1ink frames, each junctor group contains ten junctors,. Flgure
2=16 illustrates the junctor distribution for 30 trunk link
frames, their assoclated two extension frames, and 50 line link
frames .

If there were always twenty line link frames and ten trunk
link frames, the junctor terminals on the line link frames could
be permanently connected to the junctor terminals on the trunk
link frames; ten on sach line link frame being connected to each
of ten trunk link frames. Since the mumber of frames in an office
may vary over a fairly wide range, however, and may change from
tima to time, a Junctor distviuting bay is provided to which the
Junctors from both line link and trunk link frames are connected,
Here they may be interconnected by Jjumpers in the best way for
each sat of conditions.

This junctor grouping frame consists of fifty terminal blécks
arranged in five columns of ten each, as indicated in Flgure 2-17.
Each terminal block provides double ended terminals for forty
Jonctors - one end of each terminal projecting to the fromt of
the bay and the other, to the rear. Junctor cables from four line
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link frames sre run vertically dowm the front of the frame ad-
Jacent to each column of terminal blocks, and ten junctors from
each of the four cables are connected to the terminals of each
block. Junctor cables from the trunk link frames run horlzontal-
ly across the rear of the bay; the 200 junctors from each frame
are connected to the terminals of each of the five blocks in cne
oW,

A channel is a combination of a line link, a junctor and a
trunk link that can be formed, by crosspoint closures, into a
chain that interconnects a line and & trunk. Each line link,
junctor and trunk link consists of a tip, ring, and sleeve lead
with a switch appearance &t each end.

The ten or more junctors in a group connecting a line link
frame with a trunk link frame are distributed over the ten
junctor switches of both the line link and trunk link frames, the
Junctor switch nuaber belng the same on both ends for each junctor.
There are ten line links serving each particular subscriber line
on the 1ine link frame, and these are also distributed over the
ten jonctor switches,

There are twenty trunk links serving each particular trunk
on the trunk link frame, and these are also distributed over the
ten junctor switches, Thus, when a partieular line and a par-
tieular trunk for a unit consisting of, for example, twenty line
link and ten trunk link frames are considered, there are ten
channels available for a connection. These channels are numbered
according to the junctor switches on which they terminate, as
illustrated in Figure 2-18. in idle channel is selected by test-
ing the ten channels at the same time. For Job sizes other than
the above, there are more than ten channels available. For example,
in a 10 line link and 5 trunk link frame job, there are twenty
channels provided, as illustrated in Figure 2-19. In these cases,
additional tests are made when an idle channel is not found in the
first ten channels tested.

It will be seen that the channel number also corresponds to
the number of the line switch horizontal on whish the line link
appears, as well as the number of the trunk switch vertical on
which the trunk link appears.
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E. TRUNKS

Genaral

Tn the No. § crossbar system all circuits connected to lo-
cations on the trunk switches of trunk link frames, except origl-
nating registers and a location for master test frame acoess, are
classifiad as ™runks,® Trunk relay equipment is requirved for
each such circuit. In addition, a number of circuits which may
be connected to line link frame locations, such as intercepting
trunks, are also included in this section.

The types of trunks to be used in a particular office depend
upon a lerge mumber of factors.

Some of these factors are:

Method of charging - message registers or AMA.

Presence or absence of coin lines.

Whether local overtime charges are made.

Whethar the offiece functionz as a tandem
switching point.

Whathar the office functions as a toll center.

Transmiszsion requirements.

The variety of these conditions and the desire for economy
in the provision of equipment have led to the design of a large
number of different trunk units, These trunk units are mounted
on relay rack frames. (Ses Figure 2-20)

A1l trunk units are listed in a trunk catalogue, with a
separate tvne designatiom for each unit. Each trunk represents a
unique combination of the features which are provided by different
cirecuit drawings, or different wiring or equipment options,

The following is & general description of all the trunk types
available in No. E crosshar,

Iype A = Intracffice and Reverting Call Trunks

Intracffice Trunks

Intracffice trunks are used for completing calls between sub-
scribers in the same marker group only. Each trunk is giwven two
locations on the same trunk link frame, cne to be connected to
the calling line and one to be connected to the called line.
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Separate groups are regulred for non-coln and coln service.
Because of the differences in the cost of the trunk egquipment it
is usually economical to provide two non-coln groups; one group
for flat rate calls and ancther for AMA charging. Where message
registers are used separate non-coin groups must be provided;
l.e., flat rate and message register.

Reverting Call Trunk

A reverting call trunk is required to connect subscribers as-
signed the same line. Two means of handling reverting calls are
available for flat rate lines, depending on the type of multi-party
service furnished in the office. Two corresponding types of
reverting call trunks are awvailable.

One type is used for two-party full selective, four-party
semi-selective, and ten-party divided code ringing. With this
arrangenent, the calling party dials the listed number and re-
celves a busy signal. When he hangs up, the code ringing for the
called party is put on the side of the line on which the called
station is located and the reverting ringing code is put on the
other side of the line. Thus the calling party may hear either
the reverting ringing code or the called party's code.

The other type is used for four-party full selective and
eight-party semlselective ringing. With this arrangement, the
calling party dials the listed number and receives a steady high
pitched tone. This tone is & signal to the calling party to dial
his own station code which is usually shown on his number plate.
The station code is a single digit number. After dialling the
station code, a busy signal is returned and the calling party
hangs up, Each party receives his regular ringing code. This
arrangement may be used for two-party service, but the general
practice is to provide & separate group of the first type of re-
verting trunks to avoid the diaslipg of the station code and to
gimplify the Flant Department work in connection with reassociation.

Type B = Trunks Incoming to No. S Equipment =
Except Intertoll and Haintenance

An incoming trunk relay equipment is required for each trunk
incoming to the No. 5 office, except trunks for maintenance
purposes, or intermarker group trunks, all of which are covered
elseawhare.

Interaoffice Trunks

The types of trmk equipments shown under "interoffice® are
used for incoming calls from other dial offices (except another
No. 5 marker group im the same building, which uses intermarker
group trunks). They all provide for immediate ringing of the
called number. They may also be used from switchboards as toll
switeh trunks where immediate ringlng is satisfacteory.
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By=Iink Trunks

The br-link feature is required for trunks which are directly

accessible to subseribers in a step-by-step office where second
dial tone is not used.

The by=link feature avoids second dial tone and reduces the
probability of loss of some of the pulses which may be dialed
while the incoming register link is in the procese of connecting
the trunk with an incoming reglster. The feature does not store
incoming pulses but is simply a means of rapidly gaining access
to an incoming register. If pulsing starts before an incoming
register is available, an overflow signal will be returned by the
trunk eguipment.

Trunks for Tandem Switching

When the No. 5 office is used as a tandem switching point
gome incoming trunks may be of a type which handle only traffic
which terminates in the No. 5 office, while others handle calls
which may either terminate or switch through, and still cthers
handle only calls which switch through. The trunk circuits are
different for these purposes, -and generally it is not practical
to convert from one tvpe to the other. Hence, any required tandem
operation should be anticipated with the initial installaticn.

Tandem trunks require one appearance on a line link frame and
two namber groun appearances in addition £o the ususl trunk link
location and incoming register link frame appearance. Tandem
trunks that do not terminate traffiec, may have a "bunched" ap=-
pearance on the trunk link frame; i.e,., all trunks on one trunk
link frame use the sane location,

Combilned Turminatin

Incoming trunk groups which handle only calls terminating in
the No. 5 office may be combined into one group to a pair of
offices provided the originating dial office or switchboard is
properly arranged.

With incoming multi-frequency or dial pulsing, an initial
digit prefixed to the numericals may be used for discriminstion
between different number series or between numbers within a number
series as required. With incoming central "E" (Cordlass "A") and
revertive pulsing registers the High 5 - Low 5 indication may be
used for selection between two mumber series or discrimination
within one number series.

An incoming trunk group which handles both terminating and
switched through calls will handle calls to all terminating desip-
nations by use of the office codes or, if the number of desti-
nations iz nine or less, by use of an initial digit prefixed to
the numericals,
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No=Teat Trunks

A no-test trunk permits the DEA board or Test Desk to gain
access to busy lines. The total number of trunks for both purposes
can not excesd nine per marker group. The equipment provides for
& macimim of ten trunks which have access to the no=test verticals
on the line link frames but one is used by the master test frame.
Access to the no-test trunks may be either on a L= or S-digit
basis.

ISA Regular Trunks or Toll Switching

This trunk can be used for completing from elther a TEA switch-
board or toll board, Variations are provided for such features as
ecoin control, controlled ringing, intramural, or extrasural switch-
board.

Dperator Interlocal Junctor

These trunks, for use with No. 1 or No. 31 type switchboards
are used to give operators at irtrarmural switchboards access to
the outpoing trunk lavout of the No, © office, These trunks may
be provided to complete fraffic only to outgoling tandem trunks.
fmerator junctors used to complete calls to numbers in the No, S
office are rated ASM only. Calls to numbers in the No. 5 office
from the switchboard are completed over a separate group of regular
DEA or a group of toll switehing trunks. In cases where other than
the above-mentioned type switchboards are installed two-wire
gircuits can be used to gain access to the Ne. 5 equipment.

Operator interlocal junctors used to gain access to outgoing
trunks in the No. 5 crossbar office can only give a tandem class
mark to the incoming registers and, therefore, can not be used to
gain access to intertoll trunks. It is usually not economical to
furnish these trunks unless the office is alsc arranged with
tandem features for other items of traffic.

Operstor junctors may prove economical for use in No. 5 offices
which serve as a tandem center to permit completion of operator
assistance traffic to those offices reached by the No. 5 office.

The same typea of service can be furnished from a distant
switchboard by providing regular outgolng trunk equipments at the
switehboard and regular incoming interoffice tandem trunks at the

No. 5 office.

Like any other incoming tandem trunk, operator interlocal
Ffunetors require line link frame anmearences.

Information concerning operator intertoll jonctors is covered
under intertoll trunks,
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Assoclation with Incoming Registers

Each incoming trunk must be assoclated with a group of income-
ing registers in accordance with the type of pulsing involved.
The assocliation is by means of an appearance of the trunk on the
appropriate incoming reglster link frame. Flease refer to Section
¥ for the assignment of trunks to incoming register link framea.

Type C.  Outgolng Full Selector Trunks Except Intertoll

There are many outgodng trunks availlable incorporating many
features, These trunks are used to connect to other dial offices,
manmial offices, either call indicator or straightforward, and
tandem offices except for intertell, toll switching, or inter-
marker proup operation,

Whan outward pulsing of digits is required, the outgoing
trunk must be sssoeciated with an outsender for the arpropriate
type of oulsing involved, The association is by means of an ap-
pearance of the trunk on &n out sender link frame. Straight
forward trunks to manual offices also require association with a
sender when a subseriber line is connected directly to the trunk
({.e., it has not been routed via an AMA junctor as described
helmj and AMA charging may be involved on the call, or when
through switched calls are completed to the trunks.

The chiefl problem involved in the selectlion of the proper
types of catgoing full selector trunks for a particular offlce 1s
in determining the most economical arrangement from the standpoint
of the various charging conditions required.

Trunking for Coin Calls

There are avallable several different methods of handling
dialable coln traffic and some of these are discussed below. Just
which method should be used depends on several factors, l.e.,
amount of coln traffic, effect of type of trunking on common
control, cost of a particular method, etc.

In offices where the coin lines are allowed £o dial only one
or two interoffice destinations, it may be the most economical
arrangement to provide sevarate direct cedn groups to sach deati-
nation, or to provide a separate coln group to a tandem office to
handle all outgoing coln traffic, or to provide a combination of
theze arrangemants.

In other offices, it will be more economical to provide the
"goin functor” method of operation, providing separate high usage
eoin trunk groups to each destination where warranted, and rout-
ing the overflow coin traffic from all such routes vla the eoin
Junctora. These latter trunks carry the traffliec back into the
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office as incoming tandem traffic to be distributed onto the ap=
propriate non-coin outgoing interoffice trunks. Where codn
Jjunctors are employed it should be remembered that each call
handled on this final route requires two completing marker uses
and thereby adds to the load of those markers. Also, the juncter
method of operation entails the addition of the tandem feature to
markers and ocutgoing trunks which may not otherwise be necessary
and adds materially to the customer's walting time for start of
ring on calls requiring out dial pulsing.

Trunking For Non=Coin Calls

Any or all of the three situstions described below may be en-
countered in considering the trunking for non-ceodn, customer
digled, outgoing interoffice calls. The charging features re-
gquired in the trunks are described in each instance.

To some destinations free service iz glven to all nom-coin
¢lasses of service. For these groups the trunk equipmentsa for
direct trunks require flat rate charging conditions only.

To some destinations the calls may be free from some classes
of service and charged, either by means of message registers or
AMA, from other classea. For these trunk groups it is usually
econcmical to provide common trunks for both the free and charge
calls. However, if the proportion of the calls invelving charg-
ing is extremely small, it may be more economical to use separate,
high usage, direct groups with alternate routing for the message
register or AMA calls., The alternate routing may be via a sepa-
rate or common group to a tandem office, or via Measage Register
Junctors or AMA Junctors. AMA Junctors would be made up of a 1CS
Type Trunk plos a C17h Auxiliary circuit. Message Register
Junctors would be made up of 1C1LS Type Trunk plus €17L. The plan
of using separate groups is most likely to be economical when
message reglsters are used and overtime is charged. The AMA
feature adds little to the trunk cost but additlional AMA trunks
may increase the requirements for call identity indexers and
recorders.

To some destinations the calls may be charged either by
message repisters or AMA to all non-coin classes. For these

groups trunk equipments which provide the appropriate charging
conditions are selected.

In all of these aituations the usual practice is to plan the
trunking on an glternate route basiz whenever & tandem office is
available. In most cases the tandem groups which carry the
alternate routed calls are provided as & common group for flat,
message register, or flat rate and AMA charge traffic,

When the No. 5 office operates as a tandem or when operator,
coin, AMA or message reglster junctors are used, the tandem com-
pleting feature must be provided in all outgoing trunks over which
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calls switched through the No. 5 office are to be completed.

This feature is reauired to give oroper supervision when an in-
coming tandem trunk iz connected to an outgolng tandem completing
trunk, The tandem completing Teature may be added to trunk
equipnents for which it is not provided initially but at a higher
cost than for its initial provisien.

Trect Tetance Ddaling

With the availability of customer direct distance dialing
(DDD) the problem arises as to the proper method of handling that
type of traffic.

Where the No. 5 office is an end office or has access to the
intertoll network only through a No. LA office, trunks such as 105
type will normally be used. These trunks may require a loeop to CX
converter such as a C172 type eireuit -ﬂnpanding upon signaling
eonslderations.

¥here the No. 5 office serves as a toll center or switching
center with intertoll trunks appearing on the machine, two methods
are available to provide customers access to the intertoll network.

8. AMA intertoll junctors. This cireuit is a combination
of a 15 ocutgoing plus a K75 incoming trunk. This, of
course, is a functor method of handling the call which
means that thesa calls require two marker attempts as
well as additibnal incoming register and asscclated
link capacity.

b, Intertoll awxiliary ecireuit. With this method an auxe
iliary circuit such as 1K53 must be provided with each
E=type two-way or cone=way outgolne intertoll trunk to
which the customers are to have access. Thils arrange=
ment will provide direct subseriber access to the
intertell network.

To determine which method should be used requires careful
analysis of the cost factors involved as well as the effect on the
common control capacity, and will probably vary from office to
office or from group to group depending upon particular conditions,
routing plans, etc., for each office,

There may be situations where a combination of these methods
might be used. For example; in crder to provide service pro-
tection for DDD-type traffic from customers within a No. 5 office
which 1z also used as an intertoll switching polint it may appear
desirable to put & direct group of high usage trunks (1C6-type
trunk) to a LA system for customer dialed traffic overflowimg on
intertoll junctors. This would permit some customer access to
the intertoll network even when peaks occur on the intertoll
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trunk groups due to switched through traffic. In planning these
arrangements it should be remembered that the marker can not route
advance from an initial route of I-type trunks, or K-type equipped
with subscriber direct access suxiliaries, to an alternate route
of K-type trunks without swociliaries.

Type D - Cutgoing Trunks to Switchboards and Desks -
Except Intertoll and Maintenance

The selection of the proper type trunks depends on the type
and location of the switchboard or desk and various operating
features required. Some of the operating features include coln
operation, ringback from switchboards, coin control from switch-
boards, information and repair service arrangements, official line
and official P.E.X. arrangements, and discrimination tones.

The trunks arranged for coin operation are all usable with
ground start coin operation with coln boxes, or are convertible
to this arrangement.

Recording-Completing or Special Service Trunks

From an equipment viewpoint, recording-commleting trunks to
toll boards, special service trunks to TGA positions, or a comon
group for both purposes, utilize the same type of trunk equipments.
In some references to these trunks elsewhere in this text, they
are mentioned as RC=5S trunks as a matter of convanienca,

BC=55 trunks are always provided in separate groups for codn
and non=coln, The latter may be further subdivided into separate
groups for other classes of service where approprlate.

Vacant Code Trunks

When a subscriber dials a non-existent code, the call is routed
to a vacant code trunk, Two types of vacant code trunks can be pro-
vided., One type of trunk will retwrn a vacant code tons, The other
type of trunk will route the call to an operator trumk (information,
repair service, etc,). These trunks are provided for the type of
sarvice for wvhich they are designed, For a more detalled explanation
soe Section VIII on other features and arrangements. Free trunk
(official FBX), ewciliary for 191 coin collector, aml amnouncement
(time and weather) trunks are included im this group.

Type E = Trunks for Maintenance Purposes

A1l maintenance trunks are included in this series. They are
provided for the following tests:

Tranamission Teat

Intertoll Trunk Test
Ralance test termination
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Intermittent trouble test
Permanent signal test
Incoming teat

Message Register test
tutgoing to Local Test Desk
Incoming from Local Test Desk
Station Rinper Test

Test Trunk Ringing

Dumng o Local Teat Desk Trunks

These trunks are used sc that installers and repairmen may
reach the local test desk for tests of staticn equipment, They
are usually reached by the dialing of a service code (XII or IIX).
However, if pretranslation is provided, & central office type of
code may be used,

station Ringer Test Trunks

One group of ringer test trunks is provided for each marker
groups In early jobs it was necessary to provide separate coin
and non-goin groups where ground start coln operatien was used,
Effective with Issue 27D of the marker (shipment latter half of
195h) and LB of the ringer test cireuit isprovements were provided
which permits a single combined coin and non-coin group. To test
a station ringer, an arbitrary central office code followed by the
four numerical digits of the directory number of the station ias
dinled. The central office code provides information to the marker
for routing to the ringer teat trunk group while the numerical
digite enable the marker to consult the number group and set the
trunk ringing selsction switeh for the proper ringing code. 1In
combined terminating offices different codes are required for each
nmimber series group. These trunks are alsc used to permit the
installer to verify that the ring or tip party ststion of message
rate lines is properly connected.

Test Trunk Ringing Clrcuits

The test trunk ringing circult 1s required in connectlion with
cutgoing to local test desk trunks, incoming from local test desk
trunks , and permanent signal test trunks when the test desk is so
located that it is beyond a certeln ringing range,

Hpe F = Iine [ink Frame Trunks

Line link frame trunks, type F, are a spscial type of trunk,
They terminate on line link frames instead of trunk link frames,
These trunks, therefore, require the assigmasnt of subseribar (not
trunk) directory mmbers and line equipment locations., When these
trunks are provided in groups, the size and assigmment of sach
group are subject to the same requirements and limitations as

sub-
scriber lines in a terminal bunting group.
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Line link frame trunks include, information service, office
PRX, verification request, interceoting and no-such-number tone.
For various applications of these trunks see the section on other
features and arrangements,

Type O = Miscellaneocus Lines, Circults,
Control and Indicating Units

Mliscellansous G tvpe units are not actually trunk clireuits.
They do not have the usual trunk link appearances required for
trunks, Theaes units are used to connect subscribers to warlous
tones or to care for irrepular conditions. They are useally
ordered as miscellaneous units in the 530 specification. Some
of these units are speclfled by the Telephone Company while
cthers must be added for cperational features in the office.

Combination Tone Trunks

Intracffice calls encountering a line busy, all originating
calls encountering an overflow within the No. 5 office, partial
disled calls and, usually, vacant code calls are routed to com-
bination tone trunks to permit the appropriate tone to be returned
to the ﬂﬂ-]—lil'lﬂ gubscriber,

Ona group of trunks is required for non=coin lines and ancther
for coin lines. The coin trunks are associated with coin super-
visory link frames to provide for coin return when the calling sub-
seriber hangs up after receiving the tone.

In general, the following provision of trunks is adecuate
unless local conditieons indicate ctherwlise:

Hon=Codn Trunks =
20 for 20,000 mumbers
16 » 10,000
10 » 5,000 "
Coin Trunks =
15 for 1,000 coin lines
16 n gog  ow H
ﬁ " 2-5'[; | "

Common Overflow Trunks

Common overflow trunks are provided as a final rouwte when all
permanent signal holding or non=-coin combination tone trunks are
busy. Comnection to the trunks will cause the subszcriber to
receive an overflow (paths busy) signal if the call reached these
trunks becausa of all combination tone trunks being busy. Coln
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return and an overflow signal are furnished by the originating
register if all coin combination tone trunks are busy.

Common overflow trunks are relatively aimple circuits and may
be provided on a somewhat liberal basis in order to protect the
originating registera in the event of a cable failure. Ordinarily
about 10 trunks per trunk link frame are installed unless this
results in reducing the available spare trunk link frame locations
below a desirable limit. A maximum of 99 trunks per marker group
appears to be adequate for any installation.

Permanent Signal Holding Trunks

When an originating reglster falls to recelve any digits within
its time-out interval, it causes the subscriber line to be con-
nected to a permanent signal holding trunk. The holding trunks are
usually provided on the basis of one trunk per 700 main stations
with a minimum of five per marker group. The one group of trunka
is common to all classes of service.

Facilities are required for concentrating these trunks over
a small group of trunks to a switchboard located either in the
same building as the No. 5 equipment or in a distant bullding.
A maximun of 21 permanent signal holding trunks may have access
to one group of concentrating cireuits. Usually two concentrating
cireuits for each 21, or fraction thereof, permanent signal hold-
ing trunks will be adequate. If more than 21 permanent signal
holding trunks are required, a second group of concentrating
¢ireuits 1s provided and the permanent signal holding trunks
equally distributed between the two groups.

Auxiliary Line Cirenits (For Inceming-Only Subscriber Lines)

An auwxiliary line circuit is reguired for each subscriber
line which iz to be used for incoming calls but not for calls
eriginated by the subscriber.

Auxiliary Line Circuits (Ten-Party Tube Sets)

When tube type station sets are used with ten-party linea each
guch lines mist be asscciated with an suxiliary line circuit.

Auxiliary Line Cirecuits (Service Furnished on Common Line
in more Than One Office)

These auwxdiliary circuits, listed as type G, are used when two
line mumbers, in different offices, are to be associated with the
same subscriber line. These are primarily used with certain of-
fiecial line arrangements,
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Dutgoing Auxiliary ILine Circuits and Emergency
Subseriber Line Equipments

The outgoing auxiliary line circuit provides a fsck appearance
of selected lines at a Mo. 3 or 3CL switchboard in the same building,
through which tha operstor may gain access to the line for an
emergancy -all st any time,

The emergency subszcriber line equipment provides & means of
tranaferring the originating service of selected lines, by key
control, to switchboards in the same or a distant bullding for use
in catastrophe conditions.

The number of such circuits to be provided, and the lines with
which they will be associated, are determined by consultation with

the Cosmercial Department,
Awredliary Coin Lines

This is a circuit which can be associated with a loop start
coln line equipment, as a means of converting to ground start
operation. One per coin line is required. Its general use for
this purpose is not recomended; replacement of the line relay
with a universal line relay will usually be more economdcal.

Coin Supervisory Circults

The use and functions of coln supervisory circuits are dis-
cussed in considerabls detall under the subject of coin operation
in Section VIII.

The number of coin supervisory circults provided for traffic
is based on the coln busy-hour calls. Since the circults are pro-
vided in groups of ten or less, including those vrovided for main-
tenance, it is necessary to provide additional groups if the total
requirements exceed ten. A group of coln supervisory circuits can
be used for the coin trunks of two marker groups in the same
bullding.

Coln supervisory concentrating circults may be provided to
reduce the number of conductors to the switchboard if desired.
These circuits are generally used when the awitchboard is located
in a distant building and may be used when the switchboard is in
the sare bullding. Usually the concentrating circults are pro-
vided for each group of coiln supervisory circuits. A maxieum of
twenty coin supervisory circuits may be asscclated with one group
of concentrating circuita.

When concentrating circults are used, one start clircuit is
required for each coin supervisory circuit.
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Register Group Busy Circults

One register group busy cireuwit is required for each group
of ordginating and incoming registers, except incoming MF registers.
The principal function of this circuit is to reduce permanent signal
and partial dial time-cut intervals when the respective register
groups encounter a heavy load condition. (Exception: There iz no
reduced permanent signal interval in the case of incoming RP
regleters.) The reduced intervals contribute materially to the
ability of the syatem to handled overloads,

All Markers and Tranaverters Qroup Busy Circuits

Dne cireuit is required for each group or subgroup of markers
and one for each transverter group. The circuit lights a lamp at
the switchboard and at the master test frame when sll markers or
transverters in the group have been busy for a period of L1-T3
seconds,

Ringback for Recording-Completing Trunks and Emergency
Eingback Clreuits

The ringback and emargency ringhback posaibilities are dis-
cussed in Section VII covering other features and arrangements.
The decision az to the type of service to bs rendeared on sach
RC-353, regular DSA or toll switech trunk group is specified by the
traffic enginesr, but the quantities of ringback trunk eircuits
required are thereafter usually determined by the Telephone Company
equipment engineer.

Type H - Marker Pulse Conversion Trunks - Except Intertoll

The marker pulse conversion Job requires a trunk connected to
a switchboard where it is desirable to convert the MF keyaet out-
pulsing to either dial (DP) or revertive (RP) pulses as required
by the particular trunk. This trunk only mekes use of the pulsing
paths in the office. It does not require a talking path.

Each circult is arrenged for an appearance at the switchboard
as well as the necessary No. 5 equipment appesrances. The circuits
are ordered as part of the No. 5 office equipment.

Each marker pulses converszion trunk requires a locatlon on an
MF incoming register link frame and on an out sender link frame.
In addition, all the trunks associated with a particular trunk
link frame require a common trunk link location.

There 18 no access to these trunks for calls originating in
the No, © office or incoming to the No, § office. (Certain CDO and
intertoll trunks with marker pulse conversion features, which do
have access for through switched traffic, are discussed later in
this subsection,)
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The coln control featurea of these trunks are the zame as
those for regular DSA or teoll switeching trunks.

The mmmber of trunks is determined by the principles used
for cutgoing trunks and the particular function of the trunk, that
is, interoffipe, IEA regular, toll board toll switching, etec.

Type J - Intermarker Croup Trunks

YWhen two or more marker groups are located in the same
building, trunking between them may be provided on a normal inter-
office basis. However, it will usually be more economical to
provide intermarker group operation. This consists of providing
trunks designed for this specific purpose.

These trunks use locations onthe trunk link frames in the
calling marker group and also on the trunk link frames in the
called marker groun.

Three general classes of intermarker group trunks are
available. The first class (subscriber-to-subscriber) is used
purely for local traffie; that is, for ealls originating in one
marker group and terminating in the other. The particular types
selected in this general slass depend upon the charging require-
monts in the same way as intraoffice trunks. These trunks are
provided on the basis of the same capacity tables as are used for
intracffice trunks.

The second gemeral elass of trunks (subseriber-to-trunk) is used
for subscribers in one marker group to dial calls which are switched
through the second (tandem) marker group to other offices, The par-
ticular types selected in this general class depend upon the charging
requirements in the same way as intra-office trunks, The quantities
of these trunks are determined in the same way as trunks to any other
tandem center, On the called end, these trunks have cme location for
all trunks assigned to the same trunk link frame, but an individual
appearance for each trunk om a lime link frame,

For completion of customer TDD calls from one marker group,
switched through a second marker group which has an intertoll trunk
network and intertell junctors, subseriber-to-trunk circuits
gimilar to type JL3 may be used., Where awciliary circuits such as
type 1F53 are used in place of the junctors, subscriber-to-trunk
circuits similar to lJ3 should be used.

The third general class of trunks (trunk-to-subsecriber) is
used for calls which originate in other offices and are switched
through the tandem marker group teo subscribers in the non-tandem
marker groups The quantities of these trunks are determined in
the same way as other tandem completing trunks. As described
below, two groups of this class of trunks are required when com-
pletion of toll calls is involved, cne group from toll trunks and
one from non-toll,
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General Intertoll and Assoclated Trunks

The various types of trunk equipments used when the No. 5
office acts as a toll center are listed on Trunk Tables K to N,
inclusive. A few of the "Trunks for Maintenance Parposes” listed
on Table E are used in toll centers only.

Calls can not be switched to or from the trunks listed on
Tables K to N and trunks listed on the other tables except for
the following:

The "Combinatlon Toll Switching with Qutgoing and
Tandem Completing™ trunks listed as type L may be used
for completing calls which originate in the No. 5 office
itself (Outgoing), calls received over incoming tandem
trunks (Tandem Completing), and calls received over in-
coming or two-way intertoll tronks (Toll Switching).

The "Trunk-to-Subscriber® intermarker group trunks
listed as Type J may be used for completing calls re-
celved over incoming tandem trunks or owver incoming
or two-way intertoll trunks. Separate groups are
required for tandem completing and toll switching.

ks covered previously under "Dutgpoing Pull Salesctor
Trunks" - except intertoll (Type C) outgoing acceas to
the intertoll trunks may be gained either through the
use of auxiliary cireuita (1K53) or intertoll junctors
(1cs + K¥AT5).

Tha "Line Link Frame Trunks® listed on Type G will com=
plete calls recelved over any type of incoming or two=
way trunk.

The types of "Trunks for Maintenance Purposes™ Indlcated
on Type E as required in donnection with toll center
switching, of course, work with intertoll trunka.

Type K - Intertoll Trunks

Intertoll trunks may require the following appearances on the
equipment:

At the switchboard. Outward and two-way trunks. For use
by the operator in completing calls.

On the trunk link frame, All intertoll trunks. When the
trunks are one-way incoming, and are used only for throagh

switched traffic, the appearances on any trunk link frame
may be "bunched”,
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On the line link frame. Incoming and two-way trunks.
For use in establishing through switched connectiona,
or connections to auxiliary operators such as inward
(Code "121"), TX (Code "11X"), etc. These trunks re-
quire two line link frame appearances.

On the incoming register link frame, Inward and two-
way; and outward trunks involving marker pulse conversion.

