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AIR }fAts SOLI,SGE RffiEAITCH NEPORT SUM}IARY

t{o. 77

TITIET AIRB0RI{E 0fTIcAI, TRA0KINC

AUTHORT Klngdon F'. Hawes, tT. Co1orre}, USAF

The Aln Force hae a nl.sslon whi.ch requi.res atrbostte photog:aply

of a htgh speed. srov!.ng talget. Optlcal dats $.s coLLeeted wlth severr.l

ilLff,erent types of caneffi.s slnultaneousS.y by uetr.rg e setruo oysten and^

elecfuro-optloal" irackern Thts neport, deoLs rtth the problen of truck-

lng accuracy betr'reon the trackS.ng ssnsor and recouli"ng canerau" Tm,ck-

lng probterns of the RC-115; (nfvet BaLL) are i.dentlf,!.@d and two aLtenna*

tLve soLuttone are proposed.. one proposal ts to eng!.neer a rnodtfsed

servo systen wlth fewcr nrovfulg parts that, wlJ.L reduce traek$"ng emcots

te ain acoeptahle llnlt" The seeond proposaL [s to motmt the camelros

tn a etat!.onarxr posltton and uee perlseopoe nountad on top of the

fuse!.a,ge.
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BICIGRAPHTCAL SKETCH

Ll-errtenant, col.onel Ktngdon R. Hawes has sl"xteen ye.ans ef opeg�a*

tlonal experlenee Ln the fleLd of eXeetsenLc nartrane" Operattonatr

assS.gnnents tncLude stmtegj.e bonblng (B-jz), stm,tegJ.c reeonnalss&nce

(ne*t35s), and tactlca.l neeonnal.ssance (r*-g6). col.onoi lla*res ha,s &000

holrm of fly!.ng exper!"enee a^nd heSd staff posttJ.one at sguadenon, w3.ng,

and' headquarters Levetr" ffi5.s moet reeent staff, posltlon naa a,8 liesd-

quarters SAC as & rec&rtnatssa,nce/operati.ons and trai.nLng tnCIpeetor for

the InsBector Gsam3.* Oelons.L I{awes has nrore thpn tffs y&a,!rs experi.ence

wtth the Rc-1"35s {Ri.vet BeLl) prpgra& a.s a cren nemben a.rad, wa,s re-

sporaslble for rrnlt'trng the fl.ret eLassLfted teehl!.cal operatono manuEl

on Rc-135$ ainbome *pt'tr"oaJ. treeklng eysteme. Itre ts a grad.uate of the

Uni'"rersLty of Nebms$m 0nnhe (nana6ement) o Squertron off,tcern scte,oon",

ItLn Cornmand' and $tef,f froJ.3"ege6 Air Har Co3.Lege, ald hoLds a eentlf,ied

Alrfrasre a^nd Powelpl.a,nt li.eense (feg no, t4jrt+48g) f,nom the Aeademy of,

Aomnallttsn,

l-t"



e

TABLE OF'CO}ITEfi{TS

C}IAFTEE

sIscLAIUii l !?-AiJSTATNER . o . .  o, r o o | .  o . r .  .  .  .  .  6 r .  .

SU&I|4ARY o . . . . I r r r . o | . . o r a r . r . 1 r . . | . . .

tsXWRAPHIUAJ, SKIIITH o c 6 t t o 0 t o t t e a r

BACiGAOU{D r | . . s r r - o . r . . o e . o $ r i I
P R O S I r E M . . .  a  I  e . .  I  r  r .  o  e  I  r  o  c  d  o  $  e  ! ,
O h l E c T M .  "  *  r  r  r , .  r  N  o  r  r  s  r  F .  o  e  n  r  i
L I U f T A T I O I { S . .  o  r  e  o  o , .  r  *  o  !  r  r .  i  e  o  |  +
A s s l J M P T r 0 t { s .  r . 0  o .  o .  r  o  a . 3  3  r  6  c  o  r  o  I
S 0 U 8 0 H  r . .  r  c  o  I  r . , .  r  . , . l  r  !  o  o  I  g  o  o .
0RGAIIIZA?IO$ . .  .  .  .  .  .  .  r  r  .  t  f t  ,  I  r ,  .  e a

rtr. sffiv$ mmc'lcurn PATI{ . e r ! o r | . r e r tr o . . i r r r

O V e f r V I E U  .  .  I  o  o ,  e  o  I  r  . ,  o  .  .  !  c  .  .  .  o  .
I t { A J { u A I r T n A c K u a  .  r  o .  r .  r  e  3  i  o  e  I  e  I  r  t . .  r
A t r [ t f f T [ i A c K m .  "  o  c  3 .  o  o . .  e  r  c .  t  r  r  r  c  r  r .
A [ r x 1 } T R A c K g R S m v 0 s y s T E & {  . ,  r . .  e  a  {  r  6  c  r .  *
P m f f i T A t  .  |  ? .  r .  o .  e . .  r  r  s .  |  !  e  o  r  r .  o
lRAl{SIrIou por$T$ . . . ! q . o r f c i s s o o * . }

r r t r .  $ f f i voTsA0Kr ! [GmRoRs . .  t  .  f  .  r  r  |  !  o  c  r  i  .  r  o  o

c l i l , i l l l c I t { G M I S S I O U R E Q U t r n m t n N I B , .  r  o .  e .  ,  a  e  o . ,
I { A R R O W F I E T O O P V t r E u  o . ,  o .  d  c ,  o  c  r  r . . . .
D&TnsnIoN . . 3 . * ' r , o 3 | e l o , o . . c . r 1 o
B O R E S I G I I T . . . . . .  e  c  o  o .  o  r . . ,  r  r . . . .  r
T$ACKtr$G t ' tgAStmEM&{IS " ,  .  o  o r  r  }  c  .  e ,  .  r  o  .  .
swcl{RCIF.ol&o$I-upAssEs{Bty .  r  * .  s o .  r  r  0 { ,

r v .  s f f i v 0 s y s ? E T { } I 0 D I F I C A ? T O N S  . . , .  r ,  o  a  1 . , .  o  o

f i lL:11,

1 1

1il.

1v

L I S T 0 F ? A S L t r j  r .  .  .  .  .  r .  .  .  o .  r  I  i  I  a  c  t  r  o  |  6  o  \ l

L I S T O F I L L U S T f t . { T X O I { S  r .  '  I  r .  r  r . , .  '  r  i  r  {  o .  e  *  r  o  V t i .

r . I l g l f r S r t - l l J f , T l C I l {  .  n .  r .  r  r  } .  o .  r  a  I  i .  I  r  r  e  e . ,l

t

(

A
,,
,
",
{

I

a

{ {
. t t

L1.
t?
Lg

e2

S U A I T S f f i V 0 S Y S T E M .  - . .  , .  r . ,  r , .  r . . .  G  a ,
S $ N C H R O F U I r L O W - I J P A S S E f f i t s I r Y  o  o ,  o ,  r  e , , , ,  c  i .
m f i f f i r G l t ? s c o P g " . .  o . .  c  r  t .  r  e  o ,  +  i  o  e  r  e
F E D W T ' I a I T E A [ 4 , ] { { i E  .  r . , . .  r . .  c . ,  o  N  .  q  r  !  B
! { 0 D I F . I C A T X S $ s u M $ { e R y  $  e  e .  a  * ,  r  r  r  r  *  s  e  i . .

v o  F f i & r s c o P s r s A C K r $ G f l 0 ! { c f f r y  ! . .  r .  o  o  c  i  s  r .  d  N  !

??
??

23
?4
?.1

l0

v
v
x,,
4L
41.
ejte

43



PACE

i i , 1 " ' ;

E & S I C A P ' P R O A C I I  ' . . .  ' .  + , . ,  !  e . . .  o  r , ,  a
P E f r L $ C O P g . .  r .  s . .  r .  o  r . .  r . . .  ' .  r .  a .
P m I S C O P I C T R A C K I N G I I E A D  n , ,  o  . ,  o  +  ! . .  o , . ,
A C Q U F S I T I C I T { A t { D I B A C K I I { G  ! ,  o . . . .  r .  n  r  i .  c  r

t t a i t r a t

A $ G U I A R n E C C I R D I i l G .  "  r .  '  i  r  r  e . .  o .  t . . .  |  '

v t r .  c o N c t u s I o N s A N D R m O M H E M D A ? I O l { S "  " . . . . . ,  o .  r .  !

