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INTRODUCTION

1.
Generally the close control of aircraft approaching to land in poor weather conditions
incurs high capital cost and heavy operating expenses. With the ACR430 radar Plessey offers an
inexpensive equipment providing facilities to meet the most critical requirements of both civil and
military users.
2.
The Plessey ACR430 is a 3cm (X Band) Airfield Control Radar designed to meet the
requirements for a very accurate radar approach equipment and to fulfill a number of other
important operational roles.
OPERATIONAL FACILITIES
3

* SURVEILLANCE RADAR APPROACHES
* APPROACH SEQUENCING
* LOCAL AREA TRAFFIC
* AIRFIELD CIRCUIT
* DEPARTING TRAFFIC
* PARALLEL APPROACHES

4.
Over 20 years experience in the design, manufacture, installation, operation and support in
the field of over 170 airfield control radars has been incorporated in the design of the solid-state
ACR430 radar.
5.

The ACR430 radar is simple to install, easy to operate and is readily maintained.

6.
The ACR430 has been evaluated by both the Civil Aviation Administration of the United
Kingdom and the Royal Air Force and is in service with both these authorities. The ACR430 is also
in service in many overseas territories and at non-state airfields in the United Kingdom.

CHAPTER 1
RADAR COVERAGE AND ACCURACY

COVERAGE
1.
The overall coverage of the ACR 430 is derived from the combination of two beams, a
pencil (low) beam and a shaped (high) beam. The coverage diagram shown at Figure 1.1 is typical
of performance achieved on a l0m2 target at 80% probability of detection. The actual performance is
calculated using the procedures given by L. V. Blake in NCL report No. 6930. A calculation
worksheet is included as Table 1.

PLESSY ACR 430 RADAR - TYPICAL COVERAGE DIAGRAM
Note: Nose of low beam may be tilted from 0° to +18°
Figure 1.1
2.
The ACR 430 radar has been formally evaluated by both the United Kingdom Civil
Aviation Administration and by the Royal Air Force. Similar operating techniques were used by
both authorities to assess coverage. Additionally the U.K. C.A.A. carried out tests to measure the
accuracy to which an aircraft could be controlled relative to the desired approach path.
RADAR COVERAGE
3.
The most comprehensive coverage tests on the ACR 430 were carried out by the Royal Air
Force. The equipment was set to its long-pulse condition with the antenna rotating at 20 rev/mm. An
aerial elevation setting of 2½º was chosen asrepresentative of the setting during a Surveillance
Radar Approach. The target aircraft was a Canberra, the assessment was made in the 'Head-on'

condition only and the signal strength was assessed on each aerial rotation. Several rims were made
at each of several heights through the vertical pattern. The two beams were separately checked and
the analysis of results showed that the pencil beam had a maximum range of 27nm. and the shaped
beam 16nm.
4.
Normally both beams would be shown on the one display and in this case some integration
occurs at the cross-over of the two beams which tends to increase the coverage in the region of 3½°
to 4½°.
5.
Since these tests a number of improvements have been incorporated, the most important
being an increase in radiated power giving an improvement of 12% in range and height coverage.
The coverage shown in Figure 1.1 is comparable with the trials results amended to incorporate the
effect of these improvements.
SURVEILLANCE RADAR APPROACH ACCURACY
6.
This evaluation was carried out by the Air Traffic Control Evaluation Unit of the United
Kingdom National Air Traffic Control Services. Using a Dove aircraft 4 pilots and 4 controllers
carried out 41 approaches to a runway.
7.
The aircraft was positioned for approach by controllers using the ACR 430 for the first
time. The aircraft approach was monitored by a kinetheodolite so that its position was accurately
known.

Figure 1.2

8.
Each approach of the aircraft was analysed and plot of the mean deviations is shown on
Figure 1.2. The diagram indicates that the worst mean offset was less than 80ft (25m) at 4 nm.
(7.4km). In the last mile before touchdown the error does not exceed 20ft (6m) from the centre line.