On the cutsender link frame. Two-way and ocutward trunks
invelving either through switched calls or marker pulse
conversion.

When a switchboard in another building requires access to
outgoing or two-way intertoll trunks on the Neo, 5 equipment, the
trunks from that switchboard to the No. 5 equipment must be inter-
toll trunks. The same holds true for intramiral switchboards
when there is no switchboard multiple appearance of the outgoing
or two-way intertoll trunk.

Operator Intertoll Junctors

In soma No, 5 offices which serve as an intertoll switching
eenter, it may rrove desirable to orovide the operators with
access through the No. & switches to the intertcll network. This
can be done by means of ocperator imtertoll Junctors. Tae incoming
trurk eirenit at the No. 5§ office end would be tvpe KBO, Some of
the advantages from handling operator toll traffic in this manner
are:

l. Save switchboard multiple.

2. Make full use of machine alternate routing where used.

3s Pesak on certain intertoll groups may cause overload on
the junctors,

L. MNomally it is desirable to have a final route to a
higher CSP which may not be available on the repular
No. § network.

Obwiously then all the factors must be carefully weighed
before a decision can be reached as to whether or not operator
intertoll junctors should be used.

Operator intertoll junctors can only be employved in connection
with & 3CL, 3C or 3 switchboard equipped with MF key pulsing, and
do not have transmission characteristics satisfactory for through
switched 121 calls. They are satisfactory for either originating
or terminating intertoll traffic.

Type L - Combination Toll Switching With
Outgoing and Tandem Completing

Type L trunks are cutgoing from a No. 5 office, which may be
unsed for completing, over the same trunk groun, calls which reach
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the Mo, § office over intertoll trunks, originate in the No. &
of fice, or reach the No. 5 office over incoming tandem trunks.
The decision as to whether to use thls arrangement or separate
groups for a particular route usually depends upon economic
considerations.

Ho provision is made [for coln charging on these trunks as it

is anticipated that the coin functor arrangement will be used for
coln calls which may be completed over them.

These trinks are not equipped for controlled ringing of the
called numbers

Type M - Two-Way Trunks to CDO

When the No. % office operates as a toll center for a CDD it
iz sometimes desirable to interconnect the two by means of two-way
operator office trunks.

These trunka provide a path by which a CDO subscriber may
reach the operator at a toll board lecated in the same bullding
as the No., S equipment., Any tvpe of call for a CDO mumber which
reaches the toll operator is completed vwia the switchboard ap-
nearances of the tranks using marker mulse conversion to orovide
the necessarv dial malsing, A call for a CDO namber which reaches
the No, § office over an intertoll trunk 1s completed by the
equioment via the trink link frame appearance of these trunks.

The auxiliarv eguipments also shown as Trunk Type M are for
uze in cases where the switchboard trunk equipments for two-way
operator office trunks have previcusly been installed at a toll
board equipped with dials or DC key sets, and it is desired that
they be adapted to provide a trunk link frame appearance in the
No. § office for completing calls incoming over intertoll trunks.
These trunks provide for immediate automatic ringing of the called
mumber.

Type N = Other Trunka for Toll Centers

Trunk type N provides a list of other trunks required for
toll center operation of a No. 5 office.

Thesa to0ll switching trunks are used for completing incoming
intertoll calls which are switched through the No. 5 office to
terminate in other local or tributary offices served by the No. 5
office as an inward toll center. They provide immediate automatie
ringing of the called number. HNo provision is made for switchboard
appearances of theae trunks. These trunks may operate with any
type of outpulsing or may be used for completing calls to marmal
tributaries on a straightforward or ringdown basgis.
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The suxiliary outgoing equipmenta for use with ringdown
intertoll trunks are required when & trunk link frame appearance
is to be provided for existing ringdown intertoll, or toll switch-
ing trunks from the indicated types of toll boards located in the
seme bullding as the No. 5 equipment, Such a trunk link frame
appearance 1z uded to complete calls which reach the No. 5 office
over an intertoll trunk,

This type includes the types of trunk equipments used for TX
and three-digit operator codes. This type also includes some of
the trunks for use on certain tell test desks.

Type P - CAMA Trunks

Type P trunks provide incoming, intertoll, multi-party
Junctor, intermarker group and 2-way circuits access to the CAMA
facilities of & Mo. S crosgbar office serving as a CAMA center.

Type R = Coin Zone Outgoing Trunks

Type R trunks or junctors provide features which permit No. &
crogsbar coln subscriber to dial directly beyond the local zons.
An operator is required to determine that the correct amount is
deposited for the initial interval and again if the call extends
into overtime.

Tha ]H.nEihE Salection _Euitch

In providing telephone service, 1t is often necessary to
connect more than one customer to a single line (party lines).
This makes 1t necessary to supply different types of ringlng
codes in ordar to identify the party called. A party who has
full selective ringing hears ringing only when hils statlon is
being called. A party who has semiselectlve ringlng hears ring-
ing for his own and one other statlon. On individual, Z2-party,
and L-party full selective lines, each party hears only his own
ringing. On L-party and S-party semiselective lines, he hears
also the ringing for one other party. However, on 1l0-party lines,
he hears the ringing for four others.

On party lines, one half of the stations are arranged to be
rung over the ring conductor and one half over the tip conductor.
Ringing current is 20=cycle current superimposed on a negative
DC component to permit the tripping relay to operate when the
party answers. However, on O-party semiselective lines and L-party
full selective lines, a further limitation in the ringing, a party
hears, is made poasible by superimposing the interrupted 20-cycle
ringing current on either negative or positive direct current.

To specify a ringing code completely, it 1s therefore necessary
to state the side of the line to which ringing is applied, whether
it is negative or positive superimposed, and the particular codse
to be used.
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In the No. S5 crossbar system, crossbar switches are used to
apply ringing to the trunka. One 10-vertical crossbar switch is
used for each ten trunks per trunk link frame, per lewvel which re-
quires ringing. BEach trunk clrcult is connected to a switeh

vertical through which any one of the required types of ringing is
selected.

The number group selects the ringing combination for a par-
ticular line and passes it to the marker. The marker sets up the
ringing condition on the horizontal selection switech and then
transfers the control of the ringing to the trunk.

Levels O and 1 on the crossbar switch are used to apply ring-
ing to either the tip or ring conductors of the line and ground
to the other conductor. Level 2 to 8 select the types of ringing
supplied by the ringing power plafnt. Level 9 is used to indicate
busy and overflow conditions. Each ringing selection requires
that two cut of ten of the select magnets are operated.
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STANDARD LINF LINK FRAME

LINF EQUTPMENT ARRANOEMENT

The following is the standard arrangement for the 270-sige line
link frame. When addﬁiﬂﬁul suprilementary frames are provided, their verti-
cal groups are equipped like vertical groups ol and 05 on the basic frame,
When 190-size line link frames are provided vertical groups Ok and 05 are
omitted, 2lL0-size line link frames omit vertical group 05.

Vertical Croupa

IdmuTEﬂi;:mtu Note 00 Ol =02 03 Ohb O5 E:%t.l::
Non-universal = Loop Start 1 0=k - 3<4 0=k 0=k O=4 220
Universal - Wired Loop Start 2 - Oy =« = = = 50
Universal - Wired Ground Start 3 - = 1l2 = = = 20
Total 290

# "0n f11e used for no test access

Hotest

1, Used for non=coin or coin lines operating with leon start.

2. lsed for non-coin or coin lines operating with loop startj
may be rewired by installer for ground start on fob basis,

4, Used for coin lines operating with ground start; may be re-
wired by installer for loop start on iob baeis,

|
General
Vertical groups 02 and 03 are fully squipped with sleeve leads,
Vertical groups Ol and 05 are normally first cholce for tip trans-
I lators which are required for two-party with AMA charging. When required,

any other vertical group may bs used. With larger frames the higher numbered
wvertical groups are equally desirable.

PIGUAE -?.-E-
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I
EXAMPLE OF
DISTRIBUTION OF TRUMKES
BY TRUNME LINK FRAMES
LOCAL OFFICES
(1) (2) (3) {(4) (5) (&) {7)
Ckta
Type Mo.Trk. TLF per TH
EQUIPNENT FUR _Ho. Eauipa. Isrm, Unit BEL % oL o2 03 &
JHIRAQFFICE
wIintraolfics - Flat 1A13 120 200 2 4,8 26 2 2, 24 2%
sIntraoffice = Codn 1412 10 20 2 & 2 2 2 2 2
sintraoffice - AMA Al _& A2 2 4 - R S W
TOTAL INTRAOFFICE 134 272 28 v 2} 7 7
INO-WAY
sRavariing Ring A0 ] 5 1 @ i ¥ 1 I 1
#finger Teat B34 2 2 1 0 1 1
=R IGIMATING REGISTERS A 26 25 a 5 & 85 5 4
UTCOTRG
F.5. Interoffice ic % 110 110 2 0,1 2 22 2 B R
CLR = Hom Cno. ip23 50 =0 1 2 10 1w 10 10 10
=Common (1o 1643 51 - M Y | 10 10 10 10 11
CLR = Coin 18 15 s 1 & 1% FF A
#0cab, Tone = Hon Cn. 1045 10 o o 5 2 2 & x 2
wloab, Tone - Codm Lidd & & 2 & i1 2 1 1 1
aParm., Sig. Holding 1051 6 & 2 35 1 L & L 1
Local Teat Deak E15 L] 6 2 5 - 1 2 F Gk
Information oS & - - 1 1 1 1
Repair o7 ] 3 1 3 1 1 1
| 5tuck G2 _2 _g 2 3 i T (O
TOTAL 253 2613 52 53 53 53 N2
IBCOMING
InterofTios = OF Bhld o g2 1 18 18 1B 18 20
Interafifics - MF Bilm 40 L0 2 g8 &8 &8 &8 8
Toll Sw.-Immed. Ring Béls 22 22 =2 & & 53 3 &
Tell 5w.-Comtr. Ring Mem On. Bl3 10 194 1 £ 2 2 2 F
Toll Sw.=Coptr. Ring-Coin Bls 4 5 1 I T RO G |
#L,T.D. Regular s & 4 1 1 1 1 1
aL.T.D. Mo Test a2 | > 1 1 1 1
o0, 5.A.=Ho Teat 33im . 2 1 1 1
siagter Teat Prams B et e | e e ) IRMLE oL e
TOTAL 179 179 3/ 3% 36 MW 3
GRAND TOTAL = TRUNX EQUIPMENTS 511 121 122 122 123 133
L " = TLF TERMIMATIONS TET 149 L9 149 150 1%0
& Ho dey=to=day sdministration.
FIGURE 2-=11
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NO. 5 CROSSBAR STSTEM
JUNCTOR PATTERNS

Mumbar of Junctors

Oroups Sub ]

Pattorn Sise O T S 03 1
L11-2TL &0 10 10 10 10 in
BLL-3TL 33 or 3 10 10 10 Jorl
AL -LTL 25 10 10 o

16LL.-57L 20 10 10

12LL-6TL 16 or 17 10 Jor7 3
1LLL~TTL 14 ar 15 10 2,4, or 5 2
16LL-8TL 12 or 13 10 2 or3

18LL -9TL 11 or 12 10 1l or 2

L =10TL 10 pla)

BLL-2TL Pairs 50 10 10 10 10 10
121LL-3TL Pairs 33 or 34 10 10 10 Jar ks
18LL-LTL Pairs 25 10 10 g
20LL-5TL Paire 20 10 10
2LL1-5TL Palrs 16,17 or 18 10 Jh,or 7 Jorl
2BIL-TTL Peirs 1k or 15 10 2,4, or5 2
32LL-ATL Paira 12 ar 13 10 2 or 1}

11 -9TL Pairs 11 or 12 10 1lor?2

L=10TL Faira 10 10

121L-2TLF Triplse 50 10 10 10 10 10
18LL-3TLF Triples 33 or 3 10 10 1n Jor Ly
2LLL-LTLF Triples 25 10 10 5
JOLL-STLF Triples 20 10 10
JELL-STLF Triples 16 or 17 10 Jor17 3
L2LL-TTLF Triplea U or 15 10 2,4, or 5 2
LELL-8TLF Triples 12 or 13 1o 2orl
SLLL-9TLF Triples 11 or 12 1n 1or2
SOLL=10TLF Triples 10 10
Flgure 2-13
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NO. 5 CROSSEAR

SECTION III -  CONNECTORS
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FIGURES

3=1 The Eight Principal Types of Connectors Used in the No. 5
Crosgbar System

3=2 Single and Double Ended Connectors

3-3 Equipment Arrangements Connectors

3=k Iine Iink Marker Connector Frame

3=5 Line Link Connector Frame

3=6 Trunk link Connector Frame

3=7 Trunk Link Connector Control Frane

3-8 Criginating and Incoming Register Marker Connector Franes
with Wire-Spring Relays

3-9 Basic Number Oroup Connector Frama

3-10  Split Basic Number Oroup Connector Frame

3=11 Kumber Group Connector Control Frame

3-12 Dutgoing Sender Connector Framas

3=13  Master Test Connector Frame With U-Type Relays

] . . .
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CONNECTOHS
A. THEORY

Connectors are used for associating markers with other commen
control cireults, and with the switching frames for brief intervals
during the switching of a call. Eight major types of connectors
are employed in the No. 5 crossbar system as indicated in Figure
3-~1. This diagram, in addition to showing the circuits with which
aach type of connector is used, shows the number of paths closed
by each connector, and also the direction of the connection, that
is, whethar the marker selzes the frame, or the frame seizes the
marker. Tnis difference in the direction of connection is also
indicated in the name of the connector.

Where the marker seizes a frame, the connector is given only
the name of the frame the marker seizes, Thus, there is a line link
connector, a trunk link connector, an outgoing sender connector, a
mimber group connector, and master test connector. When it is the
marker that is seized by the frame, both the word marker and the
name of the frame are included in the name of the connector. Thus,
there is an originating register marker connector, an incoming
register marker connector and &2 line link marker connector,

For the line link frames, both types of connectors are reguired,
Thus, there are both line link connectors and line link marker
connectors; the former is used while the marker is setting up con-
nections between line link and trunk link frames, and the latter
only when a subscriber 1ifts his handset to place a call.

Each connecting frame is given access to each marker through
one or more malticontact relays. Each multicontact relay has
thirty (or sixty) pairs of contacts. The number of relays required
for each connector depends on the number of leads to be closed
through to each marker, and on the number of dial tone, completing,
or combined markers to be served.

Each thirty (or sixty) leads from s connecting frame is multl-
pled in bare wire strapping to the multicontact relays on one hori-
zontal row across a 23-inch bay, one relay representing each marker
served. Similar rows in adjacent positions on the bay provide the
horizontal miltiple for all of the leads from one connecting frame.
Theas one or more rows of relays serving one connecting frame
(togather with any associated control or preference relay unita)

Page 3
Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



constitute a connector., The number of connectors on one connector
frame depends on the number of rows of relays per connector,

Switchboard cables from each marker appear at terminal strips
at the top of a connector frame above the vertical file of relays
azaociated with that marker. A vertical local cabls axtends the
miltiple to other connestors on the frame and switchboard cable
miltiple extends the marker connections to other connector frames
of the same type.

Two different cirecult patterns are used for asscciating the
milticontact relays to form a connector, as shown in Flgure 3-2.
The arrangement shown at (a) is called a single-ended connector,
while that at (b) is a double-ended connector. The latter is
used only for registers and senders. Only one multicontact relsay
is shown connected to each marker, but as pointed out above, there
will always be more than sne of them depending on the number of
paths that must be closed.

With the single-ended connectors, used for line link, trunk
link, and number group frames, the connector miltiple ia connected
to the armature contacts of all the milticontact relays and ex-
tended to the switech frame the connector serves. There is thus
cne connector for each frame.

With the deuble-ended connectors, on the other hand, used
only for senders and reglsters, the connector multiple is con-
nected to the armature contacts of both a greup of multicontact
relays for the markers and ancther groun for the clreuvits to be
connected to them., With this tyvpe of connector, therefore, a
single connector will serve a group of similar eircuits.

The reason for the provision of two typea of connectors la
that as soon as a line link, or number group frame has been
released by one marker, it is free for selzure by another. After
a register or sender has been disconnected from a marker, however,
it will not, in general, be free for connection to another, since
it will be busy recording the digits dialed by a subscriber or
transmitting pulses over an outgoing trunk. Double-ended con-
nectors are thus used for registers and senders to permit the
connector, after it has been released by one reglster or sender
and a marker, to be at once rewsed for another connectlon.

If single-ended connectora wers used for these equipments,
thare would be relatively long intervals while the sender or re-
gister was performing its other functiona when the connector was
not In use. The two sets of miltlicontact relays used with double-
ended connectors are mounted in different locations. Those that
connect the marker to the connector multiple are on the connector
frames, as are those of the single-ended connectors, while those
that connect the reglaters or senders to the connector miltiple
are on the register or sender frames.
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Dial tone and completing markers require connector ap-
pearances as follows:

(a) Dial tene markers only in line link marker
Jeonnectors
(b) Completing markers only in

riginating register marker connectors
Incoming reglster marker connectors
Number group connectors

Outsender connectors

{e) Beth dial tone and completing markers in

Iine link connectors
Trunk link connectors
Master teat connector

With combined markers (which wers economical for only the
smallest marker grouns and are now MD) each marker is given an
appearance in each connector. Combined marker groups can grow
into separate subgroups on additions by converting the combined
markers to completing markers, adding dial tone markers, and re-
viging the connectors to serve the separate marker subgroups.

A master traffic control unit is associated with a group of
combined markers to sssure that all marker connectors are served
wniformly. For a marker group split into a dial tone marker sub-
group and a completing marker subgroup, a master traffic control
unit is associated with sach subgroup to assure squitable service
to the line link marker connectors and the register marker con-
nectors, reapectively. Theae units are mounted on a relay rack
frame on the same floor and in the vicinity of the majority of
the marker connectors.

Filpure 3=3 shows block disgrams of various connector frames.
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Iine Link Marker Connector (Figure 3-L)

Ihe new line link marker connector frame Em'idu connactors

ne link frames & LT 10Nne MATEErS. e
there are mixtures of U-relay and wire-spring relay types of dial
tone markers, the total may exceed four. In this case, a second

line link marker connector frame is used as a supplementary frams
for any markers beyond four.

There are two pricor designs of line link marker connector
frames in the field. The criginal frame, rated "A & M Only" some
years ago, has a capacity of four connectors and six markera; it
is arranged for fourteen vertical groups (690-size line link frame)
and the connector control relays are mounted on the connector freme.
In the second design, the number of vertical groups per line link
frame was reduced from fourteen to twelve and the capacity was
increased from four to eight connectors. By rearranging some of
the leads through the connector and eliminating those leads as-
sociated with vertical groups 12 and 13, the number of mlticontact
relays In the line link marker connector was reduced from one and
one half to one per marker., At the same time, the connector
control relays were moved to the associated line link frame,

The new connector frames may be added to offices having
either of the above arrangements. Provision has been made for
critting the contrel relays from A & M Only" connector units when
they are to be added on the original design of line link marker
cennector frame and assoclated with wire-spring relay type line
link frames, each of which includes these control relays. However,
twe 23-inch bays of the new design will connect a full complement
of forty line link frames to four dial tone markers and it will
often prove economical to provide the new frame with the first line
link addition rather than fill out spare space on existing con-
nector frames.

Line Link Connector (Figure 3-5)

The new line link connector frame 1z arranged for five con-
nectors and ten markera: dial tone and completing. Where total
markers excead ten, a supplementary Tine link connecter frame
provides for two additional markers and fourteen connectors. The
new frames may be used without restriction for additions to exist-
ing Jcba.
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Trunk Link Connector And Control Frames (Figures 3-8 and 3-7)
The new trunk link connector frame, as a regult of the follow-

5, connests three tmunk link frames to ten dial
tone nlus cmpleﬂng MATEErS WIFETE LIE PLeviouS baslic lrame cof=

nected one tronk link frame to six marvers:

{a) The number of mlticontact relays per marker is reduced
as a result of the Introduction of the originating
register line memory frame, which mounts the DL and MD2
relaye previouzly mounted on the connector,

(b) Cross connections on the trunk link connector frame are
reduced to those assoclated with Junctor patterns and
office size. Those assoclated with trunk cireuwits and
formerly located on the trunk link connectors are now
incorporated in the trunk link frames.

{¢) The contrel and preference relays, formerly on the con-
nector frame, are now located on a separats trunk link
connector control frame which serves twenty trunk link
frames and twelve markers,

Where total markers excesd ten, a supplementary trunk link
connector frame will provide for four dial tone markers and ten
connectors, and the basie trunk link connector frame will be used

for completing markers only.

The new connectors may be used for additions, the only re-
striction being that trunk link connectors of the wire-spring
ralay type must be aasociated with trunk link frames and orlgl-
nating registers of the new types with wire-spring relays.

Originating And Incoming Reglster Marker Connectors (Figure 3-8)

Both of these new connectors have a capacity of four con-
nectors and eight completing markers. The connectors are arranged
for eleven digits, thus eliminsting the need on new jobs for aux-
1liary and supplementary auxilisary connector frames previously
required when the number of digits exceeded eight.

In genersl, it is expected that wire-spring type originating
and incoming registers will be assigned to wire-spring-type marker
connectors. However, the new registers may be assigned to U= and
Y=-type relay marker connectors and old-type reglsters may be as-
gigned to wire-spring-type marker connectora.

Revertive pulse, tandem incoming revertive pulse, and cordless
B incoming registers and intermarker group senders, all of which
have U-type relays, may be mixed with wire-spring types in the
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same old- or new-type marker connector provided that these re-
glater frames are equipped in the shop with:

{a) Wire-spring type register selection (RS) relays,
{b) 287-type multi contact relays.

New-type reglsters in old-type marker connectors may have up
to eleven digits since auxiliary connector arrangements for digits
beyond eight in old-type connectors (a) required ne change to
provide for the new incoming registers and (b) have been adapted
to provide for the new originating reglsters as well,

Mumber Qroup Connector and Contrcl Frames (Figures 3-9, 3-10 and 3-11)

The basic wire-spring number group connector frame accommo-
dates five connectors arranged for eight completing markers as
compared to the previous three connectors and six markers. In ad-
dition, a split basic connector frame is arranged for ten con-
nactors and four markers; if this latter frame is installed
initially, a second similar frame may be added later to increase
the marker capacity sbove four completing markers.

The connecter contrel relays are located on a8 number
connector control frame, One such frame will accosmodats control
relays for 2L connectors and eight markers. A second frame pro-
vides for the remaining mmber group and trunk number group frames
for a maximem of L0,000 numbers. The new connector frame may be',
used for additions without restriction.

Outgoing Sender Connector Frame (Figure 3-12)

This connector employs milticontact relays in the conventional
manner t¢ pass memory information from the markers to the senders
over 160 leads. In addition, it provides an auxiliary connector
consiating of one 2h-make wire-spring relay per marker, per sender,
to maintain a 2li-lesd connection between the marker and the sender
for later marker functions and to release the main connector
quickly for use on other calls. A 2-bay frame provides four of
the multicontact relay connectors to eight markere and their as-
sociated control and preference relays. It also provides the aux-
iliary connector relays for fifty senders (in ten sender groups)
and aight markers.

There are no restrictions to the assignment of old- or new-
t¥pe senders to old-= or new-type sender comnectors.

Master Test Connector Frame (Figure 3-13)

The master test connector frame and its assoclated swciliary
and supplementary frames accommodate circuits which connect markers,
pretranslators, foreign area translators, transverters, AMA recorders,
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automatic monitor, and master timing frame to the master test frame
for trouble recording or test calls as the case may ba.

A master test connector frame iz required for the first eix
completing or combined markers and a supplementary connector frame
for each additionel thres markers. A dial tone master test con-
nector frame (DMTC) having a capacity for six markers 1s provided
for each marker group equipped with dial tone markers. An aux-
iliary master test connector frame (AMTC) is required when marker
groups are squipped for AMA. Tt has & capacity for six trans-
vertears, aleven AMA recorders, and one master timing frame.
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NO. 5 CROSSEAR
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COMMON CONTROL EQUIPMENT

A. MAREER CGROUP

Jenaral

Markers are the principal pleces of common control equipment
in the Ho. 5 crossbar machine. They are used in the completion
of every call. The number of markers required in an office waries
depending on the sisge of the office and the amount of traffic. A
macimum of twelve markers and thelr assoclated squipment which may
serve & maximm of 0,000 numbers comprise a marker group.

Originally, only one type of marker was provided. This marker,
later named the combined marker, handled all marker jobs, Thesa joba
included the dial tone, intra-office, outgoing, incoming, tandem,
toll completing, inter-marker group, functor, reverting, and pulse
converaion calls,

The combined marker is no longer manufactured and has been
graduoally replaced on additions and modifications by the more ef-
ficient separate subgroup of dial tone and completing markers.

These separate markers were developed as the result of a cost
reduction program. Operating experience indicated that dial tone
calls required about thirty-five per cent of the total combined
marker usage time, while all eight completing call cperations only
required sixty-five per cent usage. Consequently, the marker group
was divided into two subgroups; one subgroup consisting of a mawi-
mum of four dial tone markers; and a second subgroup conslating of
a mocimom of elght completing markers.

Marker H'unh-:ringl'lm

The markers in sach marker group are identified as MO to Ml1.
The digite 0 to 11 are used for trouble record card identification,
and for assoclation with relay positions in line link connectors
(L1£), trunk link connectors (TIC), and sometimes the master test
connector (NTC). MO and Ml are always assigned to the first two
completing markers, and these two markers are arranged to perform
certain "special®™ marker uses. The M2 to M1l pumbers may be as-
signed to completing or dial tone markers in any convenlent order.

Within the subgroup, completing markers are ldentified as CO,

Cl, c2, ete. Dial tone markers are deslgnated DO, D1, D2 and ‘D3.
The numbers G0, Cl, C2 ete., are used for association with relay
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positions in originating register marker connectors (ORMC),
incoming register marker connectors (IAMC), number group con-
nectors (NGC), sender connectors (0SC), and the master test con-
nector (MTC). The assignments of the markers to relay positions
in the connectors are as follows:

- 4 -=" Connector Relay Marker

e Frame Positions Humbers Type of Marker

LIMC O=3 DO-D3 Dial Tone
LIC O0=11 MO=11 Complating and

Dial Tone
TLC 0-11 NO-11 Completing and

Dial Tone

ORMC 0-7 cOo-C7 Completing

TRMC 0-7 C0=-07 Completing

NGC Ou=T Co-C7 Completing

BC 0=7 Co=C7 Completing

MICw O=T CO=-CT Completing

#ormally only completing markers are assigned to the MIC frame,
aince dial tons markers are served by a DMTC frame. However, in
some offices both dial tone and completing markers are asaigned
to the MIC frame, and the relay assignments then agree with those
for the LLC frames,
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B. DIAL TONE MARKER

Canaral

Tre dial tone marker with wire-spring relays (Figure L-1)
conaiste of a l-bay frame arranged with surface-wired units for
line and class identificatlon, trunk link frame selection, origi-
nating reglster eelection, junctor and link selection, and other
controlling and checldng unita for setting up the dial tone con-
nection between & calling subscriber line and an originating
register. Fewer markers are required with the new design becauze
of ite increased speed.

The dial tone marker with U=type releys rated "Mfrg. Disc."
is the common equipment frame of the combined marker with certain
unite and relays o=ltted which are needed only for completing
marker functions.

Each dial tone marker frame accommodates the sgquipment for
one dial tone marker circuit and is arranged to operate with the
No. 5 crossbar system frames and units as follows:

Iine Iink Frames “L0 (LLO0-39
Trunk Iink Frames 20 (TLOO-19
Line Link Vertical Groups 12
Subscriber Class=-0f=Service

Idantification 100

Types of Originating Registers 2

The purpose of the dial tone marker in the No. 5 crossbar
system is to set up connections betwesn the calling subscriber
line and an originating register. The register then returns dial
tone as & start dialing signel to the subseriber. This involves
connections betwesn the dial tone marker and & line link frame
through line link marker comnector and lime link connector, to
the trunk link frames through the trunk link connector, and to the
originating reglster through the originating register line memory
frame.

When a subscriber liftes his handset from the swltchhook, the
line relay operates causing the line link frame to bld for con=
nection to the dial tone marker through the line link marker
connector. From this connection, the marker can identlfy the lline
link frame rumber and calling line wertical group snd horisontal
group locations, The marker then selscts & trunk link frame
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associated with an idle originating register and makes connection
through the trunk link connector, This permits selectlon of an
idle originating reglster to which the marker alsoc makes connection
through the originating register line memory frame.

After selection of the trunk link frame, the marker bids for
connection to the line link frame through the line link connector
which closes leads for identification of calling line vertical
file number and class-of-service number. The line link frame,
vertical file, vertical group, horizontal group, and class-of-
service information are all transferred to the originating regis-
tar's memory clircuit where it is stored for future use by the
completing marker.

Connactions through the line link and trunk link connectors
also permit selection of an idle channel from the subscriber's
line through a line link, a junctor, and a trunk link to the
originating register. The marker, after selection of the channel,
cperates the select and hold magnets through these connectors,
checks for proper operation, and disconnects from the framea
involved.

The dial tone marker consists of a single-bay, shest-metal
framework 11 fest & inches high and 2 feet 2-1/16 inches wide,
The equipment (sea figurs L-1) consists of two fuse panels, a
resistance lamp unit, fourteen relay equipment units, four module-
type frame terminal strips, and a 50-watt resistance unit. Local
cable 15 used for all frame wiring between units, between units
and the frame terminal strips, for battery and ground connectlons
to the fuse panels, for looped leads at unequipped apparatus
positions, and for options which involve wiring only.

Each of the units, as far as practicable, 1s arranged for a
particular function as dencted by the unit title. Surface wiring
iz used for all wire connectlons within the unit. Except on the
G0=watt resistance unit and the trunk link frame memory and check
unit, no unit terminal strips are used since external connections
are made by local cable terminations on the apparatus springs.

Supplementary Dial Tone Marker Frames (Figure L-2)

This frame ia used as a supplement to the dial tone marker
frame when more than L0 line link frames and/or more than 20 trunk
link frames are provided or when tripled trunk link frame feature
is provided in anticipation of future expansion beyond L0 line
link frames and 20 trunk link frames. It requires one 23-inch
sheet metal bay and provides supplementary relay equipment and
crosa connection fields for four dial tone markers. No fuse panels
or ground bars are required since battery and ground leads are
furmnmished by the associated dial tone marker frames,
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C. COMPLETING MARKERS

General

Fach completing marker with wire-spring relays requires one
2-bay common equipment frame and one 2-bay translator and code
treatment frame. In addition, one 2-bay frame provides the route
relays for 100 routes for each of four markers. Optional frames
not always required in & completing marker and furnished separa-
tely are code conversion, supplementary service treatment, and
PEX allotter frames.

