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FORE’~~RD

~‘nt r s ,  t F )  3t~l 5— /~~— t — Z  173 d i d  the necessary modif~~ ,it Ions t~’ resul t

in  an i n t eg rated  weapons systtn ~‘n F—4E a i r c r a f t  t a i l  number i ’~ at the

~~u i~~’t ~ c Fltght ~~~~ ~~ n t c r .  A 1r — : ~’ — a i r  m i s s i l e r y ,  .Izr—t o— .sjr ~~j f ln , ’r - .’ ,

and a i r—to -g round  gunsight modes algorithm s were mechanized by .i s o U w . t r ’

program In an installed ‘~F) computer aboard the aircraft , in luding

int t-~ r .iting a GFE (TCX.IS Instrumen ts and General Electric) Austero HUI).

This final report covers the efforts of contract F33615— 76—C—li.O ,

In which the Air Force’ tested out the previous contract mechaniz ation

for the gunsight nodes. The Tracer and Air Force Digital Lead

I ; 4 ’ r ~1) u t 1 n ~; Optical Sight routines wore flight tested with real tir ings .Ig;I 1 t;~~t

airborne—towed tar t s .

This fina l report was submitted by Westinghouse Electric Corporation under Contract
F33615— 76—C— 1 340, Project 69DL Task 01, Work Unit 29, contract data requirements ,sequence no. 1 for the U .S. Air Force Avionics Laboratory , Wright—Patterson Air Force
~ase, Ohio 45433. Skip Wenk was the Westinghouse Program Manager.
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SEI TION I

I

The F- a. Av I on L .  U p d a t e  Pr ~’.~r i m  was a f o l l o w - o n  to  the p r ev i o u s ly  con—

c ~~~~~ Austere HU ~r .,,r ~~
- 

~~ h ev~ r ~‘u the pe r Ia I l  of ~tay 1I S • t r I i ~~

t~~~
- £ .Itter p a r t  ot 1~~75 .

& h e  Au s t er e  i E 1  F1~~~t~t T e s t  ‘rogr an was f l o wn  at the A ir Force F: Ight

Test Center , Edwar ds A i r  Force ~~. I S I ’ , Californi a ; Its basic ~oa1s be1n~ to v e r i t y

t rle .Ii -curacv and t r f r~~a n - t ’  of the F—4E Austere Heads Up l)Isp .iv Ii r — ~ o—a1r

~a n s i~; r I t s  by the  integrated ~~ s tinghouse AN /AYK—8 computer and 5 (1 t’~.,rt - p.s c~~s~-

w i t h  the Texas I n st r u m e n t s/ G e n e ra l H , c t r i c  Heads Up D i s p l a y  ..nd the Hon .-vwell

A e r i a l  G snne ry S o f t w a r e  r o u t i n e s .  This integrated system was then  i n s t a l l e d

ir ~ ai  Air  Force F— !~l: a i r c r a f t  and f lown  by Air Force test pilo ts and T a c t i c a i

Air Command pflots to evluate and optimize the system in a simulated ~e~ b at

e n v i r o n m e n t .  Some 60 f l i g h t s  were f lown and each pilot ’s comr’Ients (likes , d is-

likes and suggestions for improvement) were noted and discussed . These d i i ~-

cusslons resulted in modifications to the switchology , symbology , algorithms

and software.

The Austere HUB Program ended with the general agreement that an optimum ,

operat ional  system had been produced for the mechanized gunnery modes.

The F-4i~ Avionics Update  Fl i ght Test Program then fol lowed in which this

optimized system was evaluated in a s i m u l a t e d  combat env i ronment  w i t h  the

:, c t i i i l  f i r i n g  of l ive b u l l e t s  at towed ta rge ts .
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!- ! ~~~I ’  T t •I

~~~~~~ ~ ~ ‘, thrnu.~h ~~~~ 
‘~ ~~~~~‘ ‘

~ .. i t ~ ~~~~~ c’ ‘‘ ~~~~~~~~~~~~~~~~~~ . ‘ ~~~ • . j ’  •~~
. ‘1 i t  ~ n

a ~I~’ ) ‘ IV s’ • ‘ ~ ¶ . ! ‘  — ! ,~~ .11! cr • ~~~~~~~~~~ . . — i c  I~ ~~~~~~ . . .. 
~~~~

“ 1 ‘ I r For e ’ i~.I s. w h e t .  his bt en ~ • ~ 
y ,  % ‘i.’ l f : • • ., • •

to  the ~ i L st F— I. E en r a t  tonal roof  t t ’ u r l t  t on ,

II I ’  I i  V , SO 1I fl ! oh I e~’s ..‘er. encoun i’d In . ‘ ‘ ‘ v  • ‘p .  r

t i ~~na~ .iid ta~ f i r s r  !~ 1i~~~t ’ ;  w , r e  o n l y  i r ~~ia l t v  .;~~. . ci ~~- t  1 hi .- o t ’ t

f r i i t that , a i t e r 10 te  , ( I  c~1 n u t r c  i f  ~ l i ; h t , t h ,  ‘~ v t , c -  . ‘ - -  i t t  ~~ v s h u t

down r d  cou ld n t  he r e s ta r t ed . 1oor ‘n r i ’ t ‘in • ~ ‘ s ’ s .  I .  ~~~~ ~~ Ii —

t i e  av i~~n i c  s uh sv s tem s .  The c ius~ ,- t ‘ . ~ sh t d  ~‘‘c ~~ ,s  ~‘ •

de ! ~~~~~ ned . I’be ver y  ho’ and dcv  v i i ’ her r i ’ ‘ ‘ ,. vi r.~ c A 1 r r

~is’’ locale made iso lat ing  the proh!.-’ rt extr t-tm!v !1’ f frult.