BIBI-ICIGNAPilY r t . r r c f . c t r . i l r f i 5 0

43
t+5
l+5
46
M
,t7

l+8

, ili ili

-.1
V I



FIGI.IRE
1
f l

2 '
3.
4,
5 ,
6,
at
f t
g .
9,

10 .
1 1 .
t2,
13.
1ll.
15,
16.

trsT oF rr.lgg:mtlotrs :

AC-i35S POSITION }ROFilE ,. . r o . . . o . . . r , r . , r 
PAc:

UAI{IIAL TRACXER FGITIOI{ . .  .  . , ,  .  o . .  i  .  .  o . .  .  .  l}
S E R V O S Y S T E I I B I 0 C K D I A C n A U  ,  . ,  o  .  r  .  r  . , ,  o  r  r  r  .  1 0
A U M I 0 M A C K M O P T I C A T B I O C K D I A G N A I i I  . . .  r .  i , I . .  O  '  '  L 2
A L I r 0 I R A C X E R S Y I { C U n o A S S E I I | B I , I  . . . .  r .  r . . .  o . ,  r ,  1 3
s r N c H n 0 m A i l s t { I f l m / t n m s n o n u m .  e  r , . . . . . .  ! .  r  1 5
S L A V D P @ E S T A L S I I { C H n O A S S E { B L I  .  t , ,  c .  o . 3  r . .  ,  L 6gonEslcHroEBERVATroNS r o , . . . e r I r I t t * r r e | 26
m A c K l l l c E R n o R # t l ( B E $ o n E ) -  r . , . .  r  o . 3 . ,  o  c  r .  o  2 g
1 R A C K I I { G E R n 0 B # 1 0 , ( ! E F O n E )  ' . . . .  o . ,  r .  r  o . . . .  A g
l R A C K r N G E r . r O n # l ( B m R E ) . , .  r . . ,  ? .  c ,  r . . . ,  r  3 i
T R A C K T N g E R R O R # 1 0 ( E E [ r O n S )  r . . . .  i , . . ,  o . 3  r  r  r  1 z
S E R V O S I S T E M  o .  r .  ' .  r  r . .  r .  o .  r  r . .  o  r . r  o  |  3 5
P R 0 F 0 S E D A I I I 0 I R A C N E R A S S B I H T I  . . .  .  r  e  . ,  r  r  o .  r .  ,  

- { 8

I R O F 0 S @ P E D E S T A L A S S E I E L Y  .  o  r .  ! . ,  t . .  t .  r . . ,  t l O
T R A C K I I I G P E R I S C O P E  o . . . . . . .  r .  r  o  r . .  r ,  r  .  )  4 l +

Yl,1



;
.i
j

l
I

$
j
il
i

'i

I



CHAP�TER I

INTSSDUCTIOI{

Baeka"cound

The &i.r Force has a requlremevrt to eol"l*et atrbocne opttcal. date

orr h!.gtt speed' s3"ng).e Bo5.nt tangets" Tlae detalls ol- tiats nequ{nernent

ane elaestrf,l.ed and thorefore wlll not be addressed. sLnce t* ls not,

necessary fon pu4losee of thln ropont"

In 1959 the A5"r Force wae uslng an Hc-t]$s a5-reroft (Rtvet, Eeffi)

essl6nod to the Stmteglo A$.r Comnand to aeconrpll.sh tts wlque mJ.eslon

of atrbortre opttcaJ. collectJ.on. Thl.s alrcrm,ft eontafuled several pri*

naly oBtlcal. trnetrunomts th&t wer@ nowted, on sogvo drLvera pedostaSs

for traoklng purpoees, Saeh pedaotal oupported two opt$.eu} .tnetrtunents

and necelved tts staertng connend. fron an electm*opttcaJ. autgtmcker

by way of, a sewo systsn. Thls rescaroh p,per Ls an annx.yels of, the

setrnro systom whj"ch provld,es ai.rbnne opti.ca}, traeki.n6.

The RC-X3JS atrbome optl"cal trnektng syetem eonsi.ets of are auto-

tarockere nantlaL trackerr and nl.ne sewo contnolled. ca.rneua ped.eetals

whlch aro sJ.aved to the autoteneketr. The autot aoker and El"aved

pedosta.ls are poeS.tloned behl"nd port wfudows that nua the length of

the fueatrage" The m,nual tncker i.s l"ooated" 5.n a plastLc dome rhLe6

ls nounted, on top of the f,\.rsa3a6e* F'lgure L-t *hows the relatxve

poelt$.on ef each lnstmumentn

The ms$ue} txaeker Ls a nsdtfled B-5CI gunsl"ght {tecii" ?hi.s

trecker poeftl.on ts nerllted W en opew,ton who stts d$.rect,Lg bsrreath the
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obseFstlon done. Tbe alghtlng controls nourted. rlthln the dogre ar€

ussd b the operator f,or target acqulsitlon and d,Lrectlonal. aontnol

of the alrtotracker. When ustng the slghtlng controls, the fLeld of

vl.cr ls l.lmlted ln asLnuth (pl.rrs or nLnus J0 dryrees fliors starboard)

and elenati.on (h5 d,egrees utrr and ? d.egrees d.orm). (far5). Flgrrc 1-2

shors the rnanua"L tzacker poe!.tl.on Ln detatS" The nert sub-systom

to be d.S.Eeussed ls the eutotncker.

The autotraeher unlt lE a Bartree &r,glneertn6 Conpany Mod.e}" 2I-I?2

Alrbor:ne Automatlc Traoken wlth a tnaski.ng aceuf,acy of, better than 0"1

degree. (lfltl). The tracker head i.s lnltlalLy dtneeted, on target

by eteerlng connands generated, at the mnual tsecker trnsJ.t!.on. lihen

the autotr:aoker ls properly allgned CIn & target sf Eufftclent energy,

the nanrral traEker operator wlLI bear a o'data goed" sl"$rel. (50 cpa

tone) on the lnterlphone. (LU6). At thls t!.rne he dtrects the auto-

tracker to track the taqget eutonatlcal,Ly and dlrocte the e@lvs con-

trolled canera pedestals to fol.Lor the autotracker.

The csnnera pedoetals Er€ nountad tn fmnt of po"rt wlnd.otrc ?1 3,

l+, 6, ?r 8, 9, and lCI. EleotrteeL s€nro notorE are us€{S f,or eash

ped,eota"l to clrange aztrnuth end el.evat!.on. llounted on eaeh pedestal

Ls a c}uster of opttcaX. tnetllrlll€nts tJut rarlge Ln stse f,iiom 16mfi to

fftm. F.any of these lnstruamts have a very &axron fteLd. of vlew

(wrder 10) ana wel6h as nuch ae 100 porard.s" Pedestsl- movement must

colnc!.de emctJ.y wlth autotrracker novenent to i.nsure ne l-oss cf rtr*ta

o& raannrssr fteSd of vl"es{ lnstnwente.

In!.tia,l. bresS"ght al!"gnment Ls accorryllahed under ststr"s eondl-

ti,ons by per&lL€ll&g the optlcatr axLs of a3l. pedestal wrxatd lcrsttri*

mescte w$.th the autotur,ckor optlea"]" anc$"s. ?he f,frst stsp ln thls lrrls-
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cedure ls to a31gn the pedestsL motmted lnetrnrncnts ytth aach other

on the!.r respectlve pedesta.ls" Ttrls ls a,cconrpllehed by elghtlng

th:eough the optlcs wi.th a boreslght lens end nrktng approBrla,te

ad,Juetments to eaeh nolqlt, Ubon thtrs step ls complete",.the lnstrunent

cluster ney be al,lgncd wlth the autotrocker by nektng appropntrete

adJrrstrnonts to eqslr pedostatr sento eystem. t{bcell brcsJ"ght'l.ng Is

conp)"ete&, d.} instnrnents are eecttrEtoLy trnhted Et one eta**onaty

tan'get.

FrySIeru

fhe sowo eontnol.l,ed pedeeta"ls ha,ve a hS"etory CIf, reot foJ.3.ow$.n91

the autntmcker wlth suff'lolent aocurecy and reLlabi.Ltty to furerere

colLectlon of opt5.ca}. data on nalf,ro$ fLeLd of, vl,aw l.nstrrunents. Thts

problen nae of such a ma6nttude tlrp.t rep}.eeenent etrcsaft (&C*135S'

Cobma 3e11.) rvas equlpped d.th only one tracktrag i.trstutunent" This re-

strlct!.on severetr y redluces the rarage of opt!.eal. data rhteh can be

oollected." The problom of, taacklng nultiple tnstrtrmsnts to one auto-

trecker ts tho eubJect of thle ettldy"

ObJeatlvo

Th+ objeotl"vo of thLs rsporb ts to anaS.yze the RC-135S s@rlto

tmcking syutenn for poesthte rnoiltflcations sn g,Lterlratlves thet reight

provLdc ttle necEEsary tracklng aecuracles needod Ln deveXsptng futwa

alrbwEe optloal tracktry platfoems that use mone than cne J.nstrument,

?he conpS.extty of, tJal"e problem coryled rtth 3fi.mtted d&te a.nd tlno fun-

pos6 soveral j"lmltatlone,

Llnttptipas

fh* LlqttatLorrs p).aeed +n thts re$earch study aree

1. Sma3"ystrs :.s S3*qrtt€d te egrtleaJ, tw,akfutg Brohi.eme sf tbe



RC-135S inivet Ba-11) alreraf,t betwees the autetmaker haad and. s€x.lrs

e*ntnoXXed. tnstrltunent pedestaS. .

eo Attentlon ls focused on the servo syEteln for sl'aved

pedesta3.s #t+, #1Q, and. autotpcker poeltlon #5.

3" The el"eetrleel" a^nd meclranlca.n fiurettsns ef, the synehro

fo3low-uB assenH&les are Etudld Xn deta!.L'

!.&, MeaEurenents for traektng &eeuraey ane nade unden etet'le

eondttlons wlth alncraft on 6rowld. po!{€Be

5. $ewo traekin6 pnohlenrs are l"lnri.ted to etrevatlon on}.y d.ue

to arralJ.abfS.Lty of measuntlrg equlpment"

{in Proposed d.estgn otsei6es and eoncenlts are theoretLcaL and

beyonC the authorre capabtlLt'y to proveo

EeEau.Ee of the above ltmltati"ontsr eetrteln aeswnpti.ons mttst be

made"

$-sS-utwtLoSS.

TFrero are feiur assrunptlons made ln thle sttldy" Each assutnpt!.on

ls fol"l.or*ed by suppst*t, based on standezdi.aatl"on of, a.tl el,aved pedeetal"s.

[ " Tmektng probXems l"n elenati.on can apply to aslnuth sLnse

the synehro f,oItrow-unl assembllee, s€wo ampXt{'lers, alld selso notors

a^re ldont5.eal" fon 4"11. ped,estats"

2o TaaekS'ng probrens between pedestals #1*' #Lao and' autotmeken

pos!.tlorr #5 w eppXy to sL*ved, pedeeta}.e #?r #3e #6, #7, #8' and #9"

These addtttonaL pedestans are ldenti.ca^l ln electrtcaL and necll8nlcatr

operat t*n.

