UK /V.R.C. 353

TECHNICAL DESCRIPTION
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RADIO SET RT-353




VHF VEHICLE SET

UK/VRC-353

Main Contractors: MARCONI SPACE AND DEFENCE SYSTEMS LIMITED (MSDS)
FOREWORD

In addition to manufacturing and supplying the UK VRC-353, Marconi Space and Defence
Systems Limited undertakes the prime contractorship of the Clansman VHF Vehicle Radio
System which includes the Control Harness, headsets, etc. As such it provides systems
proposals and planning facilities and is able to supply all the items necessary to meet
customers specific requirements in vehicies, both armoured and soft-skinned.

INTRODUCTION

The UK VRC-353 is a VHF FM transmitter receiver providing two-way simplex voice

and data communication. \

Although designed primarily for vehicular multi-set installation, in conjunction with the
Clansman harness it is equally suitable for applications such as fixed or portable ground
station and unattended repeaters. It may be used with a variety of specially-developed

antenna systems. There are built-in facilities for remote control of transmit/receive, operator
intercommunication and local or remote automatic re-transmission with or without the harness.
The set, which is sealed, may be stored or transported un-packaged in conditions of high
humidity or low air-pressure, and will operate in extremes of temperature fully exposed to
rain, dust or solar radiation. Its performance is unaffected by wide voltage variations of battery,
and it incorporates protection against high-level supply transients.

The UK VRC-353 is interoperable with the Clansman VHF manpack sets and with equipment
now in service, such as the C-42 No. 2, the VRC-I2 and the SEM 25, and it meets NATO
specification for a 30 km (20 mile) set.

DESIGN FEATURES

Ease of operation

A single channel-setting switch controls simultancously the transmitter, the receiver and the
antenna tuning unit, and re-tuning from any frequency to any other is completed within

ten seconds. Automatic gain control holds the modulating level constant for microphone inputs
corresponding to any speaking level from a whisper to a shout. V

Frequency stability

The digital synthesiser with its high stability, temperature compensated master oscillator
maintains the selected operating frequency within 5 parts per million at any ambient
temperature down to -40 C.

Immunity to interference

The extremely high selectivity and the low spurious radiation allows sets separated in frequency
by only 5% and with aerials 2 metres (6 ft) apart to be operated, at full power with negligible
mutual interference. :
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Channel availability

The stability and selectivity of the set make it possible to use 25 KHz channel spacing without
restriction of performance, but a 50 KHz mode is also provided so that the set is interoperable
with equipment now in service and those projected for future NATO use.

Versatility
A switch, incorporated in the front panel, enables the equipment to be operated in either an
analogue voice mode or in a digital data mode, with data rates up to 20 kilobits per second.

Microminiaturization

The use of microminiature components and techniques enables high performance to be
achieved in about one-third of the volume of comparable sets now in service, and greatly
increased reliability.

Ruggedness
The set is engineered to withstand rough handling and transport by land, sea or air unpackaged,
and to operate in the shock and vibration conditions encountered in fighting vehicles.

Ease of Maintenance
Modular construction allows faults to be located to replaceable sub-units, the more expensive
of which may be repaired at base workshops.

Comprehensive facilities
All circuitry required to provide the control and operational facilities for the various types of
installation within the equipment, eliminating the need for extra units.

ENVIRONMENTAL SPECIFICATION

The equipment has been designed to meet the requirements of the British Defence Specification

DEF 133 Class L3 (Ground Equipment, exposed and immersible, unpackaged). Its Ambient working
temperature range is -40 C to +55 C and in addition it will withstand the heating effects of solar radiation.
The storage temperature range is -40 C to +65 C. It is designed to meet the operational conditions in
wheeled and tracked land vehicles, travelling on surfaced and unsurfaced roads and open country,

and transported by land, sea and air. It will withstand operational shocks in armoured fighting vehicles
due to the impact of non-penetrating shells on the vehicle armour, and delivery by normal parachute
techniques. The equipment is capable of operation and storage under conditions of heavy driving rain,
salt spray, high wind, driving dust, driving snow and humidity in excess of 95% at 30 C.

The equipment can be operated and stored at altitudes of 2,500 metres (8,200 ft) and can be transported
in unpressurised aircraft at altitudes of 8,500 metres (25,000 ft). The equipment will stand immersion to
a covering depth of 1.6 metres (5 ft) of water for at least two hours. It is immune to the corrosive effects
of acid spray from secondary batteries and it is also unaffected by severe contamination by fuel oils,
hydraulic oils and lubricating fluids.
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General

Frequency
Range
Number of
RF Channels
Channel
Spacing

Frequency

Setting

Frequency
Stability

Radio System
Ambient
Temperature range
Size

Weight
Power Supply

Power
Consumption

Transmitter

Output Power

Harmonic
Suppression
Spurious
Suppression

BRIEF TECHNICAL SPECIFICATION

30 - 75.975 MHz

30 Km (20 miles).

1840 at 25 KHz spacing.

920 at 50 KHz spacing.

25 KHz with 5 KHz peak deviation.
50 KHz with 10 KHz peak deviation.
Selected by switch on the front panel.
Manually by switch on front panel.

+/- 5 parts per million (380 Hz maximum)
from all causes.

VHF FM simplex voice or VHF FM data.
-40 Cto +55 C.

Height 21.7 cm (8.5 in), width 24.2 cm
(9.5 in), depth 25.9 cm (14 in).

22 kg (about 501b).

Will work with battery voltages between
21.5V and 34V, with superimposed ripple
of 4 volts peak to peak and short duration
spikes of +/- 600 volts. There is no DC
connection between supply terminals and

* any other terminals and/or the case.

Typical current consumption: 3A on
receive, 10A on transmit at 24V DC.

Full-power output of SOW into resistive
load of 50R and 35W into a v.s.w.r. of 2.1.
Output power can be reduced by a switch
to 15W, 1W or 100mW.