Common Bquipment Frame (Figure L-3)

The completing marker common aquipment frame requires two
23-inch bays. It mccommodates the functional unite which are as-
soclated with trunk link frame and trunk selectlion, identification
of calling and called line locations on line link frames, channel
test and selection, Junctor group and pattern control, hold magnet
operation, number group and connector control, ringing switch
gontrol, sender and sender connector selection, route advance and
recycle control, sender link control, trunk charge information on
intracffice or outgoing eall, identification of trunk class on
incoming call, identification of AMA reccrder mumber for AMA
charging, pulse conversion class control, over-all timing, cross
detection, and master test frame connector and trouble recordar
eontrol, The no-test call contrel unit and messape reglster de-
tector unit for special markers (0 and 1) are alsoc located on this
frama,

Four fuse panels with TO0=type fuses are located at the base
of the frame. 5Six fuse positions are assigned for +130-volt 1/2-
arpere fuses. All other fuses are assigned for LB8-vwolt 1-1/3-
ampere fuse. Seven assemblies of 251-type terminal blocks are
located &t the top of the frame. These are for termination of
switchboard cables from other frames, and for most of the marker
B0ffice Size™ croas connectlons,

Translator and Code Treatment Frame (Figure L-l)

The translator and code trsatment frame requires two 23=-ineh
bays. It accommodates the relay units and cross-connection fields
apsociated with (a) translation and routing of called office codes,
{b) subscriber and trunk class screening, fl:]l transfer of AMA
billing, called number, and route informstion to senders, (d) route

geries and prercute relays and (e) transfer of called line mumber
to the mumber group.

Fage 8
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One panel of TO-type fuses is located at the bettom of the
left bay. Seven assemblies of 251-type terminal strips are located
at the top of the frame for termination of switchboard cables from
other frames,

The code points, class-of-service, route relay, route series,
and assoclated cross-connection terminal strips are located in the
left bay. Assemblies of 251-type terminal strips are used for
code points, R, RC, SC; 8, and other punchings which require single
terminals. Assemblies of Nos. 256A 256B terminal strips are used
for code grouping, route series, message billing, 5 grouping, and
R groupings. Please refer to section IV=D.

Route Relay Frame (Figure li-5)

The route relay frame conslsts of two 23-inch bays arranged
to accommodate 100 route relays for sach of four completing markers.
A wire-spring relay marker group is limited to a maximom 396 route
relays per marker; thus, from one to four route relay frames may
be equipped for each four markers., These frames are designated
RRO, 1, 2, and 3, and the M{ ) C{ ) numbers for the four associ-
gted markers are alse stamped on the base of the frame,

Each route relay is a 286-type milti-contact relay. Twenty
contacte are used for FIC leads from trunk link frames 00-19. One
contact iz used for peg count {FG]I, end ancther iz used for over-
flow (OF) registrations for the traffic register frame. The
remaining eight contacts are used for G5, CP, CR, DL, CL, RA, TB,
and TG leads which are terminated on cross-connection punchings
for assignments of sender group, sender information, route adwvance,
trunk block connector, and trunk group connector as required for
the assoclated trunk group. Winding terminals R and RC are cabled
from 251-type terminal strips back to the cross-connection fielda
in the assoclated marker translator and code treatment frame,

The 26 mlticontact relay assemblies are located on the left
bay glving 70 route relays for each marker, and 12 milticontact
relay assemblies are located in the upper portion of the right bay
glving 30 route relays for each marker. The lower part of the
right bay is equipped with terminal strips for the cross con-
nections of 05, CL, DP, CF, CR, RA, TB, and TG information, and
for switchboard cabling of RC, R, and ground supply miltiple leads
for 055 and 056.

The terminal strips at the top of the frame are for switch-
board cabling the FTC leads to the trunk link frames and the PC
and OF leads to the traffic reglster frams,

Except for the [irst route relsy assembly for each marker,
route relays are equipped ten at g time on a per marker basis,

Fage
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Ten relays and a terminal strip are assembled on a 23-inch mount=
ing bar. Bare-wire strip multiples connect the fixed contacts of
the relays to the terminal strip so that sach assembly of ten
relays can be served by the same ground supply. The frame local
cable has a fixed wiring pattern between terminal strips to permit
a ﬂutrth::‘t-iun of route relay assigmments to ground supplies 1, 2,
3, and L.

The first route relay assembly for each marker on route relay
frame 0 has three terminal strips and eight relays. The terminal
strips are for termination of ground supplies 1, 5 and 6. Assign-
meants of relays may be made to each of these ground supplies by
cutting the bare-wire strapping between the relays. Ground supplies
5 and & together will require a minisum of three relays for non=
eoln overflow, coln overflow, and non-coin "eatch all®™ trunk groups.
The remaining relays may be assigned to ground supply 1 for general
use or assigned to ground supplies 5 and 6.

Code Conversion Frame (Figure L-6)

Code conversion is an optional feature which is used when 2=
or 3= digit arbitrary codes are required in place of directory
sodes for completion of calls from No, 5 offices through offices,
such as step-by-step tandem or toll centers.

The codes conversion frame conslsts of one 23-inch sheet-metal
bay and accommodates %5 code conversion preroute relaye, one transfer
and check unit for A and P arbitrary digits, and code conversion
eross-connecting fields for each of four completing markers. HNo
fuse panels or ground bars are required on this frame since battery
and ground leads are cabled over from the basic marker frame.

The code conversion prercute relays (CV) are arranged in
single-plate surface-wired units, and each unit accommodates 12
relays and one D-type terminal strip. One relay is required for
each converted code. As the word "prercute® implies esach CV relay
operates shead of an assoclated route relay. The information sup-
plied by the CV relay must be subject to contrel of the same
ground supply circuit as the associated route relay. All 12 relays
on each unit are wired for a common multiple which terminates at
the unit terminal strip. The frame wiring is arranged for cross
connection of the CV relay multiple to any ground supply 1, 2, 3,
or  at each unit terminal strip.

Supplementary Service Treatment Relay Frams (Figure L-T)

This frame ies used as a supplement to the marker translator
and code treatment frame when more than &0 service treatment relaye
are required, It requires cne 23-inch sheet-metal bay and accommo=
dates 60 service treatment relays and cross-connection flelds for
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each of four completing markers, WMo fuse panels or ground bars
are required since battervy and pround leads are furnished by the
asacclated translater and eode treatment Prames,

FPEL Allotter Frame (Figure |-8)

FEY allotting is an optional festure whereby lines connecting
large PEs with the No. 5 office may be allotted into two or more
numbar groups. On completing calls the markers, when searching
for idle lines to a given PHI, are stesrad to different mumber
groups on a prefersnce basis, This procedure helps relieve a pos-
sible "backup” condition csused during periods of heavy traffic to
a given PEX when, without allotting, several markers might be wait-
ing for connection to the same number group. It is recommended
that all PEXs having 30 or more lines to the No. 5 office should
ba considered for allottment, There are, however, no restrictions
and smaller PENs may be allotted if such 1s considered desirable

by the Talephone Company.

The PEX alletter frame consists of one 23-inch sheat-metal
bay and accommodates a PEX allotter control unit, two allotted PEX
identifier units, and the cross-connectlon fields for each of four
completing markers. No fuse panels or ground bars are requlred
since battery and ground leads are cabled ovar from the assocclated
marker common equipment frames,

The PEX allotter contrel unit reguires four 23-inch mounting
plates, 0One unit 12 required for esach marker. The alletted PEX
identifier unit requires twe 23-inch mounting plates and each unit
serves one marker for allottment of five PEXs. Thus, two PEX
identifier units per marker will permit a maximum of ten allotted
PHXa per marker group. FEach PEX may be allotted into two or more
number groups,

Any FEX directory number may be in any of the six possible
office number "serles," but lines of a given PHI must be allotted
into number groups which are in the same office mumber "series"
as thae PEX directory number.

FC Relay Frame (Figure L-9)

The FC relay frame is provided on an optional basis for as-
sociation with trunks on trunk link frames 20 through 29. The
completing marker FC relay frame consists of a 23-inch bay ar-
ranged to accommodate 100 FC relays of each of four completing
markers. A wire-spring relay marker group is limited to & maxi=
mum of 398 PC relays. Thus from cne through four FC relay frames
may be equipped for each four markers. These frames are desig-
nated FCRO, 1, 2, or 3, and the M ( ) C{ ) numbers for the four
appoclated markers are also stamped on the frame. No fuse panels
or ground bars are required on this frame, since battery and
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ground leads are cabled over from the associated common equipment
frame.,

Bach FC relay is associated with one routs relay (R). The
FC and its assoclated R relay have the same nusmerical number and
are always in the same ground supply. The winding of the FC relay
is wired in parallel with the winding of the R relay. The FC relay
ciroult requires 12 make contacts. Ten contacts are used for
trunk bloek check (TBC), and another is used for FC cross detection
{(¥PC). R and RC winding terminals are cabled back to the assoclated
R and RC termingla on the route relay frame,

Forelgn Area Translator Frame and Foreign Ares
Translator Connector Frame (Figure }-10 and L-11)

A foreign area tranalator is required for translationm of
called office codes when called officea in a foreign area are
reached (a) over more than one trunk route or (b) over one trunk
group to a tandem or & toll center where different AMA Wulk bill-
ing treatments apply, as determined by the calling office code and
the destination of the call,

One translator frame extends this sarvice to one, two, or
three foreign areas and two of these frames will care for six
foreign areas, the maximum provided for in the design.

On a call requiring the help of a foreign area translator, the
completing or combined marker is momentarily assocliated with the
translator through a foreign area translator connector. Eight con-
nactors on one frame may serve the markers in one or two marker
groups. When the second foreign area translator frame is required,
an additional connector is provided for each marker.

One area route indication {out of 100 maximum) is transmitted
from the forelgn area translator to the marker. Each forelgn area
translator frame can translate for a maximm of 72 direct routes
to called offices, These routes are assignable in the three forelgn
areas in groups of twelve with a maximum of L8 in any one area.
Provision is also made for 2 routes to tandem or toll centers for
gubscriber or tandem traffic per area and five routes to toll
centers for toll traffic per area.

Four Wire Frame (Figure L-16)

The li=wire frame is provided on an opticnal basis when the marker
group 1s arranged for l=-wire network traffic. It consists of one 23
inch bay and ssrves four commleting markers, The frame provides the
mounting locations and eross-connection terminsl strips for three
units associated with Li-wire oneration; the li-wire control unit. the
h=wire control digit screening unit and the camp-on unit.
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D. ROUTE RELATS AND ALLIED ITEMD

Genaral

A combined or completing marker determines how to dispose of
an criginating, or tandem/toll through call principally by the
operation of a route relay, the closing of whoae several contacts
condition the marker to perform most of its functions insofar as
tha particular call is concerned. The mumber of route relays may
vary from as few as forty, or on some jobs up to a maximum of 398
per wire-spring marker. All markera of a given type {completing,
or combined) must be equipped identically on any given job.

A particular comblnation of area or offlce code digits,; as
received by the marker from an originating reglister, incoming
reglster or intermarker group sender, causes a ground to be placed
on a "gode polnt."” This operation is called marker translation.
Tha code points appear as punchings on terminal strips on the
translater and code tresatment frame, FEach code noint thet can be
groundad in & given ‘office is ultimstely cross-connected to the
winding of a route relay which wlll furnish the routing informatlion
required to complete the call when that code point 1s grounded.
Several code points can be "bunched" and cross-connected to the
same route relay.

The route relay does not furnish the information as to what
charge condition iz to be met in the trunk; i.e., that the call is
free (flat rate), that a message register mist be operated, ete.
This is accomplished by inserting a "route serles™ relay between
the route relay and battery. Thess route series relays (NCNC or
MBS - for instance) also appear on the tranalator and code treat-
mant Crame.

In most cases, a glven code point will involve sither routing
or charging of the call as a function of the class of service of
the calling line. This is accomplished by meansa of "SC polnts,®
or Service Common punchings. Each 3C punching is wired in multiple
to the movable contacts of service treatment relays. The corre-
sponding fixed contacts are wired to punchings designated as ™S®
points. Thus, by cross-connecting an 3C point between a route
relsy and route serles relay, different charge conditions are
available for a particular route ralay, Where class of service
requirements involve different trunk groups for the same code
podnt, an SC point is insarted between the code point and route
relays. In some offices, it is necessary to arrange for "trunk
or tandem screening,” an arrangement whereby certain incoming tandem
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trunks will be given one routing treatment, and others different
treatment. With this arrangement, incoming tandem trunks may be
aegregated into five categorles. The arrangements required are
diaguased in a separate heading later on in this subsection.

tode Translation and Code Pointe

The code translation facilities available for the combined
and completing markers provide for a wide variety of numbering
plans for subscriber dialing, and for tandsm or toll switching.
Since the listing of all combinations is impossible, the dis-
cussion here will be limited to that information which should be
sufficient for the Engineser to wisualize the interrslationship
of the code translation and the provision of route relays.

The general function of the marker translator is to cause a
ground on a "code point,” in accordance with a particular com-
bination of digits received from an originating register, or an
intermarker group sender which at the incoming end of an intermarker
group trunk functions as an incoming register. This translation
is done by a ™rea" arrangement of translator relays, such that 1f
the cods is "234" the "2" palay in the first set of relays, then
the "3I" ralay of the set following the "2%, and then the "4 re
followlng the "2-3" relays, are cat through to the code point "23L."

A certain few code polints are grounded by means other than a
gombination of digits, and are referred to as "special code points.”®
ne of these iz the "I% code polnt, provided only in the dlal tone
marker or combined marker, and 1z automatlcally grounded when the
marker is seized by a line link marker-connector to start the rout-
ing of a call to an originating register. Other epecial code points
are automatically grounded by the originating reglster under the
following conditions:

PO = Partial dial, When an originating register timea ocut
becanse it has received an insufficient number of digite.

FS = Pearmanent signal. When an originating register times out
without recelving any digite.

20 = Zero operator. When 0" is the initial digit dialed into
tha originating register.

More than one field of translators will often be required in
the sames office. For example, the number of digita to ba trans-
lated on a subscriber dialed call may be different than on an
incoming call for the same destination. The avallables translator
fields are:

Fage 1L
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For Originating Reglster Calls

LT - Local translator. This may be for l-digit, 2-digit,
3-diglt, or combined 2- and 3-digit home area numbering
plan codes, and for 3-diglt forelgn area directing codes,

1l - Zarvice code tranalator. Used only in offices using this
type of service code.

11 - Service code or extended area translator. Used where 11X
service codes are used, or where the code "11" 1s used for
dlaling to a forelgn numbering plan area.

For In:min.i Ru;int.ar Calls

LT = Local translator. Incoming call directed to same local
translator as above,

T = Toll translator. Used for certaln toll service and
routing codes.

FVD = One directing digit translator. Used for incoming trunks
where one digit only of a 2- or 3-digit code is used as a
directing digit. (This single digit may cause the oper-
ation of the same route as & combination of three
digite dlaled by & customer,

20T = Two-diglt translator, Sometimes referred to as BEX
translation, Used where the incoming trunk receives only
the second and third digits of a 3-digit code (the B and
X of an AEX cods).

In order that the call will be directed to the proper trans-
lator, varlous translator leads are provided from the reglsters
to the marker via the marker connectors, to indicate the type of
call involved, mich as incoming terminsting, incoming tandem, etc.,
and the type of translation involved, such as FVD or 2DT, ete.
There are alsc certain leads from incoming reglsters to indicate
that translation of a code i3 not required. These included OA and
0B, to indicate that only four numericals of the line mumber are
involved to be completed to either Office A or Office B, PCH, FCD
and FCOD1 to indicate that the call is a marker pulse conversion
call involving an cut revertive pulse sender, ocut dial pulse sender
in Group O, or out dial pulse sender in Oroup 1, and RO, to in=-
dicate that the incoming trunk should be set to return a reorder
signal,

Forelgn Area Translation

In toll centers and in offices with customer toll dialing
there may be a need for foreign area (six=digit code) translation.
This need will arise when subseriber originated traffic, or incoming

Page 15

Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



tandem or toll traffic requires sccess to mores than one trunk group
to reach called offices in a forelgn mumbering plan area. Sub-
geriber originated traffic may alse require foreipgn area translation
when different messepe unit treatmente in the form of AMA balk bill=
ing are necessary for diffarent called offices or codes in the
foreign area.

On & call requiring foreign area translation, the completing
or combined marker is momentarily associated with the tranalator
through a foreipn area translator connector. A translator frame
provides duplicate equipments of () and (B) translators serving
one, two or three foreign areas. If required, a second frame of
(A) end (B) translaters with another foreign area translator con-
nector frame may be provided to serve three additional foreipgn
areas (maximum &), Regardless of the number of foreign areas re-
quiring translation, one of a maximum of 100 area-route indications
may be passed back to the marker on & given call. The area-route
indication identifies a route and rate treatment pattern in the
marker, When the marker regqulires one or more route relays or code
conversion (CV) relayes for an out-trunk group, the translator is
required to provide a like mumber of ares-route indications. The
100 foreign area-route indications may be assigned to "direct
routes® or "switched routes™ for called offices. They cover all
the translator outputs for one through six foreign areas. The
terms direct route or switched route ae used here refer to varioua
equipment arrangements within the translator and not necessarily
the destination of the trunk group to be selected by the marker.
A "direct route” represents a trunk route to another office build-
ing with no intermediate switching inveolved. A "switched route®
represents an out-trunk route to another office building where
Purther switching is required. From a tralfic stendpoint the 100
foreign area-route indications are flexible and can be assigned
to any type of traffie.

Each translator frame provides for T2 direct route treatmenta
assignable in groups of 12 to any one foreign area, with a maxi-
mm of 4B for one area, In addition, provision is made for 87
mritched routes with a maximm of 29 for any one area; 2L for
incoming tandem or subseriber originated calls and § for incoming
intertell calls, Switched route eoulpments are assigned in groupas
of § for incoming tandem or subseriber originated traffic and
individually for incoming toll switch traffic.

Route Relay Functions

The cperation of a route relay makes it possible to condition
the marker for the items of information listed below. In general,
gll calls which require identical treatment for ell of these items
are directed to the same route relay. Wwhere there is a difference
in any one of the ltems, different route relays are required.
Please refer to Figure 4=13.
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Trunk Selectlions
Sender Oroup Selection
Roote Advancs

Digit Delstliom
Prefixing of Digits
Code Conversion

High & Low § Indication
Called Number Structure
Code Pattern

Trunk Salection

Cross-connection of the TB (trunk block) TO (trunk group)
punchings furnish leads through ths trunk link connector eircuit
to cause the sslsction of a trunk in the desired trunk group om
the trunk link frame (FIC 00-19).

Sendar Oroup Selection

Associates the proper sender group (B0 punching) with the
trunk group selscted.

Route Advance

When all trunks in the trunk group are busy, or when all
ssndsrs which can be associated with the trunk group are usy, or
when tha marker sncounters a failures to match vhen attempbing to
establish the connection, ths "ground supply® connected to the
usual operational econtacts of the route relay is opened, and
ground is placed on the RA contaect instead. This in effect caunses
the normal functions of the route relay to become inoperative, and
the operational functions of whatever iz cross-connected to the RA -
eontact to becoms effective instead. The usual RA eross-connections
are as follows:

Outgoing extramaral trunk group for which there is no alternate
route - there are threa possibllities, as follows:

(1) If only subsoriber originated calls reach the route
relay, the route advance is to a route relay for
combination tons tranks.

(2) If only tandem and/or toll calls reach the route relay,
the route advances indicates to the marker that it should
set ths incoming trunk to returm a reorder signal.

(3) If subscriber originated calls, and also tandem and/er

toll calls reach tha route relay, the routs advance is
as follows: For subscriber calls, the route advance is
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to thes combination tone trunk; on tandem or toll calls
the marker sets the incoming trunk to return a reorder

elgnal.

Outgoing extramiral trunk groups for which there is an alter-
nate route - there are two possibllities as follows:

(1) If there is alternate routing of any incoming tandem or
toll class traffic in the office, the route relay mst
have the final route advanca arranged to set the incoming
trunk to returm busy tones, Since subscribar dialed
traffic must be route sdvanced to combination tone trunks
or an alternate route, it follows that separate route
ralavs ma=zt be provided for subssriber dialed wvs, tandem
and/or toll class calls, This is true not only on the
final route, tut also on gny first or intermediate route
in order that the two general categories may arrive as
separate entitles of traffic at the final route.

(2) If there is alternate routing of subscriber calls, but
no alternate routing of tandem or toll calls, separate
route relays are required. The tandem and/or toll calls
will be route advanced to set the incoming trunk to
return busy tone and the subseriber calls will be route
advanced to the alternate route.

Intracffice and reverting call trunk groupes - to the route
relay for the combination tone trunks.

Permanent signal helding trunke - to the route relay for the
common overflow trunks.

Coin combination tone trunkas - no RA cross-comnesction is
required, If thers is no trunk avallable, the marker signals
the originating register to return the all paths busy signal
{optional &0 or 120 IPM tone).

When route advance occurs, the charge condition is established
by the route serles relays to which the first route relay is con-
nected. Hence, the route relay to which the call is advanced need
not diseriminate for charge conditien. Because of this, the wind-
ings of the route relay to which calle are route advanced are con-
nected direetly to route battery (RB), instead of to battery via a
route sarles relay. Hence, when a trunk group has both first route
traffic offered to it, and aleo traffic which is route advanced to
it from another group, it is the usual procedure to provide a
saparate route relay for handling the traffic which is route
advanced to the group,
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nigyz. Daletion

& marker transfers to an out sender all digits that it recelves
from the originating or incoming register, except, of course, wvhere
an out sender is not equioped to record the first, the first two,
or the first three digits. In the case of a DP, MF or PCI sender,
all of the digits so transferred may be outpulsed onto the trunk,
or the initial one, two, ete., up to six, may be deleted. For
example, on a call to a step=-by-atep office with seven digit
nmumbers only four digitas might be required to be cutpulsed. In
this case the marker and sender would be arranged toc delete the
first three digits of the number. The desired arrangement is ac-
complished by proper cross-connection of the DL (delete) contact
of the route relay,

Thus, if calls for several different office codes are routed
via the same trunk group and require different digit deletion, one
route relay is required for each deletion arrangement (delete none,
delete one, etc.).

Prafixing of Digite

Arbitrary digits may be prefixed to octher digits tranaferred
by the marker to an out DP or MF sender for cutpulsing on other
than marker pulse converaion calls., MF senders may prefix FL1H
and/or one arbitrary digit. DP senders may prefix 1, ¢, or 3
arbitrary digits. The desired arrangement is accomplished by
proper cross-connection of the R contact of the route relay.
Where no digits are to be prefixed a cross-connection is required
te indicate ™no prefix,.”

If calls for several different office codes are routed via
the same trunk grour and more than one "digit preflxing” treatment
is required, separate route relays sre required for each treatment
except when code conversion arrangements are provided, one route
relay and one or more CV relays may suffice. It should be noted
that, if the initial "11" is to be cutpulsed on originating re-
glater clasa calls, the "11" must be supplied to the sender by the
CR cross-connection. This is required because the "11" is not
passed from the reglster to the marker, Tell and tandem class
calls differ in that the "11" is passed to the marker and can in
turn be transferred to the sender.

Code Conversion

Code conversion consists of deletion of cne or more digite
of a code as recelved and prefixing of 1, 2, or 3 arbitrary digits
in an out sender. One arbitrary digit, or "11", or "11X"™ may be
prefixed with no additional equipment in the marker. However,
when 2 or 3 arbitrary digits are to be prefixed by DF senders, a
code conversion relay (OV) is required for each particular
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eombdnation of digits required and the rumber of such digit combi-
nations should be specified in the traffic order. CV relays are
mounted on a separate code conversion frame, and a maximum of 96
may be installed. Any number of CV relays may be assocliated with
a single route relay. Code conversion is often used when two or
three arbitrary digits are required to route a call through a
distant step-by-step intertoll train to reach a tributary or toll
trunk group.

High 5 Low 5 Indication

On out revertive pulsing trunks, the use of "high 5" and
"low 5% incoming brush selection may be required to provides
Office A vs. Office B, or physical vs. theoretical discrimination
at a distant crossbar office reached over a common trunk group.
This i=s accomplished by a cross-connection of the CL (class
information) contact of the route relay. This feature permits
trunking economies by the routing of traffic to two different
offices in a distant building over a common trunk group. Where
this discrimination is required, two route relays are used, one
for sach code.

Called Mumber Strdctira

The phrase "called number structure" refers to the total
mumber of digits and whether a party-line lestter suffix may be
involved, in ths numerical portion of the called number. The
indicatlion is required only in AMA offices, and is provided in
order that the numericals of the called number may be properly
punched on the AMA taps. The indication is obtained by proper
cross=connection of the DL contact of the route ralay in the case
of the DP, TMZ, or MF sender, and a combination of the DL and CL
contacts in the case of PCI senders. The RP sender is not in-
volved since the number structurs can not vary with this type of
sender.

Intertoll trunk groups, or groups to tandem offices, may
employ two or more called number structures. If so, a route relay
will be required for sach indication. Other trunk groups will
each have only ome called number structure indication.

Code Pattern

The phrase "code pattern® refers to the number of digits in
the called office code and in a foreign area directing code. The
indication is required only in AMA offices in order to properly
panch the AMA tape. Different indications are obtainable for DP,
IMi, RP, and MF senders, by proper cross-connection of the CP
(Gode pattern) contact of the route relay. Cods pattern indications
are not required for trunk groups using PCI senders, since a par-
ticular sender group can handle calls of only one coda pattern, If
more than one code pattern is required for calls routed via a par-
ticular trunk group, a corresponding number of route relays are
required by this item alone,
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Route Relay Mounting and Ground Supply Arrangements

A maximam of L50 route relays are avallable in the flat spring
combined or completing markers. These route relays are numberad
00 to 99 on the translator and route relay frame, 100 to 219 on
supplementary bay serving two markers or on the CV bay, and 220 to
L9 on the supplementary bay serving one marker. Unless ctharwlse
specified for reasonsa ocutlined below, the relay= will be mounted
in the consecutively lowest numbered spaces on a frame,

A maximim of 398 route relays are avallable when the wire
spring completing marker iz used. These relays are mounted on the
route relay frames, One route relay frame for sach hundred relays
per four markers (AR-0 - relavs 00-29, markars CO - g3).

Fach route relay is assigned in one of six ground supplies,
and route advancing may be from a relay in any ona ground supply
to any other ground supply execept route advance can not be made
from ground supply six. Within a given route advance "chain," it
is not permissible to return to a ground supply used by a relay
in a previous position in the chain., Oround supplies S and & are
reserved for "last end" route relays, such as tone trunka, and are
confined to very few uzes described below, "NHormal"™ trunk groups
are assigned to ground supplies 1 to L, route advancing from one
to another (alternate routing), and eventually into "last end”®
trunks,

Route relays 00-09 are assigned in ground supplies 5 and 6,
and may be divided betwesn thess ground supplies in such a way
that relays in sscending mmerical order from 00 are in ground
supply & and in descending order from 09 are in ground supply 5.
The point of this split must be specified by the Telephona Company.
In most offices, this may be an even split, i.e., relays 00 to O}
in ground supply &, and 05 to 09 in ground supply 5.

In practically all cases, the standard arrangements will be
satisfactory. However, if the provision of all route relays in a
consacutively numbared order doas not furnish the diatribution by
ground supplies neaded for a particular job, certain stripa are
laft wmequipped. The Telaphone Company mast specify the arrange-
ment desired im this case. An arrangement of route ralays by
ground supnlies other than the standard can he specified if the
requirements for flst spring surmlementary route relay bays are
thereby reduced,

The following rastrictions should be observed in sssigning
route relays to ground supplies:

Allotted Trunk Groups:

Relays 10 to 19, in ground supply L, mist be used for allotted
groupss These ten relays provide for a maximum of five allotted
trunk groups, The trunk group is assigned to an even mumbered relay,
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and the next higher odd mumbered route relay can not be uwsed for
other purposes.

Intraoffice Trunk Oroups:

In any of the first four ground supplies. However, they mst
be in & different ground supply than the trunk group to which a call
for a numbar on the same line will route, Calls to a mumber on tha
gama line may be routed to reverting call, special service or tone
trunks,

Permanent Signal Trunks, Stuck Coin Trunks, and Nom-codn
Combination Tona Trunks:

Ground supply 5.

Driginnting Reglatera, Coln Combination Tone Trumka,
and Common Owverflow Trunksa:

Ground supply 5.
mt.gud.ng: Routas:

These include cutgoing interoffice, intermarker group, groups
to tandem, toll switching, intertoll, service routes, special
service, recording-completing, marker pulse conversion, and mis-
cellaneous rovtes except as specifically covered above. These
may be in any of the first four ground supplies.

Sarvice Treatment (5) ; Service Common (SC) Punchings,
and Service Screening (5 chings

Service treatment (S) relays, also known as class of service
ralays, are provided in the marker as a means of controlling the
proper charging or routing of a call in accordance with the class
of service of the calling line, or proper routing in the case of
an incoming tandem class (TAN) or toll class (TOL) call., The
originating register passes the class of service information to
the marker on sach subscriber originated call, which causes the
service treatment (3) relay for the particular class to operate;
similarly, the incoming register or intermarker group sender passes
the information that a tandem or toll class is involved.

The operstion of the (3) relay provides the service screening
feature of the marker. Service scresning requires the use of two
seta of cross-connection punchings, service common (5C), and service
treatment (5) punchings.

One service common (SC) punching is required for each code,

code group, or equivalent which requires variations in treatment
according to the classes of service. Service common (5C) punchings
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ara wired to a common multiple of make contacts on a number of
gervice treatment relays, and each relay represents one class of
service or a group of classes requiring the same treatment.

Service treatment (S) ponchings are individual to each class
of service, and they are wired to fixed contacts of the service
trestrent IS:I relays,

In the marker cross-connection fleld, 5C points may be con-
sidered as inputs, and they are crosa-connected to or at least
toward code points. The S5 points are ocutputs, which are cross-
connected to punchings which contrel billing, routing, denial,
ete. (See Figure L=12)

The number of customer and trunk classes, the number of §
raelays, and the multipling arrangement of 5C points must be se-
lected to muit the requirements of the particular installation.
The cross-connections for tha SC and 5 points are determined
from a careful study of the service requirementa for the office.
In ‘of fices with relatively few classes and S5C polnts, it is
probably desirable to order one 5 relay per class, per twalve
80 points. This will provide individual treatment for 5C points
for which treatments are variable from class to class with no
particular pattern.

In offices with more complex service treatment patterns, sub-
stential reductions in numbers of 5 relays and 5 punching cross-
connections are often possible by use of group sort treatments.

