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SECTION 1, INTRODUCTION

An order for telephone central office equipment arriving at Haw-
thorne or Kearny 1s the result of very exhaustive studles extending usually
overn a perilod ofi several years,' The Telephone Company, In carrying’ ouls-Es
purpose of provlding satisfactory telephone service economically in all
areas under 1ts control, must by necessity be entirely familiar with all of
the conditions that may affect this service. Such familiarity can be ob-
talned only by careful Investigation and analysls of these conditions. By
means of a proper summary of the results of such studies, a clear and con-
clse plcture of not only the present status but also of the expected future
status of each exchange area is continuously maintained. As time passes and
the periods for action as noted on the summaries for each area -are arrived
Al ordensior: additliens: teo exlsting cenbrail ‘ofifleces! Or: fior new' cenvralieHs
fices, as the case may demand, are orliginated and sent to Hawthorne, or
Kearny for fulfilment.

The Telephone Company's studlies are carried on by highly speclal-
1zed groups as follows:

1. The Commerclial Engineer forecasts the prospective demand for tele-
phone service In each area and also the revenues which may be ex-
pected 1f this demand 1s met.

2. The Plant Extension or Fundamental Plans Englneer, using the Com-
merclal Engineer's forecasts, prepares construction programs for
considerable perlods in advance so that the telephone plant will
meet the Increasing demands for service In the most economical way.

3. The Trafflc Engineer, using the forecast of stations and lines made
by the Commercial Englneer together with the program set forth by
the Plant Extension Engineer and the Traffic Department's data on
usage bothtas, to" number. and. distrlibutlon of subseribers! eallss,
develops the specific recommendations for units of central office
equipment, inter-office trunking and toll circult requirements.

4. The Equipment Engineer, using the Trafflc Department's recommenda-
tions, plans the detailed layout of the offlice, 1ssues specifica-
tions and drawings for the purchase of the equipment and prepares
an estimate of equipment costs for the management's approval.

5. The Bulldlng Engineer, working 1in cooperation with the Equipment
Enstneger iiisiresponsiible for: thewproper deslgn of Ghe il dimess
PR cliaserofitilgnds contracting and inspeectlon /et consitruetions

6. The Outside Plant Englneer, using the Commerclal and Plant Exten-
sion Englineers' data, 1s responsible for the subscribers' distri-
PG RonNSys temEconsiustiling ot iconduitt,; peillefiliine s Sfcedenr cabiies
distributing cable, house cable, etc., and the trunk cable system
together with any loading 1f required.

The functions of each of the above englneering groups are dis-
cussed in detall In the following sectlons.



SECTION 2. COMMERCIAL ENGINEERING

A business forecast may be deflined as an estimation of reasonable
future possibilities based upon the facts that are knowable today, upon the
principles evolved from yesterday's experliences and upon the assumption that
in a varying degree these principles will be valid in. the future as. they
have been In the past. Accordingly, the Commerclal Engineer's Jjob 1s to as-
certain the present status and distribution of the telephone business 1In the
particular exchange area and then to estimate 1ts probable growth up to
eertaln future periodsi.

A prime factor affecting the telephone business 1s the change 1n
population.: Some 1dea of the future trend may be Indicated by plotting a
curve of the . census figures of the area for the last several decades. and
extending the curve 1Into the future up to the perliod for which the study 1s
made. This perlod i1s taken as 15, 18 or 20 years hence and 1s known as the
ultimate period. The average 1life of a telephone office bullding and 1ts
assocliated equlpment is from 25 to 35 years. However, 1t has been found
that a reasonably accurate commercial forecast can be made for a perlod of
only 15 to 20 years hence, and therefore studies of this nature are limited
to that perlod. The populatlon ecurve, as a basls for making foreecasts, 1s
too general. It 1s therefore necessary to make a more detalled study which
i1s known as the Commercial Survey.

The Commerclal Survey conslists of a detalled canvas of the bulld-
ings in a telephone area taken block by block to determine the amount and
difSicislbutiion: o%: Cher population.,  Che ‘character of the presenit: PDoplEssion,: Te
trend of the future population, the amount, distribution, character. and
trend of business, and the resultant amount of present and future telephone
busliness in terms of the number of telephones and the type of service such
as single party, 2 or 4 party, flat rate, message rate or coin box. The
first step 1In the survey conslists of dividing the city Into market areas,
that 1s 1nto areas 1n which there is a good market for telephones, those in
which there 1s a. poor market, etc. These areas usually take the form of
downtown business areas, Industrial and warehouse areas, combined residen-
tial and nelghborheod buslness areas, restricted residential -areas and out-
lylng areas. The next step 1s to divide each area into house count sectlons.
Each house count section or working section, as it 1s sometimes called, is
selected as that area in which theoretically the ultimate telephones will be
conhected to a single distributing cable In the outside plant equipRETKGENEA
sectlon may consist of one city block, several blocks, a partial block or
more extenslive areas In the outlylng regions.

Card Records of exlisting subscriber showlng the name, address,
telephone number and type of service are posted on Fleld Survey Sheets ar-
ranged according to house count sectlions. Field men then canvas each sec-
tion noting the class and amount of business, the type of residences, that
1s whether apartments, flats or houses and the estimated rental paild ‘en
each. The rental value 1s Ilmportant because 1t 1s found that there 1s a
direct wratlo between the rental and.the percentamesof telephones Insmse
and also 1n the class of service. For Instance a high rental area will have
a very high percentage of telephones and of the more desired single party
service, whereas a moderate rental area wlll have a lower percentage of
telephones with service of the 2 party and 4 party llnes predominating.
Data collected is summarized to show the present telephone market condi-
tlons.

As the survey progresses, an Ilmportant feature includes the pros-
pects for future development of the busliness. As noted above, expected
changes 1n the populatlon of the area for the next 15 to 20 years must be
carefully determined. Busliness men are Interviewed to determine what the
general business conditions are expected to be. Oplinions of the owners of
undeveloped property are obtained 1In regard to the proposed erection of new




homes and industrial buildings.  Clty government offtclals, real estate and
development company officlals and members of the board of trade, chamber of
commerce and other clivic organizations often have 1mportant data concerning
the expected growth of the. area. Posslble expansion of existing Industries
or the establishment of new Industries must be considered.

Summarlzing the above Information, the Commercial Englneer 1s re-
quired to determine the density of population and its geographical distribu-
tllew ‘In The exchange .area. The topography of the land suech as nrlvers,
NS Sradilveadsilines " transpertation stacllities, rete .5 ihave Yan SlmpoRtatits
bearing on the distributlion. Finally after a consideration of the present
average slze of famllies and the future trend in size, the population
figures are broken down Into the anticipated number of families in each
house count section. A ratio between the number of telephones and the
number of familles In each section 1s set up depending upon the classes of
people expected to locate 1n each. The application of thils ratio together
with an estimate of the nelghborhood and downtown business then results in
the ultimate telephone requirements for each block or house count section.
The flgures thus obtalned are posted on large maps accordling to house count
sectlons and market areas. The waps are made avallable to other organlza-
tions In the Telephone Company for further analysis.

SECTION 3. PLANT EXTENSION OR FUNDAMENTAL PLANS ENGINEERING

The effect of adding one iIndividual subscriber's line within a
given exchange area 1s to use up one unit of statlion apparatus, one cable
palr within the subscribers' outside plant, one set of frame terminals, an
answering jack and a multiple jack 1f in a manual office or a line terminal
ime e T ineieiinder and termingil - in ‘the conneetor ‘ori fimal inmalbas I maarsdeasl:
eisfslic e L vdndMsSiichiNeither ieillementis: within “the wf filce for Thtercotlingcitline aslise
power plant and trunk plant as are required. As new telephone subscribers
are obtained and the amount of avallable plant with which to glive service 1s
decreased, 1t becomes necessary to add new units of plant in order to insure
that telephone service will be avallable for any additlional subscriber.
Eventually, the capaclty of the existing central office 1s reached and there
is Involved the problem elther of 1lncreasing the capacity by erecting an
addition to the present bullding and extending the assoclated present plant
or of establishing a new central office area and erecting an entire new
plant to serve this new area. If a new central office area 1s to be estab-
lished the question then arlses as to whether 1t shall be treated as a
single area to be served by one central office bullding or shall be further
divided Into several areas each of which will have 1ts own buildling. Addi-
Fllons: are: aliso requiiediin erder o replage worn out plant, obsolele pilants;
inadequate plant and plant which has been damaged by flire, flood, etc., so
that 1t cannot be reused.

From the above 1t may be seen that major additions to an exchange
area may usually be handled in a. number of different ways. In planning for
future construction 1t becomes the job of the Plant Extension or Fundamental
Plans Engineer to determine what plan shall be followed In order to obtain
the greatest overall economy so that the business may be conducted with a
reasonabile proflt on the Investment. Thils analysls results in what 1s Khowh
as the Exchange Fundamental Plan and 1s based upon the map of the exchange
area resulting from the Commercial Survey as made by the Commercial Engilneer.

The Exchange Fundamental ‘Plan .1s a broad plcture of an exchange
area as 1t will probably appear 15 to 20 years hence. The plan shows the
number of central office districts 1In the exchange area, thelr ultimate of-
fice locations.and boundarles, and 1f any change from the present arrange-
ment 1s to take place, the plan wlll 1llustrate the steps necessary to ar-
rive at thils proposed arrangement. The Exchange Fundamental Plan for any
area 1s made up of the following steps or divisions:




Fundamental Districting Comparison
Program Study

Loop and Trunk Study

General Conduilt Plan

N RACN ]

The Fundamental District Comparison consists of setting up a
number of tentatlve theoretical central offlice arrangements for the ultimate
date and then comparing the annual cost of each with the cost of the plan
most nearly approximating the present arrangement. These trial arrangements
vary in number from two or three for smaller citles to as many as 15 or 20
for a subdlvision of a large city. They usually include: A plan with ohe
office for the exchange area, located at 1ts ultlimate wire center; a two
g lice™ piliany athrec or four of filice” pillany and se. . onss:

It can be seen that 1n a large clty the single:-office plan would
require an enormous bullding located at its operating center. Cables would
clonnec k. alNliusupbseribers Tn* the ety tor the lonesbuiild inig iNreSsscHines ftn assvic T
high average length of subscribers' lines. In order to make 1t possible for
subscribers located farthest from the operating center to talk, 1t would be
necessary to provide wires of very large comparative dlameters or other ex-
pensive means to eliminate undue transmission losses. The opposite extreme
would be an arrangement consisting of 1little operating centers located in
each block or house count sectlon, resulting in very short subscriber's
lines. However, the Inter-connections between the many operating centers
would result In a very complex and expensive trunk plant. Also, the cost of
the many bulldings, equipment, power and operating and maintenance labor
would be excesslive. Somewhere between the two extremes 1s a plan in which
the subscribers' loops would balance with the amount of Inter-office trunk-
ing to bring about the most economical arrangement. This analysis 1s known
as the Loop and Trunk Study.

