




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































state transitions shown are timed by the transmit clock. The next state
is determined by the input data value, and the output data equals the
input data unless a one is forced. The circuitry also “looks ahead” to
prevent a forced one at the F-bit location in the frame. This is accom-
plished by detecting a frame bit time slot minus one pulse, F-1, when the
zero suppression circuit is in state 13A. This forces a one at the next
transition, and the correct frame bit is output in the following time
slot.

4.2.5 Control of logic-signal-induced noise within the channel bank
assembly

In a system realized with sequential logic like the SLC-40 system,
logic load current flow is impulsive and consolidated at clock transition
times. This current flow through the interconnect and power supply
wiring can couple noise signals into other circuits.

To control this interference, a printed wiring board backplane is used
to distribute logic signals and power to each row of channel units. The
data bus and channel clock wiring is routed from the multiplexer to
wire-wrap pins on each backplane over physically separated paths. This
isolates the open-collector logic driven transmit data buses from crosstalk
caused by the receive data buses and the channel unit clocks. Also, the
multiplexer plug-in units are centrally located within the common units,
thereby reducing the average length of the logic signal wires. This system
configuration results in a readily manufacturable design with controlled
noise characteristics, thus ensuring that the critical timing of the logic
signals is maintained.

Toreduce the transient current flow in the logic power wiring, and thus
minimize radiation to adjacent circuitry, a heavy gauge pair of wires is
utilized to connect the low voltage power unit to the individual
backplanes. The multiplexer is powered through leads that are connected
to the nearest backplane resulting in a minimum length logic signal re-
turn path between the multiplexer and the channel units. In addition,
each plug-in unit contains a power supply decoupling capacitor, and the
total effect of all these capacitors is to produce a distributed filter that
eliminates the flow of high frequency currents on the power wiring.

4.2.6 Multiplexer/ demultiplexer to digital line interface (including system
maintenance function)

The line interface unit under control of the maintenance unit cou-
ples the multiplexer/demultiplexer and the line-feed power unit to either
the main or the spare digital line. The maintenance unit selects the
proper line through an algorithm that has as inputs the statuses of the
digital line and the terminals. When a trouble condition persists, a two
second clock advances the state of this algorithm in an attempt to restore
the system to operation.
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The current supplied by the line-feed power unit to the line interface
unit is connected through a relay to center-taps on the line side of the
transmit and the receive transformers. Normally, this current simplex
powers the main digital line, but when the maintenance unit causes the
relay to operate, the spare line is powered.

The transmit clock signal that the line interface generates causes the
parallel-to-serial data converter in the multiplexer to output one new
data bit of the serial bit stream for each clock pulse. The transmit clock
also controls the conversion of this data into a bipolar code that the
transmit transformer couples onto the powered digital line.

The line interface unit also equalizes and regenerates the low level
bipolar signal on the receiving side of the digital line and converts this
signal into TTL compatible positive and negative data rail unipolar sig-
nals. These signals, along with the recovered receive clock, are supplied
to the demultiplexer which uses the two rail data to detect bipolar vio-
lations.

The maintenance unit integrates the bipolar violation data it receives
from the demultiplexer. If errors occur at a sufficiently high rate or other
trouble indicators exist for two seconds, the maintenance unit forces the
line interface units to transfer system operation to the spare digital line.
Data sent over the maintenance channel causes both terminals to switch
at the same time. Should operation on the spare line not clear the trouble
condition within two seconds, the RT line interface unit loops the receive
digital signal back towards the cOT. This loop-back test condition lasts
for two seconds, then the maintenance unit returns the system to main
digital line operation. The resulting “system out” state of the mainte-
nance units causes a major alarm at the CO as the system is inoperative.
The “system out” state also inhibits channel unit operation, thereby
preventing false off-hook indications at the COT or ringing at the sub-
scriber.

When the SLC-40 system is equipped with the most recent vintage
maintenance units, a main or a spare digital line retry occurs once after
either line fails. This retry allows the digital line four minutes to clear,
which normally is sufficient if the trouble condition was caused by ac-
cidental contact with the line during work activity in the cable. The
system does not continuously retry the main and the spare digital lines,
as this would hamper trouble-shooting efforts on the defective digital
line. Also, the resultant line powering transients might disturb other
digital lines on the same cable route.

V. SUMMARY

The two large pair-gain digital carrier systems developed for the Bell
System, first, the SLM system and, subsequently, the SLC-40 system,
have proven that this kind of system can be operated successfully in the
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loop plant of operating telephone companies. Both systems have pro-
vided quality transmission and high reliability with low maintenance,

while deferring or eliminating capital expenditures for cable, conduit
and central office construction.
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Loop Plant Electronics:

The Loop Switching System

By N. G. AVANEAS and J. M. BROWN
(Manuscript received October 26, 1977)

A new system for achieving more efficient use of cable pairs, the Loop
Switching System (LSS), has been developed which uses a microcom-
puter to control the call processing, traffic measurement and display,
system maintenance, and manual testing. The LSS, which works with
any central office, switches 96 subscriber lines onto 32 voice frequency
trunk pairs by means of a graded multiple space division switching
network at the remote terminal (RT) and expands the trunks back into
the individual line appearances at the central office terminal (COT)
located within a central office. An additional 96 lines and 32 trunks can
be added to the LSS, either at the same RT or a second RT on a different
cable route, using the same COT common control equipment. Control
of the RT is via two standard voice-frequency pairs used for a full-
duplex data link. This four-wire data link, operating at 1250 bits per
second, is used to transmit concentrator connection orders from the
COT to the RT, service request information from the RT to the COT, and
other information pertaining to LSS maintenance and alarms. This
paper describes the system features, operational characteristics, and
circuit designs used in the LSS system.

I. THE HISTORY OF LINE CONCENTRATORS

The concept of using subscriber line concentrators to reduce the cost
of subscribers loops has been considered for many years. As early as 1908,
development engineers proposed the use of remote line concentrators.!
Line concentrator design effort>-8 by the Bell System and other com-
panies throughout the world has continued ever since on both electro-
mechanical and, more recently, all electronic versions. Designs for use
with specific central offices avoid the expansion stage of switching in the
central office terminal needed by universal line concentrators which work

LOOP SWITCHING SYSTEM 1157



with any central office. They, therefore, can achieve lower costs in a more
limited market area. However, past field experience has been with
concentration of the universal type.

Early universal line concentrators suffered from the technical dif-
ficulties of maintaining complex switching equipment remote from the
central office. The harsh outside plant environment also created a
number of electrical and physical reliability problems. The traffic ca-
pacity was inadequate to handle the wide variations in traffic generated
by small groups of subscribers, resulting in an excessive number of
blocked calls. Consequently, the use of line concentrators by the tele-
phone companies fell into disfavor.

A new breed of electronic concentrators has solved these basic prob-
lems and began to reverse these attitudes. Introduced in the early 1970’s
was the Subscriber Loop Multiplex (SLM™) system,? designed by Bell
Laboratories and manufactured by Western Electric. The SLM system
concentrates 80 subscriber lines on 24 T'1 carrier derived channels. To
date, 190 SLM systems have been installed.

The SLM system demonstrates that electronic concentrator systems
for use in the outside plant are reliable and can be maintained by the
telephone companies. Trouble report rate studies of customers served
by the SLM system show that the service is comparable to that of cus-
tomers served by standard voice frequency loops.

One of the most significant results of the SLM field experience is that
there have been no traffic problems. The SLM system is conservatively
designed to handle more than twice the customer traffic level compared
to previous concentrators.

The experience gained from the SLM development formed the basis
for the development of the SLC™-40 carrier system!® and the Loop
Switching System (LSS), the latter being the subject of this paper. Both
the SLC-40 system and the LSS system provide service more econom-
ically than the SLM system. However, the SLM system played an im-
portant role in establishing the practicality of both digital transmission
and modern electronically controlled line concentration in the loop
plant.

Il. THE LSS SYSTEM

This section describes the features of the LSS system and the reasons
for certain design decisions. Figures 1 and 2 illustrate the LSS configu-
ration for one-RT and for two-RT operation,

2.1 LSS applications

The LSS systeni provides feeder cable relief in both permanent and
temporary applications. Generally, permanent applications will be to
serve growth in suburban and rural areas with clusters of a hundred or
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more customers. Mobile home parks, rural subdivisions, and resort areas
typically have that characteristic. Temporary application to defer cable
and/or structure will be found in suburban and rural areas. Another
application will be for wire center deferral, particularly in conjunction
with subscriber carrier for the trunks.

2.2 Central office interface

The LSS system is designed as a universal line concentrator to interface
with step-by-step (SXS), No. 5 Crossbar (#5XB), and ESS central offices.
Sleeve lead control chosen for the LSS system has the strong advantage
of compatibility with automatic line insulation testing (ALIT) and repair
service bureau testing of subscriber lines with the local test desk or the
Line Status Verifier (LSV). Systems with ringing detectors and loop
current detectors cannot be tested without ringing phones.

Interfacing with SXS and #5XB central offices is accomplished by
terminating tip, ring, and sleeve on the LSS central office terminal (COT)
for each subscriber line. Interfacing with ESS offices also requires ESS
signal distributor applique circuits to provide sleeve leads and ESS re-
mote master scanner applique circuits for transmitting trunk busy in-
formation from LSS to ESS. To associate these ESS circuits with specific
subscriber lines, ten words per line are required in the line translator
program store of No. 1 ESS and a lesser number of words in No. 2 ESS and
No. 3 ESS.

2.3 Facility requirements

In its simplest application, LSS uses ordinary voice frequency cable
pairs for trunks and the distribution plant beyond the RT. This avoids
any plant conditioning, achieves the lowest cost, and is compatible with
existing and future repair service bureau functions. The distribution
pairs and the station set together can have a resistance of 2000 ohms
limited only by service request detection by the RT.

The LSS system adds into the subscriber loop only relay contacts and
409 of resistance to protect the contacts from surges. Ringing signals and
battery are supplied by the central office and not by the LSS system.
Therefore, the total subscriber loop length from the COT to the customer
station is limited by the standard signaling and transmission require-
ments for subscriber loops from the serving office. Range extension de-
vices!! such as the 5A REG or the 2A REG can be used on the trunks of
the concentrator to obtain additional range in a manner similar to
nonconcentrated loops.

