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INTRODUCTION

MAINTERANCE PLANKING UNIT WEYHILL

The purpcse, aims and objectives of the Maintenance Planing Unit are to assiat
the Directorate in the purchase of new eguipment and ayatems, by conducting
whale life costing exercises to aid the purchasing decisions, to influence
manufacturera to incorporate features into their equipment which will increase
reliability, aid meintainability and reduce out of service timea, define the
maintenance poliecy for the equipments, providing the necessary logistical
support in the way of spare assemblies, test equipment, tools and
documentation at a level and standard, appropriate te the service level.

In all these areas the aim is to enable the Regional organisation to provide
the highest level of service in the most economicsl and cost effective manner,
utilising existing facilities where posaible.

Detailed responsibilities are as follows:_

(1) Whole life costing and tender evaluation.

(2) Reliability predictions.

(35} Maintainability assessments.

(4) Introduction into service programmes.

{5) Definition of maintenance policy.

(6} Froduction of maintenance methods, maintenance
procedures, and preferred maintensnce methods
documents.

(7 bocumentation standards and provisions.

(8} Procurement and management of test equipment.

(9) Definition of test methods.

{10} Spare unit and assembly scaling and diatribution.

(11} Limison with training section to ensure training
couraes reflect maintenance policy.

(12) hssist Technical Writing in the production of

certain new equipment bulletina.
The following two pages show:
) The Organisation Structure.
)

Engineer in Charge Weyhill's Management
Reaponaibility.
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WARC MOBILE GENERAL INFORMATION

The WARC frguency bands are:

Police Mobile transmit 14% to 144 kHHz, 146 to 148 MHz.

Mobile receive 152 to 196 Wiz
Fire Mobile transmit a0 to 84 HHz
Mobile receive TO.5 to 71.5 MHz

The proceas of writing a specification and actually procuring the equipment
can be a protracted exercise. In the case of the mobiles most of the
contracts have been let and deliveries are expected to commence shortly. The
major populstion mobiles are due early 1986.

The mobile equipment to be purchased with & brief description of intended use
and function is listed below.

SPEC HMAKUFACTURER QUANTITY IESCRIPTION
a1 Marconi 9750 ACEY0 simplex all CH mobile
A1 " 275 Dezk top housing with P3U
AZ " 2500 RCEY90 duplex VHF/VHF repeater
3 ) 970 RCT90 fixed mobile
" 200 RC1013 RCU
* 125 Deak case for RCU
B " 6160 ROG40 simplex Fire Service
" 650 Wired only kits
B2 " 140 R2790) simplex fixed mobile
Fire Service
" 35 RCU
B " 275 RCGI0 simplex VHF section of
VHF/UHF repester to be used
with W15l Fire Service
" 275 Interface unit WISU
4001 " 300 ART177/RCATS interface.
A Burndept 19350 BES%G simplex all CH mobile
motor ¢ycle, marine & RCS use
" 900 Limited presentation CU
40 " 600 ART1TT/AY interface unit
hd " 3280 BES40 VHF/UHF repeater Police
" 100 Repeater desk tep housing
A5 Pye 2500 Fo001 VHF personal radie
" 2500 FoO00VA vehicle adapter for
Fo001 with trickle charging
" 255 BC29 ten unit rapid charger
" 755 BC21 single unit 7 hour chgr.
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MARCOKI EQUIFMENTS

Folice 25% channel meobile.

Similar to the Al but has 8 one way repeat functionm which re-
transmits s@ignals  from the AL personal radio into the nommal main
aaheme incoming. The scheme outgoing is received directly on the
personal radio. The equipment employs duplex single aerial working
in conjunction with o duplexer.

Seleall circuitry in the A2 can be enabled to respond to & unique 9
tone address from a single A% set or to a number of sets {group call
}. When this repeat mode is selected both the scheme outgoling
frequency F1 and the personal radie frequency FJ are scanned on a 9
to 1 ratio. (see fig 1). On reception of a valid signal from the
personal radio the mobile locks on to the repeat function. On
completion of this tranamission the set resumes the scanning action.
The 9 to 1 ratio allows F3 to be scanned even when receiving F1 with
minimum interruption of the received message.

Police fixed mobile, consists of an A1 set fitted inte a 14" rack
mounted chassis with PSU and line interface.

Remote control unit for use with A%/B2.

Fire Mobile.
Fire [ixed mobile similar to A%.

Fire service VHF/UHF repeater, consists of:

B1 VHF mobile, Control Unit and Interface Unit.

These wnits are supplied by Hurconi and will be wused with the
existing Pye WisU.

ART1T7/Marconi RCETS interface unit. This unit permits the RC&TS
mobile and the ART177 to be operated from a single ART1T7 control
unit. Either mobile is enabled dependant on which channel is
gelected at the control.

BURNDEPT EQUIPMENTS

Police 400 channel mobile for motor cycle, marine and RCS  use.

Police VHT/UHF repeater, conaists of:

A1 VHF Mobile and Control Unit

UHF set based on BEBOD personal radio design with additional EF and
AF amplifiers.

ART177/41 interface, same application as the Marconi unit but related
to the Burndept mobile

F{E EQUIPMENTS

The F5001 is & high band version of the peraonal radioc in current use
with the addition of a Selcall encode module.

In addition to these various wmerials,duplexers,boxes,and helicopter
interfaces are alse in the procurement process.



MARCONI RC690 MOUBILE

General Deseription

The eguipment is a synthesised 255 channel transceiver made up of a main unit
and control head. It is microprocessor controlled using two Z8 processors,
one in  each unit.  The drives for the transmitter and the receiver mizer
injection are derived from synthesised sources.

The RAM holding the channel data can be externally accessed to revise
frequency data if required. This is achieved by pre - programming & specially
designed handheld wunit called a "Data Fill Unit", or [FU, which can be
connected to the set via the control cable socket. 4 simple awitch operation
injects the revised data and succesaful transfer of data is indicated.

Tne equipment for police use is designed to operste two fregquency simplex in
the band 143 te 148 MHz (transmitter) snd 152 to 156 MHz (receiver). The fire
service version operates in the bands &0 to B4 MHz (transmitter) and 70.5 to
71.5 MHz (receiver).

Main Unit.

The main wnit is made up of six major assemblies in a bex chassis with
removable top and bottom lids, one of which acts as a heat sink for the RF
power amplifier.

The sssemblies are:

fageiver Synthesiser
Transmitter Synthesiser
Processor
Modulator/regulator
Heceiver

AF power amplifier(RFPA)

Control Unit.

The econtrel unit is active and is made up of three major assemblies, the
proceasor/Seleall, display and audio boards.

Channel access is provided to the operator vies a 0 to 9 key pad. the selected
channel number being indicated on & seven segment display.

Tne other controls presented are:

On/0ff and Volume Control

Publir sddress select and gain control.
Loudspeaker on/off.

Dim display.

Mute onfoff.

All the status indicators are LED type.



BRIEF SPECIFICATION

Transmitter.

Fower Supply Hominal 12.6 volts at 11 amps
Frequency Range P.14% to 148 and 152 to 156 HHz.

F.BO to B4 MHz and 70.% to T1.5 MHz
RF Power O/F Minimum 20 watts into 50 ohms.
Modulation AM, 80% with leas than

£% distortion.

Audio response +/= 1 db from 300 to 2700 Ha
ref. 1000 Hz.

Synthesiser lock time Less than 100 msecs.

Public addreszs 10 watts output into 4 ohms.
Receiver.

Power supply Nominal 12.6 volts at 2 amps,
Frequency range P. 152 to 156 and 14% to 148 FHz.

F. T0.5 to 71.5 and 30 to B4 HHe

hudio output 10 watts into 4 ohms with
less than 10% diastortion.

Audiov response Flat within +/- 1 db over the
band TOO to 2700 he falling to
-3 db at 300 Hz, ref. 1000 Hz.

Sensitivity 1 microvolt emf for 12 db SINAD.

Selectivity Better than 70 db down on either
ad jucent channel.

Intermodulation Better than 60 db down on wanted
signals.
AGC characteristic For RF input of 1 to 10

microvolt emf not more than 3 db
change @ % output.

For BF input of 10 uv to 1 veolt
enf not more than a further

43 db change in output.