CHAPTER 2
SYSTEM DESCRIPTION
Introduction
Aerial System
Pedestal
Transmitter/Receivers
Local Oscillator
Head Amplifier
Radar Control Unit
Combined Receiver
Display Unit

Para.
1
6
7
8
10
11
12
13
15

INTRODUCTION
1.
The Plessey ACR430 is a 3cm (X-band) airfield control radar employing a two-beam aerial
system, two transmitters and receivers and two operational displays.
2.
The two beams are derived from the use of two transmitters and receivers, each feeding a
separate horn to provide a pencil (low) beam and a shaped (high) beam.
3.
The pencil beam is used for the accurate surveillance approach role, and a combination of
the pencil beam with the shaped high beam is used for local area surveillance. The beams may be
tilted simultaneously between 0° and 18° (referenced to the nose of the low beam).
4.
Selection of either the pencil beam or the combined beams is made at each display, the
selection at one display not affecting the other.
5.
A system block diagram is shown in Figure 2. 1 and a signal flow diagram is shown at
Figure 2. 2.
AERIAL SYSTEM
6.
The aerial system is normally sited on the airfield
in a position which permits the best possible coverage of
the local area and of all runway approaches. The doublecurvature aerial is fed by twin horns, each of which is
coupled through a waveguide switch to a
transmitter/receiver. One horn illuminates part of the aerial
reflector to give a pencil beam pattern for accurate
surveillance radar approaches. The other horn fully
illuminates the reflector to produce a shaped high beam
which, when combined with the pencil beam, produces the
overall surveillance pattern. Tilt is variable between 0° and
+18° to meet the requirements for coverage of all aircraft
including VTOL and STOL designs. Circular polarisation is
used to reduce the precipitation returns. Aerial rotation at either 20 or 40 rev/mm is selected at the
control unit located between the two displays.

PEDESTAL
7.
The aerial pedestal is a three-egged
aluminium alloy casting which supports the main
vertical shaft. Lightweight easily removable
glass-fibre panels are fitted to allow simple and
immediate access to all sub-assemblies. The
pedestal houses the turning unit, comprising the
azimuth gear box, slip-ring assembly, azimuth
synchro and i.f. rotating joint and azimuth drive
motor. The slipring assembly, azimuth synchro
and i.f. rotating joint are mounted in an anticondensation chamber which also has an easily
removable cover.
TRANSMITTER/RECEIVERS
8.
Two transmitter/receiver assemblies are used.
Both transmitter/receiver channels are similar
except for the magnetron frequency. The r.f.
energy from the magnetron is fed via the
waveguide elements to the horn selected by the
wave-guide changeover switch. During the
transmitted pulse, the t/r cell in the receiver
waveguide closes, preventing the high-level r.f.
energy reaching the receiver.

9.
The returning r.f. energy reflected from targets is directed back down the horn, by the
reflector, into the waveguide. During the interpulse period the t/r cell opens and allows the received
signals to pass to the signal mixer in the r.f. unit.
LOCAL OSCILLATOR
10.
The local oscillator signals are fed to the signal mixer where they beat with the returning
echo signals and produce an i.f. at 30MHz. The i.f. is maintained at 30MHz by the a.f.c. circuits.
HEAD AMPLIFIER
11.
The i.f. is fed to a head amplifier, located in the r.f. unit assembly, which amplifies the
signal to feed the rotating joint and cross-site cable at a high level with minimum saturation effect.
The i.f. rotating joint assembly forms part of the scanner turning unit assembly and includes linematching circuits.

RADAR CONTROL UNIT
12.
The i.f. from the rotating joint is fed via
the intersite cable (maximum length 1000m) to the
radar control unit which is located adjacent to the
displays in the display building. The control unit
contains the controls for both transmitter/receiver
channels, and the controls for the scanner. It also
houses the two combined receivers and the -12V,
+12V and 30V power units.
COMBINED RECEIVER
13.
The i.f. from one channel is fed to its respective
combined receiver. The combined receiver processes
the signal and produces a video output which is
amplified in the logarithmic, linear, or wideband
limiting gated log mode, whichever is selected. The
output may be normal video, or may be
differentiated, and a preset swept gain facility allows
the receiver gain to be reduced on nearby returns.

14.
The output videos from the combined receivers are fed to the display units where
switching facilities allow the video from Channel 1 receiver or both receivers to be presented on
either display.
DISPLAY UNIT
15.
The display is a rotating coil system using solid-state circuit techniques throughout. The
facilities provided by the display are:
(1)

Range scales 4, 8, 16 and 32nm, with range rings at ½, 1, 4 and 8nm respectively.
For the lower two range scales the first and alternate range rings are displayed at
reduced brilliance.

(2)

An additional 'dashed' ring at 2.9nm on the 4nm and 8nm range scales.

(3)

Off-centring by up to half a tube radius on the 4nm and 8nm range scales.