Carrier systems such as the SLC-40 system also may be used to provide
the concentrator trunks for situations requiring still greater pair gains,
i.e., when feeder cables are too small to provide the necessary trunk pairs
in multiple LSS installations. However, the economics of this combina-
tion will be somewhat less attractive than the LSS system alone.
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2.4 System powering arrangements

A basic design goal was to power the RT from the COT for a distance
of up to 28002 of loop resistance (80 kft of 22-gauge cable). This distance
was chosen to be consistent with voice frequency engineering rules for
loops with range extenders with gain (REGs). Using +135 and —135 Vdc
from the central office, the highest dc voltages permitted, a simplex
powering arrangement using two pairs of wires can deliver about 13 watts
to the remote terminal. A new dc-to-dc converter was designed that is
80 percent efficient and derives a useful low voltage power of ten watts
for the circuits in the remote terminal. This limitation of ten watts of
power requires a latching switching network and CMOS and low-power
TTL logic circuits in the common control.

The simplex power for the RT is generated in the COT from a current
limited (95 mA) £135 Vdc 30-watt converter operating from the —48 Vdc
central office battery. Alternatively, this simplex power may be obtained
from the £130 Vdc common systems central office battery supply in
conjunction with a 95-mA series regulator. For this latter case, the RT
powering range is 1800% of loop resistance (9009 of simplex resistance)
instead of 2800Q because of the lower available voltage and the voltage
drop in the auxiliary series regulator.

When the RT is too far from the COT to be supplied from the central
office or if the trunks and data link are carrier derived, the RT may be
powered from a locally available —48 Vdc common systems supply in
a small hut or building or from commercial 117 Vac 60-Hz power brought
into the cabinet. If commercial power is used, batteries are required to
maintain equipment operation for approximately 10 hours after a
commercial power failure.

The COT of the LSS is powered from a low voltage converter which
delivers about 100 watts to the COT at £5 Vdc and —24 Vdc from the —48
Vdc central office battery.

2.5 Data link

The same two pairs used to power the remote terminal are also used
for a full duplex data link. Modems similar to those used in 202 type data
sets convert the low level logic signals to 1250 bits per second frequency
shift keying (FSK) analog signals for transmission over the data link. This
bit rate allows the use of standard voice grade cable pairs with no special
conditioning for the maximum distances envisioned.

2.6 Maintenance

A major design objective was a trouble rate (troubles per 100 stations
per month), service availability (downtime), and maintenance costs for
customer lines served by the LSS system similar to that of equivalent
cable service.12 To achieve this goal, the LSS is provided with important
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maintenance features including continuous monitoring of system per-
formance, alarm displays at the COT which indicate system status and
any defective plug-in units, and automatic troubleshooting procedures
which aid«in maintaining and restoring service. Some of the routine
maintenance functions performed automatically by LSS include the
following:

(i) Each time a trunk is assigned to a line, the trunk assignment is
verified, and the trunk and switching network are tested for leakage
paths worse than 50 k2 and for continuity. Failure of the test initiates
a new trunk assignment and causes a minor alarm.

(it) Data transmission between the COT and RT is continuously
checked for accuracy.

(zit) Once a day, all relays are operated and released to insure that
they are working satisfactorily.

(iv) On a routine basis, much of the per-line and common- control
circuitry is tested for proper performance.

If any of these tests fail, an appropriate alarm is brought in.
The following troubleshooting procedures are implemented auto-
matically when the routine maintenance tests show a failure:

() Should the LSS be unable to process a call, the system transfers
automatically from the main data link pairs to an alternate set of pairs
consisting of LSS trunk pairs 31 and 32. If it is not possible to commun-
icate with the RT via either the main or alternate data link pairs, all of
the critical common control plug-in units in the COT are tested auto-
matically, and the appropriate plug-in and central office alarms are
raised. .

(i) When CcOT power is restored after a failure or a critical plug-in
unit is replaced, the LSS automatically reinitializes itself by disconnecting
all idle lines and reconnecting all active lines (sleeve grounded).

(iit) When a line unit is plugged in at the COT all lines on that unit
are disconnected in order to ensure that the switching network is in an
initial state.

The following manual tests can be performed at the LSS central office
terminal:

(i) When any of the. common control units in the COT are replaced,
the automatic troubleshooting procedures can be initiated manually to
verify that the new units are functioning.

(zi) The leakage and continuity tests for trunks and the switching
network can be initiated manually on a desired line for all the trunks
accessed by that line.

(tit) Any trunk can be removed from service by operating a trunk
make-busy switch.
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(iv) The number of busy trunks can be read out on a numeric dis-
play.

(v) The trunk connected to a specific working line can be read
out.

(vi) Allindicator lights can be tested.

Remote interrogation of the alarm indications can be made over the
DDD network by the use of an optional COT maintenance unit. The types
of alarms are COT, RT1, and RT2 major and minor. The alarm status is
conveyed by means of a series of six sequential tones either modulated
or unmodulated depending on the alarm state.

At the remote terminal, a leakage and continuity test can be initiated
manually for the switching network and the idle lines and trunks asso-
ciated with a selected line unit.

2.7 Traffic capacity, monitoring, and administration

The LSS is designed to provide a traffic handling capability similar
to that of the SLM system. Specifically, for 6 ccs per line and 25 percent
intracalling, the probability of blocking is 0.5 percent when the LSS is
fully loaded. Both rural and suburban residential traffic measurements
indicate that this level of traffic and intracalling is reached only on the
four busiest hours of the year.13

The traffic characteristics of the LSS are designed far more conser-
vatively than the 10-trunk, 50-line 1A concentrator. For example, in
order to achieve the same traffic performance as the LSS, the 1A would
have to be limited to about 22 lines instead of 50.

The LSS traffic monitoring capability is similar to that of the SLM
system. The peak hourly traffic and the total number of calls blocked
since the storage registers were last reset is displayed on a test and dis-
play unit at the COT. By means of the optional traffic unit, an office
traffic usage recorder register can be connected to the LSS for remote
monitoring of LSS traffic. However, frequent traffic measurements are
really only justified during the initial loading procedures.

Traffic administration procedures are similar to those already ap-
proved for SLM. In brief, the LSS can be loaded with 70 main stations
initially. Additional loading is based on the weekly peak traffic for four
weeks. It is expected that in over 90 percent of the applications of LSS,
the traffic administration procedures will permit fully loading each LSS
system with 96 lines on 32 trunks.

After these initial procedures, blocked calls are monitored automat-
ically. A minor alarm comes on if the number and frequency of blocked
calls exceeds service objectives.

The same high level of traffic performance could have been engineered
using intra-switching and fewer trunks. Studies showed that at 25 per-
cent intracalling this approach would have cost more per net pair gained
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for the type of switching network used in the LSS, would have degraded
badly were the intracalling rate lower than predicted, would not allow
LSS lines to utilize central office custom calling features and would have
required local rather than central office powering of the RT. Therefore,
intracalling is not provided by LSS in spite of a certain emotional ap-
peal.

2.8 The switching network

2.8.1 Configurations

There are three basic types of switching networks which are candi-
dates for use in line concentrators: one-stage, two-stage, and graded
multiple.}* These networks are shown in Figs. 3, 4, and 5.

For the traffic levels described in Section 2.7, computer simulation
shows that the two-stage design shown in Fig. 41s just as efficient as a
one-stage switch. Twenty-eight trunks are required for each, yet the
two-stage network requires only three-eighths as many crosspoints as
the one-stage switch.

For the graded multiple network of Fig. 5, four lines have access to
seven trunks; the trunks are multipled to other groups of four lines in
a manner maximizing the traffic capacity. But because of the limited
access of the lines to the trunks, it is less efficient than a one- or two-stage
network. Hence, 32 trunks must be used instead of 28 for the same traffic
capacity again as determined by computer simulation.

However, the graded multiple shown in Fig. 5 has %5 of the number
of crosspoints compared to the two-stage network of Fig. 4, and Y, of the
crosspoints of the one-stage network. The lower cost of the graded mul-
tiple network, due to the lesser number of crosspoints and simpler con-
trol, offsets the traffic inefficiency, equivalent to four trunk pairs. Hence,
the fully loaded price per pair gained of a graded multiple concentrator
is about the same as a concentrator with a two-stage network.

The graded multiple network has an advantage for low growth ap-
plications because of a lower getting started cost. The reason is that the

TRUNKS

28

LINES 96

CROSSPOINTS = 96 X 28 = 2688
Fig. 3—One-stage network.

LOOP SWITCHING SYSTEM 1165



LINES

1 4
TRUNKS

@ LINKS

LINES

@ LINKS

LINKS
®

1 4
TRUNKS

-4

0

LINKS
2

FIRST STAGE
672 CROSSPOINTS

SECOND STAGE
336 CROSSPOINTS

TOTAL CROSSPOINTS = 1008

Fig. 4—Two-stage network.

LINES ;
GR?UP TRUNK LEVELS
7
[ ]
. CROSSPOINTS = 672
[ 4
1
GROUP TRUNK LEVELS
24
7

Fig. 5—Graded multiple.

entire second stage of the two-stage network plus the control circuitry
must be installed initially. Only the first stage of the two-stage network
but all of the graded multiple network may be added as a function of line
growth. Also, the graded multiple can be organized into modules for easy
maintenance, with all the crosspoints for eight lines on a single plug-in
unit. Hence, the LSS uses the graded multiple network of Fig. 5.

The seven trunks out of a total of 32 trunks accessed by each line group
are called level 1, level 2,. . ., level 7. Assignment priority is sequential
in level, with level 1 having the highest priority and level 7 the lowest.
A trunk wired to a given level in one line group is multipled to only the
same level of other groups. Six trunks are used for level 1 and level 2, with
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each trunk multipled between four line groups. Four trunks each are used
for levels 3 through 7 with each of these trunks multipled between six
line groups. The lowest priority level is almost never assigned except
when traffic overload is imminent. In order to equalize trunk usage, every
24 hours the priority sequence alternates between levels 1, 2, 3, 4,5, 6,
7 and levels 1, 2, 7, 6, 5, 4, 3.

Trunks are tested for leakage and continuity prior to connection to
avoid assigning a defective trunk (see Section 2.6). If a trunk should test
good but is defective for reasons other than leakage or continuity, e.g.,
noise, a service problem may develop during light traffic conditions. To
avoid this “killer trunk” problem, assignment priorities alternate be-
tween level 1 and level 2 after every call. This arrangement prevents
always assigning a defective level 1 trunk to the same line making suc-
cessive originations.

2.8.2 Crosspoints

Switching crosspoints may be broadly classed as either the semicon-
ductor type or the electromechanical type. For use in a line concentrator
subject to a rather harsh environment, e.g., lightning surges, power line
crosses, ringing voltage, and dc currents, only the electromechanical type
of crosspoints can meet the environmental requirements without the
use of special per line circuitry.

Both sealed and nonsealed types of electromechanical crosspoints are
available. The sealed types offer protection from dirt and humidity but
the ones available today from Western Electric are somewhat less rugged
compared to the nonsealed types; the sealed contacts should not be used
to switch dc in the transmission path and have one-tenth the surge
current capability.