3. Traoklng ersstrs wlJ.l be essent5.ally the same under ststlc

a^red dynani.c cend,ltLons. Thtr"s assunptlon excludes the effects of pedestaL



lag s,md qv*trshsot* ?hE el.e*trl,sn.} tnpmg asd msEBwntsa,} Eenf5.gur*tton

cf nJI elavw* pdesta3"e sre ths s*$|s f*e hth stetXs and dynam$.c

eondlilons"

&,, ?he two s*flfo arnpl"lfl.erd fof s**h pefleeta.l maln hs corulocted

$.n porn}}eL amd dstvw by onm control tFansfErsnsr wlihEut dssradlng

tr*o$[p6 eonumcyl

The nemunptl.nnn Ltstad nhovr anq nnly appi,l"cabil"e t.o thw Afl*[3$S

(Blyst Sn],X) opt$.*al. trncktng oystoru; The squr€es of dets. wll.L noll

be ceva uti.

$ggsgss
Tho pnr|.mn*v 6s!Jro6 of dnt'e SE hnrysd sn tphm o,*perlCIneen and

obnsrnratlsnw nf tl*e arrthor whl.Io *nsWsd ts the ftS-[35S (Slvst SaII]

Bxsjsst'e e$flnsas[rt6 mnppnnt nnd gul4nnss fifis n]w provMsd hy the f,sl*

l.ewlrrfi i.ndt vLSreal.p- t

1. l{ro JCItu V. fimnE (gptfo$ Systsn# &rglneer}r fifleetrCI

&ptt"cu ssot!.on pf Ltrw Terapco Vowht H3.mstmo nystolna (l'IVm), Gresnvf]"}e,

TefiEgn

8. Mr, $ougl"a,E Prlnoe (Sl.sctrtgn3 Sngtneer) r t1ectnqnlcs

poetlgre pf STIIHT Sroenvltrl.o; Temen

3, l{n" "}enoph ffufe"ll {FhynlcfrEt}, gDugo, F'nrelsn Tee}rnoi.o6y

Si.rr{s$"o$r t{El$ht Fnt*erssn 4ffi, Oh{"ep

Sdd.$"t$.Enn3. rsfarences ffe$o ohtdr$nCId $'rom tt*q Atr"n lJr4$.wersity

n,lbrp$ry,

g,reutpglsgr

Tlw hdy sf, thl"s roport corapLu*r pf, c,*x eF*aptm:m" fffim,ptor ?we

$"&emt*"fl*w* tF*e ssww trock&r*g pe?h hp*r*swl *uto*w,*lqer arld peAeetal*,

Clmp*ea 'fhree $.dem*Sf$.w *he tls*k[q$ erron pnot#"vm $-m 4eta$] and



polnts out th€ Gsua€r Clupter Foue prolloo€s sono nodLfteatlons that

t*ou'trd r.qduee tracklng enror cotralt!,erab1y. Cleptcr F!.ve ls tlre euthorfg

proposa.L of a rredlaall,y neil concept ln traektogthat usee PerlscoPBs

and Eta,tlonary Lnstnrnents. The last ebapter prcsentc the authorrs

conc.uslonc and reconnendatlons for lnproved tncklng.

I



cliAl,'l'F&t 1I

gERVO ?&ACKII{G FATH

Overnrj.ew

T6a purpose of thLs cbaXlter 3.s to slror hew tbe tncklng slgnals

are 6€nerated at the autotracker a^nd eonrrerLed lnto uses"bXe steerLng

algnals for dlreetlonaL control of the servo controtrled XredestaS.s'

This s11"1 be eceoanplfshed fur tmetllg each event 1n sequence and"

polnttng out the rtgni"fleant oLectrlcal" and. rneclravrlcel transltlotl

polnta. The ovenl"l" relatlLonehlp betreen couponentc ls sho$n !.n

fl6ure 2-1. rn thle dlaersttr only one pedestal (*to; j,E 11]-ustlat'ed

slnce all other pedestal arrangenents are tdenttcal. Note that

thera are tro 1ural}etr aailo loops for cach pedestnL.

t{q$uat Tracltg

Durlng the lnj.tlal. stages of acqutsttlon the m&n"al tracker

operator vlerally acs,sla the sky for a tsrget of, opportunlty" l{hevn

a ta.rget ls Looated he poe5.tlons the nanual, tracket slgbtftlg sontnols

(rnodifled B-JO Gunslght) on tanget. The polntlng angJ.es of, the

nrenual traoker postrt!"on are Llnked to the autottac&en w5.th a sertto

eystem rhj.ch altgns the autoteckgr on target e!so. (f lra)' Hhen

the target comes rlthln the anrtot ackerfs fleld of vLew lt generates

a *date good" stgral (59 cpe) ln the l"nter-phone systen whleh 1*

ldentlfLed. W the nsnuel tracker operator. (1213)" Up to thXe poJ.nt,

the servo controlLd pedestal* ane atrso reeetvi.ng thelr connand steer*

Xng slgnals fron +.he manual tnaEker poc!.+!.on. l{hen t}re maleua.l. traek-

€r speg@tor rece!.ves & "dg,t& gccd," signa}.rne *epresses a buttou *thfch

a3.3.*ws tha autotre,eker to tm,ck the targct el:' lts osrn and tmnsfea's
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steerlng control of the pedesta3.s f,rom the manual tracker serrro

sysiem. (f3lr+t)" Frpni ihl"s poLnt orr the cameraa are d!.rected by

conmand slgnals fron the autotracker posttlon. Now for a detslled

look at hon this ls aecornpllshed.

Autstracher

nsdi.ant, flux fron the target is collected by the optlcal system

(fl.6ure 2-2) and f,ocr.rsed on a posltLon encodln6 retlcle a.ssemb}y"

(1113)" The mtatlng reti.cle modul"atos tl.rle slgnal ln a menner

detenni.ned by the Locattr"on of the target trn respect to the optlcal.

axls. The modulated slgnal ls lntercepted by one of two detectors

and ls converted lnto a noduLated eleotrlcal slgnal. (tr1r2). Thts

slgnal ls lnterpreted by two eLectronte wrj.ts ttrat send upproprlate

cort€ctlng sl,gnal"s to the autotracker seffo motors. Tkre servo notors

nove the tracker head en target End mal.ntatn al.l6nnent wl,tnm (0.1)

degree. Any ctrange ln astnuth and elevat!.on w111 be trenenltted to

slavd. ped.estels by a servo system" To r,nderstend how tb5.s system

worlrs e 10o chrange !.n slevatLon nlLt now be tra,eed. frorn t!rc euto-

trncker to the ped,estaL.

Autglfacker Fervo flystenr

Movenent of the teracker head i.s transferred through a Ll"nkage te

ttre synchro fo3.1ow-r.l3l assembly whLch converts thls an6le j.nto an

electrieal cornmand signal. for pedesta,L dlrectlon" The ftrst step

i.n thls process starts at the autotraeker el"evatLcn ptrvot potr"nt

(referenee Fl6ure 2*j, A llnkage, conslstlng of a connectlng rcd

and tsro plvet, aras, cermects thLs pctnt to a sy{ichro foJ.trow-l,lp

asseraHy drive g@ar! (16s3), Flve syn*huro eom,trol. t:ransr$ltter

rot*rs (typ* ffi;C 11-FSJ*) are connected to the drtve g€&tr" Both

1 1
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G X I * Z . "

CX 3rFlt r r

ihe llnlcaga and transslLsslon gears are desl€ned for trtnsar trcacklng

(tx1 rat,fo). Therefor€, a 16| lncrease 1n autotlocher clevatlon

shouLil rotate tbe control" transultter rotors clockrlse tOo (front

vler). At thts po!.nt the slmclu3o conttotr transnltters (cx) convert

nechanlcal notion lnto flve eleetrLcaL eonma$d s18n&1s whlch are

ready for transfen tc t'he pedeatal'

The connand si,glal level 1g itetennln€d by rotor posl.tlon.

(ztgz), (F'lgune 2-rr)" Each ttanamltter rotCIr J"s connected to a 28

voXt $00 cyel'c trlofler euppLy' The nadpet!'c Llnes of force creatcd

by thl.s voLtn*e r1lL cug .ctross stator rlndlngs (sr, sr, sr) and

lniluce volta6es of varytng degtroes' (l+r5?)" All ttrree vo}tagea

reproaentgut,otiackere}evatlonanderareferredtoaeaconnacrd

atgR*l. Trnnsf,er of the eonislrd stgn*l fron autotlacker to Bedectr'l

la aceonpllshed by conneetln8 t'hc cx gtator rlndltlSs to controtr'

tnnsfor.rner (ct) etfltor utndlngs Looated on the pedeatcl syrrclrro

forlow-rrB aseeunbg.y" (Reference flgura 2J+ and 2-5). Autotracker

cx dletrlbutLon Ls &s foll'ousr (f6rt)

. o ct L+U on pcdeta'lg (2, 3n 4, 6, ?)

. , ct 1+2 on pe,ileatal's (8, 9, t0)

cx5. | | . , rslsotoposltlon lndlcator

: l {o te : f i fo tEa.Beml t te rsanea] ' loea te&toeachpedesta lbecauge

o! a Ltrar Bervo sYstem"

I 
ot thle polnt autotrncker elevetlon le Ln ths forn of alr elsc-

trtce' conrn,.nd slsns], 4!d r€ady for tr*nefer to thc pedeatal' The

path for eonslderEtlon tE betresn the autotracker (cx 1'+?) and

pedestal #l+ (ct t+2) "

. 'i rl:

l ) ,

Lt+
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Sedestal

?lre autotnack€r counend, signals lndlcating a lCIo tncreaee i"n

eLevatl.on are l"nprecsed on eta,tor w!"nd5.ags of control" tranrsfoffie!:s

ct 1*2n Tttls clwnge ln sta,tor vo}.tegee !.nd.ueos an €ffatr sJ.gna.n, intcr

the ct, rotons becewe of the enguJ.ar dlffenenee bstween ex and ct

rotoreo (9133" Tlre equatlon bel.ow aefLocts thls relat!"onshlp"

(3 r38) .

