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Radar PS-46/A for Aircraft JA37

Bengt Andersson, Jorgen Nilsson and Sven-Bertil Thelander

Radar PS-46:A for atrcraft JA37 was developed by Ericsson during the years
1970-1978. Since 1978 the system has been in series production for the Swedish
Air Force. PS-46/A js a puise Doppler radar which makes it possible to detect
targets and measure the distance even when the ground return is much larger
than the target echo. in this article the basic physical relations and the special
problems concermng airborne pulse Doppler radar are considered. The overall
requirements of a radar system for modern fighler aircrafl and methods for
satisfying these requirements are discussed Finally the design. structure and
function of radar syslem PS-46°A are described.

UDC 621 396 96 The arrcraft 37 project was nitialed at
the end of the 1950s. i was intended as a
multi-purpose aircraft, which could be
equipped in different ways for use in dif-
ferent roles 1n Ilhe Swedish Air Force.
such as attack, reconnaissance and
lighter arcraft A common basic aircraft
would greatly reduce the overall ac-
quisttion cast and the caprlal costforthe
Awr Force. The attack version, AJ37,
came lirst, quickly followegd by the re-
connaissance versioons SF37 (photo re-
connaissance) and SH37 (radar recon-
naissance). The studies and preliminary
planning for the fighter version, JA37
started al the end of the 1960s. On the
part of Ericsson this meant that the Dive-
sion for Delence and Space Electronics
carned oul radar studies and SRA Com-
municalions AB investigated display
equipment Both units are now parls of
Ercsson Radio Syslems AB

Fig. 1

Acceptance lesbing ol radar PS-4§/A. This {inal
\est is mainly stored program conlrolled and
comptrises a (our-day burning-in stage. lunclional
lests and performance tests

A modern fighter requires advanced

radar equipment In order to extend the
pilot's ability {o see and estimate dis-
tances in any hight and type of weather,
Conventional radar, also called puise
radar, cannol meet the increasingly im-
porlant requirement of being able {0
ook down and distinguish flying targets
against the background, .e. the groung
Doppler radar can meet this require-
ment, but on the olther hand it makes
new demands on the design of the radar
equipment.

Studies of Doppler radar for military air-

craft were initiated by the Royal Swedish

Air Force Materiel Adminisiration in

about 1960 with the participation of Lhe

Swedish electronics industry. including

Ericsson. The studies provided the basic

(insight regarding the special require-

ments of Doppler radar, such as

— the spectral purity of the transmilted
signal

— the high stability of the receiver

— the absence of disturbing modulalion
products from. tor example, power
supply units

— the dynamic requirements of the fre-
quency filtering etc.

The first experimental Doppler radar
system, a pulse Doppler radar with a
high pulse repetiion frequency, PRF.
(HPD radar). was gradually developed
during the years 1963— 1965,

The second experimental Doppler radar
sysiem, a pulse Doppler radar with low
PRf (LPD radar). was developed dufing
the years 1965—-1967

The studies and experimental work dur:
ing the 1960s {ormed the basis for Erics:
son s exlensive know-how in the field of
Doppler radar, a basis on which the ex-
panding business aclivities dunng the
1970s were largely built. The radar for
the fighter version of aircraft 37 con-
slitutes a milestone in this development.

The demands made on radar for a mod-
ern fighter aircratl are based on the be-
haviour of the defender and the at
tacker. the expected weapons and the
elecironic environment of the 'baltle-
tield” During the 1960s the previous
high altitude mode of behaviour of 8t
tacking aircraft was changed to one of
tow altitude. making use of the features
ot the terrain for prolection against de-

——e—— 083
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The frequency diagram for the situation illus-
trated in fig. 2. The targel echo will have a higher
frequency than the clutter bacause the target is
{lying towards the radar

Fig 2

The geometry of the fighter and target aircraft

V, speed of the fighler

Vi speed of the largel

[} the angle between the fighter velocily vector and the
line-of-sight fighter-target

U the angle between the targel velocily veclor and Ihe
{ine-ol-sight fighter-target

The small echo from the target 1s masked by the
ground return. The power ratio between clutter
and target echo is dependent on a number of
factors, such as target size, the reflecting power
of the ground, the range resolution of the radar,
the coverage area of the main beam etc. 10°
(40dB) is a typical value for this ratio
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leclion and attack. The defender is
forced to fly lugher in order to be able to
survey larger areas. Thus the defender’s
radar must be able to look down ang
detect an enemy aircralt againsl a solid
radar background. The Doppler radar
offers the possibility of separating the
targel from the background or, in other
words suppressing the background by
means of selective frequency filtering.

Radar system PS-46/A for aircraft JA37
was developed by Ericsson during the
years 1970-1978. The development
work comprised three prototype gener-
ahons with different stages of testing on
the ground and in the air The first series
produced system was delivered on April
26, 1978,

Doppler radar

Like all other radar systems Doppler
radar utilizes (he simple principle of
transmitiing an electromagnetic wave
and then analysing the reflected signal
in order to extract the desired informa-
ton. Older types of radar equipment
vsed only the signal amplitude to detect
and measure the distance to isolated
targets. for example aircraft at a high
altitude. ADoppler radar also utilizes the
frequency information, for example to
distinguish belween the signal from a
small moving target and a much larger
background signal

Fig.2 shows a situation with a fighter
whose radar beam covers both the tar-
get aircraft and the ground below 1t
Since the radar is mounted on 2 moving
platform the signals reflected by the
ground, the clulter. will have a Doppler
shift

(fo)cione: = 2—-'V'J cosfd

)

Main lobe

where 1 is the wavelenglh of the radar
signal.