An example of sealed crosspoints is the remreed switch used in ESS
systems. The remreed switches consist of a matrix of magnetically
latching reed type make contacts sealed in a glass envelope. These sealed
contacts contain some water vapor to help prevent the hard gold contacts
from sticking at high temperatures. But the water vapor presents a finite
probability of contact freezing at the low temperatures to which a con-
centrator RT may be subjected. Hence, remreed switches in the form
available today were eliminated from further consideration for LSS.

The nonsealed category of crosspoints includes wire spring and flat
spring relays, crossbar switches, and stepping switches. Of these, the
Western Electric miniature magnetically latching wire spring relay was
clearly the best and was chosen as the switching crosspoint for LSS. This
relay is about one cubic inch and contains six transfer contacts. The
latching feature is consistent with the low power requirement for a
batteryless, simplex-powered RT. These relays can handle 30 A surge
currents; hence, they are far more rugged than any of the sealed reed
relays.
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Extensive testingl5 has been performed on these relays at room tem-
perature in the presence of dust, moisture, and various gases such as
sulfur dioxide and hydrogen sulfide. Other tests were performed at high
humidity over a ~40°C to +70°C temperature range. These tests clearly
establish that adequate protection from such an environment is obtained
when the relays are mounted on a printed wiring board attached to a die
cast aluminum frame with an aluminum cover. Gasketing around the
connectors insures that particles greater than 20 microns are filtered
out.

2.8.3 The LSS switching network

As shown in Fig. 6, three of these multicontact relays (K1, K2, K3)
wired in a tree configuration provide each line with access to one of seven
trunks. The eighth port of this tree network is connected to a per-line
service request detector at the RT and a ring trip and overflow circuit
at the COT. Overflow is applied to a line in the COT when all of the seven
accessible trunks are busy. A fourth relay (K4), a nonlatching miniature
flat spring relay, serves as a network isolating relay. This relay isolates
the line from the switching network during the switching of the three
per-line relays in order to avoid objectionable transients on the line and
on working trunks. Contacts on the K4 relays at the RT and COT also are
used to check the quality of the assigned trunk and the switching network
just prior to connecting the line. This preconnection trunk testing en-
sures that a defective trunk is not assigned to a subscriber.

In order to confirm that the desired line relays have been operated (or
released) and that a line is connected to the desired trunk, an additional
contact on each of the relays K1, K2, and K3 provides a voltage on one
of three corresponding confirmation buses if the relay is latched while
relay K4 is operated. The confirmation buses are multipled to all line
networks. The concentrator common control interrogates these confir-
mation buses and initiates corrective action if the actual trunk connec-
tion differs from the intended connection.

As shown in Fig. 7, one end of each of the three network relay coils for
each line is connected to three common drive buses. The other end of
each of these relay coils is connected to three common return buses
through make contacts on the K4. A specific line relay network is con-
nected to the six common buses by simply operating the desired line
isolating relay (K4).

Reliable operation of the switching network is obtained by carefully
controlling the latching and releasing currents for the latching relays.
One set of three current regulators supply the latching current of —140
mA +15 percent for 16 ms for the K1, K2 and K3 relays. Another set of
three current regulators supply the releasing current of +35 mA +15%
for 52 ms. The appropriate combinations of latch and release current
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are supplied to the three relays depending upon the desired trunk con-
nection contained in a 3-bit trunk code supplied by the processor.
Sensing circuits within this “network controller” monitor relay drive
current. Incorrect current indications result in a major alarm and a
network controller failure indication on an alarm unit.

The K4 relay is also operated by means of a current regulated to —32
mA +10 percent. The maximum operate time is less than 32 ms. The
relay releases in less than 52 ms after the drive current is removed since
it is nonlatching. The appropriate K4 relay (one out of 192) is connected
to this drive signal by means of a decoding network in the network con-
troller which receives an 8-bit line number from the processor.

lll. SYSTEM OPERATION
3.1 Call processing

A stored program controller at the COT implements the call processing
algorithm and communicates with a relatively simple wired logic pro-
cessor at the RT via the data link. The basic function of the common
control circuitry is to connect a trunk in accordance with the results of
an RT scan of the service request detectors and a COT scan of the sleeve
lead status. A trunk is disconnected only when a sleeve lead is un-
grounded.

Three types of orders are transmitted by the processor to the RT: a
scan order, a network order, and an activate order. Scanning is performed
at all times except when interrupted during the connection and dis-
connection of a trunk. The response of the RT to each of these orders is
discussed in turn.

When the RT receives a scan order, the RT transmits the number of
the line requesting service and, for redundancy, its binary complement.
If differences occur between the line number and its complement, the
COT rejects the scan result and initiates another scan order.

When a network order is received by the RT, it is stored in a register
and also is returned to the COT for comparison with the original trans-
mission. If there are no errors, the COT transmits an activate order to
the RT which triggers the RT into implementing the network order, e.g.,
connecting a trunk to a line.

After the trunk is connected to a line, the RT returns the confirmation
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answer to the COT. This confirmation answer, which indicates the actual
line number and trunk level connected to the line, is compared with the
original network order for consistency. Corrective action is initiated if
differences exist.

If two RTs are connected with one COT via two separate data links, the
COT scans first one RT and then the other for call originations. If an
origination is discovered in one RT, the necessary network order is
transmitted to that RT only. Scanning then resumes with the otherRT.

Data transmission between the COT and RT is asynchronous, i.e., in-
formation is not transmitted in predetermined and regular time slots.
Instead, orders and answers to orders are recognized by special pre-
ambles. These orders and answers are shown in Fig. 8.

The timing associated with the LSS call processing algorithm is shown
in Fig. 9. For a terminating call, a trunk is connected within about 300
ms after the sleeve lead is grounded. For an originating call, a trunk is
connected within about 400 ms after a station set goes off-hook. Origi-
nating call times include 100 ms for the service request detector; this
delay is caused by a filter used to reject 60 Hz longitudinal signals.

3.2 COT processor

The LSS is controlled by PROCON, a microprocessor manufactured
by Western Electric. The LSS uses the 8-bit data, 24-bit instruction
PROCON with a 500-kHz clock. Every instruction is fetched and executed
in one clock period (2 us).

To control LSS, 5700 words of ROM (instructions) and 512 words of
RAM (data) are required. Approximately 2000 words of program in-
struction are used for basic call processing and 3,700 words are used for
automatic trouble locating, manual testing, alarming, and traffic mea-
surements.

As shown in Fig. 10, the separate 8-bit data input and output buses
of PROCON are combined into an 8-bit I/0 data bus by means of hard-
ware external to PROCON. Data is transferred between PROCON and the
peripheral units by means of this I/O bus.

SCAN
ORDER
X .
SCAN COMPLEMENTED
. LINE NO.
S VER PREAMBLE 8-81T LINE NO.
NETWORK 4BIT 3-8IT
ORDER OR PREAMBLE 8-BIT LINE NO. TYPE TRK
CONFIRMATION CoDE LEVEL
ANSWER e —
(NI
CODE 1 — NETWORK ORDER
ACTIVATE CODE 2 — CONFIRMATION
ORDER CODE 3 — RT NET. CONT. FAILURE
A I I CODE 4 — RT LINE LEAKAGE

CODE 5 — RT SERVICE REQUEST
DETECTOR FAILURE

Fig. 8—Data organization for orders and answers.
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Thirty-two output control signals are used to transfer data selectively
via the I/0 bus from PROCON to various other peripheral units. The
PROCON destination signals DO and D2 and four device selection signals
NO, N1, N2, N3 are used to generate these 32 control lines by means of
a decoder external to PROCON.

A different set of 32 input control signals are used to transfer data
selectively from the peripheral units to PROCON via the I/O bus. These
control signals are generated from the PROCON source signals S1 and
S2 and the same four device selection signals used for the output con-
trol.

The 512 word RAM is divided into an upper and lower half, corre-
sponding to the ninth bit of the 9-bit RAM address. As long as successive
RAM addresses are confined to either the upper or lower half of the RAM,
the RAM can be addressed with 8 bits (one PROCON instruction) plus the
ninth bit previously stored. But if the RAM address changes from one-
half of the RAM to the other, two instructions are required to generate
the 9-bit RAM address. After the RAM address is stored in the RAM ad-
dress register, the RAM is then accessed in one instruction which enables
either the SO read control signal or the D1 write control signal.

A timing signal generator external to PROCON generates all of the
timing signals necessary for the operation of LSS. This generator is driven
by the PROCON clock and is controlled by the PROCON stored pro-
gram.

3.3 RT wired logic processor

A wired logic processor at the RT is under the direct control of the cOT
microprocessor via the interconnecting data link. CMOS logic was chosen
to minimize power drain. A stored program processor at the RT was not
possible because of power drain with available technology.

When the processor recognizes the identifying preamble for the net-
work order, the 16-bit network order, which follows immediately, is read
into a 16-bit shift register and also is returned to the COT for verification.
Upon receipt of an activate order from the COT indicating that the net-
work message in the shift register is indeed correct, the line number and
trunk level are transmitted in parallel from the shift register to the
network controller for execution and also to the scanner. After execution,
the processor receives the 3-bit confirmation code from the corre-
sponding per-line switching network circuitry and inserts it into the
trunk code position in the shift register. The line number is read back
into the register from the scanner. The type code is changed and the
contents of the register is serially transmitted to the COT.

After the execution of the network order, but just before the K4 line
relay is released, i.e., after the K1, K2, K3 switching network relays have
operated or released as required, the processor interrogates the status
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of the service request detector for that line via the scanner. If the network
order is the type which assigns a trunk and hence disconnects the service
request detector from the line, the service request detector output should
show an on-hook condition (test state 1). If, on the other hand, the net-
work order is the type which disconnects a trunk from the line and hence
reconnects the service request detector to the line, the service request
detector output should show an off-hook condition before the K4 relay
is released (test state 2), and an on-hook condition after the K4 relay is
released (test state 3). This off-hook condition is caused by the resistance
provided by the RT trunk test circuit connected to tip and ring of the line
via the K4 line relay. If any of the above three tested states of the service
request detector are inconsistent, the processor indicates this fact by
altering the normal 4-bit “type code” portion of the 16-bit confirmation
message returned to the COT. The COT will raise the appropriate alarm
if test state 1 or 2 is in error or will enter the line number in the leakage
memory if test state 3 is in error. This leakage memory is discussed in
greater detail in Section 3.10.

