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1. GENERAL 

Scope

1.01 G eneral: This section describes the line
concentrator No. 1A, 50- and 100-line ca­

pacity  remote units, discussing the technical 
characteristics and lim ita tions  o f its  use, the

method o f operation, the associated tra ffic  meas­
u ring  fa c ilit ie s  provided, and the maintenance 
fac ilitie s  provided to  m inim ize out-of-service 
tim e and maintenance costs.

Purpose

1.02 This concentrator has been designed to 
provide a flexible, economical substitu te

fo r  customer cable p lan t through use o f sw itch­
ing  equipment to concentrate a large number 
o f low-usage lines on a few high-usage trunks. 
The remote units and, to a lesser extent, the 
centra l office contro l units can be moved w ith  
re la tive ease, thereby provid ing  considerable flex­
ib il i ty  not present in  fixed plants.

Fields of Use

1.03 Perm anent P la n t Use
(a) Concentrators can be used as permanent 

parts o f the outside p lan t to provide serv­
ice in  residentia l areas where demands fo r  
service exceed the capacity o f feeder cable. 
F rom  an economic standpoint, the areas e li­
gible fo r  concentrator application o f th is  type 
are those a t a distance fro m  the centra l office 
where the annual charges on cable required 
fo r  re inforcem ent exceeds the annual charges 
on concentrators required to  provide an equiv­
alent number o f cable pairs.

(b) Concentrators can be economically used 
as permanent parts o f the outside p lan t

to sa tis fy  new demands fo r  service in  areas 
where reinforcem ent o f moderate lengths of. 
existing cable (such as submarine cable, un­
derground cable requ iring  duct re inforcem ent, 
or cable previously insta lled  over d ifficu lt te r­
ra in ) would be more expensive.

1.04 Tem porary P la n t Use
(a) Concentrators can be used as e ither tem ­

porary  o r permanent parts o f the p lan t 
to provide service in  areas where deferm ent 
o f cable re inforcem ent is desirable o r neces­
sary because o f slow, unpredictable, o r un-
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stable grow th, because o f seasonal fluctuation 
in  the demand fo r  service, or because large 
capita l expenditures can be economically de­
ferred. The length o f tim e th a t cable re in ­
forcem ent may be deferred depends on the 
re la tive annual charge rates o f cable versus 
concentrator solutions to a p a rticu la r prob­
lem and the length o f tim e required before 
cable re inforcem ent is f in a lly  required.
(b) The tem porary use o f concentrators to 

defer m a jo r cable reinforcements has the 
marked advantage o f pe rm itting  the u ltim ate  
placing o f a permanent p lan t on a demon­
strated ra the r than on a predicted demand.

1.05 Em ergency P la n t Use: Concentrators
can be used as tem porary insta lla tions to

provide service d irec tly , or to release feeder 
pairs to serve areas affected by emergency situa­
tions requ iring  extensive short-term  service.

1.06 Exam ples o f Use
(a) F ig . 1A shows possible concentrator in ­

s ta lla tions which can be used to defer
a m a jo r expenditure fo r  duct and cable re in ­
forcement. Under the circumstances shown, 
the addition o f fo u r concentrators per year 
w il l defer re inforcem ent fo r  three years.
(b) F ig. IB  is an example o f the permanent 

in s ta lla tio n  o f line concentrators to e lim i­
nate the need fo r  cable reinforcement. Two 
50-line capacity, and one 100-line capacity 
line concentrators No. 1A insta lled  in it ia lly  
w il l defer cable re inforcem ent fo r  two years, 
and proper concentrator additions therea fte r 
w il l  e lim inate the need fo r  cable re inforce­
ment indefin ite ly.

2. CHARACTERISTICS AND FEATURES

General
2.01 The line concentrator No. 1A consists o f 

tw o m a jo r units, a contro l u n it (CU) 
mounted in  the centra l office, and a remote u n it 
(RU ) usua lly  mounted on a pole in  the im m edi­
ate v ic in ity  o f the customer being served. Two 
remote u n it sizes are provided, one having 50-line 
te rm ina l capacity and the other 100-line te rm ina l 
capacity. To aid in  obta in ing high line f i l l ,  a 
concentrator tru n k  usage recorder (C TU R ) is 
provided. O ther accessories are a tent, balcony, 
and a spare parts and tool k it  fo r  use w ith  the 
remote unit.

2.02 Both the contro l u n it and remote u n it 
use w ire-spring  relays fo r  contro l func­

tions, m ercury relays fo r  signaling, neutra l reed 
relays fo r  line relays, magnetic la tch ing  reed 
relays fo r  cu to ff relays, and magnetic la tch ing  
crossbar switches as netw ork crosspoints. A l l  
switches and relays have noble m etal contacts.

2.03 The general system layout is illu s tra ted  
in  Fig. 2. As shown, the contro l u n it is

arranged to operate w ith  e ither one 100-line re­
mote u n it or two 50-line remote units. This sys­
tem is a double-ended, concentrate-deconcentrate 
arrangem ent w ith  ind iv idua l line term ina ls ap­
pearing a t each concentrator un it.

Over-All System Characteristics

2.04 A pp licab le  C en tra l O ffices: The line con­
centra tor No. 1A can be used w ith  No. 1

crossbar. No. 5 crossbar, No. 1 and 350 step-by- 
step, and No. 355A  CDO offices w ith  no concen­
tra to r  modifications.

2.05 Types o f L ines Served: The line concen­
tra to r  No. 1A can serve ind iv idua l, 2-party,

4-party, and m u lt ip a r ty  fla t o r message rate, 
residence and business and loop s ta r t coin lines 
in  any combination. Generally, ind iv idua l and 
2 -party residentia l lines are the best candidates 
fo r  concentration.

2.06 L ine  and T ru n k  T e rm ina l Capacity

(a) C on tro l U n it: The contro l u n it is capable 
o f operating w ith  up to  20 trunks and 100 

lin e s ; therefore, i t  can operate w ith  either one 
100-line 20-trunk o r two 50-line 10-trunk 
capacity remote units. When operating w ith  a 
100-line remote unit, two contro l trunks are 
required. When operating w ith  tw o 50-line re­
mote units, fo u r contro l tru nks  are required 
(tw o contro l trunks fo r  each remote u n it) . 
The contro l u n it can also operate w ith  one 
50-line 10-trunk group on each o f two 100-line 
remote units (each 100-line remote u n it 
being used as a 50-line u n it) . This arrange­
m ent may be useful where 100-line remote 
units are available and where fu tu re  grow th  
w il l  require 100 lines a t each location. Under 
th is  condition, the ca rry in g  charges o f the 
second contro l u n it may be deferred. Opera­
tion  w ith  either 100- o r 50-line remote units is 
possible w ith  less than the fu l l  complement 
o f concentrator trunks by m aking unused
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tru n k  positions test busy to the tru n k  selection 
c ircu it bu t id le  to the CTUR.

(b) 100-Line C apacity Remote U n it: The 100- 
line capacity remote u n it can concentrate

a m axim um  o f 100 lines to 20 trunks in  two 
groups o f 50 lines to ten trunks each. In  addi­
tion, there are two contro l trunks fo r  s ignal­
ing. One line te rm ina l in  each 50-line group 
w il l  usua lly  be reserved fo r  test purposes.

(c) 50-Line C apacity Remote U n it: The 50-
line capacity remote u n it can concentrate 

a m axim um  o f 50 lines to ten trunks, and uses 
tw o p a ir as contro l o r signaling trunks. One 
line te rm ina l is reserved fo r  test purposes.

2.07 Resistance Range L im its

(a) G eneral: The concentrator has no effect 
on transm ission lim its . M axim um  concen­

tra to r  range is determined by both dc contro l 
and supervision s ignaling lim ita tions, and by 
norm al centra l office range lim its . Concentra­
to r system resistance range is determined by 
the fo llo w in g  three param eters: CU to RU 
range, RU to customer subset range, and cus­
tom er subset to centra l office equipment range.

(b) CU to  R U  Resistance R ange: The nor­
m al CU to  RU signaling c ircu it external

cable resistance range is 0- to 1600-ohm loop 
resistance (0 to 800 ohms per ind iv idua l sig­
na ling  w ire ) w ith  a maximum o f 10-volt peak 
ac and dc interference. B y means o f in te rna l 
strapping, the ind iv idua l s ignaling  leads are 
padded out to a m in im um  o f 700 ohms a t 
ins ta lla tion .

(c) R U  to  Custom er Subset Resistance Range: 
The norm al RU to customer subset exter­

nal cable loop resistance range is 0 to  800 ohms 
(0 to 1200 ohms inc lud ing  subset).

(d) C en tra l Office to  Custom er Subset Re­
sistance Range: The m axim um  range

fro m  the centra l office to a customer subset 
served by a concentrator can be no greater 
than the norm al maximum centra l office re­
sistance range. When ca lcu la ting  the customer 
subset to  centra l office range o f a line served 
by a concentrator, the fo llo w in g  factors must 
be considered.

(1) The concentrator tru n k  and signaling 
p a ir loop resistance fro m  the CU to 

the RU.

(2) The loop resistance fro m  the RU to the 
customer subset.

(e) O peration W ith  Long L in e  C irc u its : Long 
line c ircu its  may be used on the line side 

o f e ither concentrator u n it on a one-per-line 
basis in  the conventional manner or m ay be 
used on the concentrator trunks. In  the la tte r 
case, a ll the trunks in  the tru n k  group or 
groups involved m ust be equipped w ith  the 
same type o f set and m inor rearrangements 
o f the CU or RU power arrangements are re­
quired to a llow  supply ing RU power over id le 
ta lk in g  trunks. Long line sets may not be used 
to extend the concentrator contro l pa ir range 
(no rm a lly  800 ohms per w ire, 1600 ohms per 
pa ir loop ). However, w ith  zero ac and dc earth 
potentia l, the standard s ignaling c ircu it w il l 
operate to a 1000 ohms per w ire, 2000-ohm 
loop range.

