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1. GENERAL

1.1 This Section provides circuit description,

installation, and basic testing information
for the Wescom 452-FWA., X and M Inband Sig-
naling System.

LOZ The 452-FWA I and M Inband Signaling

System (Figure 1), eomprised of the 4351
Common and 452-FWA I and M plug-in modules,
is designed for use with toli connecting and inter-
toll £ and M wrunk circuits, The Systen converts
outgoing M-lead signals to SIF signaling tone and
reconverts incoming SF signaling tone to E-fead
signals. In addition. this system is pussive (o
multilrequency  dialing and  provides two-way
supervision and diad pulsing over any lour-wire,
voice grade Tucility. Transmit and receive pulse
correction. 10O0-olim M-lead sensitivity. and tull
duplex  signaling are also provided by the
45 2-'WA svstem.

FO3 0 The universal wiring provided  belween
modules in the 43 2-FWA system permits

the 432-FWALE wnd M module to be interchang- _

cdowith cither o 4537-FSA Subseriber modude or a
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Figure 1. 452-FWA E ar'i )} Inband
Signaling System
458-FLA Office module to derive forcign ex-
change signaling capability.

1.04  The 452-FWA, E and M Inband Signaling
Systenr provides the following features:

() Compatibility with “IZ” and I Type
similar units of independent manufactir
Crs.

(h) Self~contained  oscillutor  (specificd  fre-

quency  output ol either 2600, 2400,
2280, or 1600 Hz).

{c} Voltage regulation altows the equipment
to operiate from any input voltage be-
tween - 21 and - 55 Vde.

{d) Stundurd test tone fevels of 1o dBm
transmitting and 4 7 dBm receiving,
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(c) M-lcad sensitivity in exceo< ol 1000 ohims
is provided by the 452-FWA E and M
module.

(fy FFull dup'lex signaling with complete inde-

pendence of transmit and recceive signals is
provided with the 452-FWA E and M

module.

(2) Pulse correction circuitry ensures perfor-
mance specilications listed in paragraph
2

2. SPECIFICATIONS

(a) SIGNALING FREQUENCY: 2600, 2400,
2280, or 1600 +£5 Hz, depending on the
model number of the 451 common
module: See table below.

(b) TOTAL HARMONIC DISTORTION: Less
than 4%

(c) TEST TONE LEVELS: Transmit, —16
dBm; Receive, 47 dBm

(d) IRA]\SMH TONE LEVELS: High Level,
2dBm (-8 dBmO} Low Level, —36
.t2 dbm (—20dBmQ)

(e) FREQUENCY RESPONSE: 250 to
10,000 Hz, =1 dB, (relative to 1000 Hz)

N RECEIVE SENSITIVITY: —22 dBm,
minimum

(g) RECEIVE AI\*H’LIFIER ADJUSTMENT
~10dB to+2 dB

MODEL RCV XMIY PART NUMBER
451 2600 Hz | 2600 Hz 91-045100
45174 2400 Hz | 2600 K2 91-045101
451'B {2600 Hz | 2400 H2 91.045102

A51:C TG00 Hz | 1600 H»
451/ 2400 Hz | 2400 H.
461/t 2280 Hz | 2280 H7

- 91-045103
91-045104
91-045105
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(h) * TONE REJECTION: 55 dB, typical:
45 dB, minimum

() MAXIMUM LINE NOISE: 52 dBrnCC

(1) INPUT/OUTPUT IMPEDANCE:  Four-
-wire transmit, 600 ohms £5%; Four-wire
receive, 600 ohins +5%

(k) TRANSMIT DIAL PULSE CORREC-
TION Input at 10 pps: 35 to 75% break:
Qutput at 10 pps: 57 ta 59% break

() RECEIVE DIAL PULSE CORRLECTION:
Input at 10 pps: 35 to 75% break: Output
at 10 pps: 57 to 59% break

(m) DIAL AND SUPERVISORY RANGE:
M-lead (E and M units): 1000 ohms,
maxinum

(n) M-LEAD DELAY: 10 ms nominal

(o) HIGH LEVEL HOLD TIME: 400 ms
nominal

(p) PULSING SPEED: 8.5 to 12.5 pps

(qQ) INPUT VOLTAGE: —21 to —-55 Vde¢
r) DIMENSIONS: 7.0 x 3.3 x 7.2 inches

(s) MAXIMUM CURRENT DRAIN: 65 mA

(t) OPERATING ENVIRONMENT: Temper-
ature, 35° to 120° F; Humidity to 95%
{no condensation).