The tests of the service request detector described above also serve
to test the network controller decoder and the scanner multiplexer. When
a network controller, a scanner, or a line unit fails, at first it may not be
readily apparent which unit has failed and only an RT line unit failure
minor alarm is raised. Eventually, the COT microprocessor will be able
to deduce the specific failure by correlating subsequent trouble condi-
tions, and the major alarm for a failed network controller or scanner, or
both, will be added to the minor alarm for the line unit failure.

When the RT processor receives a scan order from the COT, the pro-
cessor enables the RT scanner. The scanner sequentially interrogates
the service request detectors for originating calls or specific RT alarms
represented as a nonused line number and transmits to the processor
the line code of the first line found which requires service. The processor
inserts the 8-bit line code and its complement into the shift register in
parallel and serially transmits this line code to the COT.

When the COT microprocessor is not transmitting network or scan
orders to the RT, auxiliary COT hardware continuously transmits the
activate order to the RT, thereby preventing a locally powered RT from
switching to the alternate data link pairs.

3.4 Scanning at the RT

The RT scanner contains an 8-bit counter which generates the line
numbers in sequence. Three bits of each line number are used to inter-
rogate one of eight service request detectors mounted on one line unit
or various alarms and other maintenance functions contained in the
maintenance unit. Five bits are used to choose the output from one of
24 line units or from the maintenance unit. The line number generator
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is enabled by the RT processor when a scan order is received from the
COT, and is disabled when a service request is encountered. The contents
of the line number generator is transferred to the RT processor for
transmission to the COT. Scanning resumes at the next line number in
the sequence when another scan order is received from the COT. If no
service requests are detected in the length of time it takes to generate
all line numbers, the line number generator is disabled and the processor
transmits to the COT the no-request-for-service code of 255. If the
scanner fails to scan, the line code 254 is transmitted instead, causing
a major alarm in the COT.

3.5 Scanning at the COT

Generation of line numbers for scanning the sleeve lead status at the
COT is accomplished within the microprocessor itself. By means of ex-
ternal multiplexing hardware similar to that used at the RT, the 8-bit
line number generated by the microprocessor is used to interrogate the
status of one of up to 192 sleeve ground detectors. Analogous to the RT,
each COT line unit contains eight sleeve lead detectors and a one-of-eight
selector with the outputs of these selected by a common multiplexer.

The scanning of all 192 sleeve leads at the COT is completed in the 30
ms period required to send a scan order to an RT and receive back the
scan answer. It is necessary to scan for terminating calls this rapidly in
order to provide the proper control interface with ALIT in SXS and # 5XB
offices. When a terminating call is detected, a control signal is passed
to the ALIT system which causes it to reduce the rate of line tests. The
slower testing rate provides time for the LSS system to connect a trunk
and permit a valid ALIT test to be completed through to the subscriber’s
station set. Every new sleeve ground is interpreted as a possible ALIT
test. Since ALIT tests are usually performed late at night when the traffic
is light, the few subscriber calls on LSS lines should have little adverse
affect on ALIT testing speeds.

3.6 Data modems

Data modems similar in design to those used in 202 type data sets are
used at both the COT and the RT. The modems are designed for up to 24
dB of loss in the data link. This amount of loss permits the use of up to
3600 ohms of loaded 19, 22, 24, or 26 gauge pairs, or a mixture thereof.
Additionally, the facility may also consist of low-loss channels derived
from a digital voice-grade carrier system such as the SLC-40 system.

Circuitry is provided within the COT modem to permit automatic
looping of the FSK analog output of the modulator to the input of the
demodulator. This loop-back is used during automatic troubleshooting
procedures to test modem operation.
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3.7 Data link switching

In the event of a data link failure, a means is provided for automati-
cally interchanging the data link pairs with two of the level five trunks
of the concentrator. The level five trunks are, on the average, the least
used trunks and the probability of interrupting a customer on a level five
trunk is minimal.

Interchanging the data link pairs at the COT is under the control of
the microprocessor. This same function is performed at the RT by the
data link switching circuit. If the RT is powered over the data link pairs,
the data link senses on which pairs the power is present and connects
those pairs to the data modem. If the RT is locally powered, the data link
switch hunts between the data link pairs at a 2.5-second rate when a hunt
signal is received from the processor. The processor generates this hunt
signal when a scan order or an activate order is not received at least every
400 ms. In order to prevent false hunting when the COT microprocessor
has failed, or when the microprocessor has entered the troubleshooting
phase, activate orders are continuously generated by COT hardware and
transmitted to the RT.

3.8 Blocked calls

When all of the seven trunks accessed by a line are busy, the K5 relay
(see Fig. 6) is operated and connects a ring trip and overflow circuit at
the COT. If a terminating call arrives during the time when all trunks are
busy, the LSS circuitry trips and ringing and supplies the overflow or fast
busy signal in both SXS and # 5XB offices. In ESS offices, a blocked call
is never completed through to the LSS system. This ring trip and overflow
function is performed by ESS. The fact that all of the LSS trunks are busy
is obtained from another contact on the K5 relay via an ESS remote
master scanner applique circuit. One such applique circuit is required
for each group of four lines which share the same seven trunks.

If an originating call is blocked by the LSS system, dial tone is delayed
until a trunk becomes available.

3.9 Testing the trunks and the switching network

The trunk test units at the COT and the RT are used for testing the
trunk and the switching network for longitudinal leakage, metallic
leakage, dc continuity, and ac transmission just prior to cutting through
a line. The K4 line relay (see Fig. 6) is operated at the COT and the RT
to isolate the line from the switching network and prevent clicks on
working trunks when the K1, K2, and K3 relays are operated or released.
After 70 ms, the Kc relay at the COT operates and the COT trunk test unit
is connected through to the switching network and the trunk. The Kr
relay at the RT is not operated until after the leakage measurements are
completed at the COT. The trunk is an open circuit at the RT during the
leakage measurements.
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The longitudinal leakage test is made by connecting tip and ring at
the COT to a —24 Vdc supply for 40 ms to condition the trunk. After the
conditioning period, the leakage current flowing is integrated for exactly
10 second to cancel out the effects of power line induction. At the end
of the integration period, a flip-flop is set to a ““1” state (test failure) if
the integration result exceeds a threshold equivalent to 50 kQ of leak-
age.

The longitudinal leakage measuring circuit is designed to function with
up to 50 mA of induced 60 Hz longitudinal current flowing into a 100Q
impedance to ground. The measuring circuit can also tolerate a power-
line frequency error of up to 0.5 percent.

The next test to be performed is the metallic leakage measurement.
A floating —24 Vdc source is connected between tip and ring for 30 ms.
At the end of this 30 ms period, a second flip-flop is set to a “1” (test
failure) if the current flowing exceeds a threshold equivalent to a metallic
leakage of 50 kQ. The metallic current due to power line induction is not
expected to exceed 0.1 mA ac.

The last two trunk tests, i.e., the ac loss test and the dc continuity test,
are both made at the same time. A 2100-Hz tone is connected to tip and
ring at the COT. A dc voltage of 24 V is also connected to tip and ring.

After the Kr relay at the RT operates, the RT trunk test unit is con-
nected to the trunk. The input circuitry for this unit completes the path
for the dc continuity test. The COT dc¢ continuity circuit indicates a pass
condition only if the dc resistance of the loop is less than 50 kQ. The
circuitry, and hence the threshold, is the same used for the metallic
leakage test and the test result is the logical complement.

The 2100 Hz tone transmitted from the COT is detected by the RT
trunk test unit and causes a 660 Hz oscillator at the RT to turn on for
about 40 ms. The 660 Hz tone transmitted from the RT is detected at the
COT. The ac transmission test passes if the transmission loss at 2100 Hz
and 660 Hz does not exceed 20 dB.

The results of the four trunk tests are combined logically to produce
a pass or fail indication.

3.10 Service disconnection and the “leakage” memory

If service is discontinued for an LSS line, the tip, ring, and sleeve
jumpers for this line are removed at the MDF and the line placed on in-
tercept. It is not necessary to remove the corresponding jumpers at the
RT cross-connecting terminal.

If a low resistance condition should occur on an LSS line beyond the
RT which has been disconnected at the MDF, a trunk will be assigned to
this line in the normal manner. Since the sleeve lead is not connected,
the trunk will be disconnected within five to ten seconds. When the trunk
is disconnected, the service request detector is reconnected to the line
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at the RT and will show an off-hook condition, contrary to the normal
case. The fact that the sleeve was not grounded and that the service re-
quest detector still shows an off-hook condition causes the line number
to be put into the “leakage” memory. Sixteen such memory locations
are provided for system A and sixteen for system B. Any line appearing
in the leakage memory will be semipermanently assigned a trunk. This
procedure prevents a trunk from being repetitively connected and dis-
connected to an off-hook line for which the sleeve is not grounded, and
marks this trunk as available when necessary during high traffic con-
ditions. Once a day this leakage memory will be cleared automatically.

If a working line develops a trouble beyond the RT which is recognized
as an off-hook by LSS, causing a trunk to be assigned, but is not recog-
nized as an off-hook by the central office, the situation is identical to that
described above for an off-hook nonworking line. The line number will
be put into the leakage memory and a trunk will be semipermanently
assigned. Eventually, this condition will be identified by the central office
during routine leakage testing.

3.11 Permanent signals

For sxS and #5XB offices, a line with a permanent signal will be as-
signed a trunk in the normal manner and will remain connected to this
trunk for the duration of the condition. To LSS, the permanent signal
condition appears like a normal call because the sleeve is grounded by
the central office. A sufficiently large number of permanent signals will
cause excessive blocking during high traffic conditions. For ESS offices,
a permanent signal line will enter a “high-and-wet” condition after about
two minutes. During the high-and-wet condition, the sleeve lead is not
grounded. Consequently, in ESS offices a permanent signal line is treated
as a leaky line by LSS. The line number is placed in the leakage memory,
and a trunk is semipermanently assigned, thereby avoiding repetitive
connection to the ESS recorded announcement trunk. Trunks connected
to lines in the leakage memory can be used for other lines during high
traffic conditions.

IV. EQUIPMENT DESCRIPTION

As shown in Fig. 11, the COT of the LSS requires a maximum of 61
inches of vertical space on a 23-inch wide miscellaneous bay and consists
of up to four assemblies which are interconnected by connectorized ca-
bles. The 17-inch common control assembly consists of a fuse and alarm
panel, two power units, PROCON, and an 8-inch shelf for 13 common
control plug-in units.

The common control assembly for RT2 consists of a 4-inch high shelf
which accommodates a power unit and a modem and is required when-
ever a second RT is provided.
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Fig. 11—CoOT of the LsSS.

The 20-inch line unit assembly consists of a 14-inch high tray, which
accommodates up to twelve 8-line line units and a 6-inch high field of
terminals which provide test access to the lines, trunks, and other pairs.
All external distributing frame connections for these wires are connec-
torized.