2.08 Delayed D isconnect F e a tu re : The delayed 
disconnect feature insures tha t a m in i­

mum o f fo u r lines in  each 50-line group is always 
connected through the concentrator to  central 
office line term ina ls. These fo u r lines are either 
in  use on a service ca ll or are on-hook, bu t s t i l l  
have a concentrator tru n k  attached and cut- 
through to  the centra l office equipment. This 
feature helps to m inim ize the effect o f low insu­
la tion  resistance lines and to insure tha t, in  case 
o f an emergency, some concentrated lines w il l 
always have service.

2.09 Tem perature L im its

(a) C on tro l U n it: The contro l u n it is capable 
o f operating w ith in  the norm al centra l

office equipment tem perature lim its .

(b) Remote U n its : The remote units are ca­
pable o f operating in  ambient outside a ir

temperatures fro m  —39 F  to  +140 F, and 
w ith  re la tive h um id ity  up to 100 per cent.

2.10 T ru n k  and L ine  P ro te c tio n : Carbon block 
protectors are provided fo r  a ll lines and

trunks a t the remote unit.

Power Arrangements

2.11 C on tro l U n it: A l l  power fo r  the contro l 
u n it comes fro m  the 48-volt central office

supply.
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2.12 Remote U n it: The power in  the remote
u n it is supplied by a 24-volt sealed, n ickel-

cadmium storage ba tte ry  which is charged fro m  
the centra l office 48-volt ba tte ry  over id le  ta lk ­
ing  trunks. Under norm al operating conditions, 
the ba tte ry  has sufficient capacity to  sustain con­
centra to r operation fo r  extended periods w ith ­
out any charging fro m  the centra l office.

Traffic Features and Characteristics

2.13 Engineered C apacity : Each 10-trunk
group has an engineered tra ffic  capacity

o f about 145 ccs (hundred ca ll seconds). The 100- 
line capacity remote u n it has tw ice the capacity, 
or 290 ccs. This system has been designed to pro­
vide the proper balance between m in im um  
sw itch ing  and cable cost and m axim um  average 
line te rm ina l f i l l  to  resu lt in  m in im um  cost per 
net line gained. The ten trunks, w ith  145 ccs ca­
pacity  per 50-line group used in  conj unction w ith  
a tra ffic  measuring device, are expected to a llow  
operation a t fu l l  line f i l l  in  most applications.

2.14 C oncentra tor T ru n k  Usage R ecorder: In
order to f u l f i l l  the requirements in  2.13, 

a concentrator tru n k  usage recorder (C TU R ), 
which measures tru n k  usage in  ccs, has been 
developed. The CTUR can measure usage on as 
many as five concentrator systems s im u lta ­
neously (five 100-line o r ten 50-line remote 
u n its ). Measurement in terva ls can be contro lled 
fro m  a TUR tim er, fro m  a tra ffic  reg ister cam­
era tim er, or fro m  a tim e r which has been made 
available fo r  th is purpose.

2.15 D ia l Tone Speed: Arrangem ents are pro­
vided fo r  measuring concentrator d ia l

tone speed by the standard d ia l tone speed meas­
u ring  c ircu it. One arc o f the d ia l tone speed 
measuring c ircu it m ust be assigned exclusively 
to th is  use. Each arc has a te rm ina l capacity fo r  
20 test leads.

2.16 O verflow  Tone: A n  incom ing ca ll received 
du ring  a period when a ll trunks in  a

group are busy w il l  be connected to  a tone sup­
p ly. Overflow tone w il l usua lly  be supplied, but 
in  offices where overflow tone is not available, 
busy tone may be substituted.

Maintenance Features
2.17 A la rm  A rrangem ents: In  general, equip­

ment th a t is common to  more than one
line is alarmed. The a la rm  arrangements pro­

vide fo r  loca liz ing  and in d iv id u a lly  ind ica ting  
troub le  conditions in  the contro l un it, the remote 
un it, o r the signaling  c ircu it.

2.18 Custom er Loop T esting : C utoff relays 
are provided in  both the contro l and re­

mote un its ; therefore, the concentrator connec­
tion  provides a clean t ip  and ring . This allows 
norm al customer loop testing  procedures to  be 
used.

2.19 A u tom a tic  L ine  In su la tio n  T est: A  m inor 
m odification o f the standard autom atic

line insu la tion  test (A L IT )  c ircu it provides fo r  
testing  a ll loops connected to th is  concentrator. 
The m odification causes the A L IT  to  increase 
its  dw ell tim e on concentrated lines in  order to  
give the concentrator tim e to set up the connec­
tion  before tests are applied.

2.20 Test Equipm ent and Tool K it :  This con­
centra tor is composed la rge ly  o f stand­

ard electromechanical sw itch ing  apparatus. 
Therefore, standard testing  equipment and tools 
may be used. A  spare parts and tool k it  is pro­
vided fo r  the use o f outside craftsm en when 
m ain ta in ing  the remote unit.

2.21 G round R e turn  P a th : The w ork ing  lim ­
its  fo r  the concentrator s ignaling c ircu its

are ±10  vo lts fo r  dc interference, 5 volts rm s 
fo r  ac interference, and 10 volts peak fo r  any 
combination o f ac and dc interference. This in ­
terference should be measured across a 3000-ohm 
resistor. To a llow  lim ited  operation w ith  in te r­
ference conditions in  excess o f these lim its , te r­
m inals have been provided in  the concentrator 
units fo r  operating the signaling  c ircu its  on a 
m eta llic  loop basis (not ground re tu rn ). This 
mode o f operation requires a number o f extra 
s ignaling pairs, the exact number depending on 
resistance range involved. W ith  neither ac nor 
dc interference, the w ork ing  lim its  o f the s ignal­
ing  c ircu it may be extended.

3. MAJOR EQUIPMENT ELEMENTS 

New Types of Apparatus

3.01 M agnetic La tch ing  Relays (F ig. 3 ) :  The 
cu to ff relays in  both the CU and RU o f 

the line concentrator No. 1A system are o f the 
magnetic la tch ing  d ry  reed type. The re lay con­
sists o f 50 coils, each coil having tw o reed 
switches. These coil and contact subassemblies
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are replaceable. In  the RU, the upper 25 sub- 
assemblies are magnetic la tch ing  and the lower 
25 are nonlatching. This combination has been 
coded the 302A re lay. In  the CU, a ll 50 o f the 
subassemblies are magnetic la tch ing  and the 
composite s tructure  has been coded the 302B 
relay. The lin e  re lays in  the RU are the non­
la tch ing  type. In  the magnetic la tch ing  sub- 
assemblies, each p a ir o f reed switches has a cor­
responding permanent magnet. This magnet is 
too weak to operate the contacts, but once the 
contacts have operated, the magnet is strong 
enough to keep the contacts closed w ith  adequate 
contact pressure to  assure a good contact under 
v ib ra tion  and shock conditions. These magnetic 
la tch ing  relays require no cu rren t to hold them 
operated, bu t a fte r a pulse o f cu rren t has in i­
t ia l ly  operated them, the permanent magnets 
w il l hold them operated u n til they are released 
by a pulse o f cu rren t opposite in  d irection to  the 
operate current.

3.02 M agnetic La tch ing  Crossbar S w itch : The
crossbar switches used in  both units are 

magnetic la tching, 6-wire crossbar switches. In  
the CU, 10 by 20 crossbar switches are used; in 
the RU, 10 by 10 crossbar switches are used. The 
m a jo r difference between th is la tch ing  sw itch 
and a conventional sw itch is the use o f a hold 
magnet core m ateria l which retains a high de­
gree o f residual magnetism. To operate the hold 
magnet, a pulse o f cu rren t is sent through the 
hold magnet coil. The residual magnetism in 
the core is great enough to  hold the sw itch oper­
ated u n til a pulse o f cu rren t in  the opposite d i­
rection to th a t o f the operate pulse is sent 
through the coil.

3.03 Remote U n it Pow er S up p ly : The power 
supply in  the remote u n it consists o f a

19-cell, 24-volt, nickel-cadm ium storage batte ry 
w ith  a capacity o f 2.5 to  4.0 ampere-hours. Each 
cell is a sealed u n it and w il l not be damaged or 
em it gases even w ith  a moderately heavy over­
charge. The batte ry  is charged fro m  the 48-volt 
central office supply over id le  concentrator 
trunks. B a tte ry  cu rren t d ra in  is very low  be­
cause magnetic la tch ing  relays and switches are 
used in  a ll places where a connection m ust be 
maintained between calls.

3.04 M ercu ry R e lays: A l l  s ignaling is done
by means o f a new code o f m ercury relays

which are 1-7/8 inches high when mounted.

Central Office

3.05 General (F ig . 4 ) : The three m a jo r units 
o f the centra l office contro l u n it are a

single-bay fram e, a contro l u n it mounted on an 
equipment fram e, and a concentrator tru n k  
usage recorder.

3.06 Fram e (F ig . 4) : The fram e is 38-1/2
inches wide and e ither 11 feet, 6 inches or

9 feet, 0 inches high, depending on the ceiling 
height o f the office in  which i t  is to be insta lled. 
Since there are no protrusions fro m  the side o f 
the fram e, two fram es can be mounted side by 
side. A  fuse panel is mounted near the top o f 
the fram e and a te rm ina l s tr ip  is located d irec tly  
above the te rm ina l s trip  on the contro l un it. A l l  
power is connected through the fuse panel to 
the te rm ina l block.

3.07 C on tro l U n it (F ig. 5 ) : The contro l u n it 
is 38-1/4 inches wide and 85 inches high,

and weighs approxim ate ly 500 pounds. The con­
tro l un it includes a ll o f the concentrator cen­
tra l office equipment and comes prew ired fro m  
the facto ry . A l l  e lectrica l connections on the 
contro l u n it term inate a t the te rm ina l block 
mounted near the top o f the un it. A t  the tim e 
o f ins ta lla tion , cross-connections are run  be­
tween corresponding term ina ls o f th is  te rm ina l 
block and the adjacent fram e te rm ina l block.

3.08 C en tra l Office Equipm ent In s ta lla tio n
F le x ib ility : The contro l u n it was de­

signed as a self-contained subframe to  fa c ilita te  
short ins ta lla tion  and service in tervals. This may 
be achieved through advance p lann ing o f in s ta l­
la tion  o f fram es fo r  expected needs du ring  a 
norm al engineering in terva l. W ith  a fram e pre­
viously insta lled  in  the centra l office, the local 
p lan t forces can m ount the contro l units as 
needed', m aking the necessary cross-connections 
between the adjacent te rm ina l blocks when the 
contro l u n it is installed.

