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PREFACE

This report, prepared by the General Electric Company for Rome Air

Development Center under Contract No. F30602-76—C-0380 was compiled by

T. B. Shields, the Study Director. Major contributors were S. E. Bell , ~l . I . Fox ,

L. D. Hayep , R . V .Jackson , R. D . Ki ng, J. W. Krueger , D.J. Murrow, J.A . Rougas ,

N.A.Schmitz, F.D. Shapiro, J.J. Stewart , and R .D. Wengenroth . B. Cameron
was the General Electric Company Program Manager. R.A . Ackley and A . S. Br iggs
were the RADC Program Monitors.
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EVALtJAT ION

The effort reported is one of three parallel study contracts performed

under Project E233 by direction of ESD/XR. These reports identify

alternative concepts and activity necessary to support the development

of a short-range , unattended radar and a long-range minimally attended

radar. The short-range radar is being viewed for applic ation in DEW

Line to replace the AN/FPS-19 and the long-range radar is being viewed

for application by the Alaskan Air Coniiiand to replace the AN/FPS-93.

These studies provide the assurance that current technology can support

the development of unattended/minimally attended radars that offer

improved performance and can significantly reduce operating and

maintenance costs.

These efforts were performed in accordance with 1978-1982 TPO III ,

Thrust C Advanced Sensor Technology . The results will be used by ESD

to develop system acquisition strategy for SEEK FROST (Project 2448),

PE I24l2F . It also provides supplemental data supporting SEEK IGLOO

(Project 96811), PE 1 232SF.

(4~tc(

ADRIA N S. BRIGGS
RADC Project Engineer
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1. OBJL~~’I [vE AND SCOPE

‘l’he primary objective ol t h i s  stud y was the determinat ion I ) f those exploratory
and advanc e de~ elopmcnt a c t i v i t i e s , in c l uding technolog y . ( o m~ x In e n t , and subsystem

developmen ts neces~ ar\ to support the development of unattended and minimally at-
tended radars . In sipport of th i s  ohjuctive , des ign  trades were pe rform ed to opt i —
n ia l l s  coril ~~u rt  tw~ cl isses oF radar  sensors suh ~ect to the constraints  specified in
the Statenient of Work (SOW). The f i r s t  class is a shor t—range ( ins t rumented  to
60 n m i ) .  2 -I), unattended radar with growt h capab i l i t y  to 3 -1) . The major i ty  of the
design effort  w:~s direct ed towa rd th i s  d e s i g n  w i t h  emphasis  on the 2—D rather than
the 3 — I )  growt h configurat ion . The second class is a long—rang e (150—nm i and 2 I ) ~ —
nin i instrumented ranges), 3 — I ) , m i n i m a l l y attended radar with growth to unattended .
Minimal l y attended is defined as requiring a maximum of three-radar maintenance
technicians per site .

The pr incipal  design ground rules include hig h- re l iab i l i t y , low—prime power ,
low—life  cycle co$ , and 1976 to l9~ 0 technology . The unattended radar design goal
of 3, ‘~, and 12 months of unattended operation with a probabili t y of successful opera-
t ion of ~ .9 at the  end of th at  period , t ranslates to a min imum of two orders -of-
magnitude increase in mean t ime between fai lure  (MTBF) with respect to systems
current ly  in the f ie ld .  Likewise , the prime power design goal of 500 W for the un-
attend ed radar  represents roughly an order-of -magnitude reduction from conventional
de8igns . These , along with the low-life cycle cost emphasis , completely dominated
the conduct of the  stud y and resulted in the development of novel designs to best ac-
commodate these goals . F ina l l y , these des ign goals could not have been realized if
off—the—shelf 1974 technology were specified . Furthermore , a large risk would be
incurred if 1980 to 1985 technol ogy were invoked since this technology extrapolation
Is speculative at best. it is onl y through technology advancements developed in the
1975 and 1976 t ime  frame (such as charge coupled devices (CCD’s) , large —scale
integrat ion (LSI) of d igi t a l  components , and microprocessors) that these design goals
are determined to he achievable with an acceptably low risk .