Mute Ad justable .8 to % uv emf.
Opening delay not more than
100 maecs.

Synthesaiser lock time Less than 100 msacs.



BRIEF TECHNICAL DESCRIPTION

Raceiver.

RF amplifier gain is provided by an MOGFET transisitor controlled by the AGC
circuit. The stage is coupled to the aerial and mixer by selective tuned
circuits which are presst to the required frequency from the VOO tuning voltage.

The double balanced passive mixer produces the single IF freguency ol 10.7
HHz.

The local oscillator input to the mixer is obtained from the synthesiger
board.

The synthesiser bosrd houses a aingle chip synthesiser, type NJUE21. Its
circuitry contains a referemce oscillator, 12 bit programmable reference
divider, digitsl sample and hold phase comparater, the output from the

Yoo iz buffered and multiplied and leaves the board at the local oscillator
frequancy.

Tae CSynthesiser obtains its frequency information from the Radic Processor
poard. The 10 MHz reference oscillator is housed on this assembly.

The ynthesiser slso provides the bias voltage for the Varicap tuning in the
AF stuges of the receiver.

The 10.7 MHz IF amplifier consists of a two stage transistor amplifier and
block filter.

The =ignal detector is a diocde detector stage which provides a IC level to
drive the AGC circuits in addition to providing the receiver audio signal.

Tne AGC circuit has three thresholds namely, a primary AGC, & secondary
deluyed AGC and & pin diode attenuator for high wsignal Ilevels. The
grimary operates on the IF from 1| to 10 microvelts and the secondary controls
the HF and IF amplifiers up to approximately 100 millivelts. Above 100
millivovelt input signal a pin dicde is switched into the signal path allowing
the receiver to handle levels of up to spproximasely 1 wveolt.

The mute is controlled by a potentiometer on the receiver board wnich, by
setting the D¢ level to a Schmitt trigger, dictates the mute threshold. The
sipcuit works off the AGZ line with noise compensation added. The signul from
the emitter of the detector is fed to 2 noise amplifier and filter centred
about 9 HHz.

When the wanted signal is present the output of the noise mute tracka the AGC
voltage. In the presence of both noise and the wanted signal the amplifier
output depends on the ratio of the two and so acts as a signal fo noise
detector. Wnen the signal to noise deteriorates the mute schmitt trigger is
driven low.

ian  operational amplifier clipper limits peaks of modulation caused by noise
spikes and provides noise limiting.

The =smplified audio from the noise limiter is fed to a 500 omm balanced line

output and to the control unit where it is amplified using & bridge network to
provide 10 watts into the 4 ohms audio cutput circuit.

10



Transmitter.

Transmitter drive 1is derived from a3 synthesised source which is similar to
that which supplies the receiver local oscillator input. A synthesiser out of
lock signal is monitored by the radic proceassor board, this is used to disable
the transmit function in an out of lock situation. The coatrol processor then
puts up the word “"Fail" on the controller display.

The transmitter drive leaves the synthesiser bosrd at final frequency. The
output from the synthesiser board is used to drive the RF power amplifier
stage. This is a wide band amplifier which is high level modulated by means
of the 12v supply to the last stage. A monitor circuit alerts the CPU  when
the powsr output drops.

The HRF aignal is fed to the TX aerial socket via & filter which removes all
spurious signals.

The transmitter timer is a function of the radio processor software and can
only be changed by an alteration to the program held in the DFU and then down
loaded into the RAM. The Radio Processor board is responsible for all
the tranceivers functions and reacts to instructions from the control wunit
F?QEEES‘J!.

Radio Froceasor Board.

The CPU empleyed in the radio is & Zilog 28 using & locally generated crystal
controlled 7T.68MHz clock. The operating program for the processor is stored
in an EPROM. The channel selection information is stored in battery backed
RaM.  This prevents the leoss of memory contents whilst the radio is switched
off. The projected operational life of the battery is 10 years.

The FHAM can be externally accessed through the control cable by means of a
unit called a "Data Fill Unit".After s “handshake” routine, by which it
prepares the processor, it injects data onto the serial data line and the CFU
then updates the RaM.

The address and data lines are multiplexed to form s single 8-bit bus. This
bus iz interfaced to the radio circuita via octal tri-state latches. The
processor also produces control signals #hich are decoded and used to enable
the latches and memories as required at the appropriate times.

As an example of operation, a memory read function is expleined. The CFU
loads an address onto the bus. The latch is enabled, in this case by the AS
signal, and the address is passed to the EFROM. AS goes high to disable the
latch to prevent the buas being influenced by addresas information. The

EPFROM  is now enabled by signals derived from the contrel bus and the date at
the locatien addressed is loaded onto the dats bus. It is read into the
processor where it is acted upon. As the program requires, the RAd is
addressed and its dats is read in the same way but is uwauwally passed to other
radio circuits via latches rather than inte the CPU.

At intervals during the running of its program the CPFU monitors a status latch
to be aware of any change in the rodio operating requirements such as
gynthesiser off lock, PIT request etc, and depending on what it sees takes
action as determined by the system program.

A sgeriaml dats link exists between the main unit and the control hesd asalong
which commands from the operator and the displey information passes.



Control signale are generated by the CPU and after decoding are used to enable
the various latches and the regquired memory.

Information to and from the control head CPU is passed along & serial data
atream in the form of ASCII characteras.

Control Unit

The Control Unit containe & Zilog Z8 proceasor which decodes channel input
information from the key pads, drives the diaplay and asddresses the proceasor
in the main wunit which in turn controls the functions of the radio. The
processor system program is held in an EPROM. This program has been written
by the manufacturer and may only be replaced with an authorized replacement.

The processor board functions in a similar way to the Radic processor
described above.

As a Dbroad illustration of the operation consider pressing the PIT sawitch.
The "awiteh On" condition is coded by the control unit processor and serial
data is fed to the radio processor board in the set. Assuming no "“out of
lock"condition has been aensed by the radie processor it will gate the
transitter on. Presence of power out of the transmitter will be signalled to
the processor which will in turn signal the control processor te illuminate
the TX ON LED.

The VHF/VHF repeater version of the equipment utilises a 5 tone selcall system
to identify coded addresses from a hand held portable. This circuitry is
conteined in the control unit.

The audie board contains a microphone aplifier with a VOGAD stage. The
receiver audio amplifier ia also situated in the unit.

12



WARC Mobile Radiec - Burndept BES36

Genersl Description

The eguipment is a synthesised 400 chunnel transceiver made up of a main wit
and control head.

The drive for the transmitter and the receiver mixer is derived from a single
synthesised source with a 6.4 MHz reference oscillator.

The synthesiser memory can be externally saccessed to revisse frequency data if
required. This is achieved by pre - programming a specially Jdesigned handheld
unit ecalled a "Data Fill UNIT", or "DFU™, which can be connected to the set
via a dedicated connector mounted on the main unit. & simple awitch operation
injects the revised dats and sucecessaful transfer is indicated and displayed on
an LED.

The equipment is designed to operate 2 freguency simplex in the band 14% to
148 MHz (treansmitter) and 152 to 156 MHz (receiver). THeverae and single
frequency modes are also available to the operator.

Frovizion is made for fitting tone sguelch and % tone Selcall facilities if
required.

Main Unit.

The main uwnit iz mede up of three msjor sub assemblies contained im a4 box
chassis with removable top and bottom lids.

The units are:

Receiver, houaing the public asddress smplifier.

Transmitter, housing the synthesiser.

RF power amplifier (RFPa).

The transmitter board is hinged to allow access te each side of both  the
transmitter and receiver assemblies. The RF powsr aplifier witn its

asgociated heat sink forms the rear of the main unit.

A facilities connector allows access to the receiver and fransmitter audio
circuita (600 ohms) snd the PIT function.

3 LEDS on the front panel indicate power on, transmitier on and synthesiser in
lock conditions.

An external transmit test switch is fitted to the front panel.

Control Unit.
The control uait contains a mic amp ana compressor circuit.

Channel access is provided to the operator wvia incremental push button
awitches.

13



The other controls presented are:

Powatr onfoff.

Volume control.

Publiec address select and gain control.
Loudspeaker on/off.

Dim display.

Mute onfoff.