The procedure starts with locating a wire center 1In each district
of -each plan to be compared. The wire center for a gliven district may be
defined .-as that polnt at which it 1s most economical to locate a central
office from a subscribers' and trunk plant standpoint. For comparative
cost studles it 1s necessary to place all factors on a common basis. There-
fore, lnasmuch as the subscribers close to the wire center wlill be served by
26 gauge wire and those at greater distances will be served by 24, 22, and
19 gauges respectlively as the distances increase, 1t 1s necessary to equate
the number of subscriber lines in each house count sectlon 1nto larger num-=
bers of ‘equivalent 26 gauge lInes. Infter-office trunks and toll I1lnesyare
also equated to 26 gauge llnes and considered as subseribers' lines. These
equated lines are used to determine the wlre center.

It 1s logical to assume that the wire center wlill be located at a
point close to the center of telephone development, and it usually will be
found 1n or near a business district. A tentative location 1s chosen and
two base lines are drawn at right angles to each other through the polnt iIn
questlion. The equated number of subscribers' lines to the right and left of
one base llne are totaled, and, if approximately equal, the wire center will
fall on this base line. If, however, there are more lines on one side of
Gl ihaigier Iinler Thian on the' other,  the baise Hne Sistapiovied o ther riialiRsmem ekl
as required until a balance 1s obtained. Simlilarly, the polnt on this base
line, above and below which the 1line totals are substantially equal, 1s the
wire center.

After the wire centers for all of the districts In each proposed
arrangement have been located, the annual costs of subscriber mileage are
_calculated for each plan. At this point In the comparison 1t 1s frequently
posslible to eliminate some of the plans because they would be obviously un-
economical. The surviving arrangements are. then studied In more detall by
comparlng the annual costs of the varlable 1tems 1n each plan, which include;
land, building, central office equipment and labor, Inter-office trunk plant,
eten



A summary of the annual costs willl Indicate the comparatlve merits of each
plan, from which the most economical plan 1is selected.

As stated above, the varlious plans consldered under the Fundamental
District Comparison. are entirely theoretical without regard for the exlsting
plant, in the: exchange area.. . If.the final plan selected by thils Study Is
similar to the exlsting plant, then no further comparison 1s required. If,
however, some different plan appears to be most economlcal, a practical and
more detalled analysis, known as the Program Study, 1s required.

The object of the Program Study 1s to determine whether or not the
arrangement appearing to be ultimately the most desirable would still be
economical when compared, on a practical basls, to an extenslon of the pres-
ent exlisting arrangement. This study starts with the existing plant and so
adjusts the practical program under each plan throughout a suitable period,
as to meet the expected service requirements and work toward the respective
ultimate arrangements under comparison. The mechanics of a study of this
nature become quite involved and include consideraticn of all variable an-
nual costs, losses on plant to be removed, salvages, rearrangement costs and
gthler Fexipensiesi. i + It ,saifiter aill, thesfacs:haves been compililed, e  resibiESicss
the study show that 1t would be economical to change the present arrangement,
a program setting forth the requirements of this proposed plan 1s prepared
and sent to the departments concerned.

A feature of the construction program for an exchange area Iin-
volves what 1s known as the General Condult Plan. This plan 1s made up 1n
order to show the extent and locatlon of all maln underground condult neces-
sary to accommodate the expected growth of cables by the ultimate date. The
ultimate condult routes are laid out to utilize the exlisting condult to the
best advantage and to lIndicate the most direct feed to the central offices
floms a1l subseribery ¢ables, as welil.as: to, route.the Anter—offilce trunks ores
thelr most economical paths.

SECTION 4. TRAFFIC ENGINEERING

After the most economlcal Fundamental Plan from a theoretical and
practical standpoint 1s declided upon for the particular exchange area, the
Traffic Englneer proceeds to ascertain the specific amounts of Central Offlce
equipment that will be required not only for the ultimate period but also
for the immediate future or initial period and in some cases for an inter-
vening or Intermediate period. 1In fact, much of this work will have been
accomplished during the development of the Fundamental Plan studles, 1inas-
much as the functlions of the varlous Englneering Departments in the Tele-
phone Company are more or less inter-coordinated. For Instance, during the
final cost analyslis of the various proposed plans by the Plant Extension
Englneering Department, 1t was necessary to convert the results of the Com-
merclal Survey Into terms of Central Office equlipment, bulldings, main-
tenance and operating labor, outside plant, etc., so that these could be
individually priced and included in the estimates. However, for the sake
of clarity, the functlions of the various departments herein are belng con-
sldered 1n a progressive order rather than as normally performed.

In connectlon with making the traffilec estimates, the inltlal
period 1s the perlod for which the equipment 1s englineered and installed.
Al Tfowance 1s made for expected '‘growth from the date of the cutover to the
end of the 1nitial perliod. In manual Installatlions this 1s taken, under
normal conditions, as three years. With dial equipment, however, the annual
carrylng charge for 1dle equipment 1s somewhat larger than with manual
equipment due to the greater Investment cost per line. Generally, the dial
Installations are engineered on the basis of a two year Initlal period. The
ultimate period covers the period after cutover for which traffic estimates
should be furnished for estimating building requirements, such as floor plan




layouts, size and cabling arrangements of frames, racks and switchboards,
and size of power plant. As noted previously, the ultimate period 1is usual-
ly assumed to be 15 or 20 years after the cutover.

The Traffic Engineer's fundamental Iinformation consists of the
line and station estimates obtained from the Commercial Survey, the data on
usage composed of the subscribers' busy hour calling rate and holding time
estimates as prepared by the Traffic Department and finally the A. T. & T.
Company's standard tables of coefficients and loads.

The calling rate is an estimate of the number of originating calls
per station in the office busy hour. The rate 1s sometimes expressed 1in
calls per line and may be 1nterchanged by applying the ratio between sta-
tions and lines as determined by the Commercial Survey. The calling rate is
determined from routined peg count data for the various months of the pre-
ceding years. The average of the three highest months in each year 1s taken
as the representative rate for that year. Data for as many as ten years
past should be used if available so that both the high and the low years in
the business cycle may be detected and allowances made 1In selecting the
future rate. The aim in selecting this rate 1is to secure a figure which
will result in the provision of sufficient equipment to care for sustained
volumes of traffic in the busier seasons of the normal years. A rate too
high will result in additional investment for which there would be no appre-
clable Justification and a rate too low would result in frequently recurring
overloads causing unfavorable subscribers' reactions.

The holding time 1s the average length of time in seconds that any
particular trunk or equipment is held by the subscriber. This includes the
time to build up the call plus the conversation time plus the time to re-
store the equipment to normal. The holding time estimates are usually based
on observations made at the office to be replaced or relieved or at another
office of similar characteristics. The observations are made through ser-
vice observing equipment, holding time recorders, or peg counts.

The total number of stations of various classes shown in the com-
mercial estilmate when multiplied by the calling rate per station will give
the total originating busy hour traffic in terms of the actual number of
busy hour calls, irrespective of the average length or duration of each call.
Inasmuch as the duration of each call or holding time varies for different
classes of calls and districts in the exchange area, 1t is necessary to
equate all calls to a common basis with respect to holding time. This
common basis has been selected as 100 seconds. All standard traffic tables
of loads, coefficients, etc. have been made up on this basis. Therefore, 1n
making traffic studies, 1t 1s necessary to determine not the total number of
calls for any particular class but the equivalent total number of 100 second
calls. The actual number of calls multiplied by the holding time and
divided by 100 will give the total number of busy hour 100 second calls.
When using the number of stations as a basis, the number of busy hour 100
second calls is equal to the number of stations multiplied by the calling
rate multiplied by the holding time and divided by 100.

Formulae for the above calculations are:
Stations x C.R. = Number of Busy Hour Calls

No. of B.H. Calls x H.T. = Number of Busy Hour 100" Calls
100

Stations x C.R. x H.T. = Number of Busy Hour 100" Calls
100




The eriginating busy traffic 1s further subdlvided Inte group busy
hour traffic by classes of service. Thils 1s accomplished by applylng a
ratio between busy hour peg count calls for each class and for the office as
arwholliey SiosthicMoiEiliees sy hourniloosisecond callist s ihestma e daita resndit=
ing from this procedure will show the number of busy hour 100 second calls
for each of the Flat Rate, 1 Party Message Rate, 2 Party Message Rate, Coiln
Bexe,etel.elliasses af or Lginaitiling serviee.

Simlilarly, other trafflc estimates are set up which will result 1n
the number of busy hour 100 second calls for the following:

(a) Distribution of originating traffic 1lnto local calls, out-
golng calls, calls to manual supervised boards, etc.

(b) 1Incoming traffic from other local offices, tandem, toll, etc.
(¢c) Terminating traffic on subscribers' lines.
(id) D.s., "AY Board traffic in dial ‘systems:

)

Operating Room Desks such as Chlef Operator, Information,
Service Observing, etc.

Further steps in the traffic procedure are concerned in the con-
version of the data.iln terms of busy hour 100 second calls Into units of
central offlice equipment through the application of the standard tables of
loads and coefficients. This procedure can be shown more clearly by several
examples of the traffic study on a Step-by-Step Dial System office.

An explanation of the standard tables of loads and coefficlents at
this time wlll make thelr application more understandable. The table of
loads shows the number of trunks (or units of equipment) that are required
for various quantities of busy hour 100 second calls. The table was de-
veloped mathematically by the followlng formula:

Nei.rofiBoHE Caltl's x H.T. X Ekkiecliened Bachon = Nos of Erunks
3600

The number of actual busy hour calls multipli€&d by holding time per 'call
gikves, the | total time 1n seconds that central offilce equipment. 1si In:uses
dince there are 3600 seconds 4n the hour, the toftal time divided by 3600
will give the number of trunks or units required provided that they are
used without rest, that 1s provlided that as each call would end, a succeed-
ing call would lmmedlately selze the equlipment. Such a procedure would be
infinitely remote, and, accordingly, the results must be modified by the
efflclency factor, which allows for the periods of 1lnactivity between calls.
The efficlency factor was determined by probablility and experience studiles
and of course varles for the several types of equipment used. This varla-
tion 1s shown in the several examples below. The tables of coefficlents

are used 1In connection with manually operated equipment such as D.S. "A"
Board positions, Desk positions, etc., and represent the relative lmportance
of various kinds of calls in terms of the operators' attention required for
building up the calls, supervision and restoring to normal.

The followlng are casual examples from a Step-by-Step Dial System
QisEfee IR R NC S Glnaites :

(a) Line Finder Equilpment

Fundamental Data Initial
Flat rate lines working 4610.
Busy hour calls. per line 1.44
Holding time 1In seconds i@



Line Finder Groups

Common practice 1s to reserve 2% of the lines In a 200 point
line finder group for readjustment of the load after cutover.
This amounts to 4 lines per group, which, together with the 2
test lines always assigned, leaves a balance of 194 working line
per line group assigned Initlally.

Total Number of Line Groups = 4610 Lines = 23 Groups of 194 Lines
194 each and 1 Group of
148 Lines.

Line Finders per Group

This requires the use of the load tables which are In terms of
100" calls. Therefore, B.H. calls per line must be converted
into 100" calls as follows:

B.H. Calls x H.T. = 1.44 x 107. = 1.54 B.H. 100" Calls
100 — 100

The next step 1s:

194 lines per group X 1.54 B.H. 100" calls per line = 299 100"
caliSTper igsronps In thebusy - lionr,,

From the "Summary of Trunk Tables Recommended" and "Trunk
Capacity Tables" partilally shown below, the 299 100"
calls from Table "B" would require slightly over 16 trunks
(or line finders) per group. Thus the 23 flat rate groups
would require 16 line finders each. The remaining group of
148 lines x 1.54 B.H. 100" calls per line = 228 100" calls.