(u) WEIGHT: 3.62 Ibs
3. CIRCUIT DESCRIPTION

general
3.0 The 452-FWA, E and M Inband Signaling

System operates in the tone-on during idie
mode. Dialing and supervisory signals originating
as ground and - 48 Vdce battery on the M-lead at
the Jocal terminal are converted to SI¥ tone signals
for transmission to the distant terminal via the
four-wire line. Dialing and supervisory  signals.
transmitted by the distant terminal as SIY tone
stgnals, are received via the four-wire line at the
local terminal where they are converted to E-lead
open and ground supervisory signals,



3.02  Signaling tone, transmitied by the local

terminal, is prevented from entering the
transmit drop equipment by the operation of a
cul and ferminate relay which disconnects the
transmit drop [rom the transmit line during the
transmission of sfgnuling; tone.

3.03  Signaling tone, received by the tocal

terminal is prevented from entering the
receive drop cquipment by a band-climination
filter, inserted at the input ta the voice amptifier
during the reception of signaling tone.

3.04  Refer to Figure 2, Functional Schematic
Diagram of the 452-FWA E&M Inband
Signaling System, during the following discussion.
451 common module circuit operation
3.05  Speech energy or SF signaling tone energy
received from the distant terminal over
the 4-wire receive line enters the 451 Common
Module on connector pins 5 and 15. Speech
encrgy present on the receive line is amplified 1o
provide 0 dB through loss by the RCVY amplifier
and connected to the reccive drop through
connector pins 7 and 13. Signaling tone energy,
present on the receive line, is separated from
specch energy by filters and processed by the SF
receiver, which converts signaling tone energy lo a
ground signal (from a —20V potential when
signaling toae energy ie not present). The ground
signal thus developed is routed to connector pin
31 [FTD (First Threshold Deteclor) lead] for
connection to the 452-FWA module and is also
used within the 4351 module to control the
insertion of a band climination filter, appticd at
the input of the RCV amplifier. This {ilter,
mserted in the weceive path only when SF
sighaling tone energy s received over the 4-wire
line, provides a minimum of 45 dB attenuation to
signaling  tone encrgy  with pespect to speech
cnergy at the reccive drop. Signaling tone energy,
therefore, does not enter equipment connected to
the receive drop terminals. The full band-width of
the voice channel s available however. during
no-signaling intervals to permit the use ol the
451 Commuon Module in data transmission links.

3.06 I addition to a receive Hoe amplificr and

SI- receive and process circuitry, the 451
madule contains an SIF signaling tone oscillator,
This oscillator. under the control of the 452-1"WA
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module, applics signaling tone cnergy  to the
trunsmit portion of the 4-wire line, for trans-
mission to the distant terminal. A ground signal
(from 24 volts} applicd to pin 29 (ose on-off
control) by the 452-FWA module turns on the SI¥
oscillator, whicl applies signaling tone envroy at a
fevel of =30 dBm to the d-wire line. A ground
signal, applicd lo connector pin 27 (osc level
control) by the 452-FWA module, increases the
level of the signaling tone cnergy to - 24 dBm.

3.07 The 451 Common Module contains a

power supply whiclhi provides regulated
supnly veltages to operate the circuitry contained
in both the 451 and 452-FWA modules and
permits the operation of both modules from
battery potentials within the range of —~21 1o =55
Vdec.

452-FWA module receive circuit operation
3.08  Dialing putses, received as SIF signaling

tone bursts via the receive portion of the
four-wire line, are processed by the 451-Common
module, which converts the received signaling
tone bursts to ground signals (from 20 volts). A
ground signal (derived from the tone-on con-
dition) corresponds to the “break”™ portion of a
received dial pulse.

3.09 Dial pulses, converted to ground signals

by the 451-Commoen module enter the
452-FWA module on connector pin 31 and are
routed to a dial pulse correction circuit which
lengthens short “break™ and “make” pulses to
assure a minimum “break” puise of 58-ms and a
minimum “make” pulse of 42-ms. The diat pulse
corrector energizes a relay during the “break™
(tonc-on} portion of cach dial pulse to open
(from ground) the E-lead, on connectlor pin 3,
which provides dial and supervisory signaling at
the local terminal,

452 module transmit circuit operation
310 The cut and terminate (CO) relay, located

in the 432 module, in its de-energized
condition connects the transmit portion ol the
four-wire line to the transmit drop. When ener-
vized. the CO relay disconnedts the transmit drop
fram  the transmit line. places a short circuit
across e transmit drop and places o 006-olhim
terminating resistor across Lhe transmit fine.