Handset socket.

A1l atatus indicators are LED type.
A limited presentation control unit will be provided for small capacity motor
cycles giving operator access to ON/OFF , volume control and selection of two

channels.

The control unit for the VHF/UHF repeater veraion will contain two assemnblies
Wwith & microprocessor. Specific detsils of these units are not yet available.

14



Power supply
Freguency range
RF Power O/F
Modulation

hudio response

Syntheaiaser lock time
Duration limiter
Public Address
Receiver.

Fower supply
Frequency range

Audio output

Audio response

Sensitivity
Selectivity
Intermodulation

AGD charactaristic

Mate

Syanthesiser lock time

Brief Specification.

Nominal 12.6 volts DO at 4.9 Amps.
143 to 145 and 152 to 156 Mis.
¥Minimum 20 Watts into 50 ohms.

AM, B80% with less than 5% distortion.

+f- %3 db 300 to 00 Hz.
+/= 1 db 500 to 2700 He. Bef. 1000 Hz.
Less than 100 msecs.

0 to &0 seca. xdjustable.

10 watts output into 4 ohma.

Wominal 12.6 volts DC at 2 amps.
152 to 156 and 143 to 148 MHz.
10 watts into 4 ohms with less than 10% distortion.

db over the band 700 to 2700 Hs
Ref. 1000 Hez.

Flat within +/- 1
falling to -% db at 300 Hs.

1 microvolt emf for 12 db SIHAD.

Better than 6% db down on either adjacent channel.
Batter tha 60 db down on wanted signals.

For RF input of 1 to 10 microvolt em{ not more thun
% db change at O/F.

For HF input of 10 microvelt to 1 wvolt emf not

more than & further % db change in O/P.

Adjstable .4 to 5 microvolt emf.
Opening delay less than 100 msecs.

Leas than 1700 msecs.

15



Brief Technical Description

Recaelver.

RF Amplifier gain is provided by & MOSFET transistor controlled by the AGE
gireuit. The atage is coupled to the aerial and mixer by wvaricap tuned
circuits wnich are preset to the required frequency from the V0O  tuning
voltage.

Tne mixer is a MOSFET trunsistor which producea the first IF of 21.4 MHsz.

The drive for the mixer is obtained from the synthesiser which is located on
the transmitter board. It iz a single loop dual modulus type deriving its
reference from a 6.4 MHz crystal source.

The synthesiser requires a 16 bit input to generate any one freguency. These
14 bite are supplied from two parallel & bit memories, which are in turn
addressed from an eleven way binary coded decimal input, ten bits of which are
derived directly from the channel aselect incremental switches on the control
head . The eleventh and most significant bit is tied to the transmit line in
the main unit.

Tan bits selectable from the control head can, by definition of binary coded
decimal count from 000 to 399. In the receive mode, whatever channel is
diulled at the control is presented directly to the parallel memories
resulting in recovery from that memory addreas of the 16 bits necessary to
derive the receiver frequency.

Wnen transmit is activated, the eleventh bit is incorporated, resulting in a
memory addreas of plus 400, from 400 to 799. Thus on chanel 125 for instance,
the receiver bit pattern is located across the two memories in addresss 123,
snd the transmitter pattern in address 523.

Splitting the memory in this fashion with a cne to one receiver/transmitter
relationship enables the synthesiser to be fed with the appropriate receiver
or transmitter bit pattern controlled by a single 5 volt line applied to one
memory addreas bit.

The 21.4 MHz first IF circuit consists of a crystal filter and two integrated
circuits..

The second IF amplifier operatea at 455 KHz and the first stage together with
the second ogcillator is contained in &n integrated circuit.

A second stage of 455 KHz IF amplification is followed by the detector, AGC
eireuitas and FM noise circuits all contaimed in a aingle device.

The detected audio output is followed by an asudio pre - aplifier wnich feeds a
dicde clipper type limiter with automatic level setting. An  asudic buffer
amplifier precedes the mute awitching circuit.

4 separate BO0 ohm audio signal ias provided at the facility sockets on both
main and control uaita.

A bridge type audio output stage supplies 10 watts into 4 ochms.
The mute circuit is driven from the FM detector on the IF integrated ecircuit

and is wnaffected by IF gain changes and AM noise. The mute awitch 1s a
MOSFET transistor controlled from a Schmitt trigger ecircuit.

16



Transmitter.

Transmitter drive is derived frm the common synthesiser which contains the
phase locked loep, VCO, reference oscillator and channel memory.

The memory i8 atored in an EEFROM device ns described in the receiver g=2ction
and contains frequency dsta appropriste to the area in which the mobile will
operate (up to 400 channels}. If frequeacy changes are required then the
memory can be externally accessed for updating via a connector mounted on the
front panel. This is achieved by loading into memory new {requency data from
& previously programmed data fill unit (DFU).

Tne HF power amplifier is a three stage wideband assembly fed from a 150
milliwatt pre-amplifier providing 20 watts output to the aerial via & hammonic
filter and aserial change over relay.

Tae modulation input from the control unit is fed to an audio amplifier
followed by a diode clipper to prevent over modulation during the 30 msecs.
attack time of the VOGAD. Output from this stage is fed to a second
amplifier vis a level control.

A comparator circuit with the noen-inverted input contrelled by a potentiometer
on the 12 volt regulated supply presets the unmodulated RF power ocutput. AL
coupled to thia input is the audio modulating component. The inverted input
of the comparator is fed from a feedback detector in the final output stage.
Tne resultant comparator output is used to control the output level of the
pre-amplifier final astage.

Control Unit

In addition to the contrels and indicators mounted on the front panel the unit
containg mic pre - amp circuits and s VIGAD.



MARCONI RCTOOO MAIN TRANSMITTER

GuMEHAL

1. The 150MHz transmitter model ROTOUO is designed to meet the Home Qffice
Directorate of Telecommunications requirements for use by police services.

2. The transmitter is designed for mounting in a standard 19 inch rack. Up
to four transmitters may be mownted in a rack.

e The transmitter operates on a.m. with an output power of 120 W. The
output power may be reduced in steps of 1 dBE up to a maximum of 4 dB.

System Description.

5. The auwdic inpat may be either frem the local microphone or from a remote
source by way of a balanced 600 ehms line. The input is selected by means of
s LOCAL/REMOTE switch on the Control Panel.

. 4 'press to talk' keying facility is provided so that the power amplifier
is only activated when transmission is required.

T On the Audio and 4ncillary PCE the audio signal is amplified by 40 dH.
& clipper/conpressor stage limits the bandwith of the a.f. und sudio filters
remove unwanted signals. Compensation circuits adjust the gain for different
power levels.

S A further circuit adjusts the modulation level when a d.c. supply is in
UG .
9. The amplified and compensated a.f. signal is fed from the Audio ana

hncillary FCB  to  the Modulator/Regulator PCE. A series modulator on  sn
external heatsink varies the voltage to the Power Amplifier at the frequency
of the audio signal. This a.f. modulating voltage is fed to the Power
Amplifier.

10, The Power Amplifier is alse fed with a carrier signal from the
synthesiser. The cutput from the Powsr Amplifier is therefore an amplitude
modulated carrier Wwhich is fed to the Aerial Filter by way of a circulator.

Carrier Frequency Generation.

11.  The carrier frequency of 150MHz is provided by a synthesiser which
incorporates a double frequancy-division process based on phase locked loopa.
The basic frequency standard is normally from the internal standard. There is
alao the facility for the trapsmitter to be driven from an external source
such as a rubidium standard. If this fails, the transmitter will automatically
switch to the internal standard.

Power Supplies.

12, The eguipment operatea from 240 ¥ 50 Hz mains although it can, 1if
required, operate from a d.c. supply of 19 to 30 V. A regulator on the
Modulstor/Regulator regulates the voltage to the Power Amplifier. Another
regulator on the Audio and Ancillary p.c.b. provides a regulated supply for
synthesiser and other boards.

18



Monitoring and Alamms.

13 A front panel light emitting dicde indicates that the phase locked loops
in the aynthesiser are locked. A metering socket provides the facility for
ronnscting a Marconi metering box assembly type Ju7-0040G. Relay contacts
connect VOWR FAIL and CARRIER FAIL alsmms to & central alam syatem.