From Table "B" it 1s found that this group will require 14 line
felinaleris s :

Total flat rate 1line finders = (23 x 16) % (1 x T49"= 8824

(b) 1st Selector Equipment and Grouping

The number of flat rate 1lst selectors should equal the number of
flat rate 1line finders since these are directly connected. Therefore, there
should  be 382 flat wate Lst selectors” fnltilaillys For an exampiie ol " Selfelc o
grouplng development, the second level 1s taken. The fundamental data shows
1395 busy hour 100" calls from this level.

1395 = 3.65 100" calls per selector in the busy hour.
382 il

Assuming that trunks from this level will termlnate on local 2nd selectors,
Table "B" of the "Selector Multiple Arrangement" chart, partially shown
below, Indicates a graded multiple arrangement of 13 trunks on 60 selectors
as belng most efficlent.

382 = 6 groups of 60 and 1 group of 22.

0
For the remaining 22 selectors:
22 Selectors x 3.65 100" calls = 80 100" calls.

From Table "B" of the Trunk Capacity Tables, 80 calls will require 7 trunks.
A summary of Level 2 therefore 1s as follows:




First Selector Multiple Arrangement - Initial Perlod
Sel. Banks
Flat Rate (F) GBI 390
Sub. |Sels. Per Trunks
Lev. To 100" Calls|Grps.|Sub. Grp.|Per Sub. Grp. Total| Terminate
2 Chestnut F-1395 6 60 115 78
1l Zoh & 7 7
382 85 2nd Selector

From the above 1t 1s noted that the outgolng traffic from Level 2
of the Flat Rate 1lst Selectors requires a tctal of 85 Local 2nd Selectors.
Similarly, the requirements for all of the various types of equipment In the
Dial office are determined. A These quantitlies are summarized on standard
forms and are forwarded to the Telephone Company.'s Equipment Engineering
pepar tment s for further actlon.

# Summary of Trunk Tables Recommended

Items of Equipment Tables of Trunk Capacity
A B e

Line Finders - First Selectors
Qiheraters Jirst, Sclectors
Lecal 2nd Selsy;. -5 digit
Local 2nd Sels. - 4 digilt X
Out Trunk Switches s

X

% Trunk Capaelty: Tables

Eap. = BV 1Oe" S Cais
Trunks Table A Table B Table C

JE .036 .360 : Jrag- 17
2 162 5558 7Lz
3 6.88 1L 2103
4 1k5) L 29.6 SO T
5) 2656 2L lls FORE
6 A(Q):50) Oyl Al 7850
7 A 85 .0 Cleats)
8 HORS 2H0)l) 119

‘9 88.2 126 142
1110) JLEL 149 166

L 126 176 19T

12 WS 195 216

s 166 220 241

14 1817 244 267
15, 208 269 293

16 el - 294 320

a7/ 2B S0 Eyilvy

18 276 346 374

19 299 VS 401

20 B25 399 429

100 2589 2316 2900




¥ Equivalent 100" Calls per Selector
with Corresponding Muyltiple Arrangement
Equivalent 100" Calls per Selectpr Multiple Arrangement
Table A Table B Table C Selectors Trunks

455 375 .84 200 10

5 /5 i@l 112 150 10
I140) 150658 L 71 100 10
24 Lo %2 1.92 100 LI
1L, AL 1Ls 91 2 il 100 a2
1.39 1.92 2616 80 10
1.57 B L5 2.42 80 LI
1. o 7t8) 2.40 2600, 80 L3
1.88 2ol 2.89 80 1L
Ik o] 2.60 2.93 60 10
2 sl 2.93 3.28 60 ILL
2.84 3.23 3.60 60 12
2.64 3.59 4.00 60 113
2T 3.90 4,34 60 14
2 0)E 4,06 4,52 40 10
4,06 5516 85l 3 40 117
5ai9 Tiolts) 7.90 40 1L ()
6.90 9.02 9.889 40 19
607 9.08 10.02 20 10
10.54 1K) L 14908 20 13
14.94 1) 0F 20.60 20 115
20 0. 74 26.08 2 52k 20 19

Note # The above tables not complete.
For complete tables see A. T. & T. Company's Traffilc
CalipEulleye N g BEL

SECTION 5. EQUIPMENT ENGINEERING

An outstanding feature in connection with the planning of the
central office concerns the time intervals 1involved for the varlious steps
and the establishment of schedules so that the steps may be properly co-
ordinated. There are effectively two stages In the development of the plans
for central office equipment. The first stage might be termed advance
planning and includes the determination of the ultimate requirements based
on the results of the Commercilal Survey, Traffic and Plant Departments
estimates and the fundamental plan and cost comparison studies. The second
stage 1s concerned with the plan for the Initlal installation. It 1s this,
the second stage of central offlice planning, for which the Equipment
Engineering Divislon 1s largely responsilble.

The need for a specific project 1s first reflected in the Provi-
3lonal Estimate and Two-Year Forecast, which, as compared with the Commercial‘
Survey, 1s the short term view of equlpment requirements. The Provisional
Estimate and Two-Year Forecast is the presentation of the estimate of growth
in stations and plant and the expected financial results from thelr use. It
serves as the means of budgetary control of expenditures and gives the ap-
proximate date that equipment should be provided to meet service require-
ments. The "Provisional Estimate"™ is the prediction for the first year of
the three year period, and the "Forecast" 1s for the remaining two years.
The following major groups cover the information furnished in the estimate
and forecast.
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gtation and Line Growth, and Station Movements

calling Rates and Toll Usage

construction Program and Estimated Expenditure for
Additions to Plant

Revenues, Expenses and Earnings

Financial Requirements

O RN

k Due to changing conditlions, the budget 1s reviewed periodically,
1y twice a year. From these reviews, the Provislonal Estimate and Two
s fForecast 1s made up at the end of each year and Is forwarded to the
uag & T. Co. When the Provislonal Estimate 1s accepted, it becomes the

) ét for the year. Thus there 1s a sequence of forecasts. The current
Za next two years are twice reviewed between 1ssuance of the Provisional
ctimate. As the Provisional Estimate year goes into. Nactual resuitualsNal
:ar from the forecast becomes the Provisional Estimate, and the Two Year
srecast adds a new year from the future.

Mlo. insure an orderily procedure for the provision of new centrail
¢fices and addltions to exlsting offices, the Equlipment Engineering Divi-
qon maintalns a "Switchboard Schedule" which lists future jobs together
1th a brief description of each and the assocliated scheduled due dates for
the varlous steps as follows:-

Traffic Recommendations Due
Order due W. E. Co.

Shipping Date

Installation Completion Date
Desired. Service Date
Reguidired: Service Date

U N H

1 At the time a specific project 1s placed on the switchboard
schedule, advance notice 1s given to the Western Electric Company that plans
are under way which will netessitate the provision of equipment. This

notice 1s called the Prospective Questionnaire and i1s 1ssued approximately
fourteen months prior to the date on which shipment 1s required. The
questionnaire serves two purposes:

1. To glve the Western Electric Company sufficlent details regarding
the nature of the work to be done, so0 that the time required for
engineering, manufactuging and Installing may be determlined, from
which the Telephone Company 1s advised as to the required dates
for the 1ssuance of the conflirmation questionnaire and requisition.

2. To provide means for the Western Electric Company to adjust 1ts
englneering, manufacturing and installation man load.

! The Confirmation Questionnaire 1s similar in form to the Pros=
6ctive Questionnaire and 1s forwarded 9 weeks before the order 1s placed.
18 an assurance to the Western Electric Company that the Telephone Com-
fny will proceed with the project and gives somewhat more detall regarding
1€ equipment. The Requisition 1s the actual order and gives authority to
fleé Western Electric Company to proceed with the work.

Using the Traffic Department's recommendations as Indicated on the
raffic Order, the Equipment Engineer prepares the Telephone Company's Speci-
ications and Drawings for the manufacture and installation of the initial

f? Pment. The Specifications give the type and amount of equipment re-

red, its arrangement and data for calculating the size of power plant.
gn%raW1ngs cover floor study plans, traffic schematics, equipment of bays,
Tt €quipments of boards and racks, architect's bullding plans, etc.

iee§ the completion of the specifications and prior to the time that they
fec Orwarded to the Western Electric Company it 1s necessary to obtain
“€Cutive approval for the required expenditure of money for the project.
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In order to obtain this approval a Specific Estimate 1s prepared. This
consists of an Authorization Sheet wﬁich describes the project for which the

expenditure 1s to be made, the reasons for doing it, the reasons for doing
it at this time and in this way, and the estimated cost. It also includes
an estimate of the cost of any plant which may be removed. ,

After the project 1s approved by the management the Specifica-
tions and Drawings are forwarded to the Western Electric Company, together
with the Requisition which authorizes the Western Electric Company to
engineer, furnish and install the equipment. On some minor Jjobs the Tele-
phone Company will complete all of the detailed engineering, in which case
the requisition will authorize manufacture and installation only. Likewlise,
cases of install only orders, or engineer and furnish only orders occur.
These, of course, are treated accordingly upon receipt by the Western
Electric Company. '

The work of the Equipment Engineer 1s not finished, however, with
the 1ssuance of the specifications, for the engineer must be prepared to
answer any questions which may arise during the period from the issuance of
the specifications to the completion of the installation. Furthermore, the
Equipment Engineer 1s required to make a check of the Western Electric
Company's specifications covering the detaliled engineering of the Jjob. This
check 1s made immediately upon completion of the specifications to deter-
mine whether the equipment as proposed meets the requirements outlined in the
Telephone Company's specifications,

About the time that the manufacture of the equipment 1s completed
and prior to the installation of 1t, the Western Electric submits a contract
covering the cost of the work. The contract shows separately the cost of
the equipment, engineering and installing. The Equipment Engineering Divi-
sion analyzes the contract to compare the costs with the Telephone Company's
estimate and then accepts the contract 1f favorable.

During installation, the progress of the work is followed care-
fully by the Equipment Engineer 1in order to insure that the required stand-
ards as to installation and performance are complied with, After the
mechanical part of installing has been completed, the work of testing and
adjusting begins, at which time the Telephone Company places 1ts tester
with those of the Western Electric Company, so that the Telephone Company
will be assured of the satisfactory performance of the equipment.

After the proJjJects 1s completed and 18 accepted by the Telephone
Company, the Equipment Engineer prepares a Completion Report showing the
actual expenditures together with an explanation of any difference between
the actual and estimated costs.

SECTION 6. BUILDING ENGINEERING

Telephone bulldings provide space not only for central office
equipment but also for general offices, motor equipment and storage. The
course to be followed in establishing a central office depends on various
factors such as value of the telephone equipment, type of equipment, growth,
etc. G@Generally, the procedure for various cases 1s as follows:

1. Dial Equipment or #1 Manual Equipment, due to the large invest-
ment Involved, to 1ts capacity for future growth, to the extent
to which the public 1is served from these offices and to speclal
building requirements, are housed in company owned fire-proof
buildings in order to safeguard the investment and to insure
continuous service as much as possible.
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2. #9 or #11 Manual Equipments are provided in either company owned or
rented buildings, usually of common construction.