The signals from the large!l have the
Doppler shif(
2V,

—lcos |3 + 2 Vu
' A

“o)qum ks cos 0

Fig.3 shows the signals at their relalive
frequencies The clutter can be sup-
pressed and the target echo detected by
suitable filtering.

Some basic problems should be men-
tioned. The Doppler effect, i.e. the fre-
quency shift generated by a moving tar-
get. is very small relative the carrier and
is extremely difficull to measure with an
instrument mounted in a shaking and
vibrating aircraft. If the target \n hg.2
has a speed of 150 m/s along the line of
sight to the fighter, the radar senses the
Doppler shift of the target as
2150

(rD)Iavgm = —T

But i = c/f, (where ¢ is the speed of light
and f, is the radar transmit frequency).
Le.

('D)mvoel: 2 150:

10°¢
{ c

The difficulties are even greater if tar-
gels with lower relative speeds have to
be delected, orif frequency resolution is
required for targets with different Dop-
pler shifts (10 7—10°9),

The equations for the Doppler shift of
the target and the clulter only apply to
the main radar fobe. Unfortunately the
side lobes also give a contribution
which has a Doppler shift correspond-
ing to the interval —V, till +V, depending
on their direction in relation to the ve-
locity vector of the aircraft. The side lobe

Target and ground
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The Doppler effect

Professor Christian Doppler lived and worked
(n Austria gunng the middie of the 19th century.
His name is given 10 theé physical eilecl on
which all Doppler radar is based. Prafessor
Doppler explained why a sound source that
moves In relatjon Lo the observer is sensed as
hawving a higher pilch when the sound source is
approaching. and a lower pitlch when ilis reced-
ing. He also lound the refationship between the
change ol frequency, boy o the velocdy of the
sound source fowards the abserver, V. and the
wavelength of the sound. -

(Dmlrﬂm = )—

This refalionship also apphes for electro-
magnelic waves 1115 therefore in princ¢iple pos-
sible 10 use radar 10 separate moving largets
from stationary ones by analysing the (requen-
cy of the cellected radiation. However. the
double propagation path of the signal means
tha( the Doppler shill is

( 2v

Doppler =}

Fig. 4

A pulse radar specirum in ihe time and frequency
domain. In lhe irequency domain lhe lransmilled
(and recelved) signal ls divided into a large
number of spectrat lines separated (in lime) by
lhe pulse repelilion Irequency The amplilude

., Sinx
envelope is aT curve

ml_. Time

T = pulse width
{, = pulse repetition frequency (PRF)

T —:— pulse period

T 7 = microwave frequency

Ny Frequency

N

clulter cannot be filtered oul in a Dop-
pler radar having a PRF of less than
some tens of kHz Thetargetechoes can
then only be distinguished from the side
lobe echoes with the aid of (he antenna
gain funcuon. This also apphies for radar
with a mgh PRF, some hundreds of kHz,
if the target Doppler lies within the fre-
quency band of Lhe side lobes. Low an-
tenna side lobe levels are therefore a
prerequisite for an awaborne Doppler
radar.

ln pulse Doppler radar clutler signals
from the main lobe are present over (he
whole of the recever bandwidih in the
form of specirum lines separated by the
pulse repelilion frequency. fig. 4

The Doppier hiter lunction musl be de-
signed bearing this fact in mind and
have stop bands that are repeated al the
PRF (comb filter). Targets having a Dop-
plerfrequency that gdiffers from the Dop-
pler shift of the ground by an integer
multiple of PRF (blind speed) will there-
fore be suppressed. The problem is ac-
centuated when a low PAF is used if a
large unambiguous range is required. (n
certain cases an acceptable solution
can lthen be oblained by swilching be-
tween different PRFs. On the other
hand. increasing the PRF so that unam-
biguous distance measurements can-
not be carried out direcily results in
range ambiguily when the distance to
the largel 15 a multiple o an unam-
biguous distance The I get signal is
masked by transmit puise blanking and
shori-distance clutter

The equations given above show thal
the Irequency of the clutter is deler-
mined by the speed of the aircraft. the
angular position o! the antenna and the
microwave trequency. The cluller fre-
quency must be measured continuously
to ensure correct posiioning of the
Doppler filter stop bands. This function
1s called cluller tracking.

Another complication. which Is caused
by the movement of the aircralt. 15 the
speciral widening of the clutter hnes,
The fact thalthe mainantenna beam has
a certain widlth means that different
Doppler shifts {or the clulter are ob-
tained within the main beam The dis-
persion is proportional to

Vi sinli-0

where 0 is the beam widlh. In the case of
wave shapes having a low PRF the stop
bandwidlh of the Doppler filters must be
agdjusted accordingly.

The demands made on a
modern fighter radar

Deleclion range suited to tactlics and
weapons

The fighter radar should help the pilot to
detect the target, at a distance that
makes possible accurale approach and
subsequent combal

All-weather performance
A lighter must be able to carry out its
task under all weather conditions

Performance agains! low-altitude tar-
gels

The fighlter musl be able 1o combal tar-
gets at any aliitode The fow-tlying tar-
gets present special dithcullies. since
they have 10 be detected against a back-
ground that includes large groundg re-
turns and returns from largets moving
on the ground {cars, hovercrall etc.)