3.09 C oncentra tor T ru n k  Usage Recorder
(F ig. 6 ) :  The CTUR consists o f stepping 

switches, a 100-second tim er, and associated re­
lays, a ll o f which are mounted on a m ounting 
plate 8 inches h igh and 23 inches wide. The 
CTUR can be mounted above the contro l u n it 
equipment fram e on the 11-foot, 6-inch fram e 
by means o f adapters, or on a standard 23-inch 
re lay rack. The CTUR can be contro lled  fro m  
a TUR, a tra ffic  camera contro l c ircu it, o r a
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seven-day program  tim e r which has been made 
available fo r  th a t purpose. The CTUR can meas­
ure the tra ffic  usage o f 100 trunks in  ten groups 
o f ten trunks each. This w il l accommodate five 
100-line or ten 50-line capacity line concentrators 
No. 1A or various combinations thereof.

Remote Unit— 100-Line Capacity

3.10 General (F ig. 7) : The remote u n it con­
sists o f a fram e, a housing, two gates,

and a connecting block.

3.11 F ram e : A ll o f the equipment in  the re­
mote u n it is mounted on an angle iron

fram ew ork which also supplies the necessary 
bracing and support fo r  the housing.

3.12 H ousing : The housing is approxim ately 
51 inches high, 26 inches wide, and 16

inches deep. I t  is both weatherproof and insect- 
proof, and has filte red vents to a llow  a ir to  c ir ­
culate w ith in  the unit. The housing door is diag­
onal across the top and bottom to perm it easy 
access to a ll concentrator equipment. Provisions 
are included to a llow  the stub cable to enter 
through either the top or bottom o f the housing 
depending upon the type o f ins ta lla tion  used. 
The housing is equipped w ith  hangers which are 
bolted to  both the housing and the fram e to pro­
vide support. In  addition, the housing is p ro­
vided w ith  fac ilitie s  fo r  locking the door, w ith  
hoisting straps, and w ith  means fo r  m ounting 
a tent. The method and hardware fo r  m ounting 
a concentrator is s im ila r to tha t fo r  m ounting 
a cross-connection te rm ina l (BD ) box. A  con­
centra tor can be mounted on a pole or on a w a ll. 
A  typ ica l in s ta lla tion  is shown in Fig. 8.

3.13 F ro n t Gate (F ig . 7 B ) : Factory  w ired
and mounted on the fro n t gate are the

signaling c ircu it, line and cu to ff relays, protec­
tors, power supply, and other components. The 
fro n t  gate is pivoted to open away fro m  the 
housing door. When th is gate is open, the w ir in g  
side o f the fro n t gate and the equipment side 
o f the rear gate are accessible.

3.14 Rear Gate (F ig . 7 C ): The only equip­
ment mounted on the rea r gate is the fac­

to ry  w ired crossbar switches. When open, this 
gate is p a r tia lly  in  the housing door. The w ir in g  
side o f the crossbar switches and the rear o f the 
connecting block are accessible w ith  the gate in 
th is  position.

3.15 Connecting B lo c k : The connecting block 
is perm anently mounted a t the bottom  o f

the fram e below the equipment gates. The stub 
cable pairs term inate on the fro n t o f th is block 
under screw term ina ls. The concentrator equip­
ment is fac to ry  connected to term ina ls a t the 
rear o f th is  block. When both gates o f the con­
centra tor are open, the rear connections are 
accessible fo r  maintenance.

Remote Unit —  50-Line Capacity

3.16 The 50-line capacity remote u n it is a 
2-gate, a lum inum  housing u n it very s im i­

la r  to the 100-line un it, b u t has a height o f on ly 
35 inches.

4. METHOD OF OPERATION 

Circuit Description

4.01 B lock D iag ram : The block diagram  in
Fig. 9 shows the m a jo r functiona l blocks

fo r  both the remote and contro l units o f the 
No. 1A line concentrator. Because some o f the 
c ircu its  in  both the remote and contro l units are 
very s im ila r, they w il l be discussed together. A l l  
other c ircu its  w il l  be discussed separately.

4.02 S w itch ing  N e tw o rk : The sw itch ing net­
w ork at the 100-line capacity remote u n it

consists o f fo u r magnetic la tch ing  10 by 10, 
6-wire crossbar switches, w ith  three lines per 
crosspoint ( tip  and r in g ). The 50-line capacity 
remote u n it requires on ly tw o crossbar switches. 
The network a t the contro l u n it consists o f three 
magnetic la tch ing, 10 by 20, 6-wire crossbar 
switches w ith  two lines per crosspoint (tip , ring , 
and sleeve). F ig. 10 illus tra tes  the remote u n it 
crosspoint w ir in g  per group. Three customer 
lines appear a t each crosspoint on each horizon­
ta l level and a ll bu t three levels are used fo r  
customer lines. The other three levels are used 
fo r  steering (one out o f three selections). One 
tru n k  is assigned to each vertica l and i t  is m ul- 
tip led  to each o f the three steering levels. When 
a line is to be connected to a tru nk , the fo llo w in g  
select magnets operate.

(a) The select magnet which corresponds to 
the horizonta l level o f the line requesting

service.

(b) The select magnet o f the steering level 
which corresponds to the line in  (a ).
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A fte r  both select magnets have operated, the 
hold magnets corresponding to the vertica l on 
which the selected tru n k  appears operate. (L ike- 
numbered hold magnets on switches A  and B 
always operate together.) F o r example, to con­
nect line 29 to tru n k  00, the select magnets fo r 
level nine o f sw itch A  and level seven o f switch 
B m ust be operated, fo llow ed by operation o f the 
hold magnets fo r  tru n k  00. The crossbar switches 
in  the centra l office are w ired in  a s im ila r man­
ner except th a t there are on ly two steering levels 
since only two lines appear on each sw itch level.

4.03 L ine  C irc u it: The line c ircu it in  the re­
mote u n it consists o f a d ry  reed type

line re lay bridged to the r in g  lead through con­
tacts o f the cu to ff re lay. This line re lay  oper­
ates on ly on an o rig ina ting  service request. The 
line c ircu it in  the contro l u n it consists o f a w ire 
spring type sleeve lead relay, which operates on 
te rm ina ting  calls. This sleeve lead re lay also 
operates on disconnect to provide line id e n tity  o f 
the line fro m  which a tru n k  is to be disconnected.

4.04 Lockout and Id e n tific a tio n : As shown in  
Fig. 11, the lockout and identifica tion  c ir ­

cu it fo r  the 50-line capacity remote u n it consists 
of a two-dimensional re lay m a trix . Since the 
100-line capacity remote u n it and the contro l 
u n it each require fac ilitie s  fo r  100 lines, there 
are two o f the above c ircu its  in each o f these 
units. The m a tr ix  fo r  each group o f 50 lines con­
sists o f five subdivisions o f nine lines and one 
subdivision o f five lines fo r  a to ta l o f 50 lines. 
The operation o f one or more line or sleeve re­
lays results in  lockout o f a ll bu t the highest p re f­
erence request, and in  identifica tion  o f the line 
selected in  terms o f one L A  and one LB  re lay  op­
erated. In  cases o f simultaneous or overlapping 
requests fo r  service, the concentrated line w ith  
the lowest te rm ina l number receives the highest 
preference.

4.05 S igna ling  C irc u it: The signaling c ircu it 
consists o f tw o cable pairs (contro l trunks)

and the ir associated c ircu itry . Control tru n k  0 
(TS0, RS0) is used fo r  the transm ission o f line, 
group and type o f ca ll, and tru n k  id e n tity  in fo r ­
mation. Control tru n k  1 (TS1, R S I) is used fo r  
tra nsm itting  m arking, checking, releasing, and 
tru n k  steering in form ation . Fig. 12 shows a 
sim plified schematic o f the TS0 w ire  o f contro l 
pa ir 0, which is used to tra nsm it pa rt o f the line 
and tru n k  id e n tity  in fo rm ation . This c ircu it con­

sists o f one sensitive and one m arg ina l re lay  at 
each end o f the s ignaling path. These relays can 
produce a to ta l o f three s ignaling conditions 
which appear sim ultaneously a t both ends o f the 
w ire  and, because o f the b i-d irectiona l character­
istic o f the c ircu it, may be in itia ted  fro m  either 
end o f the s ignaling path. The three signaling 
conditions are also specified in  F ig . 12. The c ir ­
cu it o f the second w ire  (RS0) o f contro l tru n k  
0 is identica l w ith  tha t o f the f irs t w ire  (TS0). 
Used together, the wires o f contro l tru n k  0 send 
a to ta l o f nine s ignaling combinations fo r  com­
plete line and tru n k  id e n tity  in fo rm ation . The 
line and tru n k  id e n tity  in fo rm ation  is sent in 
fo u r parts. The method o f sending th is  in fo rm a ­
tion is shown in  F ig. 12 and discussed below.

(1) Line group identifica tion  (one out o f two 
combinations) to id e n tify  both the group

of 50 lines, or remote unit, in  which the line 
requesting service appears, and the type o f 
request being made.

(2) “ B ”  line in fo rm a tion  (one out o f nine 
combinations) to id e n tify  the subgroup o f

six lines in  which the line requesting service 
appears.

(3) “ A ”  line in fo rm a tion  (one out o f s ix com­
binations) to id e n tify  the line requesting

service.

(4) T ru n k  in fo rm a tion  (one out o f nine com­
binations) to id e n tify  the tru n k  to which

the line requesting service is to be connected. 
(A  tenth combination fo r  tru n k  selection is 
available and discussed below.)

Control tru n k  1 (TS1, R S I) has d iffe ren t c ir ­
cuits on each w ire. TS1 has no relays a t the cen­
tra l office end, and two oppositely polarized polar 
relays a t the remote end. The in fo rm a tion  sent 
over this path includes m ark ing  and release sig­
nals. R S I has one standard re lay a t the contro l 
office end and one po lar re lay a t the remote unit. 
The in fo rm a tion  sent over th is  w ire  includes 
checking and steering in form ation . The steering 
in fo rm ation  on th is  lead is used together w ith  
the in fo rm a tion  sent on contro l tru n k  0 to  select 
the tenth tru n k  available to each group o f 50 
lines.