(4)

Four extended centre-line (approach) lines for use on the 4nm and 8nm range
scales. These lines may be off-centred (technician pre-set) by up to ¾nm, and may
be selected at the display control panel. Selection of the 8nm range scale with an
approach line selected illuminates two red lamps on the display control panel.

(5)

An electronic 'dashed' bearing marker is provided on all ranges and may be set to
any desired azimuth by the control on the display panel.

(6)

Video gain control.

(7)

Video swept gain control.

(8)

A North marker, triggered by the North marker reed switch.
(NOTE: When an approach line is selected, the range rings, the electronic bearing
marker line and the North marker shift to the origin of the approach line.)

16.
The video presentation automatically aligns with the North marker at TRUE or
MAGNETIC North (pre-set).
17

Each display contains its own power unit.

18.

Each display may be switched to either Channel 1 or Channels 1 and 2 combined.
(NOTE: Alternatively Channel 2 or Channels 1 and 2 combined can be used when the
switch on the radar control unit is set to Channel 2 low beam.)

CHAPTER 3

DATA SUMMARY

AERIAL
Horizontal aperture

4m ±6.5mm (l3ft 1.4in ±¼in)

Vertical aperture

1.2m ±6.5mm (4ft ±¼in)

Rotation rate

2 speeds: 20 and 40 rev/mm ±10% at 50Hz

Beam tilt

0° to 180° referred to nose of low beam: controlled from the
radar control unit.

High beam
Gain

Not less than 37dB

Horizontal beamwidth 0.55° ±0.1° at -3dB one way
Vertical shaping

Approximately cosec²

Horizontal side lobes Better than 20dB below main lobe one way outside ±1° of main
lobe axis.
Low beam
Gain

Not less than 41.5dB

Horizontal beamwidth 0.55° ±0.1° at -3dB one way
Vertical beamwidth

2.5° ±0.5° at -3dB one way

Horizontal side lobes Better than 23dB below main lobe one way outside ±1° of main
lobe axis.

TRANSMITTERS (Two are provided as standard equipment)
Frequencies

9320MHz ±30MHz and 9460MHz ±30MHz

Polarisation

Circular (fixed)

Magnetron peak power

55kw min (Integral magnet type)

Pulse duration and p.r.f.

0.2µs ±0.5µs at 2000 p/s ±2% and
0.5µs ±0.1µs at 1000 p/s ±2%

Approach line selector

Selects any one of four preset approach lines

Range selector

Selects 4nm, 8nm, 16nm or 32nm ranges
Selection of 8nm range scale and approach line causes two red
lamps on the panel to light

Dimmer

Panel illumination

Video gain

To adjust the level of video signals

Brilliance

Sets scan brightness

Range ring brilliance

Brilliance control for all range rings

Approach line brilliance

Amplitude control for approach line brightness

Swept gain (video)

To adjust the range of video swept gain

X and Y shift

To offset the trace origin in any direction up to 0.5 radius of the
c.r.t. (on 4nm and 8nm ranges only)

Bearing marker

Rotates bearing marker through 360°

Approach line shift (4 sets) Range of adjustment ¾nm (1.5km)

DISPLAY ACCURACIES
Range accuracy

The range accuracy of the display is ±1% of the range selected

Range rings

The accuracy of the range rings is better than ±0.5% of the
indicated range down to ½nm.

Azimuth accuracy

Better than ±0.5°. The display system automatically aligns in
azimuth.

NOTE: It is possible for a target to be illuminated by both beams simultaneously, thus
producing a return from both video channels. Due to the side-by-side mounting of the aerial
horns the two target paints will be produced on the c.r.t. display differing in azimuth by
approximately ½°. The position of the first target paint (due to the lower pencil beam) should
be taken as the true bearing of the target.

POWER SUPPLIES
Standard aerial pedestal assembly (including transmitters) 415V ±6% at 50Hz, 3 phase
15kVA (maximum) running, 24kVA (maximum) starting surge.
Displays and control unit

240V ±6% at 50Hz ±2½% single phase. 750VA

NOTE: Power supplies to suit other mains inputs can be made available to special order.

R.F. RECEIVERS (Two are provided as standard equipment)
Overall noise factor

Not worse than 10dB

Frequency control

Automatic and manual

I.F.