A second line unit assembly is used for the second set of 96 lines.

As shown in Fig. 12, the RT of the LSS is mounted in a cabinet 48 inches
high, 29 inches wide, and 13 inches deep and consists of up to four
assemblies which are interconnected by connectorized cables. These
assemblies can also be mounted on a 23-inch wide miscellaneous bay.
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Fig. 12—RT of the LsS.

The common control assembly consists of an 8-inch high shelf for eight
common control plug-in units.

The line unit assembly consists of a 14-inch-high shelf which accom-
modates up to twelve 8-line line units. It is equipped with gas tube pro-
tectors for the trunks, lines, data link and order wire pairs.

A second line unit assembly is added for a second set of 96 lines.

A 3-inch panel contains a thermostatically controlled heater and a
duplex power outlet and is required only when it is necessary to control
the humidity level within the cabinet.

A connectorized stub cable is used to interconnect the lines, trunks,
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data link pairs, and the order wire pair with a cross-connecting terminal
or a distributing frame.

Comparing the size of the LSS with the SLM system and the SLC-40
system, the vertical bay space in the central office per pair gained for the
LSS is half that of the SLC-40 system and one-third that of the SLM
system. For a cabinet mounted RT, the volume per pair gained for the
LSS is one-fifth that of both the SLC-40 system and the SLM system.

V. FIELD TRIAL

The Lss field trial began during August 1976 near San Diego, Cali-
fornia, in the Pacific Telephone and Telegraph Company. The two-RT
arrangement is used fo provide service for up to 192 customers served
by both $xs and No. 1 ESS. The system was fully loaded in January
1977.

The peak traffic carried by the LSS between February and May of 1977
is 4.7 ccs per line. The traffic level is about 20 percent below the design
criteria of 6 ccs per line. Only one blocked call occurred during these
entire four months, which is completely consistent with theory for this
peak traffic load.

The reliability of 1SS is measured in terms of service to the customers
served by LSS. Early results give a trouble report rate of 4.2 reports per
100 stations per month. About 2.8 troubles were caused by non-LSS-
related problems. Of the balance of 1.4 troubles, incorrect administration
of central office sleeve leads for ESS customers served by LSS contributed
0.7 trouble. Test procedures for verifying sleeve lead connections have
since evolved which should mitigate against such errors. The remaining
0.7 trouble was caused by initial LSS programming errors which have
since been corrected and system outages caused by intermittent solder
connections on several early models of plug-in units.

VI. SUMMARY

The Loop Switching System described in this paper utilizes a micro-
computer which permits a wide variety of operational and maintenance
features to be included in the system which would not have been possible
if a hard wired logic approach had been used. By storing the history of
system performance, a more accurate and thorough diagnosis of system
trouble is possible and a more flexible call processing algorithm can be
implemented. In addition, the turnaround time on correcting system
bugs and adding features is greatly reduced when such changes can be
implemented by software modifications.

The LSS system is currently in production. The first LSS systems were
shipped by Western Electric to Pennsylvania and South Dakota in
mid-1977.
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Loop Plant Electronics:

Physical Design Considerations

By R. W. HENN and D. H. WILLIAMSON
(Manuscript received October 20, 1977)

The introduction of electronics into the loop plant has created the
need for mounting electronic systems in the outdoors as well as in the
central office. This article details the physical design considerations
and requirements for the plug-in circuit boards, cabinets, closures, and
hardware, and their interconnection to the telephone plant. Of par-
ticular interest is the product-line diversity from the small voice fre-
quency range-extension devices and analog carrier systems to the large
digital carrier and voice frequency loop switching systems. Each re-
quires unique electrical and mechanical partitioning to optimize per-
formance. Other critically important considerations are the cost-per-
formance tradeoffs in a cost-sensitive market; the analysis, testing and
evaluation of the system in environmental extremes of temperature,
humidity, and atmospheric pollutants; the need to be compatible with
existing loop plant hardware; and, lastly, the human factors consid-
erations necessary to provide an effective interface with the telephone
craftsperson. Specific designs are discussed which illustrate the
practical problems encountered in meeting these requirements. In
addition, the future thrust of loop electronics is discussed.

I. INTRODUCTION

Although electronics technology has been used for many years in the
central offices and toll plant of the Bell System, its use in the loop plant
is in its infancy. The first Western Electric loop electronic range-ex-
tension product, the 2A, was installed in central offices in 1968. Since
that time, a complete family of loop electronic products has been de-
veloped, and its introduction has generated new challenges for physical
design.
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Unlike most Bell System electronic systems, certain elements of loop
electronics hardware must be designed to mount outdoors (commonly
referred to as the “outside plant”) as well as in the central office. The
central office is generally a controlled environment and is largely
standardized from a facilities and craft point of view. The outside plant
environment, on the other hand, has more variety in facilities including
aerial, underground, and buried plant; a multiplicity of cable and cable
apparatus with which the electronics must interconnect; and large variety
in crafts: splicers, installers, linepersons, and repairpersons.

The aim of this paper is to highlight the central office and outside plant
physical design of loop electronics products currently being manufac-
tured by the Western Electric Company, Incorporated.

The loop electronics product line is diverse. Small carrier and voice
frequency systems and large carrier and concentrator systems must be
economically and ruggedly designed and packaged. Typically, the volume
occupied at a remote terminal site varies from 135 cubic inches for a
single channel analog carrier system to 16 cubic feet for a 40-channel
digital carrier system. Since most loop electronic systems so far have been
installed on rural routes, physical design has concentrated on above-
ground mounting in the outside plant. This paper will deal primarily with
these designs. As loop electronics penetrates the suburban and urban
markets, the aesthetic pressure for out-of-sight plant will create a need
to design for belowground installation. '

Il. PHYSICAL DESIGN REQUIREMENTS AND CONSTRAINTS
2.1 Overview

Providing basic electronic functions (logic, modulation, amplification,
memory) while meeting all specified performance requirements is the
key to any electronic system design. The physical designer must insure
that requirements are not violated in partitioning the structure into
various subassemblies, interconnecting the subassemblies, and packaging
the system for mounting. This implies decisions that interact with reli-
ability and cost in an extremely dynamic and cost-sensitive market.

2.2 Specitic requirements
2.2.1 Environment

The outdoor environment requires design to ambient temperature
extremes of —40 to 120°F while accommodating both solar heating and
internal heat generation by the electronics. Equipment must operate
in ambient relative humidities up to 100 percent. The electronics must
be protected from airborne particulates and pollutants including salt,
dirt, hydrocarbons and industrial smog.
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2.2.2 Human factors

The extremely labor-intensive loop plant requires special attention
to a person’s abilities to perform simple installation, operational, and
maintenance tasks. The goal is to develop systems in which the hardware
complements the skills of the people using them. This is a necessity in
loop electronics because the hardware is being introduced into a working
cable plant where job classifications are rigidly defined, and new tools,
hardware, and methods frequently require changes in established pro-
cedures.

2.2.3 Compatibility

The need to interface with existing telephone hardware requires
compatibility in many areas. The necessity for electrical compatibility
at input and output terminations is obvious. Less obvious is the need
to fit standardized equipment formats in the central office and need to
interconnect new electronic equipment to existing apparatus.

2.2.4 Flexibility

Within the demanding loop electronics market it is necessary to pro-
vide flexibility for new features. Product obsolescence must be contin-
ually evaluated and dealt with. Plug-in assemblies and modular tech-
niques are required to simplify changes and modification and to facilitate
introduction of lower-cost silicon integration techniques as new tech-
nologies develop.

2.2.5 Manufacturing

As a product line, loop electronics systems, although rapidly enjoy-
ing acceptance, are comparatively low runners compared to other
transmission and switching systems. This has encouraged the use of
existing hardware so that system costs can be reduced by piggybacking
onto a large volume runner.

lll. SYSTEM PHYSICAL DESIGN DESCRIPTIONS

3.1 Analog systems

The SLC™-1 single channel carrier and SLC-8 multichannel carrier
systems are described in a preceding article.? Both systems require
central office and remote terminal equipment installations. The remote
terminal ends of these systems differ significantly from each other in
size and mounting locations. The SLC-1 mounts on the customer’s
premises; the SLC-8 in outside plant cabinets.
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3.1.1 Central office equipment

The central office terminal equipment for SLC-1 and SLC-8 is illus-
trated in Fig. 1. Central office equipment design, for both, is relatively
standard. The design format is simply described as a printed wire board
plug-in (called a circuit pack) that plugs into a bay-mounted shelf. The
SLC-1 and SLC-8 shelves mount in 23-inch-wide unequal flange, bulb

SLC™.-g
Fig. 1—Central office terminal equipment.
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angle, or duct type frames. Mounting in wider bays like the ESS bay, for
example, requires special mounting brackets.

The shelf designs for both systems take advantage of existing high-
runner transmission products. SLC-1 uses a standard sheet metal shelf
and separable backplane design developed for the F Signaling and Me-
tallic Facilities Terminal systems. The steel shelf and backplane are il-
lustrated in Fig. 2. T'o achieve low hardware costs, the typical individual
card frame holder and faceplate were eliminated from the circuit pack.
Instead the printed wire board slides into a new, low-cost plastic track
that snaps into the standard mounting shelf. An attractive, blue, brushed
aluminum common front cover replaces twelve individual circuit pack
faceplates. Circuit pack cost is kept low by using single-sided printed
wire boards and custom Western Electric Transmission Equipment Dips
(TEDs). The TEDs are unique in that thin film resistors are functionally
trimmed during TED manufacture to eliminate costly hand selection of
discrete resistors during circuit pack assembly. The circuit packs are
interconnected to the central office battery and equipment frame by wire
wrapping to a Western Electric 928-type, gold finger, plug-in connector
mounted to the F-signaling backplane. To save connector costs, the 928D
connector was designed with contacts on one side only to match the single
sided printed wire board.

The SLC-8 central office terminal consists of a bay-mounted shelf and
a fuse and alarm panel. Nine circuit packs comprise one system: eight
channel units and one power supply. SLC-8 takes advantage of a new,
low profile line interface hybrid transformer for increased shelf pack-
aging density, allowing 18 circuit packs per shelf. The standard D4 sys-
tem shelf that is used has the required slot pitch. Figure 3 illustrates the
equipment components. The D4 shelf is a die cast aluminum structure
designed for frameless circuit packs. Its high-volume production lets
SLC-8 share the economies of scale. To establish a family appearance
with-SLC-1, a similar common cover isused insteadof individual face-
plates. The SLC-8 circuit packs utilize the Western Electric 963B-20
socket connector, replacing the traditional gold finger plug-ended printed
wire board. The SLC-8 backplane is a single-sided printed wire board
that requires no hard wiring. The 3/32 epoxy glass backplane mounts
directly to the D4 shelf. Also shown is the required fuse and alarm
panel.