4.06 R egister C irc u it: The reg ister c irc u it in 
the contro l u n it consists o f three sets o f 

register relays which record group and B and A  
line in fo rm ation . In  addition to  three sets of reg-
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is te r relays identica l w ith  those in  the contro l 
unit, the remote u n it register c ircu it contains a 
fo u rth  set o f reg ister relays which records tru n k  
in form ation . This la tte r set o f register relays is 
not required in  the contro l u n it since tru n k  se­
lection and reg is tra tion  occur in  the contro l 
un it tru n k  selection c ircu it.

4.07 Sequence C irc u it: Identica l W-Z type se­
quence circu its, inc lud ing  fo u r W  and

three Z relays, are used in  both units o f the con­
centra tor system. Sequencing fo r  a ll types of 
calls is s im ila r and includes combinations of 
corresponding W  and Z relays operated, and W  
relays operated w ith  corresponding Z relays un­
operated.

4.08 Select and H o ld  M agnets: The hold mag­
nets are o f the magnetic la tch ing  type and

require a pulse o f cu rren t in  one d irection to 
operate and a pulse in  the reverse d irection to 
release. The hold and select magnets operated 
fo r  a p a rticu la r line are determined by the line 
requesting service and by the tru n k  selected to 
serve the line. The magnets are operated through 
contacts on the relays in  the register c ircu it.

4.09 C u to ff and C u to ff Check C irc u it: The
contacts on the cu to ff relays are o f the 

magnetic la tch ing  type. A  pulse o f cu rren t in  
one d irection w il l  cause the contacts to close. 
These contacts w il l remain closed u n til a pulse 
o f cu rren t in  the reverse d irection releases them. 
When a customer line is connected to a trunk , 
the cu to ff relays are in  a nonoperated position 
(contacts open). When a line is to be discon­
nected fro m  a tru n k , a pulse o f cu rren t passes 
through the coil o f the re lay, thereby closing 
the contacts which then remain closed due to 
magnetic la tch ing. The cu to ff re lay to be pulsed 
(operated) is selected by contacts on the regis­
te r relays. A  m ercury cu to ff check re lay, which 
is in  a common poin t in  both the operate and 
release paths fo r  a ll cu to ff relays, w il l  operate 
each tim e a cu to ff re lay is pulsed thereby check­
ing the operation o f the cu to ff relay.

4.10 Checking C irc u its : Checking c ircu its  in  
both units check the operation o f hold

magnets, group selection relays, both A  and B 
line selection relays, tru n k  selection relays, and 
cu to ff relays. I f  any o f these checking relays 
does not operate, the concentrator system w il l  
tim e out and an a la rm  w il l  be generated.

4.11 Power S upp ly and A la rm  C irc u it: The
power fo r  the contro l u n it is obtained d i­

rec tly  fro m  the 48-volt centra l office supply. In  
the remote unit, a 24-volt, nickel-cadm ium s to r­
age batte ry  is provided. This ba tte ry  is charged 
over id le  ta lk in g  trunks d ire c tly  fro m  the 48-volt 
centra l office supply. The ba tte ry  acts as a “ f ly ­
wheel”  in  th a t i t  supplies the h igh-current, short- 
duration pulses which are required during  actual 
ca ll hand ling  operations w h ile  i t  is continuously 
being charged a t a lower cu rren t rate. The ca­
pacity o f the ba tte ry  is such th a t i t  w i l l  a llow  
norm al operation fo r  many hours even though 
i t  receives no charging fro m  the centra l office. 
The charging path is protected by an ind ica ting  
fuse which, when open, operates a charging 
alarm .

Circuits Appearing Only in Control Unit

4.12 Preference C o n tro l and T ru n k  Selection 
C irc u it: In  cases o f simultaneous o r over­

lapping requests, the preference contro l c ircu it 
determines the order in  which requests w il l  be 
served. W hile  a request is being served, the 
preference contro l locks out a ll other requests. 
Term ina ting  calls, disconnect requests, and o rig i­
nating  service requests w il l  usua lly  be served in  
tha t order unless a group-trunk-busy condition 
occurs, in  which case a disconnect request w il l  
receive preference. The tru n k  selection c ircu it 
selects the tru n k  which is to  be used to complete 
a connection or which is to be disconnected. I f  a 
tru n k  is needed to complete a connection, one o f 
the trunks on charging w il l  be selected. I f  a 
tru n k  is to be disconnected, a tru n k  fro m  delayed 
disconnect (a tru n k  not being used fo r  ta lk in g  
but s t i l l  connected to  a line) w il l  be chosen. In  
e ither case, the highest preference tru n k  w il l  be 
chosen (preference goes fro m  tru n k  00 through 
tru n k  09 in  tha t o rder).

4.13 S igna l C on tro l C irc u it: A fte r  receipt o f 
a ll checks fo r  a given p a rt o f the s ignal­

ing cycle, the re lays in  the signal contro l c ircu it 
operate. This causes the signal c ircu it to  trans­
m it the next b its o f in form ation .

4.14 T ru n k  Load C o n tro l: Operation o f the
tru n k  load contro l re lay indicates th a t a

to ta l o f five or more trunks are being used fo r  
ta lk in g  a nd /o r fo r  delayed disconnect. Operation 
o f th is  re lay in itia tes a disconnect request in  the 
preference contro l c irc u it to replenish the
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number o f trunks  disconnected, on charging, and 
available to the tru n k  selection c ircu it fo r  use 
on calls.

4.15 Release C o n tro l: The release contro l in i­
tiates the cycle which releases a ll o f the

remote and centra l office contro l relays a fte r a 
connection has been set up fo r  a service request, 
a fte r a connection has been released by a discon­
nect request, or a fte r the concentrator tim e-out 
and a larm  c ircu it has operated.

4.16 M iscellaneous C irc u its : Five m iscella­
neous c ircu its  are shown as a group on the

block diagram. These c ircu its  w il l  be discussed 
below.

(1) D ia l Tone Speed R egister C irc u it: F a c ili­
ties are incorporated which a llow  the

standard d ia l tone speed register c ircu it to 
measure d ia l tone delay caused by the con­
centra tor fo r  each 10-trunk 50-line group. In  
order to make th is  measurement w ith  the d ia l 
tone speed reg ister circu its, the concentrator 
m ust be treated as a separate class o f service 
by assigning concentrators to  a separate arc. 
Each arc provides fac ilitie s  fo r  tw enty 
10-trunk groups.

(2) L ine  In su la tio n  Test C on tro l C irc u it: To
insure th a t the A L IT  does not complete 

its  test cycle and release the concentrator line 
te rm ina l under test before the concentrator 
has completed the connection to  the customer 
loop, the concentrator signals the A L IT  to 
extend its  line te rm ina l dw ell tim e whenever 
a concentrated line not a lready cut through is 
under test. This feature assures th a t a ll lines 
which are not busy when tested w il l  be fu l ly  
tested. D u ring  the test o f a ll lines, the proba­
b il ity  is very high th a t a ll trunks w il l  be u t i l ­
ized and tested.

(3) Charge F a ilu re  A la rm  C irc u it: The opera­
tion o f the charging lead power fuse in

the remote u n it causes a power a la rm  re lay 
to operate. This a la rm  is sent to the centra l 
office via the t ip  side o f tru n k  00.

(4) A la rm  C irc u it: The a larm  c ircu it consists 
o f fo u r subc ircu its : a tim in g  c ircu it, a re­

lease c ircu it, an a la rm  re lay c ircu it, and a c ir­
cu it which provides a la rm  indications to con­
necting c ircu its. The m a jo r u n it in  the a larm  
c ircu it is the tim in g  c ircu it which controls a ll 
o f the other units. In  tim in g  out, the tim in g

c ircu it operates an a la rm  re lay and releases 
the concentrator so th a t i t  may serve another 
call. The operation o f the a la rm  re lay  ac ti­
vates the connecting c ircu it which indicates 
tha t there is a troub le  by operating a centra l 
office a la rm  or by tra n fe rr in g  the in fo rm ation  
to an a larm  sending c ircu it. B y  noting  which 
a la rm  re lay has operated, the trouble  can be 
localized to the centra l un it, the remote unit, 
or the s ignaling c ircu it.

(5) T ru n k  O verflow  In d ica tio n  C irc u it: When 
a ll trunks  in a 10-trunk 50-line group are 

busy, te rm ina ting  calls w il l  receive an overflow 
indication. Under th is same a ll-trunks-busy 
condition, o rig ina ting  ca ll attempts are sub­
jec t to d ia l tone delay u n til a tru n k  becomes 
available.

Establishing a Connection

4.17 G eneral: In  the fo llo w in g  section, a de­
scrip tion o f system operation fo r  typ ica l

calls is presented in  terms o f the block diagram  
o f Fig. 9, the s ignaling diagram  o f F ig. 12, and 
the functiona l sequence charts o f F ig . 13, 14, 
and 15. The description w il l  fo llo w  the sequences 
shown in  these charts, bu t there w il l  be no d irect 
references made to them in  the text.

4.18 O rig in a tin g  C a ll

(a) A  customer orig inates a service request 
by tak ing  the subset off hook. The RU

line  c irc u it then operates, which in  tu rn  oper­
ates the lockout and id e n tifica tio n  c irc u it. The 
signed c ircu its  in  both the RU and CU, which 
are contro lled by contacts on the RU lockout 
and id e n tifica tio n  c irc u it re lays fo r  the trans­
mission o f line and group in fo rm ation , s im u l­
taneously reflect the s ignaling re lay combina­
tion fo r  the group num ber (F ig . 12). Contacts 
on these signaling  relays which appear in  the 
CU preference co n tro l c irc u it indicate th a t an 
o rig ina ting  service request desires to establish 
preference and seize the contro l c ircu it. I f  a ll 
trunks in  the customer group are busy, the 
preference co n tro l c irc u it w il l  not operate and 
the customer w il l  be subjected to delayed d ia l 
tone. When a tru n k  becomes available, the ca ll 
w il l continue.
(b) Seizure o f the contro l c irc u it causes over­

a ll w ork a la rm  tim in g  to begin, and the
CU sequence c irc u it to advance one step to 
step 1, causing the transm ission o f a sequence
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signal to the RU. Group in fo rm ation  is then 
registered and checked in the register circuit 
in  both the RU and the CU. A fte r  reg istra tion  
o f group in form ation , the CU trunk selection 
circuit selects and makes busy the concentrator 
tru n k  which w il l  be used to serve th a t call.