The problem was finally Isolated to a fail ure In t’ie .~~r c r a f ~ . ~i .tr’r .

cool ing  system , w h i c h  caused the  i n t r o r l ’ i r t~~on o~ ve r y  c d d  i t t  i n t o ~~ . e l t i  !r r i c s

equi pment  , r e s u l t  in g  in ice  and i’n r ref  ~ t i re  ,a ’n d . n sat  0fl i t  h i~~t . r  i i  t i t  ‘ i i i

The l o s t  t i m e  and da t a  as a r e sl i  t ot  t h i s  it lu r e  c i  , ‘;ir lv  de ” ’nst r at ed  th .-

d e f i n i t e  need f i r  low t~~~pi’r a tu r e  m d/or  m o i s t u r e  d e t e c t i o n  4 evices I n  f u t u r e

avionics equi p ’. on t  ~~ . r a t i n g  , it  h i g h  a l t i t u d e s .

lu ri n g the rema i nder of the t u n e / Ju l y  l97~’ pe r iod , • i i r cr ews e onsist~~i.~

Ma jurs Milam , Mcl)onnald , .M i si .11k1 . i t ’ ( ~ C.IPt . (.Isp&’ r , (;I r(lfi(’r , (r I mmel

and ~~liane , f l e w  25 addit ioiia 1 nil s ’t on s  . Ve ’r I (1 lilt a were scored during

13 of these 25 f i t  l i t s .  The target was nmlsse d  on o~~1v t h r e e  flights. The

tow target was lost on four f l i g h t s , t ’le 1~uti  .imnm e~ on on , two were abutted

for tow aircraft problems and two were t e s t  ft ti’h ’s i n  wh ich no gunfire

was attempted.



Maj or  Dave M i l a n  h i d  t h e  distinct ion of beii.g the first pil o t t i ’  hit

t h e  t a i~~e u s i n u ’ t he’ t r .i ’ - t r  hot l i n t ) gunnery  mod i

W es t i r ch o t i s t ’  - i  e l d  ~e p r e s e nt a t i v e  , Bruce Kl  i m ~ . r , des ivn ’ d i t  t h e  t • i t

‘.1 t anti ~ns t , i  .‘d C I - . 1  r\ in t h  ANI AYK — 8 coir ; iat ~ r f ’ r  i n t e r f a c i n g  l ie

.,lr ,i rne t i r e  c e d e  g i n t r . t t w i t h  t h e  iU D s ’/st em . T h i s  made p o s s i b l e ’  t~ displa y

~~~s ;  ~o im ~~e- i . i ; -5~ d in ,  on t h .  I l i - t i t s  l ; u  Display and I - . r .a r i  i f l I ~ i i i

tre on th .  a 1rhorn ~ i i i  i t . i l  t i~ ’e recorder .  Thi s  great  lv fac  f l i t  i t  i t  cor r e—

i t  io n e t  t f C  g i in s ig h t  1 I ir , d igit a l Instrumentation dat and in - i  log In s t  n i —

- u n t e t  io n d at a  f o r o~ — sj t e  ana~ v s i s  purp oses .

An l ’i t  r : i c t  p r ob I .~~
- . 1.  t~~~.. en the  GFF . :m i g t — D ; i t a  r e c o r d e r  m d  ‘ he’ A i r I- - r’ ~ -

( P C  eS OO (‘om~ u t  e r S v st  e ~ was  d ~s~ over~ d I n  I u l v  1976. The p r o h l e r  f .  ir .~;

he CDC 650u computer  ATACAS so f twa re  would not accept  f~~i .i h t  dat a  i n . ’ r c ~~ n-

t i t i a n  t ape p r oduc ed by t h e ’ P i g i — h . m t a  recorder .  F u r t h e r  an a ly s i s  of the ’  c i t u m ~~~ion

r~ ’,~~a 1ed t h . i t  both hardware ’ and s o f t w a r e  problems were in v o l v e d .  The h a r l ~- i r .

;~r o b l e m ~, were de t e rmined  to  hi  previoulsy established logic problems whi ii shou ld

; i I V e  ne•en corrected by the  D i g i — D a t a  Corpora t ion  as mod i f i c a t  l en s .  The se r ’ d i —

fic itions , however , had n I t  been installed in the Austere HL’D D i g i — D a t a  re order

a t  t he t ime of i t s  purchase  by the Air Force. These hardware prob l i’ttm s wer e

~irrected , on site , by the Westinghouse field personnel .

The software problem was a result of the unnecessarily strict requirem ents

of the pa r t i c u l a r  CDC 6500 compute’r Air—to—Air Gunnery Analysis System (AT \ .A~s)

sot tware program and other complications created by previous modificati ons made

to the COC 6500 operating system . These software problems were referred to t h e

~i’stinghouse software personnel  In Baltimore for a solution . The recording

of digital tapes

3



~ . n t  t ’~~ie ’ s.’ tha t  I f~’ht  d at a  u . a ’d ‘a lie ~~st  p.”1!!~ u , ‘ 0 . ‘0 t . .

t i t i r ~~. r h i ) . .  ~~~~~~ un.iv i f ! . m f i ’ e- f t  t l v f n ~ , ‘ ml oh I . ’ i ’ •v ~ dot i n ~

h i  s ; . - r .d d u ~~- ~ ~r , -  l i  •n f c i l  ‘b C r’;.

.-\u . -n i s t  l ’~7’ h r ’ i i ~ l~ Se ’ptenh. ’r 1’ i ’
~~

~h i s  s , - r f e d ‘f the ;‘r .’ r e ~ h..i’ari w i t h  a e ‘;C~ ’r~ r e t ’ e! e f t , , r t •

- t :nl ~ rca t h i ’  s t m s p t ’ u • i f  I no c i  r i t e ’ s  In he s’.’s t “m n.~ I ,- i t  i t  by hit . r c  1 v -
~ I

I i  - h t i ~~n . -  I~~r t n ) ~ t ” L. ’ ;‘r.’v iouu; ‘ t’st f t  : c t t s . Fe’ p r i - - . . t h i e  •

