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The Westinghouse DAR

Proven Capability
3-D Detection

High Performance
Mobility
Remoting

Digital Electronics
Minimum Personnel
Full Logistics Support




| NTRODUCTI ON

The Westi nghouse Defense Acquisition Radar (DAR) is the | atest
of a series of high perfornance, |ong-range, three-dinensional,
tactical air surveillance radars. Evolved fromthe highly
successful TPS-43E radar, the DAR incorporates state-of-the-art
techniques in transmtters, receiver-processors, |IFF/SIF
equi prent, displays, and digital target extractors -- all of
whi ch are proven through field deploynent. Mobility, reliability,
and very inportant, affordability are key attributes of the DAR
which lead to low life-cycle costs and high availability.

The DAR is both light and nobile, capable of transport by
truck, helicopter, aircraft or, with the addition of M?20
nmobi | i zers, may be towed individually as two units. This
nmobi lity, coupled with very short assenbly/di sassenbly tines
provides the tactical response required in todays' air defense
envi ronment.

Further highlights of the DAR given in this overview, wl|
show that this radar neets or exceeds the performance
characteristics of much larger, heavier, fixed and nobile radars,
and may be configured for autononous operation, or integrated with
sem -automatic or fully automatic Tactical A r Defense System
Qperation Centers.



THE AN TPS-43 SERI ES OF RADARS

THE MOST SUCCESSFUL 3D RADAR | N THE WORLD
USED BY 17 COUNTRI ES




WORLD W DE DEPLOYMENT

To date, seventeen nations have | ooked to Westi nghouse as a
principal supplier of tactical 3-D radars, and the nunber of units
del i vered under the heading of "TPS-43" has grown to nore than 145
syst ens.

The term " AN TPS-43" has conme into use to describe what are
now ni ne generations of these tactical 3-D radars. Continuous
product inprovenents and the infusion of new technol ogy have
resulted in pacing state-of-the-art perfornmance capabilities. The
DAR is the derivative of these inprovenents which have been gai ned
fromextensive field use and fromstate-of-the-art technol ogy
devel oped on ot her sophisticated Wstinghouse radar systens.

The hi gh performance and nodern technol ogy of DAR is achieved
wi thout risk on the part of the purchaser. The equi pnrent and
circuitry is fully devel oped and proven. Conplete manufacturing
drawi ngs, processes, and specifications are avail abl e.

Moreover, total |ogistics support is available for these
products covering training, spares, repair, overhaul, and field
engi neering services. Each area of support is tailored to the
i ndi vi dual needs of the purchaser



@ Westinghouse Experience

AN/TPS-43 Family AN/IPS-63/65



BACKGROUND

West i nghouse has 40 years of | eadership experience in the
manuf acture of radar systens. Fromthe first sinple radars
manufactured in the early 1940's Wsti nghouse has produced over
35,000 radar sets.

West i nghouse recei ver/processor and MIl systens have evol ved
fromair, ground, and shipboard radar applications which have
paced the state-of-the-art in detection, clutter rejection,
ECCM WK treat ment, and post-processing capability.

H gh power radar transmtter technol ogy at Wsti nghouse has
grown from experience with several |ong range high perfornmance
radars including the AN FPS-77, ARSR-3, ASR-30, ADS-4, TPS-43,
TRACS, and the E-3A AWACS r adar.

The E-3A AWACS radar is but one exanple of the Westinghouse
ability to manufacture sophisticated radar antenna systens.

West i nghouse has devel oped and nmanuf actured many shi pboard
radars as well as range instrunentation and tracking radars. W
have built radars used in the space programto permt orbiting
spacecraft to | ocate each other and to provide gui dance for
docking one to the other.

The techni ques enployed to guarantee the reliability of radar
systens used in space satellites and in airborne radars is applied
to Westinghouse Ground Radar Systens.

Al of these skills and devel opnents of Wsti nghouse have gone
into DAR to nmake it a high performance, rugged, reliable, and cost
effecti ve radar system



SALES HI STORY OF AN TPS-43 RADARS

MODEL

Basi ¢ Radar
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C Mbdel
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F(V3)
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Model
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Model
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DAR
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SALES HI STORY

The sales history of the AN TPS-43 series of radars is shown
on the chart on the opposite page and includes USAF and foreign
mlitary sales (FM5).

As each new nodel was devel oped i nprovenents were nade in
accordance with new technol ogy avail able. The application of new
technol ogy was applied to the areas where the greatest
i nprovenents could be achi eved based on the operation of the
earlier nodels in actual field use. There is no other tactical 3D
radar whi ch has had the opportunity for such inprovenent based on
operati ng experience.

The nodi fications and i nprovenents put into the AN TPS-43
radar series also considered the changing m ssion requirenents
i ntroduced by devel opments in equi prent associated with the radar.

The origi nal AN TPS-43 radar developed for the US Air Force
pl aced nost enphasis on high nobility and |ight weight wth
per f or mance adequate for manual air defense operations. Since the
original design, performance requirenents have increased to neet
t he demands of supplying information for Autonated Air Defense
Qperations. Inproved lift capabilities and | arger transport
vehi cl es enabl ed the radar weight to be increased, allow ng better
performance and nore operating capability to be included in the
radar while maintaining the same nobility.

The inprovenents to the new nodel s devel oped were i ncorporated
in an orderly manner to achieve the present DAR - The Best of The
AN TPS-"3 Series of Radars.