Er*enr x cos 0

, Sr-eontroL trq,nsformer rotor output (esror vo}"tag;w).

$nernaxlarun eoRtr:ol tra^nsfsrmer rotor vo3"ta6e

9-relatl.ve angLe separatlon of cx arad ct, rotors.

No matter what tho valtres &,re, the et rCItor or.rtSrut rs11*1 all*a]'s

be aerc as 1on6 as there de a 90o anguJ.ar d;l"fference between trstonso

(lr:a). Any change w!,1)" gener-ate an €3rror srgnaS. a^md resu}"t j"ru

pedeotal movensnt. In thi"s case the pedeotaL nust $loye Suwn 10e

to red.uce the emor olgneLe bsck *,e zero (nuxl) arld reesteblfsh n

90o angul,alr dtffenence betneen rotos"

The eirror s!.gnar fT on ct 1+2 arg fed i.nto bwo nepamte nen:qro

a^mpllfl!.ers ts pnovtde t&e necosss,ry power for eeurro nrotor controL"

The speed and. dlrectLon of both nnotors wLlJ" ri.opered on tire s1gnai.

phase and vontage level". (3155). At thLs potnt, tls€ trro sep,amte

electrlea]" olgnals are converted $.nto one co&rnsn meslw,raj.ca[ noil.on.

Thls le nad.e poosLtrte by a tranemi.senocl and Jac& sctrewo Thre jaek

scraw! powerd by hth motore ln pareJ.Ieru moves the Bedeste,l

dorcn untll tho arFor ai.gnsl drope t& g€tro. Refer to ft6ure e-s

for araggular transfer ts the syncirro fo}"row-te}r essemhry.

L f



Dow&sre"rd noveaent of the pedestal ls ta.nsfemed throryh a

Xlnlca,Se to the syneFrro foJ.J,cr-rrp assenbl.y drLve gear and s3rnetuo

rotors. T'he controi" tranenltter (cx) eonnaad elgnat provld'ee !.nBut

to a renote posltlon lndlcator for nonttorlng elcvattron' (16t6),

The llnkage armnsenent and gea,r lratlos are deelgned to ilupLlcate

autottackqr novenent (tx1 ratlo)" Therefore, a 10o downrarrt trgr€-

ment of the pedeetaS. r$.IL cause atL wtors to nove Ln a counter

clocknlse dl"reeti.on (rear v!.ew). Fdestal. novenent wll.L conttnue

wlttL the Sledestal. ct and eutotnecker cx roton relatlonshl.p ls p0o"

Hhen thle occurs the error slgnal w5.i"L drop to setro. (f reC). Any

addlti.onaL ctrurges to autotraeker eLerratl"on wLU, create I rlail cots-

mand sl.gnaL and elesuLt 1$ edd,tttonaL pedesta.l novenent.

Th!.s eompletee the aerso traoklng path fmn target acquLsi.tl.on

to pedostel traekln6. The complexlty of, thtE peth Ls qu!.te ov!.dent

and InvoLves soyer&I tranoltlons betrecn electrlaaL and nectuni.eal

petnts. Tho ecouxaey of anguLar tmnefsr can be effected by any one

of thesa tnansfer po5"nts betreen the autotmcker and, pedestal. A

pnogrosstrve breekd.om of a-U. transLtlon polnts le Llstsd belor ln

sequence startlng wlth the autotrecker p5.vot potnt" A transi.tLon

po!.nt Le deflned e6 eny neohanloal or electrlcal. break Xn the

an6uLar B&$r that nray lnducs tracking €EFof,r Astertcks (*) Fepre-

sent two sepam,te pethe prov5.ded by the d.Lu.l senro s3rstem.

1B
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TrEnsitlon Potnts

1" Autot::ackcr plvot potnt

Plvat erm

2. Plvot ar:r

Adjustatf,.e Ilnk

3. AdJustabtr.e llnk

Plvot arm

4. Pl.rot arn

Dr!.ve 6ear ehnft

5, DrLvr gsar shef,t

Drlve gear

*6. Drlve tear

Rotor g6ar

Y' Sotor goer

ffotor (cx)

*8. Rotor (cx)

$tator (ex)

*9. Stator (cx)

Stator (ct)

*10" $tator (st)

Rotsr (ct)

*t t. noter (ct)

Sanro anpllfler

*1e. Sonro anBltfler

Senro rotor
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A
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*tr3" Senro netor

TlananLaelon

1l+" ?ransulsslon

Jack serer drlve

L5, Jack 6erer dri.ve

Pedceta,l

16. Pedestal

Pedasta.l. plvot point

I?, Podcsta.l plvot potnt

Plvot arn

18. Plvot ar:rn

AdJustehlc Llnk

19. AaUuatable l!.nk

Pivot erm

20. Ptrvot am

Drlve gca,r sha.ft

21. Drtvs 6ear shaft

Dnlve geor

*22, Drlve g€ar

Rotor gear

*23,. Botor ge&r

notgr (et)

*2t|�, notor (et,)

stator (ct)

At thle polnt ln the repqrt the author hrs preeentcd the detalla

lnvolved tn trarrsferdng autotracher polntl.ng anglea to the ranotoly

controlled servo d,rlven lnstrunant pedeetals, The eonplexltlas
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Involved ln aeconrpllahtng thls'task &f€ ntnny and nerled"rhictrre'ffer.

eoneldsaable opporttmlty to lnJect tm.cktng e:cttr. Chapter IIf xllL

nor reyeal the degree of enrcr that exlst€d and Ldentlfy one of the

major contrlbuting factons.

?L
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SffiVO fNACKTHG EEROffS

Many factom mlrst be eonaldesed when eitan3.4lag traekLng eccur*qyt

howevor, the i"nrportanee of, tracki.ng accwa€y shouLd be urd.eretood.

hefore a detalled epntnatlon lc b6un"

SbaqSl$F ltlsslqg Rpq ulrery€qtg

Hhen the R0-135S (nl'ret, BaLf") flas ortglna.Ily dea!.gned, the optlss.L

traoklng tpl.eramees rsquir€d nere no gr€ater tlracl two degreeo" S{any

of tlrE cam€me used h6d a fLeld of vlec (fgV) on tho onAer of tstl

degrees rhlch made tt, reLatlveLy €asy to tlsek e novlng tanrgat'. ULde

a,ngte Lensos and tlro doggee tracklng tolersncee rere pe!$nlesabtre bocawe

the tar6ets were plaotog:raphd e,nil trocked at nLght wtth e derk be&-

ground mtrl.eh h$"glxil.ghted the strbject and pereventcd l-lght satauatlon

of thE ffkn, I{osceverp thsee td€el condlt!.ons dld not contlnue rhteh

cans€d eonsJ.de$able prcblems.

Durlne the rnLd 6ons (1965-66) nleslon requtrenent ehenged fron

a ntrghttLnne envLronment, ts daytLne. Tbts neant that the t'argot haA

to be aegulned, trackede e$d photographed a$atnst an lntense sky

b,ckg:rcorlrld, Many tfurnes the sunfs ra3rs $€re di.rectJ.y rlthtrn the oamora

FIOV whtch i.ltera1ly eaturated tlu flln and ma.de tt lnposetbtre to

colleet any ueef\3 data"

{emo$, Flel"d o{ YleP

In order to eoLIeet eny raseahLe date on a novi.ng targe{' wlt}t

Lntenslve bekgeomd li.ehtlng lt nas neceasargr to nodlfy the caneras

to a narror FCIV" (t?rt), By reduelng the FCIV the background. Ught'lng

effects are redueed, srhteh El,lows aetebtlon a^nd col,lectlo* of us@bLe

data on the ta,rgeta Samena *1"f* reduaed to one degree ln old.or to
/- r-

r i
i
'i'lfl'i'1

I  t '

, i

fig
&
fi
L



pe3ril1t target d,i-sertmlnati.en, The red.uctlon 1r: canem, F.s"rl eompensated

for tbe lntense eky background. but taeksd the tm,ckLng aeeu:e,c3.es

of the systenr ltseLf" For e;cannpJ.e, all inetnrnent wlth a

(ts) ruv wrll. not coLl.ect data. 1f Srernltted to d.rtft mors

}m,lf, degree ($o) orr target,,

one degree
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Hld"Le asst6:rv3. to tire Rc-x35s (Ri.vet Banx) project, t|re author

was responslbj,e fcr opora,tlon of, all" $re photo6mpirlc equlpment as

a stgna-} nonltor and, tacttcaL cooed,i.nator" Durlng the ear],y plwnes

of daytLme coLLectl,on rnj.sslonq ,it became appanent tirat the na.trtrolr

rov (1e) lnstnrnents were coJ.J,eeil.m6 v€ry l"ttt}e data sespi.te sue-

cessf,ul autornclcer operation. ?hl"s eituatton cCIntlnr.led for more than

two yearo bef,ore any caulle was j"dentlfi.ed, (r$rra), soyne of the

nethod.e ueed, trr cheektrng tmoklng ecoum,cy w1"11 now be di"seu,esed"

PeteatLon

The normal procedure for chocklng tm,cklrrg Lceuraclr wa.s to

actlvate the senro syotem and. vi.suaLl.y obeenre pedestal moveroent

throrrgh vartous clwnges i.n asLnu*t 
T* 

eLewtlon, rf a ots,tion

trrosltlon aFIleed questlomable then 5.t nas ewj"tched lnto a nemote

trlos!.tLon l"nd'Lcatoc at the tacttceL coosxi.lne,tor stetLoxr for *n:srrrri s::n

wtth the autotracker" ThLs lndlcator had two s€ryo drtven needtres

whLch dryrlicated the potrntl"n8 ans"e of thre autotra,cker and enJr o&e

seleated' ped'estaJ"o The a,ecum.cy sf thte Lnd.leaton nas onJ.y eilgrj.n

two degrens (a*) and tbrerefore not sutts,hl"e fon & one aegu^ee {to)

$W-f lnettrument" SreJ.y rnajor d.Leerepaneles ssu].d. be l.d.ent1fj.€d" (fsal).