The transmitter will continue to function
without damage into any load impedence.
Harmonic frequencies up to 500 MHz are
at least 50 dB below the wanted output.
The spurious output in any 25 KHz
channel 5% or more off-tune is at least
120 dB down on maximum transmitter
power except in channels which are
harmonics of the transmitter frequency.
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AF Input

AF Response

Receiver

Sensitivity

Selectivity

Image Response
IF Suppression
Interfering
Signal Rejection

Receiver
Protection

AF Output
AF Response

Squelch

Full deviation of the transmitter is produced
by the signal level of 0.5 mV - 20 mV.

300 Hz: -3 dB, 1000 Hz: 0dB, 3000 Hz:
-3dB

Less than 0.5 uV rm.s. e m.f. for 6 dB

S/N at 1000 Hz modulation frequency and
N full deviation.

Rejection of the receiver at the centre
frequency of all channels, except that to
which the receiver is tuned is greater than
100 dB.

At least 100 dB down on main response.
Better than 100 dB.

A sensitivity of 10 dB less than that defined
above can be achieved in the presence of an
unmodulated interfering signal +/- 5% off
tune and of e.m.f. 20 volts r.m.s.

No damage will be caused by a signal on the
antenna terminal of e.m.f. 100 volts r.m.s.
and at any frequency within the tuning
range.

Local Headset: 100 mW maximum.

300 Hz: -3 dB, 1000 Hz: 0 dB, 3000 Hz:
-3dB.

Fully automatic.
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CLANSMAN RADIO RT-353

INTRODUCTION
WARNINGS:

High Voltage
This equipment uses an internal supply of +600V d.c. and great care must

be taken to avoid contact with this line.

Beryllium }
This equipment uses components containing beryllium or beryllium-oxide.

In certain circumstances they can constitute a health hazard. Before
working- on the equipment consult Gen K050 - Beryllium Toxic Hazard in
Electronic Equipments - which gives general information, handling and
disposal instructions.

COOLING AIR

The cooling air flow through this equipment must not be obstructed at the
back or front of the equipment.

ROLE AND PURPOSE OF EQUIPMENT

1. The VRC 353 is one of the CLANSMAN range of radio equipments, designed
for use in vehicle installations or as a ground station.

2. The RT 353 is a VHF (FM) transmitter/receiver which covers the frequency
range 30 to 75.975 MHz and is capable of transmitting and receiving speech, data,
telegraph and facsimile signals, the latter being via an applique unit.

3. An identifying modulation of 150 Hz is superimposed on transmissions
(except in the WIDE or DATA mode) to permit interworking with equipments of
diverse origin and for use during automatic rebroadcasting working.

4. The RT 353 is capable of being used in three basic configurations:
a. In a harness system (Data or Analogue).

b. Remote operation, using a single pair field telephone cable up

to 3 km long terminated in a remote handset, another radio or special
applique unit. When connected to another suitable radio, an automatic
rebroadcast link can be established. Telegraph signals are accepted
via the remote terminals from an appropriate Telegraph Radio L/HL.

c. Local operation via the AUDIO connectors on the front panel.

5. In harness or remote operation, the audio routing (send and receive) and
transmit/receive switching are remotely controlled, but frequency and mode
selection remain on the radio. This provides single frequency SIMPLEX
communication.

6. The RT 353 is operated in conjunction with the Adaptor RF Antenna Tuning
(ARFAT) and the Tuner Unit Automatic Antenna Matching/TN 402 - TUAAM/TN402.



MAIN PARAMETERS

7. Qperational Parameters

Range: Up to 50 km with a recommended vehicle antenna.
When used in a static role greater distances may
be obtained by the use of an elevated whip or

inverted "V" antenna.

8. Physical Parameters

Height: 215 mm (8 1/2 in)
Width: 240 mm (9 1/2 in)
Depth: 355 mm (14 in)
Weight: 22 kg (50 Ib)

9. Electrical Parameters

Frequency Range: 30 MHz to 75.975 MHz in three discrete bands:

Band 1: 30 MHz - 40.975 MHz
Band2: 41 MHz-55.975 MHz
Band 3: 56 MHz - 75.975 MHz

Frequency Stability: +/- 5 ppm

Intermediate Frequencies: 1. 9.6875 MHz

2. 312.5kHz
No. of channels: 1840 at 25 kHz spacing
920 at 50 kHz spacing
Receiver sensitivity: Analogue: 6 dB (s+n/n) for 0.5 uV rms emf input,
modulated by 1 kHz at 5 kHz deviation
(NARROW) or 10kHz (WIDE)

Data: Sensitivity such as to give error rates
specified for corresponding input levels of
unfiltered data at 16 Kb/s.

Signal Level (rms/emf) Error Rate
1413 uv Less than 0.3%
1.0 uV Less than 4%
0.71 uV Less than 14%
0.5 uVv Less than 26%

Receiver selectivity: Rejection greater than 80 dB on all channels

other than that selected.



AF Output:

Analogue: For input of 0.5 uV rms
emf modulated by 1Khz at 5 kHz
deviation (NARROW) or

10 kHz (WIDE)

Sidetone level: For input of
30 mV rms emf at 1 kHz to
AUDIO socket pins A and B

Data: For input of 0.5 uV rms

emf modulated by 2 kHz at 4 kHz
deviation (NARROW DATA) or by
2 kHz at 8 kHz deviation (WIDE
DATA)

Squelch operation:

Transmitter power output:

Modulation Sensitivity:
Analogue:

Data:

Tone:

Side tone:

2.7V rms (nominal into 75 ohms at
AUDIO sockets with GAIN control
fully clockwise. 1.7V rms (nominal)
into 75 ohms at HARNESS socket,
independent of GAIN control.
0.75V rms (nominal) into 300 ohms
at REMOTE terminals, independent
of GAIN control

2.75V rms (nominal) into 75 ohms
at AUDIO sockets with GAIN
control fully clockwise.

900 mV emf peak-to-peak (nominal)
from a nominal 500 ohms at HARNESS

connector pin D.