I—I
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2. CONDUCT OF THE STUDY

Figure 1-1 shows the design process flow . The sy stem design process steered

the other design act ivi ty emphasis to those areas that are responsive to the overall

requirements . This was accomplished through allocation of system requirements by

info rmal specifications . In addition , the alternative designs were limited to that

range of candidate technologies which fi t  the rel iabil i ty and performance requirements .

The process flow was triggered by the systems requirements generation activi t y,

as shown in Figure 1-1. The inputs to this in i t ia l  effo rt were provided primaril y

through the SOW and subsequent customer guidance.

The alternative systems concepts defini t ion provided an ini t ial  cut at applicable

designs and narrowed the candidate technology to that which is responsive to the

initial requirements .

The initial performance/reliability and maintainabil i ty (R&M) evaluation was

performed on this set of concepts to lim it the number of candidates considered in the

detailed design phase. The detailed design and evaluation consisted of blending the

candidate concepts parameters with the subsystem-requirements-driven applicable

technology to derive the detailed cand idate designs as shown in Figure 1-1. This

activity resulted in selected design approaches whic h were refined by final technology

selections to yield the final baseline system designs . These were then evaluated from

the standpoint of R&M and life-cycle cost optimization.

The study emphasis and effort was concentrated to a large extent in the areas

of critical technology evaluation and developing “design for rel iability ” approaches

since the key to extend ed operation without maintenance at reasonable init ial  invest-

ment costs Is the combination of near-term technology with creative implementation

techniques .

Figure 1-2 depicts a schedule of the design study elements . It is seen that the

applicable technology and design option developments and iterations responsive to the

reliability requirements dominated the study, as Indicated previously, consistent

with the overall study.

1—2
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R 1N II

2—I )  t NA ’I ’ l I . N D ED R A I ) \ I (  I 1 sI( ~N

1 . C R I T I CA L  ISSUES

l’lu desig n op t io ns  considered f o r  t h e  2—I )  [niH ended R i d i r des i~ n ~-.-r . ’ pri —

man ly constrained by the u l t r a  —hi gh r e l i a b i l i t y  ne( e s s i t a t ( a h  to i t s  ‘i n : i t t cnded  opera-

tion role and th e  l imi ted  prime I > \V ! a v a i l a b l e .  t h e s e  eunsi r u  nts . (OUpi l si with

the low—I i fe —c y cle  l oSt emphasis , rarnpletcl v ~u~’: I mu ted th e  des ign

The 500—W goal specif i ed  t~ r the l a ir al locat ion was based on a p r e l i m i n a r y

bud get of the total si te power ~ 2 k \\’ ~ i i c h ~lsu a l ioca te d  1O (u W to communica t ions ,
40( 1 W to secur i ty , and 1 kW to enviro nmental  cont ro l .  Th is b udget l i m its the r ada r

desi gn options . It is recommended that  t h i s  he ~ev i e v c d  to  al low use of the  heat

energy formed as a by —product in ~he pr ime ~~we r generation pr isess I a  be ut i l i7 .e d

for environmenta l  control and ther eby mak e av a i l a b l e  t a r t  ol t u e i kW c u r r e n t l y

allocated to env i ronmenta l  cont rol . i~cr:iiis c uF the S & \  & r c  run e  ,awcr lini ltat ion ,

standard—des ign procedures (such as p u w c i — ap e rtui’c eo~ t u 1i t  n h i t : i t J o f l )  (in not apply .

As a result , antenna sizes and costs are Ii rgt r than cons en L i ni l  designs u~t sim ilar

performance capabilit y . In spite of t h i s , h ig h ly e f f i c i e n t  t t - - ~ig n ,t ~ ions we re developed

which f i t  rough l y  w i t h i n  the l O t )  W t o  1 kW dc p r i n o  powe r wind  w .