PROGRESSI VE | MPROVEMENTS TO THE AN TPS-43 SERI ES

OF TACTI CAL 3D RADAR

aybEyam
T pUPR RZTS paimpal pue RITTHRITEN
J4% pesveisul "satun azrardas o

Isgsuely ElEp IIVITTIDPE O3
AFITNGE ATPRI U pIPpE SUIPOW

JaL *aordet o3 Fossoan
=01 15ATIDIX UT pAyITIsUT
sjuauoduos K31TtqeIfaz ybty san

Ayt ravdes uoTyRWOIW
Daselou] puv buriiewro}
e3Rp INJIN0 UT A31tiqQixary
223e0aE ¢y peppe (L0 45¥)
I013913xT J8bICL [RITBTG
Inssas01g TPUETS Aoxay

Ltriqeden

1IW 133318q Jusantdwed o3
pasoIdut A3TTIqQPE IorPIauab
ADusnbal) puR IRFITWSURIL

uwoTInaletr Ia1I0Ts sroaduy

01 Jd4d tepvi Ioybyy puw
A3T71qv15333p L[N paicader 103
ButsEa01d B41 sapnyout

I1IH T1%311bTg paacaduf

1%, 3800 ubTaing)

UVD Eb-SIL/NY

9ortd urf 3yun S{Buts ® uT FLIIg
PUT 1023400 pue ButTyzlimE g5l

layIniiop *I03FHOAIIIUT SIelod

=I05uY 34% #IEIB-PITOS ATTNg

1AX2VAY HOXF viep
syrswnu/eydie yo ArrdsIp 1oj
fdd U2®s 3® Inopeaa AIPTrieny

g pue buissezoad
TeatbIp Ut ALI4 paseatdul

s1syndwos Sutyzesy pue Avpdsip
o3 andutr 103 paeoqisy sepnt2
-up “fegdsvp woexy [eITBTp

PUE 350 pur Aeydsip BotRuw 441
FIepe: 30 pRITPASUT *{ }-¥4an
‘$,1dd TPIthIp BPIB-pr1oS

193RI 2yIEUOING
2yowas o) s3o01d [eIthrp 241 puv

IRPRT Af #pTALId O3 paTeasul
{31a) 103oer1xz A12:bxel (e37bhIa

AITTYIQTERIDOR

panoldut 103 Inode] pamyaad
SEY IINEOTOUD I ITWSURIL
TISPITHRUNIY IWRWE 107 pESO
FojeInpom 319Y8-PITOs ATTRg

zoddew I83I0T0 1O TOXIUOD
2Bpun SUCTEAI ISJINTS 4l uoty
-vIndmod ubtay paraeus ILM

as33n15 po suotbsl uy Buyseas
«~oid 10K S1o81es dew 31933072
S1IRWOINT uolInTosIA YbTH

uoTlRelTIouRs pEaFPIILUY pUR
ebur1 atueudp pssesmaouy 10j
sIe|1sourd a8 (hd-p *IVQ-OT

UITH 13M TeITETp pRacadar

18,5465 uBbTBIS]|
(H}EP-S2L/RY

s1lodai jab

-av} TPITETR pueq molieu Gutath
(319} Acnaeaixg aabael [El16TQ
Jo uoTITPPR® AC) FUOYITACIY

ALI pRSEBISUT pUR
‘YOTARDTITINTS “S3TRSI1D Aeu

ybaolyy AyrrtqeuiejuTen pasoidut

puR KITTTIAR TR pasPaidul

) o8pTA KT
f3myaesn sepnloul ‘sanbly asjou

I8aT8203 paaciduy ‘uotisalay
aJjuarajisaur pasciduy =1oiexb
-83ut [RITATP [auuRys-TdTITOR
pUR UOpIsElap Tasuueyo-ardyayne
WOX] UOTIDLAD 2158 pascidal

VOTIVIPRI J833TW
~SUBI) JO [OXFUGD EJowwd

3114

pasdszduy FBPRTOUL SITNIATD
3o sadfy ut votIHnpaT Y7

PUF SPITI INSATI U wotIonp
-aX T:9 Y3Itm XOB520014 1eivhbig
FTenta0sy Jtun pelFt{dury

pu¥ pIAcliel sepniaut ubTsapay

abeyoed afbute ul

SITITIqeded gavd (9301 Rulplda
=014 tausudinbe SuCTIES TuMIWoD
dHN pue 49 UY-17TNG Sapayoul

SoUSS TSy *STOAJUDD
BUOTIRITUTMRIOD * 331 Wayssed
FaaTiav ‘anaprad ubtay ‘144
T9-VAA/NY QITe Yoes suotyisod
JIYTOIIU0D ITe TRUOTIVISAC oMy
FIPRISUT ABATIUS I0DY UDIILINOS

A6, 3000 UbLsIvA)
{9A~TA) JEV-SAL/NY
{J¥sn)
AL b-SAL/NY

sx03e3ba3ut

1e3thIp TauLRy2-aTd
-Fa{ne woIl uoyldelap
Yoawes paaoida]

{Ufd St} FByT

= "3NEU gpz O} pEpuajxE
a6 UCTI0339D MET R

/e

poacadut *ga3ATEIET Ul
EI10TII(AMy W {"JI°N
paacrdat) a3Ms-pITos

IEZWG
o ByusERAoIAIT 1A

(431) waisis
RUVIIUT STS] PRPPY

{8,3705 UGT#I03
PUR IWEM
dEr-S4i/0¥

Kitrigeutviuteu
FAATITQRITa pasearaur
163 IabUBYDIRE 1Y
IB}TRSURI]L paacadu]

whray 441 O poW bul
-POTIut IpO3ag SATIDY
WEG-WAN/NY YIT1m
I2podeq J41 PAlEsEg
POt AN pRoeTdm

144

TeyoyIRtado 7g-¥4N/NY
Y2 T-9T YITH 144
20ITUCH 1TRUS peoeldey

usuanoidut uoTINZ
~1anEsaxd spinbaaty

18131 7due
aebbyrIy wo13Rxfya
teny paaoider

Arddne yepod
1193 $ndoj) peacadwl

ISITAYS UTYITA JUdE
=dinba 3ar perwootau

(%, 3000 UBTeI0I)
JEP-SaL/NY

| SMYOYH Of TYDIJOML 30 SIIYIAT £9-SdL/NY FHL Ol SINTHINOUIWE AATSSTUDOHL

¥ A9 maa sdut
Aoy Iaboroxd
ARRY IaTUSURIY ARN

IMOLe] TeDTUEtos
I331TWUSURIY PRULTSIpaY

pappe si3baey %31
spnarrdav sjgRIIRA

za3Tys
BPISIN0 pa3PIOTsd
AIUCTITPUGD ITY

IFLOY LML paubTSapay

IFTIE
ut YIuaqyIoM pIpPY

. 2z 1%
DRZ-S PI§ 03 pabiE[ul
aa1rays avawdrnhbgy

T+, 3405 ubTsa03)

af¥-S4alL/ e

{€f=Xdm)