3. Magneto offices are usually provided 1In rented quarters as the
space requirement is small and In most cases It 1s more economical
to rent than to erect a bullding and malintain it for this type of
equipment. ¢ :

In the case of a new bullding project, the Bullding Engineer ob-
tains a copy of the Equipment Engineer's preliminary and theoretical floor
plan, which 1s used as a gulide for the purchase of land. A large enough
parcel of property 1s secured to care for the requirements of the new pro-
posed office for .an Indefinitely long perlod of time. The site should be
at or near the wire center, should have good transportation faclilities and
should have zoning conditions which would permit the erectlon of a satis-
factory bullding with respect to the helght, area over lot, etc. Corner
lots are more deslirable, 1f excesslve costs are not involved, 1n order that
better light and air conditlons will be obtainable and so that the bullding
may be displayed to better advantage. The policy of the System 1s to pro-
vide well designed and ornate bulldings that will reflect creditably to the
Telephone Company and to the neighborhood in which they are located.

Bulilidiingistrarespiliahned =50 provide' Space imitliail iy Tor an edght peamr
period, or longer, as there 1s an economy in providing for more than an Iim-
mediate requirement and carrying 1t partially vacant rather than 1lncreasing
the number of bulilding operations. Plans for future additions may 1nclude
vertlical growth through tue construction of additional fleoors or horizontail
growth over the lot area. Standard equipment layouts of the A. T. & T.
Company are followed 1f possible. However, Iin some cases, due to lot
dimensions, bulldlng restrictions, etc., the standard plan cannot be followed
In 1ts entlrety and necessary adjustments are made with the alid of the
Equipment Englneer to fit the individual case. After the preliminary plans
have been prepared, they are submitted to the various departments Involved
and to the A. T. & T. Ccmpany for approval, following which, authorization
1s secured from the management to proceed with the erection of the bullding.

After the proposed project i1s approved, an architectural firm 1is
employed to prepare architect's plans and specifications. The ultimate num-
ber of stories and the loads which the floors “Will be required to carry are
Important factors governing the design. Usually bulldings not to exceed
igllve T or wwix floors In the uwltimate  are of reinfiorced concrete construetliomns
Higher bulldings are of steel and concrete or steel and tile construction.

A foundation of spread footlngs 1s provided for buildings up to six or eight
stories where soll of good bearing capaclty 1s encountered. Pile footings
are provided where the bearing capaclity 1s lnadequate. For larger bulldings,
calsson foundations are used. Normally a period of six weeks to three

months 1s required to prepare architect's plans and specifications.

After completion, the plans -and specifications are checked by the
Building Engineer and then submitted to contractors for bid. Contracts are
drawn up with the successful bldder, after which the project 1s submitted to
plich Boandsof "Dilrcetiors for approval. During construction, the contracteor is
required to furnish progress charts 1n order to Insure completion as sched-
uled. The period of construction varies from four months to a year or more.
Strict inspection i1s maintained by the Building Engineer and architect dur-
ing this period. When the building 1s completed and turned over to the
Telephone Company, the Plant Department assumes the responsibility for 1ts
operation and maintenance.
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SECTION 7. OUTSIDE PLANT ENGINEERING

The engineering of the Outside Plant progresses along lines which
are ‘quilte similar to tThese followed hy the Equlpment Engineer. Heor instance,
the Plant Englineer, uslng the Commercial Survey, the fundamental plan and
the Traffic -recommendations, 1ssues specifications and drawings for the
construction and maintenance of pole lines, underground condult, underground
and aerial cable (subscribers, trunk and toll), house cable, block plant and
aerial wire. In order to obtaln the management's approval for the expendil-
ture of money for outside plant construction, a Specific Estimate 1s 1issued
where the estimated expenditure exceeds $2,500. The Authorization Sheet of
the estimate glves an explanatlion of why the work 1s necessary at all, why
1t should be done at this time, and why 1t should be done in the manner pro-
posed.

Where the estimated expenditure Involved 1s below the minimum set
for a specific estimate, the work 1s carried -out.- under Tformally aunthorized
Job Orders and 1is summarized under a Quarterly Routine Estimate which 1s
PRepaRcd Sor each, quarberlys periled: of the v eans

Outside plant 1s englineered to meet certain standards based on
performance, cost, durabllity and appearance. Standard Specificatlons are
@siced, by Ghie AT, <& T o, In Ghe fiorm ofl Bellfilr " SysGem T PraCitiic clsr, Nand ape=
vide: detalled instruction for the use of the plant forces 1In Installling and
maiinitalining the wvaricus parts of the felephone plant. - Occasionally, probliems
are encountered 1n the engineering and construction of the outslde plant
which cannot be solved by the application of exlsting practices and stand-
ards. When such a situation arises the Outside Plant Engineer 1s respensi-
ble for a practical method of solving the problem,

The standardizatlion of materials, tools and motor equipment re-
quired In the construction and maintenance of the outside plant 1s an addi-
tional function of the Outside Plant Englneer. Since the iInvestment in out-
slde plant 1s very large, a continuous effort-is belng made Eoward economical
imprevements 1in materials used, in tools and labor saving devlices: and -'m
their safety requirements. The provision of safety devices for sharp tools,
such as drawlng knives and chisels, the requirements for body and safety
belts, the care of belts, the requirements for linemen's pliers, linemen's
climbers, pole derricks, hole dlggers, pumps, etc., are typical examples of
the Batter functlions.
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SECTION 1. ORDER ENTERING AND SCHEDULING

In planning Central Offices, the Telephone Company, through 1its
Commercial Surveys, Fundamental Plans, Traffic Estimates, and Equipment,
Bullding and Outslde Plant Englneering, 1s required to forecast the require-
ments and to establish definite schedules for constructlion of new bulldings
and new equlpment or additions to existing bulldings and existing equlpment.
This procedure 1s necessary 1n order that the future demands for subscri-
bers' lines may be fulfilled not only without delay as the occasion arises
but also 1In a manner that will prove economical in the financial management
of the business. 1In'accordance with the established. schedules, the various
Telephone Companies In the System enter orders on the Western Electric Com-
pany for Central Office Equlpment.

The orders enter the Western Electric Company through its Distri-
buting or Branch Houses, which are located in principal key cities for the
convenlence of the varlous Telephone Companles. - The orders then are for-
warded to the Kearny Merchandise Department 1f for Manual or Toll equipment
or to the Hawthorne Merchandise Department 1f for Dial equipment. It may be
readlly seen then, that wlthout some method of control and co-ordination of
orders on a broad baslis for the entire system, a considerable and indefinite
fluctuation of business In the Western Electric Company would result. Thus,
1t becomes essentlal for the Western Electric Company to forecast require-
ments and to schedule orders, so as to:

Provide the Telephone Companies wlth satisfactory schedules
Avold rapid fluctuations of Englneering, Manufacturing and
Installation loads.

Provide stocks of materlal, parts and apparatus.

Assure that established schedules will be kept iIn the maximum
number of cases.

O -

Forecasting and schedullng in the Western Electric Company re-
quire definite preliminary planning and advance notification from the various
Telephone Companies In the System. For a speclfie project, The major 1tems
which compose the routines of establishing schedules and entering the order
are as follows:

Prospective Questionnaire

Prospective Schedule

Confirmation Questionnaire

Confirmation Schedule

Telephone Company's Specifications, Drawings

and Requilsition

Switchboard Order (originated by Distributing House and
forwarded to Western Electric Company's Merchandise Dept.)
Engineering Loading

Shop Loading

Installation Loading

Firm Schedule

[@RNeNeIEN] (@)} g

[}

The Telephone Company's schedules are set up on the basis of the
requlired completion date for each project, that is, the date on which the
equipment 1s to be ready for subscribers' use. By applylng the Installing
Interval as furnished by the local Installation Planner, the shipplng date
can be determined by figuring backwards from the required completion date.
The "Due date" for the Prospective Questionnaire is then determined. This
date 1s set at 14 months prior to the shipping date.

The Telephone Company 1ssues the Prospective Questionnalre and
Forwards 4 copiles to the, K Distributing House. One copy 1s.retalned and the
remalning 3 are sent to the Installation Planning Supervisor who adds the
Installation Interval on the form.. Two coples are forwarded to Hawthorne
Merchandise, one of which is sent to the Shop Scheduling Department.
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The Prospective Questionnalire-contains the following Iinformatlon:

(a) The schedule Item Number, which 1s used to identify the
project until the actual order number Is assigned

(b) City and Office name

(c) Address of bullding

(d) Distributing House

(e) Whether the job 1s assoclated with a new building or is
an addition in an existing one

(f) Completion date required

(g) Shipment date desired. (Filled in by Western Electric Company)

(h) Date order can be furnished by the Telephone Company

(1) Date bullding will be ready

(j) Whether there are any coordinated projects.
(Such as Toll Switchboard)

(k) Major items of equlpment

(1) - List of any unusual equipment or installation fedatures

The Prospective Schedule 1s 1ssued by Merchandise Department with-
in 2 weeks of receipt of prospective questionnaire and includes the Informa-
tion listed below. Coples of this paper are sent to the Distributing House
(who forwards a copy to the Telephone Company), the Installation Planner,
the Dial Program Engineer at New York, and to the Shop Scheduling Department.

Conflrmation Questionnalire Due Date
Order .Due Date

Summary of Equilipment (Major 1tems)
Shipplng Date

In Transit Interval (Weeks)
Installation Start Date

Installing Interval (Weeks)
Completion Date

Completion Required Date

oS
SR HO QA0 T
A O O

An explanation of how these various dates are determined 1s as follows. The
Questionnaire gives the Completion Required Date and the installing Inter-
val. From this 1s determined the Installation Start Date. The In Transit
Interval 1s a standard interval whieh varles according. te the,distance from
the factory. When subtracted from the Start Date, the In Transit Interval
will give the Shipping Date. By applylng the standard Englneering and Manu-
facturing Interval for the Job, the Order Due Date 1s determined. The due
date for the Confirmation Questionnalre is scheduled for 9 weeks prior to
tihe \Order. Due Date.

The Shop Scheduling Department orilginates a Job Master Card from
the analysis ofi- the -Prespectlve Questlionnalre. Thils record ‘candfisiiows the
shipping date and a break down of all load items and 1s used as the basis
for program planning and load charts and for varilous periodical reports
such as the Quarterly and Annual Production Estimate, the Switchboard Acti-
vities Report, etc.

The Conflrmatlion Questionnalre 1s 1ssued 9 weeks prior to the
order due date and 1s a definite promise that the Telephone Company's order
for central office equipment as planned will-be forthcoming. The Job master
card 1s.revised 1f necessary. The Confirmation Schedule 1s originated and
routed in a manner similar to that used for the Prospective Schedule.  These
two schedules are made up from the same form, but for purposes of distinc-
tion, the Prospective Schedule 1s duplicated on plnk sheets and the Confir-
mation Schedule on green. sheets. The Firm Schedule, as dilsecussed later,
i1s 1ssued on yellow sheets.