JIPERATOR CONTROLS.

14. No day=-to-day controels or adjustments are requived. The control plate
s+ the front of the equipment contains the following:

SUPPLY OH/JFF gwitch fuse and LED indicater

MIC. GAIN gpindle lock screwdriver adjustment of the from the
local microphone

LINE GAIN apindle lock screwdriver adjustment of the input from
remote 600chm line

FREG ADJ providing fine adjustment of the reference oscil lator
frequency

TX green LED indicates that transmission is in progress

G red IZD indicates that the d.c. supply is in use

03C LOCK orange LED indicates that the phase locked loop in

the synthesiser iz in lock

REMOTE/LOCAL switch selects either the local microphone (LOCAL)
or the 600 ohm line input (REMOTE)

LINE MONITOR socket accepts the remote line input line monitor
Jack U links

DRIVE OUTPUT sgcket provides the facility for monitoring the output
from the drive

HANDSET socket accepts the plug on the local microphone
handset
METZR zocket accepts the plug on the meter box assembly
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FERFORMARCE SPECIFICATION.

15,

This information is typical only and must not be regurded as

contractual performance spescification.

Modulation classification

Frequency range

Model(s) of operation

Dimensions {length x width x height)
Overall width

Chassis width

Height

Overall depth (including connectors)
Weight

Operating temperature range

Storage temperature range

Supply voltage

Permigsible variation

Frequency

Permissible variation

Input power (carrier only and
full 1kHz modulation)

Bandwidth without adjustment
Channel spacing
Carrier frequency offsst

RF output impedence
standby

transmit

RF output power (in 50 chms)
unmodulated

Input voltage

(i) at +20 C
{ii) at =10 C
{111} at +55 C

Amplitude modulaticon
152 to 156 MHs

Local/remote

482 ©mm

422 mm

266 mm

400 mm

40 kg

=10 to +55% Cent.
-10 to +55 Cent.
200 to 250V

10%

50 Hz

108

840 VA
152 to 156 MHz
12-5 Kz

40 +1 +2 +5 Hz

50 ohm nominal

50 ohm nominal

120 W

216/240/264 V a.c.

120120120 +5%
110/110/110 ¥5%
HMoOMA10/10 455



Modulation characteristic

{a) 600 obm line
Variation for 200 to 2T00Hz
with respect to 1 KHz

Hate of fzll per octave
above 3000 He

(b} Microphone input
Variation for 200 te 2700 Hz
with reapect to 1 KHz

Modulation sensitivity (90% mod)

{i} 600 ohm line

{ii) e.m. microphone (300 ohm}

Modulation distortion (90% mod)

(a) (i)  2004=

{ii) 2700Hz
(iii) 1000H=z

() At 1000Hz at ambient temperature,
under specified r.f. frequency
and a.c. supply voltege ranges

Hum and noise {line)
{C.E.P.T. method] (mic)

600 ohm line impedance
(i) #00H=z
(ii) 3000Hz
600 okm line impedsnce balance
(i) 300Hz
(ii) 3000Hz
Ad jacent channel power
{a) MPP1302 method

{b) A4t 90% medulation without
20 dB input increase

Spurious emissions
(1) aerial

{ii) cabinet

21

12 dB

*1, =3 dB

=37 to +10 dBEm

2.0 m¥

5
5
S

2.5%

4% dB
B2 dE

400 - 900 ohms

400 = 900 ohms

46 dE

46 dB

55 dBc

5% dBe

0.25 uW

0.25 uW



Intermodulation converaion loas
{referenced to interferring signal)

(i} Jrd order
(ii}) 5th and higher orders

Transmitter establishment time

Tranamitter hold time after key released

Wideband noise level
{carrier key dizabled)

Hon-key transmitter output

Input drive level

Input drive impadance

Drive monitor level output
Reference oscillator monitor ocutput

Ad justment range of monitor circuits
VIWR

Carrier fail
Syntheaiser harmonics
Synthesiser non harmonic apurious
Single sideband phase noise
Wideband noise floor
{(a) 500 KHz from wanted signal
{b) 3 MHz from band edges

Reference oacillateor frequency

Synthesiser thermel stability
Syntheasiser voltage stability

+28 ¥ aerial changeover relay supply

22

35 dEB
4T dB
10 ms

0.5 to 2 Secs

=180 dE/Hz

=100 dBe

200 to 500 oV p.d.
50 ohma

200 to 500 oV p.d.

200 to 500 wV p.d.

211 to 4141
3 to 6 dB
30 dBe
100 dBe

100 dB/Hz

130 dB/Hz
> 150 dB/Hz

5 MHg internsal or
1 MHz external

As reference (Racal 9420)

As reference (Racal 9420)
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MARCONI RCT92 MAIN RECEIVER.

SYSTEM DESCRIPTION.

Introduction.

1. The VHF AM base station receiver, model RCTY92, is designed to meet the
Home Office Directerate of Telecommunications Technical Specifications. The
receiver is capable of being mounted in a standard 19 inch rack or a free
atanding cabinet. Frequency operation ia in the 1435 to 149MHz range. Control
of the oscillator is by means of a fraquency synthesiser, which has a range
of 320 channels for selection. Frequency is preset for each channel using

8 pre - programmed memory.

Fhysical description.

2. The RCT92 receiver consists of one or two printed circults mounted

within the unit on stand-off pillars. The two boards are the mother board,
which is the receiver p.<.b., and the daughter board which is the encoder
pec.b. This board may not be fitted in some units. Two outputs are svailable
one being the loudspeaker, used for servicing and maintensnce purpoases, and
the second being the line output socket. This output may be used with British
Telecom land lines (PART 1 Paragraph B Ancillary RBEquipment Connection
Details). There are three front panel tontrols:

ta) mains on/off
(o) mute override

ie)} wolume control

Channel select data is via a pre-wired plug on the rear panel. The aerial is
connected to the p.c.b. via a low-pass filter which is mounted on the p.c.b.

Mechanical Characteriatica.

H. The mechanical characteristics of the HCT9? receiver are as follows:

Overall height 59 mn
Overall width 453 mm
Overall depth (including connectors) 356 mm
wWeight T kg
Mounting Standard 19 inch rack
Operating temperature =10 to +55 C
Unit cooling Convection
Receiver.

4. The following is supported by functional block diagrams, Figs. 1.3 and
1.4. The RC792 receiver is a single conversion superheterodyne using a helical
front-end and hot-carrier mixer to give & combination of good sensitivity with
good selectivity and linearity. The i.f. selectivity is achieved using a
crystal filter in the i.f. amplifier, preceded and followed by several IO
filters to maintein & narrow noise bandwidth.
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The higher level i.f. is divided into two parallel amplifiers, one to provide
normal i.f. and the other to provide a true limited nolse mute circuit.

Se 44 signals are demodulated by an integrated circuit which provides both
audio and AGC outputs.The FM detection cutput is utilised to detect noise
around 16 KHz. This noise is taken to two outputs, one is used by the Encoder
peca.b. (if fitted) to produce a signal : noise dependent output tone, for
receiver selection at the control centre. The second noise output is used to
aset the mute threshold. As the noise is reduced in the presence of a signal
the noise is detected and used to trigger a Schmitt trigger to provide mute
operation.

6. The RCTY? receiver containg circuitry for & CTCSS decoder, but the
integrated circuit (IC15 - FX335) has been omitted from this verslon.
Reference should be made to PART 3 for details.

Frequency Synthesiser.

T. The freguency syntheaiser is a conventional phase locked loop
configuration using a programmeble divider, phase comparater,loop filter
and VCO. Additionally an EPROM is used to store channel and frequency data.

8. The nine input channel select lines form & nine bit address to the
channel memory EFROM to select one of 320 possible frequency channels.
The channel memory converts the digital selection address into serial BCD
format which is input via a level shifter to the programmable divider.

9. The divider supplies two frequency inputs (FF and FS) to the phase
comparator, these inputs are compared internally with a reference frequency
applied by the reference ¢oscillator.

10. When the leop is out of lock, the wideband signal (FF) is compared with
the internal reference to produce a coarse control aignal whnich is used to
bring the oscillator towards the selected frequency. As the required frequency
is approached, FF is open circuited and & final fine tune is achieved by
comparing the narrowband signal (F5) with every fourth pulse of the internally
generated reference.