Ability to wilhstand interference

In a combat situation the intruding air-
crafl will be equipped with various lypes
of electronic counter measures, ECM.
The lighter radar must also function un-
der such circumsiances.

Easy o operale
A single-seater fighter requires a radas
that the pilot can operate easily.

High availability

Even the most sophisticated fighter air-
craftis helpless without radar. The radar
must therefore have high availabilily
and short repair times

(n addtition to the tactical requirements
lisled above there are restrictions as re-
gards weight and volume, and also dé-
mands for satisfaclory operation under
adverse environmental  condilions
{(electromagnelic. climatic and kinetic)

Design aspects

The basic requiremenits for 2 long detec:
tion range are in fact the classic rada
requirements

~ high transmiller power (mean powerl
— large anlenna

- high sensitivity.



Fig. 5§

The head-down display, track-while-scan mode.
The target, which is shown in the square marker,
forms a track consisting of indications from
successive sweeps. The distance scale is to the
left and the altitude scale to the nghi

The transmiller power can be hmiteg by
resiricttons as regards volume. inpul
power or cooling tacilities or the avail-
abihty of cerlain key components (trans-
mitler tubes etc ). The lravelling wave
tube is a suilable compaonent for air-
borne Doppler radar where 3 large
bandwidlh is required,

The size of anlenna s determined main-
ly by the design of the nose of the air-
craft.

High sensitivity (s achieved lhrough
careful design of the receiver functions
and signal processing.

All-weather performance 1s obtained by
means of a suitable choice of microwave
frequency. The X band gives a good
compromise between volume require-
ments and demands for low at-
mospheric atlenvation

Satisfactory performance as regards
largels in clutter 1s obtained by choos-
ingaDopplerradar. This concept covers
alarge range of radar systems, from CW
(Continuous Wave) to LPD (Low PRF
Pulse Doppler). With CW radar lhe prob-
lem of transmitier and receiver separa-
tion exists and thus thisis not a practical
alternative for aircraft Pulse Doppler
radar s usually divided into HPD (High).
MPD (Medium) and LPO (Low PRF Pulse
Doppler). each ot which has advantages
as well as disadvantages.

HPOD has unambiguous speed measure-
ment with a PRF of 100—400 kHz, which
gives (L a very good performance for tar-
gels on an approaching course The
range fortargets on areceding course s
limited by side lobe clutter.

LPD measures distance unambiguously
and has a PRF of 1—~5 kHz depending on
the application. However, a low PRf
makes the Doppler hitering more diffi-
cull In the case of high fighter speeds or
large antenna angles, since speciral
widening of the ground return occurs.
Even a very careful choice of PRF
switching palterns leaves the radar sys-
tem with certain blind speeds.

MPD has a PRF in the range 5—-20«Hz,
which means that this type of system
usually has a certain ambiguity both as
regards speed and distance. However.
such ambiguilies can be resolved with
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the atd of a special PRF pattern A high
PRF permils wide stop bands in the Dop-
pler fiuler, which 1n 1ts furn also gives
good cluller suppression at high speeds
and large antenna angles In other
words, the wave shape gives great free-
dom as regards tactica) behaviour (n
addibon slow-moving ground targels
are effecuvely suppressed In spite of
the wide filier stop bands i s possible to
gdesignthe radar so that bund speeds are
avoided. bul an MPOD radar will have cer-
tain bling distances MPD usually re-
quires lower anlenna Side lobe levels
\han LPD

The abtlily 1o withstand interference 1s
obtained through a robust basic design.
with lmgh oulpul power and intethgently
planned signal and dala processing.

The man-machine communication 1s
simplified by well designed presenta-
tion and control devices The software
contains logic functions which carry oul
automatic  decisions and mode
changes, thus relieving the pilot of some
of the load

The reliabilily is aftecled by such factors
as materaals, components and slruc-
ture. The mawmnlenance is simplified by a
buili-in test and fault location system.

System design

The following system design

chosen for PS-46/A.

- Wave shape MPD with a pulse repeti-
tion frequency in the range 7— 17 kHz
Conventional pulse radar moge with-
out Doppler hltering can be selected.
together with a pulse repetibon fre-
quency that is suillable for unam-
biguous distance measurement.

— Frequency band X with a large band-
wigdth, 8.6-9 6 GHz

~ A Cassegrain antenna mounted on a
pedestal with two hydraulically driven
gimbals with =60" in azimuth and ele-
valion

~ Digital signal processing with ad-
vanced functions for ensuring ltarget
detection and protection against in-
terterence.

— Stored program controlled dala pro
cessingwith spare capacily for future
modifications

— Functional supervision and bu
testing, adapted to suil if

was
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Fig. 6

The biock diagram shows the line reptaceable
units in radar system PS-46/A and the most
important signalling paths between them. The
units are mounted in a rack, which in itsell is a
replaceable unit. Al the radar equipment (except
Ihe power divider and reterence aniennas) is
mounted in Lhe JA37 nose cone under Lhe
radome. Units outlined in broken hnes are other
unils )n JA37 that cooperale with the radar

er's maintenance philosophy and re-
sources,
~ Separate iffuminator forradar missile.