Another eheeek of tracki.ng aaeus€,cy Xaevo3.ved comgwrleoar of hre-

elglrt, c&lnerB flJ.m. &r.r camera pcsLttroras j.neSudxng the su.fi.s&geeker

8{ese eq&i"pped crlth a xlde a*x#}e breeS.gtrt carnem wh&*h s{as theorett*e,}Ig
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aLlgned nlth eeeh laetmeattrndeBendeatly" ThLs laes"nt tFet whan the

target appsard la tlrc eentetr of the berestrght, camere ftk'r for posLt'!.on

a!.ne 3.t shoul"d also appea.r ln the csnter of the prtmuy lnatnrnent

f'tlnr f,or lnsltlon nLne, Slnce e3.1 boreslgbt ftlnr ras €ncoded rt ttr a

tlne referEnae" it lrotrld k posslbLe to conlnrc the potnting ang!.e

of all lnetnrments r€let!.ve tc the autotlaeksr at any one t!,m. Thtrs

wsuLd, pezlni,t an i.deal comlnri.son and ehockr provld,cd aLI" boresl"ght

cdmeras lrerq pnoperly a,L!.gnodr oXlerattngn and lud an ldenttflabLe

target wlttrtn lts FOV. Unfortuoately, thle sttuatton v@ry eeLdom lf,

ever exXeted. The flcgt i.ndi.catlon of any etgni.f,lcent traeklrtg problora

reeu.Lted from a,rl tqpnov!.oed techntque of borss$ht erEnlnatlon.

Semlsht

Boreelght al"lgnnent of sLl. lnstnrnslte lE noroaU.y donc on ths

growid a.erd kavoLves eevezaL houm Ei.nee a}l" i.nstmnents nust be dom-

loaded" A,ften r,onovJ.ng tho flLn fron alL eanclnas, a toreslght tool Xs

lnsented nhlch aLlows the operntor to stght tluough the optles of

eaeh lnstrurnont. l{hen the borestght, tooLe for eq,ah Instrun€nt are

i.nstaJ.Lec,5:the opem,tor seS.ecte a d.tatant taatset to track rtttr the

autotracker. Hhen aretotraclc ls establ"i.shod the senro controlled

pedeata-tr s are sLsved to the atrtotrp,cker" ilor the operator slghts

tluough the instrument boresLght too3. and nakee rhatever adjr.lstments

are neeessa.Ty to eaeh ea.mem, irotll" 41,1. !.nEtrumonts are pseperly

aI!.gned, Thls X.s usuatr3.y eccoryli.ched by shtrfttne tire munts e.nd

usi-ng s[r!"rn atgch. After a.trt lnetreurnonts ar+ a.llgpd the csrilar&,e atr@

Ioad€d and the *lrcraft ls neturrred to nonmsl operatlon. The llnlta-

tlolus to thLs e*erclse are rather obvloue., The onl"y concLwlon th*t

can be mad.e frorq thls bresr.ght Slrocedlrre-ts t}lat at the tttne of,t:l

?4



boreolghttng alt lastrunent"e are protrlerly altgned along o&e etetlon-

ary axls under gror.md. envtronnent condltlons. It, te aes{.ened that onee

boresl"ghttng i.s compS.ete ttlat aLL lnstrr:memts nlLl" tsack togetber

end matnfain breotght,"

l{rnvtng gona through thle exerc!.se sevem.l tlmesl che autlror de-

el&ed that t!:ere nust be, an easl"er way to aoeonp}"*sh the name obJect!.ve

alrd prov!.d,e some nesns of checklng bereel6ht al"lgnment wd.er dynanlc

atrbs.me eo$dttl"onmn To accorrnp)"lsh thls the authon desl.graed. and. butlt

nl,ne adjrrctohXe rlfLe sa@pe nowrts whlqlr werre attache{ to each lnstnr*

rront" A varlehle lrower nl"f,i,e seope (Eauseh E^nd tombo 2vJ,2) wes thwa

posltloned j,n egch munt and boreoS"ghted with tts furetrunent' After

lnttlaL boneclghtlng of each mount ires eompletedo tt wes an ea,sy taek of

d.etennlnfng where the canera flas potnted" AlJ" you hed fo do was tc6'ek

a torget wlth the autotracksr and, nove t!'le rlfrl"e Bco1ls betr*een mounts

to cheek traokLng a,ceurecy. The results of thls eepablllty brotaght

abut som€ vesy !.nteresttn6 flndlngs'

A horesLglrt exara$.ns,ti.on of alL optLean lnet'rusoecets we,s made to

determ$.ne the effects of f!.lght on pedestsl. aXlgnneclt" FLgpre 3-t

sheows the ral,atlve tanget slghtlngs for oach Lristrument. {tW#*).

An (x) marXns tlre target posttJ.on of 6rewad fineasllre!&errts w[th a s€rc

d.egree (o@) etevatlono AS.rbprne results are shown bg a (*J wlth e

thfurty-flve dogre@ (35o) el"enatLon.

Ttse lnstflmssts mounted on pedestal" #& amd #LCI teave & one d'egree

(to) fl*"d" of' vlew" {tl+l8}. The terget for pedestar #lt was slx-

tenthe of a d.egree (0,60) oult of the FSV at a posntlng ang$.e of

thgrty*f5.ve degrees (35s) a.nd. posLtlorn #tr CI r*as ttaree-t*n*he of, a

degree {0-36} out" ?{elt!wr lnstmmant woul"d eo1}eet aeay dafa rmd.er
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thcgo condttl,ons. Thl.e wa,e tlle ftrgt tndlcatS,ore of norrl.l.noar treck-

lng. For a nore detsdS,sd e$srtryEla sf troc&trag, pcdeatda *s rnd ftro

rcre tracked a6E!.net tho e,qtotr,ackor st onc d,o6rou (to) lntowrls for

a thlrty-tnro dogroe (3eo) cN1jnge 5.sl e1ouatlon. (tglsl),

?r€ncfuae ilessusonantE

Before tekful8 6ny neasrursrl$@nte the autotracker hsd BEs levol€al

to elg el.e'!r&t!.on of aeso de6reee (ot). Tlron $re ensv€d pedmtaL ele-

vatton m,s neaeursd to eetahlLeh as! in$.t!a,L €$m@r os hse,li,ne. Fbon

tMs b^se Ltne the lnatotmcken e3.ewt5,pn res $,nerenEed" st emetJ,y one

dqgroo (1o) htsrol.s. the eorraqmndi.ng pedemtal c&ungoa wsr{e rrtoold-

cd for sach fuiterna.I.

.Ar1 neasuronents troa6 tdrsn w$,th thc ai.romeft opencat!.ng on gmwd

porrcsc Inetarulcnt loads for cach podos+el rqne nomn"l, aErd ther'lg |'a!

no rXrylraont nnlfwtcti,on Ln tho Esrro oyotcm. A vem5.mr dt&3. lne}!.no-

nctsr rtth an sceugacy of, Blrn or n!,nw dr") am $ur usoc to itrte-
"nt"ii'ili'['{*"i$$i{gil$l#fi[iggi"

nlne sleuatton' Tlrs rwql,ts for"pd.cebf #t and #t0 ers il,Lustfirtrd

tn FlWr€ 3-E and yg, (tpHr6:)

Ths rssatr ts of t'hl"s t€st roveJ.sd t&rot pedwtel #l$ end #10 dtit not

tmelt the autotmeker on e li.nea:r F6th" tho tnstrunmt norurted on

pedcoteS. #l rtth & omg d,ryrec (to) FW reould not eoLlect dets abovs rs

es.evetlorE of three ood sne-he.l.f dogsrcss (3$th At thte potnt t'he

treedootaL wes poLnt!*ng ono-[u,!,f, dWnee (]o] nSAnor ttlsg! t$lo autotracker.

Pdwta.l #tr.O exscedg the Ltuu*t, for e one d,ryre@ (1@) Fsv tnetorunqnt et

thLrtsm dqrooc {rgo} el.eueti.oau a&d row!0sre at thtrrty-ono dcgnooo

($o). I& bth ca,E6rp pdoat*I e$m.ffi.aw lnery@sos at a f,astolc rato

tlsn tlu autstaacker esd tM6 @ c$ow Eepm at lat"glrer pofsqttsag rng;trape

TtelE [s a pm]flan of, eecxl,ls?sr tmeklng rMeh cs$ b erplai"nd rhen ttro

w
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heelBqj.cs ef the synchmo..fo1low-up a'esembl"y ars stLd.*ed,,

$.IlroLulo 4913ov,r-Up .$e-sentitf

The s3mchro fol).or+-rap aesentf.y conetsts of a, serl.es of llnkp€w,

g€arE, and s]mchros whi.ch operate together Ln ogd,er to provld.e eonmand

stgnaLs to the ser4ro drl"ve notqm. The oveanll artang:snecrt for q,ch

pedestaJ. (er.evatlon) ts lll'strated rn Flgrrre z-J"