Prae 2
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3.0 The CO relay is energized whenever tone

is being transmitted and during M-lead
changes of state when tone is being received. It is
encrgized with the M-tead at ground (on-hook) by
the ground signal from the 451-Common maodule
applied to pin 31 during the reception of SF idle
tone and dial pulse signaling. A 75-ms delay in the
release of the CO relay holds it energized during
the make (M-icad at battery) portion of u locally
generated  dial pulse train. Another delay of
500-ms in the de-energizing of the CO relay holds
it energized during the break (M-fead at ground)
portion of a locally generated dial pulse train and
at the completion of a call, for 500-ms after the
local- terminal goes-on-hook (M-lead transfers to
ground).

3.12  Dialing and supervisory signals to be

transinitted to the distant terminal appear
as battery and ground dc levels on the M-lead {pin
21). The M-lead “ground” condition corresponds
to the local terminal on-hook condition and to
the “break’ portion of locally gencrated dial
pulses. It results in a ground output on cempector
pin 29 which js routed to pin 29 of the 45 JeC8m-
mon module to turn on the SF oscillator. Sigpaling
tone is then transmitted to the distant tepminal
via the four-wire line. The M-lead *“‘battery”
condition corresponds to the local terminal ofi-
hook condition and to the “make™ portion of
locally generated dial pulses. It results in a —24
volt output on connector pin 29 to turn-off the
SF oscillator in the 451-CC module and dis-
continue transmission of signaling tone to the
distant terminal. M-lead transitions on pin 21 are
processed by the 452-FWA module which pro-
vides a 10-ms delay to allow the CO relay to
energize before tone is applied to the transmit
line. Additionul processing within the 452-FWA
module provides dial pulse correction to the
osciliator on-off control signal on pin 29. When-
ever -the signal on pin 29 is at —24 volts
(oscillator-off condition), a timing circwit s
charged. When the signal on pin 29 returns to
ground potential (oscillator-on condition) this
timing circuit applics a ground to pin 27 which is
maintained whife pin 29 is at ground, up to u
maximum of approximately 500-ms. If pin 29 is
sl at ground after this intervai, the timing
cireuit times-out and removes the ground from
pin 27 The ground signat on pin 27 is routed to
451-CC modute to contral the level of the tone
applied to the transmit Hne. When the signal on
pin 27 is at ground potential, the fevel of the tone
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transmitted to the distant terminal is increased
from --36 dBm to —24 dBm. The high level tone
thus obtained is maintained during the dial pulse
train and for a 500-ms interval after the local
terminal has returned to the on-hook condition.

4. INSPECTION

401 Inspect the equipment thoroughly, as

soon us possible after delivery, I any part
of the equipment has been damaged in transit,
report the extent of damage to the transportation
company immediately. I the equipment is to be
stored for some time before installation, make an
operational chieck at once. The purpose of this
check is 1o make swre that the cquipment is in
proper working order as received {rom the
factory. If this check indicates satisfactory perfor-
manece, the equipment may be stored for future
installation. 1f the System is to be installed at
once, make an operational check after the in-
stallation is complcted.

4,02  Wescom equipment is specifically iden-

tified by the model number and final-
assembly number silk screened on the front panel
of the plug-in module. At the start of production,
the final-assembly number is assigned an issue
number of 1 which becomes an integral part of
the final-assembly number. After the start of pro-
duction, this issue number is advanced each time
a major engineering change occurs. Ther~"oie be
sure to use the model number and final-asscmbly
namber when making inquiries about the cquip-
ment. The issuc number of the instruction manual
and schematic diagram attached should be the
same as the issue number assigned to the eguip-
ment. If a one-to-one correspondence does not
exist between these items, request from Wescom
the instruction manual required for your cquip-
ment.