Function

Radar system PS-46/A provides the JA37
pilot with a tool that enables him to take
aclion against serious threats. He com-
municates with the ragdar via controt de-
vices and display equipmen(t mounted in
the cabin of the JA37. The conlrol de-
vices are placed mainly in a special
radar panel on the lefl-hand siCe. The
display equipment comprises three
unils: head-down display. tacticai dis-
play and head-up display. The head-
down display. fig.5. 1s dedicated to the
radar function Il 1s designed with dis-
tance along the verlical axis and relative
bearing along the horizontal axis (B-
scope)

The control devices enable the piiol Lo
choose different functional modes. tor
the radar system for combating air tar-

equipmeni gets:
AGC signal
Rettecior
IRFLY I
———————
™ g P Radar sig- ! : )
Miciowave Lg preke nal proces- | Disptay :
unit (MWU) (REC} sor (RSP} 1 eqiupment (
hme e~ d
Pedestal b — e -
(PED) Datz buses )
: nerbal piat-{
Radar bus 1 form 1
| I PR g J
Lo IF Some o .
signal relerence Radar data : !
processor 1 Central Il
(ROP) | computar
______ |
¥

ro————— )
Exciter Fower unit ! Taleles! ye- 1
(EXC) (PU) ' ohice |
1 b= ~J
% [~ Power, 1

wer am- air con-
plifier (PA} Rack (RCK] y _ditioning ¢
Litg--l,wgb
o g
liluminator ) Radar mis- |
(ILL) M sles !
e o o

Reference
P  antenna
{REF)

Power di-
vider {PDR)

Reference
antenna
{REF}

— Search. which means that the radar
scans a section of the arr space and
displays targets on the head-down
display. The pilot can choose the size
and position of the searched space
within the limils sel by maximum an-
tenna movement and the maximum
range of the equipment.

— Track-while-scan. which means that
the radar keeps scanning bul auto-
matically tracks and presents the data
for 2 larget selected by the pilot

~ Continuous tracking. which is used in
combinalion with weapon delivery
and means that the radar iollows the
targel (n quesbon with the antenna
and provides argel data.

— Targetlilfumination. which means thal
the continuous tracking is supple-
mented by an ilumination signal for
controlling a semi-active radar mis-
sile.

PS-46/A is equipped with fuctions for
measuring distances lowards lhe
ground for attacks against ground (ar-
gets This means that the radar meas-
ures the slant range to a spot on the
ground which the pilot has indicated
with the aid of an aiming dol on the
head-up display

The radar is buiit up of a number of sub-
systems, fig.6 It is admunistered from
the radar data processor which also
handles mosl of (he communication
with cooperaling equipmenl The Inlor-
mation is transmitied ( binary and se-
rnal form over data buses.

The exciter (EXC) generales a very sta-
ble coherent HF signal in the X band
This signalss pulsed and amphfiedinthe
power amplifier {(PA). The transmil pulse
width and pulse repetibon frequencyare
controlled by the radar signal processor
(RSP). The transmit signal from PA goes
via 8 T/R swilch in the microwave unit
(MWU) to the reflector (RFL), which
shapes the electromagnetic radialion
The anlenna beam 15 positioned me-
chanically by the pedestal (PED). The
refiecled signal is gathered by RFL and
fed to MWU. where four RF signals are
generaled — a sum signal (&) and efeva
tion and azimuth dillerence signals
(AEL, AAZ) by 2 monopulse compara-
lor. and a monilor signal from a wide:
beam antenna. The latter has a gain
funclion that is adjusled to the side lobe

ga3



Fig. 7
PS-46/A. The unils in the rack in the nose cone of
the aircraft

1. Rack 7. Power unit
2. lluminator 8. Radar data pro-
3. Exciter cessor

4. Power amplifier

5. Radar signal pro-
cessor

6. Receiver

9. Pedestal unit
10. Microwave unit
11. Reflector

Fig. 8

The rack, with the starboard side seen obliquely
from the front. A waveguide unit (black) is at-
tached to the rack. The picture also shows
springs for grounding, inputs for cooling air and
cable harness

Fig. 9

A section of a shelf and wall in the rack. The parts
are joined by means of a hot-setting glue film
except for the joint between the wall and the
shelf, which is secured with internal rivets

Core Rivets for
Material: connecting
Rohacell the rack parts

(polymethacrylimide)

; gf}

Cover T Box

plate profile
Material: Material: Al
Al, 0.7 mm thick Finish
Finish: Anodizing

Anodizing

level of the main antenna. The monitor
signal can therefore be used to deter-
mine whether a signal emanates from
the side lobe ranges. The other RF sig-
nals are used for target detection and
tracking

AEL. AAZ and the monitor signal are
time multiplexed in MWU to one receive
channel. in MWU (he signals are also
converted down to an intermediate fre-
quency (IF) with the aid of alocal oscilla-
tor signal from EXC, the frequency of
which is corrected with respect to the
Doppler shift of the clutter. After ampli-
fication and automatic gain control
(AGC) in MWU the two IF signals are fed
to the receiver (REC) for final amplifica-
tion and signal matching. The con-
version to video is also carried out in
REC, with the aid of the IF reference. The
phase information is preserved since
the video quadrature components (I/Q)
are processed individually.