[3pcu paacadde

SHI¥ 1681PT Yitm X01%b
~Orre3uy 431 padeTday

FIUSHIAOISUT
CIUUCXTAUT

paiwao] ATatomalr
Fabueyons JRIY moN

LTI WUURIUE PIPPY

1M Te3 16T
{ouuey=TI[W MaN

1%, 300 Gb12a03f

V{F-5dL/NY



PROGRESSI VE | MPROVEMENTS

The tabl e on the opposite page lists the major changes
i ncorporated into the new nodels as they were devel oped and built.
| mprovenents in performance and reliability included i n one nodel
are retained in the later nodels. The nost significant
improvenents relate to reliability and maintainability and to MM
per f or nance.

Additional built-in test equipnent (BlITE) enables |ower skil
| evel mai ntenance personnel to perform nmai ntenance by repl aci ng
fail ed assenblies as indicated by the BITE. Mdifications to
increase reliability, introduced into the AN TPS-43M and t he
AN/ TPS-43 DAR, including the solid state transmtter nodul ator,
the solid state | FF subsystem and the use of new high reliability
conponent s have increased the radar MIBF to 400 hours.

The in-phase and quadrature (I&Q processing used in the DAR
MIT coupl ed with the hi gher pul se repetition frequency (PRF)
i ncrease MMl inprovenent factor to nore than 40 db and increase
MIl detectability by 5 db.

Post - processi ng and di splay i nprovenents, such as the
m cr opr ocessor - based array signal processing DIE and the AN UYQ
27(V) series random access PPl displays, have substantially
augnented the output performance of the radar. |In addition, a new
solid-state |FF (SSIFF) unit is now offered as standard equi pnent.
This latter unit is 1/3 the size and weight of previous |FF
equi prent and has all test equi pment built-in.



Shelter

45 x 2.3 x 2.3 meters
3200 KG

Antenna Module

3.8 x 2.3 x 2.3 meters
1800 KG

C-130

80-0530-B-9




MOBI LI TY

DAR has the highest tactical nobility of any high perfornmance
air surveillance radar. |t can be deployed by sea transportation
or a single G130 aircraft, and can be transported to sites by
hel i copter or by conbinations of trucks and wheel ed dollies.

Mobility is achieved by mninum size, weight and sinplicity.
In the transport configuration the DAR consists of two standard
sized units: the antenna and mcrowave systemwhich fold into an
integral transit pallet, and the radar shelter in which the air
conditioners and heat exchanger are stowed. The primary power
generators are carried separately. Lifting eyes and slings are
provided with each unit.

Tactical nmobility has been fully denonstrated during
gualification testing of the AN/ TPS-43 radar set followed by many
C- 130 airlifts and extensive field depl oynent.

Designed frominception as a |ightwei ght system the DAR can
serve several operational requirenents ranging from point
surveil l ance sensor for air defense groups to fully autononous
operations for GCl/surveill ance purposes with renoting capability
to Sector Operations Centers. DAR nobility nmeans rapid response
to either a changing role or to a changing threat (to negate pre-
targeting).



FOLDABLE GCOMPONENTS

| FF ANTENNA | NSTALLATI ON

RAPID INTERCOMNECTION

Rapid
Antenna



Erection



EMPLACENMENT

The phot ographs on the opposite page show the erection of the
antenna in various stages of the sequence. Fromthe tinme the
radar is delivered to a site a six nman crew can place the radar in
full operation in |ess than one hour. No special tools or
handl i ng equi pnent is required.

The time required to prepare a radar for noving froma fully
operational state is only 30 mnutes for a six man crew. Again no
special tools or handling equi pnent is required.

The radar may be set up to operate on unprepared ground with
sl opes of |less than 10 degrees or it can be operated fromthe bed
of a truck or on standard wheel ed transporters (nobilizers).

The nmechani cal design of the antenna has been inproved in
several ways since the earlier AN TPS-43 radar sets were built;
however, the basic nechanical design and procedures for set up and
fol di ng down remai n unchanged and have been proven through years
of successful service. Leveling jacks on the antenna pall et
provide the neans to set the antenna level within 0.5 degree. The
hei ght conputer then automatically conpensates for platformtilt
within 0.5 degree. It is also possible to adjust the antenna for
fixed tilts from+ 3° to -1.5° in 0.5° steps (for special terrain
purposes); the height conputer is directed to conpensate
accordingly for the set-in tilt.



3D Detection/Small Targets ff 20° o
= 2m2to439km 100000 i

Monopulse Height Finding

75.000 Non-Fluctuating '
Full Coverage MTI 40°
Improvement = 40 dB | 3.0°

_ (Feet) Swerling \
Effective ECCM Case 1

CPACS/CFAR Full 50,000 L 2.0°

Freq Agility Growth
\ -1.0°

Capability

Data Rate = 10 seconds 25,000

High Resolution Target Extraction
DTE and Remoting

/)

{(km)



RANGE ELEVATI ON COVERAGE

The radar coverage diagramfor DAR is shown on the opposite
page. The radar has an instrunented range of 240 nautical mles
(nm corresponding to approxi mately 450 KM

The outer contour shown on the diagramrepresents the
detection range for a nediumsized bonber type aircraft for an 80%
probability of detection (PD) and a false alarmrate of 10" for
a Swerling Case 1 Target. A Swerling Case 1 Target is
representative of a jet aircraft and takes into account the
adverse affects of target scintillation. The inner contour on the
di agram shows the coverage for 80% PD on a small fighter aircraft
with a false alarmrate of 10 and again for Swerling Case 1

Hei ght accuracy is +460 neters at a range of 185 Km

One of the very significant advantages of DAR over conpeting
radars is that DAR provides full-time, full-range Ml and ECCM
per formance and does not require special nodes of operation with
reduced coverage to counter jammng or clutter.