11. When the synthesiser is out of lock, an LED is lit. The output from the
oscillator is doubled and used as input to the mixer. A small proportion of
the output is used as feedback via a buffer amplifier and prescaler to the
divider.

Power Supply

12. The RCT92 receives power from the 200 to 250V a.c. maina supply. This
mains input is connscted to the mains transformer via the front panel OH/OFF
switch. The mains voltage is transformed down to 18V, then rectified and
smoothed to approximately 22V d.c This voltage is then used to drive a series
-pass type regulator with current limit protection. The resultant +12V output
from the regulator is used as the supply voltage for the receiver.

Ancillary Bguipment Connection Details.

13. FRCT92 prerequisites prior to connecting to British Telecom linea are a8
follows:

(&) Connect the equipment via an approved Fuse Disconnect Barrier
e.g2. Qual-Tech A32/12A
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(b) Ensure that & 20 dB 600 ohm attenuator is fitted inside the RCT92 between
™ and RLZ (R1,4 680 ohms; K2,% 1.5 kohms).

{e) Adjust line output level to -6 dBm peak.
(d) Ensure that the equipment iz earthed.
{e) Ensure that the PFuse Disconnect Barrier is earthed.

General Information.

14, The RCT92 receiver is delivered ready for installation and is pre -
aligned +to the required cperating frequency. The RET92 iz designed for
mounting in a standard 19 inch rack system or & free-standing cabinet. The
receiver is mounted in the rack on telescopic runners, to provide essy sccess
for maintenance and servicing. Air flow around the receiver should not be
ohatructed.

OFERATORS CONTROLS.

Front panel.

1%, The controls on the front panel (other than the ON/OFF switeh), are only
intended for use under local operation by a test/maintenance engineer.

Function of Controls.

(a) VOLUME. A 270 degree rotary control, which adjusts the receiver a.f.
output volume to the loudspeaker.

() MUTE. A momentary action push button which overrides the mute. The
switeh is only nommally pressed for location of weak signals,
the switch being spring biussed into the mute position.

(e) ONfOFF A two-position toggle switch that switches the receiver on or
aoff.

{d) METER SOCKET Used in conjunction with a metering box to verify correct
operation during installation or maintensnce.

{e) Line links.

Receiver Displays.

17. There are two indicators on the RCT92 receiver - a green OH LED and a
red mains neon-

Operation.

18. To operate the receiver in the local position, first rotate the volume
control fully anticlockwise and awitch the power on. The green LED POWER ON
indicater should light. Preas the MUTE switch and rotate the volume control
until noise is heard in the monitor loudspeaker. Relemse the MUTE awitch
and the receiver should mute until & transmission is received. When this
occurs, the veolume control can be set to the desired level.
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PERFORMANCE SPECIFICATION.

Heceiver Performance.

19.
(a)
(b)
(e)
(d)

(&)

{f)

(e

{m)
{n}

(p)

The performance iz as followa:
Mode and channel
Frequency range
Switching bandwidth

Maximun usable sensitivity

AF output power to:
{i) 600 ohm line
{ii) Loudspesker {1mV input)

AF response

Selectivity

Ad jacent channel selectivity
Spurious responss ‘ejection
Blocking or desenaitisation

Mating characteristic

Muting hysteresis

Muting reaponse time

AGC cheracteristic

Power Reguirements.

20,

{a)

The power requirements are as follows:

Local maina voltage

26

Local/remote, 12.5 HHez
14% to 149 MHs
6 MHz

0.9 uV emf for 12 dB SINAD
2.2 u¥ emnf for 20 dBE SINAD

+20 dBm
1.0 W

+1 dB over frequency
range 200 to 2700 Hz referred
to 1 KHz

Reaponse gt the 35 dE point

not less than +3.7% KHe

for 12.5 KHz bandwidth. Filter
ripple within +1.9 4B,

Hot leasa than 65 dB
Hot less than 65 dB
Mot less than 100 dB

Ad justable for HF input
levels between 0.8 and 3 uV pd

Between & and 9 dB

Opening delay < 25 mS
Closing delay < 500 m3

Over the range of REF input
signal level from 1 to 10 uV
the receiver audio cutput
change i3 3 dBE. Over the range
10 uV to 1 V changes is 3 dB

Standby 40 W
Receive 50 W



POST WARC MAIN RECEIVER FPYE R4001

INTRODUCTION

The Directorate is purchasing 865 receivers from Pye Telecommunications Ltd.
for post WARC wuse.

The model type is the R4001HO with ASSORT voting encoder. Its application will
be as a hilltop site main receiver for Police communications.

GENERAL DESCRIPTION

The receiver is crystal controlled working in the 14%-156 MHz
band. Channel spacing is 12.% kHz amplitude modulation only.

The receiver incorporates a voting unit of the ASS0RT type. This is alightly
different from previous Pye ASSQRT encodersa.

The receiver is of a single superhet design wsing a 10.7 HHz I.F.

The unit dimensions are, )
WIDTH 440 mm  [17.% inches)
HEIGHT 44 mm [1.72 inches
DEPTH 215 mm  [8.6 inches |
WEIGHT 3 kgs 6.6 lbas]

fccess is via the top panel which is retained by two Dzus fasteners. 5Side and
front are retained by acrews.

The unit comprises of the following assemblies:

1. Heceiver board.

2. Voting board.

5. Front panel.

4. HRegulation board and mains tranaformer.

5. CTCSS board. |Continuous Tone Controlled Signalling
System|.

The  receiver Tboard iz retained by aix screws and has  a  board
moun ted rear facing BUC socket.
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The voting unit is retained by four screws and is slid out from the rear of
the wunit. This  sub assembly contains the Line output and Relay options
boards. The facilities socket is a 2% way D7 type connectoer which is
mounted rear facing on the voting unit.

Facilities mounted on the froant panel are as  follows:

1. A mains onfoff switch.

2. MNeon indicatoer, mains supply.

3, U' links, for 600 Ohm line monitoring.

4, Sguelch release and LED indicator.

5. Test socket 5 pin DIN comnector providing access to
the following test points:

FIN 1. 13.% Volts.
2. HNot used.
3+ Negative.
. 10 VYolts.
. Carrier level.
. Volume control.
. 600 Ohm line output control.

=3 O A

The mains transformer is retained by two screws on the side panel. The IC
regulation board is held by two posts.

The CTCSS encoder bosrd has space allocated but is not fitted.

All intercomnections between sub-sassemblies are provided via plug and
socket arrangements.
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BRIEF SPECIFICATION

All input levels are expressed in terms of PD

SENSITIVITY,

SIGNAL/NOISE RATIO,

ADJACENT CHANNEL
SELECTIVITY,

SPURIOUS RESPONSE
ATTENUATION,

AUDIO OUTFUT
600 Ohm,

AUDLO  QUTPUT
LOUDSFPEAKER,

AUDIO RESPONSE,

SQUELCH SENSITIVITY,

AGC  HANGE,

input for 1W. [minimua|
1 kHz tone.

0.% microvolt
output.Modulation 0% with

O.4 microveolts input modulation 45s with
| kHz.tone for 12 d4E SINAD.

Two signal: 70 dB at +/- 12.5 kHz.

Better than 9% dE below carrier beyond
+/- 1% of carrier freguency.

TYFE 1 600 Ohm ocutput adjustable
-20/+7 dBn | for line control use].

TYPE 2 600 Dhm output adjustable
-10/+20 dBm | for radio comtrol use].

Both types, not more than %% distorticn
for 1 millivolt input, modulation 30% at
1 kHz.

Internal loudapeaker, B Qhm impedance,
1 Watt.

Flat response within +/-1 4B over the
frequency range 200/2900 Hz.relative to
the response at 1 kHz.

Preset range J.3=2.0 microvoltis

120 dB, the audio cutput does not vary by
more than 5 dB for signal inputs betwsen
0.5 microvelts and 500 milliveolts. With
modulation at 308 1 kHz.tone.
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BRIEF TECHNICAL TESCRIPTION

Signals are passed through ftwo stages of filtering te a dual gate FET
amplifier. Delayed AGC is applied to both gates, |G1,G2).G1 being supplied
via a pin dicde. Four more stages of filtering occur prior to the mixer.