30MHz

I.F. bandwidth

±7.5MHz to-3dB

I.F. RECEIVERS (Two are provided as standard equipment)
Input frequency

30MHz

±100kHz long pulse

± 500kHz short pulse
Bandwidth

2MHz ±300kHz for 0.5µs pulse
> l0MHz for 0.2µs pulse

Input impedance

50 ohms

Characteristics

Linear, linear differentiated.
Logarithmic, log differentiated.
Wideband limiting
Swept gain (S. T. C.)

RADAR CONTROLS
Radar

ON/OFF

Aerial rotation

SLOW/OFF/FAST

Aerial tilt

UP/OFF/DOWN

Beam tilt indication

0° to 18° (nose of low beam)

Changeover switch

Ch1 L/B
Ch1 H/B

Pulse length and p.r.f. switch LONG/SHORT
Dimmer Control
Transmitter 1 and 2

EHT ON/OFF
AFC/MANUAL
TUNING

I.F. receivers 1 and 2

SWEPT GAIN DIFF.
WIDEBAND LIMITING, LOG AMP. LIN AMP.

DISPLAYS (Two displays are provided as standard)
Presentation

Plan position display

Type

Autonomous rotating coil for desk-mounting

Cathode ray tube
Type

305mm (12in) diameter, long persistence

Spot size

less than 0.7mm within 75% of radius
Less than 0.9mm outside 75% of radius

Data presented
Radar video

Low and high beam combined or low beam only

North marker

Indicating the north bearing

Range markers

At ½nm intervals on 4nm range
At 1nm intervals on 8nm range
At 4nm intervals on 16nm range
At 8nm intervals on 32nm range
On the 4nm and 8nm ranges alternate rings are brightened and
an additional 2.9nm dashed range marker is provided to identify
the 3nm range marker

Approach line marker

An electronic approach line is provided on the 4nm and 8nm
ranges. Pre-set facilities are available for four approach lines,
any of which may be selected. When an approach line is
selected, the origin of the range rings, e.b.m. and north marker is
transferred from the radar origin to the origin of the approach
line marker.

Bearing marker

An electronic bearing marker (e.b.m.) is provided on all range
scales with the origin normally at the centre of the display.
When an approach line is selected, the e.b.m. origin is
transferred to the approach line origin. The marker bearing is
adjustable over 360°.

Off-centring

The preset origin of the display is adjustable to 0.5 radius of the
c.r.t. from the centre of the display on the 4nm and 8nm ranges.

Display control panel controls
Mains

ON/OFF

)Located on front bezel

Manual align

To speed-up alignment )

North marker

ON/OFF

Bearing marker

ON/OFF

Approach line

ON/OFF

Video

Channel 1 or Channel (1 + 2)

ENVIRONMENTAL LIMITS
External temperature

-40°C to +55°C

Relative humidity

95% at +35°C

Internal equipment
Temperature

0°C to +40°C

Relative humidity

95% at +35°C
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GENERAL

1.

This chapter describes the installation requirements for the Airfield Control Radar Type ACR430.

2

The equipment consists of:(1)

(2)

(3)

Scanner and pedestal assembly. This contains the two transmitters and the turning gear. The
major sub-assemblies are:(a)

Scanner unit

(b)

Pedestal and turning unit

(c)

Two r.f. units

(d)

Two power units

Control unit. As well as the radar system controls, the unit contains:
(a)

Two combined receivers

(b)

Two 12V power units

(c)

30V power unit

Two display units

3.
The radar control unit and displays are mounted together Inside a building at the operations position
on a suitable operations desk and are connected to the scanner and pedestal assembly at the aerial position by
the intersite cabling, which may be up to 1000m separation. Three-phase mains supplies are required at the
aerial position and single-phase supplies at the operations position.
EQUIPMENT WEIGHTS
The weights of the major assemblies are:
(1)

Scanner unit complete with two r.f. units and power units 400kg (880lb)

(2)

Pedestal turning unit 615kg (1360lb)

(3)

Display unit 50kg (110lb) each

(4)

Radar control unit 25kg (55lb)

SEPARATION DISTANCES
5.
The standard maximum permitted separation distance between the aerial and operations position is
1000m.
6.
The radar control unit is installed adjacent to the displays and standard interconnection links are
provided which allow a maximum separation of lm between the radar control unit and each of the display
units.
PRE-INSTALLATION WORK (Customer Supply)
7.
The work services described in the following paragraphs must be completed by the Customer before
the start of the installation programme. These work services fall into three categories:(1)

Provision of unit mountings

(2)

Provision of cable grounds and/or ducts

(3)