(c) When the CU receives sequence check sig­
nals fro m  the RU and fro m  its  own check

c ircu it, contro l pa ir 0 is opened and a ll signal 
relays on this pa ir are released, thereby pre­
paring the signal circuit fo r  the transm ission 
o f the next piece o f in form ation . This is fo l­
lowed by a sequence signal, step 2, which causes 
an advance in  the sequence circuit in  both units. 
A  sequence check signal each fro m  the RU and 
CU indicates th a t the system is ready fo r  the 
next transm ission, and closes contro l pa ir 0. 
The proper signal relays, as determined by 
contacts on the line lockout and identification 
circuit relays in  the RU signal circuit, then 
operate at both ends to indicate the “ B ”  por­
tion o f the line identification. Sequence step 3 
fo llow s, and causes the register circuits in 
both units to record the “ B ”  line in form ation . 
In  the remote unit, th is is fo llowed by the op­
eration o f the steering level select magnets 
(F ig. 10) in  the select and hold magnet opera­
tion circuit. Sequence checks in  both units 
then cause contro l p a ir 0 to be opened in  order 
to prepare i t  fo r  the next transmission.

(d) Sequence c ircu it advance, step 4, fo llow s 
the release o f the signal relays. The check

fo r  th is sequence advance step completes the 
s ignaling path, and the signal relays, under 
the contro l o f the RU signal circuit, reflect the 
“ A ”  p a rt o f the line in form ation . Next, a se­
quence advance, step 5, perm its the register 
circuit in  both the RU and CU to record the 
“ A ”  line in form ation . A t  th is  time, the line 
level select magnets in  the RU, and the line 
and steering level select magnets in  the CU 
operate.

(e) A  sequence check again opens contro l 
pa ir 0 to prepare fo r  the transm ission of

tru n k  in fo rm a tion  and causes a sequence ad­
vance. This sequence advance, step 6, causes 
the release o f the line lockout and identifica­
tion circuit in  the RU and the cu to ff re lays in  
the CU, and operates the CU hold magnet in  
the CU which corresponds to the selected 
trunk . I f  th is tru n k  is the last available tru n k

in  a group, a group-trunk-busy condition w il l  
result, b locking a ll subsequent requests fo r  
service fro m  th a t group.

( f)  When the sequence check is received, the 
contacts on the relays in  the CU trunk 

preference control circuit contro l the opera­
tion  o f the signal re lays to tra nsm it the se­
lected tru n k  numbers. I f  e ither tru n k  9 o r 19 
has been chosen, the CU signal control circuit 
transm its an add itiona l signal which causes a 
signal re lay in  the RU signal circuit to operate, 
thereby causing the selection o f tru n k  9 or 19. 
The fina l sequence advance, step 7, perm its the 
RU register circuit to record the num ber o f 
the selected tru nk , and causes the RU cu to ff 
and line re lays to release. A t  th is time, the 
RU hold magnets operate and a sequence 
check signal is sent back to the CU. When the 
CU receives th is  sequence check signal in  add i­
tion  to its  own sequence check signal, the CU 
release control circuit sends a release signal to 
the RU, and in itia tes release w ork tim in g  in 
the CU. The RU then proceeds to release a ll 
operated relays w ith  the exception o f the hold 
magnets. D u ring  the tim e the RU is releasing, 
the CU signal control circuit opens contro l 
pa ir 0. When the CU receives a RU release 
check, the CU release control circuit operates 
the CU release relay, which in  tu rn  stops the 
w ork a la rm  tim ers and releases a ll relays ex­
cept the hold magnets and tru n k  busy relays, 
both o f which remain operated fo r  the dura­
tion  o f the ca ll. A t  th is  point, contro l p a ir 0 
is closed, p u ttin g  the system in  a standby con­
d ition  and preparing i t  fo r  the next call. The 
tru n k  supervisory re lay also operates and re­
mains operated as long as ta lk in g  continues.

4.19 Terminating Call

(a) A  te rm ina ting  ca ll is in itia ted  when the 
customer line circuit in  the CU operates,

fo llow ed by operation o f the CU line lockout 
and identification circuit. I f  the CU preference 
control circuit, operated by contacts on the line 
lockout and identification circuit relays, as­
signs preference to th is  request, a signal to  the 
remote u n it prepares i t  to expect a te rm ina ting  
ca ll and starts  over-all w ork a larm  c ircu it t im ­
ing  in  the CU.

(b) When the RU receives th is  signal, its  sig­
nal circuit places ground on the RU side

o f the signaling relays o f contro l pa ir 0. This
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ground shunts the RU contro l contacts on 
these c ircu its  and arranges them fo r  CU sig­
na ling  control. I f  a group-trunk-busy condition 
(a ll trunks in  one group are busy) exists fo r  
the line group th a t the te rm ina ting  service 
request is in, the ca ll w il l  no t receive p re fe r­
ence, and the ca lling  p a rty  w il l  receive over­
flow tone fro m  the CU trunk overflow indica­
tion circuit.

(c) Once the RU is ready to proceed w ith  the 
call, the sequence o f operation is identica l

w ith  the sequence o f operation fo r  an o rig ina t­
ing  ca ll fro m  sequence steps 1 through 6. These 
steps include tru n k  selection, transm ission to 
the RU and reg is tra tion  in  both units o f called 
line group, line “ A ” , and line “ B ”  identifica­
tion  in form ation , and sequencing. In  the CU, 
sequence advance step 6 causes release o f the 
line lockout and identification circuit, release 
o f the cutoff circuit, release o f the line cir­
cuit, and operation o f the hold magnets fo r  the 
tru n k  selected. I f  the tru n k  selected is the last 
available trunk , the overflow indication circuit 
w il l  indicate a group-trunk-busy condition fo r  
subsequent calls to the group in  which the 
selected tru n k  appears.

(d) When the sequence check is received from  
the RU, the CU signaling control circuit

causes the signal re lays to reflect the number 
o f the selected tru nk . I f  e ither tru n k  9 or 
19 is selected, a signal is sent fro m  the CU to 
operate a steering re lay  in  the RU signal cir­
cuit. Sequence advance step 7 causes the RU 
register circuit to record the tru n k  number, 
the RU cutoff circuit to release, and the RU 
hold magnets to operate. F rom  the receipt of 
the sequence check signal fo llo w in g  RU hold 
magnet operation to  the completion o f the 
cycle, concentrator operation fo r  a te rm ina t­
ing  ca ll is again identica l w ith  concentrator 
operation fo r  an o rig ina ting  call.

4.20 Disconnect

(a) When the sum of the trunks being used on 
active calls and fo r  delayed disconnect 

exceeds fou r, the trunk load control circuit 
w il l  operate through the hold-off-norm al con­
tacts on the CU crossbar switches. Operation 
o f the trunk load control circuit in itia tes a dis­
connect preference request in  the CU prefer­
ence control circuit. I f  a disconnect cycle has 
occurred w ith in  the previous 6 seconds, the

preference control circuit w il l  not a llow  the 
disconnect request to proceed. This tim e spac­
ing o f disconnects is provided to prevent con­
tinuous disconnect cycling  to  occur under 
certain troub le  conditions. I f  preference is es­
tablished, contacts on the preference control 
circuit relays w il l  s ta rt over-all w ork tim ing , 
and w il l  cause the trunk selection circuit to se­
lect the tru n k  to be disconnected. When the 
tru n k  has been selected, the CU line circuit fo r 
the line connected to tha t tru n k  operates, and 
then in  tu rn  operates the CU line lockout and 
identification circuit, thereby establishing its 
iden tity . Selection o f a tru n k  also causes a 
signal to be sent to the RU to prepare i t  fo r  
disconnect by by-passing the RU signal con­
tro l c ircu it fo r  contro l pa ir 0, and by opening 
the RU lockout and identification circuit. A t 
th is time, the signal relays, contro lled fro m  
the CU, reflect the group in  which the discon­
nect is to occur. Sequence advance step 1 
causes the group in fo rm a tion  to be recorded 
in the RU register circuits. When the CU re­
ceives a sequence check, i t  opens signal pa ir 0 
to prepare i t  fo r  the firs t p a rt o f the line in ­
form ation , and advances to sequence step 2.

(b) The receipt o f the sequence check fo r  se­
quence step 2 causes the signal re lays to

indicate the “ B ”  line in fo rm a tion , and se­
quence advance step 3 causes th is  in fo rm a tion  
to be recorded in  the register circuit in  both 
units. A f te r  the “ B ”  line in fo rm a tion  is regis­
tered in  the RU, the RU steering level select 
magnets operate. When the CU receives a se­
quence check signal, i t  opens signal pa ir 0 to 
prepare i t  fo r  transm ission o f “ A ”  line in fo r ­
mation.

(c) Sequence advance step 4 starts  the discon­
nect spacing tim in g  c ircu it which prevents

a second disconnect fro m  occurring  w ith in  
6 seconds a fte r the firs t. Receipt o f the next se­
quence check reoperates the signal relays on 
contro l pa ir 0 in  accordance w ith  “ A ”  line in ­
form ation , and sequence step 5 perm its the in ­
fo rm ation  to be registered in  both the RU and 
CU. The line select magnets in  the RU and 
the steering level select magnets in  the CU 
also operate a t th is  point.

(d) A  sequence check then causes contro l pair 
0 to open, and sequence advance step 6 re­

leases the CU lockout and identification circuit. 
When the check fo r  sequence advance step 6 is
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received, contro l pa ir 0 closes and the tru n k  
in fo rm a tion  is reflected on the signal relays. 
I f  e ither tru n k  9 or 19 is to be disconnected, 
a signal is sent fro m  the CU to the RU to oper­
ate a tru n k  steering relay.