The video signals are sampled and con-
verted to digital form in RSP. This re-
sults in a number ot range bins, with the
video amplitude represented by a binary
number. The bin width is determined by
the transmit pulse width. Doppler filter-
ing, video integration and target echo
detection are also carried out in RSP
The output signal to the indicator equip-
ment consists of a synthetic video sig-
nal, 1 or 0. RSP also contains many other
functions. For example, an AGC signal
to MWU is generated which at any mo-
ment and for each bin adapts the incom-
ing signal to the conditions prevailing at
that instant. The unit also contains dis-
criminator function for clutter and tar-
gettracking, as well as functions for pro-
tection against interterence.

In the radar data processor (RDP) the
functions are carried out by stored pro-
grams. RDP contains functions for
mode control, target tracking and target
data filtering. clutter tracking and test
administration. The unit also handles
most of the communications with coop-
eraling equipment and is connected via
data buses to the central computer of
the aircraft, the inertia platform and the
display equipment.

The iltuminator (ILL) is a self-contained
unit, separate from the radar transmitter
(EXC + PA). It generates an illumination
signal to be used with the semi-active

radar missile. The generated CW signal
has a slightly nigher frequency than the
radar signal. The output power goes via
MWU and RFL.

A parl of the power Is fed via a power
divider (PDR) to two reference antennas
(REF). which are placed behind the mis-
siles and are used to prepare these

PS-46/A is supplied with electric power.
hydraulic fluid, cooling air and com-
pressed air from the aircraft The power
consists mainly of three-phase 200/
115V, 400Hz. The conversion to the re-
quired voltages is mainly done locally
PA, ILL, RDP and RSP have their own
power modules which are fed directly
from the three-phase mains of the air-
craft. A central power unit (PU) gener-
ates raw voltages for further regulation
in certain units.

Mechanical construction

The requirements for equipment inten-
ded for military aircraft are severe as
regards weight, volume and perfor-
mance. Since the demands made on the
performance of the radar system are
rarely relaxed, the fact that it has to be
constructed for the limited space avail-
able in the nose cone of an aircraft con-
stitutes areal challenge. Fortunately the
financial aspects of an aircraft project
are usually such that sophisticated ma-
terials and components can be used to
help solve the problems

The mechanical structure offers sup-
port and space for the electrical compo-
nents. distributes the cooling medium,
dry compressed air and, via the cable
harness, power to the system units

The equipment 1s cooled by air at requ-
lated temperature from the aircraft. Indi-
rect cooling 1s mainly used, 1.e heat
transfer to cold surfaces for more effi-
cient heat exchange

The mechanical environment n the
nose cone of the aircraft 1s charac-
terized by three main adverse compo-
nents, namely vibratien, acoustic pres-
sure and shocks, all of which may at
times be present simultaneously. This
environment 1s caused by th
of the aircraft through the
launching of weapons

v landing
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Fig. V0

The pon side o1 lhe rack seen obliquely from the
back. The cable harness, which is laced Yo a grid.
constilules a replaceable unit The cooling air
input from the aircrafl can be seen to Whe lefl

Fig. 11

The pedestal umil wilh the electronic equipment in
a box on the right. and connectors and hilers for
the hydraulic luid al the bottom. The refleclor is
allached (o the ring wilh six screws

Fig 121

An empty magazine lor digital lechnology cir-
cults. The picture shows, among other things,
board guides with cooling air inputs and keyad
connectors al Ihe rear. The cable harness is
connected 10 conneciors in lhe "ndge”

Fig 12.3

An emply magazine (or high frequency technol-
ogy oircuits. The picture shows the (ront and rear
coaxial connéeciors

Fig. 12 2

A magazine for digital vechnology circuits, tully
aquipped with power modules on the left. Al
modules are held in place by levers and snap
locks

Fig. 124
A magazine for high Irequency lechaology cir-
cuils, fully equipped

by rolling on runways, Transports and
handling of spare units constitute a jolt-
ing and shaking enviranment.

The mechanical stucture has to accom-

modate units using eleclrical signals of

widely divergent types, such as

- high-frequency. low-power signals
(receiver)

~ high-frequency. high-power signals
(transmutler)

— high vollage. 30kV (Iransmilter)

- low-frequency signalling voltages

The structure must provide these units
with good framework connections and
good screening and also prevent dis-
turbing radiation as far as possible:
electromagnetic compatibihly require-
ments have (o be met.

The slructure musl also facilitate main-
tenance i.e replaceable unils and sub-
units must be easy to install and remove

Radar PS-46/A consists of ten line re
placeable uniis with a total weight of
245kg. They are placed in a rack which
In Its lurn constilules a replaceable unil,
fig. 7.

The rack that holds the ten umts is de-
signed as a box guder wilh two vertcal
ribs, which in their turn form the walls of
an upper an a lower rectangular shaft
This provides an upper and a iower
space for mounling rectangular maga-
zines as well as lwo side walls where
large unils can be mounted, fig 8

The central cavily ol the box girder s
vsed to distribute coaling air 1o Lhe var-
ous units. The front end of the girder
forms the mount for the antenna unil

Forces and moments are absorbed by
the box girder and transmilted o 1he
fuselage via four bolts,

The rack is built up of sandwich pane!s
consisting of aluminium plates with &
core of acryhcimid foam plastic. Such 3
panelislightand rigid. and il also acts as
a damper. tig.9 The rack cable harness
1S run on the outside in order to simphfy
production and maintenance. The ¢a-
bles are laced 1o a coarse grid, which15
placed at the rear of the rack, Iig 10.