~~~~~~ smis p e ’i ’ e l I m i a  u L t a l i t s , it  v i ’ ;  do, - h i d  ~~- . s m  n i g h ’

in  ~h I ch l i v e  t r i - - . r .mmmun i t  I on - a  S I red while ’ i~~~~ , i i  I u~; ‘ - i  - c t  r - . i n ’ ’uv .  s

-\n .i 1 vs i s  a f he guns igh t  c . m r e r . i  f i l m  da t  a ‘‘ ‘ t i  nod d i ;  r I i m g  t h e - .. f I , h t  s

m d  I . i~ ed t h a t  h. svs t e n was very c~ -u r at  e dur I n s~ stt’.idv—st ate .i tr ’ra l

c n d  i t  ions , hu t  - i i i -  r i f t  a tt  I t u d e  changes  t n t  r .duee .d s.cr ’ t n a c c ’m r . m c  i cs  at

r e m . s o 2 to  1 th ousand  e’et . F u r t h e r  an a l y s t s  o ’ t h e  da ta  by W os t  in ghou se

i n i t  If ,  f l t V ~~t 11 syst  ens p ers onnel  r~’v, ’- i led some st - m i t ’  .me t o  r and r ’i ’s i  t I e’n

r s i i i  lie fIu :m,.vwe 11 and W~ st  in  m~Imous& ’ so t  twa to , and some ina ccu r ac  I es

In  t i . -  i n p u t s  I r u n  thc  McDonne l h — D o u g l a s  • R c e l e r e  ‘to r s  and gyros . Ad jus t—

r e n t s  ~ t ’re’ m i - f t  t i  ~u i  n i m i z e  the  in p u t  m a c c u r i e ’ s  and to . .r r t ’et  and opt ir ’t z t ’

t h e -  s i i i ’  t a - t . r  ~~. Sm h s e q u e - ’n t  n ! i~ht r . I r , - r  f i  i~t h t  d a t a  c o n f i r m e d  t h u  the

vst .m was now a c c ur a t e  over the  d e s i r e d  range .

Aa i n i m c c u r m y in  the range da ta  in forn i a t  i . ’n to  the A N / A Y K — 8  computer

r , t’, l i e u  A N / A } - u ~— l 20 radar was a iso d iscovered rom the an.. i lys is  of test

1 l f ~~h t  d a t a .  The W e s t ln gh o u s ,  s o f t w a r e  personne l  dev i sed  a method in  which

an i n — f l i g h t  r ang e  b ias  co r r ec t  Ion w o u l d  lie t n t  rod lR 0(1 r i t e  the AN/AYK—8

4



e ’ - ’ ; n ~, u t t - r .  This pm • ‘  t’dur~- c r e a i t  • :~ dec r o . m s e  1 th e u t ’  r i - q u i r e l to  at ai - e t c - I  y

. - t  . ‘ r r n j n e ’ t n -  ma ,nm i t ude  c i t  and e rr , ’,  t t h i s  ran g . ’ e r r - !  . I lie . s’ m t , , Ii ’.tis. ’

S~~~1 t w i n ’  p e n s - a n t  • , .c~ t I , ,  r - , , ,t ’st  ‘1 t he  A i r f o r ,  e , .il ~~~ ‘ ilitor de r i t t  J - i

1 no ’’ ci ~~ ‘ •~~~~ e.m t L i  • i n  i t h e  Di , ;  i t  . i l  A i r  Force I eacei Ce ’nmput m l ic

- pt  1c.i ~ ~~i : ; t  (~~.\:. i~i c S ’c ~ emnn , ’r . - - - - i , ’ . I lco se c e r t .-  i ; ; - . cod mou l t  i t  i t  i ’  i , tt

.‘ i ’-.ed tnt ’ .tc,’,ir.i c- , .in i ,. i s t  ,ji ; ‘ .  r e t  ion , ‘ !  t i me -~‘,‘ ter; .,:~ f e  Ii i . . 5 d. ’~i - i ; ’

-‘i  r ~~i - ~~ r v  t n -  ‘‘ . - t  .- —, ; ‘ r e - s s i v . ’  n.’si, lt s -f ’t .iined t f t r L, , tL - u , t  t i .  r , r ;. m n d e ’r

a -  ; ‘ r i ’ ,~ram .