By 85 Hz internal modulation of
local oscillator.

100 mW to SOW (nominal) according
to setting of POWER switch, into
50 ohms.

5 kHz (nominal) peak deviation (NARROW)
10 kHz (nominal) peak deviation (WIDE)
for a 1 kHz at 1-40 mV rms emf signal

to AUDIO connectors pins A and B with
GAIN control to mid-position, or for a

I kHz at 80 mV - 4V rms emf balanced
input to REMOTE terminals or HARNESS
connector pins A and B independent of
GAIN control.

4 kHz (nominal) peak deviation (NARROW),
8 kH (nominal) peak deviation (WIDE),

for a binary input of a regular 00001111
pattern at 16 kb/s (WIDE DATA) or 8 kb/s
(NARRROW DATA) at a level of 3.2V emf
peak to peak at HARNESS plug pin A

(wrt pin B) from a source impedance of

600 ohms (nominal)

1.45 kHz (nominal) peak deviation(NARROW)
2.9 kHz (nominal) peak deviation (WIDE)

True, by leakage across the antenna



10. Remote Control Parameters. The radio will transmit when a d.c. current
of between 8 and 11 mA is drawn from the remote terminals. The radio will
generate a call tone of 2 kHz (nominal) when a d.c. current of between 20 and
35 mA is drawn from the remote terminals. The remote user has false sidetone
generated in the remote headgear.

11. Power Supply Parameters. The radio will perform to specification for
d.c. inputs between 21V - 33V d.c. (24V d.c. nominal).

Current Consumption: 12A maximum at 28V on transmit
9A nominal at 28V on transmit
3A +/- 1A on receive.

12. Coding and Identification Data. Table 1 lists the assemblies/sub-assemblies
which together form the equipment.

Assembly Designation Principal items and
Number sub-assemblies
1 Chassis Wired Assembly Heat Exchanger, Front Panel complete

with switches/sockets/plugs, internal
plugs/sockets and wiring harness.
(1a) Front Panel Components
(1b) Meter control

(1¢) Blower drive

(1d) Audio pre-amplifier

(le) +28V supply filter

(1f) TUREF filter

(1g) Gain control

(1h) Crystal oscillator

(1) TUAAM Control Board

2 Printed Circuit Board (2a) Tuning Board
Pack (2b) Modulator Board
(2¢) Control Board
(2d) Audio Board
(2e) Motherboard

3 Receiver (3a) Chassis and components

(3b) Front-end protection

(3¢c) Control IF

(3d) Signal IF

(3¢) Signal mixer

(3D Buffer Amplifier

3g) Turret drive - 3g TS1
p.e.c./relay and connector

(3h) Local oscillator

(39) Filter

(3k) Varactor amplifier

Bp) Turret lids r.f.

(31) Turret lids band-pass




Assembly Designation Principal items and
Number sub-assemblies

4 Transmitter (4a) Chassis and components
(4a) TS1 End Filter
(4a) TS3 Power amp component

plate

(4a)  TS4 High volts end plate
(4b) Varactor plate
(4cl)  Control Board 1
(4c2)  Control Board 2
(4e)  End plate TSI
(4e) TS2 Harmonic Filters
(4f) Turret drive
(4g) Turret lids including
(4h)  Oscillator
(4)
(4k)  Temperature sensor

S IF Amplifier (5a) Main chassis and components
(5b)  Relay assembly
(5¢) Amplifier

6 Synthesiser (6a)  Buffer amplifier
(6b)  Fixed divider
(6¢) Variable divider
(6d)  Comparator

7 Power Supply (7a) Chassis and components

(7b) Control panel

(7¢) Regulator drive

(7d) Tunnel diode

(7¢) HV diode

(7f) Choke section

(7g) Output section

(7n1)  Blower drive supply chassis
(7n2) Blower drive p.e.c.

Table 1 - RT 353 Assembles/Sub-Assemblies

14. Testing and Repair Facilities.

a. Unit Repairs. The RT 353 is a sealed equipment and consequently no
attempt should be made at Unit level to carry out repairs other than the
exchange of loose CES items, and the replacement of external components.
b. Field Repairs. Repairs at Field level will be the replacement of any

of the 6 items designated CENTREMS (see Table 2) and the replacement of
discrete components on the 3 major assemblies. In addition, repairs to

the Front Panel and Chassis Wired Assembly will be by replacement of
individual components or 'throwaway' PECs. ,
c. Base Repairs. Other than complete overhaul of the equipment. Base
Workshops will be responsible for the repair of faulty CENTREMS backloaded
from Field Workshops.




Designation

Amplifier Intermediate Frequency (Unit 5)
Panel Electronic Circuit (Tuning Board 2a)
Panel Electronic Circuit (Modulator Board 2b)
Panel Electronic Circuit (Control Board 2¢)
Panel Electronic Circuit {Audio Board 2d)
Synthesiser, Electrical Frequency (Unit 6)

Table 2 - RT 353 Designated CENTREM Items

BRIEF DESCRIPTION

CONSTRUCTION

15. The equipment is housed in a rectangular cast aluminium alloy case and
secured by five dowel bolts, one at each comer of the equipment front panel
and one centrally located in the rear wall of the case. The rear wall

sealing bolt includes a sealing washer.

16. Sealing is provided by torodial rubber sealing rings between front
panel and case and at each blower outlet in the rear wall. Additional
sealing is provided at the blower outlets by a rubber and metal seal located
beneath the sealing rings.

17. Excessive internal temperatures are limited by the use of a heat exchanger.
Air is drawn into the equipment via the front panel grille passed through a
hollow metal chassis (heat exchanger) on which all the main assemblies are
mounted, and exhausted to the rear by two blower motors.

18. A carrying handle, retained in the stowed position by a spring clip,
an earth bonding terminal and a cable stripper are mounted on the front
panel. A cartridge dessicator and seal test plug are located in the rear
wall of the case.