(e) Sequence advance step 7 causes the RU 
reg iste r c irc u it to record the tru n k  in fo r ­

mation, the RU cutoff re lay to operate, and 
the RU hold magnets to release. Upon receipt 
o f the sequence check, the CU hold magnets 
release, the CU cutoff relays operate, the CU 
lin e  c irc u it releases, concentrator release 
w ork tim in g  starts, and a release signal is 
transm itted  to the RU. Receipt o f the release 
signal in the RU causes a ll operated relays 
there to release. D u ring  th is  time, the CU 
opens contro l pa ir 0 and releases a ll operated 
signal relays. As soon as the release check is 
received a t the CU, a ll operated CU relays 
release, over-all w ork and release w ork tim ing  
stops, and contro l pa ir 0 is returned to a 
norm al condition in preparation fo r  the next 
service request.

5. MAINTENANCE FACILITIES AND PROCEDURES 

General

5.01 The basic maintenance problem asso­
ciated w ith  a concentrator system is one

of m in im iz ing  the to ta l out-of-service time expe­
rienced. The RU is located rem otely fro m  the 
centra l office and may be subjected to extremes 
o f environm ental conditions.

5.02 The operational re lia b ility  o f the system, 
in  terms o f service to concentrated cus­

tom er lines, is affected by two main factors. 
These are the to ta l trouble rate and the service 
restoration tim e per trouble. A  high order of 
operational re lia b ility  has been designed in to  the 
system, but as fa r  as the day to day operation 
is concerned, m ain ta in ing  an adequate q ua lity  o f 
service depends m a in ly  on keeping the out-o f­
service time per trouble  to a practica l m inim um . 
The m a jo r fac ilitie s  and procedures which have 
been provided to m inim ize the service restoration 
tim e per troub le  are discussed herein.

Trouble Detection Facilities

5.03 Many o f the trouble  detection fac ilities  
now provided in central offices, e ither w ith

or w ithou t m inor modifications, w il l detect cer­

ta in  concentrator m alfunctions. In  addition, 
alarms have been b u ilt in to  the concentrator 
system.

5.04 B u ilt- In  C oncentrator System A la rm s :
Four a la rm  indications have been provided 

which not on ly indicate th a t a m a lfunction  has 
occurred, bu t also localize the source o f trouble  
to the CU, to the RU, to the in terconnecting 
contro l pa ir s ignaling c ircu its, or to the CU 
fuses. A l l  a la rm  indications physica lly  appear in 
the centra l office, none appear at the remote loca­
tion. A n  A L  (a la rm ) lamp and an F A  (fuse 
a la rm ) lamp are provided on the CU fram e. Op­
tions are provided to operate audible and visual 
alarm s in  the centra l office whether i t  is or is 
not arranged fo r  a la rm  sending and receiving. 
Central office a la rm  tra ns fe r (sending and re­
ceiving) c ircu its  have been modified to transm it 
these specific indications to the extent o f th e ir 
respective capabilities. These specific a la rm  in ­
dications perm it the proper craftsm en (inside 
or outside) to be im m ediately assigned to trouble  
clearing. This is o f pa rticu la r value du ring  un­
attended periods. The fo u r a la rm  indications 
have been designated contro l a la rm  (C A L ), re­
mote a la rm  (R A L ), signal a la rm  (S A L ), and 
contro l c ircu it fuse a larm  (F A ).

(a) The C A L a la rm  indicates th a t the contro l 
u n it c irc u it has fa iled  to obtain a check

of some CU function  and th a t the CU is in 
trouble.

(b) The R A L  a la rm  indicates th a t the remote 
u n it c ircu it has fa iled  to complete a func­

tion and th a t the RU is in trouble. A  fa ilu re  
in  the ba tte ry  charging c ircu it which prevents 
charging cu rren t fro m  reaching the batte ry 
also results in  an R A L  alarm .

(c) The S AL a la rm  indicates tha t a signal 
has not been sent or received. This a la rm

identifies a s ignaling c ircu it fa ilu re  but does 
not localize i t  to the CU or RU.

5.05 The three alarms discussed above lock 
through the contacts o f the a la rm  release 

(AR ) key located on the CU. Operation o f the 
AR key a t the CU location, or the a la rm  release 
function  a t a remote location o f centra l offices 
equipped w ith  a la rm  sending and receiving c ir ­
cuits w il l  release the a larm  relays and the A L  
lamp, and re tire  the office alarms.
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5.06 Operation o f a fuse in  the CU causes the 
F A  lamp to lig h t. Options are provided

to  cause th is a la rm  to close an operating path to 
the audible and visual a la rm  c ircu it o f the cen­
t ra l office, whether i t  is or is no t arranged fo r  
a la rm  sending and receiving. As previously dis­
cussed, a fa ilu re  o f the RU charging c ircu it 
causes an R A L  alarm . A n  operated fuse in  the 
RU  w il l  cause the c ircu it to block and an R A L  
a la rm  w il l  result.

5.07 A u tom a tic  L in e  In su la tio n  T esting : A
m inor m odification is provided fo r  the 

standard autom atic line insu la tion  c ircu it to a l­
low  tim e fo r  the concentrator to complete a con­
nection to the customer loop before m aking tests. 
This arrangem ent assures th a t a ll concentrated 
customer loops, except those busy when tested, 
w il l  be tested.

Trouble Location, Service Restoration, and Repair 
Facilities and Procedures

5.08 This concentrator system uses standard 
electromechanical apparatus employing

conventional sw itch ing c ircu itry . Therefore, con­
ventional sw itch ing equipment maintenance pro­
cedures apply. No special test equipment or tools 
are required. This system has been designed so 
th a t most o f the in te rna l system tests can be 
conducted fro m  the centra l office CU location.

5.09 C o n tro l U n it (C e n tra l O ffice) F a c ilitie s  
and Procedures: F ac ilities  and procedures

have been provided which a llow  craftsm en a t 
the CU location to (a) orig inate te rm ina ting  
and disconnect calls, (b) to force connection to 
or release o f a specific tru nk , (c) to operate 
specific RU line cu to ff re lays thereby prevent­
ing  th a t line fro m  o rig ina ting  a service request, 
and (d ) through use o f the t ip  lead o f e ither 
tru n k  No. 08 or 09, when idle, to in itia te  an o rig i­
na ting  service request a t the RU on line term ina l 
No. 49 or 99. Concentrator line term ina ls No. 49 
and 99 w il l usua lly be used as test term inations 
and are in it ia lly  equipped w ith  a 33,000-ohm re­
sistance bridged across the tip  and r in g  a t the 
RU. B y means o f tests fo r  the presence o f this 
specific resistance, the a b ility  o f the system to 
set up te rm ina ting  calls to a specific line can be 
checked. Through use o f the tip  lead o f tru n k  07, 
when idle, the remote u n it ba tte ry  voltage and 
ground re tu rn  resistance may be measured from  
the CU location. Trouble location to specific ap­

paratus and repa ir fo llo w  standard centra l office 
maintenance procedures. Complete B ell System 
Practice coverage is provided, inc lud ing  a sec­
tion  on troub le  analysis.

5.10 Remote U n it F a c ilitie s  and P rocedures:
Craftsm en at the RU can cause o rig in a t­

ing  service request calls to be in itia ted  on in d i­
v idual line term ina ls by connecting a telephone 
set across the line. In  those few  cases where 
other types o f calls are required to locate trouble  
in  the RU, the assistance o f a craftsm an a t the 
CU location is necessary.

(a) A  combined spare parts and tool k it  is 
provided in a suitable ca rry ing  case fo r

use a t the remote un it. I t  contains spare relays, 
w ire w rapping and unw rapping tools, and sim i­
la r  items required to replace apparatus.

(b) A  2-step maintenance procedure fo r  the 
RU is contemplated. The f irs t  step in ­

volves a craftsm an going to the RU equipped 
w ith  standard tools and test equipment tha t 
are n o rm a lly  a p a rt o f his equipment. This 
includes a telephone set, a m u ltim ete r, and 
common usage hand tools. In  nearly  a ll cases, 
the craftsm an is expected to locate and repair 
the RU trouble w ithou t need fo r  any fu r th e r 
m ateria ls or test equipment. In  those few  cases 
where apparatus m ust be replaced o r re lays or 
switches readjusted, the craftsm an would ob­
ta in  a re lay test set a n d /o r the spare parts 
and tool k it  fro m  a centralized location. A  ten t 
has been made available fo r  use a t the remote 
unit.

5.11 Test Desk Considerations

(a) In  general, test desk operations on concen­
tra ted  lines are identica l to those on non-

concentrated lines. A f te r  a connection has been 
established, the line tip  and r in g  conductors o f 
the line are free o f shunts or bridges to ba tte ry  
or ground (clean tip  and r in g ). The test desk 
may also term inate calls to  the test line te rm i­
nals No. 49 and 99 i f  centra l office apparatus 
and d irectory  numbers have been assigned.

(b) One new element in  the connection is th a t 
the id e n tity  o f the tru n k  used on a specific

ca ll is not known and th a t d iffe ren t trunks 
may be used on subsequent test calls. Except in  
rare cases, th is fac to r should cause no prob­
lems and should be ignored du ring  p re lim ina ry
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line testing. In  those few  cases where the 
tru n k  is a facto r, a cra ftsm an at the CU w ork­
ing in conjunction w ith  the test desk can force 
calls over specific trunks.

(c) In  cases o f cable or s im ila r customer loop 
trouble  which would tie  up concentrator 

trunks on permanent signal fo r  long periods, 
the concentrator service denial feature may be 
applied a t the CU to operate the CU cutoff 
re lay fo r  the line or lines in  question, and 
the concentrator tru n k  restored to service 
w ithou t a craftsm an v is iting  the RU. This is 
equivalent to p u llin g  the heat coils a t the dis­
tr ib u tio n  fram e fo r  a. nonconcentrated line. 
This feature is useful in  m aking tem porary 
disconnects or le ft- in  station disconnects.