Our i n~ t fe  A ; ,  o t ,~ Sept ,~ ;n,- r 976 ‘.ri i’d , .m r rows ens 1st ing of ~~ jors

Me’s ti ~~ - i n ch  v i : , it s ; ( ‘~i p t a ln s  ‘ m o n t - n , i r i : i ~~~1 • Po me ’r . ’v ;ind Sj , ’ e.r - r u ,

. - . -  m i s s i o n s  — 43 ol w : i i c i m  -~‘ . - r e ’  , i m n n e ’rv  f l i g h t s .  ‘. e r , l 1 . - i  f i t s

- red •-ri ,t .t o t ì~ -~ I i t  t e m p t s .  Th e ’ 1 - m r  , . t  w;m s mi sse’,i on on 1 y i v . ’  1 , . s

I i i , - t~ -w : i t ,; ’ t  w a .  l a t  on aix h i t , ; n t s , h i .  wer e a t ’ i - r t , ’ ;  h r  i t  r .i tt flurn .-r

I ’) . ac’ it, m n i - a I  p r u b l e ’ns , l i ve wor e ih t . r t e d  b r  t ow a i r c r a f t  pr i 1i’ms e n  ive ’

v.- r c- h i t - i  1 i t ,’h t s  v t e -  r . - no . i t t , ’u~~ u t  was mad e ’ to h i t  a 1 i r s

, :t,e ve ry  t~’ - - u r e - a - , 1 ‘ic ‘ s a t v - ‘ l u r e s  we r e  i i  i i  . ‘ 1 dci i  I n c  h i s  pe r iod .

S me oh  t i L e  ve r  i f  mc d t.m r~ e t h i t  ~ w , - r e ’  mad . under  the  f o i l  L u w t n ) ~ cond it i ’’ns

‘ ‘ C  ~A~.id  ~~~~ , - i - i  G ’ s ASPECT ANGLE R ; ) I ~~~ia l~~~ i ;  I I A R ’ .l I

1 r i  or  3flip)’ ~fl O 
— 300 ‘ii) - i a n ’  r

.1)00’ 2 20’ — 3O~ 50
20 ” — 30° 50

f i r  lhOO ’ ,/5 20
0 

— 30° 50 D ar t
‘u -~~~~~~~ 2500 ’ 3 /5  20° — 30° 50 Fic,it

t i - i .  r 3200’ 4 21)’’ — 30° 50 Fi c i t
2200’  2 20’

~ — 30” 50 F Ip ;c
I r e - e r  1 200’ 3 ‘0° 50 E~anner
),\ 1 :oS~ 1500’ 5 20° — 30° 51) l),-irt
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TOt ’ f l i g h t  t e s t  logs showed IBg f l i g h t s w i t h  no computer I ,illu re’ s

to  t h e  A n/A Y K -8  comout e r s .  The t o t a l  f l i g h t  hours involved

we ’ re 1 ‘17 hour s .  I t  i s  oh pa r t i~ c m l i  r not e  th a t  both AN/AY E—H ‘ ( ‘mi ii t e’ r ’. ,

‘i s e ’,l sLir  i n ,; t he’ Au s t e r ’ I h a/ F — ’.h .  A v i o n i 1  s Upd ate  Pn ’g r . im , op or ate ’d a l m o s t

cc i t t  I nO , ’ i s  • y ~‘r 1~ m o t h s  w i t h o u t  .‘i s ing le ía i lure .

:‘f t , - A i r F, ’ r c ~‘ W as ver ‘,‘ p 1 e’,i sod w i t h  t lit , r e s u l t s  of t h e  p r u g  r . n u  m d

‘ n a t  ic r .t to he’ .c hi gh i  ‘.‘ succe ’ss t  u l  I l i gh t  t e s t  p r ogram.

The’ toi tuwl n g is .mn indiv id.x.m l flight scoring chart.

F l i E h t  It ~~~ l’asses Hits Confirmed M i . -

20 Not - \ v , mi l ab l e  ‘
~
‘
~.s PA l Oh;

a
‘ I  9 Shot Tar g e t  Of f Cable PAl.C OSS

2 ’ 2 Dest r oved Target  t .At , C OS S
Shot Targe t O t t  C ah i . -  DALCOSS

27 ~‘ Shot Down Target Ira ’ “r
3 Shot Targe t Off Cable

32 Yes
Yes DALCOSS

3 Yes
0 Yes r , i  .‘r
2 Shot Target  O f f  Cable T r a c er

40 Yes I
42  5 Yes Tracer

43 Yes ~r ace ’ r
‘
i 4  3 Yes Tracer

45 7 Yes Tracer

58 12 Yes Tracer
60 10 Yes DALCOSS

6 Yes DALCOSS
62 2 D i s in t eg ra t ed  Target  Trac er

4 Shot Targe t Of f Cable DALCOSS
10 Shot Target  O f f  Cable Tracer

67 5 Destroyed Target  1 T r a c er ,
1 DALCOSS

‘9  3 Unknown — ik’s~ royed t iAl . Cf lSS
10 Ne t A v a i l a b le  Yes DALCOSS
73 18 Yes 8 Tracer ,

10 DALCOSS
74 2 Destroyed Target  DAI.COSS
75 1 Yes
78 U Yes 1 Tracer ,

3 Tracer
3 TracerM9 8 es 
1 DALCOSS

7



TI?€ CODE GEN’ERATO R MODIFICATIONS

A (.FE t ime  code generator  was ins t a l l ed  In a i r c r a f t  304 by the

\ . r  Force and in t cr f . ’ . e  h ’ctwe ’en i t  m d  the AN/AYK— 8 computer  ,,ad to be

d c ’S i ,.;i;. ’~I and in sta  h e’d in t i e  I b id .  The so f twa re was changed sit ’  0 t I  it

I it 
~~ 

‘gr~em would r o ad ti le’ t imt ,-r ’ m d  then  record  the i ou,’,l t i m e ’  ‘ ‘ i i  I t s . .

R .m-.-ru-nd rape h a n d i e r  , i l on g  with the 65 program and s t a t u s  p . Ir am et er s  ol

I i . - we’~’~’ns modes.  l i i i  s ~; r c ,’.i t l ’,’ t c c i i  I t a t e d  l o c a t i n g  ,cn,I r e ’ ’ i ’ I ’ - in,’, t he ’

snap shot programs .