Th e other dominant  issue is tha t  of r e l i a b i l i t y  a it relates to unattended opera-

t ion .  ‘I’he de s ig n goal cOfl~~i~~ted of pro~ di ng a p i o l n i h i l i t ~ 1) 1 success ful operat ion of

0 . 9 a f ter  3 , ~i, and 12 months  of unat t end e d operation. J o ’  conventiona l system de-

signs , this cor r t cp onds  t o  a M’l ’13 1 oI a p pr o x i m a t e ly  20 , Wi )  Ii for the 3—month unat-

tended period . This , ii t u r n , is roughl y two ord er s-of—ma gni tu de  beyond systems

currentl y in  th e f ield . I h roiig h th e  use of s e l e c t i v e  r edundancy , h igh—rel ia b i l i ty

components , and s ta te  —o f —th e—a rt t t ’ -hno logv , the recommended radar design pro—

vides these quantum tum p s  in r e l i a b i l i t y . IIo\\ever , none of the designs considered

can achieve the specified pro b abi l i ty  of s uc c e s s f u l  opel’a t L o n  for 6 or 12 months on a

single radar basis . However , the radar  network can be successful ly  operated if

contiguous sites are not fai led . The I ’ t l r c  un at te fl ( led operat ing periods of (i to 12

months can be achieved ~ i t h  t hc~ e d & s i g n ~ . It is recommend ed that  a three month
• preventive maintenance perio(l be spec i f i ed . This al lows substant ia l  savings to l e

2—1 
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realized by removing p ermanent  personnel from the sites a~d avoids h i g h — r i s k !

hi gh-cost design options . The ope rational  experience (‘an I h e n  guide the maintenance

philosophy to balance ava i l ab i l i t y  with cost in formulat i ng the f ina l  preventive main-

tenance interval policy .

2 . BA SELFN I; I)EsI ( ;N

The recommended 2 —I) Unattended Radar cons i s t s  of an 1 —b and integral  Ident if  I —

cation Friend or Foe (1FF ) cy l ind r i ca l  a r ray  as shown in F igure  2 — 1 .  Note that the

ent i re  radar is contained in the fiberglass —reinf orced Teflon rudorne module with the

maint enanc e  supp ly , l iv ing , and pr ime power she l t e r s  at gro -id l ev e l .  The design

features incorporated in this approach include ex( el l ent  low—al t i tud e detection in

ntu ltipath; automatic detection and t rack ing ;  frequency d iv e r s i ty , coherent I)oppler

integration , and 7ero-Doppler detection for outs tanding pe rformance in both ground

and weather clutter; and remote Performance T’1lonitoring and Faul t  Detection/ Loca-

tion (PM/Ffl&L) from a manned maintenance node. [)ue to specific technology ad-

vances in the last two years in such areas as LSI digi ta l  devices , CCI) ’s and micro—

pro~’essors , these features are available with only one cabinet of equipment devoted

to the signal and data processing functions . These technology advances s imul taneous ly

address both the prime power and rea l i b i l i tv  issues , allowing selective redundancy

with modest cost s and s imultaneously providing dramat ic  reductions in required

prime power.

The recommended design uses low-risk RF technology centered around low-

power d iode switches and amplifiers . The prime power constraint implies low-

power devices which are inherent ly  low r i sk .  The anten .~~ ‘oiumns shown in

Figure 2-i are eight —element s t r ipline feed s which form mul t ip le  beam s that are

weighted and summed to provid e the 2 —1) coverage pattern . This  approach also allows

extension to 3-I) 1w separate (either parallel or time -multiplexed) processing of the

output beams. It is recommend ed that these be replaced by simpler horn or array

feed s if growt h to 3—D is not required , since the array dominates the RF costs due to

the prime power l imi ta t ion .  Exclusive of array dis t r ibut ion  and radiation , the entire

RF and IF equipment is housed in a simple cabinet mounted in the radome .