DAR ANTENNA SYSTEM
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ANTENNA SYSTEM

The bl ock diagramfor the DAR antenna systemis shown to the
left. The transmtted S-band radar pul se passes through the high-
power section of the rotary joint. This joint also contains two
| ow- power S-band sections for the stable | ocal oscillator (STALO1
power to the receiver mxers and the test and calibration signal
for injection into each received path. Synchro generators and the
azi mut h change pul se (ACPV generator are nounted on the rotary
joint gear box.

The transmtted pul se enters a wavegui de coupl er and two
wavegui de power dividers after passing through the rotary joint.
These divide the power into thirteen separate outputs to feed the
thirteen wavegui des going to the feed array. These dividers place
t he hi ghest power at |ow el evation angles for best | ong range
detection. The transmtter energy in each channel then passes
t hrough wavegui de circul ators before entering the individua
feedhorns. The in-phase addition of the output fromeach feedhorn
produces the conposite transmtted pattern. This energy is then
focused by the parabolic reflector.

Recei ved signals are focused on the feed array and enter
several of the fifteen horns of the array. Horns 13, 14 and 15
are connected together and performas one. The resulting thirteen
wavegui des feed signals to the receiver mcrowave nmatrix which
conbi nes the received energy fromone or nore horns into six
separate outputs. Each of the six receiving channels includes a
| ow noi se receiving solid-state anplifier and image rejection
m xer. The IF outputs fromthe mxers are fed to separate IF slip
rings in the rotary joint and are connected by coaxi al cable to
the radar shelter.

A mcrowave coupler is included to allow an RF nonitor pul se
to be injected into the RF receiver circuits. The nonitor pul se
allows nonitoring of the perfornmance of each receiving path.

A sidel obe reference antenna is nounted on the antenna
assenbly. The pattern coverage of this antnena approxi mately
enconpasses the sidel obe structure of the radar antenna and is
used to mnimze the detection of targets in the radar antenna
si del obes.
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3D COVERAGE

The DAR System provides true 3D Radar Coverage. The
overl apping vertical beans as shown in the diagramat the |eft
provi de radar detection of the full elevation coverage of the
radar for each transmtted pul se

Conpeting radars are required to scan their pencil beans up
and down in elevation while the antenna rotates in azi nuth.
Conpeting radars therefore suffer the di sadvantage of obtaining
far fewer radar returns on each target making their detection and
processing nore difficult and | ess efficient. Since they are
required to scan in elevation as well as azinmuth they encounter
what is called a "Time Managenent Problent and are forced to adapt
speci al nodes of operation to obtain detection in adverse radar
environnments such as jammng or severe clutter. The special nodes
conpeting radars are forced into include restricting elevation
coverage and/or reducing their instrunented range, thereby
allowi ng many targets to escape undetected in what woul d ot herw se
be nornal radar coverage.

The DAR, on the other hand, provides full-range and full-
el evati on coverage while maintaining full MMl and ECCM capability.
Special clutter mapping circuits enhance the detection process
such that only areas of clutter exceeding processed threshol ds
Wi ll require MIl processing while, for the balance of the
coverage, normal processing may be used for greater sensitivity.
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HEI GHT PROCESSI NG

The | F receiver consists of six height channels (one for each
antenna bean), six search channels, four digital MIl channels, one
si del obe reference channel, a JATS channel, and a weather channel .
The recei ver consists of 20 plug-in printed circuit cards, one
digital planar array, and other related circuitry.

The height receiver channels determ ne which beam pair
contains the target and interpol ates between the beam centers of
that pair to neasure the angular difference. As shown in the
opposi te bl ock diagram the 30 Mz IF target return is anplified
and applied to a matched Gaussian filter to establish receiver
bandwi dth. Follow ing the filter the precision logarithmc
anplifier establishes the required signal anplitude
characteristics for height finding. The CPACS decoder then
conpresses the coded I F pul se to enhance the signal to noise ratio
of the target return. The IF anplifier and detector conpensates
for decoder insertion | osses and operates as a |inear envel ope
detector. The detected video pul ses are sanpl ed-and held when a
target detection is made in any of the search channels. The beam
pair selector sunms pairs of adjacent channels producing five pair
signals. The beampair with the |argest anplitude is detected by
differential conparators and sent to the height conputer as the
base angle determ ned by the "crossover" angle of the pair of
beans containing the target. The beam subtracter interpolates the
angl e by which the target is above or bel ow this base angle.

A height conmputer then processes the interpolation data, which
has been quantized, and beam pair selection fromthe receiver.
Mul tiple radar hits occur on each target as the antenna scans past
the target. Therefore, a separate nonopul se hei ght conputation
occurs for each of several hits per target. The multiple hit data
is then processed by the height evaluator to elimnate any
erroneous data. The final eval uated height is then outputted
after the end of target criterion has been net. Each hei ght
conput ation considers the factors of base hei ght above radar
hori zon, interpolation height frombase height, antenna tilt,
earth curvature correction, and site elevation.
0380C 1913b 21



DAR ECCM FEATURES
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ECCM FEATURES

The DAR operates with high efficiency in clutter and
interference environnents. False alarns, which would otherw se
degrade operation of manual or automated air surveillance and
control systens, are reduced. FHE ectronic Counter-Counter Measures
(ECCM include all techniques which work to defeat the effects of
active as well as passive (chaff) jamm ng and the effects of
clutter. ECCM features of DAR include:

- Frequency agility. Any of 16 frequencies across the 200 mhz
operating band may be randomy sel ected on a pul se-to-pul se
basis or in groups of pulses.

- Coded Pul se Anti-dutter System (CPACS) . A phase coded *>. 5
m crosecond pulse is transmtted. Upon reception it is
decoded and conpressed to .5 mcroseconds. Detection thus
depends on the signal having the proper phase code. High
resolution is achieved with mnimumfal se alarns due to noi se
or CWjammng and distributed clutter (chaff, weather).