T i m e ’ d e s i g n  and w i r i n g  l i s t  t o l l o w s :

A t  Fro m To Sig Name

),‘le ’ t , ’ XA 5 0 4 / 5  XA SO4/8 504 ,~ 5 ,2  V
r u  : , - r e  x~~ O4/5  XA504/3 504 5 .2  V

X A5 0 4 /8  XA504/37 504 5, 2 V
ic ie t . ’ XA50 4/13 XA504/4 3 504 ;, 5. 2 V

X A S ’4 / 13  XA504/44 504 ~. 5 .2  V
ih ’ l e’ t e’ X.A504/ 17 x .A504/2 1 506 ii 5 , 2  V

- . ‘ I i ’ t t ’  XA504 /1 7 xASO4/ 47 504 ,, ‘ . d V
i . ’ l . ’ t . ’ X A S O 4 / 2 1  XA SO4/ 55 504 ~. 5.! V
I)e~ , - t c ’  XA 50 4/2 7  Xfi~504/3I 504 o 5 .2  V

X.A504/37 X,A504/43 504 ;. 5 . 2  V
XA.,04/44 XA504/47 504 ~ 5 .2  V

Ttiu ’ se p ins should  now be e m p t y  504/3 , 5 ,8 , 37 , 13 , 47 , 2 1 , 31

Ar :) XA50 4 /27  XA5 04/56 504 5 .2  ~~

A~~I) X.A 5 04 / 5 5  X,A504 /44  504 5 . 2  V
ADD XA50 4/44 XA504/43 504 -

~ 5 . 2  V
APP XA504 /43  XAS O4/1 7 504 5.2 V
API )  XA5 04 / 5 5  XAS O4/ S6 504 ~ 5 . 2  V

loos e p ins  should  now be connected B09/O0l , X A5 O4/ 2 7 ,~~~, 56 , 44 , 43 , 17

8/9



‘a - r,,u’u I ‘-~ ,‘ ‘-I c”.

X.A502 / 59 ,XA 5 ( i 4 /~~’i S ,7  V
I’.A~~ 11 ,I,  ‘ ,M ~, , 2 V

-‘59 XA S ’)2 /21 u , ‘~

xA”~2 / 2 >:A~O~.’! 12 ‘i. : v
XA SO 2/  12 XA ’O ,’ / ~ . ~‘ . .~ V

X:’iS ’) !/ ’ i ’. 5 , 2  V
XA ’u,02/ ~~5 XA 5 02 / - ’. ‘ , - •

Al,: XA 502,- 19 XA502 -‘~~ 8 :s;N[i

ADD X,~~O2/48 XA502/ 1)) 9 :’:I
A : ’ ’ X,\ u02 / 4 ’ )  ,~~5 i ) 4 / l ~)

“.A502- ’20 XA ’-u 0 2 / - Y ~ . 9 c . ,

‘5 . , . ,  —

Ar ” XA ’IOLI - 3 0 “IA 0 12 / 3  , 9 ~~~~ —

XA SO2 / i XA ‘ ‘1.,! .9 c t ’ - —

\ y t S O 2 /  34 . 8 s i. ,-

A : ) : )  :‘,,A 0 2 / 3 6  x A S O 4 / 5  I c . ’  TC~
X .A502/ ” ! X , \ i O ) ! /  ~1 I u ’S’.

A P r )  X,A~ 9.’!57 X A 5 W ’ / ’)~) rI , ’’-,u ’ t t int ’

~ \ 5 0 2/  57 X A S O ! / l  2 R i - s i - ’  t i m e ’

X . A 502 / 1 2  X1\ i O ! / l  I R e s et  t i t ’s ’
A l )  I xAs t) : ’  / 13  X_A 5 02/  s < . ‘ s t ’ t  ~ n o
_-\I D X A S 2 U / 6 ’  XA502/  14 S . ’ t w a  r i  r es e t

X 1 t 5 02 / l’) S,’~~tw.i r rese t

‘.1/1 h XA502 -‘ ‘u 4 ,’ set S
X~\ ); ‘/ 7 L\5O2/~ Re- - a t  C F

A D: )  XA50 2/ 7  x A S O 2 / l o  :o.- s t ’t  FE
VII) xi~o:’ f x A s o 2 / 3 1  Rvs~~t FF —

A PI )  X A 5 0 2 / I I  Xj ,50 4/8  Zero  Time ’
A ; :  2-9 I - u /  ~ 3 xA.502 /5 n \ TI, .8 ~~~ — IN
A PP ,l’~ ~,/ S4  XASO2 /4 ’3 .8 s~ ’e — RET IN
A :) :)  2~ v-./ 5 5  X A 5 0 2 15 3 ’  

~~~~ 

R e s et
ADD 25 1 . / S O  XA u ( ) 2 / 5 2 ~ R e ’c t - t  R et

— 55 — 47 — 73 — 58

ADI) XA YJ1 !23 to xA5 02 / 55
to XA502/47

A ! ’ : )  xA~u?/ ’i to
A1)h) XA502/35 t o  XA 50 2 1 17

AD!) XA502/30 to  XA502/18
A!)!) XA502/22 to  XASO2/40
A PP X A5 02/ 3 8  to XA 504/ ’.

KA ‘.0! / 31 to X/’. 502 / 44

IC )

- - ‘ - .- -~~~~~~~ - . - * —-
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A. D ig i t a l  Readou t for  Time ’ Code G e n e r a t o r

The Air Force decided that i t  needed an on—the—spot  d i s p l a y  of t he

time code generator , and installed a digital readout meter on top of the

code generator. The AN/AYK—8 was again modififed , bo th hardware and sof t -

ware , to drive the display and present the time in appropriate time dir,i ts.

The wir ing  modes are  shown in figure 3.

u i ,  ~, - i ,
- - 

- - -~~