The oscillater circuit is s modified Colpitts wsing a series resonant
overtone erystal operating on the third harmonic. Qutput is amplified and
passed to the mixer at 10.7 MHz below aignal frequency | fc| hence:

fx = [ fe-10.7MHz ] /3

The 12.7 MHz IF output from the block filter is fed via an emitter follower to
a pre-amp.This provides two outputs, one to the discriminator and one, to
the main IF emplifier 101 [ CA 3054 ). The IF leg is followed by two more
stages which provide the low output impedance necessary for the detector.

The detector provides outputs to the audio, AGC, and noise blanker circuita.
The AGC is applied to the main IF amplifier ICI and the metering amplifier
1¢7b.

fudic ia  routed through an amplifier and noise  limiter te  an
auwlio gate, and to a comparator 107a. The output of which controls noise
blanker 1C10 [CD4013] which in turn controls the audio gate.

The gated audic is fed via & low pass filter to the loudspeaker vis the front
panel mounted veolume control, and to the line ocutput circuit.

The discriminator 106 [CAZ089)  using & gquad rature detector
provides  outputs to the voting and the delayed AGC circuits and
the IF pre-amplifier.

The voting unit operates on threahold levels and produces
discrete tones for each level as follows:
Mute open, in excess o 2727 Hz.

1at step, * " * 2789 He.
2nd agtep * " " 2850 Hz.
3rd step " 0" " 2012 Hsz.
4th step " " " 2972 He.

Engineering tone is available, it uses the 4th step circuit activated by
earthing pin 9 on plug PLB.

Tne mains driven power supply provides 17.8 AC [full load|. From which two
stabilized wvoltages, 13.5 and 10.0 welts are derived. Short eircuit
protection cperates on both, there is no DO fuse fitted to the receiver.

MAINTENAKCE

Test points are available uaing Berg connectors. A front panel test socket
is available see section 2.9.

DOCUMENTATION
H.0. part numbers of the eguipment and handbook ure not yet apecified. The
handbook will be to G2 standard.

The equipment maintenance procedure |EMP| and method [EHHJ are in preparation
and will be published in due course.

Spares, sSub-assemblies will be supplied to service centres to a acale
dependent on equipment population.



EQUIFMENT MAINTENANCE PROCEDURES (EMF)

This information is contained in orangze binders and incorporates the Equipment
Maintenance Method (EMM).

The objective of the document is to identify the maintensnce policy, describe
the methed of repair snd list the resources required. It should supplement
the equipment handbook providing a readily available reference library of
useful informetion. If this object is not being met then Maintenance Flanning
would like to know!

Several aspects must be considered if the maintenance procedure is to be
practical and effective. These include the equipment population, circuit
complexity, staff and test equipment resources and technical skills required.

Full consultation with all sections of the Directorate is obviously essential.
Once the broad outline of the procedure is established the support items
required are identified and Maintenance Planning is reaponsible for initiating
procurement action for the special to type test equipment.

MAINTENANCE SUPFPORT

The WARC mobiles will be maintained and repaired to component level at
detachments (depots if engaged in mobile maintemance;. The exception to this
policy will be the UHF section of the VHF/UHF police repeater (A4) which will
follow the same procedure as the BEGOO personal radio ie substitution of
faulty modules at detachments and repair of modules at Mls.

The following items are being procured to support the equipments:

Test Equipment.

Wideband RF amplifier, to drive RF power amplifier from a signal genmerator.
Seleall tome test set.

Data fill unit.

Various teat jigs.

Bench power supply units.

Low power RF meters.

Multi way cable tester.

4 simplified means of teating the mobile processor assembly is under active

investigation. Although not strictly falling within the mobile area,
procurement action has commenced for additional hilltep site trolleys.
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Handbooks.

The Marconi RO6G0 and its varients (A1, A2, A%, B1, B2, B3) will be covered in
one handbook. Delivery is due prior to issue of the equipment.

There are 2 nandbooks for the Burndept mobile and repeater equipments. These
will go into service with interim handbooks us the final documents are dues for
delivery three months after initial issue of the egquipments. This will
obviously affect the regions involved in the first year of the FCF.

Spare Sub Assemblies.

Sub assemblies wll be supplied to each service centre to a scale dependant on
mobile population. They are to aid rapid turn round of faulty equipments and
must be repaired and brought up to apecification when time pemmits. Boards
beyond repair due to physical damage will be replaced strictly on a one for
one exchange basis.

Many of the sub sssemblies are fitted with components to a very high density.
pdditionslly, increasing use of surface mounting devices requires greater
soldering skilla. Training section intends to provide the necessary courses
and improved desoldering tools are being procured by Haintenance Flanning.
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MOBILE INSTALLATIONS - GENERAL INFORMATION

Following a great deal of research it was decided to retain the Wi4/1 control
cable for the WARC mobile installations.

The cheice of control cable connector was conditioned by the need to ensure a
reliable source for the future without precluding innovative development in
cable highways and methods of termination.

The type chosen is the D type, commonly used in military and computor
applications. Unlike other types industry does not foresee a dete when the
manufacture of this connector will be diascontinusd.

Selder pot, crimp and insulation displacement methods of termination were all
readily available.

The problem of accommodating the W34/ cable within the constraints of the D
connector was overcome by using speciasl thermoplastic or cast alley shells.

The design of the shell allows the large outer cover of the cable to be fitted
within a protruding clamp abutting the shell entrance, the conductors only,
pasaing into the shell.

Tne shell is built out so that its thickness dimension can hold the Wi4A
outer cover which is clamped internally to one half of the shell casting.

In each case the connectors can be assembled with the cable clamped in one
half of the shell, the c¢losing half is then fitted once termination is
completed. Termination of the 37 pins in the connector follows a single
standard, conductor colour to pin number description.

To enable peat dressing of the control cable away from the front panel of the
tranaceiver each shell providea 45 degree entry. For orderly dressing within
the shell attention has to be paid to the length of conductor resulting froa
the entry attitude.

The good news is that with either type, there are no parts which one can
forget to thread on to the cable before end connections are made!

The Directorate is purchasing ready made up control cables to ease the load on
the Telecommunication Mechanics who wll be hard preased during the FCP change
out.

The 5 pin DIN connector already used in some installations has been adopted ua
the standard for handset connection and this displaces the 6 way Flessey type
in current use.

The present TNC cosaxisl connector is retained for aerial service.

The Plessey 4 way connector for the PA is also retained as is the 6 way power
supply connections.

A facilities connector to allow interfacing with RAS, apeech priviey or other
ancillary items is presented at the front panel of the sets and at the control
units. This connector is & 15 way D type.

It has been arranged that commonality be provided in the mounting cradles for
the Marconi and Burndept transceivers.
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PREFERRED INSTALLATION METHOD

At the present time a committee is considering ways of providing information
end pguidance on the moat cost effective way of carrying out mobile
inatallations

Methods of carrying out the work, with particular emphusis on the health and
safety implications and preferred locations for fitting the various items in a

vehicle are being reviewed.

However due to the number of different vehicle models and competition for the
available space in the vehicles it is unlikely that a national standard
installation fit is attainable..

Useful installation aids and tools are also under consideration.



Mobile Data Fill Syatem

Both the WARC mobiles are synthesised eguipments with memories which can be
externally accessed using a4 data fill wnit. This marks & significant
departure from conventional methods of frequency changing in the Directorate.
The technical aspecta of the system are covered in the descriptions of the
seta which are contained elsewhere in this handout. This section describes
how the system is to be managed.

Up to now the pairing of frequencies for TK and RX in synthesised equipments
has Tbeen accomplished by storing all the fregquencies in paira, in a FROM or
EFROM, which is accessed via channel switches. When any frequency required
changing the memory device had to be removed and replaced with a newly
programmed one. Data fill allows a radic to be re-programmed to any desired
frequency plan without having to remove the equipment from the vehicle.

The eguipments will be issued to the field configured to no particular
frequenciea and it will be part of the initial checks and setting up procedure
to programme the radio to the frequency plan relevant to & particular user.
Thia}frequancy plan will be stored in the memory of & dedicated data fill unit
(DFU).