In the group sort arrangement all classes of service which may
be treated alike are assigned to one 5 relay,

Screening Arrangements

The arrangement and nurber of service trestment (3C) points,
service treatment (2) relays, service screening (2) punchings
and route relays is the responsibility of the Telephone Company.
There are, however, two baslc screening arrangements; screenlng
for different routes, and screening for different charge conditicons.

The first arrangement, screening for different routea, is
epplicable when different classes-of-service require different
routings. For example, coln subseribers would be routed to a trunk
group incorporating coin features. This arrangement requires a
geparate route relay for each trunk group for each charcge condition
and the service screering relays are placed between the 5C points
and the route relay. (Figure L-1l, sk 4)

The second arrangement, screening for different charge con-
ditions, is applicable when calls from all classes cof service are
routed to the same trunk group. The route relay associated with
thie trunk group is inserted between the code point and the 3C
point. (Flgure =1L, sk B) The (SC) point is then assigned to
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the service treatment (3) relays, the operation of which provides
the proper charging condition via cross-connection of (S) punch-
ings to route series punchings.

Alternate Routing

Alternate routing is accomplished by route advancing from the
route relay of the initial trunk group, to a route relay for the
next (altermate route) trunk group. A maximum of four routes
{first route and three alternates) is permissible, This limi-
tation iz dus to the fact that each successive route sust be in
a different ground supply, and route relays for cutgoing trunks
may be in ground supplies 1, 2, 3, or L. The subject of ground
supplies is discussed in more detail under a ssparate heading,

The route advance may be from a route relay in any of ground
supplies 1, 2, 3, or I to a route relay in any of the othar ground
supplies. If the trunking is such that a third or fourth route is
involved, the same ground supply can not be involwved at any point
in the chain.

The final route, which is the only route when there is no
alternate, is generally route advanced to combination tone trunks,
whose route relay is either in ground supply 5 (non-coin) or 6
(coin), and hence, is outside the four basic ground supplies for
outgoing trunk groups.

Any traffic which is route advanced to another group should
utilize on the second route a route relay separate from that uwsed
by traffic which is offered to that second group as first route
traffic. This is in order that the route relay for the alternate
routed traffic can be connected direct to battery, while that for
first route traffic may be connected through roote serles relxys
as required for proper charge conditions,.

Vacant Codes

The route relsy arrangements for vacant codes depend on the
routing desired for those calls,

If calls for vacant codes are to be routed to a tone trumk,
the code points are cross-connected directly to a FE (paths busy)
punching on the translater cross-connecting field. Calls origl-
nated in the No, 5 crossbar office will be routed satomatically
to the combination tone trunks and given the vacant code tome.

On incoming tandem or toll calls, the marker will set the incoming
trunk to return & reorder signal.

If calls for vacant codes are to be routed to vacant code
intercept trunks, a route relay 1s provided in a manner similar
to other outgolng trunk groups. In this case also, the marker
will set incoming tandem or toll trunks to return reorder.
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For offices having customer toll dialing, it is recormended
that vacart codes be routed to intercepting operators in all
cases.,

Prasort (Flat Spring Markers)

The presort feature is an option which may be provided in
econjunction with the service treatment relays either to reduce
the required number of SC polnts or to insure that the maxlmum of
36 5C points is adequate. The feature is used when classes-of-
gservice may be divided into two groups such as coin and noncoin,
or local and foreign exchange service. Two groups of two relays
each are provided (capacity, 2L PsC points). The contacts of
the relays are multipled in the same manner as described for the
(5) relays. The presort points are cross-connected between the
codes point and the route relay and permit two or more route relays
to be cross-connected to an SC point. Thus offering (1) a pos-
sible reduction in the number of SC polnts required and, (2)
increasing the total numbar of service treatments that can be
handled in the office,

Diverted or Denied Routea

Under some ¢circumstances, there may be one trunk group to a
particular destination to care for all traffic except from certain
clasges-of-gervice. This could be cared for by an arrangement of
the 5C point preceding the route relays. This would generally be
wvasteful both of route relays and of 5C podnts. To overcome thils,
each marker is provided with twenty DR relays. These may be used
when the route relay precedes the 5C point. The "S" punching of
the "S" prelay for the clasgs-of-gservice which is to be denied to
the trunk group is cross-connected 4o the DR relay. This relay
has such a high resistance that the current flow is insufficient
to operate the route relay for the trunk group. Instead, a contact
of the cperated TR relay 1s cross-connected to another route relay.
The uge of the DE relay in effect by-passes the trunk group route
relay and the resultant operation for the class-of-service involved
is the same as though the code point were cross-connected to what-
ever the NR (new route) contact of the DR relay is cross-connected,

The operation of the DR relay is generally used when a route
is to be denied to a given class of service and the call routed
10 an operator or a combinatlon tone trunk. These relays are par=
tilcularly useful when several trunk groups have the same charge
conditions for the accepted traffic for some classes of traffic
but either classes-of-gservice are to be denied or rerouted
wiformly. Tims, the same SC point can be used for the several
trunk grovps involved.

If calls from certain classes of service are to be ronted to
outgoing trunk groups, while calls from cther classes are to be
furnished with a tone or routed to an operator, three general
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arrangemants are available. In this instanece, tandem and toll

are consldered as classes of service. Where the distinction in-
volvea different treatment for various incoming tandem groups,

the principle of "tandem screening®™ is applied, as discussed under
a separate heading. Otherwvise, 1f the arrangement is such that
the route relay precedes an 5C point, the classes of service which
ara not to be routed to the sutgoing trunk group utilize the dended
route relay principle described above, The third possibility im
where the arrangement is such that the SC point precedes the routa
relay, in this case the classes of service which are not to be
routed to the outgoling trunk are eross-connacted either to routs
to an operator or to a tone trunk,

Tandem or Trunk Class Screening Arrangements

In all previous disgussiona, it has been agsumad that all
incoming tandem type trunks will be treated alike, as to completion
or denial of service for each respective code point. However,
this will not always be the case. Tandem or trunk class screening
is an arrangemant whareby tha incoming DF tandem trunks may be as-
signed to five different categories (TAN, TANI, TAN 2, TAN 3, and
TAN ). Each category may receive its own denial or completion
treatment for each code point. Tts walue and use are best illus-
trated by an example: assume six incoming DF tandem groups ( from
Offices A through F) and three tandem completing groups (to Offices
X, ¥, and 2): further assums that the groups from A and B are to
be denied access to Office X, and the groups from C and D are to
be denied accesa to Office T but otherwise completion is to be
permitted to the three completing groups. Some form of "soreening®
is required in order to accomplish the denlials listed, and the six
incoming trunk groups can be classifisd in thres categories for
this purpose - A and B (TAN), C and D (TAN 1) and E and F (TAN 2).

The screesning 1s accomplished by an arrangemsnt simllar to the
SC points, but in this case designated "TSC points," or Tandem

Service Common points, which are wired to the movable contacta of
seven class relays, five for the five tandem categories, one for
toll (TOL) and one for originating register (OR) class of traffic.
The fixed contact of each relay is wired to cause denial or com-
pletion, as requirsd. The TSC point may be cross-connectsd elther
to a cods point or a4 route relay., Thes number of TSC polnta to be
provided may be 22, 3, or L&,
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E. NUMBER GROUP FRAMES

Ganaral

In & No. 5 crosgbar office, there is no permanent or pre-
arrangad association of directory numbers with switch positiona
on the line link frames. A marker upon recelving the number for
& terminating call must therefore ascertain which one of the many
switch verticals in the office is associated with that particular
directory or trunk number so that a connection may be established.
The marker obtains this information from the number group frame.
This frame in a manner of speaking, iz a large central memory kept
up to date with the latest directory number assignments, to which
each marker in turn applles for the necessary translation. Asking,
in affect, the line link address and ringing required for the line
corresponding to the directory mmber.

The following deseription govers the wire spring relay type
nunber group frame (Figure 4-15). Inasmuch as this new mumber
group frame is fully compatible with the older non-wire swring type
frame, the manufacture of the older type frame has been discontinued,
Most of the newer features described, such as the increases in
capacity from 20,000 to 40,000 numbers per marker group, can be
added, if needed, in older type offices. Associated connectors may
also be added on existing non-wire spring type connector frames,

space permitting.

It should be noted that the earlier concept of Office A numbers
and Office B numbers as well as the termsa physical, theoretical and
extra-theoretical are no longer in use.

These early marker groupa equipped for a maximm of 20,000
{directory and trunk) rumbers could sccommodate three office codes
in each of two number series (0000 through 999%), as follows:

Ooffice A Office B
Fhysical Office A Physlcal Offlce B
Theoretical Offlece A Theoretical Office B
Fxtra-Theoretical Extra=Thecratical
Offioe A Offiee B

This is known as physical-theoretical office operationm.
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The new marker ps equipped for & maximm of 40,000
{directory and t.r-uuki numbara are arrangsd for six number series,

ag follows:
Rumbar Seriss Group A Humbar Seriss Group B
Ho. Sariss O Ho, Saries 1
L] L] E L] n 3_
| m h " n 5

This is lmown as number series operatiom.

Thus, in new offices it is now possible to begin the numbering
of sach of six possible office designations with the "0" thousands
digit and grow into the "1" and "2%, etc., thousands digits as
Tﬂq’lﬂ—‘l"ﬂdl

Each 1000 directory numbers comprisss a number group. A
marker group can accommodate L0 such mumber groups (numbared 00-37)
or a total of 440,000 directory numbers including trunk mumbers.
Kumber groups are provided to f111 the nesds of the respective
mmmber series and should be considered as indepsndent of mmbar
series groups. The frames are numbered as they are added from 00
to 19,

In addition to the frame number, the office code or codes are
assoclated with the frame elther by stenciling on the frame or
through the use of designation cards. The assoclation of the code
and the frame must be specified by the Telsphone Company.

A marker group can be arranged to disoriminate for rate
purposes for a maximum of six different office designations. One
or more local office codes used to identify numbera which are givea
the same rate treatment are called an "offlce code group™. To
parmit discrimination by the marker, it is necessary that all numbers
within a hndreds block (all of tha 100 numbara in a number group
Iit.h}t.ht samp hundreds digit) be given one rate assignment (P, T,
or Els

Under the new arrangemsnt F, T, and E designations are arbi-
trary designations used to perform the same functions as ths formar
physleal, theorstical and extra-thecoretical designations with
reapect to the number group. In the marker the P, T, and E desig-
nations are wsed not only as & means of distinguishing between
of fice codes with different rate treatment but also as a means to
direct the marker to tha number serless on which thes called rmumbar
is assigned,

The P, T, and E indications in the nmumber group are required
to check the translated information with the directory number
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essigned in the momber group. IT the check is satiafiesd the call
is completed. If the check is not satisfied the call is routed

to intercept. The purpose of the check is to permit the office
code groups of a number series group to share the same 1000
numbers of a number group. Number series groups A and B, however,
can not share numbers in the same mumber group.

Each mumber group has assoclated with it a number group frame.
This is the only place in the No. 5 crossbar system where subscriber
directory numbers are gathered together in numerical sequence.
Number group frames are fully equippsd for 1000 numbara; hence, a
No. 5 office is always equipped in multiples of 1000 directory
rmumbars .

Examples of the way the marker is directed to the proper number
group for various typical numbering plan arrangements are discussed
balow:

a) PFour-digit call to a number saries group with a single
ramber sariea,

In this case, the call is directed to a particular
number seriess group (A or B) by mesns of eross con-
nactions in the incoming replster link frame and
incoming register, Thess crosa coanections are re-
gquired even though the office involved haz but a
single mumber seriss group. Since the number series,
the thousands digit cf the called number is used to
direct the marker to the proper number group frame.,

b) Four-digit call to a number series group with more
than one number series.

This siltuation redquires that a separate incoming trunk
group per number series be provided. The proper number
geries group is determined by means of cross connectiona
in the incoming register link frame and incoming register.
Crogs connections in the trunk link connector and the
trunk link frame furnish the marker with a P, T, or E
indication which is used to direct the marker to the
proper number series. The thousands digit iz then used
to direct the marker to the proper mumber group frame.
The P, T, or E indication may be used for rate or mumber
diserimination purposes and, of course, must mateh the
corresponding indication in the number group for the
call to ba completed.

o) Five-digit call to a number series group with more than
one mumber series.

This arrangement will permit & single trunk group to
serve several number series in an office using the first
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diglt as & directing digit (FVD Translation). The
proper number serles group is, as above, determined by
means of cross connections in the incoming reglster link
frame and the incoming register. The directing digit
determines the proper number series and the call is
directed to the proper oumber group by the thousands
digit. The FVD Trenslation feature may be used only on
incoming MF or DP calls. High-low diserimination may
ba. used with RP incoming reglsters to direct a call to
one of two number series groups.

d) Six- or seven-digit call to & number series group with
more than one mumber series.

This arrangement covera those cases in which the distant
office transmits more digits than normally would be re-
quired at the No. 5 crossbar terminating office. The
call iz directad to the proper number series group as
covered in the examples above. The translation of the
EX or AHX digits then directs the call to the

number series and the thousands digit directs the call
to the proper number group.

Since each number group serves & particular thousands series,
leads for the thousands digits are unnecessary. On the number
group frame, cross connection fields are provided so that each
directory number is cross tonnected to punchings in order to
return the following information to the marker: line link frame
location of each working mumber; type of ringing current to apply
to the line; and, whether the hundreds digit inwvolved servea P, T,
or E mumbers: The lack of a crossg connection will cause the call
tc be routed to a regular intercept trunk. Intercepted calls,
except incoming toll calls, can be divided intc two categories,
bty specific cross connections for one category, and a lack of any
crosa connection for the other. HRooting of calls to troubles
intercept may also be accomplished by cross connection at the
mumber group frame.

For each number serles, arrangements are available in the
marker to direct subscriber numbers with two different thousands
digits to the sams number group. For example: In the number
series with subscriber numbers 0000 through 5999, it may be de-
eired to assign 200 coin lines in the 9000 series even though a
mamber group for the 000 series has not been provided. In this
case the mumbers 7800-9999 might be aseigned to coin, and the
marker directed to the mumber group representing the 5000 series
of the number series. Then for this example, subscriber numbers
LE00-5999 ecould not be used and calls to these numbers and to
9000-9799 are routed to intercept. This can be done in only ohe
mumber group of esch nmumber series.
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A busy test is not made at the pumber group frame on inci-
vidual or party lines (except for interchange of busy for a single
line), the marker is directed to line link frame location of the
line where the line is tested for the tusy condition., In the case
of terminal hunting groups, sleeve leads of all lines in the group
are brought to the number group frame, so that a busy test can be
made and the marker directed only to a line link frame location
of an idle line in the group. GSleeve leads are also brought out
for special lines having emergency marmal service. A more detailed
account of terminal hunting arrengements is outlined later.

While the followlng information should more properly be con-
gidered under markers, it is inecluded here because of the poasible
effect on the assignment of numbers,

On calls using incoming DP or MF pulsing a single trunk groop
may be used to complete to the maximum of six number series pro-
vided there are non-conflicting directing digits. Calls coming
in revertive pulsing using a high five feature with incoming brush
selection can indicate number series group A or E by the high or
low five and by means of the trunk link frame cross connections a
P, T, or E indication for a particular number saries. Thus, in
an office with six office code groups (AP, AT, AE, BP, BT, EE)
three separate trunk groups would be regquired and would complete
calls as follows:

Code Groups: AP, EP
AT, BT
AE, EE

In those cases where only one mumber series group (A) is in
use with two office code groups, the high five and incoming brush
galection could be used to indicate a P and the low five could be
nsed to indicate T office code group., Thus a common trunk group
could ba provided to complete to AP and AT, If a third office
code group (AE) is required a separate trunk group would be
neaded,

Auwxiliary Relays

Each number group frame may have assoclated with 1t &8 nmumber
of auxiliary relays. The number and type of each must be speci-
fied in the Telephone Company specificatlion for each mumber group.
For jobs provided with wire spring number groups, a maximum of 176
auxiliary relays may be mounted on each number group frame. For
earlier jobs the maximum is 91. Additional relays beyvond the

] capacity of theese frames may be mounted on miscellanecus relay
Tacks.,
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The types and purposes of the auxiliary relays and the number
required are as follows:

Standard
Maocimum
Ho. of Relaye

OF = Overflow traffic reglster circuit for 2
non=hunting lines. May be associated
by creoas connectlion with any directory
number group. Usually one or two
{maodimum) are provided per number
ETOUp.

POF - P.B.X. overflow, the same as above, 2
tut for terminal hunting groups.
Usually one or two (maximm) are
provided per number group.

FN - Free number relay. One FN relay can 10
be assigned to the directory number
of a terminal hunting group of officlal
lines. With thls arrangement, an incoming
call to & namber other than the listed
directory number will be charged, If it
is necessary to protect against this con-
tingency, an F relay may be provided for
each mumber in the group.

One per marker group for assignment to
trunk test circult of master test frame
(free number tesgt). Any mumber group may
be selected for this purpose. An 5C relay
as wall as an FN relay should be provided
for use in the mumber group selected. M
re.ays are not required with S-wire ringing
selection switches for non-hunting free
nmbers .

TH - Trunk mmber relay. One for each tens 10
block to which trunk numbers are as-
gigned. The use of trunk numbers in
the mumber group frame is described in
more detall later. Whers two number
group frames are provided for the

Page 32

Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Standard
Maximum
No. of Relays

exclusive use of trunk numbers, the TN
relays are not required. TN relays may
be equipped on only two number group
frames.

5C - 5leeve Connect. One per terminal hunt- Bo
ing group per tens block within which
the lines are assigned.

One per line arranged for emergency
transfer to a switchboard, The 5C relay
normally provided for terminal hunting
lines will alsc suffice for this purpose
should any or all of the terminal hunting
liges be 20 arranged: One per line ar-
ranged for multiple appearance at a
ewitchboard for operator emergency con=
nections; Fire, Police, Ambulance, ete.

Dne per tens block containing any lines
arranged for originating only service,
These are cross connected to cause a line
busy tone to be returmed on attempted
terminating calls but to permit access
for testing purposes., One per manual .
originating - dial terminating line of
the type having a line appearance on the
“* switechboard,

Ona per marker group for an originating
test line.

Two per marker group for a terminating
test line, one for ra?'uln.r numbars and
one for free numbers (should be in same
number group).

One per line to be made busy by operation
of a key, such as, 523B business office set.

A = Hunting Oroup Advance, One per terminal 20
hunting group for each tens block except
the first over which the lines of a terml-
nal hunting group are assigned.

TEA - Tena Elock Auxiliary. One per tens block 10

to which more than one SC relay is as-
signed for any purvose.
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Standard

Maxdmmam
No. of Relays
AN = Allotted Humber. Ome relay for the L
directory numbar tena block of an
allotted number hunting group,.
ABT = Allotted Block Test. One relay for 5
the first tens block (direct mumber
or other than directory mumber) of an
allotted namber hunting group for each
number group frane over which the
hunting group is distributed.
SA - Select Advance and Tena Hlock Tast. 10

& One relay per tens block when block
TET gelect hunting is being used.

Where a block select unit or P.B.X. allotter circult,
described below, is provided for a terminal hunting group, it is
not necessary to provide A relays for that group.

Terminal Hunting Arrangements

All lines within a ferminal hunting group must be confiped to
the same number group unless a P.B.X. allotting arrangement is pro=
vided as deseribed below. The gleeve leads of all lines in the
group are brought to the mumber group frame. The marker tests the
leads, starting with the mmber dialed, and upward numerically
through the other lines in the group until an idle line is found.
It determines the line link frame location of that line and
attempts to establish connection. If the line is found buay at
the line link frame location, the marker re-enters the number group
and again tests for an idle line. On this trial it tests the linea
in the reverse direction, If all lines test busy at the namber
group frame, or if a line is found busy on a second entry into a
line link frame, the marker causes the busy signal to be returned
on the connection.

The lines of a terminal hunting group may be assigned anyvhere
within a number groups Spreading them haphazardly gains no
advantage, and can be extremely wasteful of the auxiliary relays
described earlier. For example: If there are two line groups of
aight lines each, and two llnes of each group are assigned to the
same four tens hiﬂcka, each group would require four 5C and three
A relays. and each of the four tens blocks would require a TBA
relay. A total of 1B relays are thus required. On the other hand,
if each group 1s confined to a tens block, only two SC relays {one
per group) are required. In general, it is advisable to contain
any terminal hunting group within a minismum number of tens Slocks,
and to aveld assigning twe groups within the same tens blocks
However, this is, of course, not always possible because of un-
anticipated growth, avoidance of number changes, etc.

Pry o,
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Assigning non=-consecutive mumbers to & terminal hunting group
within the sama tens block doss not require any additional aux-
iliary relay. When part of the numbers in a tens block are assigned
to a terminal hunting group, the balance may be assigned to non-
hunting lines.

Hlock Select

An arrangement, called a block select unit, is awvailable for
large groups which saves marker time in hunting over the test
leads of the group and also avolds the provision of A relays for
the group involved. Its operation is such that the marker enters
the initlal (directory) tens block, tests all the lines in that
block individually and finding none idle, proceeds directly to a
tens block in vhich an idle line appears, A subgroup idle in-
dication from each line in the hunting group must be obtained from
auxiliary line units or a B relay for each line may be added from
the number group sleeve busy relay circuit. These relays are
provided in blocks of ten and each block may serve only one number

Eroups

When bBlogk select hunting is used with either allotted or non-
allotted hunting facilities, each tens block beyond the first in
which a hunting group appears requires one tens block select clreuit
(SA and TET relay). The first tens block in a non-allotted hunting
group may contain either cne,or more than one hunting group; however,
the first tens bleck of an allotted hunting group can contain only
one hunting group. Subsequent tens blocks are limited to one hunt=
ing group for both allotted and non-allotted hunting.

Block select hunting is available for both flat and wire spring
number group frames.

Studies indicate that block select units are economical when
tha sige of the P.B.X: group is as follows: For lines equipped
with auxiliary line circuits, 21 one-way lines or LO two-way lines;
for lines not equipped with awdliary line circuits, 4O one-way
lines or B0 two-way lines.

P.B.X. Allotter

Another terminal hunting arrangement known as P,B.X, allotter
may be provided to permit dstribution of traffic to P,B.X. lines
over several number grouns, The P,B.X, allotter will orove usaful
in officea with large P.B.X.'s in which it is desirable to dis-
tribute the load over several mmber groups or for small P.B.X.'s
or other terminal hunting groups which require special treatment
in order to reduce the hagard from the failure of a single numbar
group. The use of thae allotter helps relleve a possible backup
condltion cansed by several markers walting for connection to tha
same mumber group during perlods of heavy traffic to a given P.B.X.
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With this arrangemant, the marker will enter a number group to
reach a line only when & test by the allotter cireunit has in-
dicated that one or more lines are idle, The preference for
selecting a mnumber group will vary for different markers so that
calls will be distributed approximately equal between the mumber
ETOUpRS »

Since the allotter recognizes an allotted number by ocbserv-
ing the thousands, hundreds, and tens digits only of the listed
number, all lines in the listed number tens block must be as-
gociated with the allotted group to be left unassigned. No other
hunting group may appear in any tens bleck having lines in an al-
lotted hunting group. If the dialed number is assoclated with an
allotted group but is not within the listed number tens block the
call will proceed in a manner similar to a non-allotted hunting
group, and will terminal hunt only from the dialed number upward
and should all lines in that number group be busy there will be
ne recycling to ancther mu=mber group.

As covered previocusly, additional relays (AN, ABT) are re-
quired when the allotter feature is to be provided.

With flat spring markers the P.B.X. allotter equipment pro-
vides for a maxisum of ten allotted P.B.X.'s or other terminal
hunting groups per marker group with arrangementa for allotting
threa P.B.X.'s over two to slght number groupa and seven P.B.X."s
over two or four number groups. Flat spring-type number groupa
are arranged for not more than four allotted P.BE.X.'s per number
group. There is no limit within a number group on the rumber of
P:B.X. lines. The allotting feature can be applied to the P.B.X.'s
of any two mmber series of a marker group, However, all number
groups over which an allotted P,B.X, is distributed must be in the
game 10,000 mmmber series., One P.BE.X. allotter circuit will be
required for sach comblned or completing marker, The equipment
is located on separate basiec and supplementary allotter frames each
arranged to serve a maximum of elght combined or completing markers.
The supplementary frames are used where it is desired to care for
more than four P.E.X.'s on an allotted basis,

With wire spring markers the equipment provides for a maxi-
pum of ten allotted P.E.X.'s or other terminal hunting groups per
marker group, with arrangements for alletting four P.B.X.'s over
two to eight rmumber groups and six P.B.X.'s over two or four
namber groups. The marker arrangements provide for not more than
five allotted P.B.X.'s per mmmber group. There is no limit within
the capacity of the number group on the mumber of P.B.X. lines.
The allotting feature can be applied to the P.E.X.'s of six
number series of a marker group. However, all mumber groupa over
which an allotted P.B.X. is distributed must be in the same 10,000
number series. The equipment is mounted on separate allotter 8

frases, each frame arranged to serve a maximum of four completing
markers and ten P.B.X.'s.
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Intercepting trunks, free numbers or any terminal anting
group which has a part or all eof its lines connected to a make-
busy circuit can not use a8 block select unit or a P.B.X. allotter,

Trunk Numbara

Each incoming tandem trunk (including CAMA) coin or other
junctor and intermarker group trunk (subseriber-to-trunk) requirea
one line link frame appearance, and each incoming intertoll trunk
requires two line link frame appearances. A 3-digit trunk number
is assigned to each such trunk. In two of the mumber groups in
the office, each of these numbers is cross connected in accordance
with the 1line link frame appearance of its trunk. In the case of
a tandem trunk, coin junctor snd intermarker group trunk, the
eross connection ia the szame in both number proup frames, cor-
responding to the one line link frame appearance. In the case of
gn intertoll trunk, one number group has the cross connection for
cne line link frame appearance, and the other number group that
of the cther line link frame appearance.

When a call is recelved on one of these trunks which is to
be completed to a trunk on the trunk link frame, the marker
obtains the trunk mumber from the incoming register link frame,
or from the out sender link frame in the case of subscriber-to=
trunk intermarker group trunks. The marker then enters elther of
the number group frames where these Trunk mumbers are-assigned anmd
determines the line link frame location of the trunk so that it
may establish the connection from that appearance of the incoming
trunk. In the case of an intertoll trunk, if the marker is unable
to match paths from the location to which it is first directed,
it will back off, re-enter the other number group frame and attempt
to establish the connection via the other line link frame location.

Any two number group frames may be selected for handling the
trunk mumbers. Each trunk shouwld be assigned the same 3-diglit
rnamber in each of the two number groupa selected for trunk
aspignments. Once these groups are selected, the markers are wired
to use these number groups for calls involving trunk numbers. If
there is an appreclable number of trunk numbers, it may be advisa-
ble to set aside two number groups to handle only trunk nmumbers.
Brior to issue 31-D of the flat soring marker where trunk moamber
groups are used they can be In addition to the 20 number groups
used for subscriber rmumbers.

Effective with Issue 31-D of the {lat apring markers and
where wire spring markers are employed the two number groups used
for trunk numbers must be included within the L0,000 number ca-
pacity of the marker group. When trunk mumbers are assigned in
mumber groups where there are also subscriber rurbers, the trunk
and subscriber numbers can not be mixed in the same tens block,
Fence, any tens block containing at least one trunk number re-
duces subseriber directory numbers by 20 (ten in each of two
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oumber groups). It is, therefore, advisable to restrict trunk
numbers to as few tens blocks as 1s feasible,

Humber Oroup Frame Quantities

Each number group frame can serve 1000 directory numbers.
The quantity to be provided shall be enough to cover the mumber
of main stations to be served, with allowances for uwtiliszation
margin to probe for leading cellings, intercepting requirements,
P.B.X. growth, physical and theoretical breaks by hundreds blocks,
adequate reservatlions for trunk numbers for incoming tandem and
intertoll trunks, ste,

As 3 general principle, the maximum load carrying capacity
of the office is obtained when all number groups are equally
loaded., If the munber of calls directed to one number group is
too high, the number of times that one marker will be required
to wait Tor another marker 1o release the number group connector
is increased with a consequent increase in marker holding time
and decreases in marker call capacity. However, the number group
holding time is so short that no appreclable interference ocours
as long as the number of basy=-hour calls to any one mmber group
does not exceed 3000. Hence, 1t is seldom necessary to consider
call carrying capacity when providing nmumber group frames.
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NO. 5 CROSSBEAR

5-1 Originating Register (Flat Spring)

5=2 Originating Reglster (Wire Spring)

5=3 Wire-Spring Relay Originating Register Frames

G-l Pretranslator Frams

£-t Originating Reglster Line Memory Frame

5=y Incoming Register Frame for Dial Pulse Reglatars

=T Incoming Multifrequency Reglster Frame

c=8 Incoming Reglster Frame Flat Spring Type

C.9 Tandem Incoming AP Reglster Frame

C=10 Wire Spring Incoming Register Link Frame Non-By-Link
=11 Wire Spring Incoming Register Link Frame By-Link
5-12  Intermarker Oroup Sender Frame

5-13 Dotgoing Sender Frame Dial Pulse

5-1i  Outgoing Sender Frame Multifrequency

=15  Outgoing Sender Frame Revertive Pulse

=16  (utgoing Sender Frame Panel Call Indicator

5=17 Outgoing Sender Link Frame

g-18 Trunk and Sender Assipnment - Outgoing Sender Iink Frame
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A. INPUISING PATH = ORIGINATING REGISTERS

General

When a subscriber 1lifts the recelver tc criginate a call, the
line eircuit line relay operates and starts a series of events
which result in the establishment of a connection from the calling
line, through a line link frame and trunk link frame to an idle
originating register circuit. This connection is established under
control of a dial tone marker and is lnown as a dial tone connection.
Each register has an appearance on & trunk link frame just as a
trunk does and the operation of selecting a register and connecting
a calling line to it 1s much the same as selecting & trunk and con-
necting a line to it.

While the dial tone marker is in the process of establishing
this disl tone connection, it determines and transfers information
concerning the identity of the calling line to memory relays in
the reglster clreuit. This information consists of the calling
line's line link address, class of service, and the line link used
in the dial tone connection (the marker 'hril'r. consider thisz path
aveilable when establishing an outgoing connectdien).

In addition, the dial tone marker informs the register if the
calling line is coin, twoe party,or manual., The reglster in each
of these cases may be required L:r take special action during its
control of the supervisory function.

After the dial tone connection is established, and the dial
tone marker releases, the register is ready to receive dial pulses,
or touch tone signals from the subseriber. It then transmits
"munber please® in the form of dial tone to the calling subscriber.