Ancillary services

UNIT MOUNTINGS
Aerial Position (See Figures 4.1, 4.2 and 4. 3)
8.
A suitable concrete foundation pad must be prepared to accommodate the pedestal and turning unit
assembly. A suitable cable duct (100mm diameter glazed pipe) must be provided In this foundation to allow
the cross-site cables to enter the pedestal and turning unit assembly.
9.
The three-phase power for the aerial position must be terminated in a waterproof isolating switch box
which the Customer must provide adjacent to the aerial but well clear of any moving parts. This will allow
complete isolation of the equipment during servicing etc.
Operation Position (See Figures 4.4 and 4.5)
10. The Customer must provide a suitable operations desk or bench to support the two display units and
the radar control unit.
11. A minimum of two domestic power points must be made available by the customer adjacent to the
operations desk for maintenance purposes.
NOTE: The domestic power points must not be taken from the same distribution points as the radar
equipment, since it is essential that these points are live when the radar equipment is completely
isolated from the mains supply.
CABLE GROUNDS (Customer Supply)
General
12. Cable trays, trunking, conduit or hardwood battens are to be provided by the customer to support the
cross-site cabling from where it enters the operations building to the operations desk.

SCANNER PEDESTAL AND TURNING UNIT ASSEMBLY
Figure 4.1

SCANNER AND PEDESTAL ASSEMBLY FOUNDATION PAD
Figure 4.2

BASE FIXING DETAIL
Figure 4.3

13. The bulk of the cross-site cables will be external to the operations building, and to ensure that they are
adequately protected, they must be laid in cable ducts or suitable prepared trenches.
Cable Ducting
14. Where earthenware cable ducting is to be used, adequate provision must be made by the customer for
pulling in the cables, i.e. draw wires will be used. The ducting will be split at intervals of approximately 30m
to ensure that undue stress is not applied to the cables.
Prepared Cable Trenches
15. The cross-site cables to be supplied by Plessey Radar are suitable for laying direct into the ground.
Adequate precautions must be taken where direct burying is employed. The cables must be laid by the
Customer on a 100mm deep bed of sand or finely sifted earth, and covered with cable tiles or similar
protection.
Inspection Pits
16. If it proves necessary to join the cables, inspection pits must be provided by the Customer at suitable
distances along the run for ready access to the joints.
ANCILLARY SERVICES (Customer Supply)
Ventilation
17. Adequate ventilation of the operations position must be provided to ensure that the maximum
temperature does not exceed 25°C. The maximum heat dissipated by the radar units installed in the
operations position is 500W.
Lifting Facilities
18. A crane or similar lifting apparatus must be provided by the customer at the time of installation to
position the pedestal and turning unit assembly on the concrete foundation, and subsequently to erect the
scanner unit. This lifting apparatus will be capable of lifting 615kg (1360lb).
POWER SUPPLIES (Customer Supply)
19.

A three-phase, four-wire power supply is required as follows:Voltage

415V ±6%, 50Hz ±2½%

Load capacity

25kVA

(or as agreed to special order)
20. The three-phase supply must be fused at 60A and terminated in a suitable waterproof isolating switch
box, adjacent to the aerial position. A main radar earth must also be provided at this position. The impedance
of the earth electrode, which is to be connected to the pedestal and turning unit assembly, must not exceed 5
ohms.
21. A single-phase power supply, fused at 5A and terminated in a suitable isolated switch, must be made
available adjacent to the operator's position. A minimum of two domestic 13A power points must also be
made available for the use of maintenance or test equipment.
22. The customer must provide the installation cabling for the three-phase power from the waterproof
isolating box to the aerial position and from the single-phase power isolating switch to the operations
position.
SITING THE EQUIPMENT
Aerial Position
23. The siting of the scanner assembly is critical, and is a major factor in determining the final
performance of the equipment. Care must be taken to ensure that the site chosen meets the specified obstacle
clearance requirements and is also generally accessible for maintenance and servicing.

DISPLAY UNIT 678/1/05003
Figure 4.4

OPERATIONS POSITION LAYOUT
Figure 4.5

24. Ideally, the site chosen will give clear line of sign to all touchdown points and should be a minimum of
500m from any touchdown point. Sites adjacent to large obstructions, hangars or high buildings, should be
avoided, as these will introduce shadows.
25. The siting of the scanner assembly is likely to be a compromise between the technical requirements of
the maintenance personnel and the operational requirements of the air traffic control staff.