There ar*e two cnlttcal dlmensj.o&E foe the s3prelrro foJ"Xow_up

assenb}y lln&age" The f,i.rst Ls the actJustahx.e .Llnk. center te centor

dletance nust be eqral" to the d.Lstance betueeer ptvot potnt, and. sym,chro

drlve gear centetrso Any d.tf,ference wlLl alter the requlred XxX rati.o

whleh i.s neeeseanly to i.nsure llnear transf,er of, angte cFanrges. The

second' erltLeaL d{mensl.on j.e ttre plvot arrn Length, Both am6 must h

eq'r*ql ''n X€ngth fron ceteter to center othemsi.ee ltneer tm.nsfer wLLL

be !.mXlosslbXeo

trnvestt€atton of the adJustab}e l.lnkages for pedesta.l.s *S and #10
' reveal'€d that they rere slnorter thare they shor8d, lene be€n whleh wotrld

account for i*e,rd,!,noar traoktng. Soth xlnl€s€s ucro J.engthsred to

detaed^cet'fi&S'sffeet on tm,eklng acetrracy. fhe clrange I"n ll.ngagc

d.lnrenstons &:le aa foLl.owst (19lls69)"

(*er) cnansed. fron t+ S/9" ta tt ?fg,,

(*to; ehansed. from ll 3/s*" to tt.?/g"

After eompletlng these ad.justnentg mth llnka6es wore noj.netall.ed

and the pedestal. re-eheeked f,or tem,cklng aecum.car. The resuJ.ts are

lllumtrated tn F'lgwe JJ+ and J-J" (1gHr6g). gotFr j.nstnwerrts ano now

eatrn'bre of t'tacktng through thirty dogroes (fo*) el.erratj.on and renaj.n-

. 
trng on target. rt 1s otrvl'orx frorn thls teet that the naJor contnlbnrtj.on

, F EEostLj.near tmekS.mg ts lneofiiect adJwtnnent of ilre s3rnetrno follor-up
r t t

30

1wi*16 -



I
I

I r f  I,  . r '  l

i

J . . . t
. i

I

i l

I

I

l i

t ,
I', .., ,.- -' -
I

I

l l

boe

l E
i ,I,

1 n
i l I
i l
i r
i r
l 0
i+r

I
i t l



E
L
D
v
4
T
T
o
r{

FLeure 3-5
il!!lacklqg Error #LG (aften

; f. Foy r,tntrt

Etrror

:  { v. t
: ,

lkeek!.nS



assombly lLnlcage. Ba^sed on thls

an altems,tlve deslgn yhlch rllL

ftndlng the authsr rl11 now present

ellnlnate thls poselbtllty.

33
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SFffiVO SYSTEf{ MODIF'ICATIOHS

The p:eevlous elepter polnted out that the mjor caus€ of tce,cki.ng

el|lrcr for pedeetals #l and #10 was lncorrect adjustnent of the syncrrro

fol.J.ow-u}r assemb).y Llnkage" The m,l"a subJect of thLs ehapter !.s to

propo$e a deslgl eharrge rhj.qh nLLL ellnlnate the need for sueh a

J.tn&age and au56e'et addltl"onatr. nodi.f,l.catlons rlrlch may enhasce trackLztg

accu:nacy a^nd. breslgfit proced.rlros "

Du+I Serye- S.veten

The hoart of, the enti.ne s6nto s3retenr dtscusged so fa"lr ts the

e3rnctrro foX.Low-up aesenhl,y. Its prLmary fiueot!.on LE to oonvert the

autotra,cken posS.ton end. nnotton tnto an eLeeiri.oal si.gna} (ernor) ror

pedestal. dlneetl.o*lu The accuracy of tfatE algp,e,I wLl.l. deterEn!.ne inEt*np

nent ftend of vi.ew end eoLLectton catrnblllty.

The syllcbro foJ.tr"ow-r4p assenbLy f,on ttee n0-13jS (ntvet, Bstr,I.)

opt'lcaL trackln6 system employa tvm paaail.etr slngLe aSred (r$ ratlo)

serrto Loops for each pLe^l*e of notatlon (aatnnuth and el"erratton). F!.guro

lp-l i.lLrretlates thJ.s prtnei.p].e"

?lrcne are two contro3. transn!.ttera on the autotrackear slmehro

foJ"tr"ow-up assenbLy tlnt doteet motLon f,or eaeh pedestat, The slgna-L

from each of these tmnsms.tteEe !.s trlnksd to a eomespond,!.ng een*roL

transforner nounted. on the approprlate ped,eetax" aylrctrro foS.low-up

assemblyo Tlw resu?.tfua8 ewr etgna}s (*wo) are then amp}tfled

separately and used to eontroL the sevo dri.ve notor rhi.ch noves tha

pedesta.l"

OrigS.nally t'hj.s searlro syetenn r*as deslgnd t$ rork rlth lnetgremnnt

t : '

: : " ,1, : '

i . , i .
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leade tlnt m,nged from t$0 to 153 poweds and tuco degre*e {g6} *n

6E"eat6r ln f161d of vlewn (t5gl")" l,lnd,er thme r€quLreneE'$ts ttae syEtem

perfo!$n6d Eatlefaetorllpr Tmcktng aeeutn.cy on3.y had to k wlthl.n pl'tlo

on Rlnus ono d€6:cee (tto) ' and ugitlg a perail.el' g}rstelR lneraeed re-

l"ls,btlltyr If one setsro 3"oep falled, the ot'her had sufflcLent Pow€r

to continue ollerlatlon wi.th no Loss of data. l[oreverr today0s lnstnrnent

loads and FSV requlrenents have aLtered thlc sltuation.

Instrtment Loads have l.nareaeed to pn@vide bth day and n!.6ht'

cap.blllty. Theee inenmeed LoadE now requtre pwper oPe!@ttro!?, of,

toth sor.rro systens, (t9f'l6t). FblLr.ue of one aerro Loop woul.d place

excaaeLve l.oad on on€ notor rhLch rmuLd resuLt ln rsduced tracXrtng

aecuracy or entlre system fallure. Another proh?.6n arlaes rhen ther€

ls a dlffer€nce ln ssntroL traneforner outputa (null).

Synchno null. ls another pnobLen areB ln thls p&ml!.eL effite!ilo A

Bynetrro that ls not p:nop'erly nuLLeal rLLL generate an lnbalsnce betroen

emola strWe,}e and ceu6€ the two $otrlfo ngtorrt to drtve agai.net €€'Ah

othen. (fgnr3S)" The reeuLt le a Loose pedeetalald ln extsene casea

e, csmfr*.ete3.y tnopem,ttve Xledestal." E:ryerlence hs,s Ehomt t'hat' a ilua.l'

system Ls dLfflcr.tLt to keep proSrerLy adJuetod and e&usd nore problens

than Lt's $o:rbho

E6sed ora the a,bve experleneerphe author Proposes a s!.493.e a€lso

loop for each pedestaS.n Thts rnodi"f,t.eattron wlll elLmtnate tho problem of,

nu,ll. and !.nereased prob,blllty of faLlure loh€n t$@ systouts are requlrsd

to perfom sLnnuLtaneously" (fygr6O). F'lgure ,+-n il"Lusts@,t€s thre bsic

&1rangement, Thls arca"ngement also factlltatee neJor e].es16n ehnnget to

the eynctuo fo}.Io*-up assenbly that wJiL ellnlnmte adjustah}a llnkagee.
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Slrieheeo 4e}low-l&Aee.embl y

In GhaSrter Three thgw authsr potnted. out that, the roaJor cause of

trealt[n6 €rror wes attr!.buted to Lncorrect edJr.rstmcnt of the s3rnchm

foL1ow*up aesemH.y llnkege" Anottrer concLuelon that, ean k made ls

tha"t there a;rs ms^&y tcorisS.tLon pofuts tn angrd.ar tra^nsfer betweon the

autotweken and sarrto control"l"ed. 3led.eeta3. Sa,sed. nn thepe two f,acts,

the author psplloses a modlflled eSrneluo foJ.J.or**u1i asnemh}y ttp,t, doesntt

requlre a&y adJustnent, for angt8ar tcanefen a.slil &raEttee,l).y neduces

the nr.urnher of trarasitlon pol"nte tnvel"rred,. Tlw ftmda,nenf,a.L eppnoech

to thte desLgn ts slnpl.lc!.ty"

The orlg;tnaL syltctm fo}low-up esaenbly for the autotraqker ls

conplox end, contEl.ae nany control tragrEmttters tltat ase ueed to pro-

vtde slgnals to each ped.estaL. liLth the duaL aervo sywten lt requtres

tro transni.t'ters f,or each pedeota"l" Th5.s requl"re& elghteent d.lffesent

taransntltter sfuna"Ls ELnee there were nlne ped.estatr" posltL,ons. By golng

to a sLtt@e servo tr oop for each pedestal, the requS.red transml.tterg cqct

be reduced to n$"no" One transnni.tter conld be usei!' !.n the autotracker

Bonttlon to eexve a3"L nLne ped.eetaIsg houevero th!.s oXrtlon lras dls-

regpsd€d Lecause the entlne taacklng systen wou"Ld falL lf thae trans-

n!.tter melfunctloned,n The ctu*nce for fall"ure f,s rrpdueed by havlng a

sepam,te tm^nsnlttEr for each pedeEtaL n Anotben ad.vantage ls thet the

poss!.b5.L1ty of Lnteractlon betwe€n senro Loops ls el"lmlnated""

FLgrue 4-? LtLuetratee the deslgr S.ayout fer the proposed auto-

tm,cker synchre folJ.ow-up assembly. Hote thet there are ns adJustabtr e

Il.nlrages to Lnd.uee @xR6Be The ma!.n d.rl.ve tm,r ts mounted d.lneatX"y onto

t*re Eutotweker Btvot po$.nt {eSavatton a^ed actrnnuthr}u Msveme&t of the

pivot peisli lE teanasfesd dl.neetJ"y to eaeh of the ralne egraehro,
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tranenLttep through a Sear ar:s,ngersent $j.th a. m,tlo of, 1xL ' Each

t:anrsmLtter ls separataLy nowxted and lw3.d i.n plaee wltLr three lccklng

blts whleh alLow tod.lvldua] ad.jtlstnent of e&ch trananltter" The

mountlng rl"ng for aItr nine transndtters Ls desi.gned to rctate ln eithe

dtnecttsn by turclng the caLtkated boreslght adjusilnent Imobn

Tlre use of a boreslgbt adjustment, knob al"lotss tlae nlaerator t'o

e!1g11ge the potntlng ang!.e of e3.1 pedestaf s n-:r cn:r*.1 amcunt ei:nr;1.*!a:rier*':rsf f "l'l