When all digits have been dialed by the customer, or when
the originating register ™imes ocut" due to partial d:l.al OT DErmA=
nent signal condition, a completing marker iz reached through an
originating marker connector. The digits of the called number,
and the line link address and class of service of the calling line,
etc., are tranaferred to a completing marker which thereafter
controls the progress of the call,

In the original No. 5 design, the originating registers in-
cluded as part of the reglster circuit the memory relays whidh

stored the calling line information, With the introduction of the
wire spring version of the originating reglster (7-1-55), this

Pa . . .
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memory function wes relocated to a new frame, the originating
repister lins memory frame, This section deacribes the features
of the new as well as the old design and Iincludes a2 section &t
the end covering additions to existing offlces.

Figuree 5-1 and 5-2 show the frames involved in the flat-
epring and wire-spring wersion of the subseriber orlglnated in-

pulsling paths.
Originating Registers (Figure 5-3)

Each originating register frame (wire spring) provides for a
mapcimum of eight registers and is equipped with all of the as-
sociated marker connector relays for eleven digits. The horizontal
miltiple on the multicontact (RA, RB, RC) relays at the top of the
frame may be split in one or two places when the registers on the
frame are to be assocliated with two or three originating reglster
marker connectors. Corresponding splits are required in the multi-
ple of the malticontact (RD and RE) relays for this originating
register frame on ite asscciated originating register line memory
frame.

Features Of The Originating Heglster

Several features are available in the criglnating reglster,
and the Telephone Company must specify which should be provided.
These features are as follows:

{a) The mumber of digits for which the reglster®shall be
equlpped.

{b) Whether or not coin lines will be served, If so, there
are several arrangements available, The cholces of thess
options mist be coordinated with the coin trunking
arrangemants,

(e) Whether or not 2-party test shall be provided. This is
required if 2-party message rate service is involved,
using either message reglsters or AMAL for charging
purposes,

(d) Whether service codes shall be of the III or IIX type.

(e#) Whether or not A, or 4 and B translation shall be
providad, This is a simple form of pretranslation
within the originating register itself, and its use
and limitations are discussed under the subject of
pretranslation.

(f) Whether pretranslators will be provided, and if so, at
what points a marker will be selacted. The meaning of
this latter statement; and the use and enginesring of
pretranslators are also discussed in this section under
the heading of pretranslatiom.

(g) whether or not code translation is required withinm the
register for completion of a call over a straightforward
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trunk to a manual office, This is the ablllty of the
register to call for a marker immediately after receipt
of the code. When pretranslators are provided, this
feature is not required within the register itself.
Otherwise the reglster may be equipped for mamual code
translation as follows:

MANUAL CENTRAL OFFICE (C.0.) CODES AVAILABLE
FOR NO. 5 OFFICE EQUIPMENT

Manual No. 5 Office With Neither A Nor With A With A and B
Code Hunbnriu;_ A and B Translation Translation Translation

J-digit# T-digit 1 cods only Any unused C.0. code
within the limits of A or
A and B digit translation,

# Three-diglt code required even where either A digit or A
and B digit translation iz provided.

Note: With the above arrangement it is posaible, in additdom,

to use any unassigned XII or IIX service codes as
manual office directing codes.

Pretranalation

When all subscriber calls to other subscriber lines conslst
of the same number of digits, and not more than one manual
straightforward code is invelved, the originating register can be
set to call in the marker as soon as an operator, service, or
manual straightforward code has been dialed, or the full digits
of the called number have been dialed,

When the number of digits of subscriber dialed calls is
variable, or more than one marual straightforward code is required,
pretranslation is required. This involves the ability of the
equipment to recognize from the central office code the number
of digite to expect for the particular call. This will indicate
the point at which the originating register should call for a
marker. In some cases, it is also necessary to recognize that a
particular dialed code may require station delay (party line
indication W, R, J, or M).

Simplified forms of pretranslation are available within the
originating registers. Wwhere this arrangement meets the require-
ments it i=s usually justified in small and medium offices. Since
this invelves equipment in each originating register, pretrans-
lators may be justified in larger offices. A rough guide as to
the economic breaking point is fifty originating registers. Where
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more involved forms of pretranslation are needed to meet office
requirements, separste pretranslators must be provided. Ne. §
crossbar offices arranged for direct distant dialing (DDD) re-
quire separate pretranslator frames in all cases,

Pretranslation In The Originating Register

Two forms of pretranslation are aveilable within the origl-
nating regiaster:

mA" Translation

The initial digit of the code (A digit) determines the point
at which the marker will be called in for all codes with that
initial digit. An "A" digit translator unit is provided for this
feature.

"A and B" Translation

For any three A digits, the point at which the marker will
be called in 15 determined from the combination of the first two
digits of the dialed code (A and B digits). Fach of the other
five A digits (the digits 1 and O can never be used in a C.0.
eode) determines the point at which the marker will be called in
for all codes with that initial diglt.

Pratranalation By Pratranslator Frame {F‘j:Eura S=li)

Pretranslators are called in by the originating repister
through a connector arrangement as soon as & central office cods
has been dialed into the register. Through the connector, the
register passes tha C.0, cods to the pretranslator, which de-
termines the polint at which the marker will ba called in for that
code, and passeas this indication back to the register. The pre-
translator is then released. Each central office code may be

translated individeally.

When pretranslators are provided, each eriginating reglster
is equipped with a minimum of three relays for receiving indi-
cations from the pretranslator as to when the marker should be
called in. One is for calling in the marker after the code only
has been dialed, another for a specified number of digits of a
fully dialed call (central office code plus the line number), and
the third for use when the register is to wait for another digit
in addition to a specified mumber of digits (stations delay).
¥Where required, the registers may also be equipped for cne, two,
or three other specified mumber of digits, an optional featurs
which mast be specified by the Telephone Company. One of the
asettings for a specified number of digits is termed a "basic
setting,” and should be chosen as the arrangement which will ap-
ply to the largest portion of calls, If the pretranslatora should
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fail to function, the originating reglster will automatically
treat all codes in accordance with this basic setting, thus
completing a majerity of the calls properly.

As an example of the use of pretranslators, assume a com=-
bined &= and T-digit area, where the majority of the calls are to
T=-digit points, some calls require six digits only, some six
digits with and without party letters, and cthers involve manual
office 3I=digit codea. For this example the originating registers
would be equipped for four settings, one more than the equipped
minimmm. The "basic setting™ will be seven digits as it is as-
gumed the majority of traffic is to the T-digit points. The pre-
tranglators will be arranged for "start indlices™ as follows: code
only; seven digits only (basic setting); six digits only; and six
digits plus stations delay.

A pretranslator is capable of handling 15,000 busy-hour calls,
Howaver, in order to orotect service, a minimom of two should be
provided, Equipment arrangements allow a maximm of three, The
maximem mamber of originating registers that may be associated with
two pretranslators is 120, and with three pretranslators is 180,

One group of pretranslators may serve two marker pgroups in
the same tuilding, provided the treatments of C.0. codes are
identical, and provided three pretranslators will be adequate for
the combined traffic of the two marker groups,

Originating Register Line Memory Frama

On a dial tone connection, the calling line location (line
link n.dd.rus',i, and class of searvice are tesporarily stored on
mamory relays for subseguent use by the completing marker. In the
previcus design with flat spring relays ( Figure 5-1 ), these
menory relays were a part of the originating registers, and the
information to be stored was recelved over forty leads through the
equivalent of a multicontact relay per marker on each trunk limk
connector frame and a malticontact relay per originating register
on the originating reglster frame., This information was passed
to the completing marker via the orlglnating register marker con-
nector through a second mulilcontact relay per originating re-
glster on the orlglnating reglater frame. While forty leads were
required for passing this information to and from a register,
there were only a few leads between the memory relays and other
equipment units of the originating register.

Advantage has been taken of thls in the redesign for wire-
spring relays by mounting the memory relays and their assoclated
connector relays previously located on originating register and
trunk link connector frames on a new frame which is called the
originating reglster line memory (ORIM) frame. This arrangement

Figure ‘g-? ) reduces first cost and floor space since it
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saves local and switchboard cabling and increases capacities of
originating reglster and trunk link frames.

EBach ORIM frame (Figure 5=5) will accommodate the memory and
associated connector relays for a macimum of 2l originating re-
gisters, & ‘trunk link frames and l; dial tone markers. With the
in‘t.rnm::tinn of Centrex, the memory relays on the CRIM frame have
bean changed. They now are arranged for an indication of 100
clagses-of-service as compared to the previous maximm of sixty,
and 20 rate treatment indications have been added.

As a general rule, all ORIM frames, except the last will be
equipped for the full complement of 24 originating registers, and
as many dial tone markers as required, up to a maximum of four,
Tha mumber of trunk link frameg for which each ORLM frame will be
equipped will depend upon the assigmment of originating register
to trunk link framea, and will be influenced by the following
considerations:

a) All originating registers on a particular trunk link
frame mist be assoclated with the same ORIM frame.

b) All originating registers on the same originating
reglaster frame mist be asscclated with the same ORIM

frame.

The conslderations involved in engineering the ORLM frames
can perhaps be best illustrated by taking a specific example.
Assume, for instance, an office with 17 trunk link frames and T8
originating reglsters; for the most equal distribution of registers,
there would be 10 TL frames with 5 registers and 7 TL frames with I
raglsters. For this distribution, the CRIM frame might be arranged
as indicated below:

CRIM FRAME
0 1 4 3
TN Heg e/ Hegs/ B: T
mE OTE ME W TE TF mE I
b 5 b 5 2 s 2 ks
1 L 1 AL 3 L o i
Total TL
Frames
g s g 2
Total
Reg. 2ly 2L 22 B
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While the sbove arrangement could be used, it iz undesirable
from an equipment standroint in that ORIM frame No. 2 is only
partially equipped for originating registers and, because of
requirecent (b ; one of the three originating register frames as-
sociated with ORIM frama No. 2 can be equipped with only & instead
of 8 registers. These objections can be overcome by the arrange-
ment shown below:

CRIM FRAME
0 1 2 3
REBe/ ReBe/ Rege/ Rege/
TF TIF TIF TF TLF TIF TIF _TIF
" g l 5 6 k 1 6
2 L 2 b = e h =
Total TL
Frames 5 c () 1
Total
Reg. 2l 2l 2l &

With the above arrangement there would be 8 TL frames with 5
registers, § with L registers and one with & registers. While
there 1= zome compromise in the distribution of registers over TL
frames, more efficlent use is made of avallable frame space on the
ORLM and eriginating register frames, and some readjustment can be
made on the last ORIM frame if desired on the next additlon of TL
frames to obtain a more squitable distrlibution,

Originating Register Marker Connectors (Figure 3-8)

When an originating register has received sufficlent digits
Tor completing the call, or when the time-out interval has elapsed
with no digits received (permanent signal), or with sufficlent
digits (partial diel), the register is connected tc a completing
marker through an originating register marker connector (ORMC).
Through thiz connector, the originating register passes gll of the
necessary information for completing the call to the marker. The
reglster and connector are released when the marker has disposed
of the call,

The originating register marker connector frame has a capaci-
ty of four connectors and elght completing markers. The con=
nectors are arranged for eleven digita.

A maximum of 20 originating reglsters may be assigned to a

connector, and the maximnm number of connectors is twelve. For
service protection a minimum of three connectors is recommended.

Page 10
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The following restriectlons should be considered in the assign-
ment of originating registers to commesctora:

{a) An originating register frame has a ea.pacityutaight
reglisters mounted on & double bay and mmbered from
the bottom upt 0, 1, 2, 3 in the left bay; 4, 5, 6, 7

in the right bnr;
(b} Arrangements are available which permit the assoclation

of the elght registers on & particular originating
register frame with:

(1) Ome, two or three originating register marker
connectora.(Cut strapping between RD & RE relays,

(2) One, two or three trunk link frames.

(e) In making the assignments of registers to connectors, the
ultimate arrangemant should be considered because it is
not feasible to restore the horizontal strapping betwesn
multi-contact relays once it has been cut.

(d) If the resulting assignment results in any connector
handling more than its rated call capacity, additional
connectors should be provided.

(e} A basic OFMC frame is arranged to permit the connection
of a maximim of sight markers. I more than four con-
nectors are required, additional basic frames are re-
quired for each additiomal four connectors.

Additions to Fxisting Offices

It is recomsended that U & Y tvpe orlginating registers be
provided on additions only to the extent of filling out existing
register frames, For this reason U0 &£ T relay type criginating
reglisters will be retained for a period of time as A & M only.
For the few such cases that may ccour the fellowing additional
cptlons must be specified in the traffic order:

(a) whether more than ten classes of service will be involved,

(b) whether or not AMA equipment shall be provided in the
office.

{c) wWhether or not timing for an extra digit is required, a
feature called "stations delay."

The wire spring originating registers, together with their
asgociated ORIM frame, may be used for additions to existing jobe
and, if spare connector frame space capacity is awvailable on
existing frames, may be assoclated with existing type originating
register marker connectors; in the case of additlons, however,
the following limitations apply:

Fage 11
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(a) Originating registers of the wire spring type cannct be
mounted on exlesting U & ¥ relay type originating reglster
frames,

{b) Wire spring and U & ¥ relay type originating registers
cannot be mixed in the same originating register marker
connector,

{e) Wire spring originating registers cannot be assigned to
U &Y type trunk link frames.

(d) ori Registers of the U & Y relay type camnot be
uaﬁtﬁm-mmmm.

{e) If existing jobs are modified for 10 or 1l-digit dialing,
the lsad capaclty of existing originating reglster marker
connectors mast be built up by adding auxiliary con-
nector frames of the present type. Accordingly, if wire
spring type originating registers are assigned to T & Y
type connectors, awxiliary connectors of the U & Y type
mist ba provided for more than eipght digits.

Page 12
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B, INPFUISING PATH - INCOMING REGISTERS

Geanaral

Any call incoming to the No. 5 crossbar system from an
operator or from another dial system (local, tandem or toll) re-
quires the use of an incoming register, whether the call termi-
nates within the office, or switches through the office on a
tandem basis. As an exception, calls from one No. 5 marker entity
to another No. 5 marker entity within the same building usually
utilize intermarker group senders, which act both as the out
senders in the first entity and as the incoming reglsters in the
other. As described later in this section, an incoming register
is also required for a marker pulse conversion call, and on any
call involving a codn junctor, AMA junctor, MR junctor, or
oparator junctor.

Each type of incoming pulsing requires its own group of
incoming registers: dial pulsing (DP), multi-frequency (MF),
cordlesa "B", or revertive pulsing {H'Pi. For the latter type
a group of non-tandem reglsters will handle calls to the No. §
office only. A tandem type group mst be provided for calls to
ba switched through the No. 5 office. The tandem group may also
handls calls terminating in the No. 5 system. The maximm size
of a group is ten incoming reglsters (including the maintenance
reglster), Depending on the traffic volume it may sometimes be
necessary to divide certain types of reglsters into two or more
Eroups,

An incoming reglster is associsted with the incoming or
mariker pulse conversion trunk after the trunk is selsed by means
of a orogsbar switch called the incoming register link switch.

As described in greater detail later in this section, thase
switches are mounted on & link frame. Two or three frames may
be associated when necessary to provide an incoming register link
frame arrangement to serve an MF or DP (non-by-link) register
group.

Tha MF, RP and DP incoming registers employ wire spring relays.
The older MF, RP and DP non-wire spring desaigns are rated "A and
M" and should be specifisd in older offices only to fill out
existing non-wire spring type reglster frames. The cordlesas "E"
registers will remain non-wire spring relay types.
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Wire spring and non-wire spring incoming registers cannot be
mounted on the same register frame.

TYFES OF INCOMING REGISTERS

The tabtls showm balow lists the standard incoming register
frame arrangements,

Hon= No, of

Type of Wire wire Regleters See

R tar EEEE;E Spring Far Frame Hote
Multi-frequency

(MF) X 3 1

Dial Pulae (DP) I 3 1

Revertive (REV) I 3 1, 2
Revartive Tandem

(REV TAN) I 2 3

Cordless "B" (CDB) X 5 2

Hote 11 One L.C. Wire spring single bay frame provides for either
three mltli-frequency reglsters, three dial pulse regis-
ters, or three revertlive pulse registers. Only one type
of register can be mounted on a frame. (3See Figure 5-§)

Mote 21 Incoming reglsters of the non-wire spring revertive (non-
tandem) and central "B" type are arranged in any combi-
nation on a two-bay frame with capacity for five registers.
(See Figure 5-8)

Note 3: Tandem incoming revertive pulse reglstera handle tandem
calls from panel and No. 1 crossbar offices. They are
mounted on a single bay frame having a capacity of two
registers. Theas registers willl not be redesigned on a
wire spring relay basis, (Ses Flgure 5-9)

Dial Pulse Registers (Figure 5-6)

Dlal pulse reglsters may be equipped for either five, elght
or eleven digita,

A reglster group distinguishes between the operational
features by a "mark" on the trunk that it is serving. Reglster
groups serving trunks with either or both "TAN™ and "TOL" clasa
marks should be specified.
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Other features of importance to incoming DP registers which
should be specified in the traffic order are: whether or not
bylink trunks will be used, and whether or not a variable number
of digits willl be recelved over certain trunk groups; the latter
can apply only on intertoll and tandem trunks. Table 5-1, page 23, is
table of thes different types of codes which may be received by DP
ragisters over toll and tandem type trunks and the mumbar of
digite required to start the marker.

DPF incoming registers may also be equipped with "A" or "A and
B" digit translation. This translation is identical to "A™ and ™A
and B" translation in originating registers. This provides for
gtarting the marker or stations delay timer after receipt of the
required number of digits, as indicated by the "A" digit alone, or
the "A and B" code digits. This arrangement is limited since only
three "A" digits can be associated with "B" digits. However, "A"
digits not assoclated with "B" digits can have individual treatment,

When the No, 5 crossbar office serves as a tandem switching
point for calls originating in several near-by offices, it may be
deairable to permit access from some of these incoming groups to
only certain of the outgoing groups, and access from other incoming
groupe to different outgoing groups. Different screening treat-
ment (maximum 5) may be applied to each claas to permit access to
certain ontgoing trunk groups and not to others. A more complete
explanation of marker translation is provided under route relays
and allied itema. Wire spring design alsc provides five toll
class distinctions for screening purposes.

Multi-Frequency Registers (Figure 5-7)

MF reglsters always receive a start signal when all digits of
4 call have been received. The marker is started at this time.
MF registers may be equipped for either five, eight or sleven
digits. When marker pulas conversion is required, the MF incoming
registers mst be equipped for all digits that operators may require
as wall as those required by incoming trunks.

As in the case of DP registers, MF reglster groups serving
trunks with either or both "TAN" and "TOL" class marks should be
specified.

MF reglister groups to be arranged for 711" dirscting codes or
P11X" service codes over tandem trunks should be so specified.

Revertive Pulse Registers (Non-Tandem) (Figure 5-£)

These may handle only calls which terminate in a single marker
group. Only the squivalent of the four numerals of a subscribar
line pumber can be recelved, but the reglsters may be arranged to
recognlze high-Tive or low=-five Incoming group aslection to
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discriminate between calls to twe different number series in the
marker group. If this discrimination is reguired, it must be
specified. Even though high-low discriminatlon 1s avallable,

geparate trunk groups may be used instead to obtain the discriminstion.

Cordless "E" Registers (Figure 5-8)

Theae have the same features described above for incoming RP
registera.

Revertive Pulse Tandem Registers (Figure 5-9)

These may handle the traffic for subseriber numbers within
the No. 5 office as well as calls to be switched through the office.
In some cases, however, it may be more economical to provide
separate groups from a distant office, one for the tandem traffic
only and the other for terminating traffic only.

These registers are equipped to recelve office brush and
group selections, which are used to determine the called office,
in addition to incoming and final selections which are equivalent
to the subseriber's line number. A maximum of 40 "codes" can be
recelved in this manner.

Hunber of incoming registers

The number of registers, of each type to be provided, is
based on the incoming office busy=-hour calls requiring the use of
A particular type of register. One register per group iz usually
provided for maintenance purposes in addition to traffic requirements.
Only incoming reglsters with the same type of pulsing may be served
by ocne incoming reglster link group.

The maximum number of reglsters that may be provided in one
group is ten, including the maintenance reglster. Therefore, where
traffic requirements exceed nine registers of a given type, it will
be necessary to divide such registers into two or more groups. The
mumber of incoming trunks which may be asscclated with a particular
type of register is also limited, as discussed below. Where these
trunk capacitles would be exceeded, 1t will also be necessary to
divide the registers into additional groupa.

Incoming Register Link Frames

This deseription covers the wire spring relay type incoming
register link frames., The non-wire spring relay type link frames
are rated "Mamifacture DNiscontimied” since the wire spring relay
type link frames are completely compatible with the non-wire
epring relay type registers and link frames.

There are two kinds of incoming register link frames using

wire spring relays. (See Table 5-2) The non-by-link frame
(Fipure 5-10) may be eaquipped with eight switches and relays to
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accommodate 150 trunks and provide access to a maximm of ten
incoming registers. One, two, or threa frames may be used to-
gether as one link group with MF, RP, or DP (without by-link)
reglsters. There is only one design of this frame and no die-
tinetion such as auxiliary or supplementary is made. The by-link
frame (Figure 5-11) may be equipped with six switches relays
to accommodate 120 trunks to provide accesas to a of ten
incoming DP registers. Only one frame of this kknd may be used

in & link group and it is limited to serving by-link trunks with
or without a combination of trunks not requiring by-link operation.

On the 160 trunk capacity frame, the eight switches are ar-
ranged in four horizontal groups. A horizontal group includes the
20 trunks assoclated with a basic switch (first equipped) and the
20 trunks assoclated with a supplementary switch. These 20 or L0
trunks bid against esach other in tha same preference chain for a
register. The lower four switches on this frame serve as basie
switches and the upper four as supplementary switches. The
switches may be equipped in any order desired, axcept that a basic
switch shall be equipped before its associated supplementary switch.

0n tha 120 trunk capacity frame, the six switchea are arranged
in six horisontal groupa with no switches serving as supplementaries.
Thiz frame iz designed primarily for use with dial pulse by-link
trunks, which are limited to having not more than 20 trunks in a
horizontal group. Direct pulse trunks may be assigned to a link
frame with by=link trunks if 1t i= not economical to provide
separate reglster groups. Since, in general, for this type of
trunk only 120 trunks can ba served by ten registers, no provision
is made for having more than ona frame in a link group.

uEipmtnITru.nhtnELFrm

The following limlitations govern the general assigmment of
trunks to the incoming register link frame switches.

(a) A1l trunks in the same horizontal group (20 or 4O trunks)
shall ba located within the same group of ten trmk link
frames, 0 to 9, 10 to 19, or 20 to 29. This limitation
makes it desirable to glve consideration initially to
whether or not the ultimate marker group will have trunk
link frames 10 to 1%, or 20 to 29. If only one reglster
link frame of 150 trunk capacity is unltimately required,
the four basic switches should be assipned to the O to
9, 10 to 19, or 20 to 29 trunk link frame groups, since
any supplementary switches added to basle switches must
be assoclated with the same trunk link group. Also, for
frames using U= and Y-type relays and whare the ultimate
member of trunks is less than 200 and the momber of
trunk link frames is greater than 10, horizontal groups
shall be reserved on the basic frame for those trunka
assoclated with trunk link frames 10 to 19, and 20 to 29,
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(b) A minimum of two horizental groups shall ba furnished
in each incoming reglster link group. When the mumbar
of trunks initially connected to & link frame is less
than 4O, they shall be divided between the two link
switches so that approximately half of each typa of
trunk or Junctor will appear ln each of the two horl-
gontal groups. In general, trunks in the same trunk
group should be spread over more than one link switch.
If two or more reglster groups are provided for the
same type of pulsing, trunks in the same trunk group
may be spread over all the register groups if so
desired.

{c) where a dial pulse incoming register link frame is used
for both by-link and direct pulse trunks, two horizontal
groups are required for the by-link trunks and two for
the direct pulse trunks, since both types can not be
asgigned in the same horizontal group. Each of these
two initial sets of two switches will serve up to L0
trunks. PFor frames using wire spring relays & maocimom
of six horisontal groups can be provided for each group
of registers serving by-link trunks. Where this frame
if used, and where groups of trunk link frames (0 to 9,
10 to 19, and 20 to 19) are provided, it is desirable
to coordinate the assignment cof trunks to the trunk link
and register link frames so that the register link
switches are used to thelr greatest capacity. For
example , where only a few direct pulse trunks are
equipped with a large nmumber of by-link trunks, the
direct pulse trunks should not be assigned in both trunk
link frame groups, thereby requiring very sparsely used
register link switches for both trunk link groups.

{d) Where more than LO trunks are associated with a link
group, a link switch shall be provided for each 20 trunks
or fraction thereof. In gensral, the first frame shall
be filled before starting a second frame. Sufficient
switch verticals shall be avallable as spares for any
ineoming trunks for which locations are reserved on trunk
link frames for later additions. In general, the trunks
from one trunk link frame associated with a link group
shall be assigned in order to the veritcals of one or
more link awltches bafore proceeding to the asslgnment
of trunks from the next trunk link frame., However, when
a large nunmber of trunks are assigned to one location
on only & few trunk link frames for an "overflow"™ ap=
pearance ; theses "bunched™ trunks shall be assigned to
individual verticals on the incoming register link
switches so that they are distrituted over st least two
horizontal groups.
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(e) Vertical 00 of horizontal group zero (HGO) on the first
frame of a link group is reserved as a test wertical for
the master test frame. Therefore, no incoming trunk
shall be assigned to this vertical.

() Two-way intertcll trunks arranged for pulse conversion
are assigned two appearances on the link switches, one
aspociasted with the switchboard and one with the inward
call. Only that register link appearance assoclated
with the inward call requires a trunk mumber. Wwhere a
trunk receives the sama kKind of pulsing from both the
assoclated switchboard and the connecting office on an
inward call, both link appearances will normally be in
the same incoming register link group. However, 1f
there are two groups of reglsters, which incidentally
may regplster different mumbers of digits such as asven
digits for tandem and four digits for local traffic, it
may be desirable to assign one appearance in each re-
glster link group.

Trunks Numbers for Tandem and Intertoll Trunks

Each incoming tandem and intertoll trunk requires a LL tarmin=
ation and atrunk number, sometimes referred to as the trunk's
directory mumber, which is used by the marker to enter either of
two mamber groups and cbbtain the line link freme location of the
trunk. This three-digit number is determined by the incoming
register from the trunk's location on the incoming register link
frace. Basically, each half-switch of the incoming register link
frame on which tandem or intertoll trunks are connected is as-
elgned arbitrary hundreds and tens digits, and the switch wertical
location of the trunk determinea the units digits.

The hundreds and tens digits are equivalent to the tens block
in the two mumber groups to which the marker locks for the line
link frame location. Fecause two number group appearances are
provided for service protection reasons, each ten trunks assigned
trunk oumbers will use twenty directory numbers. Since these tens
blocks can be used only for trunk mumbers; it is advisable to con-
centrate trunk nombers into as few tens blocks as posaible to
aveld wasting directory mumber capacity of the office. This is
accomplished by concentrating tandem and intertoll trunks on as
few half-switches as feasible, and in some cases of using the same
hundreds and tens digits on more than one half-switch in the same
or different link groups. Wwhen the latter arrangement is used,
the detalled asaignment of trunks to verticals for these half-
switches must be specified to avold trunk number duplication.
There is no restriction to £1lling in the other switch verticals
with nen-tandem type trunks. As only two mumber groups may serve
trunk numbers in a marker group, all future tandem and intertoll
trunk numbers as well as intermarker group (subscriber to trunk)
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trunk mumbers should be considered when directory numbers are re-
served. It may be more economical to provide spare number group
capacity than to change subscribers' numbers at a future date.

Marker Palse Conversion Trunks

Each marker pulse conversion trunk requirss an incoming re-=
glster link appearances in an MF register group, and also an
appearance on an out sender link switch. The incoming reglister
association is required to receive the MF pulses from the switch=-
board keyset. When all digits are recelved, they are transferred
to a marker which in turn transfers them to the appropriate type
of out sender for cutpulsing.

Intertoll Trunks

An intertoll trunk which pulses into the No. 5 croasbar
system must have an appearance on an appropriats (DP or MF) in-
coming register link swibch. If it is a two-way intertell trunk,
1% may also require an appearance on an out sender link switch,
If it 1s a two-way intertoll trunk requiring marker pulss con-
version, it will require two incoming reglster link switch ap-
pearances and an out DF sender link switch appearance, One of
the incoming register link sppearances will be for the marksr
pulse conversion calls. The other will be for the incoming traffis
nmwummum,mmwhnm.mumrmsm
(two-way [P type trunk), or with an MF incoming reglster (in-
coming MF outgoing DF type trunk). In the latter case, ths two
appearances may be on the sams link switch, on different switches
Eﬂ:umututhnaunglﬂhrm,ﬂrmnﬂhhuuthml

different groups of registers whers more than one MF incoming
reglster group is avallabls,

Junctor Trunks

Coin junctors, AMA junctors, and MR jJunctors are both out-
going and incoming trunks. A subscriber's call is outpulsed on
to the junctor trunk as an outgoing interoffice call, tut the trunk
in effect loops back into the office az an incoming tandem trunk,
with the call re-entering the office as & new call. The ocutpulaing
utilizes an out sender, and when the call re-snters the office it
utiliges an incoming reglster. Hence, each of these janctors re-

quires an incoming register link switch appearance.

Oparator junctors are classed as elther incoming tandesm or
toll class trunks, and hence, esach requires an incoming register
link switch appearance,

Asgipnment Flexibility

Occaslonally, it may be necessary to change the assoclation
of certain incoming trunk groups from one register group to
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another, This may cccur, for example, in the case of trunks from
a mamial office to ba cut over to dial within the snginesring
period of the No, 5 job, If the mamial office has dials on the
altchboard, the trunks require association with dial pulse in-
coming registera, Assume that the mamial offics is to be eut over
to Bo. 1 Crossbar with customer dialing to the No. 5. The trunks
must then be associlated with revertive pulse lncoming registers
after cutover, These cases are reviewsd with the Telsphone
Engineering Department so that the reasscciation can be made at
cutover without the necessity of providing trunk relay egquipment
for both the mamal and dial basis, since the same trunk relay can

usually be used for both types of pulsing,

Incoming Register Marker Connectors (Figure 3-8)

When an incoming reglster has received sufficient digits for
completing the call, or when the time-out interval has elapsed
with no digits received (permanent signal) or with insufficient
digits (partial dial), the register is connected to a completing
or gombined marker through an incoming reglster marker connector
(IRMC)s Through this connector, the incoming register passes all
of the necessary information for completing the call to ths marker.
After the marker has performed its function, the marker, connector
and register are released.

A macimm of 20 incoming registers may be assigned to a par-
ticular connector, In some cases this limitation may require the
provision of more connectors than the initial estimate.