The antenna unil consists of three piug-
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Fig. 13:1

A six-fayer printed circuit board module. The
figure shows the cooling principle and surface-
mounted components. The construction permits
160 flatpacks and 35 W dissipation. The built-in
test device can be seen between the levers

Fig. 13:2

A two-layer printed circuit board module for
mixed technology circuits. The components are
cooled by means of an air flow through the cover

Fig. 13:3

A printed circuit board module for high frequency
technoiogy circuits. Screening is obtained with
the aid of a metal frame and the coaling cover,
which is also made of metal

Fig. 13:4

A module for microwave lechnology circuits. The
microwave circuils are mounted in hermetically
sealed cans mounted on a heat exchanger
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Fig. 14

The power amplifier. The travelling-wave ube is
placed in Lhe conire of Lhe und, with the high-
vollage pans o Ihe iell and \he priniéd circuit
board assemblies 10 the right. The microwave
signals are fed in via flexible waveguides

Fig. 16
The microwave unit The feed (wilh a covert for
proleciion during iranspon) and the monopulse

comparalor are mounied at the cenlre of the unil.

The sum channel (1op) conlains a circulator, T/R
tube. mixer ang preamplifier. The lime multiplex-
ed channel (boitom) conlains switches. a T'R
(ube. mixer and preamplifier

Fig. 15

The llluminaior with the cover removed. The
klystron wilh high vollage parts is placed at the
lop. and Ihe printed circuil board assemblies
below. The picture also shows (Irom the lett) a
reference antenna. 8 microwave stop lilter for the
ilumination signal. a power divider and a diplex-
er. The latler is used to inlerleave the radar
transmit pulse and Lhe signal from the illuminator

in units, the pedeslal vnil. the micro-
wave unil and the reflector. The pedesial
unit, ig. 11, is a lwo-2axis pedesial with
movement in iwo orthogonal directions,
azimuth and elevation. The refleclor and
the microwave unit are mounted on the
frontend of the pedestal. The pedesialis
made of magnesium and ils hydraulic
motors of stainless, stress-free steel.
The hydraulic motors are designed as
wing molors with a working pressure of
20MPa. The front. moving parn of the
pedeslal unit 1s designed as a ring on
which the microwave unit and refleclor
are mounted. The movement of the ring
is limited by rubber stops al the base of
the pedestal.

The microwave unit, fig 16, is a struc-
ture of waveguides, which together with
{he associated electncal devices (ormsa
rigi@ mechanical unit.

The reflector is of the Cassegrain type
and s made of epoxy impregnated glass
tibre cloth having a core of PVC foam
plasiic which contains a metal net. The
box shape gives the necessary rigidity,
fig 17.

The magazines \hat are placed in the
two shatts are buillt up in a similar way.
since they all contain printed circuil
board assembhes. These magazines all
have a top ridge for connectors and
cabling. The magazine includes a back
panel and guides for different types of
printed circuil board assemblies Both
the bottom and lhe top of the magazine
have a plenum construction, the plenum
being used to distribute cooling air to
the units. The cooling air enlers the base
ofthe magazine via an outlel in the rack.
fig 12:%

There are three different types of printed

circuit board assemblies. fig 13.

— printed circuit board assemblies for
digital technology with two six-layer
boards mounted back to back on a
heat exchanger

— printed circuil board assemblies for
mixed lechnoiogy with two-layer
boards equipped with a cooled cover
over the componen! side

— printed circuit board assemblies for
high frequency technology with a
cocled cover, which together with a
metal frame provides good screening
of the unit

A board unit has been developed for mi-
crowave circuits, consisting of a heat
exchanger on which a number of alu-
minium cans confaining microwave
components are mounted, fig. 13:4

A lever arrangement simplifies the ex-
traction and insertion of pboards.

The power amplifier is mounted on the
starboard side of the rack, Hig. 14, Il con-
lains a travelhng wave tube and its
power supply. Alf high-voltage compe-
nenls are placed in a container filled
with the inert hquid FC77. The liquid in-
sulates and transports heal oul 1o
cooled surfaces.

The port side of the rack holds the excit-
er and luminator, two units with similar
structures The exciler contains only mi-
crowave units of the board lype. The -
luminator, fig. 15. also contains units for
lhe mgh vollage supply to a kiystron am-
plfier.

Indwidual units can easily be removed
with the aid of a few lools, hg. 19 All
units. wilth the exceplion of the power
amplitier and the pedestal unit, can be
handled by one person. The power am-
plifier and pedestal unit require hfting
gear or (wo persons.

Subsystems

Exciter

The exciler provides the power stage
wilh a driving signal generated from
crystal oscillators af approximately
125 MHz This frequency is converted 10
the required X band signal with the aid
of multiplier diodes. amplifiers and
pulse circurts. The frequency can quick-
ly be swilched to different values in the
band 8.6-9.6 GHz.

The local oscillator signal to the mixerin
the microwave unit is generated from
the drive signal to the power amplifier
and an F signal from the receiver. This
latier signal is corrected for momentary
clutler frequency.