- —~~~~ — 
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The s ignal  and dat a  prt sesu- -i rig requires an add i t iona l  ( ab iflet also located in

the radom&’ . ‘l’he recommended signa l processor t ’n~plO~ s a na log ( ‘( ‘l) ’s recently

developed and t es t e d  by  t & ’n cr : i l  1- l e e t r i c  , h Its :t~t~troaeh r esu l t s  in  low cost and

extremely—low pr ime pt w e r  coiip l tJ w i th  • -x ce l l e n t  pe r f orman c e  character is t ics ,

An alternate design u t i l i i i n g  I~~I d i g i t a l  im p l er i e n t : t t i tn was also developed and pro-

vides a somewhat hig her powt~r (approxi n ia t e l~ 1 (ifl-W more than the (‘Cl) approach)

and higher cost so lu t ion  hut s t i l l  w i t h i n  the  bounds acceptab le  for this application.

The data processor a r c h i t e c t u r e  empl oy s  ( u t )  i — 1  r i v e n  r n i ( ’r o Ju tcessor s which pro-

vide a na tu ra l l y  redundant irn~ I emcnt at i on  w i t h  the t t t ~,nd ant cost , pr ime power , and

rel iabi l i ty  advant tge~ Isso( i u t t • - d  wi th th i~ t H in  l tt l~

Figure 2—2 m d  i ( ; i t  t s that ft - • n t i r e  r ida r r i  tome no s lu l e  (as we ll is other

shelters sh own) can f t  j r — l i  i t t  1 f r - ii ~daee ment  I -  a ( ‘I i  —~~~:t he l icopter .  In  this

manner , the radar can he sv - - I t  f l u  — t e s t  • 1! a I the t ue t ion f a c i l i t y  and transported

intact to the s ite t a r  ~v ~t m  in t t z r i t  ion and ( ~e ( k ) ut . A l l  ‘m ut t vel~ , the radome

module can I t  f : e hr i  e d in St t it If lS a u l lo w for  ave r—t hi —ro ad t r an s po r t a h i l i t v  to

point of depar ture .  I h i s  p i l l e t l ? e d  de sign has been s u i c e e s s f u h l v  demons t rated on a

recent General E lect r ic  c t t n t r te t and avoids the ine f f i c ienc y  of sy stem tear—d own .

The recommended design approach summarized in ‘l able 2—1 requires 440 W

to 97~ W of (Ic l r i m e  power . Other design options can be emp loyed which use as

little as 40o W for prime power minimization is the driving design paramete r . With

high rel iabi l i t y  components , the per—site probability of successful operation is in

excess of ( i • 9 after 3 month s of unattended operation . Unatte nded periods well in

excess of 3 months can be supported b~ resource reallocation of adjacent sites .

Thi s could provide coverage over the failed degraded radar site since the probability

of successful operation of one of two adjacent sites is in excess of 0~ 9 afte r 10

months. Furthermore, the integral IF I ’  1 -band design assu re s  reliable SIF/IFF ’

operation while eliminating the prime power penalty of a separate 1FF system.
Prime power is further reduced for the 1FF function by operating only in response

to skin detections r ather th an inefficiently radiating SIF/IFF energy continuously in

the relatively sparse target environment . if required for emergency use, the

SIF/IFF can pre—empt normal radar operation by remote command . Thus, the
recommended design meets the reliability goals within reasonable prime power

• constraints .
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TABLE 2— i . 2— D l N A l l 1 : N l ) E l )  L—B AN 1) SOLID—STATE RADAR
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At i ::,,- i nit a lt
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• 5 i i l - - ~’t I i ts  I

• \ l  t i - t i IC ~t t n — I  —~~ I n
I t O t  ri and I r : t t - k  rig

I ~ ,~~ i i iv r I ,  t r i O  v,
Antenna i t

1 1 ft
I i t

S~ st. i, V t~ I I ~ 
S i  Ii

A rtt enn t \l ( i i-

(4, 1 I I I )  I t ,  ft
I r i ,  o r -  2

I i r - — - t~~ t i l— 1 ’