The mumber of incoming reglaters of each reglster group as-
signed to sach TRMC shall be specified by the Telephons Company.
The following limitations apply in specifying this assoclation:

a) Wire spring relay type reglsters (MF or DF) are mounted
on single bay frames sccommodating three incoming re-
gistera of the same type. If the three registers on one
frame are assigned to the same connector, the mlti-
contact relay strap wire multiple is not cut and switch-
board cable is run from one of the assoclated terminal
strips to the marker connector frame. The thres re-
gisters on one frame, however, may be assigned to two
different incoming reglster marker comnactors by split-
ting the multi-contact relay strap wire miltiple.
Careful consideration should be given to the location
of the saplit between registers in different connectors
since it is not feasible to reconnect the strap wire
multiple. When additions are made, no change can be
made in the location of the split. Switchboard cabling
is simplified and splitting of strap wire maltiple ia
avoided if all registers on a frame are assigned to the
pame connector.
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b) Non-wire spring relay type incoming registers are mounted
five or less tc a frame and are numbered O to k.
Partially filled frames are equipped from the top down
(b to 0)s A partlcular frame may mount reglsters of only
one type of pulsing or any mixture of types. The five
reglsters on a frame may be cabled to either one or two
IRMC's, with a split only between registers 2 and 3 or
between 3 and L. As an exception, incoming revertive
palae tandem registers are mounted twoe per frame and the
reglsters on each frame mist ba assigned only to one
particular connector.

Bacause of the possible widespread effect of incoming traffic
congestion - backups in other central offices and tandem systems -
it is generally advisable to avoid "tight" engineering of IRMC's.
In this connection it is recommended that a minisum of two con-
nactors be provided.

Hom=wire spring reglsters and intermarker group senders may
be assgigned to the same connector with wire spring registers.
However, if this is done, certain wire spring type relays must be
provided in the connectors serving these reglsters and senders.

Intermarker Group Senders

The primary considerations regarding the engineering of inter-
marker group senders are coverad under ocutpulaing. However, since
they act as the out senders in cne marker group, and alsoc as the
ineoming registers in the other marker group, those factors spe-
cifically perteining to thelr incoming reglater functlons are
covered here.

The trunk numbers for tandem type trunks (subscriber-to-trunk
trunks) are determined as follows: The unlts diglt of the mumber
of the trunk link frame on which the trunk 13 terminated in the
called marker group is the hondreds digit of the trunk momber.
Hence, when several such trunks are "bunched" on a trunk link
frame, they have a common hundreds digit. Each trunk of thls type
has two vertical appearances on a sender link switch, one of which
is the regular appearance for asssocleting the trunk and the inter-
marker group sender. The other, called an "suxiliary™ appearance,
is wired to a terminal strip on the sender link frame in such a
manner as to provide an indication of the tens and units diglt of
the trunk number. The assigmment of trunk numbers should, of
course, be carefully coordinated with those of trunks associated
with incoming registers in order to avold duplication and to con-
serve tens blocks in the number groups.

Intermarker group senders must have access to markers in the
terminating marker group through incoming reglster marker con-
necbors (IRMC)s They may use the same IRMC as those serving in-
coming reglaters but separate connectors are preferable from a
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maintenance standpoint. Thies is not a cireuit reqeirement,
however, and in some marker groups it may be economically desirable
to aseign intermarker group senders in combination with incoming
reglaters to the same marker connectors. A1l groups of intermarier
group sanders whose traffic is into one marker group may use the
game THMC's regardless of whether the traffie originates in one,
or more than one other marker emtity in the building.

A one bay frame (Figure 5-12) providea for four TMZ senders
with or without AMA and each is arranged for either eight or eleven
digits. Multi-econtact relays at the top of the frame connect the
IMG senders to outgoing sender connectors in the originating marker
group and to incoming register msrker connectors in the terminating
marker group. On IMI sender frames multi-contact relays are always
equipped for four senders and eight digits. Additional relaye are
ordared for the four sender capacity frame when digits excesd
eight or when AMA is provided. The multipls between multi-contact
relays may be split between any two IMG senders to provide the re-
quired traffic load from sender connectors in the same marker
group or to incoming register comnectors in the terminating marker
Eroup.

TABIE 5-1
CODES RECEIVED BY DP IMCOMING REGISTERS FROM

TOLL AND TANDEM TYPE TRUNKES AND NUMEER OF ADDITIOHAL
DIGITS WHICH MAY FOLLOW

TOLL TYPE TRUNES

Humber of

Additional

Type of Code %ﬁu

Iocal (A=-2%t09) (B-2tc?9) (X=-0to9) hors
or

0to B
TX COperator 11 (X -1te9) (X-0te?) 0
Operator and Plant 1 (X = 0 + 2 t0 9) 1 0
Intertoll 1 (X-0+2¢¢ %) (X-0+24%t9) 0
Trunk and or
Group O (X-0tc?) (X-0to9) 0toB
Ares (X=-2t09)1(X=04+2¢%o?) 0to B
or o

(X -2¢t09)0(X-01%t09) Tor8
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TANDEM TYPE TRUNIS

Humber of
Additional
Type of Code Digite
Local A-24t 9 (B-2¢tk %) (XI-0te%) Loers
ar
0t 8
#Service (=2t 9 11 0Oto B
#iren (X=-2%9) 1(X=-0+2%9) 0tcB
and or
(=2t 9 0(X=0%to%) Tor8
"11" Poredgn 11 (A -2 to 9) (B=-2to 9) (X -0t 9) lLorsS
Aren or
Directing 0toS
One Digit (c - 0te 9) hort
or
2 to0 8
Two Digit (B=2%09) (C=0tc9) horS
or
l1to S

# Tandem type trunks mist give the same treatment to service
and area typs codes,

Notes: Where "L or 5" appears it means the register can be
arranged to start the marker after L digits or after
L digits plus one stations digit. When the latter
arrangement is used and the stations digit is dialed
tha marker will be started immediately but, if not
dialed, the marker will be started after a 31-5 second
interval. :

Where "7 or 8% appears the arrangements available are
the same as "]} or 5" except that 7 or 8 digite must be
recelved,

Where "0 to 5" and "0 to 6" appears it means the register
caen be arranged to start the marker under control of the
repetitive 3 to 5 second inter-digital timer after the
third digit is reglstered. In these cases, the marker
will always be started 3 to 5 seconds after dialing has
stopped except when a full complement of digits is re-
plstered in which case the reglaster will start the marker
immediately.

Where "0" appears it means the register will start the
marker immediately after the code is registered.
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TABIE 5-2

INCOMING REGISTER LINK GROUP ARRANCEMENTS

USING WIRE SPRING REIAY FRAMES

TEN REGISTERS MAXIMUM

No. of lrks/ Trks/ Trunk Capacity/IRL GP Type of
Frames Swa/Fr Sw Fr Total Tandem-Type TK Pulsing

1, 2,0r 3 8 20 160+  L80 320 W
1, 2,0or3 8 20 160+ LB 160 DP (Non~by-link)
1 6 20 160% 120 120 DF (By-link with
or without
Honely-1ink)

# One trunk appearance in each link group is assigned for the
magter test frame.

Total Trunk Tandem-Type

Type of Register Group Capacity (1) Trunk Capacity
Dial Pulse = By-link Trunks 92 (2) 99 (2)
199 (3) 199  (3)
- Non-by-link Trunks 399 200
= By=link & Non=-by=link 1589 (L) 99 (L)
Trunks Combined 29  (5) 199  (5)
Multi=-frequency 599 1,00
Revartive Pulse 599 None
Revertive Pulse Tandem 199 199
Cordlass ®B® 199 None

(1) One link vertical is required for sutomatic momitor,
(2) Using basic frame only.

{3) Using basic and lst auxilisry frames.

(L) Using basic and supplementary frames.

(5) Using basic, supplementary and 1lst awciliary frames,
A1l by-link trunks and all tandem-type trunks arae
| regtricted to switches on the basic and lst awnciliary
frames. When a supplementary frame is provided, the
switches mast be omitted on the horizontal level cor-
responding to the horizontal level of switches serving
by=-1ink trunks on the basic frams,
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C, OUTFULSING PATH - SENDERS

Geanaral

The basic function of senders in the No. 5 oraissbar system
is to transmit information received from the marker via sender
connectors to a terminating office via sender links and trunks,
for the control of the switching equipment in that office. Out-
senders are used to transmit such information to offices in
distant buildings or to offices of a type other than No. 5 cross-
bar in the same building, while intarmarker group senders transmit
such information to other Wo., 5 entities in the same tuilding.

Out sendera are also used to transfer the necessary information
from markers to AMA transverters on all calls involving AMA charg-
ing in the No, § office, They are also used for marker pulse
conversion calls for coin, AMA and MR Junctor calls and for
control purposes on through switched calls to atraightforward
trunks. MNo. 5 offices serving as CAMA cemters also require the
provision of CAMA senders. Sendera are not required on non-AMA
intra-office calls, on outgolng calls to straightforward trunks,
on outgoing calls to operators, or om calls to certain mis-
callanecua trunks such as tone trunks.

The transmission of the necessary information to othar offices
by out senders is in the form of pulses. Four types are avallable
for supplying the proper type of pulsing; dial pulse (DP), multi-
frequency (MF), revertive pulse (RP) and panel call indicator
{(PCI). Each type of outpulsing requires its own group or groups
of out genders. Where no digits nesd be cutpulsed on AMA calls of
the intraocffice type, an ocut sender is required for AMA purposes.

Any type of out sender except PCI may be employed for this parpose,

The maximm size of a group is ten mut senders including
maintenance. As described later in this section, it is sometimes
necessary to divide cartain types of sendera into two or more
groupa, Where more than one group of a particular type is
provided, all trunks of a particular non-allotted trunk group
mist be assoclated with only one of the sender groups. The al-
lotting of large trunk groups to more than one sender group is
covered under trunks. With allotted groups, the two subgroups of
trunks may be asscclated with different sender groups.

Trial Pulse Sendera

ral malse senders (Flgure 5-13) are arranged to reglater
from one to eleven diglits and to cubpulse one to eleven. In
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non=AMA offices where the initial one, two or three digits are
never outpulsed the sender need not be arranged to register these
digits, otherwise all digits are transferred to the sender whether
or not they are cutpulsed.

Any number of initial digits from one to six may be deleted
from cutpulsing. Digit deletion in senders is sccomplished by
route relay cross connectlon and the provision of delste relays
in the sender.

Dial pulse senders may be arranged to prefix the digits m11n
or one, two or three arbitrary digits (0 to 9, inclusive).
Delation and prefixing of digits are independent functions of the
sender, Thus, prefixed digits may be in addition to or in place
of digits received from an originating or incoming register.

Dial palss sendera may also be arranged to outpulse at a rate
of either ten or twenty pulses per second.

Maltl-Frequency Senders

MF sendera (WS) (Figure 5-1L) have exactly the same capabili-
tiss as NP sendera with reapesct to the reglstration, delestion,
prafixing and outpulaing of digits.

Revertive Polse Sendera

Revertive pulse senders {Figure 5-15) are capable of pulsing
into panel offices or Hes 1 crossbar offlces. They can not be
uged to pulse into crossbar tandem offices since they are not
equipped to send forward office brush and group selectiona. Thess
sendars transmit only four nomerical digits of the number and are
arranged, non-optionally, to transamit high and low incoming group
selactions,

Panal Call Tndicator Sendars

This type of sendar (Figure 5-15) is used to complete to
manual offices, to panel sender tandems equipped with panel call
indicator equipment; or to erossbar tandem offices equipred with
PCI senders for CAMA. This sender may not be used for intra-
office AMA calls.

PCI sendars are capable of registering a maxcdimom of eipght
digits. The office code digits may be deleted from outpulsing in
thelr antirety as determined by route relay cross connections.

The digita "11" mav be used as a prefix to central offlce
godea to indlcate an office in a foreign area. This information

is passed by the PCI sender to the AMA transverter for charging
purpoges but is not outpulsed and 1is not within the edght digits

Page 27
Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



that may be reglstered. This feature is also available for RP
senders,

Intermarker Group Senders

On a call from one No, 5 marker group to another No. S marker
group in the same beilding an intermarker group trunk is used.
This type of trunk iz assoclated with an intermarker proup sender
(Figure 5-12), vhich receives information from one marker group and
tranamits it to ancther marker group.

Intermarker group senders may be arranged to record from five
to eleven digits for transfer to the terminating marker group and
for transfer to the transverter on AMA calls, All digits of a
call are tranaferred into the sender from the marker in the origl-
nating office. In a aix or seven digit local numbering plan area
the senders may be arranged to identify the called office by
means of the ¢ digit, the BC digits or the ABC digits of the office
code.

The marker galns access to a sender on an cutgoing call via
out sender connectors, The intermarker group trunks and senders
are agsgoclated with each other on regular out sender link switches.
Therefore, most items concerning the ergineering of intermarker
groun senders have heen covered here, but a few itema pertaining
to their Manctions sz inconing repisters in the called marker
group are covered in the section on inpulsing.

Humber of Senders

The number of senders of each type provided for Traffic is
baged on the office busy<hour calls reguiring the use of the par-
ticular type of sender involved.

The maximum number of senders that may be provided in one
group is ten, including maintenance. Therefore, where traffic and
maintenance requirements exceed ten senders of a given type, it
will be neceseary to divide such senders into two or more groups.

Dut Sender Link Frames

An ocut sender link frame (Flgure 5-17) has the capacity for
mounting ten sender link switches. Each such link switch is a
200=point crossbar switch with a maximum of twenty trunks termi-
nated on the verticals. The senders appear on the horizontals,
and are multipled to all the switches whose trunks are served by
the sender group involved. The trunks from only one trunk link
frame can be terminated on a particular link switch. The trunks
Tfrom one trunk link frame may be asscoclated with a maximum of six
sender link switches and hence, there is a maximum of 120 trunis
per trunk link frame that can have access to senders of all types
including intermarker group senders.
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It is desirable that each trunk link frame have the same
sender link switch arrangement. An exarmple of the form in which
this might be specified is as follows:

Matgolng sender 1link switches for each trunk link frame shall
be arranged for trunke as follows:

SWITCH VERTICALS ASSIGNED

Link

Switch MF DP FCI REV e TOTAL
lst 6 1 (1) 20
2nd 12 ] 20
Ird 10 10 (2) 20

(1) Has access to revertive pulse sender Group 1.
(2) Has access to revertive pulse sender Group 2.

The first step is to obtain the average number of trunks
(ineluding spare) per trunk link frame by types of pulsing.
Mlowance is then made for spare sender link switch verticals for
aspignment flexibildity and to snticipate future changes in pulsing
which may occur. This subject is discussed in more detail later
in this section. After these data are obtained, assignment of
trunks to individual sender link switehes should be mads in such
& way as to ocbtain the most economical use of these switches,
Frequently, trunks invelving two different types of pulsing will
be assigned to the same sender link switeh., The switch vertical
requiremantas muat be apportionad in sach a way that they total
twenty, which, in most cases, will invelve providing somewhat more -
spare than actually required. This process is called splitting
of switches and is discussed in more detall later in this section.

If trunks of a given type of pulsing are served by more than
one sender link switch (such as the revertive pulse trunks showm
in the example) they may be served by cne or mcre sender groups,
If served by more than one sender group, the arrangement is in-
dicated as illustrated in the example.

The senders of a group should be divided as evenly as poa-
sible between the upper and lower halves of the link switch
horizontals. For example, if there are seven senders in a group,
three should be assigned to any of the horizontals O=l and four
to any of the horlzontals 5=9. This aplit provides Subgroups A
and B of a sender group required for assignment to out sender
connectors as described later.
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More Than Twenty Trunks per Trunk Link
Frame, Served by Same Sender Oroup.

For this condition, the trunks served by a sender group must
be spread over two or more link switches.

Splitting of Switches

It would often be wasteful of switches 1f the trunks on a
switeh could have access to only one group of senders. To over=
come this, the link switches can be split as follows:

Split the horizontal strappings between any two verticals,
and assign one sender group to the horizontals on the left slde
of the switch, and a different sender group to the right side.
The trunks are correspondingly assigned to the verticals on the
left or right side.

Two examples are pertinent:

(1) If the trunks per trunk link frame requiring access
to two sender groups are eleven and five trunks,
respectively, a link switch could be split between
the thirteenth and fourteenth verticals, thereby
assigning thirtesn verticals to one type of trunk
and seven to the other (Figure 5-18 example 1),

One switch 'suffices for the two sender groups, with
apare varticals for trunk growth in each case,

(2) If the trunks per trunk link frame requiring access
to two sender groups are eleven and twenty-flve
trunks, respectively, two link sw.tches must be used
(Mgure 5-1F example 2). One switch might be split
an above, with the eleven trunks assigned to one
side, and five of the larger group to the other side.
The balance of the larger group is assigned to the
cther link switch.

Intermarker Group Senders and Trunks

Intermarker group senders are treated the same asz any other
gsenders. However, tandem-type intermarker group trunks (subscriber-
to=trunk trunks) require two vertical appearances on the same
sender link switch. One is & regular appearance for normal as-
sociation of the trunk and sender; the other is an "awxiliary"
appearance whose use is for determining the trunk number in the
called marker group. All "auxiliary" appearances should be
located at the extreme right portion of the pwitch.
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Marker Pulse Comversion Trunks

Each marker pulse conversion trunk requires an out sendar
link appearance for assoclation with an out ssnder of the proper
type--DF or RPs These trunks may be spread over not more than
one RP and two DP sender groups. Each trunk also requires an
sppearance on an MF incoming register link frame. These ap-
pearances are required so that the MF pulses from the switchboard
can be stored in the incoming reglster, then transferred to the
marker, and then in turn tranaferred to the out sender for

outpulsing.

When & marker pulse converalon trunk is also used for trafflc
switched through the office from intertoll trunks, one sender link
switch appearance will care for the assoclation with an out sender
required for either condition.

Where a marker pulae conversion trunk requires asscclation
with an out sender only because of marker pulse conversion, an
appearance 1s also required on a trunk link frame in order to
returmn an overflow signal when all senders are busy, All such
trunks on a trunk link frame may have a bunched appearance, It
is the vsual practice wlth bunched trunks to concentrate them on
a few trunk link frames, However, these marker pulse conversion
trunks require individual sender link switeh appearances. It is,
therefors, desirable to spread the trunks evenly over all trunk
link frames and then bunch those assigned to each trunk 1link frame
on one APPEArAnce,

Intertoll Trunks

An intertoll trunk requires an appearance on an appropriate
(DP or MF) sender link switch if access 1s obtained to the trunk
via the No. 5 equipment and ocutpulsing is involved, or if it is a
marker pulses conversion trunk. If it is a two-way intertoll trunk,
it w1l also require either one or two incoming register link
switch appearances.

Junctors

Coin junctors AMA junctors and MR junctors are both cutgoing
and incoming trunks. A subscriber's call 1s outpulsed onto the
hinctor as in any outgoing interoffice call, ut the trunk in
effect loops back into the office as an incoming tandem trunk with
the call re-entering the office as a new call. The outpulsing
utilizes an out sender, and when the call re-enters the office it
utilizes an incoming register. Hence, each of these functors
requlires an cut sender link swltch appearance,

Operator ‘unctors are incoming tandem trunks and hence do not
require assoclation with an cut sender.
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In allocating trunks to the sender link switches, some space
should be left within each grouping for growth or load balance
reassignments. HNormally, a few verticals will be sufficient.
Where the office characteristics are not expected to change
materially, trunk growth will be taken on new trunk link frames
and hence will not materially affect previous sender link switch
arrangements. Certain factors can be foreseen, however, future
changes in type of pulsing, or a material growth of intermarker
group trunking should be taken into consideration in allocating
trunks to the switches and may make it desirable to order ad-
ditional switches to anticipate these changea.

The trunk equipments are cabled to terminal stripas on the
sender link franes, and cross-connected from there to the verti-
cals of the link switches. Hence, there is some flexibility for
reazsigning trunls within a frame,

Mt Sender Connechtors

When a marker seizes a trunk requiring association with an
out or intermarker group sender, the trunk and sender are as-
asoclated through the link switch, and the marker gains access to
the out or IMJ sender through an ocut sender connector (Figure
3-12). Through this connector, the marker passes all the naces-
sary information for completing the call to the sender, after
which the marker is released., A palr of connectors serves any and
all types of senders,

Out pender connectors are furnished in palrs. The number to
be provided is primarily a function of the traffic volume. Each
connector is restricted to a maximmm of 3000 busy-hour calls in
offices with flat spring completing markers and 5000 calls in
offices with wire spring markers. However, because of other
limitations the following steps should be observed except in a
minimim case where only twe connectors will be adequates

As described previously, each group of senders is divided
into Subgroups A and B. One subgroup ls assigned to one connector
of tha pair on a frame, the other subgroup to the other connector.

Obtain a preliminary estimate of the number of connectors by
dividing the total calls requiring the use of senders by 3000 oF
6000 as required. Round this flgure up to the next Iull even
mamber ,

Eztimata the calls per sendar for sach sender proup. The
maintenance sender is not counted,
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Asgign the senders to the out sender connectors, obasarving
the fact that subgroups are divided betwesn the two connectors
on & frame, and attempting to provide an arrangement so that sll
gonnectors carry aporoximately the same number of calls., No
connector may exceed the 3000 or S000 call capacity. In this
ut.ep,'uaign all senders, including maintenance, but using the
estimate of calls as determined in the previous paragraph.

A maximmm of thirty senders or four groups of senders may
be assigned to one palr of connectors, fifteen to each connector.

In some cases, it may be necessary to increase the first
estimate of the number of out sender connectors to meet these
requirements s
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SECTION VI

MAINTENANCE FACILITIES
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SECTION VI
MATNTENANCE FACILITIES

A. MASTER TEST FRAME

Oenaral

In a No, 5 central office, practicxlly all the controls for
maintenance squipment are concentrated in one maintenance center
called the master test frame, The sguipment includes primarily
a troubls recorder, a master test circuit, and a jack bay. In
addition, thera is available on an optional basis an automatic
monitor eircult for testing pulsing equipment, Here also ars
means for extending the alarms to a distant office during un-
attended periods,

The trouble recorder functions automatically to kesp a
punched-card record of troubles that occur on service calls, both
for the major part of the central office squipment and for the
associated outside cable plant as well, See Figure 6-21.

The master test clircult provides for simalating service calls
under controlled conditions. This alds the maintenance personnel
in the final diagnosis of an indicated trouble condition, and also
permits insurance tests to be made of those parts of the central
office equipment that do nmot have access to the trouble recorder.
It also permits tests to be made of subscribers' line and outgoing
trunk cenductors, and associated incoming trunk circuits in distant
offices. This includes a rapid test for contimudty and polarity
of out-goling trunks,

The automatic monitor checks on a sampling basis the per-
formances of the pulse-receiving equipment of all register circuits,
and the pulse-sending equipment of all senders, and causes the
trouble recorder to make records of irregularities disclosed.

The alarm extension facilities can keep an attendant at a
remote central point informed of the occurrence of each trouble,
and indicate to him its classification as to urgency of corrective
action.

Automatic recording of trouble is aided by the nature of the
No. 5 system wherein markers become associated with all major

Page L
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eireuits in the process of establishing connections. Self-

checlkdng features, which are basic elements of markers, also check
the associated circults, and where [aults are detccted, they are
recorded, HMarkeras become assoglated with line circuits for orlgi-
nating and terminating calls when checks for continuity and the
absence of false ground are made, and through associated senders

on outgoing calls they receive indications of open outgoing trunks.
Such failures are recorded on the trouble recorder when encountered.
Under key control, the trouble recorder may also record the identity
of linea on which permanent signals occcur.

The automatic monitor is provided to disclose irregularities
in the pulsing features of registers and senders. Its circuit
consists essentially of pulse=recelving equlipment and two seta of
digit recording relays. It associates itself sutomatically with
registers on service calls and records on one set of recording
relays the digits pulsed into the register by the subscriber, and
on the other set, the digits passed from the register to the
marker. Tt similarly assoclates itselfl with senders, and on one
set of recording relays records the digits sent to the sender by
the marker, and on the other set, the digits pulsed ocut by the
sendsr. With both senders and registers, after molsing 1ls com=
pleted, the two sats of monitor recording relays are compared,
and if mismateh ocecurs, the troubles recorder is caused to nake a
record of the detalls of the call, This record ineludes the
identity of the associated line or trunk, since some types of
failure might be due to faulty line or tronk conditions. One
monitor circuit cannot, of course, monitor all ealls, but it works
contimiously, and over a period checks a substantial percentage
of the calls sach register or sender handles.

The No. 5 system is designed to permit a degrees of unattended
operation and therefore, it is expected that there will be scheduled
periods when an office is attended and others when it is not, Since
the trouble recorder is automatic, it will record troubles which
occcur while the office is unattended as well as while it is attended.
Also, during the unattended periods, alarms will be transferred to
an attended office, and the severity codea available permit the
nature and seriousness of the trouble to be readily appraised. A
repalr man would at once be dispatched to the unattended office
should any serious trouble arise, but normally the troubles will
not be of & nature to require immediate attentlion.

¥hen the maintenance force returns to the office at the next
malntenance period, the punched cards stored in the trouble re-
corder give details on the troubles that have arisen, and thus they
can readily be located and remedied. For this purnose the master
teat elrcuit is available. Its control panels carry keys and push
buttons to permit the markers, reglsters, semders, and trunks to
be selected as desired for a test call, and lemms on the control
nanel indicate the rrogress of the call, The sutomatic monitor
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can zl=o function as a test cireuit, end will be called in by the
master test clrcult in testing registers and senders. Troubles
ocoourring in the major eircuits while under test will be re-
gistered on the trouble recorder. The trouble recorder may also
be controlled to give a record of the establishment of test calls
which complete satisfactorily to supplement lamp signals. Start
and release control of this master test circuit can be extended
to any point in the office where a maintenance man may wish to
observe the performance of the equipment under these conditions.

While the office is attended, the master test frame ia the
observation and control point for the office. Here progress lamps
display continuously the flow of traffic through the office, and
an experienced man can often tell by the pattern of these lamp
flashes in space and time whether or not all is well in the office.
Audible and visual alarms will indicate the cccurrence of irregular
conditions in either the inside cor outside plant under cperating
eonditions. Individual cireuit make-busy Jacks are also concentrated
on the lack bay, so that circuits with indicated troubles can be
quickly isolated from service. Access by the master test circult
to cireunits plupged busy is not prevented,

Both the trouble recorder and master test clreult are designed
for use with sutomatic message sccounting eqguipment where this is
provided, It is necessary only to add a small relay unit to the
master test ecirecuit to adapt a master test frame for avtomatic
message accounting maintenance. The trouble recorder is also de=
gigned for automatic testing of subseriber lines for low insulation
resistance. Subscriber lines can be tested automatleally when
desired by the line insulation test frame, and the trouble recorder
will record the identity of lines found to have less than an es-
tablished minimum insulation resistance.

The possibility of unattended operation for extended periods
of time lies in no small measure in the many operating safeguards
that have been built into this system. The extensive use of
second-trial and alternative-choice features prevents localized
troubles from interfering with the completion of calls through
the office, and clrcuits have been designed to prevent the pyra-
pdding of trouble that has sometimes occurred under overleads in
previous switching systems. These designs include a more liberal
provision of timing intervals in the markers. This permits timing
the switching functions in smaller incrementa, thus providing less
circuit delay when failure 1s encountered, and advance by timeout
is required. FEvery precaution has been taken to localize trouble
when it does ocour. The more extensive use of double contacts, the
elimination of relay types and contact combinations that have re-
quired abnormal maintenance in previous experience, as well as a
more liberal use of contact protection, greatly contribute to the
freedom from trouble in the No. 5§ office,
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Recorder Bay (Figure &-1)

The recorder bay is equipped with the trouble recording per-
forator, assoclated relay unit, the plant register unit, a fuse
panal, and frame terminal strips. The perforator is mounted on a
plug=in basis by means of ten 20-gonductor plugs for control leads
and one power supply plog for L8 volt DC. The plant registers are
mounted directly above the perforator so they may be read from the
floor without the use of a ladder. A MF receiving unit and a MF
receivar connector unit may also be mounted on this frame, if
specified for test set testing of MF senders in conjunction with
the sender test units which are mounted on the control bays.

Two panela containing apparatus for the line load control
and dial tone speed indicating circuits may be mounted above the

plant register unit,

The general functions are described in the following
paragraphs :

Recorder Bay Circuits

{a) The trouble recorder control and test circuit, comprised
of one J-coded unit on this bay with its associasted keys
and lamps on the control bay, provides facilities for
eontrolling the operation of and testing the card
perforator. As previously mentioned, all troubls and
test records are automatically recorded on punched carda
by means of a perforator,

This perforator is capable of punching 1080 indications
on a printed trouble record card. The 1080 positions

on this card are adequately designated to indicate to a
paintenance man the significance of a perforation in ona
of thesa positions. Each trouble ticket contains
several perforations, indicating the particular equip-
ment in trouble amnd the assocliated frames and circults
involved in the call up to the time the trouble occourred.
In AMA offices, the time the trouble occurred (in day of
the month, hour, and mimite} is also indicated. Since
the perforator punches a mascimam of 120 holes at one
time, it requires nine steps to scan the entire 1080
indications. Of course, the card is not necessarily
perforated in each of these steps. Markers, trans-
verters, pretranalatora, and AMA recorders gain acceas
to the perforator through the MIF connector.

The trouble reccrder control and test circuit is con-
nected betwsen the MTF connector and the perforator.
Crosg=connection facilities are provided om the troubls
resorder control and teat unit to limit the mmber of
troubles the perforator will ascept within a glven time
intarval.

Page 7
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{b) The plant register circuit provides reglsters and
eounters which furnish the plant maintenance force with
an accumulative record of the number of troubles and
test calls to which the central office equipment is
subjected, The equipment, consisting of one J-coded
unit, 1s mounted on this bay. Reglsters are furnished
to indicate the number of:

(1) Entries recorded on the trouble perforator,

(2) Troubles detected by each marker.

(3) Stuck senders.

(L) Calls observed by the automatic monitor with a
separate reglster for incoming, outgoing, and
criginating calls,

(5) Failures detected by thes automatliec monitor
with a separate register for incoming, outgoing,
and originating calls.

{6) Marker second trial failures.

(7) Transverter second trial failures,

(8) Marker ground teat fallures,

(?) Troubles detected in AMA equipment.

{10) Coin superviscry time-outs,

{11) Pretranslator first and second trial failures.

(12) Incoming register link relsase fallures.

(13) Troubles detected by the line insulation test
eircuit,

(e) I4ne load control is an arrangemant for insuring ssrvice
on certain essential lines by denying originating
service temporarily to other lines during an overload.
This is accomplished by the operation and release of
line load control relays, in all line link frames, under
control of the line load control circult. The dial tone
speed indicating circudt is for use in giving & visual
indigation as to the number of subscrlbers orlginating
calls which must wait more than three seconds before
recelving dial tone. As & further aid in administering
the line load control feature, an office load meter is
provided which will indicate approximately the total
office LfB-volt current drain and therefore give an in-
dication of the total traffic load. The key and lamp
equipment for these circuits is located on two apparatus
mounting panels on this frame. The first panel contains
the office load meter and keys and lamps for both circuits,
the second 1z required for line load control in officea
with over L0 line link frames. All other squipment is
miscellanecus relay rack mounted.