6. TRAFFIC

Concentrator Trunk Usage Recorder (Fig. 6)

6.01 Purpose: To economically load a line con­
centra tor to m axim um  line f i l l  consistent

w ith  tra ffic  capacity and other service objectives, 
an in-service measurement o f ccs (hundred call 
seconds) load per concentrator tru n k  group is 
desired. To f i l l  th is need, a sm all low cost con­
centra tor tru n k  usage recorder (C TU R ) has 
been provided. This device is tim e r controlled 
and measures the tra ffic  load or usage o f ten 
concentrator tru n k  groups d ire c tly  in  ccs.

6.02 C apacity : The concentrator tru n k  usage 
recorder is capable o f sim ultaneously

measuring usage fo r  five 100-line size or ten 
50-line size line concentrators No. 1A, or combi­
nations o f both. The CTUR has provision fo r  
measuring ten groups o f ten trunks w ith  one 
tra ffic  register fo r  each 10-trunk group.

6.03 E qu ipm ent: The m a jo r apparatus com­
ponents o f the CTUR are two 206-type

selector switches, fo u r relays, and two timers. 
The firs t tim er, which has a cycle o f 100 seconds, 
controls the tim e fo r  each complete tru n k  scan. 
The second tim er, which is provided on an op­
tiona l basis, is a seven-day tim e r which can con­
tro l the operation o f the CTUR in  place o f a 
TUR or a tra ffic  register camera contro l c ircu it.

6.04 M ethod o f O pera tion: The CTUR scans 
each tru n k  appearance once each 100 sec­

onds. I f  the scanner finds ground on a trunk , 
the tra ffic  register fo r  the p a rticu la r 10-trunk 
group being scanned w il l  be advanced one unit.

Dial Tone Speed

6.05 Concentrator d ia l tone speed can be meas­
ured using the standard d ia l tone speed

measuring c ircu it (DTS) measuring equipment. 
The operate or w ork tim e o f the concentrator 
is a constant. The only concentrator caused dia l 
tone delay condition, which is variable, w il l  oc­
cur when a ll ten trunks in  a group are busy. 
Therefore, the DTS equipment is connected to 
scan a contact on the group-trunk-busy relay. To 
make th is measurement, concentrators must be 
treated as a separate class o f service. This re­
quires th a t one arc o f the DTS c ircu it be re­
served fo r  th is use. One arc has a capacity of 
20 term inals.

Service Observing

6.06 In s ta lla tio n  o f the line concentrator No. 
1A w il l not a lte r present service observ­

ing fac ilitie s  or procedures. However, observation 
o f events on the customer loop p r io r to concen­
tra to r  cut-through w il l not always be possible.
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CENTRAL OFFICE, 
BUILDING

6 DUCTS 
(2  VACANT)
4 CABLES 

87%  FILLED 
275  LINE PER YEAR GROWTH 
RELIEF REQUIRED IMMEDIATELY

- z K  ^ ----------------------

4 DUCTS 
4 CABLES

--------------------------- *

* -----7 ^ - ---------- ----------  10 ,000 FT--------------------------------------•>«-------------- 5 0 0 0  FT---------------- » N— FEEDER CABLE— '

ADDITIONAL FACILITIES REQUIRED -  PLACEMENT OF 
ADDITIONAL CABLE WOULD REQUIRE PLACING 5000 FT 
OF UNDERGROUND CONDUIT AT A COST OF $ 4 0 ,0 0 0 — 1

ADDITION OF FOUR NO. I IOO-LINE CONCENTRATORS 
IN THE AREA SERVED BY THESE CABLES EACH YEAR 
FOR THREE YEARS WILL ECONOMICALLY DEFER THE 
PLACING OF THE $ 7 5 ,0 0 0  CABLE JOB AND THE 
$ 4 0 ,0 0 0  CONDUIT JOB.

15,000 FT OF ADDITIONAL 
UNDERGROUND CABLE REQUIRED 
AT COST OF $ 7 5 ,0 0 0 -----------------

TO BRANCH FEEDER AND__ /
“  DISTRIBUTION CABLE

Fig. 1A — Example of Temporary Concentrator 
Installation

EXISTING BASE RATE AREA BASE RATE AREA EXTENSION - 
I MILE

IQO PAIR CABLE 
80%  FILLED
BASE RATE AREA EXTENSION 
AND REGRADE REQUIRES 
30 ADDITIONAL LINES.
ONE 50-LINE CONCENTRATOR 
WILL PROVIDE FACILITIES 
PLUS SPARES FOR GROWTH.

FORECAST 100 LINES FOR FOLLOWING YEAR,
50 LINES PER YEAR THEREAFTER.
TWO 50-LINE AND ONE IOO-LINE CONCENTRATORS 
WILL PROVIDE FACILITIES FOR TWO YEARS. 
FUTURE ADDITION OF CONCENTRATORS WILL 
ELIMINATE THE NEED FOR FEEDER CABLE 
REINFORCEMENT INDEFINITELY.

CROSS CONNECT 
BOX

IOO-LINE
CONCENTRATOR

E x
50 PAIRS

50 PAIRS

SO PAIRS

O
O 50-LINE

CONCENTRATOR

Zx
50 PAIRS

50 PAIRS

NEW RESIDENTIAL TRACT 
REQUIRES 9 0  LINES 
IN THREE YEARS

ri
SUBURBAN RESIDENTIAL AREA ' 
REQUIRES 4 0  ADDITIONAL LINES 
IN FIVE YEARS TO CARE FOR 
GROWTH AND IMPROVED SERVICE

Fig. IB  — Example of Permanent Concentrator 
installation

Fig. 1A and IB
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LC NO. IA 
(50 LINE 
CAPACITY)

LC NO. IA 
(100 L IN E  
CAPACITY)

LC NO. IA 
(5 0  LINE 

CAPACITY)

TOTAL RESISTANCE OF (CONTROL UNIT TO REMOTE UNIT) PLUS (REMOTE UNIT TO SUBSCRIBER) 
SHOULD NOT EXCEED NORMAL CENTRAL OFFICE RESISTANCE L IM IT .

LC NO. IA -  100 LINE CAPACITY REMOTE UNIT

LC NO. IA  -  5 0  L IN E  CAPACITY REMOTE UNIT

Fig. 2 — General System Layout
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Fig. 4 — Central Office Frame
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Fig. 5 — Central Office Control Unit
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CLOSED
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HOUSING AND B O TH  
GATES OPEN 

D

Fig. 7 - 100-Line Capacity Remote Unit
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Fig. |  — Typical Concentrator Installation
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LOCK­
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ID EN T 
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S E L  a  HOLD MAG 
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LOAD
CONT

FS 15

T R K
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PREF
CONT
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SIG
CONT
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POWER
SOURCE
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CONT
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SEQ
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DF
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10 OR 2 0  TALKING+
2 CONTROL TRUNKS

XHD -® —® - 
BD

POWER SUPPLY 
AND ALARM

FS 10

,‘ i I I III I I 1 V,
TO A L L  CIRCUITS

SWITCHING N ET 

FS I

SEL a  HOLD MAG 

FS 6

5 0  OR 100 
, L IN E S  
( t  a r )

C U T ­
OFF

a
CHECK 

FS 5

CHECK

FS 8

BD

R E G IS TE R  

FS 4

SEQUENCE 

FS 9

S IG N A L  

FS 3

LINE
CKT

FS 2

LOCK­
OUT

a
IDENT 

FS 7

REMOTE UNIT
S D - 9 6 5 3 7 . 0 1  -  1 0 0  L IN E  CAPACITY 
S D - 9 5 9 5 7 . 0 1  -  5 0  L IN E  CAPACITY

Fig. 9 — Block Diagram
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Fig. 10 —Switching Network
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E = 2 4  VOLTS AT R E M O TE  U N IT AND 
4 8  VOLTS AT C O N TR O L UNIT

Fig. 10 and 11
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si a S2
O PERATE

S 2
OPERATES

O

S 3  a  S 4 
OPERATE

S 4
OPERATES

0

REMOTE U N IT CONTROL U N IT

r *
(35

-S IG N A LIN G  R E L A Y S -
1  1
S 2

(3 )
CONTACTS ON 

-LOCKOUT AND IDEN TIFIC ATIO N - 
C IRCUIT R ELAYS

SI
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_____________ i
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( I )
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OPERATIN G  NOTES
I NO MORE THAN ONE R ESISTO R  W IL L  BE IN TH E C IR C U IT  AT ANY T IM E . 

W HEN THE R E M O TE  U N IT  IS S IG N A LIN G , TH E R ESISTO R  IN THE CONTROL 
UN IT W ILL  BE S H U N T E D . W HEN T H E  S IG N A L S  E M A N A T E  FROM THE 
C O N TR O L U N IT , T H E  R ESISTO R  IN THE REMOTE U N IT  W IL L  BE SHUNTED.

2 . T H E  S E N S IT IV E  R E LA YS  W ILL  O PERATE IN S E R IE S  W ITH A R E S IS T O R , 
T H E  M A R G IN A L  R E LA Y S  W IL L  NOT.

3 . T H E  R E LA Y S  OF TH E  R S O  LEAD OF C A B L E  P AIR  Z E R O  ARE LA B E L E D  
S 3 , S 3 ',  S 4 ,  AN D  S 4 '  .

O P E R A T IN G  CO N D ITIO NS
I. NO R E LA Y S  O P E R A TED  AT E ITH E R  END -  E ITH E R  CONTACT B OR S ' OPEN. 
2 ONE R ELA Y  O P E R A TED  AT EACH E N D  -  CONTACTS B AND B ' CLOSED AND 

A OR A ' O PEN .
3 . TWO R E LA Y S  O P E R A TED  AT EACH E N D  -  A L L  C O N TA C TS  C L O S E D .