When the Order Due Date arrives the Telephone Company forwards
the Requisition, which 1s 1ts form of the order, together with 6 to 12
coples of 1ts Specifications and Drawlngs and 2 coples of the Architect's
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Plans to the Distributing House. The Western Electric Company's order
number 1s then asslgned to the Job. Blocks of order numbers are allotted

to the Distributing Houses by the Merchandlse Department. Switchboard
orders are assigned Iin the five digit series from 10,000 to 89,999 for the
Western Electric Company and from 90,000 to 99,999 for the Northern Electric
Yempeny . Grayhasebilicctieriich “Eilcctrlicail "Researchi rProduetis s fThes Tetic o™ SSHE
digit order numbers are assigned for apparatus orders.: Upon receipt of the
Telephone Company's Requisition, the Distributing House 1ssues the "Purchase
order for Switchboard Equipment" (wlith order number assigned) and forwards
it, together with the Telephone Company s specifications and drawings, to
the Merchandise Department.

The Merchandise Planning Department receives the Distributing
House order, edlts the order in regard to proper form, wording, etc., and
forwards the order to the Editing and Order Entering Department where ‘it
is again re-issued as a "Switchboard Equipment Order". ' The set-up for thils
order Iincludes the Order Sheets, Service Record Sheet and Firm Schedule
Sheet. The Order Sheet and Firm Schedule Sheet are forwarded to the Schedul-
ing Department together with the Specifications and Drawings. At this polnt
the job Master Card, which was originated when the Prospective Questionnaire
was recelved, is checked against the speclificatlions and drawings and 1is re-
vised 1if: requilred.

The order sheet, specifications and drawings finally reach the
Equipment Engineering Departments. . Shortly after recelpt of the order, the
Equipment Engineer (Analyzer) arranges space for the Job on the Engineering
Load Charts and 1issues the Engineering and Manufacturing Schedule.- In this
connection it should be emphasized that any subsequent Telephone Company
engineering changes that may affect the Englneering and Manufacturing Sched-
ule *should be reported immediately by means of a supplemental schedule. The
various specifications to be written for the jJob dre listed on the Englineer-
ing and Manufacturing Schedule, together with the assoclated longhand speci-
fication due dates and tracing due dates. By adding the iIinterval for trans-
cription, the Clerical Department determines and adds the dates on which the
completed specifications are to be delivered to all departments.

After the engineering and transcription dates are added, the
Englineering and Manufacturing Schedule 1s delivered to the Scheduling Depart-
ment, where the shop load 1s finally adjusted and the shop order due dates
and the manufacturing completions dates are added. The Englneering and Manu-
jisicituinsfeSichic dutlie v st iapieid ait,  Clilisie & fimey, sdupiliiicaticd,: Yamd ‘ronted " Rosthie
interested departments. In the final adjustment of the shop load during a
perlod of increasing business, cases arise where a job or. several jobs may
appear on the load chart for completlion on a date considerably beyond the
required or desired completion date. These Jjobs are properly marked on the
charts and notificatlion of the delay 1s given to the Interested organiza-
tions. .Many times, a delay 1in manufacturing may be absorbed in the Install-
Ing interval wilthout affecting the final completion date of the job. How-
ever, 1f the delay 1s not acceptable, a protest 1s made. The Schedullng
Department may attempt to revise the loading so that the protested job may
be moved forward in the schedule., This of course will require that other
jobs be moved backwards. If such revision results In further non-acceptance -
of schedule on the changed Jobs, then the matter 1s placed before the Switch-
board Program Supervisor in New York who obtains an order of precedence from
the A.T. & T. Co. for the affected Jobs or obtains an authorization from the
Sales Department for an Increased rate of manufacture. On the other hand,

In some cases a job may be advanced In order to level out unused space on
Blaesslioaldelart, « In-whiileh: case. proper nobtilfication Is Eplven 6o the DisGritonut=
ing House and Telephone Company. Large Jobs, due to the volume of equlpment
required, may cause difficulty in the process of loading. Accordingly, the
standard engineering and manufacturing interval for this type of Job pro-
vides an additional two to .four weeks margin over the normal Interval so
that the Prospective and Confirmation Schedules originally set up will have
made proper allowances for load adjustment.
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During the time that the engineering and manufacturing analysis 1is
belng made, the Installation Planner analyzes the Job, determines the firm
installing interval and notifles the Scheduling Department accordingly.
Sometimes unusual Installatlion man load conditions are encountered which re-
quire modlfications 1n the normal loading of the Job in the shop 1n order to
meet these conditions. Also 1t 1s endeavored to schedule the shop so as to
provide an even Installation load In each territory.

After the manufacturing completion date 1i1s determined and the firm
installing Interval 1s recelived from the Planner, the remalning firm dates
such as the Release Date, Shilip Date, Installation Start and Completion Dates
are determined and are posted on the Firm Schedule Sheet of the Merchandise
Order setup. Normally the Firm Schedule should be completed and released by
the Scheduling Department within five weeks after the receipt of the order.
This interval 1s exceeded only when the time required for engineering and
manufacturing 1s unknown due to the development of new circults or new equip-
ment. In the .latter case the Distributing House- 1s notifled of such delay
together with a promlse as to when the firm schedule will be available. The
Firm Schedule is duplicated and distributed to interested organizations by
the shop order department.

SECTION 2. ENGINEERING

During the process of scheduling, as outlined iIn the above section,
the Order Sheet and the Telephone Company's speciflications and drawings were
delivered by the Scheduling Department to the Equipment Engineering Depart-
ment. Upon 1ts receipt, the order is routed through the Englineering Service
Department where a Job Drawing Base Number 1s assigned to the office. All
job drawlings 1ssued thereafter are ldentified by the base number together
with a dash number suffix which Indicates the nature of the drawing and the
type of equipment represented. The Order Sheet together with all coples of
the Telephone Company's specifications and drawings are forwarded to the
Clerical Department where Job Index Cards are origlnated. These cards are
placed according to town and office In the Central O0fflice Index Fille for
tnture engineering reference. ~After belng Indexed,  the order andEspecilifilica-
tions and drawings are delivered to the Equlipment Engineer who forwards
surplus sets of the specifications and drawings to the Englneering File,
where coples may be withdrawn by the Line Engineers as required during the
period of detailed engineering.

The Equipment Engineer makes a detalled analysis of the Jjob re-
quirements and originates the Job Keysheet and the Engineering and Manu-
facturing Schedule.. The 'Job Keysheet 1Is & 115t of all of thel elrcults,
which are in the form of Bell Telephone Laboratorles' or Telephone Company
schematic drawings, together with Inter-connection Information to show how
the various schematics required are related to each other. The Job Keysheet
is made from the Laboratories' Standard Keysheet. Features of the Jjob which
are not covered by the Standard Keysheet are considered as speclal and are
referred by the Equipment Engineer to the Laboratorles for recommendation.
Such features may require the use of new circults to be developed by the
Laboratories or of obsolete circults where special operating conditions are
to be met. If any information required for determining what to furnish on
the Job 1s lacking In the customer's specification, the Equipment Englneer
obtains the required data through correspondence with the Telephone Company.
Eventually, all of the circuits used In the office are posted on the Job
Keysheet.

There 1s one exception to the above description of the preparation
of the job . keysheet. On the crossbar system where the entire serles of T-
drawings have the same base number as the Laboratory SD- drawing, the wiring
1ist. 1s consldered as sufficlent for an SD- Job record by some Telephone
Companies and a Job keysheet 1s not prepared. 1In this case the Equipment
Engineer records his informatlon regarding schematic drawings to be used 1in
a copy of Telephone Company specificatlion or other folder for the englneers'
use. This copy is filed In the job folder for ready reference.
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The Equipment Englineer 1s required to definlitely determine not
only what 1s to be furnished on the job but also what specifications are to
be originated and what 1s to be covered by each. There are approximately 60
kinds of specifications that may be written for a Panel or Crossbar Dial Of-
fice and 40 kinds for a Step-by-Step Dial Office. Each specification covers
a particular type of framework or equipment and 1s identified by a numerical
dash number which follows the order number. All types of specificatlions are
not required for every job, depending, of course, upon the nature of the
particular order. The specifications to be written are indicated on the
Engineering and Manufacturing Schedule. The dates on which these specifica-
tions and assocliated job drawings are to be completed are also Iindicated, as
explained 1n Section 1.

A Traffic Schematic is usually origlnated by the Equlpment Engil-
neer. This gives a picture of the traffic between various types of equilp-
ment 1n the office and terminations on the distributing frames.

A Job Folder 1s originated by the Equlipment Engineer and 1is maln-
talned throughout the period of engineering, manufacturing and installing.
In this folder are placed the master copy of the Telephone Company's speci-
fication on which the job analysis was made, coples of all correspondence,
memoranda, schedules, information to and from other specifications, cabling
Information and completed transcribed specifications. Its purpose is to aild
in eliminating the loss or misplacement of Information papers and to serve
as a ready reference relative to job questions which arise from time to
time. (C?pies of all official Jjob correspondence are filed in the Englineer-
ing file.

AEeelr vimtie Job 18 analyizield, e, specilficatlons,®as Indi'caitieds onyehe
Engineering and Manufacturing Schedule, are assligned by the Equipment Engl-
neer or Verification Equipment Engineer (checker) to the various line engi-
neers In a manner that will allow each engineer sufficient time in which to
properly perform the required functions. Engineering 1s normally divided
into three classes, namely Swiltchboard, Power and Cabling. Job Drafting
also is 1dentified by these classes. The detalled steps 1nvolved 1in each
class or for various types of specifications in any one class vary consider-
ably according to the equipment In question. However, a description of the
ma jor steps required for englineering a typical specification will give a
general 1dea of the line engineer's function.,

The first duty of the line englneer, after he has been asslgned to
a particular specification, 1s to gather together the various items of 1n-
formation and data with which he will be concerned and then to proceed to
analyze these papers 1n order to determine how the required equipment 1s to
be provided. A copy of the Telephone Company's speclificatlion and drawings
are obtalned from the Equipment Engineer or the Engineering Fille. These are
studied and compared with the master copy contained 1In the job folder. Par-
ticular attention 1s given to those portions affecting the specification to
be written and to the Equipment Englineer's markings covering the schematic
drawings and standard equipment specifications required. From the above
data and from the Longhand Speciflication Form, which 1s obtained from the
Standards Englneering Dilvision, requlisitions are originated for blue prints
of all required drawings. 1In case the order is for an addition to an exist-
ing offlce, blue print requisitions are also 1ssued for the required job
drawings of the exlisting office as indicated by the Central Office Index
File or by the Job Index Drawing 1f one had been prepared for the office on
a previous order. Correspondence, memoranda and Information from other
S8pecifications contalned 1In the Job Folder are carefully read and noted.