~ 19. Two retaining blocks, secured to the rear bottom corners of the case,
provide the method of retaining the equipment on CLANSMAN mounting bars,
the bars engaging with slots machined in the bottom of the case.

20 mm

\4— AN
\ AN

,\ - \
N\ "5mm
\ -
15

215mm

Fig 1. Dimensions
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OUTLINE OF WORKING

20. The RT 353 VHF transmitter - receiver operates in three discrete bands
within the operating frequency range by automatic band selection controlled
by an electrically - controlled mechanical turret system, there being one
turret for the receiver and one for the transmitter.

21. A band change is initiated by the front panel frequency switch which
also controls a frequency synthesis loop system to maintain tuning to the
selected frequency to within +/- 5 ppm, the loop ensures that the local
oscillator is phase locked to a crystal reference frequency.

22. The Tuning Unit Automatic Antenna Matching TN402 (TUAAM/TN/402) is
automatically tuned to the required frequency using frequency and phase
detectors and servo amplifier driven motors. Control signals from the RT 353
are used to operate the Attenuator RF Antenna Tuning (AFAT).

CONTROLS AND FACILITIES (Fig 2)

23. The functions of the RT 353 are controlled by six front panel switches
(1a)S1 - (1a)S6, control and information signals being passed to and from the
equipment by eight front panel connectors, (1a)PL2, (1a)SK1 - (1a)SK6.

Q
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Fig 2. Controls and Connections




24. Frequency Selector Switch (1a)S1 The inner selector determines which
decade will be varied by the outer knob. Thus the two left-hand windows select
all MHz settings between 50 and 75 inclusive, and the two right-hand windows
can be set to between .000 and .975 in steps of .025 MHz. A slipping clutch
becomes operative after the maximum or minimum is reached on each of the
indicator drums. The minimum of the 10 MHz drum is 'O'". Thus by counting
the click positions from zero, the desired frequency can be obtained without
visual observation.

25. MODE Switch (1a)S2 A five position switch providing the following
facilities:

WIDE DATA : Data operation of 50 kHz channel spacing

NARROW DATA : Data operation of 25 kHz channel spacing

WIDE : Analogue operation at 50 kHz channel spacing
with no 150 Hz tone modulation.

WIDE TONE : As for WIDE but with 150 Hz tone modulation

NARROW : Analogue operation at 25 kHz channel spacing

with 150 Hz tone modulation,

26. POWER Switch (1a)S3 A seven position switch providing the following
facilities:

OFF : complete equipment switched off.

MIN : r.f. power output level 100 mW nominal.

1w : r.f. power output level 1W nominal.

15W : r.f. power output level 15W nominal.

50w : r.f. power output level SOW nominal.

0 : Equipment will not transmit except during tuning

sequence of TUAAM/TN402 when the power output is

“absorbed by a dummy load in the tuner.

TUNE : The 28V supply to the TUAAM/TN402 is interrupted.

This causes the TUAAM/TN402 to start a tuning
sequence when the switch is return from this
position. Switch biased to the 0 position.

27. TEST Switch (1a)S4 A ten position switch providing the following
facilities:

LPS OFF : All lamps off. Test Meter (1a)MET1 indicates received
signal strength.

FANS OFF : Fans and lamps off, transmitter inhibited. Test
Meter indicates received signal strength.

28V SUPPLY : Meter indicates supply voltage on marked scale,
whenever the 28V supply is connected.

RX SIG : Test Meter indicates received signal strength on

arbitrary scale.

TX 0/P : Test Meter indicates whether the transmitter output

valve is drawing the current appropriate to its
power setting. Correct operation is indicated by
pointer in green area (approx 2/3 f.s.d)

8



AFCTX

SYNTH

TEMP

TURF

OVERRIDE

Test Meter indicates whether the transmitter

frequency control loop is operating correctly.

Meter measures d.c. level from loop which will

be OV(nominal) when phase locked. Pointer should

be central +/- 3 divisions

Test Meter indicates whether synthesiser is locked.

For correct operation meter reads right of centre.

For incorrect operation meter reads left of centre.

Test Meter indicates whether the radio is overheated.
For normal operation meter reads right of centre.

For overheat meter reads left of centre.

Test Meter indicates whether ARFAT temperature is within
limits. For normal operation meter reads right of centre.
For incorrect operation meter reads left of centre.

In this switch position the TEMP and ARFAT alarms
are over-ridden, muting by the squelch circuit is
overridden and the cooling fans are switched on.

The switch is biased to the ARFAT position. Test
Meter indicates whether Transmitter is locked,
correct operation meter reads right of centre.

28. GAIN Switch (1a)S5 A ten position rotary switch which simultaneously

controls the audio level to the AUDIO sockets and the audio level from the
microphone pre-amp such that increasing the level of one decreases the level

of the other.

29. REMOTE Switch (1a)S6 A six position switch giving the following

facilities:

LOCAL

AUTO

BK-IN

LC.

CALL

Control of the radio is by a CLANSMAN headset/handset
connected to either of the AUDIO sockets.

Control of the set, in addition to the local operator,

is by either a CLANSMAN remote handset connected to the
REMOTE terminals or a CLANSMAN harness installation
connected via the HARNESS socket.

Automatic rebroadcast available using a further radio
connected via the REMOTE terminals or via an appropriate
system connected to the HARNESS socket.

Supervisory facility for the local operator preparing

for automatic rebroadcast working. Automatic

rebroadcast is inhibited and operation of the local

pressel causes both the local and the remote controlled

sets to transmit. With the pressel released, the operator
hears both the local and the remote received signals.
Intercommunication between the local operator and

the remote user without r.f. transmission.

Audible tone heard by local and remote users,

'Call' current is drawn from the remote lines.

The switch is biassed to the IC position.