(d) The function of the MF receiver iz to comvert

incoming
8~ signals in the wolce range into d-c signals on which
the associated circuit operates, The MF receiver unmit

on this frame is required in conjunction with the sender
test circuit when that edrcult functions with MF senders.
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Control Bays (Figure 6-1)

The control equipment is mounted on & double-bay frame. Each
bay is equipped with jack, key, and lamp panels, a writing shelf,
frame terminal strips, and various relay units, A fuse panel 1s
provided in the right bay. The relay units for the trunk test and
the optional units for test set teating of registers and senders
are located in the left bay and those for the master test contrel,
voltmeter test, and telephone circuits in the right bay. A1l of
the control keys and lamps for these circuits and for automatlc
montior, register, and sender test, auxiliary signal, incoming re-
glater test, sender test, and trouble recorder circuits are located
in the jack, key, and lamp panels. The stile casings on these
panels are aquipped with engraved designation strips so that keys
and lamps associated with any particular circuit may be readily
identified.

Control Frame Circuit

{a) The master test control clreuit,

1) To make tests of the marker, transverter, and
connecting circuits.

2) To control the setting up of tests to be made
by the sutomatic monitor, the sender test
e¢irenit, and the trunk test cireuit,

3) To wverify line cross connections in the mumber
group and AMA translator.

L) To set up connections to any line for voltmeter
tests,

5) To test pretranslators and intermarker group
senders.

(b) The MTF trunk test circuit, in connection with the
master test control eircuit, may be used for testing
practically all kinds of trunks that have trunk link
frame appearances and for malking certain tests on coin
gupervisory circuits. The relay equipment, consisting
of three units, is mounted on the left bay, and the
keys and lamps are located on the right bay. Trunk
gelection and testing iz accomplished on a manual basis,
The saquence of tesats is eontrolled by the operation of
keys, and the success or failure of the trunk circuit
to meet the test is determined by the testman chbserving
lampa and listening in the receiver of the MIF telephone
elircuit.
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This cireuit may alse be used in conjunction with the
portable register test set, the master test control
eireuit, the trouble recorder clrcuit, a telephone set,
and the precision pulse generating test set to test DP
originating registers. In this spplication, a 3-
conductor belt line connected to the trunk test circuit
has jack appearance at this frame and at each of the
originating register frames. The reglster test may be
connected to the trunk test circuit at any of the jack
appearances by means of a 3-conductor plug-ended cord
which is provided with the test set.

{¢) The test cireuit for incoming registers and CAMA senders
is used in conjunction with the portable register and
CAMA sender test set, the trouble recorder, the pre-
cision pulse generator test set, and a telsphona test
set to test DP, RP, and MF incoming registers. The same
combination of circuits, less the precision pulse
generator,; is used to test central B incoming regpisters.

This cireuit iz gleo used in conjunction with the master
test contrel circuit and the portable register and CAMA
gender test set to test CAMA senders. Three units as-
gociated with this elrcuit are mounted on the left bay,
and four rotary-type switches, for register selecting,
are located on the right bay. The same register and
CAMA sendesr test set iz wused for testing oripinating

and incoming registers and CAMA sendera, It is a porta-
ble ast contained in a metal box which may be attached
to the step of a rolling ladder. A multiconductor belt
line connected to the test cireuit for registers and
CAMA senders has appearance at this frame and at each
of the register and CAMA sender frames,

The register and CAMA sender test set may be connected
to the test cireult for incoming reglisters and CAMA
sendars at any of the jack appearances by means of a
maltlconductor cord provided with the test set. Keys
for controlling application of tests and lamps for in-
dicating progress are located on the test set.

(d) The sender test circuit, under control of the portable
sender test set and in conjunction with the master test
control circuit, provides facilities which may be used
to test features and operation of DP, RP, MF, and PCI
genders,. The relay equipment conslists of elght units
located on the left bay and one located on the recorder

bay.
The sender teat set 1z a portable set contained in &
metal box which may be attached to a step of & rolling

laddear. A multiconductor belt line connected to the
sender test circult has appearance at this frame and
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each of the sender frames. The sender test set may be
connacted to the sendar test circult at any of the jack
appearances by means of multiconductor cords provided
with the test set.

The master test control circuit is used to select the
sender to be tested and the conditions required for test
and progress are similated principally by the manipulation
of ‘keyes in the sendar test set,

{e) The voltmeter test circuit is used primarily for applying
various tests to subscriber lines and outgoing trunk con-
ductors. The equipment, consisting of part of one unit
and the associated keys and lamps, is located on the
right bay.

This circuit also provides facilities for applying howler
tone to subseriber lines in an off-hook condition. It
gains access to thase lines and trunk conductors by
means of patching cords plugged into test jacks of per-
manent signal holding trunks, common overflow trunke,
cutgoing trunks,; and plugging-up linea.

Tha mastar test control line test and trunk test clireuits
have direct access to the voltmater test unit so that its
facilities are available for tests originated by these
clrenits.

(f) The telephone key and lamp eircuilt provides telephone
facilities betwesn the test frame and various other
pointa in the same and distant offices. Keys, lampe,
and part of one unit, comprising the equipment, are
located on the right bay. This eireuit also enables
the testman to listen on trunk connections set up through
the trunk test circuit and on subseriber lines and other
circuits connected to the voltmeter test eirouit through
the masgter test control line test eircuit.

Eeye for connecting the telephone clroult to various tie
lines, trunks, and local station lines can be furnished
with or without the holding feature, as required. Pro-
¥izilon iz made for 1l of these keys, in additlon to one
always furnished, for connecting the telesphone to the
local frame line circuit. One tie line or trunk requir-
ing the holding feature or two not requiring the holding
feature can be connected to each key.

{g) The auxiliary signal circuit provides an audible signal
at this frame to indicate an incoming call on one of the

tie lines or trunks terminating on the MTF control bays,
The signal can be cut off by the operation of & cotoff
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key or tied into the office alarm system to bring in a

minor alarm by the operation of a night alarm key. The
equipment, consisting of one mounting plate of relays,

is mounted on a miscellaneous relay rack frame, and the
asgoclated ball or buzzer and keys are located on this

frame.

(h) The line insulation test control circuit provides a
lamp at the master test control bay which, when lighted,
indicates to the maintenance force that line insulation
testing is in progress. Under this condition, test calls
which use the no-test connector should be avolded aa
they may cause the line insalation test control clreuit
to time cut,

(1) This frame also contains jack, lamp, key, and switch
equipment only for the fellowing circults.

(1) The MTF jack, lamp, and key cireuit,

Eeg The trouble recorder control and test circuit.

3) The antomatic monitor, reglester, and sender
teat elrecult.

(3) The test circult is arranged to function with the auto-
matic monitor, register, and sender test clrcuit in the
testing of the ANI features of MF senders. In additiom,
the test circuit is arranged to test ANI transverters
and perform line verification using ANI transverters.

Jack Bay (Figure 6-1)

The Jack bay is equipped with two Jjack, key, and lamp panels;
ten mounting plates of relay equipment for the jack, lamp, and key
cireuit and the contimuity and reversal test circuit; two fuse
panels; and five frame terminal atrips.

Jack Bay Circuits

(a) The MIF jack, lamp, and key circuit is actually a col-
lectlon of miscellanecus teat, make-busy jfack, lamp,
and control clircuits: The equipment consists of two
Jack, lamp, and key panels, ten mounting plates of
apparatus located on this frame, four strips of jacks,
thres strips of lamps, and one key located on the re-
corder bay. This circult, by the use of progress,
identification, busy, alarm, and guard lamps, provides
& visual indication of the operating condition of the
office showing equipment in use or in trouble at any
instant. In addition, make-busy jacks are provided
here for removing from service practically all major
circuits in the office.
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(b) The contimuity and reversal test eircuit provides a
means for maldng rapid tests of continuity and polarity
on the tip and ring leads of idle outgeoing trunks which
have their test and make-busy appearances on this frame.
This eircult, consisting of two relays, a buzzer, and
lamp, is connected to the trunk conductors on a patch
bagis by means of the outgoing trunk test Jacks, It
functions with any standard interoffice outgedng trunk,
with the exception of special service and recording

canpleting trunks.

Autematic Monitor Bay (Flgure 6-2)

The sutomatic monitor bay is eculpped with varlous relay
units, several multicontact relays, a fuse panel, and frame
terminal strips. While the relay units are used principally for
ronitoring of senders and registers, they are also used ln con-
Junction with the units on the register and sgender test bays for
test purposes.

Register and Sender Test Bays (Figure 6-2)

The reglster and sender test bays are equipped uit.h varlous
relay units, several multicontact relays, a fuse panel
terminal utripa and one 6= by 80-inch and one 20- by éﬂ—inch
terminal cross cmnmting type terminal strip.

hoxiliery Register and Sender Test Bay (Figure &-2)

The auxiliary register and sender test bay is equipped with
various relay units, a fuse panel, frame terminal strips, and is
used in offices with RF senders and registers or PCI senders.

Automatic Monitor, Register, and Sender Test Frame Circuit

(a) The automatic monitor is used to check the pulsing
performance of incoming and originating registers and
outgoing senders. It is part of the automatic monitor,
register; and sender test circuit. These functions
have been combined into one cirouit in order to awvoid
duplication of equipment, as certain features use
equipment common to both functions.

The avtomatic monitor frame contains 25 units which
function with the monitor. The assocliated keys and
lamps are located on the contrel bay. This cireuit
connects at random to in-service reglsters and senders
and compares the numbers received by these circuits
with the numbers transedtted by them. If these
numbers do not agree, a trouble card is perforated
identifving the circuit in trouble and giving other
information relative to the trouble.

Page 13
Downloaded from TCI Library: http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



A ten-step allotter eircuit permits apportioning and
mopitoring among incoming and originating registera
and outgoing senders in 10 per cent steps. These per-
centages may be readily varied by making simple cross-
connection changes. If no call is recelived by the
monitor for a period of one minute, the allotter
advances to the next step. By the operation of
certain keys, the monitor can be made to associate
itself with only incoming registers, originating re-
gisters, or outgoing senders, or can be made to
monitor exclusively on any one register or sender.

(b) The register and sender test portion of the automatic
monitor, register, and sender test circuit is used for
testing outgoing senders and originating and incoming
registers, except revertive tandem incoming registers.
The equipment consists of 30 units on the register and
sender test bays and 17 additional units on the aux-
iliary reglster and sender test bay for teating re-
vertive registers, senders, and PFCI senders.

Associated keys and lampas are located on the control
bay. With the aid of the master test control circuit,
any particular sender or reglster can be selected and
tested. Satisfactory completion of any test such as
2=-party, coin, pulsing, AMA, etec., 15 indicated by an
OK lamp, Failure of a test lights a trouble lamp and,
where desirable, causes a trouble card to be perforated.
Progress lamps are also provided to help locate the
trouble,

{¢) The MF receiver on the frame is used by the automatic
monltor, register, and sender test circuit when that
circuit functions with MF registers or sendera.

Iine Verification Test Equipment

{a) The line verification test equipment permits verification
of cross connections assocciated with subscriber numbers
on the number group frames, class-of-service cross con-
nections on the line link frames, and the cross con-
nectlons associated with line numbera on AMA translator
frames, It duplicates but does not replace the line
verification features of the master test control elrewit.
It is located separately to permit cross connections to
be verified in connection with the completion of service
orders without interfering with other uses of the MIF.
The design provides for this equipment to function with
one or two MTF and, therefore, tests can be made of
croas connections located in one or two marker groupe.
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(b) The LB-volt battery and ground is furnished to the
relay unit through a termingl strip at the top of the
unit by means of loose wire from the relay rack fuse
panel and ground bar. Battery and ground for the switech
panel unit is furnished from the relay unit through the
interunit terminal strips. Connections %o asscclated
clireuits are made with switchboard cable wia the MTF
control bays except the 130 wolt, "VG", and "PCT" leads
which are cabled directly to the FRTD frame, AMA trans-
verters, and traffic register cabinet, respectively.

When the switch panel unit is mounted on the relay rack
with the relay unit, connections between these units
are made by means of jumpers between the adjacent
interunit terminal strips. Uhen the switch panel unit
is not located on the relay rack, switchboard cable i1s
used instead of jumpera. When the switch panel unit is
located on the growlng end of the MDF, sufficlent slack
should be allowed and stored on the top of the MDF for
future maocimum frame extension.

(c) Marker and transverter line verification tests can be
made separately or the circuit can autcmatically proceed
0 make a transverter line werification test following
the completion of a satisfactory marker line verificatiom
test.

Results of the cross-connection tests are indicated by
means of lamps. Under certain conditions, however, it
may be found desirable to have a permanent record of a
verification. For such cases, a feature is included
which causes a trouble recorder card to be produced.
The rotary switches on the switch panel unit provids
means for reglstering the office designation, the sub-
gcriber number, the location of the line on the line
link frame, the class of service, and the ringing com=-
bination assigned to the line.

The keys are provided for setting the circuit for select-
ing the marker group and the marker and transverter to
be used for the tests, for registering the talking charge
condition to be checked, for obtaining a trouble recorder
card, and for starting and restoring the verification
clrcouit.

Test Set TII‘H.IIE

' In small No. 5 crossbar offices where there are only a few
senders and registers it is not economically feasible to install
the register and sender test bey, and the associated automatic
monitor bay for testing these units. Testing is on a manual basis
uging portable test sets. A sender test set 1s available for
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testing senders. A register and CAMA sender test 1s used for
testing incoming registers, originating registers and CAMA senders.

Tha Sendar Test Set

Tha sender test set is a portable set used in conjunction with
the sender test circuit, the master test control eircuit, and a
signal receiving circuit for testing dial pulse, revertive pulse,
mltifrequency pulse, and panel call indicator senders. It controls
the test, indicates the progress of the test, and the mumber out-
pulsed by the sender. Two 20-conductor cords are fumished with the
test set for connecting it to the sender test circuit. Jack ap-
pearances for cord connection are furmished on the master test frame
control bay and on each of the sender frames having any of the
senders listed above. The sender test set iz contained in an alund-
num case approximately 10 inches long, 8 inches wide, and & inches
high with cover. Apparatus is mounted on a panal in the lower part
of the test set case. The test set may be attached to a rolling
ladder step by fastening it to the side of the ladder with a strap.

The H.agist.ar and CAMA Seander Test Set

The register and CAMA sender test set is a portable set that
may be used in conjunction with the incoming register test cireuit,
the trouble recorder, a telephone set; and the pulse generating
test set for testing dial pulse, multifrequency pulse, and re-
vertive pulse incoming registers, It may also be used in con-
hnetion with the ineoming register test circuit, a telesphone set,
and the trouble recorder for testing central B revertive ilncoming
registers. One 20-conductor cord is furnished with the test szet
for connecting it to the incoming register test clircult for teating
incoming registers, Twenty-conductor jack appearances for cord
connection are furnished on the master test frame control bay and
on each of the incoming register frames,

The register test set may alse be wsed in conjunction with the
trunk test eclircuit, the master test control circult, the trouble
recorder, a telephone set, and the pulse generating test set for
testing dial pulse originating registers. Une J-conductor cord is
furnished with the test set for connecting it to the trunk test
cireuit for testing originating reglsters. Three-conductor jack
appearances for cord connectlion are furnished on the master test
frame control bay and on each of the originating reglster frames.

The register teat set iz contained in an aluminum case approxi-
mately 12 inches long, ¥ inches wide, and 7 inches high with cover.
Apparatus is mounted on a panel and on an asscciated mounting
plate; both are mounted in the lower part of the test set case.

The test set may be attached to a rolling ladder atep by fastening
it to the side of the ladder with a strap.
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B. OFFICE TEST FRAME

feneral

The Office Teat frame has bean devaloped as a substitute for
the Master Test frame in smaller No. 5 crossgbar offices. This
double-bay frame together with the present standard fjack, lamp and
key circult comprises the complete maintenance center. HNot only
have squipment and installation costs been significantly reduced
through the use of this arrangement, but nearly one<half of the
present meintenance center reguirements for floor space have been
saved.

As of this writing the Office Test frame is applied only in
the 980 line package office, It will, however, be used in offices
at least in the range of 500 to 3000 linea.

The initial planning in connection with the application of
the office test frame in the 980 line package office has included
arrangements to permit and facilitate an in-service transitiom to
the Master Test frame should this be required because of growth
eonditions. The apolication of the Office Test frame will prove
economical in any gliven office for a perlod as short as two years,
Substantial savings will accrus for any interval longer than twe
¥eard.

With the present desipn of the Office Test frame, its ca-
pacity 13 limited to S-trunk link frames and two markers of sach
type, dial tone and completing. Proviasionz have been made for
dial pulse and multifrequency (2 out of &) signaling only. - Test
facilities are included for LAMA but not for ANI; however, the
need for these test features is recognized and they will be made
available at the earliest possible date. Features are included
to adequately test a small toll center.

Equipment Features

The Office Teat frame consista of two clroults, the Trouble
Indicator and Connector circuit and the Test circult, mounted on
a standard 11' = &" gheet metal, box-shape frame (see Figures &-3).
The frame has a total lateral width of L' L=1/8" and is divided
into two bays, each arranged for 23" mountings. The frame comes
equipped with an appliance outlet, fuse panel, miscellanscus jacks
and lampe, terminal strips, etc. Each bay has a fold-dowm type
writing shelf and mounting space is available for line load
control lampa, FPlant administration registera are also included
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in the frame. A cross connection field is provided for associating
connector relay contacts with the display lamps of the Trouble
Indicator. Control panels containing lamps, jacks and keys are
mounted in each of the bays. The circuit for each multifrequency
receiver and ocscillator is an individual plug-in unit using an
octal plugs

Trouble Indicator and Connector Circuit Featuresg

This ecircuit serves as a substitute for the standard trouble
recorder. It contains connector relaye for connecting trouble
laada to the display lamps from markers, transvertars, recorders,
master timers, and pretranslators.

The lamp circuit uses NE-5 neon glow tubes which are triggered
with a voltage of 165 wolts and sustained at 117 wolts. Rectifier
eircuits are used to obtain the required voltage. Cireuits bidding
for the indicator obtain access to it by oparating one of the
relaye in a preference chain, A display is relsased by opening the
165 wolt supply through the operation of the RIS key or by a release
signal sent from the alarm sending eireuit. I the requesting
eireuit is unsucceassful in an attempt to selze the Trouble Indlcator;
a digplay lost indication is registered identifying the circuit
maling the attempt.

The laft halfl of the lamp panel gives asquipment locating infor-
mation and the right half contains call progreas lamps arranged in
sequence chart form, Form E-LS72 (Figures 6-L), provided for re-
cording Trouble Indicator displays, is a reproduction of the Trouble
Indicator lamp designations.

Test Circuit Peatures

The Teat circult provides a means of originating and termi-
nating test calls on a call-through basis. Operation is identical
to that of regular service calla. Test callas can be directed to
speclfiic pleces of equipment by means of a make busy control
c¢ireuit that makes idle, undesired equipment appear busy momen-
tarily while releasing the desired equipment for selection.

Keys and lamps (Figures 6=5) are provided for applying and
obsarving various test conditiona on originating, incoming and
terminating test linea, An amplifier and speaker are included for
audible monitoring of test calls, Pulsing can be controlled by a
built=in pulse gepnerator or multi-frequency supply, a dial mounted
on tha control panel, or by a handset patched to a remote location.
Sender out-pulsing can be checked by a dial pulse counting eireuit
or by mlti-frequency receivers contained in the Test frame.

Facilities are ineluded for testing P.B.X. hunting lines, for
controlling class of service indicatlions, for testing LAMA features,
and for makdng reverting call tests. All cooponents of the standard
Wo. 5 crossbar central office can be tested by the Test circuit as
well as associated LAMA equipment.
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C. AUTOMATIC PROCRESSION TRUNK TEST FRAME

Feneral

The automatic progression trunk test frame (Figure 6-8)
provides facilities for the avtomatle testing of trunks to panel,
ercasbar, step-by-step, and tandem offices, and intra-office and
intermarker subseriber-to-subseriber trunks. The sequence of
tests made on an individual trunk and the automatic progression
from cne trunk to ancther is accomplished by information stored
in the form of perfeoration on teletypewriter tapes. The latter 1s
fed through a teletype transmitter-distributor which is used to
read the tape and to transmit the information to reglster and
stearing relays which control the test and progression features.

The test clrcuit has a line link frame appearance in each

marker group served and is connected to the trunks by means of

gervice linkages using the marker for this purpose. When

tests reﬁm on a particular tape have been made, &
lamp is lighted indicating to the malintenance man that a new tape
should be subatituted or the same tape rerun with different key
gettings. HRepeat tests and particular circuit tests may be made
manually without the aid of tape by uwsing a 10-button key set and
other koys, as required,

By means of a teletyoewriter reperforator under the control
of a 10-button key set located on the test frame, perforations on
a two-out-cf=-five basis are entered on teletypewriter tare for
subgemquent use in conbtrolling the automatie operation of the test
frame, The reperforater is also used to dunlicate existing tapes
that have become worn or damaged. Theae are run through the
transmitter-distribator which, with the COPFY key operated, actuates
the reperforator to reproduce the perforations on new tape.

Teletypewriter Equipment

The teletypewriter equipment is mounted on a steel table
measuring 36 inches in height, 31 inches in width, and 25 inches
in depth. 0On the top of the table is the transmitter distributor
together with a tape winder and & tape unwinder. The unwinder
permita the tape to be read from the inside of the coil, that is,
in a forward direction, thus avoiding the necessity of rewinding.

The reperforator which is used only when producing new tapes
or when reproducing existing tapes is located on a sliding shelf
which may be pulled out for maintenance access and to replenish
the tape supply. Also mownted on the shelf is & tape winder. In
the lowar portion of the table iz & drawer for the storage of

) tapes used in the operation of the frame and for a supply of un-
perforated tapes

The preferred location of the test frame is in the maintanance
canter, with the teletypewriter table placed nearby against the
wall facing the test frame,
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D. LINE INSULATION TEST FRAME

General

The Line Insulation Test Frame is a one bay sheet metal frame,
It is equipped with a fuse panel, control panel, frame terminal
strips, and various relay units as shown in Figure 6-T.

A control circuit comnects the test circuit successively to
the subscriber lines, except for lines found busy and certain lines
which; when tested; would produce false trouble records or cause
interference with service. It causea line insulation reslistance
faults within a selected range, as indicated by the test elreuit,
tc be recorded by the trouble recorder or by a teletypewriter at
a distant test center. Access to subscriber lines for testing is
obtained through the line link frames using the line link con-
nector multiple asscclated with one of the regular markers which
iz held busy during the testing perled but ie avtomatlcally
restored to service if required by traffic. Facilitles are pro-
vided for automatically starting the circult by meana of a time
switch,

Detailed Description of line Insulatlon Test Operation

The line link frame connector multiple used for test iz wired
from the line link frames to the marker by way of the test control
elreuit, The multiple of a dlal tone marker may be uszed for this
purpose Upon the start of a test by local or remote control, the
marker whose multiple is intercepted iz automatically made busy.
Approximately, 75 leads in this sultiple wvhich are required for
testing are cut into the test control eireuit for direct control
of the line link frames.

The test control circuit is arranged to generate the equipmernt
locations of line grouvos (five lines associated with a line link
frame LG relay) in succession, and to connect to these groups by
means of a multiple of the line link frame start leads and the HO
and VGB leads of the frame multiple. When a group is connected,
itas five verticals are tested for busy and for the pass-by con-
dition imposed on these which would cause interference as des-
eribed later.

An 1dle line link iz selected and the first line to be tested
is closed through the link and the no-teat wertical to the test
eontrol eirouit, While the test of this line is being made, the
frame is held with the select magnet for the link operated. When
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the test on the firat line is completed, its hold magnet is re=-
leased and checked down, whereupon the hold magnet for the next
line to be tested is operated. The no-test hold magnets on the
line link frame and in the no-test connector remain operated
between the tests of miccessive lines. This process continues,
intil the test. has orogressed through the group exceot that the
line link frame is released while a record of a line trouble is
being mada. Also, if a false indication of trouble is detected
due to an off=hook condition occcurring after the frame is seized
or due to a plugged up line, the frame is momentarily released to
prevent undus interference with service and such appearances of
trouble are not recordsd.

The test starts at the first line group (horizental group O,
vertical group 0) of the first line link frame, and progresses to
the corresponding line group of the next frame, etc. On sus-
cessive cycles through the frames the vertical group count is
increased until all lines in hordzontal group O of all frames
have besn tested. The other horizontal groups are then tested in
a similar manner. Provision is made on an optional basis for
taking care of different sizes of line link frames in the same
MArker Eroups

The selection of line groups is rotated throughout the frames
as mentioned above in order to prevent undue interference with
traffic at any cne frame, and to prevent heating of the frame con-

nector ralaya.

If a no-test junctor is found busy, the test will progress to
the next frame. It is probable that only a few lines will be
passed in this manner as upon reselzure of the frame on succeasive
eycles the no-tesat call will ordinarily have been released, again
making the junctor avallable. If a line link frame is made busy,
it will be skipped.

The testa will be temporarily suspended and the marker restored
to service if an all markers busy condition obtains for a short

period,

The test circuit uses the same level on the no-test connector
that iz assipned to the master test control circuit. A lock-out
featura is provided and preference iz accorded to the master test
control circuit, if it should require the use of this level.

The line link appearances of toll and certain other trunks
mist not be tested as this procedure would cause interference with
garvice and with the tests. As previcusly mentioned, dial FBX
lines, certain test lines, and blank number trunks are passed by
as they would produce false records. The verticals associated
with these circuits may be skipped in either of two ways as follows:
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(a) For each such vertical, a pigtail resistance is con-
nected betwean the 2T and REl (battery) terminal of
the line relay, This does not interfere with marker
operation. The test control clrewit, however, tests
for this battery as a signal to skip the vertical.

(b) Two PEX classes of service are provided for each case,
cna for mamaal PEX lines and the other for dial PEX
lines. The marker accords the gsame treatment to theass
classes. The test control circuit, however, has
gccess to the dial PBX class lead and skipes the as-
sociated lines. Toll trunk terminations and all other
verticals which are not to be tested are asscclated
with the dlal PBX class so that they may alsc be pasaed

bye

Either or both of the above means may be provided. The first
may be preferable in offices having only a few werticals which
muat be akipped, and the second in offices which have a large
mmber of such verticals. It will be noted that the second ar-
rangenent requires the assignment of toll trunks, etc, to certain
vertical files, which is not efficient except for fairly large
groups. However, the number of vertlcals so treated can be in-
creased by the ineclusion of information, intercept, and other
trunk circuits which do not produce false trouble indicatlons,
Such eircuits may be tested or skipped, as desired.

Local control by means of keys is provided in all cases.
Mne of nine keys is used to start the circuit in accordance with
the desired combination of range and type of test. Remote control
can be provided om an optional basis by means of the test tronk
and selector cirouit used to connect to permanent signal holding
and plugging up lines. The O lsvel on the selectors is used for
LIT purposes. Terminals 1 to 9 of this level are used to start
the test. Terminal O provides access to the control circuit for
monitoring purposea and for restoring the LIT frame to normal.
While monitordng, tone signals indicate whether the test is in
progress or if it has stopped due to trouble. The tone signal
connected to terminal O is also connected to the particular start
terminal 1 to ¥ used, to indicate that the circuit has responded
to the start signal, and so that the type of test called for can
be verified by dialing the terminal again.

After ons of these terminals has besn digled for the above
purposes , the selector may be restored and used for its regular
Tunctions without affecting the status of the LIT clircuit.

Larpa are provided for indicating circuit off-normal, type
of test and range, temporary suspension of test, and trouble in
the test circuit or frame circuits which would cause the test to
stop. Such a trouble condition will also actuate the minor alamm
which will be extended to a distant maintenance center when the
alarms are transferred,
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An off-pormal lamp at the MIF indicates to the maintenance
force that no tests or maintenance work should be performed on
the marker removed from service by the line insulation test frame,
and that no test calls should be made which would unduly hold the
no-test connector to the exclusion of this circuit. Four plant
registers are provided to gount the number of completed test
cycles made under various test conditions,.

One LIT frame is provided for each marker group. This will
permit the lines associated with two or more marker groups in one
bulilding to be tested at the same time. Each test frame 1s capa-
ble of testing approximately 12,000 lines per hour,

General Description of Traffic Count Cperation

The line insulation test control circuit is arranged to make
five types of traffic count. These are line link office count,
frame count, and horizontal group count; and trunk link frame
count and horizontal group count. In each case, the links are
tested for a busy condition and the number found busy is recorded
on traffic registers for engineering purpozes.

Office count covers all of the line link frames in the marker
group. The frame counts are made on ten lina link frames or five
trunk link frames st & time, and the horizontal group counts on
one link link or trunk link frame,

Some of the circuit features used for line inswlation testing,
such as the means provided for obtaining access to line link frames
and for obtalning access to line link frames and for testing links
for a busy condition, are also used for traffic count. Other
features, such as those involved directly in the testing of lines
and in recording line insulation defects, are not required.

Control relaye are provided which rearrange certain internal
connections in the circuit, as required, for the wvarious types of
traffic count. Manually operated switches are alsc provided for
selecting the frames to be tested for the frame and horizontal
Eroup countss The circuit is prepared for traffic count operatiom
by setting these switches, if required, and by the operation of
one of five leys at the test frame, corresponding to the type of
count to be made, This causes the required control relays to

oparate.

The counting process may thereafter be started and stopped
under control of & key at the traffic reglater rack. The rTeaults
of the count are recorded by ten traffic reglsters as described
in the following paragraphs. An additional register is used %o
record the number of completed test cycles. The time allowed for
a cvele 1s 3 minutes, regardless of the mmber of frames involved.
Crdinarily, several cyeles will be made in one run. After com-
pletion of & run, the eircuit is restored by means of the RN key
at the frame,
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Office count provides information which may be of use in the
enginesering of additions. The frame and horizontal group counts
may be used for obtaining data for loading the line link and
trunk link frames and the herizontal groups thereof,

Idne Tink Offlece Counmt

For this type of count, the line insulation test control
eironit connects to the slesve leads of the ten line links
associated with horizontal group 0 of the first line link frame,
this connection being established through the line link frame
connector multiple of the associated marker as for line insu-
lation testing. These links are tested for a busy condition.