After the englineer's detalled analysis of hils assigned portlon of
the Job 1s well under way, 1t 1s essential that a forward view be taken of
the englneering, manufacturing and Installation effort required. The future
Progress of the engineering work 1s visuallzed to determine whether any in-
terruptions or delays will be encountered due to lack of or faulty engineer-
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ing information. This visualization of the engineering work should disclose
any polnts which may need to be referred to the Telephone Company or other
organlzations for their approval, and which would otherwlise delay the prog-
ress of the englneering. After all of the necessary working papers and
forms are on hand and all questlonable points which can be foreseen, are
taken up with the Telephone Company or other interested organizations, the
engineer 1s In a position to proceed with the preparatlon of the specifica-
tion and associated drafting iInformation.

It 1s more or less customary for the englneer to follow a definite
sequence 1n performing the general englneering operations. .The extent of
the varlous operations will depend on whether standard equlpment may be
specifled or whether the Job must be bulilt up on a detailed basis. The fol-
lowing 1s the sequence of the general engineering operations.

Selectlon of lists from standard equipment specification drawings
Preparation of the wiring list

Preparation of the equipment and termlnal assembly drawings and
other forms when required

Ordering of all apparatus, framework, equlipment, local cables and
local power cables

Writing shop and 1nstaller's notes

Listing all drawlngs used

Listing englneering and installer's reference papers

Preparation of cabling information

Ordering of wire when required

Issulng Information to other speciflications

Issuing drawing orders or change supplements

HOO®DIOWU & KN

o

The Wiring List 1s a Job drawing prepared in standard form of all
clrcuits used for the manufacture and installation of the speciflic equipment.
It includes the tifle, the clireuit, schematic, schematile flgures and optilons
on Crossbar and Step-by-Step Jobs, circult figure numbers, optional wiring
and apparatus, quantities of circults wired and equipped, circult numbers
wired and equlipped and malntenance notes. It 1s usually arranged 1in two
sections - one to cover equipment which 1s directly associated with a local
cable and .which may be wired by the shop or the installer, and one for
equlpment and cabling which are placed in positlion by the Installer and are
not assoclated with local cables. Wirling 1lists of standard equipment as
indicated on the standard equlipment speciflicatlons are repeated 1n the Jjob
wiring 1ist and equipped as required.

The wiring 1list is primarily a record of the equipment 1Installed.
It 1s used by the shop for the deslign and manufacture of Job local cables
and for assembly, wiring and testing of unlts not covered by standard
specifications. The Installer 1s vitally interested In 1t as a record of
work to be done. After Installatlon is completed, the wiring 1ist 1s used
for maintenance purposes- by the Telephone Company and as an engineering
record when additions to the office are to be made.

Job Equipment Drawings are made up 1n cases where standard equip-
ment drawings are not used or where the standard equipment drawlings do not
fully cover the equlpment arrangement. For some types of equipment, the
wiring 11st and equilipment drawing are comblned into one drawing. Other draw-
ings such as terminal assembllies, cabling schematlcs, cross connection
charts, etc., are made up when required.

The Longhand Specification Form i1s used 1In connection with the
various remaining engineering operations. These forms are made up for each
common type of specificatlon and are made as complete as possible for an
average Jjob. It 1s then necessary for the engineer to enter quantities,
group or list numbers, notes, etc., to cross out informatlion not required
and to add any speclal edliting not already shown. After completion, the
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longhand specification and assoclated papers are held by the engineer until
called for by the Verification Engineer (checker). All drawings used in
englneering the job should be arranged 1n sequential order and delivered to
the verification engineer with the longhand specification.

After the job 1s checked, the unused pages are removed and the re-
malning pages are numbered by the verification engineer. The speclification
is delivered to the department clerk for record puposes on or before the
longhand specification due date. After belng recorded, it 1s forwarded to
the Englneering Service Department for application of returned goods mate-
rial and thence to the Clerical Department for 1issue checking. The longhand
specification 1s then returned to the engineer for approval of the ralsed
issue numbers of the drawlngs as required. Any change 1In the editing or
drafting Information due to new 1ssues of the drawlngs should be made at
thlis time. When 1ssue checking 1s completed, the Clerical Department picks
up the speciflicatlon for delivery to the Shop Order Department.

The Equlpment Drafting Sectlion prepares the new or changed Jjob
drawings from the engineer's Iinformation in accordance with the established
schedules. The tracings are checked by the engineer and are delivered to
the vault so that blue prints may be made as required for the shop and
installer.

Comblination Orders are those coverlng engineering and equlpment to
be furnished by both Hawthorne and Kearny. Many new Step-by-Step offlices
have dial equipment in one portion of the bullding and Toll equlipment in
another portion of the building. In such cases, Hawthorne usually "controls"
the Job; each Plant, however, does 1ts own engineering and manufacturing.
When a comblination order 1s received the Equipment Englneer coordinates the
Job with the Kearny engineering department. A letter to Kearny 1s originated
which covers the "division of responsibility" of the two engineering organi-
zations, supplemented later with a Coordination Chart drawlng showing the
number, circuits, and terminating polnts of equipment furnlished by Hawthorne
which connects to equipment furnished by Kearny. Common drawlngs such as
floor and cabling plans, are originated and controlled by the Plant having
the major items of equipment thereon.

SECTION 3. MANUFACTURING

‘Before taking up shop ordering and manufacturing procedures, two
classes of material commonly referred to throughout the Plant as "Non-X" and
"X" should be clearly understood. Class Non-X material 1s that which is
shipped to the Installer elther as an assembled unit (wired equipment or
framework) or as a loose item (plece part, framework detaill, item of appara-
tus, etc.) and which 1s 1listed in Job specifications for shipment. Class X
material, on the other hand, 1s the component apparatus and materlal used by

the shop to produce the wired and assembled units ordered in Job specifica-
tions.

The longhand specification, after being 1ssue-checked, 1s
delivered to the Shop Order Department for the first editing operation.
In this connection, an 1tem of equipment may be shipped to the Installer
elther as a single completely assembled unit as described by the engineer
or as a number of partial assemblies and individual parts. The first, or
Class Non-X, editing operation concerns itself, therefore, with this latter
class of item and consits of itemizing and Indicatling 1n the longhand speci-
fication the shops and stores that are to deliver the various component
Parts 1n the form 1n which they are shipped. WI1th the exception of general
use parts (nuts, screws, bolts, washers, etc.) required by the Installer and
which are compiled for the entire job and summarized in the -94 specifica-
tion, these parts are listed immediately following the item with which they
are assoclated and are each assigned a sub-1tem number for identification
Purposes. The main item is then marked with a significant letter to in-
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dicate that shipment 1s made in a different form. Common items of equipment
are edlited 1In accordance with Standard NX Folders. If a folder 1s not
avallable for a specific 1tem, the editing must be done in longhand by the
Shop Order Editor. The longhand specification, the selected Standard NX
Folders and the longhand edltling are delivered to the Shop Order Typing
Sectlion for typing of the stencils. Direct Shipment orders for purchase of
outside suppller material to be shipped direct to the Job are typed at this
time also. The stencils are then mimeographed and the coples bound into
complete speclfications for delivery to the Telephone Company, Installer,
and Interested local shop and clerical organlizations. The wiring depart-
ments shown 1Iin the source column to ship wired equlpments receive complete
specifications; other shops and stores recelve only the portion of the
speciflication listlng the items of apparatus and materlal they are to fur-
nish. -Through this process of Shop Order Department edlting, the complete
specification becomes not only an engineering record for the manufacture
and Installation of equlpment but also a shipping record of all component
parts.

Following 1issuance and distribution of completed specificatlons,
the Shop Order Department performs the second, or Class X, editing opera-
tion on Crossbar, Panel, and Common Systems equlpment. The Class X order-
ing of apparatus and material for Step-by-Step system's mechanical and non-
mechanical equipment 1s done 1In the Step-by-Step Wiring Department.

There are at present three different methods of performing the

Class X ordering operations. Crossbar and Step-by-Step mechanical equip-
ments are ordered In much the same manner; that 1s, like 1tems of apparatus
and materlal for a glven week's output 1n these wiring shops are combined
and ordered in bulk from the various product shops. On Crossbar, tabulat-
ing machlines are employed to complle the ordering data, while on Step-by-
Step, ordering Information 1s summarized by strictly manual effort. Panel,
Common Systems, and Step-by-Step non-mechanlcal unlits are also ordered by
manual effort, but the method of preparing and furnishing the information

to the shops differs from Crossbar and Step-by-Step orderlng practices, 1n
that separate materlal ordering l1lists are oriliginated and furnished the shops
for each wired and assembled 1tem of equlpment ordered In job speciflications.

In general, and consldering each of the three methods separately,
they are set up along the following lines:

Crossbar Systems Equipments

The Shop Order Department originates tabulated sheets listing all
items of apparatus and material shown In the stock 1list of equipment
drawings and "J" specifications. For each item listed, a tabulated
card is originated showing the description of the i1tem and the supply-
ing product shop unit or store. The cards are grouped In sets and
filed under the respective equipment drawing or "J" specification
number for whlich they were originated.

Upon recelpt of Job speciflcations from the Central Office Equip-
ment Scheduling and Shop Loading Department showing dates the assembled
frames and units listed are scheduled to ship, shop load analyslis
sheets are origlnated for each item. The job order number, specifica-
tion item number, and scheduled shipping date are shown on the analysis
sheets and then filed according to the schedule dates. The sheets are
selected for complling and tabulating sufficlently in advance of the
shipping date (1n accordance with established normal manufacturing
intervals) to allow the product shops, after recelpt of authorizations,
to manufacture the component parts 1n time for the Wiring Department
to select the materlial, and assemble and wire the equipment ordered.
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At the time the load analysis sheets for a given week's business
are selected for tabulating, the Shop Order Department requests, for
each 1tem of wired equipment 1listed in the Job specification, a set of
selecting and mounting information 1ists from Central Offlce Standards
Engineering and Coordinating Department. The 1llsts specify the quanti-
ty and apparatus to be mounted on mounting plates and panels for a
quantity of one wired frame or unit as specified In the corresponding
"J" specification or drawing stock 1list. One week prior to the date
materlal for given jobs 1s scheduled for selectlon, coples of these
lists are prepared on a Job requirement basis by the Shop Order Depart-
ment and furnished to the Wiring Shop's storeroom selectors and assem-
blers. 'The 1lists furnished show the Job order number, 1tem number,
scheduled shop delivery date and other pertinent data essentlal to the
selection and assembly of the equlpment In accordance with job specifil-
cation requirements.

During the Interim the Central Office Englneering Standards and
Coordinating Department 1s preparing the aforementlioned selecting and
mounting lists, the Shop Order Department compiles a 1list of all wired
and assembled frame and unit 1tems for "J" specifications and other
drawings for the same Jobs. The sets of tabulating cards previously
originated for the corresponding "J" specification and other drawing
items are then selected and by a process of- machine operations, all
like 1tems of apparatus and materlial requlired for the jobs scheduled
are combined. The cards and/or lists are forwarded to the interested
product shops as authorizations to manufacture and deliver to the
Wiring and Assembly Departments, on the schedule date shown, the 1tems
of apparatus and material ordered.

Step-by-Step Mechanlical Equipments

Ordering practices for these equipments are quite similar to those
followed on Crossbar, except that the compliling and ordering of appara-
tus and material requlirements 1s performed at present on a manual basls.
Another exceptlon 1s that selectors and assemblers work from stock
lists of drawlngs instead of from selectling and mounting Information
lists to perform their operatilons.