9



30. DC Input Plug (1a)PL.1 A two-pin plug with '+' and - identification.

31. AUDIO Sockets (1a)SK1 (upper) and (1a)SK2 (Lower) Two 7-way sockets for
local handsets and headsets.

Mic +

Mic -

Supply (28V)

phone

earth (return for C.D,F and G)
pressel

phone

Pin:

QmmOoOw»

The supply at Pin C is through a 470 ohm resistor to prevent damage due to
accidental short circuits. Pin D and G are connected together inside the
equipment, pin B is a separate mic earth return to avoid unwanted audio feedback.

32. HARNESS Plug (1a) PL2 A 7-way plug for operation via CLANSMAN harness.
Pins A and B are connected in parallel with the upper and lower REMOTE terminals
respectively when the RT 353 is operated in the analogue mode.

Mic +
Mic -
carth
phone +
phone -
not used
earth

Analogue pin:

data input

transmit/ receive command

earth

data output

signal strength/squelch/tone output
clear speech command

earth

Data pin:

Cmomaow» QoomUaw >

33. TURF Connector (1a)SK3 A 12-way double density pattern 104 connector for
control of TUAAM/TN402.

Pin: A)
B)
O not used
D)
E)
H)
K)
L ARFAT Temperature
M Tuner keyline
O Silent tune
P earth
S +28V
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34. A current not exceeding 100 mA may be drawn from Pin S whilst the set
is transmitting on full power, up to 4A may be drawn whilst the set is not
transmitting, but if the set is made to transmit whilst such a current is

being drawn the PSU will trip out. The supply can be interrupted by the
POWER switch.

35. Pin L will be at logic 1 for ARFAT temperatures within limits, this

will change to logic O (overheat) to produce an ALARM condition. Pin M

is an input from the TUAAM/TN402. When connected to earth (Pin P) it causes

the radio to transmit at a fixed r.f. power level (50W) for TUAAM tuning.

Pin 0 is open circuit except when connected to 0V by the POWER switch to cause
the TUAAM/TN402 to absorb all transmitted power in a dummy load during tuning.

36. ANT/TURF Connecter(1a)SK4. A BNC pattern 16 connector for RF input
and output.

37. REMOTE Terminals (1a)SK5(+") and (1a)SK6. Spring terminals suitable for
connecting to stripped wire, used for the remote handset or remote radio. The
equipment contains 'SEND' and 'CALL' detectors which operate at pre-determined
line current threshold levels. The behaviour of the current detector is shown
below:

FUNCTION
MUST NOT CALL
MUST MUST CALL
NOT MUST MAY CALL {MUST NOT SEND
SEND SEND OR SEND
MAY
MAY SEND (SHORT
SEND CIRCUIT
CURRENT)
(SEND CURRENT)
0 4 8 l11 14.5 20 [ 35

LINE CURRENT (mA)

Similarly, when set for AUTO operation, and not already responding to currents
drawn from the terminals, the equipment draws send current from the line in
response to the appropriate r.f. input as defined below:

- MODE switch setting Required response to r.f.
NARROW 150 Hz modulation detected.
WIDE TONE 150 Hz modulation detected.

WIDE Squelch operated

I



38. Indicator Lamps The equipment has a red indicator lamp (1a) LPl which is
illuminated when the set is transmitting. The meter and tuning scale are
illuminated by internal white lamps. All illumination is inhibited in the
LPS OFF, FANS OFF AND OVERRIDE positions of the TEST switch.

39. Test Meter (1a)ME1 A test meter is provided, marked 16 to 32V. The
right-hand sector of the scale (24 to 32V) is coloured green and the left-hand
sector coloured red. Divisions are in 2V steps.

The test meter monitors:

Supply voltage.

Received signal strength.
Transmitter power.

Transmitter frequency control loop.
Transmitter lock.

Synthesiser

Temperature.

ARFAT Temperature.

e N -

40. Alarm Indications Certain equipment fault conditions produce alarm
indications in one of two ways:

a. Frequency dial illumination flashing on and off (at approx 1 Hz)
and all audio outputs interrupted (at approx 1 Hz).

b. Non-illumination of TX lamp when transmit commanded in other
than LPS OFF, FANS OFF and OVERRIDE positions of TEST switch (1a)S4.

41. Transmitter working is inhibited in the following conditions:

a. Failure of transmitter phase locked loop.

b. Failure of frequency synthesis giving incorrect frequency output.
¢. ARFAT Overheat.

d. Equipment overheat.

Indication of (a.) is absence of transmit lamp indication with the TEST switch

on other than LPS OFF, FANS OFF and OVERRIDE posistions and by meter reading
in the OVERRIDE position. Indication of (b.) to (d.) is primarily by flashing

lamps together with an audible indication in any earpiece or loudspeaker

connected to the equipment. The TEST switch then allows the cause to be

located by interpretation of meter readings.

42. In the event of a cooling failure a thermostat switches off the transmitter.

If the temperature continues to rise, a second thermostat will switch the

equipment off before overheating causes any damage. Certain alarm conditions

may be overridden, ie the equipment can be operated in the ARFAT or equipment
overheat alarm condition if urgently required. Setting TEST switch S4 to OVERRIDE
cancels the alarm output from the control logic circuits and lifts the audio

muting on Audio Board 2d. The blowers are switched on regardless of prevailing
temperature conditions, the front panel meter indicates whether the transmitter

is locked, and the front panel TX lamp is switched off.

12



TECHNICAL DESCRIPTION
TECHNICAL NOTES

43. The logic circuits within the equipment employ conventional positive logic techniques
with intergrated circuit 'chips' providing elements such as Nand gates, inverters, bistables,
monostables, etc. The symbols employed in this precis together with their associated truth
tables are shown in Figure 3.

44, Unity Gain Amplifier This is a gated amplifier specially developed for the RT353
being used on both Audio and Modulator Boards. The amplifier exhibits the properties
of a linear gate with both normal and negated inhibiting inputs as the controlling
influences. A logic 1 input to the normal inhibiting gate will prevent an output signal
representing 1 whatever the level of the other inputs. A logic 0 input to the negated
inhibiting gate will have the same effect.

45. The 'through’ signal paths are at an audio frequency at a level of +/-2 volts
and not switched logic levels; the gain as the name implies is unity.

