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LL~E fJONfJENTRATOBS-AN INSTALLATION AT BOX HILL 
(VIfJTORIAt 

INTRODUCTION 
By far the greatest increase in sub

scriber development since the war has 
been the increase in the demand for 
residential services. and the cost of pro
viding these services must inevitably be 
greater than that of providing service to 
business subscribers. Residential areas 
are usually more distant from the ex
change than are business premises and 
this involves laying larger and longer 
subscribers' cables to meet demand, 
needless to add, at considerable cost. 
Residential development is not easy to 
foresee and in most cases it is not pos
sible to lay distribution cable as soon as 
the demand exists with the consequence 
that a back log of waiting applicants 
soon arises. Each residential subscriber 
requires the same amount of exchange 
equipment per line as the business sub
scriber though the revenue earned from 
the residential subscriber is considerably 
less than from the business subscriber. 
If tariffs are increased to compensate, 
demand could fall and this would result 
in an undesirable drop in revenue. 

A need, therefore, exists for some 
method of providing a service to resi
dential subscribers which is: 

(i)	 Cheap. 
(ii)	 Flexible so that service may be 

quickly given to subscribers :n 
areas where distribution pairs 
would normally be insufficient. 

(iii)	 Capable of serving enough sub
scribers to enabl'e the postpone
ment of cable relief until future 
requirements are better known. 

Such a method is the line concentrator. 
Briefly the line concentrator enables a 
number of subscribers to be served by a 
lesser number of subscribers' cable pairs 
and in all respects should provide the 
same service to the subscribers as if in
dividual cable pairs were used. In other 
words, the subscriber should be unaware 
of the presence of the line concentrator. 

ECONOMICS 
The economics of providing line con

centrator equipment is related to the 
cost of providing the same service by 
cable relief. As this latter component 
varies from one location to another, an 
accurate assessment is hard to make. 

An investigation in 1958 showed that. 
on information available, the initial and 
maintenance costs of line concentration 
equipment would have to be consider
ablv less than they were at the time to 
make it a generally economical proposi

'See	 page 1~4. 

Fig. 2.-line concentrator exchange unit in.talled In the Box Hill Exchange. 
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Fig. I.-Basic application of the line concentrator. 

tion. For this reason, line concentrator 
equipment in future is expected to make 
use of such developments as transistors, 
semi-conductor diodes, dry reed glass 
sealed switches, nickel cadmium batteries 
and	 a minimum of moving parts. 

Though hard to assess economically 
there are benefits in being able to pro
vide service in advance of costly cable 
relief and this is of particular import
ance where the subscribers concerned 
are grouped together as, for example, 
in a block of newly erected flats. The 
cost of maintenance of the equipment 
is important in the determination of the 
economics of line concentrators and for 
this reason, the trend in design is to
wards improved reliability of compon
ents and automatic withdrawal from 
service of faulty circuits. 

Savin~s by use of concentrators are 
more likely to be incurred as the route 
distance from the exchange increases. 

LINE rONf'F.NTRATOR 
PRINCIPLES 

It is w-cll known in telephony that a 
~ubscriber uses the phone for only a 
fraction of the time that the service i~ 
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available and this principle of exchange 
trunking can be extended to the con
nection of subscribers to the exchange. 
For example, the line concentrator equip
ment at Box Hill (Vie.) is capable of 
serving 23 subscribers via 5 cable pairs. 
Units of other manufacture can serve 
50 subscribers with 10 pairs and 11 
subscribers with 3 pairs. The duplex 
system is an application ,)f the same 
principle where two subscribers are 
served by one cable pair With such 
small numbers of subscribers and pairs 
it is important that the subscribers 
served have a low to average calling 
rate otherwise congestion will result. 

The principles of operation can be 
understood by reference to Fig. 1. The 
equipment consists of two units, one in 
the exchange and the other called the 
remote unit, in the vicinity of the sub
scribers concerned These subscribers are 
connected to the remote equipment. A 
smaller number of cable pairs connects 
the remote unit to the exchan~e unit. 
Since the maximum number of simul
taneous originating calls cannot exceed 
the number of pairs, only one exchange 
line circuit per pair is required but pro
vision is made to connect the appro
priate subscriber's meter when a call ;s 
originated. The final selector appear
ances of the connected subscribers are 
also connected to the exchange equip
ment of the line concentrator. 