— 
l ist  r , t , i t l  I P I’ ; i t i t  i ’ i , t t s S T

I k i t - - t i  ~~~ Is

I hr ~~~~h ; ’ui  •I M l  1~~

~~~~~ f~l t t r h~ eharactert8t~t s

UperatIV ~j I r *’qu t ni % 121 — 1 4 i )  ~t l i I /

Sean I it  4 s

i n , ,  l owe r ~
i t , , . , ii i r~ k f l~I I I  I , ’ ’  f li n t

ii • , t i t  ~i 4 s. an~ 
l ) •

I ii rg t’ t Mt  u ~~‘

ir , I . I’ • I tt ,  of I’*lae ’ I r . t t k  in i t ia te  11 °

F requ. n t - s  l) Iveraitv ( hanne,IU

1 ,11 As ,, i t  ,) I t •  M 5 sti lt ’
t n t -Ill ant .u’I , I aed 4

I)opplt r Proci at t ing F ( i t e r a

Clutter Stippr. ‘ ‘ n

( r o und -f, tt  ii i )

Weather i t i l l

MT R F 24 , 151 It

MTT R 20 mm

4 4 t 1  Vi i i  I. M r a n t .  lime .tnti I i i  azimuth c overage
9711 W for 4 a f ra m e time and 3611 azImuth c(~veragt’
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3. S CH E D U l E  AN I)  (‘OST

A nominal development and production schedule is shown in Figure 2-3 wherein

an Eng i neering I)evelopment contract phase provides for the development , fabr icat ion ,
and testing of three preproduction uni ts  which are used to provide the  design con-

fidence and f inal ize the production designs prior to production go-ahead . Note that
two preproduction systems are reserved for r e l i a b i l i t y  testing . These , plus selected
subsystem testing and analytical extrapolation , provide the required level of conf I-

dence prior to production release. This re l iab i l i t y  testing represents an important
departure from traditional method s and is ne( essj ta t c l h~ the extremely high spec I ’-

fled rel iabili ty .  Traditiona l methods of r e l i a b i l i t y  t e s t i ng  would require many years
of test to assure reasonable confidence levels .

Finally , the production phase includes the f ab r i ca t i on  of the f i r s t  production

article , followed by a production rate of four un i t s  p r m onth .  I h i s  represents a
reasonable rate without resorting to sub s tan t ia l  investment in new production facili-

ties . Furthermore , th ms  rate is consistent  w i t h  the proie( -t ed I n i t i a l  Operational
Capabil ity (100 and Final Operational (‘ap ahi l i tv  (F OC ’ spanning the 1981 thro ugh
1983 period. Since the total radar consists  of two cal iuc t s  of equipment plus the RF
components , reasonable variations around the four-unit  per-month production rate
can easily be accommodated . I’he optimum rate should consider total system costs

including transportation , storage, and installation considerations. The conclus ion

rea ched In this study is tha t a high — performance low—risk unattended radar can be
— devel oped in the desired t ime frame at an a ffordable cost within reasonable prime

power constraints.

I 
_ _ _
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SE(’TION 111

s-I)  \ I I N IM AL 1 Y ATTENDE D RADAR DESIGN

1. C R I T IC A L  I S SI ’ E S

The issues of pa r amount ir n j to r t an cc  to the :~— l ) Min imal l y  Attend ed Radar
design are summarized on ‘t able 3— 1 . With respect to Rc l i ab i l i t y /Main t a ina h i l i t ~ /
Availability (R/M/A) requirement s , the recommended design provides In excess
of 1000 h MTBF. Also , the growth-to-unattended goal is specified as achieving a