3.1.2 SLC-1 subscriber premises apparatus

Both indoor- and outdoor-mounted subscriber premises electronic
packages have been designed for SLC-1. To achieve a small package,
using standard low-cost electrical components, a novel manufacturing
technique was introduced in which a rigid epoxy printed wire board is
folded in the final manufacturing step to reduce the frontal area of the
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package. Figure 4 illustrates the technique. The printed wire board is
manufactured and tested flat, then sheared apart and folded. A flexible
ribbon cable provides electrical connection between the two pieces. In
addition, snap-on plastic posts provide mounting for a nickel-cadmium
battery that powers the unit.

To further reduce costs of the indoor-mounted unit a standard gray
plastic cover is used to protect the electronics. The cover is injection
molded from a polyvinyl chloride (PVC) resin and is illustrated in Fig.
5. It is in common use in other Bell System applications.

The outdoor mounted unit required a custom design for the harsher
external environment. A vented, bell-type-housing closure is injection
molded from an ABS*/PVC blended material already being used for other
loop closures (see Section 3.4.2). Material cost, required detail, weath-

-erability, and aesthetics determined this selection. Injection molding
a one piece closure with a 6.5-inch-deep cavity required careful mold
design and balanced plastic flow. The closure is illustrated in Fig. 5.

The ABS/PVC thermoplastic was selected for these characteristics:

(1) Good weatherability, including ultraviolet light (UV) and oxi-
dative stability. A dark color (charcoal gray) with a high carbon black
content provides the UV protection.

(i) High impact strength and flame retardancy at reasonable
cost. '

(iit) Acceptable tolerance to solvents, sprays and paints commonly
used in a household or by a craftsperson.

(tv) Acceptable high temperature performance in ambient temper-
ature extremes in the United States. Actual solar heating temperature
increases to 187°F were recorded in the Southwest desert on the top
surface of the closures, without distortion.

The same circuit pack is used in both the indoor and outdoor units.
A standard epoxy-base solder resist cover coat (PC401%) protects the
printed wire paths. The coating serves two functions. It protects the wire
paths from contamination during manufacture and it aids the wave
soldering of the circuit pack. Short term, high humidity (95 percent RH
and 90°F) chamber tests and field trials comparing solder resist coated
and noncoated circuit packs have demonstrated superior functional
performance of the solder resist coated printed wire boards.

To assist the craftsperson during installation, the outdoor unit inte-
grates the electronics and a standard station protector (123A1A protector
block) within a single closure. Because the electronics are preterminated

* Acrylonitrile butadiene styrene.
t Western Electric specification WL2333.
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at the factory, the installer need terminate only the drop wire and station
wire as in a standard main station installation (see Fig. 6). The mounting
plate locates the closure-mounted protector unit at the same level as the
old protector to avoid the need for piecing out and splicing existing
station wiring.

The SLC-1 hardware also includes a small isolation filter mounted
in series on the VF cable pair. Because of its similarity to the voice fre-
quency 28A ringer isolator mounting, filter physical design details are
discussed in Section 3.4.2.

To further help the craftsperson during installation, the SLC-1 sub-
scriber electronics have been packaged in a specially designed carton
with simplified installation and troubleshooting instructions. These
packages are illustrated in Fig. 5.

3.1.3 SLC-8 remote terminal apparatus

The SLC-8 remote terminals can serve groups of eight customers
from one location or are distributed to serve sparsely populated rural
areas.

The physical design of the “lumped” system is built around an
eight-channel modular housing. The system is modular to permit
grouping remote terminals in a variety of sizes for flexibility in growth
and application. SLC-8 lumped installations use existing loop plant-
pedestals and cabinets. Standard cable terminating apparatus is used

1194 THE BELL SYSTEM TECHNICAL JOURNAL, APRIL 1978



Fig. 6—SLC™-1 main station termination using standard 216B tool.

to connect the electronics to the cable plant. This design approach
achieves craft and hardware compatibility and reduces the need to learn
new techniques.

Four lumped remote terminal installations are illustrated in Fig. 7.
Each comprises a modular circuit pack housing, cabinet, and intercon-
nect hardware.

The lumped, modular circuit pack housing is illustrated in Fig. 8. The
housing is injection foam molded from a polycarbonate plastic. The foam
molding process was selected primarily for the low pressure molding
technique it employs. Low pressure tooling is less expensive than that
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for normal injection molding. Because the molding press must react
against only the expanding plastic, the internal mold pressures are in
the 200-400 psi range. Smaller tonnage presses and less expensive alu-
minum tooling can be used than for standard injection molding. Low
pressure molding also reduces molded-in stresses. This produces parts
with less distortion and permits more intricate detail for large parts.
Injection molding reduces secondary operations during manufacture
by permitting functional details to be molded in. For example, tracks
for the circuit packs, mounting bosses and holes to mount the printed
circuit backplane, a molded-in hinging arrangement for the door, and
details for locating and supporting accessory hardware can be molded.
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The multiplicity of molded-in detail requires careful attention to tol-
erance limits. Of special concern was the circuit pack fit in the molded
tracks and the mating with the rigid 963B-20 backplane connector.

A polycarbonate molding compound was selected because of its in-
herent dimensional stability, low shrinkage rate, toughness, impact
strength, and fire retardancy. Fire retardancy is important because the
modular housing will occasionally be mounted inside buildings.

Foamed parts produce a swirl finish that may be objectionable. Surface
finish in this application was not critical, however because the housing
mounts inside a cabinet.

The lumped housing is gasketed with an EPDM (ethylene propylene
diene monomer) closed-cell rubber foam for protection from dust, in-
dustrial pollutants and liquid water. This material combines low closing
force and long term dimensional recovery characteristics after com-
pression, even under accelerated high temperature testing. In addition,
EPDM rubber is significantly more ozone resistant than neoprenes,
providing longer service life.

The unit is not sealed, but breathes with the atmosphere through a
small opening in the bottom. The door latch requires a screw driver for
entry. A twisted wire, paired cable provides for connection to the cable
plant.

The remote terminal housings mount in the standard Pc12 Bell Sys-
tem pedestal and the new family of 40-type cabinets designed for Serving
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Area Interfaces (SAls) and Rural Area Interfaces (RAIs). The design
philosophy for using existing cabinets includes:

(i) Need for flexibility: SLC-8 is a small channel carrier system for
which the operating companies requlre a variety of mounting arrange-
ment and sizes.

(ii) Low cost and craft compatlblhty SLC-8 takes advantage of ex-
isting Western Electric and AT-Specification closures manufactured in
reasonably high quantities. Craftspeople who have been using these
closures in conventional cable installations need no new skills to install
them for electronics applications.

The Pc12 pedestal is used without modification and provides an in-
expensive installation for a single lumped system. The pedestal is gal-
vanized steel, finished with a green polyester coating. The pedestal
provides the gross mechanical protection for the circuit packs and the
interconnect hardware.

A series of 40-type cabinets have been coded specifically for SLC-8.
Special mounting brackets have been added to support the circuit pack
housings and the accessory hardware. These cabinets are fabricated from
heavy gauge galvanized steel, and finished with an electrostatically de-
posited polyester coating. The cabinets offer pole or pedestal mounting
for one, three, and six lumped systems. They provide substantial me-
chanical protection for the electronics. The pedestal models require
concrete mounting pads.

Interconnection of the electronics to the outside cable plant is engi-
neered for craft skill compatibility. For example, standard binding post
terminating blocks provide termination and test access of the carrier pair
and the eight derived channels. The carrier pair is protected by a stan-
dard 123-type protector block. All wire terminating and splicing is done
with standard loop plant hardware.

In addition to the remote terminal installations, repeater installations
have been designed with the same building blocks. Provision for in- and
out-carrier pairs and gas tube protection on the circuit packs are the only
differences. Each circuit pack housing holds nine repeaters. Repeaters
are available in the PC12 pedestal and in the A and C size 40-type cabinet
versions. Figure 7 illustrates a combined repeater and remote terminal
installation.

Distributed capability is provided with a custom designed closure,
coded in two versions, one that holds one remote terminal channel and
the other for two repeaters. The housing is a one-piece metal closure,
fabricated and finished like the 40-type cabinet, with galvanized steel
and polyester paint finish. The internal structure is a foam-molded detail
that provides support for the circuit packs. Craft access to the circuit
packs is provided through one end. Termination access is from the other
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end. The door design, locking, and gasketing are similar to the lumped
housing. The structure is vented through one opening in the housing.
The housing measures 12”7 X 12” X 5” and pole-mounts at eye level.
Standard binding post hardware is used as in the lumped housing. Figure
9 illustrates the design details.

3.2 Digital systems

The present digital subscriber carrier system is the SLC-40 system
which has been described in a previous article.2 The principal physical
parts of the system are a central office terminal, a remote terminal, and
an interconnecting digital repeatered line.

3.2.1 Central office terminal

The central office terminal for the SLC-40 system, shown in Fig. 10,
consists of a channel bank, fuse/alarm and jack panels, and a number
of printed wiring board plug-in units. As is true for most loop electronics
systems, the bank design format is taken from an existing high produc-
tion volume system. The shelf, connector system, and circuit-pack board
outline are identical to the D3 channel bank system except for the height
of the board. To avoid the costs of painting and marking faceplates for
each plug-in unit, decals are used to give the specific designations re-
quired.

FOAMED PLASTIC ;
INTERNAL STRUCTURE ;¢

COVER REMOVED\

STEEL HOUSING

Fig. 9—SLC™-8 distributed remote terminal configuration; holds one SLC-8 channel.
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Fig. 10—SLC™-40 central office terminal.

As can be seen in Fig. 11, the interconnecting wiring in the system is
a combination of conventional wire wrapped leads and printed wiring
board backplane connections. Each of the common function circuit packs
(multiplexer, power supply, etc.) requires unique wiring. Wire wrapped
connecting leads are used for interconnecting these nonrepetitive circuit
packs. There is, however, a great deal of commonality among the forty
channel units that are used in each bank. Here, a simple double-sided
printed wiring backplane is used with connectors having terminals
suitable for mass soldering. The same printed backplane is used for both
ends (COT and RT) of the system to further promote the advantages of
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consistency and simplification of manufacture. Wire wrap terminals are
provided for most of the external connections from the COT.