The noise requirements for the output
signals from the exciter are very exact:
ing. Special care has therefore been
given to the construction in order to e
duce the effect of external disturbances
such as vibrations, noise and elec

1983



Subrefiactor,

which is sen-

sitive to the

anale of po-
O\ lanization

Reflector,
which

changes the
angle o! po-
lanzatio

)

N

v

3

Vert pol

Support
cone for the
subretlector

Fig. 18

Block diagram for the radar signal processor. The
circles show the basic signal shapes (amphiude
as a function of distance) al different points

Fig. 17

The basic principle of Ihe Cassegrain antenna
The horlzonaily polarized beam from \he feed is
reflecled in Lhe subrellector. The polacization is
furned through 90 , to vertical polarization, when
the beam is reflected In the main reflleclor Since
the subreflector lels through vertically polarized
beams. Ihe signal can pass unobslrucied. (n PS-
46/A the subreflector supporl cone conlains ab-
sorbenl matenal in order o reduce side lohas to
the greatest possible extent

tromagnelic signals. For example, lhe
crystal oscillators are suspended on
rubber springs n order {0 obtain me-
chanical 1solalron.

Power amplifier

The power amplifier. ig. 14, is bud( up
around am aw-cooled travelling-wave
tube wilh a peak pulse power ol 50 kW
and a mean power of 500W. The band-
width is 8.6 -9 6 GHz.

The high voltage of the travelling-wave
tube has 10 be carefully fillered n order
to obtain the necessary spectral purnty
of the transmtlted signal. The melhod
used (s active filtering., which reduces
the remaming ripple on the cathode
voltage (approximately —30kV relative
{0 the anode) to a few volis. The pulsing
ofthe tube is arranged by feeding a posi-
tive puise to the grid. which normally
has a negative bias (relative to the cath-
ode).

The power amplifier is equipped wilh an
extensive supervision angd safety system
in order to prevent damage to the travel-
ling-wave tube. An ion pump removes
resigual gas.

lltluminator

The illuminator, fig. 15, is built up
around an air-cooled klystron, which
gives a CW signal of 200 W. The klystron

is driven by frequency unts of the same
type as in \he high-frequency generator
The noise requirements are stringentn
this case t00, and active fillering of ihe
cathode vollage (—4 3kV)is carried oul.

Pedestal unit

The pedestal unit, 1ig. 11, consisis of a
\wo-axis pedestal which can rolate the
antenna in a cone with a lop angle of
120" Mt 15 driven by electrohydraulic ser-
vo systems, which are controlled from
the radar data processor via the radar
bus.

Microwave unit

The microwave unil. tg 16 contains
transmdter and receiver functions The
receiver uses passive T/R lubes and thus
provides satislactory protechion even
against signals from other radar sita-
tions. Thellumination power is rejected
in band stop filters, so that full radar
performance can be maintained even
when the i'lbminator is operating.

The microwave unit Is placed close 1o
the reflector in order to keep the signal
loss ataminimum, The sum signal has a
separate receive channel with mixer ang
amplifier. The difference signals are
time mulliplexed wilth each other and
with the monitor signal from the wide-
beam antenna m a second recesve chan-
nel.

Detechon
Clutter threshold
Signal
amplitude M Nols
Distance Targe
AN2I0] m—mpy] | | Digital
vigeo  ———— i Video CFAR Range VIGRD
10N m—] AD MTI filter integrator funclions resolving [
HEC ; Isplay
AGC
SIGNE| et .AGG "
10 MwWU functions
v v
Error signals Error signals P
for clutter for target 1
tracking tracking generation

Radar bus
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Fig. 19

Depending on their positions in the rack, the rack
mounted units can be lifled upweards. or swung
downwards or outwards from the sides of lhe
rack, in order 1o {acilitate replacemenl

Reflector

The reflector, fig. 17, consists of a doub-
le reflector arangement of the Cas-
segrain type. The reflector contains two
supplementary antennas, a wide-beam
antenna and an antenna for identifica-
tion equipment (IFF).

Receiver

The receiver, fig. 12:4. contains two par-
allel receive channels with IF amplifiers,
AGC functions, phase detectors (1/Q)
and video fillers. The unitalsoincludes a
reference oscillator for the intermediate
frequency. and clulter tracking func-
tions. The latter provide the exciter with
an [F signal having a frequency shift thal
corresponds to the instantaneous clul-
ter frequency. The clutler frequency is
obtained from the radar data processor
via the radar bus.

Radar signal processor

Roughly speaking the functions of the
signal processor, fig. 12:2, can be divid-
ed into preprocessing and postprocess-
ing of the video signals. The preprocess-
ing requires very high speed, since each
individual radar pulse must be pro-
cessed in real time, bin by bin. Afler the
video integration, where many radar
pulses are integrated, the data speed is
reduced and the postprocessing starts,

The analog/digital converter, A/D in
fig. 18, converls the bipolar analog video
signal from the receiver to digital form.
The | and O components for the two
channels are converled to numbers for
each bin (approximately 1us) Doppler
filteringisthen carried outin the moving
target indicator (MTI} filter. This is de-
signed as a third-order digital filter, In
the video integrator several radar pulses
are added linearly during a fixed time.
The CFAR {Constant False Alarm Rate)
circuits compare the signals in a certain
binwith theirenvironment, and only sig-
nificant differences result in detection

In connection with detection the time
between transmitted radar pulses and
received target echo pules is deter-
mined. The measured time difference
corresponds to a number of possible
distances to the target. A modified pulse
repetition frequency and a new meas-
urement give a new set of possible dis-
tances. The possible distance that is ob-
tained with both pulse repetition fre-

quencies gives the real target posilon,
calculated in the so-called range re-
solver.