The Marconi DFU is capable of holding at least one police and one fire
frequency configuration whilst the Burndept contains one pelice frequency plan
only. In locations supporting more than two users additicnal IFU's will be
required. :

The information contained within the IFU will be generated and loaded by
Bishops Cleeve and Kippax Maintensnce Units. The equipment used for this task
of data management will be the Sierra test set in conjunction with a VDU, disc
drive and printer. 4 library of frequency information will be stored on disc
and held in fire proof safes.

The +wo mobiles differ in their manner of data handling so each will require
its own type of IFU to implement frequency changes.

When the need to perform a frequency change is identified and authorised, the
MU responsible will prepare a DFU with the amended frequency data and exchange
on & new for old basis with the relevant detachment wusing established
vouchering and transportation methods.

The field establishment will then be responsible for tramsferring the new data
into sll the mobiles which regquire changing. This is mchieved in the case of
the Burndept by connecting the DFU to a dedicated connector on the front panel
of the transceive » and operating & push button.

L similar method is employed on the Marconi but in this case the flying lead
of the DFU is substituted for the control cable Connector at the transceiver
end. Correct tranafer of dets is verified and indicated.

It can be seen that, compared with current methods of frequency changing
involving removal of equipment from vehicles and replacing crystals or EFROMS,
the data fill system offers several advantages.

In addition to fregueney data the Marconi data fill also contrels other

functions, namely, simplex/duplex, TX timer duration, normal/ reverae
frequency, Selecall force address and repeat for the AZ varient.
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PREFERRED MAINTENANCE METHOD DOCUMENTATION

Freferred Maintenance Method, or PMM, is not a new concept within the
Directorate of Telecommunicationa, having appeared in several forms aince the
first attempt was made in the late sixties/early seventies with the 3E Labs
VDU, which was the first terminal to be used by the PHCU system .

The aim was and continuea to be ,to produce & structured fault finding guide,
carrying sufficient additional information to enable a technician to carry out
8ll activities appropriate to his permitted level of repair.

Many of the Directorates maintenance manuals are prepared to DOT G2
specification standard which emphasises the use of the Functionally Identified
Maintenance System, (FIMS) approach.

This approach, by the use of a structured hierarchy from a master level down to
a working level, for text, circuit function, circuit diagrams and flow charis
aims to provide a clear understanding of the equipment. The flow charts
provide & structured logical approach to fault finding and it 1is theae
together with supplementary circuit information, repair technique infermation
and repair methods which have come to be known as preferred maintenance
methods.

The ordinary commercial eguipment handbook rarely provides sufficient
supplementary information (which is fundamental to the Preferred Maintepance
Methods approach), on such circuit performance details as typical current and
voltage readings, CRO traces and response to applied stimulus.These are
eagential to effective maintenance.

The recording of thias vital information has formed the basis of so many
technicians indispensible "dog eared note books". With the introduction of the
WARC equipments staff will not have the time to collect this information
quickly enough to ensure a cost effective continuation of the Directorates
high standards of maintenance. To make good this deficiency, such information
will be recorded and included in the PMM manual.

The usefulnes of the PMM approach is multi-tiered in the sense that having
been used as the basis of the training course, end having provided an
effective and efficient method of fault finding technique its purpoas
subsequently will be a source of reference.

The disgnostic flow charts seek to identify the nature of the fault by =asking
a series of gquestions. By following & logical sequence of symptoms observed
and actions taken and by use of the supplementary maintenance and ecircuit
performance infommation which is provided, the area of fuilure will be
localised.

It has to be admitted that it is not possible te develop the technique to the
point where all possible fault occurances could be detected, nor would it be
cost effective to do so. Its aim is to assist technical staff to rapidly
locate the area of a failure leaving the skill of the individual and using the
training he haa been given, to take him the rest of the way.

The PMM sections of the handboocks are produced in house after the expenditure
of a considerable smount of effort on the part of staff within Maintenance
Planning, Training Section and the Regional Organisation. They have been and
will continue to be modified in the light of actual experience and usage, but
this can only be done effectively with the cooperation of staff in the field.

36



The =adoption of the technique and the provision of the information by the
central maintenance organisation is not intended nor should it been seen, as a
declaration of no confidence in the fault finding ability of staff. Any
forward looking organisation such as  the Directorate must continually
reappraise its methods, question its procedures and strive to maintain and
improve its efficiency and levels of service to its users services.

Hundbooks and PHMM sections are provided for the benefit of all maintenunce
ataff apnd will only develop and evolve through use. Feedback which will
develop their potential still further is to be encouraged and welcomed and
should be directed to the Engineer in Charge, Weyhill wia local line
management. Feedback of this nature will be acknowledged!.
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DOCUMENTATION

Introduction

Most handbooks for use in the field %being supplied through Maintenance
FPlanning will be +to Home Office GSpecification G2 issue 2. For leas
complicated equipments this Specification may be relaxed to G3 or G4. All
WARC contracts for Fixed and Mobile equipments have Handbooks included and
they should be delivered before the equipments.

Handbook Specification G2 issue 2

After the contents and introduction pages the handbook will e sub-divided
into Seven parts with the following headings,

Part 1 System Information

Part 2 Interconnections

Part % Technical Deacription

Part 4 Aligmment Procedure

Part 5 Parts List

Part 6 Maintenance Poliey

Part 7 Preferred Maintenance Methods

The type of information that can be found in each part of the Handbook will
be:-

Syatem: Information

There will be a brief description of the system equipment with reference to
the general installation of the system or equipment. This will also cover
controls and the operating procedure of the equipment.

An overall block diasgram of the system.

Line drawings to show details of the equipment.

The system test specification

Punctional test disgrams and functionsl cireuit diagrame also test tablea

Interconnections

Wiring dimgrams showing interconnections betwsen units and sub-units with
there function, pin number and colour code of the cable.

Details of any special connectors plugs or socketa.

Details of ribbon-type cable and relevant information.
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Technical Description

Wlectriesl and mechanical details of the equipment und sub-ussemblies.
Petuils of front panel controls and instrumentation.

Cireuit layout, printed circuit board layout of all boards with component
locations.

Details of tracking layout.

Full ecircuit diagram of the equipment.

Aligmament Procedure

Full test specification for all units and sub-units to enable testing om
completion of repair.

Details of test procedures including test points.
Recommended test egquipment and method of connection.
Parts List

4 fully comprehensive list of all replaceable items with manufaciurers
reference numbers snd Home Office Vocab part numbers.

Maintenance Policy

This iz where the FEguipment Maintenance Policy (BMP) and the BEguipment
Maintenance Method (EMM) will be inserted. They will be provided by
Yaintenance Planning Unit.

Preferred Maintenance M=thods

Preferred maintenance methods will be produced by Maintenance Flanning and
inserted into the handbook.

There may be things in this specification that need dimproving by either
adding to, or even removing altogether. This specification was written with
the help of staff in the field. If you can highlight any shortcomings with
G2 Specification, you should pass them on to us at Maintenance Planning for
possible inclusion in G2 issue 3, through the nommal channels.
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AERIALS

The following aerials have been purchased for WARC Frequency Conversion Plan:

(u)

)

{e)

[d)

(el

(£)

(&)

Folded Dipole: will be used for single channel sites or where no other
asrial or system is posaible. Gain of the aerial O db.

Turnstile: Comprising four dipoles with booms welded to a aingle pole
in & symmetrical ring, alsoc contains a ground plane and a screening
sleeve. Can only be used on the top of the mast. Gain of the aerial O
dB (nominal).

Double Turnstile: As for & aingle turnstile but comprises two rings of
dipoles co-phased. Increased wind loaded area will restrict use. Gain
of the aerial 3dE (nominal).

End Fed Dipole: Can be used for &4 single channel site where top of the
mast is free. Gain of the aerial 0d4B.

Ground Plane: Fitted if the top of the mast is free. Maybe used in a
array (normally four) with BUTLER MATRIX combiners to provide good
horizontal radiation patterns for up to three channels. Gain of the
aerial 0dBE.

3lot Panel: Conaists of a skeleton slot in front of a acreen. For =
aingle ring of four panels, may be OdE to -2dB. Using two rings and co-
phazing will provide 3dB gain.