The bank and panel assemblies for the SLC-40 system are designed
to be front mounted into a 23-inch equipment frame having a 5-inch
front guardrail to upright dimension. This allows the use of such
assemblies in virtually all of the older electromechanical Class 5 offices
which often have bulb angle or other old style frames. Further, the coT
equipment is only available as panel or bank assemblies, and not pre-
mounted on equipment frames. This is done to minimize the Western
Electric stocking inventory. It is necessary for Western Electric to be
able to ship equipment directly from stock to achieve a 10-week delivery
interval as opposed to the more conventional interval of 26 weeks or
more.

3.2.2 Remote terminal

Two basic configurations are available for the SLC-40 system re-
mote terminal. The RT may be mounted inside a building in a more or

Fig. 12—SLC™-40 cabinet remote terminal.
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Fig. 13—SLC™-40 RT cabinet, both sections open.

less conventional equipment approach, or a cabinet may be used for
outdoor mounting. '

The RT cabinet system as shown in Fig. 12 is a rather large (4 ft. high,
16 ft3 volume) unit. It operates from commercial ac power, has basic
power conditioning and ringing generator capabilities, and contains a
battery for reserve operation against the loss of commercial power. Fi-
nally, the RT performs the operations required of a digital channel
bank.

The cabinet itself is a formed aluminum structure with hinging in two
places as illustrated in Fig. 13. The front door allows access to the front
of the bank to permit maintenance of the plug-in units. Further, the
entire cabinet is hinged at about its midpoint to give access to both the
rear wiring of the channel bank, and also the back cabinet section which
houses the reserve batteries. The cabinet is capable of being mounted
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Fig. 14—SLC™-40 RT cabinet, multiple cross-arm mounting.

on a pole, on a crossarm structure between poles, or on a pedestal
mounted to a concrete pad (see Figs. 12 and 14).

For large systems such as this one, it has been found that it is often
more economic to provide environmental protection to the entire RT with
one structure, as opposed to protecting smaller subsections of the system.
For this reason, the SLC-40 cabinet was designed to provide such pro-
tection. The cabinet has completely gasketed doors, provisions for di-
verting water which might penetrate a damaged gasket away from the
electronics, as well as drains and vents to prevent humidity extremes
inside the cabinet. Walls are capable of withstanding 22 caliber rifle fire.
Also, the SLC-40 RT dissipates approximately 100 watts inside the
cabinet which serves to markedly decrease local relative humidity con-
ditions, and hence reduce corrosion potential.

The same internal heating which helps prevent corrosion, however,
can be troublesome in very hot sections of the United States. To further
compound the thermal situation, solar heating must be allowed for. For
the SLC-40 RT, a white exterior finish was used on the cabinet to mini-
mize the amount of solar heating. White paint has the fortunate com-
bination of properties which give high thermal reflectance for solar ra-
diation, yet high thermal emissivity for lower-temperature long-wave
radiation.

The design of the RT channel bank is very similar to the COT. In fact,
many of the common control plug-in units are used in both ends of the
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system. A fifth shelf is used with the RT cabinet to mount the required
ringing generator and rectifier.

The nickel-cadmium batteries used to provide reserve for the system
require a number of design provisions. A heating system is required for
the batteries to prevent extreme loss of capacity at cold temperatures.
Small amounts of hydrogen are given off during normal float charging
conditions, and this must be vented to the outside of the RT cabinet. The
batteries must be accessible for periodic watering and cleaning, and
electrolyte spills from leaking cells should be isolated from circuit ground
to prevent excessive heating from fault currents.

The batteries are mounted within a separate enclosure in the rear of
the RT cabinet as shown in Fig. 15. The enclosure is fabricated from steel,
since this material is not attacked by the potassium hydroxide battery
electrolyte. A silicone rubber resistance wire heater is bonded to the

- exterior of the door of the battery compartment. The battery tempera-
tures are controlled by bi-metal switch type thermostats which are also
mounted outside the compartment, but are closely coupled to the battery
case temperature via a relatively low thermal impedance path offered
by the conductance of the supporting shelf. ‘

The battery compartment door is gasketed to separate hydrogen from
the RT electronics. The battery compartment is separately vented to the

Fig. 15—SLC™-40 RT cabinet, battery compartment‘ door open.
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outside of the RT cabinet by two ports. The size and vertical separation
of the ports are designed to allow buoyancy forces from density differ-
ences to induce sufficient flow to insure a nonexplosive state inside the
compartment. Normal wind-induced siphoning further aids the dissi-
pation of the hydrogen-rich air.

The battery compartment is electrically insulated from ground, and
electrolyte flow paths are provided to conduct leaking electrolyte out
of the RT cabinet, thus preventing fault current problems.

As mentioned earlier, a frame version of the RT is also available for
inside mounting in customer premises equipment rooms or in small huts.

Fig. 16—SLC™-40 frame remote terminal.
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As can be seen in Fig. 16, two 40 channel banks are mounted on a 7-foot
frame with a common fuse/filter/ringing generator panel. The design
format is identical to the cabinet-mounted RT bank. A separate source
of dc power must be provided for the frame RT.

3.2.3 Digital line

A simplified digital line troubleshooting routine has been evolved
for the SLC-40 system to ease maintenance for those areas unfamiliar
with T'1 fault location techniques. The simplified routine requires se-
quential visits to a number of repeater sites to change out and test the
repeaters. Conventional repeaters and cases can be used with this rou-
tine, but a quick disconnect scheme was deemed more desirable. For this
reason, and to enable a more economic installation of only a few repeaters
at a site, a self-protected weather resistant repeater design was devel-
oped. This design, shown in Fig. 17, consists of a standard T'1 repeater
housed in a sealed box with gas tube protectors, and a quick disconnect
type waterproof aircraft connector. As shown in Figs. 18 and 19, these
repeaters are housed in small aerial or pedestal closures which give the
appearance of conventional telephone plant apparatus, and allow easy
access to the repeaters mounted inside.

3.3 Line concentrator system

This section deals with the Loop Switching System (LSS) which is also
the subject of another article.4 Again, the major physical entities consist
of terminals for the central office and remote ends of the system.

3.3.1 Central office terminal

The LSS COT, illustrated in Fig. 20, is composed of three shelf as-
sembly designs and a number of plug-in circuit packs. The shelf and
plug-in unit format is taken from an earlier system (the Subscriber Loop
Multiplexer system) which was compatible with the physical require-
ments for LSS, Thus, initial manufacturing capital outlay is minimized.
Again as in the case for the SLC-40 COT, cnly shelf assemblies are offered
to minimize the number of orderable units for stocking simplicity and
to minimize the ordering interval.

The primary common control assembly is a combination of a shelf for
plug-ins and a power-fuse-alarm-microprocessor panel. The two entities
are combined into a single mechanical unit to simplify the intercon-
necting wiring required. Connectorized cables are used to interconnect
this assembly to the other LSS shelf assemblies. Due to the variety of
gauges and destinations, more conventional wire-wrap and screw-down
terminations are used for the wires that connect to the central office
power and alarm circuits.

A second common control shelf is required to house the power supply
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Fig. 18—SLC™-40 pole-mounted repeater enclosure.

Fig. 19—SLC™-40 pedestal-mounted repeater enclosure.

and modem for a second remote terminal. This assembly connects to the
system via connectorized cables to the primary common control, and is
only provided when a double RT operating mode is used.

A pin-and-socket-type connector arrangement is used for the circuit
packs on LSS. This is the 963-type connector mentioned earlier in the
SLC-8 description. The socket part of the connector, shown in Fig. 21,
is mounted on the circuit pack and is heat-staked and mass-soldered to
the printed wiring board. Multiple numbers of 20 contact connectors
are used on each unit depending on the number of connections re-
quired. B
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Fig. 20—LsS central office terminal.

The pin half of the connector, Fig. 22, is essentially a 0.025-inch-square
post which is force fitted into a plated-through hole in a printed wiring
board backplane. One end of the pin plugs into the connector socket,
while the other end can be used as a wire-wrap terminal. Each group of
20 pins is provided with a plastic guide block to both physically protect
the pins from damage and to provide alignment guidance between the
pins and the socket connectors during plug-in engagement. Sequential
engagement of circuit ground before any other connections is accom-
plished by making these pins longer. This prevents voltage breakdown
of ungrounded devices.

Printed paths are used to provide much of the interconnecting

1210 THE BELL SYSTEM TECHNICAL JOURNAL, APRIL 1978



sed oI sgT—18 84

1211

PHYSICAL DESIGN CONSIDERAT|ONS



Fig. 22—Lss backplane connector pins.

intrashelf wiring required on the various shelves. Specifically, this ac-
counts for more than 30 percent of all the factory-applied wiring for the
system. All of the backplane printed boards are limited to only two wiring
levels to avoid the expense of more costly multilayered boards.

The third shelf assembly design for the COT is the line unit assembly
which mounts twelve identical line unit circuit packs. These circuit packs
contain the relays that provide the switching network for a 96-line,
32-trunk system. These rather large, 14-inch-high, plug-in units haye
the components for eight subscriber lines on a single printed wiring
board. The use of a single large board for eight lines instead of two or
more smaller boards results in a substantial decrease in the number of
connector contacts and interconnecting wires required for the switching
network.

Testing access is provided to all line, trunk, and data link pairs through
a compact field of terminals. These may be connected to a larger set of
test terminals, as shown in Fig. 23, through a probe cord which is part
of the assembly. External connections of lines, trunks and other control
leads are also made from this assembly. These connections are all con-
nectorized to allow ease of installation and replacement, and to simplify

1212 THE BELL SYSTEM TECHNICAL JOURNAL, APRIL 1978



R

Fig. 23—LSS test access panel.

manufacturing testing. The connectors used mate with standard key
telephone type connectorized cables to further simplify installation.

3.3.2 Remote terminal

The LSS remote terminal electronics can be mounted in a cabinet
(Fig. 24) or on a conventional equipment frame for inside applications.
In either case, the same two basic shelf assembly designs are re-
quired.

The RT common control assembly and the RT line unit assembly both
use. hardware and wiring formats which are identical to their coT
counterparts. As in the COT, one common control assembly is used with
either one or two line unit assemblies for a 96- or 192-line system, re-
spectively. These assemblies by themselves constitute a functional,
self-contained system.

The cabinet is a derivation of the SLC-40 system cabinet. The center
section and door were retained, and the large rear section is replaced with
a rear door. This yields a cabinet of about 10 ft3 volume with a height of
4 feet. Mounting arrangements include both pedestal and crossarm
versions.