probability of successful operation of 0 , 9 after an unattend ed period of 15 day s , 45
days , or 90 days . With no modifications , the recommend ed design provides this per-
formance after a 5-day unattended period . Extension to at least the minimum period of
15 days would be accommodated by employ in g selective redundancy, inc reased relia-
bilit y components , and (if cost-effective to achieve longer unattend ed periods) using
the unattended radar signal and data processing architecture to provide increased
self-healing capabi l ity .

TABLE ~3-1. CRITICA L 3-D MINI MALLY ATTENDED RADAR ISSUES

R/M/A REQUI REMENTS
M I N IMAL M A I N TE NANCE
G ROWT H TO U NATTENDED OPE RA TI  ON

DESIGN FEATURES
LONG - RA NGE H I G H - A L T I T U DE COVE RAGE
A UTOMATIC DETECT ION , 1 FF CO RR ELATION , AND 3D T R A C K I N G
ADAPT IVE CLUTTER PERFO RMANCE

RADAR DESIGN CHALLENGES
HIGH RELIAB ILITY SIGNAL/DATA PROCESSING
GRACEFUL PERFORMANCE DEGRADAT ION
AFFORDABLE INVESTMENT COST
LOW-RI SK TECHNOLOGY



The design features indicated on 1 able 3— 1 are ava i lab le  in an ex i s t in g  design ,
the AN/T PS— 59 , and are also included in an i n t e r n a l ly — f u n d e d  program to develop the

GE —5 92 radar .  l’hese pe rformance features have been demonstrated in extensive

test ing and shown to represent an e f fec t ive  :ippro s’b W t itomat ic  search tad track

in a cluttered envi ronment . (‘hi s de sign  pros ides fu l l  t arget  detectabil i ty and Constant
False Alarm Rate (CFAR) maintenance again st  strong ground and weather c lu t te r  and ,

most s ignif icant ly , in a combined weather/ground clutter  s i t ua t i on .  It will  mainta in

height accuracy with l i t t le  degradat ion at e l eva t ion  angles as low as 0 .5 ° ,

The R/M/A aspects of the radar  design challenges ire ~vell addressed by the

AN/TPS —5 9 . The hig h r e l i ab i l i t y  ( ‘ited ihove is due in large measure to the fact

that the radar is totall~ solid -state , inc lud ing  the t ransmit ter . Powe r is generated

directl y at the L-band t ransmi t  frequerw v by high-power RF transistors . The radar

Mean Time To Repa i r (MTTR) is 40 minutes , and both prevent ive and corrective

maintenance can he accomplished by a m in imum crew. The maintenance is simpli-

fied by use of the general-purpose control computer which performs automatic ,

continuous performance monitoring and : u t tm at ic , off - l ine  fault location .

2. RECOMMENDED 3-I) RAI)AR I)ESIGN SO LU’rION

The recommended design is an I —band air  survei l lance  radar with an array

antenna which electronically phase scans a pencil beam in elevation while continu-

ouslv rotating in a7 imuth  to provide real—time tn —coordinate data on all targets

with in the surveillance volume.

Figure :t-1 is a sketch of the system in its fixed site configuration.  It shows

the 1FF antenna mounted atop Lh~ p r i m a ry  radar antenna within a stand ard 55-ft

radome . The Processing Center is located in the tower.

The block diagram , Figure 3-2 , shows an important departure from conven-

tiona l radar design. All RF electronics (the subsystems shown above the horizontal

dashed line ) are mounted on the rotating array platform . Radar si gnals pass through

slip r ings at a 75 MHz IF (there is no rotary joint , except for 1FF signals).  The