If several target echoes are obtained si-
multaneously it is not always possible to
resolve the distance ambiguity directly.
This is because the echo from a certain
target obtained with one pulse repeti-
lion frequency is correlated to an echo
from another target when using the sec-
ond pulse repetition frequency. This
gives rise to so-called ghost echoes
These can be eliminated by using one or
a few more pulse repetition frequencies
in the range resolution calculations.

The radar signal processor calculates
error signals for the tracking functions
of the radar. The unit also controls the
AGC (Automalic Gain Control) function,
which momentarily adapts the dynamic
range of the radar to the prevailing input
signal conditions

Radar data processor

The radar data processor is designed as
a minicomputer with programs storedin
aprogram store. The word tength is nor-
mally 16 bits. Double word length can be
used. Trigonometric tables are included
in order to simplify the work of carrying
out a greal number of coordinate con-
versions extremely quickly. The shortest
calculation cycle is 3ms. The control
unit communicales with the environ-
ment via five input/output channels
fig.6. The unit contains

— data store

— program store

— processor unit

— control unit

— input/outpul unit,

The program store comprises
32kwords and the memory compo-
nents are of type FAMOS. The memory
components are programmed al the fac-
tory. The writing is done by means of
electrical pulses and erasing by means
of ultraviolet light.

The software wuses approximately

20kwords of the program store and

contains functions for, for example.

— selecting radar mode and logic con:
trol of the other subsysiems

— antenna and marker control

— target data filtering during tracking

— clutier tracking

- Interference processing

—  ————f3



Fig. 20
Radar PS-46/A in aircraf JA37

- tunctional supervision
— test adminisiralion

Operational reliability

High availabiity., mgh funclional re-
habilily and good maintenance charac-
teristics are among the prerequisites for
military equipment

By high availabilily »s meant that Lhe
equipment must be reliable and easy to
maintain,

High funclhional reliabilily 1s achieved f
the failure raleis low, and the equipment
is able 1o carry out functional tests and
Inform the operator about any faulls,
The predicted mean time between
failures (MTBF) for PS-46/A is 160 hours
in full tHlight operation The radar (s con-
linuously monitored by a supervisory
system which does not affect the opera-
tron of the radar. The pilotisinformed of
any faults via the head-down display or
indicator lamps.

By good mainlenance characleristics is
meant 1hal any faults are easy to locate
and repair. It must be possible (0 agapt
the equipment to suit the customer's
maintenance philosophy and re-
sources. In the case of PS-46/A con-
scripts must be able to locate and repair
any faults while the system is st
mounied 1n the aircrafl. The con-
struction wilh units Lhal are easy to han-
die and replace 1s one step along this
path. A good test system s another. PS-
46/A has three different test levels
— functional testing (FT)
— built-in performance testing and faull
location (IPT/IFL)
— exlernal performance  testing and
favult location (EPT/EFL).

The last level requires the assistance of
a JA37 telelesl vehicle and compnses
lests that require exlernal aids The faull
detection ability of the (est system is ap-
proximately 85 % of the total number of
faults.
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£T can be carred out before each flight
and takes about one minute. The time
required for IPT/IFL 1sn the order of tive
minutes. EPT/EFL takes aboul half an
hour.

The funchonal supervision and (esling
uses generators, lransmitters and 10gic
signais that have been designed for this
purpose Forexample, target and clulter
signals can pe generated at the RF, IF
and video level. The antenna direction s
checked by means of an optical system,
where the transmitter is placed on the
moving part and the receiver on the fix-
ed part The noise factor of the radar can
be measured with the aid of a buili-in
noise source. The transmi power from
lhe power amplifier and Lhe illuminator
is monitored continuousiy. The radar
dala processor administers all supervi-
ston and lest fuclions. evaluates the re-
sults and transfers them to the central
compuler in the aircraft,

Summary

Theradarequipment which the Swedisn
Air Farce now oblain in the fighter ver-
sion of aircraft JA37 makes it possibie to
delect and determine the position of tar-
gets at any height. A particularly inter-
esling feature s its ability lo detect small
aircraft echoes aganst a hackground of
large ground relurn—aprereguisile fora
modern fighler radar

The chosen systern design 1s a compro-
mise between differenl lechnical solu-
tions n order 1o obtain a good balance
between economical and tacucal re-
quirements. Much of the long develop-
menl work has been devoted to oplimiz-
ing the ability of the radar 1o penetrate
electronic counter measures (ECM).
Data processing by means of software
also provides a certain amount of adapl-
abiity 10 variations in ECM lactics.

The extensive signal and dala process-
ing, in combwnation with the hmued
amounl el space avallable in the aircraft,
has necessilated a compact con-
struclion using. for example. muiti-layer
printed circuit board assemblies

Special consideration has been paid to
operalional reliability throughout, 1n se-
lecting components and structure, pre-
dicting functional reliability and des

tng the butlt-in systems for func
supervision and testing
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