~~~~~~ ~~~
I ‘ ‘ — p ’ , SWITcH p~,u I

- ~
i O )  ‘:

- 6 T~-’3 - . ~ ,(~, 0~
- _~~ 4 

‘ u
~ .~~~~. ~~:ee

:~ 
~~~~ ‘ ‘ )

~ ~J . L ’ - ~-~~~‘ • 8C’

8  ~ ‘.-/ I1’ ‘
~~~_ - 4 J - -

- 

“ -
- 

~~~~~~~~ ~~~~~ ;

~~~~~~~~~~~~~~~~

- 
: — ‘ - -  ;~~~ -

I ~r~njy_~- ~~e —4 ‘n t ”  ) I
I ~~~

“ ‘
~~~ i-C,, 

~~ 
‘ - ,,  I

I ~~~‘XX’TILi_ .,~ a i~t~
- 

~ ~~~~~~~~~~~~~~~~~~~~~ 

‘;‘
~ :~~~ W~ T 

- fj

_ _ _ _ _ _  ~~~~~~~~~~~~ 
‘

~~.

I ~~~~~~~~~~ U ] s o
I I  

~~~“fYTi1i~I~I_ l _ _o
-’i

o .4~~ ~~~~~ ~~~

~ H1 CT~T~I ~~~~ ~ If

Figure 3. Wiring Modes — TCG , Pinkie  Switch , DME Range Input
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P. .  l) i ct ~U i i  “1, ~~~~~~ i n ~ ,, I

I l it - r a n g e - “a’ .. ~i I r  l o t ;  - -.vctt ’T n ,!e’);,- r 11’i ’ , 1 i n  ,\ r t ’ i ’n !  i x  1 had - - ) ‘ e ’  in’ or~ rod

r h -  -\‘,/A ’~(:—9 - - “ ‘ pu t t - r , - i ~~ ‘i t ’n t ione ’d  p r . ’ v i ’ u a v ,

h i t  i n t u r ~ ,i ce w i r i n g  r i , . d i f C i - , i t t , u n ~ Ins tall ed i~ ~h . - A i r  F o r . , E l  i c h ~

a ri I,S f - I  I ows

From l u  Sj,JL,Name

Pe l t  r i . XA503/3  XA 503/ 5  503 ~ 5. ,’ V
Pt ’ ]  u t o  X ASO 3/ 3  h08/0O1 0 ) 3  u 5 .2  V

X A S O3 / 8  XA 5 03 / 3 7  5 1) 4 5 , ?  V
i .  XA O 3 / 3 7  X A S O 3 / / t 3  5 ’ ) )  5 .2  V

:s’l , - t . -  XA5 0 3/44 X A S U 3 / 1 3  ‘, t )  3 ~
, . ,‘ V

‘e l i t e -  XA503/ 13 XA503/1 7 503 - ,  5. 2 V
XASP ’3/ / ~7 5fl3 j  5 . 2  V

10- l i ’ t i ’  X A S O 3 / 4 7  XA S O3/ 4 6  503 ,~ 5 . 2  V
S l . t  u- XA S’ ) 3 / 2 1 ) X A 5 0 3 / 2 1  503 5 .2 V

D e ’ l o t € ’  XA 03 /2 1  XA50 3/5 5 503 p 5 . 2  V
Pt’l.-t ~ XA 50 3/5S XA 503/3 1 503 5 .2  V
Pu ’ I ,‘ t e ’  XASO 3/ SM XA503/29 503 ,~ 5 , 7  V

t l i e ’ s c  p ins  s h o u l d  now be e m p t y :  3 , 37 , 13 , / 4 7 , 21 , 31

ADD B08/ 00 1 XA 50 3 / 5  503 ~ 5 . 2  V
XA50 3/ 8 X ASO 3 / 43  503 5 . , ’ V

Al) !) XASO1 /44  XA50 3 / 17  503 5 . 2  V
A !) !)  XAS O3/1  7 XA50 3/4 6 503 p 5 . 2  V
API )  X A50 3/2 ( )  X A SO3/ 55  501 5 , ?  V
APP XA 503/44 x A S O 3 / 2 O  SIn 5.2 V

Thc ’st ’ p i ns sh-’ul-J now he’ u ’onno ( ’ ted  808/O01 ,5,7,8,43 ,44,17 ,47 ,2O ,55 ,5o ,,1 7 ,20
)M . “IA( ’ I  I ‘ ; h , - . i l d  no t  i,OJ i~’ 1( 0 ’ ,’ ( u ’ t t I t O (  t i o n s .

XA (,I!/5’) P9/001 +5 , , ’ v
AP ’i X A O I 1 / 5 9  X A 6 l 1 / 5 0  +“ . 2  V
-Vi: ) x M s l l / 5 o  X A 6 1 1/ 2 4  -4~S . 2  \‘

AD : X A6 11 / 30 PY / 002 PO N t )
A P I )  X A 6 1 1/ 3 1  Y 4 / 4  l)ME EN,\

AD!) XA 6 1 I/ 10  XA 50 4/ 2 1  I ) M E 4

API ) X A 6 1 1 / 3 3  xA50 4 / 3 7  I)M E 8
Al) !) XA6 11/8 X A506 /1  I
A DD XMl 1/40 XA S1)4 / I OME I ,’
AIM) XA611 / 49  x~~5 1)4 / 4 1 P M I - c , 3