The protective capabilities of the RT cabinet are identical to those
discussed for the SLC-40 system with one exception. The differing
characteristic is that the LSS dissipates only about 13 watts in the RT
cabinet. This means that LSS is not as self-protecting against humidity
as is the SLC-40 system. However, this has been somewhat compensated
for by using a green exterior finish on the cabinet as opposed to the white
finish used for the SLC-40 cabinet. The green finish has a higher solar
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Fig. 24—LSS cabinet remote terminal.

absorptivity than a white finish and results in somewhat higher average
internal cabinet temperatures than would be the case for a white cabinet,
along with accompanying lower relative humidity values. RT corrosion
is only expected to be significant in areas where very high average relative
humidities exist with high temperature. Such areas as the Southern
United States, particularly in some sections of the Gulf Coast states, may
require the use of a cabinet heater panel to provide the same degree of
humidity control that exists in other systems.

The heater panel is powered from commercial 120 volt ac power, and
as a result requires additional installation cost to provide such service.
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Since the maximum persisting dew-point temperature in the continental
United States is under 80°F,5 the heater panel is designed to provide a
temperature rise of 10° to 20°F for all ambient temperatures under about
100°F. The heater shuts off at ambients greater than 100°F to minimize
power consumption and to prevent unnecessary heating at high tem-
peratures. The 10° to 20°F temperature rise decreases the internal rel-
ative humidity to levels that greatly reduce corrosion rates.

Another influence on the physical design of the LSS has been the ex-
perience gained from prior systems that used open-contact switching
networks in outdoor cabinets. Visions of dust, corrosion products, and
freezing condensate causing blocked contact conditions have occasioned
some rather strong reactions against any similar switching network. The
switching relays in LSS have been protected against and extensively
tested® for such problems. It has been found that a substantial degree
of protection is provided by enclosing the relays in a closely fitting, but
not sealed, enclosure.

The line unit circuit pack design, Fig. 25, provides a protective relay

[CASTINGS

HEA RS

Fig. 26—LSS line unit circuit pack.
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enclosure with a minimum of mechanical parts and accompanying cost.
One side of the enclosure i$ formed by the printed wiring board that
mounts the relays. Mass soldering of the components to the board results
in the closing of virtually all through holes. An aluminum frame casting,
to which the printed board is mounted, forms the next four sides. The
rear surface has pockets to allow filter material to be held in compression
between the frame and the board surface. The filter allows a vented
enclosure in deference to outgassing from the relay coils, and at the same
time excludes the larger sized dust particles and debris that have the
potential to cause contact blockages. The sixth side of the enclosure is
provided by a formed aluminum cover which is attached to the board
frame.

The line unit circuit packs used in the COT are identical to the RT units
except that the dust filters are omitted. The cover is retained for the COT
units to provide an additional measure of mechanical handling protec-
tion.

3.4 Voice frequency electronics

3.4.1 Range Extension with Gain (REG)

Range Extension with Gain is described in a previous article.” The
REG system differs from other loop electronic products in two ways. First,
it consists of equipment mounted in the central office only; second, it
has an extremely high annual production volume, currently about
250,000 circuit packs/year.

A REG system consists of a circuit pack that mounts in a transmission
equipment bay. A REG is a per/line device and is wired into the loop
between the switching equipment and the main distributing frame. It
is powered by a circuit pack power supply mounted in the bay and wired
to a bay-mounted fuse, alarm, and filter panel powered from the —48V
central office battery.

REG has been available since 1972. Since that time, a number of circuit
improvements and cost reductions have been made. Each REG has re-
mained interchangeable with earlier models. T'oday the 5A REG is a
single-sided printed wire board, contrasting with the first model, which
required two printed wire boards. It was originally designed in the F-
Signaling system format to take advantage of commonality in manu-
facturing facilities. Figure 26 illustrates the old and the new REGs. Circuit
pack size is 8” high by 10” deep. T'o maintain compatibility with earlier
REGs, the standard aluminum die-cast card frame is still used. Except
for a precision thick-film resistor network, all electrical components are
the traditional discrete variety.

Traditionally, REG bay equipment has been manufactured in fac-
tory-wired arrangements, although separate shelves are also available.
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Fig. 27T—REG bays, South Knoxville, Tennessee, central office.

These include 11’-6” and 9’ bulb angle bays and 7’ and 11’-6” unequal
flange bays. A typical bay arrangement is illustrated in Fig. 27. An 11’-6”
bay serves up to 165 REGs. Interconnection of the circuit pack to the co
cabling is through a 908A gold finger connector mounted on the shelf.
Intershelf and intrashelf connections are hard-wired using the wire-wrap
terminals on the rear of the Western Electric 908A connector.

Through mid-1977 the standard one-piece die-cast F-Signaling shelf
was used. With the introduction of the new F-Signaling steel split shelf
(see Section 3.1 on SLC-1), the REG bay has been reconfigured into a
modular format. This approach has reduced Western Electric manu-
facturing costs and added flexibility in telephone company ordering
options. The approach permits shelves of equipment to be incrementally
ordered and plugged together in the field.
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Fig. 28—Modular REG bay components.

The REG bay has now been structured into three modular units. One
unit combines the 71A power supply, filter circuit and fuse and alarm
panel into a standard F-Signaling shelf mounting. A connectorized cable
interconnects it to each shelf of REG circuit packs. The other two units
are hard-wired, connectorized backplanes that also mate with standard
steel shelves. The modular building blocks are illustrated in Fig. 28.

The modular packages can be combined into any REG bay offering.
Typically, a telephone company can select a vacant bay area in a central
office and equip it with a multiplicity of steel shelves. Backplane units
and power supply/fuse and alarm panel can be ordered as required,
mounted on the shelf or bay and plugged together.

The modular format provides Western Electric with the capability
to substantially reduce floor space allocated for manufacture and storage
of bays. More automation can be introduced at a bench handling smaller
units.

3.4.2 Ringer isolator and small closure design

The other segment of the voice frequency product line is the ringer
isolator. A previous article’ describes the need and usage of this device.
The current Western Electric product is the 28A ringer isolator. The unit
is a solid state circuit encapsulated in a small weatherproof housing
which mounts next to the subscriber protector block.

The design objectives for the 28A were to produce a device with im-
proved electrical performance compared to its predecessor, the 11A. That
was accomplished with a reduction of size and cost by a factor of two.

Since the unit required weatherproofing to permit mounting on the
outside as well as the inside of the subscriber premises, and because of
its low price, it was decided to encapsulate it.

The 28A circuit comprises 25 components mounted on a 1.5 X 3”
single-sided, epoxy glass, printed wire board. Design guidelines for the
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printed wire board manufacture by machine insertion were carefully
observed and worked to the limits. A polyurethane encapsulation com-
pound, blended from a polycin and vorite mixture, is used for encapsu-
lation. This is the same compound used for the SLC-1 1119A isolation
filter. A plastic case, similar to the one used on the 1119A, was designed
for the 28A. The 28A and the 1119A are compared in Fig. 29. In pro-
duction, both units are injection molded from the same tool.

The ABS/PVC blended thermoplastic, used on the 28A and SLC-1
outdoor closure, was evaluated for high-temperature performance in
Yuma, Arizona. Tests demonstrated the superior performance of the
charcoal grey ABS/PVC blend over a 100 percent PVC thermoplastic,
which deformed under continuous high solar exposure. Materials eval-
uation also indicated excellent adhesion of the polyurethane encapsulant
to the ABS/PVC thermoplastic.

The 28A is terminated at the protector block with a standard, two-pair
D station wire cable pigtail. This use of D station wire presents a familiar
interface to the telephone company installer. A pigtail design was se-
lected during field trial to avoid the use of terminals. The terminals
would have required an additional craft installation operation. Their
presence also creates a potential corrosion site. A snap-on cover carried
over from the 1119A filter design provides convenient storage for any
excess pigtail.

The pigtail arrangement could not be used on the 1119A filter, how-
ever, because of the wide variation in mounting location on a telephone
pole or a subscriber’s house. In addition, the filter requires termination

CIRCUIT PACK LC FILTER
ENCAPSULATED IN ENCAPSULATED
PLASTIC HOUSING IN PLASTIC HOUSING

SNAP—ON L 47 S
PLASTIC i ¥«
COVER

Fig. 29—Encapsulated electronic packages.
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to drop wire (20 gauge copper coated steel) or station wire (22-24 gauge
copper).

IV. ENVIRONMENTAL TESTING AND EVALUATION

The introduction of electronics in the outside plant requires both
short-term and long-term product testing. Previous sections in this ar-
ticle have mentioned short-term testing programs conducted during
product development that evaluated new materials and electronic
component applications.

Detailed analysis and experimentation have also been done in the
following areas:

(i) Solar absorptance of paints and thermal analyses of large elec-
tronic cabinets.

(iz) Modeling and experimental testing in real life environments of
the temperature rise in small closures and cutside plant pedestals and
cabinets.

(Zii) Moisture and humidity testing in outside plant electronic
structures.

(iv) Effects of pollutants, dust and aerosols on wire spring relay
components.

In addition to these short-term tests, long-term remote testing sites
have been established in Thibodaux, Louisiana and Lake Quinault,
Washington. Lake Quinault, at the edge of the Washington rain forest,
provides a constantly high humidity (80 to 100 percent RH), with tem-
peratures ranging from 30° to 90°F. Thibodaux provides a relative hu-
midity of 75 to 90 percent with an annual temperature range of 25° to
95°F.

These sites have been used since early 1976 to evaluate terminals,
printed wire board coatings, encapsulating compounds, and plastics.

The tests are a valuable aid to the laboratory environmental testing.
Real-life effects of insects and direct and airborne debris provide insights
into closure design, terminal layout, and printed wire board protec-
tion.

The Thibodaux site is shown in Fig. 30. Facilities are available for
mounting closures on wall surfaces. Cabling is provided into a test shed
for test access and powering. New electronic devices are installed at the
sites to provide real time information on field performance.

V. PHYSICAL DESIGN FOR FUTURE LOOP ELECTRONICS

We have described in part some of the highlights and philosophies of
loop electronics physical designs. With the advent of microprocessor
chips and Large Scale Integration (LSI) technologies, lower cost, mini-
aturized loop electronic systems will permeate the urban and suburban

PHYSICAL DESIGN CONSIDERATIONS 1221



8261 THdV “TYNYNOr TVvOINHOIL W3ALSAS 1139 3HL 222k

RECORDING LOCAL CENTRAL

TEST SHED HYGROTHERMOGRAPH OFFICE

STUB POLE MASONRY FIXTURE WOODEN TEST
SIDING FIXTURE SPECIMENS

Fig. 30—Remote environmental test site, Thibodaux, Louisiana.



loop plant market. Greater flexibility will be required at remote terminal
sites providing for increased suburban growth rates and greater rear-
rangement and change of customer lines. Furthermore, increased con-
centration of electronics serving suburban customers will require order
of magnitude decreases in equipment size and more aesthetic packag-
ing.

New package designs for the next generation of loop electronics sys-
tems are currently under exploratory evaluation.
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