- Jamm ng Analysis Transm ssion Selection (JATS). During each
transm ssion interval JATS operates by sanpling the power
bei ng recei ved on each of the 16 frequencies in the operating
band, then making a conparison to find the frequency with the
| east janmng. This frequency is then autonatically sel ected
for the next transm ssion.

- Staggered PRF. Staggering the pulse repetition frequency,
aver agi ng 250-275 pul ses per second, is useful for inproved
MIl detection. Wth CPACS and frequency agility it is nearly
i npossible for an ECM aircraft to sinulate fal se targets at
cl oser ranges.

- Antenna discrimnation. The six narrow, stacked beans, each
with its own receiver and processor, gives the DAR both
azimuth and el evation discrimnation agai nst janmers.

- Si del obe bl anking. Using a snmall reference antenna and
recei ver, signals received by the sidel obes are bl anked before
t hey reach the radar out put.

- Digital MIT. ~-pulse cancellers processing | and Q data for
each beam (beanms 3 and 5 also 4 and 6 are conbi ned) provide
di scri mnation agai nst very short pul se interference as well
as elimnation of ground clutter at all ranges.

- ECM weat her video. A separate JATS/ weat her receiver provides
a video output, derived fromthe channel 2 hei ght receiver |og
| F before CPACS detection. This video is displayed for
presence of weather and janmm ng.

- Jam Strobe. A jam strobe report is developed in the digital
target extractor fromthe janm ng detected in the JATS weat her
receiver. A second jamstrobe circuit produces an outline for
di spl ay whi ch shows the approximate degradation in detection
range caused by jamm ng.
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FREQUENCY AG LITY

DAR provi des three sel ectabl e nodes of frequency operation.

Fi xed Frequency. Any one of 16 equal ly spaced frequencies
across the 200 MHz band is switch sel ectabl e. The radar
continues to operate on this frequency until a change is
initiated by switch selection

Random Frequency Agility. The radar is capable of making a
random sel ection of available transmt frequencies on a pul se-
to-pul se basis. The operator can nmanually inhibit any of the
16 frequencies from bei ng sel ect ed.

Janmm ng, Analysis and Transm ssion Sel ection (JATS). The radar
anal yzes the environmental spectrum each pul se repetition
period and sel ects the frequency having the | east interference
for the next pulse transmssion. |In this case the operator
can also inhibit transm ssion on one or nore of the avail able
frequenci es.

Since MIl operation is based on phase conparison of return
signals of the sane frequency on a pulse to pulse basis it is not
possi bl e to change frequency for each transm ssion and mai ntain

MTl per f or mance.

To enable MIl to work with frequency agility DAR provides 12
pul ses to be transmtted at the same frequency before sw tching
frequency in either the random frequency agility node or the JATS
nodes of operation.

Frequency agility forces jamers to spread their jamm ng power
across the 200 MHz operating band thus | essening their
ef fectiveness to deny target detection.

Typically broadband jamer outputs vary significantly with
frequency. Therefore, JATS provides an opportunity to select a
frequency for operation at which the jammer is emtting | ess
interferring power.

The Coded Pulse Anti dutter System called CPACS was
devel oped by Westinghouse. In DAR the transmt pulse is encoded
in the frequency generator and anplified through the driver and
final power anplifier. Coding is in the formof a phase reversing
13 bit Barker Code. The echo signal processing provides a
constant false alarmrate (CFAR). The processing is a pul se
conpressi on which reduces the radar cell size thereby reducing the
effects of rain, chaff, and distributed clutter. By rejecting all
but the exact code from passing through the receiver, CPACS
prevents active jamers from overloading the system The pul se
phase coding al so works to permt the radar to transmt a w de
pul se and mai ntai n hi gh average power and maintain a small cel
si ze since pul se conpression is acconplished in the receiver
pr ocessi ng.
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S| CELGBE BLANKI NG

The BAR is inplenmented with a sidel obe reference antenna and
receiver to mnimze the detection of targets in the radar antenna
si del obes. The sidel obe reference antenna pattern coverage
enconpasses the sidel obe structure covered by the radar. The
si del obe bl anking channel is fed fromthe reference antenna and
utilizes identical circuitry as the height channels. The sidel obe
video pulse is conpared with the six height |og videos fromthe
hei ght receiver. A detection fromthe sidel obe bl anki ng channel
W Il cause inhibition of radar video output in the unit signa
processor as foll ows:

100% of returns in sidelobes that are at | east 10db down
and not nore than 20db down fromthe peak of the
correspondi ng nmai n beam

98% of returns in sidelobes that are between 20 to 30db
down, and

50% of returns in sidel obes that are bel ow 40db. This
ECCM capabi lity is particularly useful when very strong
jamm ng is received since this may be detected over a

wi de azinmuth sector. Sidel obe bl anking not only
mnimzes fake information, but allows the true azi nmuth of
the jamrer to be neasured by the jam strobe circuit.
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TRANSM TTER

The photograph on the left shows the solid state nodul ator of
the DAR transmtter. The 4 charging inverter nodules are in the
top rowon the left. Just below are the five PFN nodules with the
trigger anplifier appearing as a sixth nodule on the near end. The
tank contains the high voltage pul se transforner. To the left is
the control panel in the "swing out" position.

To the right in the photograph is the RF portion of the fina
power anmplifier. This includes the twstron, wavegui de couplers,
and a waveguide filter. The twystron is nmounted on an oil filled
socket tank.