a. MOUNTING

501 The 452-FWA System is designed to

mownt in two module positions of & Type
400 Mounting Assembly. Type 400 Mounting
Assemblies are avaitable in capacities of from 1 o
13 modules and may be factory-wired and
equipped with any combination of modules rom
the Wescom product line.
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KTU apparatus case mourting
502 Type 400-1 (one-module) through 400-5
(five-module} Mounting Asscmblics Ny
be instabed in o 15A (equivalont to W.E.Co. 311)
KTU apparatus case. Type 400-1 through 400-13
Mounting Assemblies may be installed in 2 16C
(cquivalent to W.E.Co. 16C) KTU apparatus case.

refay rack mounting
5.03 Type 400-1 through 490-9 Mounting

Assemblics requite the use of mounting
bars, when mounted on either g 19- or 23-inch
relay  rack. 400-10 and  400-11  Mounting
Assemblics are provided with mounnting brackets
for mounting dircetly across [9-inch relay racks.
Type 400-12 and 400-13 Mounting Assemblics
arc also provided with mounting brackets lor
23-inch relay rack mounting, These mounting
brackets are arrunged (o mount on relay racks
drilled to accept either 1-3/4 or 2 inch mounting
plates.

5.04  Because Type 400-1  through  400-9

Mounting Assemblics must be installed
with mounting burs, 7 nchies of vertical space
(four-mounting spaces) are required Tor relay-rack
mounting. Type 400-10 through 400-13 Mount-
ing  Assemblics, however, are provided with
mounting brackets located oin the sides of the
mounting assemblics and require only 6 inches of
vertical rack space. Install the mounting assembly
in & KTU apparatus case or on a relay rack as
described above with the mounting hardware
provided.

universal shelf mounting
5.05  When a high degree of (lexibility is requir-

cd to provide for new circuil arrange-
ments as well as circuit rearransements,  the
452-FWA may be mounted in a Wesconm Universal
Shetf. The Universal Shelf permits all intermodule
wiring and installer connections to be made ot the
front of the mounting assembly and provides
masimum accessibility to these connections whest
changes are required. The Type 400UA-TT und
00UB-1T Universal Shelves provide mounting
positions for up 1o [ modules and are desioned
for mowrting in o 19-inch relay rack, Type
A00UA-13 and 400UB-13 Universal Shelves pro-
vide mounting positions forup to 13 modules and

are desivned for mrounting inoa 23-inch retay rack.

6. INSTALLER CONNECTIONS

G017 Wien the 452-FWA is Installed in o Type
400 Mounting Asscmbly, cach module
makes electneat connection to associated equip-
ment through o 56-pin, wire-wrap card conneclor
provided as part of the mounting assembly. Make
all installer connections to this conoector in
accordance with the attached Installation Guide,

6.02  Type 400UA-1T and 400UA-13 Universal

Shelves provide terminal block locations
abeve the mounting assembly, whereas Type
400UB-11 and 4Q00UB-13 Universal Shelves pro-
vide terminal block lacations befow the mounting
asscinbly. When the 452-FWA s instalicd ia a
universal shelf, make all installer connections (o
these terminal blocks in accordance with the
attached Installation Guide.

7. OPTIONS

7.81  One screw-down option (A) is provided

on the 451 Common Module, Four strap-
ping options (A.B.C&D) are provided on the 452
Module. Screw-down aptions (451) are located
on the component side of the module. Strapping
options €452) are located on the printed circuit
side of the module.

7.02  Qption A on the 451 Common Module

is opened when the 451 is used in con-
unction with the 457-IFSA, FX Signaling Unit.
For this, and all other applications, this option
is closed.

7.03  QOptions A B.C&D on the 452-FWA Mod-

ule are used for C-lead control, 24-volt
M-lead, or disabled cut and (erminate refay. Per-
for these strapping options as follows:

(a) For external C-lead control of  E-lead
ground, nike cortain that the A" strap is
removed. [T C-lead control is not required.
place a strap across the “A™ strapping
post.

() it 2dvalt M-lead is required. make
certain the "B and C™ straps are in



place. In the same nuier, i a 48-volt
M-fead is vequired, make certain thut the
B and CT straps are removed.

(¢} [ the cut and terminate (€O) reluy is not
required, disable the relay by remoying
the I strap. I the relay s required,
make certain that the D™ strap is in
place.