By us!.ng e celit6nsted adjustnent hne'b slnllsr to a mi.eEoroetetr, ad$tlst-

n€nte can be recold.od for a,nnlyo&,E and eosily chEeked for pose!'tfr"e

elrlngesn tfils capobtllty wlren cou5il.ed wlth the use of a kreolSbrt

seope (exbennaL nount) wil.3" pewnit rapi.d Er$d e,CIe$m,te cStecke of eystenn

breslght.

fite trmnenltten l,ocetd ln thE c€nter qf the drtve S6etr i"e a]'Eu

adJusteb1e and provLdss a si.gnu,tr wh!.eh can be used fon a rsmote angle

lndleator, The orl"glna.l tradS.cator flas only secumte to w5.th$'tt two

degreeo {etO}, fur lndtcator that le aeer&te to wlth$.n one-lw1f' sf one

degree elwuLd. he us@6 for mpld end eCI$u$ste cowtr)s,r!.socum hetwoe't! pdesteJ"

sad autotlscker polnttng p$gLee. An accuuate meters'reS sp'iere wllL sezre

&s a good. bockrry for checklng tracklng accuracy ared. brestght aLlgnment

wlwn rrl.suet slghtlng (ecope) Lsnit posslbS'e*

F1g1;r€ ,l+-3 S.llust1q,tee a des!.gn l"eyout for the pedastaL Bynchrs

fo3Lor-r,np s,sse$hX.y, The prlnc{3rX.e kll$.nd th{e deei"Pl ts etmil.ar to the

autotrasgCIr synelrro fotrlow-up assemb&yn Thetre &r€ Ro adJustable lln@es

and angte tgaxlefer polnta are rsdueed to e nfuci.m{rm' T!:e csntnol treras-

fgnner ts mowrted on e& adjr"rstahle r5'W tFw,t, al'3'osrs the operator to

gaijust the polatlng s&gtr"e for mch pede*tal. Thals eell.ahillty ex3'ets

f,or htl: asimu*lr an& eS"evat$"oa"
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X'he eontroL tranemltter l"ocs,td ln the esnter of t!:e syilchro

fo3.}o*-up e$s€mtfr"y 1s uo€d to drtve e e'88not8 !"ndlcator polnttng

n6e&tr s wlrteh Le uscd. ln conpmlson wLtt! the autotre,cker retaote

tnd.lcatcr to eonpare Bolntlng angJ.es. In desl"Snlng the renlot€ !.n-

d,lcatoE, the anrtotrs,ckersndpedestd. lndt eetor nedles should be super-

fuqpoeeal cvsr each other for esy eomtrla;rLsonc

qores.lslttJ$co?)S.

Another rraod!.f,!.cotl.on rhLclr should be lneorporated ls the LnataJ.-

Lat!.on of axr exterzlal" breslght $e6p€o A vartable power (Ace1

slghtlng scope shoui"d be $orstt€d. on aLl trldeotal posl"tlone Lncl.iading

thc autotrackotr. By dotng thls'sameraa rould not lcequlre dowaloadlng

for bsrestgbt adJustnents a,rad, trusstve talgets (nonradlatlne) lnE,y be

u86d W ngnur,lly d!.reetlng the autotltecker" Real, ttne tlscklng s,ceur-

&cy nay be checired by obervlng operatlorral events t'hrotlgh tndtrvtdua-l

ACOpeSr

Fqlesta.t-Qslance

The Ls,st sriggestd desi.gn cb&nge lnvolves pedeetal hlance" The

or5,glnaL pedestal. had, Lts Blvot, polnt on the fowe,ld porbLCIn of, tlae

pdesta-l (see flgure 2-5) cLoscst to the optJ.ea.L vlewlng p@rt nountd

fur the fuselage" Thts eLlsred for enatrtrer wi.ndow deslgr (ZZ i,nches ln

dLaneter) end a notre Goa$loet lnEts3.l"atlon" In order to eonpensate for

ca$re!F, losd and bala.nse the pdeste\ a selrtes of sBrlngs were lclst€,ll.ed"

fhcm t!rc sSlr!.nge w6re Ln good workLng order the p3"atf,otn $&s fatrrly ueJ"tr

balanced and offer.ed vEry lj.tt.Le resistene€ ts ttre eenro ftot€rs. Spr5.ng

blenee M,s @r$.y neeeesartr for elervatlotg coxetrol" After two or ttrree

monttus of oBeratX.or,lo the eprlngs Lost soule of thelr tenEi.on whtch p).aed

aEr aitdttS.osla3 loed on the el"erq,ti.oa se3flra rsototreo Th$"s eddl"tlonal lsed.

l+1
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ecriLA centytbrite to e3.a€glsh areactlon f,sr tha heavier lns*mararyate *nd'

eentalnly dees.ea,se tlre servlee li.fe of the 6€13/0 mototr.

To all"evlate the Xlrohlen of pedestal bl.ance tFae auttror pro!)os€d

the i.nstall"atlon of adJustabtr e spri.ng nount6. The motmts should be

destgned trn sueh a n&n$etr that they can be adJusted b3r one man rl't'hout

the use of any tooLs. A d.evlce stilr!.Lar to a tuzzabuokle woltl'd be satls-

faetoea, Hl.th adjr:stabLe sprtng terasloq.the podestal"s ean be rnatntafned

tn a bal.ane€d conilt?!,on end lnsure opt!"num perf,oum.nee of tbe sstr@

systen.

Fod !. tlest,lo+ .$ HSmrV

The de6tgn changee prollooe(tr abve are reLatlve3.y lnelqrenslve and

requlre no major alterat!.ons. The hs!.E equ!.pnont ls evallable today

and. couLd be tested on a tlrLa.T. basls with Xttti.e dlffleul'ty. Tho mpf,n

featucs of, the pnopoeatr !.s to uce & s1^ngJ.e loop senro oystem tlBt tn-

corpolates very few rnovlng parte and le easy to adiust. PropooaS'a

whl.ch foLlow ln tho next chapton Xnvolve a radlcaL deelgn ctenge but

offer consldem,hle advanta6e tn the authoarrs oplnlora.

u2



ClirilPlm V

PERISCOPE TAACKIHG CO}ICEPT

The pneeedlng chapters ld,cntlfled' eone of the s,laved peCeeta.l

tracklng pnotilems assocleted wlttr the RC-1355 (Rlvet 3af.L) and prcposed

severg,l nodtfleat!.one that could, be lncorporated ts reduce these €ffot€o

Thlc chapter wil.J. presesrt gn entlrely new deslgn approach to so).vlng

the protil,en of firaeklng a ta,rget wi.th eevaraL lnstruments slmulten*

eously.

Qqglc Awmaeh

The RC-135S (nlvet Bdl) had nlne a6nrc) controJ.Ied, pdeota,J.e that

novod ln elevotlon a,nil EzXnuth tc al.fgn the optleatr. axts of, eseh prl-

na,ry lnstrtunent on tanget' The total rEtght and gLae sf all equlpment

a$soolated r!.th €ach posLtl,on (pede'sta,n and, samcrae) was cousLd.oticbLe.

tssch posttton weighsd aPBroxl.$ahfy ?50 powrds and rneaer.ls€d, one foot

rlde by thrce f,eet loag" Due to ped.eetaX. afir*ngenenttoptlcaL vlew-

lng llrrs only posslble fron the rtght etrde sf tlre elresf,t

Ftgure 5-1, lltwtrateo the beelc pr!.neipJ.e and a"rzaslgenemt for

thc euthorrs perlscoplc tlaeklng conccpt. The mgJor dLffereclces

bet$esn thi.s concept and the slaved pedectals ls that eLL cennerae are

In a flxed pos!.tlon and optt eal vlering can take ptraee on eLthar slile

of the etrcraft. ltlth the peri,scoplc approaeh there are thrree txslc

poeltXons slnilar to the R0-135$ intvet B&1I) conflguratlon. They are

t}1o nntl1l *;Enakcr Xncttlon, autotree&qt poei,tlan, Elld optlcal Lffttnr-

rwnrt poai,tionn T!t6 nrnUrkr:og instcun€at,-Eos[tlons rqtfld h dst$F-

htn€*i W epaea av*l1aM.G,atrd nlaslon requlrenents"
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Fl6une 5-1
Teetc{ng Perlsc*pe

Txacklng Pr!.sn

Sewo lrlotor Fueelage
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Feri.scgpe

The perlscope e€n61sts of a tnaeking prtsm a.nd gtati.ona,ry prtsm,

Tlae tr"acklng prlsm Ls nounted ln a protectl"ve hor.lslng atop tho f\nsela6a

end a-ltome for 3600 rotatlon. The prlen wlthln thls hous!.ng rroves tn

eLevetlon uhieh a.LLore for tracklrg of the target, llotlon of tlrc prlsn

houelng and. pnlsm Ls eeeonqil.lshed r!.th a serso system that 6ets tr ts

dlrectlona.l conmand flom the nanuaL tracker or eutotrieckar poe5.t!.on.

Tlrc pFryslca"L stze sf thsLs houslng ls reLattrvely smatrL and. on the ord.er

of slx lnches Ln dla^rrneter and, .slx i.ncheo hLgh" ThLE relEttvd.y sma"IL

elze 1s m&de posslble because of tlae nanrow ft e3.d of vlow lnstnments

regu!.red.

FeslFcoplc Epektr$_Hqgs!