low—level radar signals , together with prime power and digi tal  control and t iming

si gnals , are transmitted between the array platform and the Processing Center over

interconnecting cables . Cables up to two miles in lengt h can be driven; therefore ,

as a practical alternative , the array may be remotely operated up to two miles

away fr om the Processing Center.

3—2
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On the antenna p I :it form , 44 ho r i zon ta l  passive l i nea r  a r r a y s , or row feed

network s , i re stacked one i b o v e  the other on . h — i n .  renters  to mak e up the approxi —

matelv 24—ft  wide b~’ 24 —ft  h igh  plana r t r r ; t ’ , . .loij nt ed d i r e c t l y  beh ind  each row feed

is a dis t inct , dedicated t r a nsm i t t e r — i ’ ert ‘i  vt ’ r it r ans ce  i v e r )  . ‘I he row transceivers

pe rform all the  ( ( I  f unc t ions , including RI” n~vcr ~t ’nt ratiOfl , l)has(’ shifti ng to steer

the antenna he im in elev it i n filt ering to suppress out ~~f— h t nd t r an m i s s  ions and re-

ceptions , a nd pr eampi i f i ca t  ion to prov dr i low noise I i g u r t ’ . The i’ow t ransce ivers

are to ta l l y  solid —~ t itc . The RF power t~~ ~en cr a t t ’ d  by diree~ ampl i f i c a t i on  through L—

hand power t rans is tors .

The Processing ( ‘ enter inc lu ir the signal 1 ro( ’essor , which is primaril y di~ri ta l

equipment , the thita processing suhsv~~~,r , t m  tprised of the (P radar cont rol com-

puter , its peripherals t n t ~p e ’  i ; t l  in to rfacc ha rdw:tre , the main tenance  console , and

the 1FF process ing equipment .

‘(‘he array m t~’ he oper ;th ’~l u n t t t ( ’n ( l t ( I . Its l)erfo rmance is au tomat ica l l y  and

continuously monitored at the Pro cess ing  ( e n t e r  to assure  correct ive maintenance

when required . A r r a y  r ” l i a b i l i t v  is hig h enough to a s sure  prope r operation with

maintenance act ions (e i ther  co r r e ct ive  or p rev en t ive ) it in tervals  of not less than

one to two months.  Because of th e hi gh degree of redundanc y provided by the

distr ibuted electronics , erm ’ rgencv ( ‘orr CCtiV ( ’ n :t in t cn af l ( ’e  on the array wil l  almost

never he required .

Prominent features  of the 3—I ) m i n i m a l l y — a t t e n d e d  L—band radar

recommended by the ( t n c r :~i F,leeti’ic (‘uinpanv ’,i re summarized in l’able 3—2 . 

- _ _ _



lA I 3 L E  3— 2 . 3— 1) \l I N l~ l A I l~~’ A I ’ I  1 :NDE I  1. — H A ND RA DAR

Sy s( ’n I ’e r f n r i i ; tn ’P

. \ c e u l ’ a c

Range 2 tbI) flm i l i 0 f u l l  0,4 ant  I 1,,j OO ft
A z i m u t h  3h1 ) ° 2 .  2~~~

° ~~~.

A l t i t u d e  1 0  kft 2 .  20 0( 1 ft at 100 nm i

:‘ l v ~ i i tj~g~’~

• Full (( “ I’ S II ” Capab ~l i tv . Rem oted \ rray ( )pt ional

• Track- Wh ile—S ean Proce~- s i n g  • Remote Performance Monitoring

• I natt ended ( )perat ion t ’ap:ihility • l”le~’cihle Data Output Interface

Pitysicil (tiai ’;u’tr ris t lcs

Antenna Size

h e ight ~ t ft
Width 24 ft

Rotat ing Weight 5140 lbs

Radome ( ‘W-~~ 0 or equivalent

Prime Power 51. 1 LW (200 nmi design )
~.3 LW i150 nmi design ’)

Standard A n t e n n a  ~lod ul es
Feed Networks (How 44
‘l’ ransceivers 44

Pa rain etcrs

Scan ‘l i me 12 s

Detect ion Probabil i t y t I 450 km
(Single Sean )