Transm tter Characteristics

Type Pul sed broadband coherent amplifier
Frequency Range 2.91to 3.1 Ghz

Peak Power 3.0 negawatts

Aver age Power 4.9 kilowatts

Duty Cycle . 00179

Pul se Length 6.5 m croseconds

Pul se Repetition Frequency 245/ 250/ 275 pul ses per

scan/ (average) (fixed
or staggered)
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TRANSM TTER

The transmtter equi pment, shown in the block di agram
utilizes a conpletely solid state power supply and nodul at or
subsystemto pul se a VA145E Twystron final anplifier. This fina
anplifier is driven by a TW driver which receives a phase coded
RF pul se fromthe frequency generator which also provides the
STALO, COHO, and RF nonitor signals. The main power portion of
.the transmtter contains a 280 V raw DC supply derived fromdirect
rectification of the 3 phase prinme power input. This DC level is
filtered and feeds an energy storage capacitor bank. Four
i nverter charging nodul es are operated in parallel fromthe
capacitor storage bank. The capability of the nmodules is such
that transmtter operation can be maintained with one inverter
nodul e renoved. The inverter systemis a half bridge SCR type,
whi ch operates at 10 KHz. Chargi ng of the pul se form ng network
capacitance is acconplished in two stages. The inverter power
out put charges the network in 50-100 volt steps to a voltage |evel
that is approximately 100 volts less than the final voltage.
Control sensors then shut off all but one inverter nodule so that
the charge cycle is conpleted in 20 V steps. The charging cycle
ends with a slight overcharge on the PFN s which is bled off by a
regulator to within 0.05%on a pul se-to-pul se basis. This
accurate charging insures the pul se-to-pul se phase stability
requi red for high performance Ml

The nodul ator i s made possi bl e by the reverse bl ocki ng di ode
thyristor (RBDT), a thyristor type solid-state switch devel oped by
West i nghouse for high power pulse switching applications. The
nodul ator is a line-type systemusing five identical nodul es. Each
nodul e contains a pulse form ng network (PFN) and an RBDT switch
assenbl y.

The five PFN nodul es are operated in parallel with the
swi tches operated sinultaneously to discharge the five PEFN s to
generate the required twstron operating pulse. The five nodul es
toget her provide a substantial video pul se power margin so that
transmtter operation nmay be continued with one nodul e renoved.
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MT1  PROCESSI NG

Four separate 1&Q digital MIl processors give MIl detection
over the entire elevation and range coverage vol une of the radar.
The MIl processing is in parallel with other signal processing;
therefore, it is available at all tines. MIl does not require a
separat e node of operation. For exanple, the display areas
sel ected for non-MIl or MIl can be manually selected by the
operator through the range azinmuth gating (RAG unit or the MI
can be selected automatically by the clutter mapper circuitry.
Remai ni ng areas of the display will be non-MI.

Separate processors are installed in the two | owest beans to
preserve the best possible detection in clutter. The higher
beans, normally above the heavy clutter, are conbined; i.e. beam3
with 5 and beam4 with 6, to all ow separate processing with fewer
circuits.

Each canceller is preceded by 10 bit A D conversion with the
two | east significant bits into receiver noise. The MI
i nprovenent factor neasures greater than 40 db based on the
fol |l owi ng paraneters:

VI P and scan nodul ati on 44 db
Radar stability 45 db
Dynam c range Sl db
MT1 i npr ovenent >40 db

| & processi ng i nsures good sensitivity for MIl. Al digital
desi gn provides highly stable operation with few adjustnents
required and sinple initial alignnment.



DAR SOLID STATE IFF/SIF UNT




| FF/ SI F SYSTEM

The Westi nghouse devel oped solid state | FF/ SIF (SSI FF)
subsystemis provided in the DAR It is mounted within the
shel ter and connected to the AS-2787 sumdifference antenna which
is an integral part of the radar antenna subassenbly. The
significant advantages of this SSIFF unit are inproved
reliability, calculated to be greater than 3100 hours, and
i nproved naintainability with an MITR of 12 m nutes. Built-in
test equipnment (BITE) elimnates the need of external field
support test equi pnent.

The SSIFF unit is designed to operate in Mark X/ SIF nodes.
Functionally, it consists of an interrogator, defruiter, antenna
switch driver for sidel obe suppression, and internal trigger
source. Video ouput and trigger drivers are provided for routing
output signals to the DTE or renote operation centers. Control
node sel ect, etc. can be exercised froma front panel or froma
renote center

Modul ar constructi on consisting of plug-in PC boards, wre
wr apped digital boards, and hybrid m crowave nodul es, are used
t hroughout. The control panel is also a plug-in solid state
nodule. Failure indication is by light emtting di ode on each
nodule with a fault sunmary indicator on the control panel.
Insertion of commands through the control panel is by a hand-hel d,
coded | R-gun

A key high reliability conponent is the 2 kw solid state
transmtter. A high voltage (3000 volt) power supply used in
ol der systens has been replaced by a SO volt supply in the SSIFF
unit.
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CONFI GURATI ON

The | ayout shown on the opposite page is the basic
configuration of the interior of the radar shelter used in one
version of the DAR. This particular |layout indicates only one
operator PPl position with additional area used for
mai nt enance/ st orage pur poses.

G her configurations of the DAR include, at the operator area,
upper and | ower sl oping consol es housing two PPl displays, UPA-59B
| FF/ SI F decoders, digital height read-outs (DHRO s), plus HF, VHF,
and UHF radi o conbi nati ons, conms sw tching panels, telephones,
and rel ated control heads.

O her optional equi pnent, which can be | ocated bel ow the SSI FF
i ncl ude a Modem assenbly, with 3 x 2400 baud capacity, and a
Digital Video Mapper to provi de mappi ng and additional editing
(al pha-nuneric) data for the PPl's.

The aggregate of the expansion capability in the DAR is such
that the single shelter can stand as a fully autononous
&Cl /surveillance group with full renoting capacity to Sector
Qperations Centers (SOC s).




AN UYQ 27(V) Digital D splay



DI SPLAY

The DAR uses the AN UYQ 27(V)2 RAPPI display for the
presentation of both anal og and al pha-nuneric (digital) data. A
keyboard is added if conputer interface is also desired.

Derived fromthe AN UPA-62C di splay, the AN UYQ 27(V)2 is the
|atest in a series of Westinghouse-devel oped displays. Using off-
t he-shel f conponents, this state-of-the-art display has the
follow ng features:

Digital solid-state-design, with 16 inch dia. PPl tube
M cr opr ocesser control

Internal synbol and vector generator

Radar and conputer interface

On-line performance nonitoring

Mai nt enance built-in-test

MIBF exceedi ng 3000 hours

MITR | ess than 30 m nutes

The display is programmed to operate as a standard pl an
position indicator (PPl) , random access pl an position indicator
(RAPPI') or in a conbination of these two nodes. Al phanuneric
data, synbols and vectors contained in the RAPPI node are
di splayed with the PPl presentation during systemdead tinme in the
conbi ned node.