Step-by-Step Non¥Mechanical Equipments

These equipments are ordered in the Step-by-Step Wiring Department
Iin the same manner as Panel and Common Systems equlpments are ordered
in the Shop Order Department. They are described In the following
paragraphs.

Panel and Common Systems Equipments

The orderlng of apparatus and material requlrements for these
equlpments 1s performed by manual effort. Standard ordering folders
(instead of tabulated sets of cards) are originated for equipment stock
list drawings and "J" specifications. The folders are complete order-
ing standards covering all 1tems of apparatus and materlal required to
assemble and wire units for "J" specifications and other equipment
drawings.

In the Class X editing of a Jjob specification, standard folders
are applied by Indicating to the right of the item the 1dentifying
folder number. The folders are then prepared by Inserting longhand
"riders" showing varilable quantities and mounting plate positions
(based on the Jjob specification requirements) in lieu of the fixed
quantities and positions shown. The folders are attached to the
specification and forwarded to the typlng section for hectograph
transcription of stock 1list authorizations. Where standard folders
are not avallable, items of equipment ordered are lalid out 1n longhand
and then typed.
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The material stoek list authorlzations 1list all Class X 1items of
apparatus and material required by the Wirlng Department specifled to
wire and assemble the equipment. The varlous stores and product shops
furnishing the 1tems of material are also .shown to the left of each
item listed.

After the stock 1lists are typed they are forwarded to the Central
Office Equipment Scheduling and Shop Loading Department for the appli-
cation 1n hectograph ink of product shop delivery schedule dates, -also
the Wiring and Assembly Departments selecting, and flnal shipping
schedule dates.

When the manufacturing 1s completed and the assemblles have been
passed by the Flnal Inspection Departments, the material 1s dellvered to the
Merchandise Department for packing and shipping.

‘ It .1s the functlion of the Central 0fflce Equipment Scheduling and
Shop Loading Department to load wired and assembled equipments, and schedule
the Class X apparatus ard material for these equlipments, so as to maintailn
balanced loads and an even flow of production 1In all shop departments.

With the exception of the wiring departments, our product shops

I are to a large degree set up to functlon as self-contalned unlits. They

‘ purchase and maintain the required stocks of raw materlal and parts; perform
thelr own detalled shop ordering operations; scheduling, tracing of raw
material, etc. 3

i SECTION 4. SHIPPING

i | Several weeks prior to the scheduled shipping date, the delivery
I of the hundreds of 1tems requlred for the Job willl be started by the shop.
This perlod varles, and depends upon the arrangement of the shop load and
the faclillity with which any of the particular 1tems are manufactured.
Accordingly, 1t becomes the duty of the Merchandise Department to provide

1 warehouse space, where the materlial can be accumulated and stored untlil re-
i leased for shipment.

Hill Upon: recelpt of the matemilal, the Clerilecail Section ofi the Mek=
i chandise Shipping Department marks the Dellvery Tickets to indicate whether

w the Job 1s a Holding Job or a Shipplng Job. The Packling Section of the Ware-

| house Department then proceeds to pack the materlal for shipment. The packed
i

|

i

cases are properly marked with order number, destination, description of
contents and welght. A box number 1s assigned to each case and 1s also
marked on the shipping summary for the particular items. If the Jjob 1s a
| holding Jjob, the amount of warehouse space required 1s estimated and

it assigned. After belng packed, the cases marked "Hold" are delivered by
truck or travelling crane to the assigned area. If the job 1s a shipping
job, the packed cases are delivered immediately to the shipping platform.

| About a week prior to the scheduled shipplng date, the Installa-
| 1 tion Fleld Service Department 1ssues a Shipping Release for the job. If the
| Job 1s to be Installed In a new bullding or 1n a new addition to an existing
il bullding,. 1t 18 necessary for the Fleld SerwviceiDepartment “torascertaln
whether the bullding 1s completed and ready for occupancy before the release
i1s 1ssued. When the Release 1s recelved, the Merchandise Shippling Depart-
Il ment 1ssues typed Loading Sheets on which are identified the various packed
cases and thelr locatlions In the warehouse. On the day of shipment the
cases. are selected, loaded and shipped to the Job.

)
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SECTION 5. INSTALLING

In the case of a Job 1Involving a new bullding, the compﬂetion date
of the bullding and the Installation start date usually are the same. This
permits the installer to move into the bullding with his force of men and to
prepare the bullding for the work of installation. Protection material for
walls, -columns, floors, hallways, stalrs, entrances, etc., 1s set up. Space
1s assigned for storage of material to be recelved, and the floor plan
arrangement of the Initlal equipment 1s laid out. Trucking and holsting of
material 1s usually done by the Telephone Company. The Installer checks the
recelpt of material by box and item number with the shipplng summaries 1n
each specification and reports back to Hawthorne 1in regard to shortages or
defectlve material. Englneering questlions are ralsed by Job Information
Memoranda, (JIM's). Installer's Requisitions are i1ssued for apparent short-
ages. Near the end of the Installation perliod, excess material 1s returned
to Hawthorne by means of Returned Goods Memoranda. At this time final
marked prints of the office equipment, wiring 1list, cabling and floor plan
drawings are sent to Hawthorne for correction of records due to Installer's
changes made on the job.

After completion, the office equipmernt is tested and turned over
60} thic eusitiomer for aceceptances

SECTION 6. BILLING

A ishor il tilime pkilorsibeSihiessicliteduilied shipping date of @s job:,. Atie
Distributing House submits a Bllling Contract Proposal to the Telephone
Company for approval. The proposal contains, separately, the billing
estimates for engineering, equipment and installing. The engineering por-
tion of the bill 1s prepared through collaboration between the Accounting
Department, Engineering Service Department and the particular Line Englneer-
ing Department Involved. The billl for material and :equipment i1s prepared by
the Merchandise Department. The Interested Installatlion Headquarters are
responsible for the addition of thelr portion of the bill. The complete
proposal finally 1s forwarded to the Distributing House and thence to the
Telephone Company.

The complex equipment arrangements such as are used in Central
Eiffilces., "Some times redusre’ ch@nzes in Gherplighst due o changlng traffiic
conditlions and other requirements. The expense incurred by changes prior
to the ‘date of blilling (Customer's change or C.C.) Is included in the 1ini-
tial bi1ll. Changes thereafter (Supplementary authorization or S.A.) are
considered as billable extras and are billed separately through supplemen-
Els o’ Biin Al DRI e .
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SECTION 1. GENERAL DESCRIPTION AND NUMBERING

Western Electric Company Jjob equipment specifications are prepared
to cover manufacturing and installing information for equipment for a par-
tlcular telephone central office 1n accordance with the requirements set
forth by the Telephone Company. The Equipment Engineering Departments are
responsible for the preparation of the Job specifications and the assoclated
Job drawings from which the central office equlipment can be manufactured and
instaliled. Much of the Tnformation contained In the job speclflcations 18
speclfled 1n terms of standard drawlngs, such as specification drawings,
equipment drawings and circult drawings. These standard drawings are pre-
pared and maintained by the Central Office Standards Engineering and Draft-
ing Departments from Information and drawings origlinated at the Bell Tele-
phone Laboratoriles. Thus, 1In brief, 1t may be stated that the Laboratories
determine the standard arrangements for use throughout the System, the
Standards Englineering and Drafting Departments convert this Information into
standard drawings adapted for the shop's use and. the Installer's use, and
the Equipment Engineering Departments apply the various standard drawings to
meet the speciflic job requirements as outlined In the Telephone Company's
order, specification and drawings. Occasionally, portions of the Telephone
Company's requirements cannot be fulfilled through the application of the
standard arrangemer.ts, in which case the Laboratories develop and recommend
theruse -of specilal arrangements as required.

Job equipment specifications are prepared on all orders which are
engineered by the Equlpment Departments with the exception of certalin mis-
cellaneous and small orders where editing Information can be shown on the
order sheet. The orders for Step-by-Step, Panel and Crossbar Dial Equip-
ments are engineered at Hawthorne and those for Local Manual, Toll, Repeater
and Assoclated Equlpments are engineered at Kearny. The equlpment on an
order 1s grouped In different Job speclifications according to the various
kinds of sections, frames and other equipment required. This grouping of
equipment must take 1Into account the time required for manufacturing so that
those 1tems- requiring the longer perliods will be ordered early enough to
permit satisfactory deliverlies to the Installer. 'The shop wired equipment
ordinarily requires a longer manufacturing interval than frames and racks,
switchboard cable (which 1s selected from stock and In some cases formed
and soldered) and miscellaneous material such as wire and condult. Con-
sequently the specifications for the shop wired equipment are written as
early in the englineering perlod as possible.

Job equipment specifications are ldentified by the Specification
Number which is made up of the Jjob order number and a three digit suffix.
The order number 1ls assligned to the Jjob, 6 at the Branch ‘House at the ‘time
that the Telephone Company's order, speciflication and drawings are recelved
there. The three diglit sufflix number 1s assigned 1in accordance with a
numbering plan established for all job speclfications. The first digit of
the sufflx Indicates the type of system, that 1s whether the Manual or one
of the several Dial systems, and alsd usually whether the specification
covers new or additional equipment or miscellaneous equipment. The last two
digits are determined by the type of equipment ordered. The letter H or K
Immediately precedes the three digit suffix and indicates whether the speci-
fication was written at Hawthorne or Kearny.
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|
1’ Examples of some of the commonly used specification dash numbers
| are as follows:

i ‘ System § Description
‘; Manual Panel Crossbar Step-by-Step
§ New or Milsc. New or Misc. New or Misc. New or Misc.
; Add. Eqpt. Add. Egpt. Add. Egqpt. Add. Eqpt.
‘ Eqpt. Eqpt. Bapit: Eqpt.
l‘ .
: -101 -401 -501 =701 Cabling
I -111 -211 -411 -311 -511 -611 -711 -811 D.S."A" Swbd.
I -113 -213 -413 -313 -513 -613 -713 -813 Trunk Swbd.
! -138 -238 -438 -338 -538 -638 -738 -838 S.0. Desk or
Swbd.
[ -147 -247 -447 -347 -547 -647 =747 -847 Test Sets
‘ -150 -250 -450 -350 -550 -650 . =750 -850 Loc.Test Desk
‘ -165 -465 -565 -765 Power Plant
1i -168 -468 -568 -768 MDHy;, - DB Sietc
| Frwk.
H | -170 -470 -570 =770 MDF, IDF, etc.
| Eapits.
" -192 -492 -592 -792 Installing

A complete 1list of specification numbers is given iIn the Equlpment
Engineering Handbook, Sectlon 31l.

Specification numbers in the Mlsc. Eqpt. columns are assligned to
cover miscellaneous additions or modifications to existing wired equipment
where the shop 1s not required to furnlish new frames, bays, sections or
wired units.

In some Instances considerable quantities of equlipment are re-

-quired to be engineered and manufactured in advance of the regular set-up of
\ the Jjob. A method sometimes used for such Instances consists of the origina-
\ tion of an "Advance Manufacture Specification," which 1s assigned the speci-
} fication dash 300, 600, 800 number dependling on the system or type of equlip-
| ment ordered. Later when the regular specifications are written, a note 1is
| included 1in each one affected to indicate the particular associated items in
‘ the advance specification.