The ten registers referred to above are in this case directly
associated with the link-busy test relays and correspond to link
positions O to 2 in the horizontal group. Heglisters assoclated
with links found busy are operated simultanecusly upon operation

of the busy test relays. The clrouit then procesads to horizontal
group 0 of the second line link frame, tests the links, and causea
reglsteras corresponding to buay links to score as above. This
process continues until horizontal growp O of the last frame has
been teated. On each frame selzure, the ten registers are operated
in accordance with the busy conditlons encountered.

In order to obtain the over-all cycle time of 3 minutes for
g1l horizontal groups of all frames, which is desirable as it ap-
proximates the holding time of a conversatlon, an 18-second timer
is provided to mark the start times for successive horizontal
groups. Ordinarily, considerably less than 18 seconds will be
required to test through one horizontal group of all frames.
During any remaining time, the assoclated marker is restored to
gervice and the frame awaits the start signal for the next hori-
gontal gEroup.

Tha links of horizontal group 1 of all frames are tested as
describad above for those of horlizontal group 0, and the remaining
horizontal groups are tested in a similar manner, the test of each
group being started 18 seconds after the start of the previcus
group, If, due to unusual conditions, more than 18 seconds should
be required for one horigontal group, the next one is started im-
mediately and the total cyele time 1s increased accordingly.

Upon the completion of a cycle, the cycle register 1s cperated.
Additional cycles are made as long as the start key at the traffiec
register rack is left operated. Upon the relsase of this key, a
c{cll in progress will complete but no further operations take
places

Tha total link busies for the marker group are obtained by
adding the acorea on the ten registers. The C0Ss for the marker
group can be determined from this figure in conjunction with the
number of cycles made.
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Iine Link Frame Count

This count is made on & group of ten {or less) line link
frames, the frames to be tested being selected by a manually
oparated switch. The links of horizontal groups 0 to 9 of the
ten framea are tested as described for line link office count,
successive horigontal groups through these frames being started
at l8-gecond intervals.

The ten registers in this case, however, are associated,
respectively, with the frames under test (0 to 9, 10 to 1%, etc).
In testing each horizontal group of a frame, the register associ-
ated with that frame is scored a number of times sgqual to the
nmmber of links found busy. The reglsters therefore recerd the
total number of busy links on a per frame basis. Additional
cycles are controlled as desceribed for line link office count,

Iine Link Heordzontal Group Count

In this case, only one line link frame is tested at a time,
the selection of this frame being controlled by manually operated
switches, The ten reglsters are assoclated, respectiwvely, with
the ten horizontal groups of the frame and recoerd the total link-
busy conditions per horizontal group. These groups are teated at
18-second intervals. Additional cycles are controlled as pre-
viously described.

Trunk Link Frame Count

This is similar to line link freme count. Only five frames
are teated at a time, however, as there are twice as many links
per frame. Both the laft and right links of each horizontal group
are tested before the elrecuit proceeds to the next frame.

Registers O to L are assoclated, respectively, with framea O
to L or 10 to 1, and registers 5 to 9 with frames 5 to 9 or 15
to 19-

Access to the trunk link frames 1s obtained by means of the
trunk link frame connector miltiple for the marker associated with
the line insnlation test control cireult.

Trunk Iink Horigontsl Group Count

Thie count is gimilar to line link horigontal group count,
The left and right links of each horisontal group, however, are
tested before the circuit proceeds to the next group.

Heglstration Test

A registration test leature is provided to check that the
cireuit functions properly in recogniszing and cownting busy links,
and to assist in clearing trouble. The link-busy conditions are
simuilated by means of keys, and the results of the testa are re-

corded by a reglster at the test frame.
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E. MANUAL QUTGOING THUNK TEST FRAME

Genaral

The manual outgolng trunk test frame is avallable for test=
ing outgeing trunks. Tt consists of a test frame and one or two
adjacent jack frames. The test circuits are located in the test
frame and the trunks to be tested appesr as trunk and make-busy
Jack clreuits in the Jack frames, Connectlona beatween the test
equipment and the trunks is made with patching cords in the jack

frame,
= Test Frame (Flgure &=8)

_The test frame squipment consists of the conventional key,
Jack, and-lamp panel together with a pigeon hole and writing shelf
unit. Above and below is loceted the assoclated relay equipment,
The battery supply is Turnished through fuses located cn the master
teat frame. A frame local cable is provided for interconnecting
the equipment units in the frame. The various tests are set up by
operating the necessary keys in the test circuits.

Test and Make-Busy Jack Frame

The equipment in the jack frame consists of two jack panels
each having a capacity of 2000 jacks. These comprise the test and
make=tuay jacks of the cutgoing trunks to be tested, Common jacks
asgsociated with the test circuits in the test frame are also pro-
vided on these jack panels and so located that they can readily be
patched by means of cords to amy one of the test and make-busy
Jack circuitas

In Ho. 5 crosgbar offices, the test and make-busy jacks are
alwaye cabled to the distributing frame and then cross-connected
to the associated outgoing trunks. The jacks are therefore ar-
ranged in numerical sequence mmbered bottom up and designated
with the office name at which they terminate. The jack bay for
these offices is therefore available with one jack panel wheres an
ultimate of 1000 fack cirouits is required or with two jack panels
for an ultimate of 2000 jack circults per fraee,
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F. ALARM STSTEM FOR NO. 5 CROSSEAR

Theory .

To glve warning of conditions that might adversely affect
telephone service, Bell System Telephone offices have alamm
syptama which indicate by both audible and vwisual means the
equipment in trouble. The indicators are ao arranged that a
maintenance man, regardless of what part of the building he might
be in at the time, can find his way to the equipment with a mini-
mam of effort,

Alarm systems used previously in crossbar, and in the later
panel and toll offices, have achieved this ocbjective by using a
system of bells, chimes, and colored lamps strategically placed
whereby the floor, the main sisle, the aisle, and finally the
circuit in trouble are indicated. In the Mo. 5 crossbar system,
the same result 1z achieved but with a simpliecity of design that
makes possible economles in manufacture, installation, and job
engineering. The components for the aystem are fabricated in the
ghop, and only a minimum of cabling is required to complete the
eysten on the job.

Compenents do not depend on the types or number of circults
requiring alarm, and the special engineering required for each
installation is reduced to a minimum. For any one bullding, the
gntire alarmm equipment consists of a small aisle pilot unit having
a red and a white lamp and two relays; a cluster of four lamps==
red, white, yvellow and green--for each main aisle; a vertical lamp
holder near the exit deoor having one lamp for sach of the other
floors in the building; a panel having & six-inch vibrating bell,
two telephone ringera with distinctive gongs, and & large tone bar
or chime signal; and relay control equipment consisting of one
two-inch mounting plate for sach floor of the building. Of the
group of four lamps in each main aisle, two--the red and white--
are the MATHN ATSLE PILOTS that indicate trouble in some tributary
aisle, The other two--green and yellow--are the OTHER FLOOR
lampa, which indicate the existence of trouble on one of the other
Ifloors in the building. .

& hypothetical central of fice lavout indicating the positions
of these lampa is showm in Figure -9, and an aisle pllot wnit in
J Figure 610, In addition to these lamps, there are individual
lamns mounted on varlous switching and equipment frames that in-
dicate the particular bay, panel, or circult in which the trouble
has arisen. Whenever a trouble arises that lights one of these
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individual lamps, an aisls pllot for that aisle, the main alsle
pilot on that floor, and the exit lamps on all the other floors
glso light, and an audible signal is sounded on the floor where
the trouble has ogcurred. Lighting of the OTHER FLOOR lamps, and
giving audible signals on other floors, is optional, and depends
on whether or not a grouping key on each floor is operated. When
these keys on all floors are operated, any trouble will also light
the OTHER FLIOOR lamps on all flcors except that on which the
trouble has ocowrred, and will sound the auwdible alarm on these
floors. With the grouping keys all operated, a maintenance man
on any floor will hear the alarm when trouble arises anywhere in
the btullding.

By looking at the OTHER FLOOR lamps, he can tell whether the
trouble is on the floor he is on or on some other floor, since an
OTHER FIOOR lamp will be lighted only when the trouble is on
ancther floor. If one of the latter lamps is lighted, he will go
to the exit, and the particular exit lamp lighted will indicate
the floor on which the trouble has arisen, Thesa exit lampa are
arranged in a vertical row with one socket for each floor, the top
repregsenting the top floor and so on down. On each floor no lamp
is in the socket for that floor, and thus the floor on which the
trouble exists may be detarmined from the position of the lighted
lasp relative to the socket that has no lamp. After he reachea
the floor where the trouble has occurred, the main aisle and aisle
pilots will guide him to the proper aisle, and the lighted indl-
vidual lamp on the frame will indicate the equipment causing the
alarm,

The ciroult by which the proper lampa are lighted when
trouble occurs is indicated in Figure 5-11. When trouble arises,
the local lamp will be lighted and battery through a resistance
will be connected to lead A at the left of Figure &-11. A con-
nection to this same lead will be made for all troubles of same
grade, major or minor, arising in that aisle. Battery on this
lead operates the AP relay, thus lighting both the aisle pllot
lamp for that aisle and the main aisle pilot lamp and operating
the FL relay. The operation of this latter relay connects ground
to the exit lamp multiple and thus lights all the exit lamps for
that floor, sounds the audible signal on that floor and also con-
nects ground to the grouping key. If the grouping key on any
floor is operated, the audible signal will sound and the OTHER
FLOOR lamp will light on the floor above. Conversely, an alarm
on the floor above will sound the audible signal and light the
OTHER FLOR lamp on this floor, If all the grouping keys are
operated, audible signals will sound and OTHER FLOOR lamps will
light on all floors except the floor on which the trouble
ocourred,

Switching-trouble alarms are arbitrarily divided into two
categories called major and minor alarms, and there is a circuit
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like Fipure 6-11 for both types. Fach clrcuit has lamps of a
particular color associated with it. For major alarms, the
individual cirecuit or fuse nanel lamp, the aisle pilot, and the
main aisle pilots are red, while for minor alarms, the correspond-
ing lamms are all white. The OTHER FLOOR lamps are yellow for
major alarms and green for minor alarms.

A distinction is slso made in the audible signals; for major
zlarms the audible signal iz a tone bar operated by s relay inter-
rupter, while for minor alarms it is a telephone ringer. The exit
lamps , which are all amber, serve for both types of alarms, and
are lighted by the FL relay of both the major and minor alarm
cireudts.

The main power supply equipment is usually all located in the
bagement , and since it does not require a series of locating lamps,
provided by the circuit in Figure &-11, it has its own alarm circuit
providing both major and miner alarms., It is tied in with the
Figure 6-11 circuit, however, to the extent that for major alarms
it lights the yellow OTHER FLOOR lamp and rings a six-inch gong
on 811 floors whether or not the grouping keys are operated. For
mincr power alarms, it lights the green OTHER FLOOR lamp and rings
the regular minor alarm bell on one of the floors which was arbi-
trarily designated az the floor from which power alarms are super-
vised. Of course, the grouping keys will also transmit minor
power alarms to the othar floors. For either major or minow
alarms, it lights a separate amber exit lamp on each of the switeh-
ing floors.

Also not part of Figure 6-11 are the alarms from the fuses
that supply the alarm cireunits themselves, A failure of one of
these fuses rings a specially toned telephcne bell on each floor,
but no pilot lamps are lighted except in the alarm control equip-
ment unit, since the blown fuses might prevent the pilot lamp
from lighting and thus no dependence could be placed on them, The
location of the alarm control equipment is always known to the
maintenance man, and thus the sounding of the specially toned bell
is sufficient to indicate where the trouble has occcurred.

Since in a 10,000-1ine central office there are about 15,000
fuses that may give an alarm, they are potentially the source of
the greatest nurber of alarms, Experience has shown, however,
that fuse alarms are of comparatively rare occurrence.

Alarm type telephone fuses comnect the individual circuits
to a common power bus, and when they blow, they establish a con-
nection from the power bus to an alarm bar. This arrangement,
together with a commonly used type of circuit to connect the
alarm bar to the fuse panel lamp and the alarm system, is showm
in Figure 6-12. Iead A connects to lead A of Figure 6-=11, Such
an arrangement has been used for many years, btut it has been
necessary heretofore to limit the number of fuse panels that can
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be connected to the same aisle pllot relay-relsy AP of Figure 6-11.
This is because with a number of simultaneous alarms, the current
threugh the winding of the AP relay is the sem of all the indi-
vidual alarm eurrents, and as a result with many simultaneous
alarms, the relay not only overheats but may reduce the woltage
acrosg the lamps bealow the point for satlsfactory illumination,

By a careful selection of the type of lamp, the relay winding, and
the two resistors in the lamp cireuit, however, the permissible
mmber of simultaneous alarms has been 8o greatly increased that
all restrictions on the number of fuse panels have been removed.
The panel lamps, indicated in Figure 6-12, are always red since
blown fuses in this system are arbitrarily classed under major
alarmg.

Talephone offices require a number of power supplies other
than lif-volt battery, and heretofore a relay has been used for
each panel for each type of supply since the panel lamps had to
be lighted through relay contacts. For the No. 5 crossbar alarm
system, hovever, the arrangement indicated in Figure 6-13 is
employed, It is known as the "plilet fuse" method since it employs
a fuse in the regular Lf-volt section of the panel as both a relay
and indicator to give the alarm when a fuse in any other part of
the panel blows.

Five types of power supply besides lifl-volt battery are showm
in Figure £-13, and the alarm contact or stud for each of the
fuses in these five sections of the panel 1s connected to a sepa-
rate pilot fuse in the Lf-volt section of the panel. When a fuse
blows and connects its particular power supply to its alarm stud,
the pilot fuse is placed directly in series between the LB-volt
battery and the other power supply. As a result, the pllot fuse
blows and glves an alarm in the regular manner.

Some circuits, such as the marker or transverter, have a
large number of fuses since it is not desirable to design them
with a single fuse large enough to carry the entire load. However,
should even one fuse blow, the effectiveness of the circuit ias
impaired and since the clrecult ls involwed in a large percentage
of the calls handled by the office, it is of the utmost importance
not only to indicate an alarm if a fuse blows, but also to
the circuit from being selected for further use until the defective
fuse is replaced. For such circuits, therefore, the arrangement

shown in Figure &-1l is employed.

A relay is connected in shunt with the panel lamp, and if any
fuse blows, not only will the regmlar alarm be actuated, but, in
addition, the relay will operate and make this circult busy. The
relay has practically no effect on the fuse alarm, and thus does
not affect the high reliability of the original arrangement. If
& fallure should ocewr in the wiring to the relay or in the relay
winding, or if the adjustment of the relay is faulty, the regular
fuse alarm in the system is stil]l operated.
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In addition to fuse alarms, many circults are arranged to
indicate cther types of trouble, particularly an lnablility teo
complete functions within a reasonable time. To measure such
time intervals, a capacitor-timed cold-cathode-tube circuit is
usually empleyed. One type of circuit is shown in Figure 5-15.
When the circuit is selected, relay ON operates and remains
oparated during the entire in-use time., This removes the ground
connection from capacitor C and allows it to charge from the 130-
volt battery through the P resistance, the winding of relay TA,
and reslstance R. As the capacitor charges, the voltage between
the control anode and the cathede increases. When this woltage
is high encugh to cause ionlzatlon, current will [low between the
main anode and the cathode, thus operating relay TA. The oper-
ation of TA in turn operates relay AL, which lights a local alarm
lamp and connects battery to lead A, which in turn connects to
lead A of Figure 6-11. Through circuit components not shown in
Fipure 6-15, relay (N is then released, thus releasing TA, stop-
ping the flow of current through the tube, and restoring the
circuit to its original condition. Relay AL has locked itself im,
however, and will remain cperated to remember the trouble until
it is manually released.

Ancther common source of alarms is the trouble recorder,
since sach time a trouble record is made, an alarm is given.
These also are classified as major and minor, and light indicating
lamps leading to the mastar test framae,

Since the No. 5 system was deslgned to serve small as well as
large areas, it was planned to extend the alarms a large portiom
of the time to off-premises personnel. It has been necessary,
therefore, to provide for transferring the alarms to a distant
office where a maintenance force will always be available, All
the alarms, therefore, are connected to an alarm sending cireudt,
which i& indicated in both Figuwres 6-11 and 6-15., The alarm send-
ing and receiving circuits, which are capable of identifying as
many as seventy distinet types of trouble, will be described in
a succeeding chaptar,

Alarm Equipment

The alarm equipment for a Ho, 5 crossbar office ccmprises main
aisle, frame aisle, and exit pilot units; alarm grouping key and
lamp unita; audible alarm panels; and mounted on an alarm frame,
several relay control unita, In addition, and susmenting the stan-
dard alarms, the following may be provided as required: asmciliary
alarm, amargency alarm, alarm sending, alarm receiving, extemsion
alarm, and distinctive tome units,

The alarm frame is a standard single-bay frame with common
equipment consisting of a frame jack panel, a miscellaneous termi-
nal strip, and one fuse panel with TO-type ABS fuses for one floor
and cne power room. There are two different equipment arrangements
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for this frame; one (Figure &156) covers alarm equipment for a
tuilding with a maximum of six floors, end one (Figure 6-17)
covers alerm equipment for buildings of ten floors. The units
equipped on these frames are provided in accerdance with job
Tequirements,

Detalls of nita

{a) The Main Aisle and *"Other Floor" Pilot Unit
consIsts ol a lamp mounting with four lamps: GwWo
lamp (red and white) for indicating major and minor
alarms on the floor on which the unit is mounted,
and two lamps (yellow and green) for indicating that
a major or minor alarm exists on some other floor.
This unit alse includes mounting devices lor fasten-
ing to a superstructure bar or to a stringer of a
cable rack. This unit requires wiring, which is not
ineluded, to connect it to the unit terminal strip of
the nearest frame alsle pilot unit,

(b} The Frame Alsle Pilot Unit is a metal box-type assembly
arranged lor mounting on an end guard. It contains two
lamp sockets, two control relays, and a unit terminal
strip, all surfaced wired, and two lamps which protrude
from the front face to indicate major and minor alarms.

It 1s necessary to mount theses units on the snd gouards
before the end guard is fastened to the frames at the
end of the aisle,

For any office, the total number of aisle pilot unita
required is always equal to the mmber of frame alsles.

(e) mmummx_aguuitun lamp mounting with a
capaclty our S-type lamps, This uvnit will provids
for threes switching floors and one power room, or for
four switching floors. One lamp represents a power
room and the other lamps represent each of the other
floors. For multifloor btudldings, it may be necessary
to provide additional units. A lighted lamp indicates
that a trouble exists at the location represented by
the lamp, The unit includes lamp mounting, sockets,
lamps (amber colored), and devices for mounting unit
on wall or column, Floor designations are stamped on
the unit,

{d) The Alarm Orouping Key and Lamp Unit consists of a key
and assoclated Eg_p, closed in a metal box, which is
arranged for fastening to a wall or column. It is
intended to be mounted by the installer according to
instructions from the Telaphones Company.
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This key and lamp circuit iz assoclated with an alarm
grouping relay (SW) which provides for grouping the
alarms of unattended floors with those of an attended
floeor, Only one lamp per unit is required, and it is
equipped to the position corresponding to the succeed-
ing floor mummber., The lamp is lighted when the key is
operated and indicates that the alarms for that floor
have beesn grouped. One unit per floor, except last and
nower room, is required when facilities for alarm
grouping are provided,

(e) The Audible Alarm Panel consists of an alarm bell panel
equipped with fone bar sipnal, subsets, and signal bell,
The panel is also arranged to accommodate a subset (SA)
to provide for toll service alarms, and a signal bell
{B) to provide code signaling on major alarms when alarm
grouping is provided. The apparatus on the panel shall
be inter-connected and wired into the alarm system by
the installer.

A maximum of five of these panels may be provided for
each floor,

(£) The Power, ABS Fuse and Floor Alarm Control Unit is a
hires mtiie Shte It T sl aohre e e
alarm frame and includes the equipment for:

1} Controlling the power fuse alarms for one or
two power rooms,

2) Controlling the ABES fuse alarm and alarm lamp
which is located on the unit,

) Controlling the alarm equipment located in a
ewitchroom when required.

) The interrupter for the tone bars of the office.

) Coentrolling the main aisle pilots, "other floor®
pilots, exit pllots and audible floor alarms for
the first floor,

(g) The Floer Alarm Control Unit is a single mounting plate
unit, mounting on the alarm frame. This unit contains
equipment for controlling the main aisle pllots, "other
floor" pilots, exit pilots, and audible floor alarms,
for one floor other than the first, requiring these
alarms,

{(h) The Alarm Grouping Unit is a one-mounting plate unit
mounting on the alarm Irame. It provides means for code
signaling on major alarms when the alarms of warious
offices in the same btuilding are arranged to be prouped,
One unit is arranged for equipment for two floors,
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(L) The Alam And Transfer Unit For N1 Carrler Equipment
is a one mounting plate unit, mounting on the alarm
frame, and arranged for equipment for two alsles and
two floors, It is provided for connection of N1
carrlier cireuit alarms to the No, 5 crossbar alarm
system and arranged for transfer of these carrier
alarms to the alarm sending circuit on a distinctive
tone basis,

(§) The Exit Pilot lLamp Control Unit is a one mounting plate
unit mounting on the alarm Irame and arranged for eight
sats of eguipment., One set of equipment is required for
ona floor or one power room.

Application of Alarme to No. 5 Equipment on Floors With Other
Systems

When No. S crossbar equipment is located on the same floor
with equipment of other systems, the No. 5 equipment shall always
be alarmed in accordance with its own alarm specifications. From
an alarm standpoint the area assigned to the lo. 5 equipment shall
be treated as a separate floor.

If any cross aisle within this area containa frame alsle
pilots for both the No. 5 and some other alarm system, separate
main aisle pilots shall be provided for each system. These plilots
shall be mounted in differenmt locatliens in the main aisle so that
thelr locaticns can be used to indicate the alarm system with
which they are asscciated,

Where Ho, § and common systems equipments requiring alarms
are located in the same frame aisle, frame aisle pllots for only
one of these systems shall be provided. Auxiliary aisle pilot
relay units shall be furnished as required to tie together the
alarm leads of both systems.

Interoffice Tranafer of Alarms

At least part of the time, such as nights and week-ends,
many No. 5 crossbar offices are maintained by of f-premises
personnel. An alarm transfer circewit is available for transfer-
ring the alarms in unattended offices to a center where a mainte-
nance forece is available, This circuit consists of en alarm
sending unit in the unattended office connected via only two
inter-office conductors to an alarm receiving unit in the attended
office.

A congiderable amount of information mast be transferred via
this alarm transfer circuit. The design of the circult provides
seventy different types of alarm conditions. In addition, it is

possible to enable the transfer cireuit from the recelving end
whenever transfer has been neglected at the sending end.
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Tt is also posaible to determine whether the tranafer has bean
enabled even if no alarm condition existed, and to release locked
in temporary alarma so as to determine whether or not the trouble
condition is of a continuing nature,

Anctiner feature of the alarm transfer cireult is that any
failure in the transfer eircuit will not result in a no-slarm
aignal, or will not signal an alarm of less importance than that
existing at the time. If the cable conductors are ocpened or
grounded, for example, if a fuse blows, if a contact falls due
to dirt, or if a wire is broken off, an alarm will be sounded,
while if an alarm is being transmitted it will be changed to a
more important class if possible bub never to a less important
Ol

At the sending end of the system, positive or negative 130
volt battery or cpen circult may be applied to each of the two
transfer leads under contrel of relays. At the recelving end of
the system, each transfer lead connects to one side of the winding
of a threse-position polarlzed relay; the other side of each wind-
ing is grounded. Since each relay has three positions, there are
nine combinations of positions for the relays taken together.

These relays control a circuit which causes a specific lamp
to light and an awdible signal to sound for each of eight of the
combinationss The ninth combination with ne lamp or aadible
eipnal i= used to indicate that the circuit is in gpood working
order, One of the eight lawps and audible combinatlons is used
to indicate a fallure in the alarm circuit itself. This leaves
seven indicationz to be associated with various types of trouble
conditions that may arise in the particular office that is being
supervised,

Besides these two relays, & telephone recelver is bridged
acrosa the elrcuit through a repeating coll, and at the sending
end provisions are made for applying any of ten possible tone or
click combinations, which may be superimposed on the D=C current
through the transfer leads, These combinations are showm in
Figure 6-18, For each of the seven alarm positions of the releys,
therefore, there are ten posgible tones., There are thus seventy
poasible trouble conditions that may be given in addition to the
signals for transfer-circuit failure and for the all-clear
condition.

A gimplified schematic of this tranafer arrangement is shown

in Figure 6-19, where the relgys are in the positions they assume
when no alarms are being transferred. Relays FA, L, L1, and A

l are operated at the sending end, while at the recelving end polar-
ized relay T 1s cperated to its positive position and relay R to
its negative position. Under these conditions, the D-C signal
relaye and the tone and c¢lick circuit are disabled, and thus
alarme arising in the office are not transferred.
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When the alarms are to be transferred to the distant point,
the transfer key TR 1s operated, thus releasing the A relay. This
supplies enabling battery to both the tone and D-C relay circuits
and disables all awdible alarms in the local office, but makes no
other changes so long as there are ne alarms to be transferred.
Should a maintenance man now listen at the receiver at the main-
tenance center, he would hear a low tone, which in conjunction
with the no-lamp condition would indicate that a transfer had been
made, that the circult was in good working cendition, and that
there weare no alarms, WVWhen alarms occur, they operate relays in
the D-C and tone signal circuits to send the proper signals te
indicate the type of trouble existing.

When the maintenance man returns to the unattended office, he
releases key TR, This causes lamp TR to light. Then he momentarily
operates the reset key BS. This operates relay A which locks itself
in through the transfer key, extinguishes lamp TR, removes battery
supply from the tone and D-C relay circults, and enables the local
audible alarms, The extingulshing of TR lamp is a check that relay
A operated and remained locked after RS was released.

It is not sufficlent, however, to provide only for sending
the required alarms. Every possible contingency must be foreseen
and provided for. One obvicus one is that the maintenance man
might neglect to operate the transfer key when he left the Ho. §
office. Under such conditions, the transfer may be accomplished
from the receiving circuit by operating the AR key at the extreme
right of Figure 6~19. A maintenance man at this point would kmow
that the transfer had not been made by absence of tone when he
listened on the telephone receiver, and knowing from the schedule
of non-attendance at the distant Neo. 5 office that transfer should
have been accomplished, he would at once operate key AR. This
opens the transfer circuit and thus releases relay L which in tumn
releases relay Il. The release of L1 in turn releases relay A
and thus effects the transfer.

¥When transfer has been accomplished in this manner from the
receiving end, the TR lamp at the sending end will be lighted
through a beck contact of relay A and the TR key. When a main-
tenance man returns to the No. 5§ office, therefore, this lighted
TR lamp will show that transfer was made from the receiving end,
and he will momentarily operate the RS key to reoperate relay A
and thus enable the loccal alarms. When relay A operates, the TR
lamp will be extinguished,

Key AR need be cperated only momentarily since once relay A
has released, it will not be recperated by closure of L1 because
normal connection to the winding of A is made through one of its
front contacts. Once released, relay A can be reoperated only by
operation of the reset key RS,
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The primary function of key AR; however, is to open momen-
tarily the locking paths for all memory relays--in this way
determining whether some alarm received is of a temporary nature
or whether it continues or recurs. Examples of the former are a
trouble recorder seizure, momentary failure of the regular power
service to the building, or an overload of the switching equipment
such as may result from a flurry of calls in case of a fire in the
neighborhood. The slow-release relays L1 and AR in Figure 6-19
insure that the locking leads LK are not opened if relay L releases
momentarily when the alarm signals change, and that thess leads do
not remain open contimuiously in case of a cable faillure,

Since there is always the possibility of two or more alarms
occurring simultanecusly, and since only one alarm can be trans-
farred at a time, it has been necessary to assoclate preference
e¢ircuits in the tone and D-C signal circuits to select only one
of possibly several alarms for transfer. Under such conditions,
it is desirable to select the most important alarm, that 1s, one
requirdng the most prompt attention. The nine possible combi-
nations of conditions that can occour on the transfer leads to the
maintenance center are thus arranged in a ovreference sequence as
shown in Figure &-20, where the importance decreases from left to
right. At the extreme right is the normal condition, indicating
that the transfer circult is normal and that ne alarms are belng
transferred. At the extreme laft, on the other hand, are the
conditions that would exist if the power fuses on the alarm
elrcuit had blown, or if the tranafer leads were cpen. Since,
under this condition, no alarms at all would be transferred, this
is the worst condition possible. Eetween these two extremes are
the seven conditions used for various classes of alarms.

These seven alarm conditions have been so selected that
should an open oceur in either of the tranafer leads, the result-
ing alarm indicated at the recelving office would be of a more
serious nature than the alarm existing when the trouble ccourred.
This is shown in Table I.

TABLE I---CHANGE IN ALARM GIVEN IF ETTHER TRANSMITTING LEAD IS

OFEN .

T R

0 6 3

S T

3 i .

A £ f

) g 6 7
6 u 8

7 g :

8 - -
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At the left are listed the varicus classes from zero to
eight, corresponding to Figure 6-20. The next column to the right
indicates the alarm class that would result were the tip lead
opened, while the third column indicates the alarm that would
result wgre the ring lead open. A dash indicates that no chanpe
oecurs , since the battery signal has already been removed from
that lead. It will be noticed that in all cases the importance
of the alarm is either unchanged or increased, but is never de-
creased by the opening of the circuit.

The absence of tone would glve a clue if this trouble is
caused by severance of a conductor. However, the trouble may be
due to dirty contact or a broken wire, in which case the tone
may still be audible. A factor of safety resides in the fact that
any alarm which is transmissible over one lead is severe enough,
unless of short duration, to warrant dispatching a maintenance man
to investigate its cause,

If while relay A is operated, a momentary break should ocecur
that would release it, the transfer of alarms becomes enabled and
the audible-alarm devices in the building are disabled, This
feature does not appear desirable at first glance but the alter-
native--to disable the transfer under a similar failure condition--
would be dangerous, since the alarm signals would then not reach
any maintenance pecple. The present arrangement insures that in
case of such trouble, the alarms are transmitted to the distant
point where maintenance personnel are always in attendance. In
addition, the pllot larmps at the originating point will light,
which, without the audibles, will be indication of an alarm send-
ing cireuit failure.

At the receiving end of the transfer arrangement, the lamp
and audible signals remain locked-in, even if the received signal
has bean retired. If the signal should be changed before attention
can be given, all lamps and audibles remain locked-in. In addition
to the alarm release key already referred to, there is an audible
cutoff key which, when operated, will silence the audible and ex-
tinguish the lamps unless an alarm signal is still in effect, in
which case the corresponding lasp remains lighted. If the alarm
signal is subsequently replaced by the normal signal, the lamp is
extinguished and the circuit is again normal. If, however, the
lamp signal is changed, the original lamp is extinguished, a new
lamp lights; and the audible is sounded,
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