Thi s general purpose display, shown on the opposite page, is
self-contained, solid state, and digitally inplenented. Its |large
di spl ay area conbined with small volunme and |ight wi dth nakes the
display ideally suited to a tactical environnment, or for
sem permanent installations.



DAR DI G TAL TARGET EXTRACTOR (DTE)

DTE ASSEMBLY

THE DI G TAL TARCET EXTRACTCR (DTE) 1S HOUSED I N ONE CARD
ASSEMBLY ( SHOMWN ABOVE) WHI CH MOUNTS WTHIN THE UNI T SI GNAL
PROCESSOR RACK O THE DAR RADAR



DI G TAL TARCET EXTRACTCOR (DTE)

The digital target extractor (DTE) is a high speed and hi gh
resolution digital processor which receives 3D digital search
radar data and | FF/ SI F (beacon) video, code, and node data. The
hit-by-hit data is processed in the DIE to neasure the position of
each search and beacon target. The separate target extractions
are then correlated if the search and beacon data are returns from
the sanme target. Either a conposite, correlated target report is
formatted for transm ssion to user termnals or, if uncorrel ated,
separate search and beacon reports are transmtted. Beacon
bracket video is also available for transmssion with other radar
anal og data. The digital reports contain all the target data,

i ncl udi ng height data, and becone the principal interface with
command and control centers (e.g. ANTSQ 73) or other users (e.g.
weapon acqui sition centers). The format of digital target reports
is progranmmabl e and easily adaptabl e to user requirenents.

The DTE nessages are available for nodemlink to separate
operations centers and for direct input to the RAPPI displays via
their S-311 high speed serial channels. Each nessage consists of
t he fol |l ow ng:

Radar range, bearing, and target strength

Radar hei ght

| FF (Beacon) node, code, and Mode C height (if selected),
and speci al tags

Status tags

The status tags identify the sources of information, which
include radar, |FF, test target, strobe, and equi pnment conditions
data. The IFF information can be sourced fromas many as four
nodes (1,2,3A and C). The IFF tags show if code infornmation was
val idated, if any emergency existed, and include the X and SP
bits.
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DTE FUNCTI ONS

The DTE has been designed to operate at high speed to handle a
| arge target capacity. Radar target extraction uses search or MII
detections as automatically selected by the clutter mapper.
Absol ute velocity filtering is available to delete fixed and sl ow
nmovi ng target reports. Beacon data processing validates |FF
returns to prevent false reports. Either serial or parallel
digital outputs can be provided with a nodulation rate up to 19.2
kbs. BITE circuitry automatically inserts radar and beacon test
targets and nonitors the response of the various subassenbli es.

The functional diagramon the opposite page illustrates the
operation of the DTE. These functions include:

Centroiding of radar (search) returns

Centroi ding of beacon returns

Beacon code processing and validation

Beacon EMERG & SPlI code processing

Correlation of search, height and beacon reports

Jam str obe processing

Per manent echo el i m nation/ absol ute velocity filtering
Adaptive threshold limting

Message formatting and buffering

St at us nmessage reporting
BITE, fault isolation

Conmmuni cation |inks (nmodem [andline)

The DTE provides a reporting nessage the accuracy of which
corresponds to the radar signal processor output and at virtua
real tine.
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SYSTEM CAPABI LI TI ES

Qutput data fromthe DAR consists of digital and anal og target
i nformati on which can be transmtted to conmand centers over |and
lines or mcrowave links. Digital data in the formof target
reports are formatted in accordance with user interface
requirements and transmtted at sel ectabl e nodul ation rates. These
reports include:

Range, azinmuth, and hei ght | FF (beacon) node,
code, SP1, and EMERG Mbde C hei ght (when
provided by aircraft) Correlation between
radar and beacon reports

Anal og data consists of MIl/nornmal video, selectable nonitor
vi deo, weat her/ ECM vi deo, | FF bracket video, and zero range and
timng triggers and azinuth data.

DAR data may be used in a variety of functions which include:

early warning for air defense

surveil l ance/ GCl operations

command center systemrenoting capabilities

target correlation with airborne command and contr ol

syst ens
enhancenent of air space managenent through 3-D capability

The quality of DAR data is such that it can be used by fire
control units in lieu of their own acquisition data.

Under devel opnent in Westinghouse for the U S. Air Force
application is an advanced tracking system Target track and
prediction data will be conputed in the DIE tracker and transmtted
inlieu of position reports. This additional information m nimzes
false target reports and shortens engagenent reaction times.



DAR CHARACTERI STI CS

Syst em Per f or mance
Cover age
Range
El evation
Hei ght
Azi mut h

Det ecti on

Accuracy
Range (1 sig.
Azimuth (1 sig.)
Hei ght

Resol uti on
Range
Azi nut h

Data rate

Enpl acenent tinme (5
nen)
March order tinme (6
nen)

MIBF
MITR

Radar Paraneters
Transm tter

Type

Qperating band
Frequenci es

Pul se wi dth
Pul se codi ng
Pul se repetition
Nom na
St agger Peak
power Average
power

Primary power required
Vol t age

Frequency
Tot al power

2 to 440 km

0 to 20 degrees

radar horizon to 30, 500 km
360 degs conti nuous

325 km 2.5 sg. m
Pd = .8, Pfa = 10-°

20-2000 kts.
154 m .25
deg.

2 m to 185 km

154 m
1.5 deg.

10 sees.
1 hour 1/2

hour

400 hours
30 m nutes

coherent power anplifier (VAL45E
Twystron) 2.9 to 3.1 Gz 1"S

sel ectable pulse to pulse agility,
random JATS

12 pul se sequence for MII

<S 5 usecs.