14
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i - f _ - i ;  1 ’ ’  S i ~ ijiTt I ’

s ’: XM-  1 1  / h i ,  X A S i )  ~/ - ‘,7 DM1 ,‘M

,\ D i )  ,~, \4 - 1 I I - ’.7 : ‘:s ) ’ .’ ;  P11) .’ .’’
5, - P ‘.~ 

] / ,‘ ZA - - ~ . ‘
‘ :iM - S I

XAt.~ ,“ h i l  X ,\ ’() 4 , ’ , 3 PM I 10.!.
X,A E-i l I / 1 0 5, -S I l O ’ ) D I’I F I I I  (9

4 1
- S i P  Z,-\~,1 1 / 15 X A t , h i - ’ ’ - 

- 

D M 19 ’  4
A;’;) x- ’’ I 1/ 34. XAOI 1/7 ;~~i I ’  ‘ R

‘.5 ’ , ]  1 / ’ . .’ \ Ah l l / - ’. I .!‘O 1 2 . 4 ’R
.s iD ;‘.,“,o 1 1 / ’ 1 5 XA6 I I’. S DM1. 2  5 ’- ‘ R
A ; ’ ; )  XA6 1/ . 1, )p\ ’’l I / SI , DM 1-I l ; :- ’. ’ K
s , :  I / 51 xMl I t  20 P M E 2 I  1145 ‘ H

A D  ~~~~~ 111. ~i x,A61 / - ) i j IlI -.40 ’.i1, ‘ R
2s . ‘/  ‘ - I  XA 6 11 / 32 .~ ~5, - , ’ , 8 .  i / ’ .’ X A ’ 1 l / 3  ‘ OPA RET

5, -P ,‘ _m - - ) - i  SA I l 1/ 9  
~~~ 

1 ) 9 4 4 ’

V i i  ‘ ,M - -
, X , \ ’ ’l  1 /3 8  P1-u S ’  H

- S D  .19 . 1 5 / i ’  • :~:A h l  1/ 3- ’ 
~~

, rIME)) ’
25 5 - ’ .- XA O 1 / i5 P SEM ‘ R

D M E I 6 ’
A : - 2 - ~ 

‘ . ‘
~~~~‘. X,A 6 1 1 / 7  

T DM F,16’R
ADD 2 8 I ’ , i i , ’ , X A 6 1 I / 6 1  - -  , 0ME32’
A. ’ . ’ 2 9 . 5/7 0  X J t h l l / 1 2  DM E 32 ’ R

2~u . ‘ / l i  X,A 6 1 1 /4 8  • DMF,64’
-50 1 ,‘9 IS/  ~~‘ XMl 1/ 17  

TI DME6 4 ’ R
-5:) :) .18 , 15 / 7 1  X A 6 1 1/ 13  

TI’ 
DM E I 2 R ’

X A 6JI / 42 D M F . 1 2 8 ’R

‘- P D  04 ,1 5 ,1 ; ‘ ~ XMl 1 / 16  T ’  
r) M }-:256 ’

:5 . 1 5/  2 / ,  X~~o1 1 /15  ‘

A DD .‘8 , 15 / 7 7  X A 6 I I / 2 7  D M 0 5 1 2 ’
VOl  , 0 i 5 / / 5 X A 6 1 1/ 2 5  P i M t 3 1 2 ’ R
5:0) . 0 4 :5 / 7 ’~ XA 6 1 1/ 5 7  DM I- , 1 02 4 ’
-s. . - 29 5/ 8 ( 1 xA6l 1 /26  T D M E I O 2 6 ’  H

XA 61I / 21  TI’ 
P91- 2 048’