,r:

M Specifications which order equlpment to be manufactured by the

{ | Automatlc Electric Company are asslgned 1n the 900 series, such as 928 spec.
J However, non-wired Automatic Electrlic Company equlipment can be ordered 1n

i the 700 series specifications wlith a note to obtaln the equipment from the
i A. E. Co. The Merchandise Department the orders this equipment from the

il Automatic Electric Company.

SECTION 2. SPECIFICATION CONTENTS

ment specifications are typed In two parts, namely, Section "A" and Section
| "B". The information contalned in each sectlon varies considerably between
different types of speciflcations due to the many kinds of equipment 1In-
volved. The description of a typical "assembly and equipment" specification
wlll include the major divisions of Information. d

|
|
‘} In accordance with the present established routines, Jjob equip-
\
\




Section "A" may include the following:

P Gilesiof S specifreaitlion

General statement of equipment covered

List of engineering reference papers

List of drawings, including installers eguipment,
specification drawings, framework assembly and
equlpment drawlngs, circult and schematlic drawings
and Iin some cases Telephone Company's drawings

(e) List of installer's reference papers

(£9. | Wiwings 11st

(g) General notes and installer's notes

[e e Moy

(
(
(
(

Section "A" generally 1s transcribed as originated by the engi-
neer. Section "B" however, which covers the "Framework and Summary of
Apparatus" may undergo considerable change after being written by the engi-
neer and previous to transcription. Thls is due to the process of the Shop
Order Department's editing, which adds the list of partlal assembllies, ap-
paratus, or plece parts, to any 1tem which 1s shipped as other than a com-
pletely assembled unit. Thus, Section "B" becomes not only the engineer's
list of material required but also a "Shipping Summary" of the individual
parts Iin the form in which they are shipped to the job. The following para-
graphs descrlbe the varlous classes of Informatlon as outlined above.

Title. The first page of the job specification contains the order number

and specification number, date of transcription, number of pages 1in
Section "A", engineer's, checker's and shop order editor's name or initials,
type of equipment, type of telephone system, the Telephone Company, the
felleplione” Company!s arearor division 1f required, the office name, bullkding
name and town and state.

General. Under this headling 1s given a brief description of the scope of

shietispecificablionts ' Ther deserpiptionsincludes as«ldisit: of stlie: maijor
items of equipment to provide a general overall plcture of the manufacturing
and installation effort required. 1In the case of the 1Installing speciflca-
tion (-492, -792, etc.) a 1list of all job specifications written for the
particular order, together with a condensed statement of equipment or modi-
fications covered by each, 1s shown under "Supplementary Specifications."
This information 1s particularly valuable to the Installation planner and to
the Installer 1in guickly determining the amount of work 1lnvolved. .Other
enganizatlonsssueh Hstsehednling), cost estimating, etes, Lfind.-this List
helpful when a quick check of the equipment 1s required.

Engineering Reference Papers. Specifications and drawings are listed under

this heading for reference purposes 1in con-
nection with work to be performed within the Equipment Departments. The
Telephone Company's specification and the Western Electric Company's floor
plan drawling showing the location of the assoclated equipment are usually
always listed. 1In some cases where a miscellaneous specification 1s being
written and the equlipment concerned 1s not covered by a wiring 1list draw-
ing, the job specifications of the previous additions: or original installa-
tion are also shown. 1In the Installing specificatlion, the floor plan draw-
ing 1s listed under "Drawings" rather than under "Engineering Reference
Papers."

Installers Reference Papers. Drawings needed by the Installer only but on
which succeeding issues will not be. required,
are listed under thilis headlng. These drawings usually show exlisting ar-
rangements where the framework, apparatus or wiring 1s to be modified in
the field to agree with other drawings. Suffix "N" drawings showling present
requlpment are listed under this heading. .
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Drawings. Drawings requlred for engineering and Installation of the par-
ticular equipment are listed 1n the job specification. Drawlngs
are not listed for manufacturlng purposes since the shop obtalins thelr draw-
ing numbers from the shop orders and not from the job specificatlion. Inas-
much as all drawlings are subject to changes for various reasons from time to
time, the particular status of each drawing 1s 1dentifled by an 1ssue number.
Thus the orlginal issue of a drawing 1s issue number 1 and succeeding 1ssues
beceme numbers 2, &, etc. Therefore, 1t 1s essential, withta very few excep-
tions, that the 1ssue number of each drawing requlired for the Jjob be posted
in the specification. This will Iinsure that all interested organizations
will work with the same Information and that the drawings will agree with
the latest data and Information avallable at the time engineering 1s com-
plieired.s SNt Ghilistsregpe et thes @lieriic afltisierizlices Depankivmenit IpoSihs RhneH sl
order and speclflcation number in the Drawlng Issue Flles for each specifi-
cation drawing and circult drawing specified. Thils Information becomes
valuable in connection with C.N's or "Change Notices" authorized by the
Bell Telephone Laboratories, when changes are to be made on all jobs al-
ready lnstalled or in the process of manufacture. Thus, through the muse
of the Issue Flles, 1t becomes an easy matter to determlne the jobs that
are affected by any particular Change Notlce. The proposed plan of posting
Job wiring 1llst drawings Instead of Jjob order numbers will further facill-
tate this procedure.

Drawings listed 1In the Job specificatlion may not be required by
all organizations. Various characters therefore, are posted in front of
such drawings by the englneer or 1issue flles as required. Among other
signs, the equality sign "=" indicates that the drawing 1s not required by
the installer. The plus sign "+" shows that the drawing is not required by
the Telephone Company. The percentage sign "%" denotes that the specified
issue of the drawing had been previously furnished to the Telephone Com-
pany's area flle.

The drawling list 1s usually divided into four groups; namely,
Installers Equipment, Speclification Drawlings, Framework Assembly and Equip-
ment Drawings and Clreults. Under the f£ilrst group are’ l1lsted drawlngssre-
qulred only by the 1lnstaller on which he must recelve later 1ssues such as
cable connecting drawings and switchboard power cable drawings. Under the
second group are listed the "J" Specification drawings and "C" Specifica-
tions from which equipment In the Job specification 1s ordered. In the :
third group, the various job and standard framework, assembly, and equlpment
drawings required In the manufacture and Installation are listed. Job cir-
cults, Job wiring 1lists and all standard circults.and assoclated schematic
drawings 1nvolved in the wiring or cabling of the equipment are shown under
the fourth group of drawings. Routlnes are set up whereby Circult Descrip-
tions 1f available are furnished for all schematics except In cases where
the schematic 1s marked by the engineer with an asterisk "#" as noted.

Drawings under the various headings are usually listed in numerical
order. Such an arrangement 1s ordinarily provided for in the longhand specil-
fication form used by the englineer and is of considerable convenlence 1n
checking drawlings during the process of englneerling, manufacturing and
installation.

Certalin equipment drawlings coverlng cross connections and loca-
tion charts, are required by the wire chief for malntenance purposes after
the central office 1s cut over for service. .Inasmuch as the wire chlef re-
celves drawings listed under clrcults and schematics only, 1t 1s necessary
for the englineer to 1list such additional equipment drawlings under this head-
ing rather than with the framework assembly and equipment drawlings. It 1s
the function of the -99 specification (that 1s the -199, -499, -599, or
-799) to order the drawilngs required by the wire chief. This specification
1s prepared by the Clerical Service Department from a summary of all job
specifications originated for the order.
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In some Instances it 1s necessary for the installer to use Tele-
phone Company's drawings. These are llsted under a separate heading. A
note 1s 1ncluded to Instruct the installer to obtaln the llsted drawings
from the Telephone Company at the time of installation.

Mounted terminal assembly drawings in the Step-by-Step System and
mounted or unmounted designation charts in the Panel System are required for
maintenance purposes in connection with certain specifications. Also, speci-
fications ordering double row fuse panels on which the fuses are assigned on
a Job basls, require the preparation of Fuse Record Sheets. The mounted and
unmounted drawlngs and charts and the record sheets and the assoclated
binders are ordered in the affected specifications under suitable headings
placed 1mmediately followling the drawing 1list. The editing for these papers
thereafter 1s Included in the -99 specification where the material is fur-
nished along with the wire chief's other information.

Wiring List. Wiring lists covering the wiring of equipment for the office

are normally placed on drawings. These wiring 1list drawings
are listed under "Circulits" in the job specification and are used as re-
qulred by the shop and 1lnstaller. When the equlpment ordered 1s covered
by the standard specification drawings, the shop works from the standard
drawing Iinstead of the wiring list drawing.

When additlons are made to exlisting equipment 1nvolving new com-
plete shop wired equipments, the wiring 1list drawlng 1s changed as required.
Psaldidsistalioms ybol -GS, » a swid relinies 1 86 dise pilbaiceds Iin, thies spelclifiicaitilion < 1S
briefly the frames or units added, with specification drawing number and
job clrcult numbering, so that the 1lnstaller can l1dentify the equipment on
the wiring 1ist drawing, from which he wlll install the equipment. On addi-
tions, however, where exlisting wiring is changed or where wiring 1s added
to existing equipment, a complete detalled wiring 1list is placed in the
specification for the installer's beneflt, in addition to making the neces-
sary cpanges on the wiring 1list drawing.

The speclficatlon wiring 1list may consist of several sections all

under the general heading "Wiring List". The various sections are used as
required to cover particular kinds of wiring or changes to be made as
follows:

(a) "wWired equilpment to be placed by the installer" is used to cover
briefly the addition of complete shop wired equipments as out-
lined 1in previous paragraph.

(b) M"Local cables to be placed by the installer" covers additional
wiring which is made up into a local cable by the shop to be
placed 1In position by the 1Installer.

(¢) "Wiring and apparatus to be placed by the installer" covers all
changes such as modifications of exlsting wiring, added wiring
to exlsting equipment, etc., as outlined in Equipment Englneers
Handbook, Section 43. s

(d) "Equlpment to be removed" 1s used to cover the removal of com-
plete equipments such as frames or units.

General Notes. General notes in the job specification are primarily for

the particular Instructlion to the shop where additional
Information is required beyond that available on the specified drawings.
These notes may affect the Installer also In cases where both .the shop
and Installer are involved. The notes are numbered beginning with b1.
Numbers below 51 are reserved for use on Job drawings, and are called
"Maintenance" notes, and cover information required by the maintenance
force of the Telephone Company. They provide information for the
Installer also.
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General ‘Notes fersthe: Thglal lier, « These notes . conweyispeecials dnstrauctlons to

the Installer. regarding requirements not
covered elsewhere. The Installer's notes are ldentifled by letters begin-
ning with "A". These notes include special job information used by the
engineer and whiech may be useful to the 1nstaller.

Summary of Apparatus. Under this heading flrst appear the Summary Notes

which explain the meaning of the various symbols
used In connection with the ordering of the items of framework, equipment
and apparatus. Some of the common symbols are S, A, R, and T, which in-
dicate respectively: 1ltems to be shipped, ltems to be shipped 1in advance,
iFems ‘tio be reused by the Installer from'present equlpment: and: tems o
be furnlshed by the Telephone Company. Additional symbols are shown and
explained In the Equipment Engineering <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>