13 bit phase code

245/ 250/ 275 Hz 7
pul se sequence
3.0 MN nom na
4.9 KW

120/ 208 volts, 3 phase, 4 wire
400 Hz
<S0 KW 73 KVA, PF 0.85



DAR CHARACTERI STI CS

Ant enna
S ze
Gi n
Transm t
Recei ve
Pol ari zati on
Beamni dt h
Azi mut h
H ev.

Scan rate
Tilt

Noi se figure
Sensitivity (MXS)
| F frequency

Interference rejection
features

Transport characteristics
Ant enna Shel ter

5:2mx 4 .27 m

37dB
41dB
verti cal

l1deg

1.5 to 8.1 deg. (six stacked beans
for 20 deg. total coverage)

6 rpm

-1.5 deg. to +3 deg.

3. 5dB
- 105dbm
30Mhz

CFAR, si del obe bl anki ng, JATS,
frequency agility, coherent
digital M, elevation discrim na-
tion, CPACS, staggered PRF, sector
bl anki ng i mage rejection filtering,
video integration

3.73m x 2.23mx 2.29m 2000 kg
4.5mx 2.21mx 2.13m 3200 kg

Envi ronmental characteristics

Anmbi ent tenperature

Operating
Non- oper ati ng

W nd
Operating Non-
oprating

Rel ative humdity

Baronetric pressure
Qper ati ng Non-
operating

-40 deg Cto 52 deg C
-62 deg Cto 71 deg C
up to 180 days

9fi kmper hour
170 km per hour

95%

sea level to 3,858m
sea level to 15,250m



DAR HAS 30 M NUTE MITR

Built-in Test (RP/IF/ Dgital)

On- 1i ne

af-line
Built-in Fault Indicators Renote
Summary Fault Indication Built-in Test
Equi prent Functional Partitioni kng of
Equi prent | nproved Accessability Pl ug-

I n Repl acenent Reduced Spar es



MONI TORI NG

DAR contains a built-in nonitor oscilloscope, nonitor contro
panels for major assenblies (transmtter, receiver/processor, DTE,
and solid state |IFF system, PC board fault lights, and summary
fault lights for assenblies. The nonotor oscilloscope includes
probes for displaying waveforns avail able on any test point in the
radar shelter. Rotary switches provide inputs to the oscilloscope
and nonitor neters. Automatic and manual fault tests are
avai l able to assure proper functioning of all assenblies and to
assure that major performance paraneters are within specification
The frequency generator supplies four nontor pulses at IF for |og
sl ope monitoring of each channel including the sidel obe bl anking
receiver. It also provides one phase coded RF nonitor pul se to be
used in the receiver/processor systemfor gain balance, alignnent,
and m ni num det ectabl e signal (MDS) measurenents. The signals are
inserted in the "dead” time of the radar and, after processing,
are viewed at the nmonitor oscilloscope. In addition to nonitoring
receiver functions, height channel calibration is acconplished by
use of the relative anplitude between the four |IF nonitor pulses
and accurately observing the relative output on the oscill oscope.
Calibration such as this is perfornmed only at infrequent
intervals, while nonitoring is done at any tinme w thout
interruption of normal operation

By using a "live tinme" real-time quality control (RTQC) radar
and beacon (IFF) test target, on-line nonitoring of all main
processing elenments in the DTE is perforned at |east once per
scan. A fault detected as result of these BITE tests illum nates
a summary fault light on the DTE control panel. This summary
fault also includes errors in the output data nmessages. The
status of each DTE plug-in nmodule is indicated by an individual
light and a fault is incorporated in the summary fault circuitry.

Automatic on-line and manual built-in-test and fault isolation
to the nodule level is provided in the solid state | FF system
Separate test equipnment is not required. A summary fault
i ndi cation is provided on the front panel of the unit.

Simlar fault lights as described above are provided on the
PP .
0380C/ 1913b 49



DAR Is Fully Supported

Logistics - Maintenance * Support Concepts
Based on Field Experience

Technical Manuals - Provisioning Data
Developed

Training Programs - U.S. or Europe
Developed

Support Equipment
Developed

Field Engineering Support
Available



| NTEGRATED LOG STI CS SUPPORT

DAR i s now in production at Wstinghouse and a full support
package i s devel oped. Logi stics and mai nt enance support concepts
are based on field experience. Technical manuals have been
witten and spares provisioning data devel oped. Training prograns
are available and so is special test equipnent for depot and field
| evel mai nt enance.

West i nghouse mai ntains an I ntegrated Logistics Support
Di vi si on wi th hundreds of enpl oyees trained and experienced in the
skills necessary to devel op and i npl enent effective support
prograns for Westinghouse equi pnent and equi pnent built by others.
Qur field engineers are stationed throughout the world and are
especially trained on the equi pnents to be maintai ned. Because of
t he ongoi ng DAR Program Westi nghouse can provide a very effective
support package for DAR w t hout burdening the custoner with start
up and devel opnent costs.



GROMH POTENTI AL

Consi derable effort is currently underway to provide DAR with
i nproved ECCM capabilities to counter the postul ated 1990's
threat. A prototype Utra-Low Sidel obe Antenna (ULSA) for the
AN/ TPS-43 has been built and recently conpleted testing at the
USAF' s Rone Air Devel opnent Center. Additional testing at
Aberdeen Proving Gound and Eglin Air Force Base has been
successfully completed. A followon contract with ESD-USAF is
al ready underway which will lead to serial production antennas for
USAF. Additional AN TPS-43 ECCM growt h potential areas, currently
wi th USAF fundi ng support, include the | ow cost anti radiation
m ssiles (ARM Decoys, ARMal ert radar and sel f-screening jamer
(SSJ) protection circuitry.

DAR is an excellent choice for mlitary forces requiring
nobi | e 3D Radar. Wthout question it gives the highest degree of
mobility with overall performance which is not surpassed by any
other radar. It is a lowrisk proven approach, it is in current
production and is the very latest design. It is fully supportable
and because of continued production and depl oynent of the AN TPS-
43 radar famly it is guaranteed anple spare parts at reasonable
prices for many years into the future. It has programmed growh
and i nprovenent for the future and best of all -it is affordable.