P1) 
90 ’

Target Size I fl1

False Alarm Hate < 3/scan

Clutter Suppression
Ground (Simultaneous) ~ 50 d B
Weather ( Simultaneous )  ‘ 34 dH

MTBF l000 h

MTTR 50 minutes

3—);
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3. OPF UA’I’IONA L ( ‘U)NCEPT

I t is  envis ioned that t h i ’  3—I )  Radar wi l l  he used p r i m a r i l y  as ;i sensor providing

three~~1irnc’nsionaI rad. r ;Ifl ( l  III” d a ta  t o  in  ~~~~eI ’~~ 115 (‘i nter . A r adar  operator is

not required for t h i s  purpose and , i n I ; i ( ’ t , a n np et ’at i r ’ s d i s p l a y  console is not pro-

vided in t h i s  c on f igu ra t i on . Al l  r ; i d : ir  and 1FF ~ i d ’o , di gita l data on detected targets ,

a nd control and sl tt as s igna l s  ri ’qu iretl t o  oper it i ’  the t ’ad ;t r  i r e  t r a n s m i t t e d  v i a  coax —

iii cable to an ~i *‘ r at  ions (‘i nter.

A m i i n t e n ; t n ( ’ l , ’ Co nSole is in ( ’l t ’( or l t e ( l  . It i n c l u t i ’s ; t  P1’I d i sp l a y  with readouts

and controls adequate ti permit at ’C ur ;tt t’ iss&’ssment ol ’ r a d ar  output data quality , and

an a l p h a n u m e r i c  (‘II I’ te rmina l  I ir  c ’ommi in i e : i t  ing d i ’t ;ii le d performance status and

faul t  b eat o~~ i l ; t t  t . ‘l’h~ ( ‘1( 1 t e r m  In :i I i s  i i  so the t i  I m t  n i ;u ’l l  in c in ter face  through

which sy s t e m  i n i t i a l i z a t i o n  and infr e quent  oper at ion ; ! par ameter  changes are

accomplished .

The ipp l ir it on of a general in r’( ~~t s r  eofl;i u t e l ’  as the r a d a r  controller  allows

adap tab i l i t y  of the  ra ( l ;  i a v i  r il ’ t \ ’ if i t ;  s sI on ~ . Wave fo rm select ion , beam posi-

tion s , dwell t iters and t rot ’ t ’ss  tk ‘ i t n f w ~ui’ ; , t  ion r an  be adapted to changing conditions
by means of d a t ’ i i ’ti tri &’’~ in ;t  st o r  ‘0 t ab le . in ter t ;u ’e  w ; !h other sy s tems is accom —

p1 ished through the  ci tm ;  t i l t ’ , ’  Inpu t / t  )ut put (I /O to a l l i  t~ matching system require-

ments  by i h ,  ii ,~ i ri ~ word f t  rn  ; i t s

A ve ry  irt i p ortan t Is( k ’t ’t if ft ist ’ of the gei ’i’ i I — p i I ’ ( i o - e  compute r to provide

interface da ta  is tha t  it ii lows growt h i f  t he  3 — I )  r a d ar  svste n’  to unattended opera-

t ion rw i  i —
~~~ iv communica t ion s  are po ssible . of lur  i n i t s  can  he sent t o  the general —

pu rpose computer for execut ion  and rl sJx )n se.  In ; t i l i l l t i t i n  pe rformance data C~~fl be

cont i nuous l y  provided from he r adar  to th e  o p e r t t  ~i ins  ‘en t t ’ i ’  b r  continuous

monitoring .

4. SC( 1 F~I H t I ~1’. A N I )  (‘05 1

Cos t es t imates  were i i r t ’imr e t l  for the dt ’ve l  opmn ent , I e~ t log, and production

of 20 :1 — 1) m i n i m a l l y attend ed radars . ( ‘ ,sts were generated for both the 200 mni

version and the 150 nmn i v e r s ion .

-________



Figure 3—3 sho~~ t schedule Ir  these  radars . The Engineering Development

phase provides all of the n o n r e c u r r i n g  eng i neering and manufac tur ing  effort to build

and test the f i r s t  system and prepare for production of the remaining 19 systems .

The production rate is one per month .
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