7.04  Option location and Turther option infor-
mation is listed on the attached Installa-
tion Guide.

8. LINE-UP

801 The wlignment procedure for  the

452-FWA B and M inband  Signaling
System consists ol Injecting tone into the rans-
mit chonnel to adjust the transmit levels of the
assacinted cquipment and verily the operation of
the 452 cut and terminate relay. Test tone is then
injected into the receive channel to align the
reecive levels of thie associated equipment and the
receive gain in the 451 Common Module, Refer
to the attached linc-up diagram for this procedure.

test equipment
8.02  The test cquipment required at both the
focal and distant terminals to properly
align and test the System is as follows:

(a) Transmission Mcasuring Set (TMS): North-
cast Electronics TTS4C or W.E.Co. 23A
or equivalent.

() Vartable  Frequency  Oscillator (VEFQ)-
Hewlett Packard 204C  or cquivalent,

NOTIL:IF the Naortheast Dlectronics TTS 4C s
used the VEQ is nof required.

() Multimeter: Simpson 260 or cquivilent.
(20K ohms/volt or greater).

) Associated Test Cords: Two, 2-conductar
Lest cords equipped with a Type 310 plug
at one end and twa, Type 39 cord tips at
the other.
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transmit alignment
8.03  Hefore performing the subsequent iy
ment procedure, verily that the local and
distant terminals are properly. comieeted. In
addition, check (he 452-I'WA 12 and M moduie
for correct strapping options and installer con-
nections,

hH Using the multimeter, verily power { - 24
1 Vde) is present across the 24V oand
GRD test pomts of the 45) Common
Module front pavel. Do not attempt o
use this point us a source of fest buttery
or dumage to the unit may result.

(2) With  the terminals in (he “on-hook™
condition {pround on M-cad). srrange the
TMS  for bridging  mecasurements  and
connect it 1o the XMIT LINE T and R
test pomts on the 452 module [ront
pancl. The TMS should indicate -36 22
dBn.

(3 Cendition the local VIQ to apply a 1000
Hz test tone to the (wo-wire side of the
associated term set. Connect the TMS
arranged for a terinated reading to the
four-wire transmit side of the associated
{erin set. Adjust the term set transmit pad
untii a level of —-16 dBm is obtained.

(4> Conneet the TMS to the transmit line test
jacks on the front pancl of the 452
module. A tone level of - 36 dBm should
be observed. Condition the associated
trunk  circuit to off-hook (baltery on
M-lead) and observe that the TMS reading
changes to 16 dBm.

receive alignment
8.04  Perform the receive alipnment procedure
as follows:

(1) Request the distant terminal to apply a
1000 Nz test tone at the required level
and impedince specilicd on the CLR 1o
the transmit channel.

(2) Make certain that cquipment is still in g
scized condiiion,

(3 BC dine amiplifiers are used. adjust (he

autput ol the receive tine amplificr to 47

1025 dBm.

Page 7
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(4) Condition the TMS for bridging measure-.

ments and connect it to the RCV LINE T
& R test points of the 451 common
module front pancl. Read and note this
reading. Move the TMS to the reccive
drop T & R test points on the 451 module
{ront panel.

(5) Adjust the receive level control on the
451 module until the TMS indicates the
same reading obscrved in Step 4. (0 dB
insertion loss).

(6) This completes the alignment procedure.
Remove the test equipment and jumper
wires and perform a talk test on the
transmit and receive channels to verify
overall facility performance.

9. TESTING

9.01 If trouble is encountered with the opera-

tion of the 452-FWA verify that all instal-
ler connections have been properly made in
accordance with paragraph ¢ and the attached
Installation Guide and that all options have been
conditioned as required. Make certain that the
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module is making good connection with the
mounting assembly card connector; remove and
reinsert the module. i the trouble persists, at-
tempt to determine whether the fault is internal
or external to the module. If technical assistance
is required, contact Wescom Customer Service
Department by calling 312-971-2010 or TWX
910-695-4735.

Canadian Customers: 416-742-0236 or TWX 610-
492-4367.

8.02  Ficld repairs involving the replacement of
components within a module are not
recommended. If a module is found to Dbe
defective, contact Wescom, Inc., by telephone or
TWX, for instructions regarding replacement or
repair. I a replacement module is required, if
will be shipped the fastest way, or as specificd
by the customer. Upon receipt of a replacement
module, return the defective module, using the
shipping label provided, to Wescom, Inc., 8245
Lemont Road, Downers Grove, 1llinois 60515.

Canadian Customers; Wescom Canada, Ltd., 87
Brydon Drive, Rexdale, Ontario, Canada.
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