P O S S IB LE  S IG N A LIN G  C O M B IN A TIO N S  FOR TWO W IRES 

(N U M B E R  OF R E LA Y S  O P E R A T E D  AT EACH E N D )

C O M B IN A T IO N S  1 2 3  4 5 6  7 8 9

W IR E  I (T S O ) 0 0 0  I I I  2 2  2
W IR E  2  (R S O ) 0 1 2  0 1 2  0 1 2

TRANSMISSION I  TRANSMISSION H  TRANSMISSION H I  TRANSMISSION BZ

CONTROL 
TR U N K  O

Fig. 12 — Simplified Signal Circuit
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REMOTE LINE CONCENTRATOR CENTRAL OFFICE CONTROL UNIT

ROH
I

LIN E  CIRCUIT OPERATES
I

LIN E LOCKOUT a  IDENTIFICATION 
C IR C U IT  OPERATES

SERVICE REQUEST a  LINE GROUP S IG N A L

I--------------------
RECORD GROUP IN FO RM ATIO N

< D

---------------1
REQUEST PREFERENCE

I
ASSIGN PREFERENCE

© -----
RECORD GROUP INFORMATION

r• i  ____
B " L IN E  IN FO RM ATIO N

h

- 0
C LE A R  S IG N A L  C IR C U IT

© -
PREPARE TO R ECEIVE 

“ B " L IN E  IN FO R M ATIO N

SEND “ B "  L IN E  IN FO R M ATIO N >■

-----© R E C E IV E  “ B ”  L IN E  INFORMATION

RECORD " B “  L IN E  INFORMATION

I------------
OPERATE 

S T E E R IN G  LE V E L  
S ELEC T M AG N ETS

0
RECO RD " B "  L IN E  INFORM ATION

C LE A R  S IG N A L C IRCUIT

PREPARE TO SEND 0 PREPARE TO RECEIVE

SEND " A "  L IN E  INFORMATION > -

"*----0
R E C E IV E  “ A “  L IN E  IN FO RM ATIO N

RECORD “ A “  LIN E  INFORMATION
0 RECORD " A “  L IN E  IN FO RM ATIO N

OPERATE 
L IN E  S E L E C T  M AGNETS

---©
C LE A R  S IG N A L  C IR C U IT

PREPARE TO RECEIVE 
T R U N K  INFO RM ATION

0
PREPARE TO SEND 

TR U N K  INFORM ATION

S TE E R IN G  S IG N A L  FOR TR U N K  0 9  OR 19

S TA R T 
O VERALL WORK T IM IN G

S ELEC T TRUNK 
AND 

MAKE BUSY

I
O PERATE 

STEERING 8  L IN E  
S E L E C T  MAGNETS

OPERATE 
C U TO FF R E LA Y

O P E R A TE  
HOLD M A G N E TS

R E C E IV E  T R U N K  INFORMATION

—

—— ((SE N D  T R U N K  INFORMATION

R ECO RD T R U N K  INFORMATION

I-----------
O PERATE 

C U TO F F C IR C U IT
I

R E LE AS E  
L IN E  C IR C U IT

CHECK TR U N K  INFO RM ATION

OPERATE HOLD MAGNETS © ----*•

- ( s e n d  r e m o t e  u n i t  r e l e a s e  s i g n a l

R E LE AS E  REMOTE U N IT

REMOTE U N IT  RELEASE CHECK
CLEAR S IG N A L C IR C U IT S T A R T  

R E LEASE WORK T IM IN G
KEY

•*------( 7 )  SEQUENCE ADVANCE STEP S IG N A L  N U M B E R

( c ) ----- ►  SEQ UENCE CHECK S IG N A L

RELEASE CONTROL UNIT 
STOP T IM IN G

PREPARE S IG N A L C IR C U IT  
FOR N E X T  REQUEST

OPERATE 
TR U N K SUPERVISO RY R E LA Y

Fig. 13 — Functional Sequence Chart 
Originating Call
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K EY

*— O

© --- *"

(  i

REMOTE LINE CONCENTRATOR CENTRAL OFFICE CONTROL UNIT

LIN E  C IRCUIT OPERATES

I
OPEN

LOCKOUT 8  IDENTIFICATION 
C IRCUIT

I-------------
OPERATE 

S TE E R IN G  L E V E L  
S E LE C T  MAGNETS

O P E R A TE  
L IN E  S E LE C T MAGNETS

OPERATE 
H O LD  M A G N E TS

I
R E LE AS E  

C U TO FF C IRCUIT

PREPARE SIG N ALIN G  
CIRCUIT TO R ECEIVE

R ECEIVE GROUP INFORMATION

RECORD GROUP INFORMATION

PREPARE TO R E C E IV E  
“ B “  L IN E  INFO RM ATION

RECEIVE "B "  L IN E  INFORMATION

RECORD “ B” L IN E  INFORMATION

PREPARE TO RECEIVE 
“ A "  L IN E  IN FO RM ATIO N

RECEIVE “ A" L IN E  INFORMATION

RECORD "A ”  L IN E  INFORMATION

-------------------- 1______________

PREPARE TO R ECEIVE 
TR U N K INFO RM ATION

— O

0 —

( —•

( 0 —►

0

© —

LINE LOCKOUT a  IDENTIFICATION 
C IR C U IT  OPERATES

I
OBTAIN PREFERENCE

PREPARE TO SEND 
GROUP INFO RM ATION

-(S E N D  GROUP INFORMATION

RECORD GROUP IN FO RM ATIO N

C LE A R  S IG N A L C IRCUIT

PREPARE TO SEND 
“ B " L IN E  IN FO RM ATIO N

- ( s e n d  " B ” L IN E  INFORMATION

RECORD "B " LIN E  INFORMATION

C LE A R  S IG N A L C IRCUIT

PREPARE TO SEND 
“ A "  L IN E  INFO RM ATION

-(S E N D  "A " L IN E  INFORMATION

RECORD “ A“ L IN E  INFORMATION

C LE A R  S IG N A L C IR C U IT

STAR T 
O V E R A LL WORK T IM IN G

S E LE C T TRUNK

OPERATE 
A L L  S E L E C T  M AG N ETS

PREPARE TO SEND 
T R U N K  INFORMATION

I I  I
RELEASE RELEASE OPERATE
CUTOFF LOCKOUT a  IDENTIFICATION HOLD MAGNETS 
C IRCUIT CIRCUIT

STEERING  S IG N A L  FOR TR U N K  0 9  OR 19

RECEIVE TR U N K  IN FO R M ATIO N — ®

- ( ( ---
— — ( s e n d  t r u n k  in f o r m a t io n

RECORD TR U N K  IN FO RM ATIO N

-------------------- 1_____________ © — :
CHECK TR U N K  INFORM ATION

RELEASE REMOTE U N IT

<SEN D  REM O TE UN IT R E LE A S E  SIG N AL

\
C LEAR  S IG N AL C IR C U IT

REM O TE U N IT  R E LE A S E  CHECK
S TA R T 

R E LE A S E  WORK T IM IN G

RELEASE CONTROL U N IT  
STOP T IM IN G

SEQUENCE ADVANCE S T E P  S IG N A L  NUM BER 

SEQUENCE CHECK S IG N A L
PREPARE S IG N A L C IR C U IT  

FOR N EXT REQUEST
OPERATE 

TR U N K  SUPERVISORY RELAY

Fig. 14 — Functional Sequence Chart 
Terminating Call
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REMOTE LINE CONCENTRATOR CENTRAL OFFICE CONTROL UNIT

I------------
OPERATE 

S TE E R IN G  LE V E L  
SELEC T MAGNETS

O PERATE 
L IN E  S E LE C T  MAGNETS

R E LE A S E  
H O LD  M A G N E TS

I
O PERATE 

C U TO FF CIRCUIT

KEY

RECORD “ B" L IN E  INFORMATION

RECORD "A " LINE INFORMATION 

-------------------- 1_____________

PREPARE TO RECEIVE 
TR U N K  IN FO RM ATIO N

R ECEIVE TR U N K  IN FO RM ATIO N

RECORD TR U N K  INFO RM ATION

---------------------1_____________

R E LE AS E  REMOTE U N IT

© ----»

© — '

---©

•* ©

© —

TR U N K LOAD 
CONTROL OPERATES

I
OBTAIN  PREFERENCE

h
S ELEC T TRUNK

1-------------------------------------------
PREPARE SIGNALING 
C IRCUIT TO R ECEIVE 

1

------------------------------------------- 1
ID E N T IF Y  L IN E  

.  1

1
R EC E IV E  GROUP INFORMATION

* — ( 0

-------------------------------------- \ S IiN D  GROUP IN FO RM ATIO N

1
RECORD GROUP INFORMATION 

1
( c ) t— ► RECO RD GROU 3 INFO RM ATION

— ©

1
C L E A R  S IG N A L CIRCUIT

1
PREPARE TO RECEIVE 

“ B ”  L IN E  INFO RM ATION © —

1
PREPARE TO SEND 

" B ”  L IN E  IN FO R M ATIO N

7 ? r ND "B "  L IN E  INFORMATION
RECEIVE “  B“  LIN E  INFORMATION

1------------------------------------------- ■*----- ®

------------------------------------- \S E

RECORD “ B” LINE INFORMATION

C LEAR  S IG N A L C IRCUIT

RECORD “ A " LINE INFORMATION

=t
C LE A R  SIG N AL C IR C U IT

PREPARE TO SEND 
TRUNK INFORMATION

-(S E N D  TRUNK INFORMATION

CHECK TRUNK INFO RM ATION

RELEASE HOLD MAGNETS
I

OPERATE CUTOFF C IR C U IT
I

RELEASE L IN E  CIRCUIT

S TA R T 
O V E R A LL WORK TIM ING

1-------------------------------------------
PREPARE TO RECEIVE 

“ A "  L IN E  IN FO RM ATIO N
© ------*

----------------------------------------1
PREPARE TO SEND 

“ A " L IN E  IN FO RM ATIO N
1-------------------------------------------------------------

r ---------------------------------------------------------------------------------------------------------------------------------------1 i

RECEIVE "A "  L IN E  INFORMATION
1------------------------------------------- "*----- ©

A L IN t  INFORMATION DISCONNECT SPACING TIMING

----------------- j
RELEASE 

LOCKOUT S IDENTIFICATION 
CIRCUIT

-(S E N D  REMOTE UN IT R E LE A S E  SIGNAL S TA R T
R E LE A S E  WORK TIM IN G

REM OTE U N IT  RELEASE CHECK

*■----(7)  SEQUENCE ADVANCE S T E P  S IG N A L  N U M B E R

© ----- *- SEQUENCE CHECK S IG N A L

R E LE AS E  CONTROL UNIT 
STOP T IM IN G

I
PREPARE S IG N A L C IR C U IT FOR N E X T REQUEST

Fig. 15 — Functional Sequence Chart 
Disconnect Request
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