SIGNAL IDENTIFICATION AND LOGIC SYMBOLS

46. Identification of Signal Logic A signal is identified on the Logic Diagrams by
a 'name’, the name of the signal relating to the defined 1-state. The convention 'name’
with a bar over the top refers to the logic negation of the same signal.

eg SYNC = the logic negation of SYNC

Logic Symbols employed in this Precis

TRUTH T&BLE
A ™~ X LIRS
Buffer / ” 5
1 1
A X
A \ ¥ ——D —~—1
Inverter / 1 o
A B | X
X Tl 1 [
NAND Gate 0 1 1
1 0 1
0 0 1
J Q INPUT | AFTERCLOCK PULSE
JK Element  Clock ] G f g: CIR ;:z ‘E
with direct K I 00 1 + o+
clear CR 0 1 1 I
11 1 * e
- - 0 0 1

* Depends on last previous Q and Q state (output states reverse)
+ Output states remain as for before the clockpulse

F1g 3. Signal Identification and Logic Symbols.




47. The output function P.A. ON (Fig 4) is only present when TRANSMITTER
LOCK AND SYNTHESISER LOCK AND (OVERRIDE OR ARFAT TEMP AND TEMP)

are present as inputs.

TLXLOCK

SYMTH LOCK PA ON

OVERRIDE

TEXLOCK
SYNTH LOCK.

ARFAT TEMP
TEMP

PAON

Fig 4, Output Function - PA On

TURRET BAND SELECTION

FREQ SETTING y| TXTURRET —
SWITCH CONTROL __—

I
T¥ TURRET
¥ & INHIBIT
TX TURRET BN - TURRET LIDS
RX TURRET ( ) ; —
CONTROL
|
INHIBIT FREQ RX TURRET

‘ ™ CONTROL

Fig 5. Turret Control Block Diagram
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48. The frequency range of the RT353 is divided into three discrete bands:

Band I --- 30 - 40.975MHz
Band 2 --- 41 - 55.975MHz
Band 3 --- 56 - 75.975MHz

49. Each band has discrete RF tuned circuits and oscillator circuits, the
components of which are mounted on the turret lids. The transmitter Iid has
one turret per band each containing the P.A. rf timed circuits and oscillator
components (less main timing capacitor). The receiver turret has two lids per
band, the turret lid RF, containing two rf tuned circuits associated with

the first rf amplifier, and the ‘turret lid bandpass', containing a further

three rf timed circuits associated with the second rf amplifier and the local
oscillator tuned circuit (less main tuning capacitor).

50. The receiver and transmitter turrets are each driven from band to band by
individual dc electric motors under the control of associated circuits. The
two control systems are interconnected to ensure that whilst the receiver
turret is timing the transmitter is locked stationary. A control output also
holds the frequency control system inhibited until the receiver turret has
completed tuning.

51. Band change is automatic and is initiated as the frequency selection
switch (FSS) is changed from a frequency lying within one band to a frequency
within another band. The system is earth seeking.

4RLA
= L

=

: JRLA2 + 28V
i
. i \I oV
MICRO SWITCH MICRO SWITCH 352 1 A ee
A 3RLA1
451 381 o o
o o]
PART OF F§§ A TNHIBIT
R TUNING
: 302
10 MH2 :
! BAND 1
ov ! BAND2
IMH2 ! BAND 3
oV ! SETTING INCORRECT

—————— e e e =

Fig 6. Simplified Turret Band Select
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52. Fig 6 shows the system in the quiescent condition having selected Band 1.
If the frequency selection switch is now changed to a frequency in Band 3 the
following sequence occurs:

a. 0V is removed from Band 1 line from FSS and switched to Band 3.
b. The two control relays 3RLA/2 and 4RLA /2: de-energise.

¢. Contact RLA-1 places OV (logic 0) on one input of a 2 input NAND Gate
3TR1 (inhibit Tune).

d. Contact RLLA-2 places OV on one side of the Rx turret drive motor 3M1,
the other side of which is permanently connected to +28.
Motor 3M1 thus rotates.

e. Contact 4RLA-1 moves over awaiting OV to be placed on it by 3RLA re-
energizing after the Rx turret has tuned.

f. Motor 3M1 drives the Rx turret round. The turret is ganged to a six
position rotary switch 3S1. Every alternate switch position is used,
six positions being included for mechanical design purposes only. A
single lobed cam on the turret opens and closes microswitch 352 in
sympathy with 3S1 breaking and making. 3S2 is included to ensure a
high degree of repeatability of turret positioning.

g. When the turret has rotated far enough such that 3S1 is in the Band 1
position and 3S2 is made, relay 3RLA re-energises. Contact 3RLA-1
removes the OV input to the 2 input NAND gate thereby removing the
Tuning Inhibit. Contact 3RLA-2 removes the 0V from motor 3M1 and
replaces it with +28V. With +28V connected to both sides, 3M1 stops
immediately and is not permitted to "run-on".

h. Contact 3RLA-1 places 0V on motor 4M1 (TX turret) via relay contact
4RLA-1 (de-energised).

J. 4M1 rotates, taking with it rotary switch 4S1 and microswitch 4S2, in
the same manner as switches 351 and 352 were moved by the Rx turret.
Upon reaching Band 3 with 4S1 in the Band 3 position and 4S2 made,
relay 4RLA re-energises. Contact 4RLA-1 removes the OV from 4M1 and
replaces it with +-28V, thereby stopping it.

53. Incorrect Frequency Setting The construction of the FSS makes it

possible to select frequencies outside the frequency range of the set. These

are designated Prohibited Frequencies' and their selection results in 0V

being applied to the Setting Incorrect line. This is fed as a logic 0 to the

other input of the 2 input NAND gate 3TR 1 placing an inhibit on the synthesiser
tuning. Diode D2 is forward biassed placing OV on the select Band 1 line.

54, Thus both turrets tune to Band1, but because of the tuning inhibit from
3TR1 the receiver synthesiser does not tune, resulting in the front panel
alarm being activate.