Yagi 2, 3, 4 and 6 element: 2, 3 and 4 element used with main
transmitters and receivers where horigonta radiation pattern shaping or
some improved mast isolation is required. 6 element used mainly for
radio linking but, in welded form, mey be used for main transmitters and
receivers.

Cable Feeders

The following cables have been purchased for WARC Frequency Conversion Plan.

{a)

(B)
(e)

7/8" Air Core low loss feeder: This cable consists of an inner

copper conductor with s high density polythene helix wound to insulate
the center corrigated copper conductor. The outer jacket comprises of
a polymer layer covered in black polythene. Note special tools

have been purchased for the installution of this cable.

7/8" Foam filled co-axial cable:

RG 214 Coaxial cable.
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Filters

Tne following typeas of filters will be used by the Directorate for WARC
Frequency Conversion Plan-

{a) HReceiver bandpass/bandstop filter for use at VHT.

(e Transmitter Bandpass Filters for use at VHF.

{e) Link Transmitter bandpass filters.

{d) Cavity Resonator Filter.

Yote: These filters will also be used on the WARC fire frequencies

Aerial Distribution Amplifier

There are two typss of A.D.A's covering WARC Police and Fire frequencies, main
receivers and link receivers.

(a) Mein receivers, the frequency bands on which the amplifiera will operate
ares:;

(i) 80 - B4 MH=
(1i) 14% - 149 MHz

{b) Link receiver, the freguency bands on which the amplifiers will operate
are:

(i) 143 = 144 MHz
(41) 146 - 148 MHz
(444) 152 = 156 MH=z

DuElexera

The passive bandpass duplexing assembly wused by the Directorate will
incorporate (spectrum dividing) bandpass filters which will allow one or
several simultanecus, two way, multi channel communications using & aingle
aerial.

Isolators

Circulators with a loaded port. The devices we shall be using are three port,
designed to be used with link and main transmitters. The return port will be
loaded with the appropriate 50 Ohm load and will sbsorb eny returning KF
power, Bbe it the transmitters own reflection or coupled input from adjacent
aerials, hence reduce any re-radiation in the transmitters non-linear output
section.

Loads
Generally loads will come with their matched egquipment, ie: isolators and

transmitters combinera. But we shall also be purchasing 25 Watt and 100 Watt
{dry) RF dummy load resistors for use with aerial combining and the like.
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Splitters

Pour types to be purchased; commonly called Splitter transformers or coaxial
transformera. They can be equal or unegual, 2, 3 or 4 way splitters with
either 1/4 or 1/2 wave length construction. The unequal splitters are termed
to have Z:1, %:1 or 4:1 transformer ratios, but this really means they are a
two way splitter with a ratic of power splitting between the two merial of =&
parts to 1, 3 parta te 1 or 4 parta to 1. Aa an example assume 100 Watts in
with no losses, on a 4:1 ratio one aeria rediates 20 Watts the other 80 Watta.

Combiners
% types to be purchased for use as Transmitter Hybrid combiners.
Type A (Tower mounted, load rack mounted)

Type B (Rack mounted)

Type C (Low power 4 input rack mounted)

Used for connection of up to 3 transmitters and/or receivera to multi-serial
ATTAYS. Two types are to be purchesed sand although esch has four inputs only
three will normslly be wused, because the 3rd port gives a clover leaf

transmitted pattern which is of no useful cover. Therefors, the third port
will be loaded with a dummy losd in the equipment room.

Type A (4 input 4 output)
Type B (4 input 4 or 8 output)

Test Equipment

Time Domain Reflectometer.

The time domain reflectometer is & self contained, mainas/battery lightweight
field portable instrument.

The instrument is capable of teating all types of cosxial cables and twisted
pair wusing the pulse echo techniques. Impedance mismatch will be determined
in terms of reflection coefficient and their locations presented on a large,
unambigioua & digit display with resclution down to 1 ecm. A parmanent copy
facility 1is also provided for future cable/antenna reference. It ia to be
noted that the instrument has been optimized for simplicity of uae and quick
and easy performance measurements.

Chase Measuring Receiver

The measuring receiver is a self contained mains/battery and vehicle supply
(12V) operated, light weight Tield portable instrument. The instrument is
ideal for use in interference tracing and to enable field atrength

measurerents to be made.
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Spactrum Analyser with Tracking Generator

The Specirum Analyser/Tracking Generator will be used by Depots to check the
charscteristics and alignment of RF filters, Duplexers and Spectrum analysia,

Sweep Generator with Display

The requirementa for the Sweep ayatem and Cathode ray tube diaplay covering
the frequency range 1 MHz to 250 MHs, is for the setting up and measuring the
frequency response of wide band sctive and passive circuits in both mobile
radic's and hilltop site equipment. The equipment will be wused in both
workshop and field locationa.

Network Analyser

This wnit is & very expensive device and we therefore are reatricted to one
unit. This will be held at Bishops Cleeve and used as a Field Standard.

This unit will mo=t likely be held in recovery section, who wll be used as a
clearing house between D.0.T and the manufacturer. This clearing house
procedure will be required because of the long warranty periods offered on
some passive devices, also the fact that certain items are extremely difficult
for the Directorate to repair due to the sophisticated test equipment needed
to obtain the high apecification performance.

Hoise and gein Analyser

As mentioned above, wvery expensive and we shall only purchase one as a field
standard. Will be used for checking noise sources, low noise amplifiers as in
our new generation A.D.A.'s.

Commissioning of Sites

Take signature of cablea and merialas using TDR

By using the TDR, & hard copy can be obtained for future reference. With a
memory option the ability to display commissioning asignature and present

signature on the screen at the same time, will enable ease of compariscn. It
will still require an element of experience to evaluate any differences.

Confirm RF power at mast head splitter ports using thru-line

The mast head points of interest, are looked on as being Jjust building blocks
within the overal system. They are seen as being important to identify a
particular faulty dipole within the array, because to de-rig & complete array
may require 4 to 5 aerial riggers and & lengthy operation. Therefore to be
able to identify one leg and be able to safely exchange it, will be & great
advantage.
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Dravw block disgram with actual dBW insertion levels indicated

The block diagram we see as being a plasticated wall mounted sheet to be
displayed &t =all hilltop sites to show the dBW insertion of each building
block within the aerial system. Although the repair of any passive device
Wwill be by substitution, because of the number of channels potentially using
the system, we feel that before any equipment is exchanged, we must be 99%
certain that it is the faulty unit. S0 we look to achieve this aim by
practical test and any help that is forthcoming from field staff.

AF level map of county using the GPR 40 measuring receiver

RF coverage surveys will be a great help to us in the future for identifying
loss of cover on our radio schemea. It may well identify which lobe of an
aerial array is faulty and with closer inspection be confirmed without the
lengthy procesa of checking each lobe.

Aerial Documentation

Site Handbook

This will e a compilution of all aerial systems equipment, not Jjuat the
equipnent held on the individual siteas.

The heading of each eguipment will be:

1. Photograph or drawing of equipment

2. Deseription of circuit

P Block and circuit diagrams

4. Bquipment required for checking and method
5. Home Office and manufacturers part numbers
B EMP

Block Diagram

This a plasticated sheet, showing the complete block diagram (complete
installation) of each aite, with levels inserted.

Site aurvey proformas

This will be & complete dummy proferma for field staff te fill in, as they
carry out their VHF surveys of each channel on commissioning. The proforma is
designed to help reduce time and paper work. Also to obtain standardization.
Mapas of each county wll be supplied to cover all areas. A copy of each survey
will be required by Maintenance Planning to create a complete master of the
country.
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Aerial riggers handbook

Tnis handbook written by CCE Harrow, and produced by Haintensnce Planning will
be an invaluable source of information to all serianl riggers and field staff
involved in aerial planning.

The copies sgupplied to the seriel rigging staff will be plasticated. Any
other copies will be normal paper.

The general headings are listed below:

vol 1. (1} Job description of rigging staff.
{(2) Hdealth and Safety regulations.
(%) Training objectives.

vol 2. Technical data.

vol %. Toels/Bquipment vocabulary.

Iasue of handbooks

One per rigging team (plasticated).

One per regional depot (normal).

One per each member of aerial working group.

Any further copiea via engineer in charge CCE Harrow.
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