Originating CAllI. By lifting the hand
set, one of t he 1~ subscribers is con
nected, in the remote unit, to one of the 
cable nail's connectin~ the remote and 
exchanl!;e units In the exchange unit, 
an exchanj!e line circuit is available to 
each of t:'e pairs and the subscriber is 
now conoe,ted to the exchange line cir

23 
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cuit associated with the pair selected. 
The subscriber now receives dial tone 
and may proceed with the call. With 
the connection of the line circuit, the 
exchange unit connects the appropriate 
subscriber's meter so that an effective 
call may be registered. When the caller 
restores the handset, the equipment re
stores to normal. 

Terminating Call. When the last digit 
of one of the 23 subscribers has been 
dialled and if the number is free, the final 
selector will send ring tone back to the 
calling subscriber and ringing current 
forward to the exchange unit. The ex
change unit selects a pair which is then 
connected to the final selector bank 
appearance of the number being called. 
At the same time, the remote unit con
nects the remote end of the selected pair 
to the required subscriber. The ringing 
current is now connected to the line of 
the called subscriber and the call pro
ceeds normally. 

OTHER ASPECfS 
There are certain other aspects of a 

line concentrator which are of import
ance and these are listed below. 

Components. These should be reliable 
and fault free. Low cost may be 
achieved by good design lending itself 
to ease of manufacture but good quality 
material in important places is sound 
design, e.g., moving parts and contacts. 

Circuit Design. Good circuit design 
incorporates the automatic withdrawal 
from service of faulty parts, low cur
rent drain, little or no shunt or series 
components introduced into the sub
scriber's line and high speed of opera
tion. A minimum of components will 
assist in achieving a compact and light 
unit. 

Physical. Minimum size of exchange 
and remote units is important, particu
larly the latter unit where weight is also 
important. These factors facilitate rapid 
and easy installation and improve the 
possibilities of finding a suitable location 
for the remote unit. 

Power Supplies. It is better if the re
mote unit obtains its power from the 
exchange. This gives greater flexibility 
as location of sites can be made without 
regard to the availability of commercial 
supply. It also helps to reduce the size 
of the remote unit and also eliminates 
the maintenance required by batteries. 

Testing. It should be possible to re
motely test the switching functions of the 
remote unit. It is also important to be 
able to test, from the exchange, the 
cable pairs of the subscribers connected 
to the remote unit. 

Alarms. Indication is required at the 
exchange of faulty equipment and 
Nhether or not service is affected. 

BOX HILL LINE CONCENTRATOR 
The Box Hill line concentrator was in

stalled as a trial of a locally designed 
and produced u'nit. Due to it being a 
'one only' product and its initial cost 
high, it does nothing to demonstrate the 
economics of the use of line concentra
tors; neither does it employ components 
specially designed to be cond ucive to 
low fault incidence and low mainten
ance charges. Despite these shortcom
ings, it has provided service to a number 
of subscribers who would otherwise be 
without it for a number of years and it is 

also providing information on the finer 
points of facilities required in such units, 
particularly those associated with testing. 

The equipment was manufactured in 
the Melbourne Postal Workshops to a 
circuit designed in the Headquarters Cir
cuit Laboratory to provide line concen
trator facilities with standard automatic 
exchange components. The unit was cut 
into service in November, 1959, with 
eight subscribers served by three finder 
circuits and has given satisfactory ser
vice so far. 

The circuit components comprise 3,000 
type and 600 type relays and uniselectors 
employed in finder circuits. The ex
change unit shown in Fig. 2, is mounted 
on a shelf 2 ft. 9 in. wide. The remote 
unit. shown in Fig. 3, is accommodated 
in an 1800 pair cable cross-connection 
cabinet case and is mounted on hinged 

frames for easy access to the rear of the 
equipment. The upper part of the cabinet 
housing the equipment also contains the 
rectifier and this part is hermetically 
sealed. The battery, comprised of sealed 
type nickel cadmium accumulators. 
stands on a drawer tray in the lower 
part of the cabinet and this section :s 
ventilated. 

The unit has a capacity of 23 sub
scriber's with an additional sub
scriber's number used for testing. Five 
connectors are available, requiring five 
pairs between the remote and exchange 
unit and a fmther pair is used for alarms 
and testing. 