16



FREQUENCY CONTROL

55. The RT 353 may be tuned to any one of 1840 channels spaced 25 kHz apart
(narrow) or 920 channels spaced 50 kHz apart (wide). To obtain rapid channel
selection and to maintain the selected frequency to a high degree of accuracy
control loops based on a digital frequency synthesiser are employed.

56. A reference frequency at 4.84375 MHz from a temperature controlled

crystal oscillator is fed to a fixed divider in the synthesiser. This divider

provides two outputs one at 968.75 kHz, (div/5) and one at 781.25 Hz (div/6100),
the latter is fed to a frequency and phase comparator within the synthesiser.

57. A portion of the local oscillator frequency (fo) is fed to a variable

divider within the synthesiser whose division ratio is set according to the
particular frequency set on the frequency setting switch, the resulting

output at fo/N 1s fed as the second input to the frequency and phase comparator.

58. Any detected frequency error at the synthesiser comparator inputs results
in a logic output to the motor control circuits. This output consists of a

train of pulses at a p.r.f. corresponding to the size and sense of that error
(low/high). The control circuits cause the motor to drive the receiver main
tuning capacitor in the correct sense to remove the detected error by coarse
tuning the local oscillator, the transmitter oscillator being simultaneously
coarse tuned. This primary loop gives a fast pull-in facility to bring the

system rapidly within the capture range of a secondary Delta-Sigma loop in the
motor control circuits.

59. When the inputs to the comparator are within 1 cycle of one another, the
frequency high/low drive to the motor circuits is removed and replaced by a
local oscillator phase error signal routed to the Delta-Sigma loop circuits.

In this loop system the local oscillator phase error signal is first used to

inch the motor drive to within the capture range of the varactor diodes in
the local oscillator and, having attained this condition, the varactor diodes
then fine tune the local oscillator. The varactor diodes are held in the centre
of their operating characteristic by the inching action of the secondary loop.

60. Fine tuning of the transmitter oscillator is accomplished on a separate

sub-loop system where a portion of the local oscillator output i1s mixed with a
portion of the transmitter oscillator output to produce a 'Transmitter IF' of

9.6875 MHz. This transmitter IF is fed to a discriminator centred on 9.6875 MHz
with a bandwidth of approx 2 MHz whose output is applied via a summing amplifier
to the varactor diodes in the transmitter VCO to give a fast 'pull in' facility

to the oscillator. The transmitter IF is also fed as one input to a frequency

and phase error detector, the second input to the detector being the 968.75 kHz
output from the fixed divider in the synthesiser.

61. Any detected frequency error produces proportional d.c. correction voltage

fed to varactor diodes in the transmitter oscillator tuned circuit to cause the
frequency to change in the correct sense to remove the existing error. With
frequency errors removed, phase relationships are compared and the varactor diode
d.c. correction voltage is modified to remove any detected error.
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62. Phase lock detector circuits monitor the phase error detector, and a
Tx Lock (=1) signal is produced by Modulator Board 2b dependent upon four
conditions. These are:

a. Presence of 9.6875 MHz transmitter IF.

b. Presence of 968.75 kHz reference frequency.
¢. Presence of transmit 3 command.

d. No phase slip between a. and b.

63. Once tuning is completed the main loop system is continuously self-
monitoring to phase-lock the local oscillator to the reference frequency.
The transmitter fine tuning loop however is only operative when the transmit

command is present (eg pressel operated).

~p  Fs+IF
LO —»| BUFFER |
+
VARACTOR |g Lt PHASEERROR
AMP _ 3.5V REF
A 4
FREQ ,
——————{ DN "
CONTROLS COMP | SYNLOCK
TO
XTAL REF N F HIGH MOTOR
484375 MHz
FLOW
w
, ADVANCE _
LO PHASEERROR AMPLIFIED ‘oD > LocIc "1 3sTatE
BETARD _ | SWITCH o~ SWITCH
INHIBIT TUNING ! !
____________ dom e e e e e e A

Fig 7. Complete Control Diagram RT353 Receiver
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Ex
I1ST LO

FREQUENCY MOTOR BUFFER
CONTROL CONTROL AMP
LOOP 1
f f Div 16
H A Lo
4 84375 MHz
FREQ
FRE YARIABLE
TCXLO p——] Diva200 —fo—oi Q . ——ii—1 SETTING
COMP DIVIDER
SWITCH
Fig 8. Coarse Tuning of Receiver Local Oscillator
and all RF Tuned Circuits
1STLO
FREQUENCY
CONTROL
LOOP 2
VARACTOR BUFFER
AMP AMP
PHASE REF
ERROR v Div 14
¥ ¥
4 84375 MHz +
FREQ
VARIABLE
TCXLO |—W— Divézoo |—m—y FHASE L o ——] SETTING
COMEP DIVIDER SWITCH

Fig 9. Fine Tuning of Receiver LO
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FREQUENCY + R
CONTROL
LOOP 3
WH: 1 mop BUFFER
CONTROL AMP
PHASE ERROR
AMPLIFIED
VARACTOR ]
AMP Div 16
PHASE
4 84375 Mz ERROR V * ‘ R‘EF *
. PHASE VARIABLE

MOTOR

MOTOR
CONTROL

18T LO

FREQ
SETTING
SWITCH

Fig 10. 'Inching' Action - Receiver LO
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MODULATOR

INPUT

SLOW LOOP
FILTER

RxLO
¥ ¥ Fs +9.6875 MHz
Fs
SUMMING CONTROL
v Tx VCO [l (ONTROL
¥
| FAST LOOP |
FAST LOOP DISC
TR g€, ] 06873 M
¥
| SLOW LOOP |
FREQ AND .
FILTER PHASE COMP| 7 Div 320
30.2734 kHz
REF FREQ
Div 32
968.75 MHz