The prlen assenhly rithtn the perlsootrr!.e traeklng head wi"l"I requX.re

v€ty LlttJ.e Polrer to drLve ln arlnuth and eLcrnatLon d.ue to tte rel.atj.vely

tow nefuht and gtse. The optlcal ejLenrents lnc}ud.lng the port wlodor are

nade of, qr,lertz ln order to rni.nLrntae any f,tlterlng effects. A prlsrn 1s

wod lnstead of, L nlmor beeause ls can be declgn@d to perm!.t total" Lnter-

nal. rofl.ectLon. (5t50)" $!lwl the traeklng prlenr has aquS.red the taryet

lts tmage ls d^Lrected d,own an opt!.ca} tube to another pertom (fOo; rhlch

dtreets the lmuge lnto the lnstrunent lens for recordlng.

The opt5"ca3. ttlbe and lower pr3.sn are fl"Ned tn pool.ttorr a.Long wlth

the Lnstnment, CoupJ.t"ng of the Lnstnrnent to the optJ.ca.l. ttrbe assenbLy

ls a'&Jtlstable asld al.Isws for ease ln chang$.ng lnstrunents for a Inrblcu*

lar nl"ssi.on" It elso al.Lsws for easy renoval to perfornn rnalntmance

a^nd. nako ed.Juatmente" By ustng a nlnety d.egree (g0*) l"swen prism ilre

Lnst:nrmehte can be posltS.oned in eqolr a sray that, theg offer maxtnum

tmo&truet'ed' fll"eor sp&se emd. comgnot $.nsts3Lati.on" A]1" of the l"nstru-

t+s



menta ffil be rnosnted en o!!e sl.de of the atrn*reft and relat$'vely cl"tse

to eaeh qttler si.nce ttrey are statS.onary, Due t'o mot'tsn qf the pecestals

in the RC*X35S (ntvet Ba}}),F separEltlon dlstanae of aPProxltnately f!"ve

feet sraa necess&r]r to avold lnterferenee. Another prcbtrern w!'th novl'r'lg

lns t runents ls thedangenofanacc ! .dent tocrewpersonne ln

Aqqg*glslo.+ .:lIul TracFlns

The rnarEual tpcker and autBtiracken posltlons are r'nnlque fur tlst

they are comblned wlttr one comnon perlseoBe. Ey uslng tFela approeetr lt

au.nlnetes the need for a sertto tuacklng system betreen pos 'tlorls' A

perlscope art?neiement also alLor$ the manual tracker oB@t8tor to sta'y ltl

a flxed posltlon alsd Ecan the sks on etrther slde of the alrcroft w

nerely operatlng hanil eont,roLs"

Inttlal1y ttre nanual tracker operaton sl,ghts tttrowh a fLxed

eyeptece tn orden to allgn the rotattng prlsm head' of, the pettscoBe wtth

the lncomlng *a.rget. MOvenent of tf'!e openator tu'nd contlsl's d'lrect

the traeher pnlsm and posltLon the target *lthLn the fleld of vlew of

ths eLeetor€ptloaL autotr4eker, tihan the target ls r!'th!"n the auto-

tracher FOV;" 0he operaton tranEfers *LlrectLonal eont$L of the tsocher

prlsm ov6r to thE autotrackor" From thts pot'nt on tmoktng ls acconp-

I lshd. arrtomat!.ea1LY"

@

Polntlng arxgllffi fuom the tlacklng pertscope aro Lj'nked to eeeh of

the sLaved lnstnmont per!.scopes br e sswo system' The sesponse and

sccurecy of thls oystern !.s consldexably gr€ster thsn tlwt on th€ Eo-135S

(Blvct 8s.11) becawe of the srnalt stse a^nd lightretght cqut'pnent lnvolved"

( r , l s ) . T h e s n l y g . ] . e m e n t l n n o t l o r r l s t , t } e p r l a n t r n t h e h g e d o f e c h

perLecoPe*

t96



Boreslglrtlng ef thre lnetnrnent per!.scs3lEs to the trs,cker posl.tlon

Ls made stm'B3.e by usfng a slghttng scope whLeh ls lncorporated betueen

the f5.Ned prlsn and lnetrunerat. (6r#+). Dirrl"ng autot:rack the opem.tor

slghts thnoUgkr the lnstrunent scope and nalres shatever adJustments are

necestsa.ry to the sarl/o system" Thees adJr.letrnentE can be nade dur!.ng

gnound otrlero.ttrcn or lnfllght. Passlve talgets $lay be used by track-

Ln6 a target ln the manlraL noden

Anst4gr Reeogdlag

Ansther f,eaturo wtrteh 1o wrlque tCI th!.s trackt*g eoneept ls the

ab1.ltty to reaond the potntlng angte f,or a].1. 3ler5.ocopee" The aalmuth

and eLevatlon axLs for eaoh perS.scoSre i.e converted' !.nto an analog

voLtr6e which ls tape reco$l@d.. A roconl of potnttng an6les enahlee

easy conparlson sf trackfurg aceulcaoy between 4.13" penS.scopeso A

vtsXcoudor prtrntout of aIJ. posltlons can be nade sttn!.d"ta.neowJ.y a,n$

analyued r,rlthi.n a metter of mlnutes lf necessary' The ablllty to

&etect track!.ng erf@w eeElly i.o very lnportant rhen eonsidEring how

).on6 i.t tool< to detect those that exi.sted Ln the ffC-X35S (Stvet, Ball),
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ilOTiCTUSIOT{S ASD RffiOI{MBIDATION5

Theauthor|sconeluslonapre. l leJ. thesequenceofeventslnthl .s

6trdy. They begln lti.th the serto tm'ckln5 path and conclude slth overall

t raaklngaccutaey. lbntheseconc}ug!.onsth€authCIrof fershl .sreconn-

n€rdatlons for an llil1)rovsd tracklng sJrcteroo

FP.ncl-uslong

t" The RC-]"]JS (R5.vet Batr}) sento trEcktng slrst€lxt $'s coqailsx' lnrLky'

al*d contalns an cxc€ss!.ve nunber of an*lrLa'r translti'on Polnts (35)

betveen the autotreoksr and eLaved pectesta-Ls' BvorY po5'nt sf, teansl-

tlon lncreases the probblltty of' tmaklng elror and W reduolng the

nunbel of these potnts li wtLl r'educe the probbtl't'ty of eltroro

2 ,Thea,dJus ta t i l .eunka,gesonthesysehro fo} low-upagsemba. leE

teamajoreontr j .b,r tsr totnaeklrgemorbetwoentheeutotrackerand

e] .avedpedestaS 's ,The lengtho feq .ch ] . lnkagonustbeenct ! .y theea ' lae

clnenslon s,s the dtstanee between plvot lnlntsn Any emor ln adJuet-

ment 1111, resul,t, ln nonLlnear tracklnS' Incorrect adjt'lstnent of the

&utot'cker 1tntro6e $lt1 cause alL sLaved pedeste3' to tnack Ln elror

eventfmchpedesta]" lgadJuetedProl ,er ly

3"9} reab l ! * ty tCI&etoc t t r "ac lc ! . r rgeEror$ l theonvent lona, lp ro-

eedureslsdlff lerr] ' tEndti.neegnslms'$g$hloheont,rlbtedtot,lre]'ong

de lay tn ldent l f y lne th lspnob l .em.As l .mp leandaccuaptenea leso f ,

calltaatlonlsneeded'thlsj.nc]'utestorestrSht'.n6.

h . T h e u s e o f a d u a l g e s ' 6 s 8 t g n t r ' r n c r e a s e s t h e p r o t a b l l ' l t y o f

systen falLrrne elnoe both syterne nust ba fi$")"y operatlonal and properly

ad,iusted to provlde accumte tr:aekltxg"

l&8
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S, A mrrlttp}"e lnst:nement tla,ckkag systere that requlres d"lreetLonaL

movelnsnt of ttle trnstrwnonts ls dl.ffi.cutt to engine€nr tr€qulres conslder-

at$"e &.r€& to aceornodate tlracklng lnoven€ntg, Srtd nust us€ a h16h powered

setnrs aystem, Rapi"d Frot!.on of preclelon lnetrul[€$ts ls not eonductve to

rel,!.abtre perfsstmence ancl m&y Bresent a safety hazard.

6. Tho 8C-i.35S (ninet Bal1) traeklng system ea& bs nodlfld to pro-

vlde traeklng accunaci.oE suLta,btr e for lnstrune$ts wlth a @ne d.e6ree

(ro) fle:,d, of view.

?" The pertsconle c@noept Lw feasLble and offetrs nore adnantages

tl1gn a nnodtfled nC-135S (nlvet Bei.l) tracksng system. It offers

co.y6rage on bothr s!.des of the alercraftr m@re accunate tlecking due to

srnoLler elze ancl wtrdtlq trore fi)om f,or equLpment lnetatrlatI"ono and alt

easy n6ans of detect!.rtg and corrrecttng lnetrument, tracklng"

4gg:onmendatS.ons

t. Tlae auttror reconnendE the perloeope coneept over oystem nod'lfl'-

cattongn Thls reconuneirrdatLon ls based otr the above co$cLusl'onr p€?.-

sonaL eaperi.enee, a$d the need for a eyetom wLttt expanCed eapablllty"

A emag. acal"e ground h,s€d. systqr EhouLd be developed f'Lret to prove

Lts foaslb$.1!"ty bef,ore aLrcuaft lnstaLtr at:.otl.

Z. The need f,or a wlde range of, ai.rbpmne spsetrsL dete etlL3 exlsts.

trf, the perlseope conceXrt cen be Xu5ovsnd tlren conel{eratlon e}aouLd ba gtven

ej.t,her to rnodLf'y3.ng the RC-135S (CoU B@.11) for tnetaSl"atlon or bul'Ld-

lrg an errtlneS.y new e3rsten rs5.th erqpine!.o on a wi.de la.nge of s{'rbercte

opt!"cal trackLng 5-netmunents"
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