OPERATION 
The facilities of the unit are the same 

as those described in the principles of 
operation. Of particular interest is the 
method whereby the remote and ex-

Fig. 3.-Llne concentrotor remote unit. AdJocent to the coblnet con be seen the pillor on 
which is terminated the connection to the remote unit as well as the cable pairs to the 

exchange and the connected subscribers. 
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change units select one of the intercon
necting pairs and arrange for the con
nection of the subscriber to the exchange 
equipment. 1L is in this respect that 
various systems differ and in which the 
field for ingenuity is wide. A matter of 
terminology arises which must be stated 
before proceeding. Up till now the pairs 
connecting the remote and exchange 
units have been referred to as pairs. 
This is satisfactory when thinking in 
terms of the block diagram. On closer 
scrutiny we become more interested in 
the manner in which connection is made 
to these pairs and we come to refer to 
the interconnection by the name of the 
circuit which performs it. For example, 
in crossbar equipment the interconnec
tion is made via links, so we speak of 
the common circuits as links. In the Box 
Hill unit the interconnection is made by 
connectors (operating as line finders) 
and we shaJl now refer to these elements 
as	 connectors. 

The following description of the 
searching stepping process may be fol
lowed by referring to Fig. 4 which con
tains only those components required ~o 
understand these operations. Further de
tail is considered unnecessary to the 
understanding of these operations ano 
would tend to confuse. 

Originating Call. When the subscriber 
lifts the handset, the completion of the 
line loop operates relay LR in the 
remote unit. The start relay of the first 
available connector is operated. The re
mote unit starts the exchange unit circuit 
of the selected connector via a circuit 
using the negative leg of the connecting 
cable pair. The exchange line circuit ;s 
pre-Iooped at KA I so that dial tone will 
be -on the line by the time the finder 
circuits have operated and connected the 
subscriber to the selected connector cir
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Fig. 4.-Switchh.g elements of the circuit of the 
Box Hili line concentrator. 

I p 

cuit. With the earth returned on the 
private of the line circuit, a circuit is 
completed for the operation of pulsing 
relays PR in the remote unit and PE 
in the exchange unit via the positive leg 
of the connecting cable pair. The asso
ciated connector finder magnets operate 
and the interrupter contacts open causing 
the release of both PR and PE. This 
results in the release of the finder mag
nets and both finders take one step. The 
interaction continues until the remote 
finder steps to the contact of the calling 
subscriber, whereupon the drive is cut 
due to the private bank of the remote 
finder being marked with a 510 ohm 
battery. In the exchange unit, the meter 
of the caJling subscriber is connected 
to the private of the line circuit via a 
bank contact of the exchange finder. 
The private of the final selector appear
ance of the number is earthed to render 
the number busy to incoming calls. The 
caJling subscriber's line is switched 
through to the line circuit and the call 
proceeds in the normal manner. At the 
completion of the call the finders re
turn to the home position and are avail
able for another call. 

Terminating Call. After the last digit 
of the called subscriber's number is dial
led, the final selector applies earth to the 
P wire to guard against intrusion. Ring
ing current and ring return battery are 
applied to the negative and positive 
wipers and ringing tone is returned to the 
calling subscriber. Call indicating relay 
LE in the exchange unit operates to the 
earth on the private. Using the negative 
leg of each unoccupied connector circuit 
to initiate the action, the pulsing relays 
of each unoccupied connector circuit are 
switched to the positive legs of the con
nector circuits and all unoccupied con
nectors in both exchange and remote 

unit begin to search. The first exchange 
finder to reach the final selector appear
ance being called stops, the others con
tinue to drive to the home position and 
are available for other caJls. Drive is 
cut by the operation of drive cutting 
relay TE to the battery on the appropri
ate contact of exchange finder bank 
EF2. The ring is extended through to 
the subscriber and the call proceeds in 
the normal manner. At the conclusion of 
the call, the finders restore to the home 
position and are again available for use. 

CONCLUSION 
A need exists for a cheap and rapid 

means of providing service to residential 
subscribers and, whilst the Box HiJl unit 
has not satisfied the first of these re
quirements, it has achieved a further 
objective of quickly providing service to 
an area where none was previously avail
able. It has provided information and 
experience, which will be of benefit in 
assessing the suitability of line concen
trator units of other types and manu
facture. We may expect interesting de
velopments in this type of equipment 
in attempts to reduce the initial and 
maintenance costs and to improve its 
reliability. 
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