Fig 11. Tx AFC Block Diagram




FREQUENCY CONIEOL VOLTAGE

REF OSC Ch(x)lg"{ggl, TRANSMIT
COMMAND
fLOY I : fHIGH ‘I I
484375 MHz LO PHASE
LO
ERROR
FREQUENCY
To SETTING
e — -—t-—]—-—_—————-— 1 SWITCH
| F 1 i
I FIXED A L VARIABLE I
| DIVIDER DIVIDER
. . CONTROL LINES
i |pwns piezoe Div N \
i ]
I FREQ/PHASE I
ol mem—
i 78175 MHz | COMPARATOR I
l Y 1
| 958.75 MHz l
| e I
| FREQUENCY SYNTHESISER _ I

Fig 12. Frequency Control Block Diagram
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RECEIVER

RF Amplifier

64. The received r.f. signal which also contains the 150 Hz Clansman

recognition tone when NARROW or WIDE TONE modes are selected, is routed from
the front panel ANT/TUREF socket via the antenna change-over relay (de-energised)
to the selected turret lid r.f. This turret lid contains a high selectivity

double tuned r.f. tuned circuit. The output of the turret lid r.f. is fed to

the grid of triode VI, which with transistor TR1 in cascode forms the first

r.f. amplifier. This configuration is used because of its high gain, low

noise characteristic, ie it introduces the gain of a pentode without its

inherent noise.

b1
p

TR1

V1

Fig 13. V1 with TR1 in cascode

65. The cathode of V1 is taken to the Front End Protection Unit, which provides
a cathode current of LL. 9mA, UL 11mA for normal signal operation. Under large
signal conditions, the consequent increase in V2 cathode current is drawn from
the bias control circuit up to a maximum of SmA. Current drawn from this source
results in the cathode voltage increasing in the range +7V to +38V, which
reduces the gain of V1 proportionally. A bias voltage in the range -30V to +1V

is also produced and applied to the anode of a PIN diode which is connected
between the signal input line to V1 grid and the OV line. Reception of an
extremely high signal will cause the cathode voltage to exceed 37.9V, at which
point the bias voltage to the PIN diode, having increasing from -30V has

become positive, thereby forward biassing the diode, causing it to conduct and
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shunt the received signal to OV. V1 and the subsequent stages are thus protected.

< 1A 8 16ma
CONSTANT BI&S
CURRENT CONTROL
SOURCE

|
BIAS i
|

Fig 14. Front End Protection

66. The amplified output of V1/TR1 is fed to the selected turret lid bandpass
which contains a high selectivity triple tuned r.f. tuned circuit and local
oscillator tuned circuit. The total selectivity provided by the tuned circuits

in the turret lids (r.f. + bandpass) is such that receipt of a signal whose
frequency is more than +/-5% away from the frequency of the wanted signal is
greater than 15 dB down on that signal. The output of the turret lid bandpass
1s fed to the grid of V2, a conventional triode r.f. amplifier. V2 output is

fed as one input to the signal mixer.

67. Local Oscillator The local oscillator is a VHF Colpitts oscillator

operating in the range 40 to 86 MHz, controlled by the frequency synthesis
loop. The local oscillator output is fed to a buffer amplifier which matches

the single input to three outputs. One output is used as the second input to

the signal mixer, and the other two are used in the frequency synthesis loop.
The local oscillator output is modulated by the 85 Hz tone generator on Control
Board 2c¢ for squelch operation. This tone is inhibited when the transmit (=1)

is produced by control board 2¢ or when data working is selected (except when
clear speech is commanded).

68. Signal Mixer The signal mixer is a balanced VHF mixer converting the two
inputs (from the turret lid bandpass and the local oscillator) to a push pull
output at the difference frequency of 9.6875 MHz. This frequency is fed to the
Signal IF Output which is a balanced transformer tuned to a centre frequency
0f 9.6875 MHz.
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IF Unit

69. The frequency modulated first IF at 9.6675 MHz is passed via relay contacts

to one of two crystal filters, one for WIDE band (50 kHz channel spacing) and

one for NARROW band (25 kHz channel spacing). The selectivity produced by these
filters is such that frequencies outside the filter pass bands are greater than

80 dB down on the wanted signals.

70. Relay contacts select the appropriate filter output and pass it to an AGC
controlled IF amplifier with a gain of greater than 100 dB. AGC is employed to
prevent overloading the stage and prevent 'pulling' of the local oscillator
frequency. The AGC voltage is also passed to the front panel test meter to

give an arbitrary indication of the received signal strength. This meter
indication also provides a useful aid to fault finding

71. The amplified IF output is fed to a balanced mixer stage where it is mixed

with the output of a crystal controlled oscillator at 9.575 Mz to produce a

second IF of 512.5 kHz. The second IF is then limited before being applied to

a Round Travis type discriminator tuned to 312.5 kHz. The resulting demodulated
output is passed via a buffer amplifier to the Audio Board 2d and the Control Board 2c.

72. For data working the IF output is routed to HARNESS Plug pin D via the
MODE switch S2 for onward routing to the data equipment.

Audio/Tone Circuits

73. The demodulated output taken to control board 2¢ contains:

I Mox 12 1
(29 |
! Tr ¥, TRANSMITZ (D)
l CONTROL BOARD SWITCH =)
| i
TONE/ | ACTIVE s I
SQUIELEH !‘l & - Tr 12 l\ TONE DETECTED =1}
R s SWITCH [ > 0
i TONE |
WIDE TONE
RdD DETECTOR | TONESQUELCH (G WIDETON
SQUFLCH > O\.. ARR
I LEVEL EEMOTE | DETECTED 528
CALL i WIDE
I 150Hz DETECTER 1wl
I = SQUELCH -
l DETECTOR | YSQUELCH (=0} W
I SQUELCH (=0)
i
INHIBIT 0 !
I — REGULATOR I L
| NARROW
85Hz R80 131
| ., v
L——————-—————-------.-__....I"r_.__._..____! 528 WIDE
SQUELCH TONE (85Hz) T

¥ig 15. Squelch Tone Circuits
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