,\a,’ : 9 1 5 / 8 3  x,A611 /2 0  1)M02048 ’ R
API ’  2 8 ) 5 / 8 4  X A b 1 I/ 2 2  ,

~~~ 
DME4 O% ’

28, 15/ 85 X ,A6 11/23 ,- [)ME4 096 ’ R

P , , , t d.c t,, Xt/~’orde’r Mod I I j & - ,i t i o n s

1 .1)11 d i ~o O v c f V  of in interface problem b tween t he ’ AN /AYII—8 and t h e ’  GEE

i i ,’ ; d - . t ~ r ’  ‘ - r d t ’ r .  ( C h a n ges were made in t h e’ f i e l d  to ci  levia t e’ t h i s  pr . ’b lo ;n .
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:‘v~ ~:c

‘n~’ ‘,nu ’.-r~ rig ‘,u ’r’ ,’ . ., s ar’,! < et fl s%Il! I ’, 1’ ’’’ ~‘ I ’-’ ’ .’ i ’i ’ ’(j  t -  t I . •  S ’ , ‘

S ’A 1 - A ’  ac l l 1 v ‘) - ‘ ce’rv r ’ ’ ’’ I h i ’ -V’~/ A ” ” — -”- i ’ ’ ’ ”  ‘u ’ - ‘rs  m d  , ‘  npu t i - “ t i ’ ’

u-ri - 1- at Ituildin i; 4 85 - i t  I~’r 1 g h t — l ’  c t t e r ; ’ u r ,  A i r  C - ,~~’~~- , B, - -.t ’ . i - ’j t ’ .’

p u l s e ’  r an~~’. i ’  :;‘ o ’r  s -
~ ru fah ri i. ut e d and  d e l i  : , ‘r ’ ’ a  ! - - S’ ,\~~,-\ ( w H -~~, t h i  t r -   

s -
~‘ ‘r.’ i’s ; - - , ‘ - i n - I  i n s t . i  l ’,~~,’ in to  t O ,  ‘ - I  A l ’\ I  ‘i ’ ’  - , ‘ n- ), i’’.’ ’ i t , - ‘

t i C  H- .Af ’ A C’ a c i l it  It ’s  were  u st ” !  on ,‘,‘casi-’n t o  u ; u ! - c t e  ( I . e  A r

‘ o r , . -  F ’ l ig ’;t h o s t l o o t e r ’ s t o t - i l  s ,’t  t w a r ’ ’  pa :;i)’ , -  ; - .  i n c u r , -  that t I

,s, ’st i n e h ’us& ’- - ’ ; i r p p l l e d  support sol t w ar e  packa g e ’ wa s  f u n  t i n n i n g  rro ; ’u ’ r l v

t O -  A t —  Forc e ’ s C1) C 6000 c o m p u t e r .  Dur i ng t h e  c’. O r - - i l ’  of t he  f l i g h t  ¶ ‘  st s

c r  1 , .  Al  r Fo r - c . ’ F l i g h t  Test Cen ter , a n e u t r a l :“w. - r g r o u n d  opened i n  f i  i ch t

- ,!wl - ,;1 ” ] t ’cted  t ! i i ’  a v i o n i c s  e q u i p m e n t  in  ~av 1” .‘~ ;ii rcr ft nuni!u’’r 31)4 t - .

~~, - r u ’  t ’i , c r i  2 t imes rated voltage. SEAFAC shI p ped a r i ’p l ’ice ment  A l l / A Y E — S

s v u t  er r ~~l i  U - h  was - i s e ~d d u r i n g  the  r e p a i r  of t h ~ damaged a t  r , ’r , i f t  cy st  e n .

5; . -\ i-~~) . a l so  sup p l i e d  needed c a r t s  ( s t an d ar d  c o m p u t e r  modules )  w h i c h  wer e ’

‘ u - u - - i . - - !  t o i n t ” r ! a c  o the m e n t i o n ed t i n e  code g e n e r a t . .r  and d i s t a n c e  t o

‘thi ’r a i r - r u  t measuring equlpr’t n i ,

The SEAFAC facility proved to be a very valuable f aci l it y for supporting

the Air For ,e’ Flight Test Center ’s efforts.



GENE RA L S L’1~~.ARV OF VL T C.ILT TEST SOFTe,IARE Cl-IA.NGES

Al El — 1 ‘
~~ — ; .  S r i- ;- .’r I ~ t e’u .e’fltg I V e-r ‘I accurate des . - r Ipt Ion o f  t

F--.E Austere h ,T ’/ Oun s lg h t  F l i g ht . ect  Progra m f o r  Phase ~~~. The r e p o r t

‘1. - , a - v  st e m  ie - su ’r i p t l ” :~ , - !;.ir - ig. ’s r a i L ’  f o r  th i  s p e c i f i c  f l i g h t  t . ’ .t

-, - u r : r r , , t  v ~~: t h e  r 1l g~ t t e s t  r t - - ; ,  t s .

h i t.) s v n b~ 1 u!i ,ifl ?’ .’S rr ,cde or t l i j  s I - r ~ - ,: r ,1’~ we’re ’ i s  full -

T , .  .‘e’ t ) e ’ i-u i ~~~~L i t  or  P t  xo i -

A , c r~’e- t  de’~~1 gnator c rc Ic ’ I dent  I ca l  to t ie ’ one ava t l i h l ~’ in t h e  a i r —

t - - — a - .r  rr, ’, - s i l t -  mod e w i ,  opt b o i l  l v  sm’Ie’ ~- t , ir-1i- in 1 ,, ’ ti , a i r — t o — a i r  ) .!fl r ’d .  s

t :, r ’ u ,u ,  t i . -  CCP . I t  ~ is sele’’ t~ -d t o  a i d  t h e  p i i - ’ t  in v I s u , c l l v  a c q u i r i n g

u - t n  -ct during t n t ’  r o l l  I n  b r  t h e  f i r i n g  pass when a r - i c a r  loc k on wa-

, I ’.’, i i  , , i r - ~~~- . it- t . i r g *’t  i ; ’p e ’c r t ’ < !  t - . z t l , i n  t h e  .ie’ .s1gn~i t o r  c i  r u l e ’ ~ f t i . ’ t - i r -.’.

wa s in t h e  liE !) field o t  v i ew ( F ( I V ) .  I t was c si i ~n i f 1c a n t  a i d  to the pi l ot s .

P o i n t  Pi pper :

A o n ” — n i  I do t  p r o gr a r u r r t ” I  i n t ~ . t h e  Hl ’D symbology fo r  us, ’ as .i rr. - r e

se’ 1 l iii ’. r ig r i f e  t e n - . ’ in I)ALCOS . The’ dot was locat e ’d  fr i  the c e nt  or

of t h e  s ix— n i l pi pper c i r c l e  w h i c h  i nd i ca t ed  expected b u l l e t  d i s p e r s i o n .

T u e  p i pper point al lowed more accu ra t e  t r ack ing  by the pilot and more

:,ccurate film reading .

19



- u i . t ’ i ) ~ u 2i ‘ , I ‘~. - te ’ - 
-
‘ - ‘ 

_ : ~. 
, - ‘ C , : -s

- -
. I . ’na I -, ‘r- i ~~ w ’ - , ‘ — -  r4 ~ ‘foul ‘ r. r 1  ‘r i t ! -  . ! f s c r  , - - - - , r ’e ~~‘

-
~~ 

. (

— ‘ ‘ .‘ ‘ .- ‘ ‘ t e l  - ‘ i  t n t ’ - f 1) g Ot ‘ .‘~~ I • os: ’ ’ I ‘ V I: ’ • ~~~~‘ 
‘ -i

. - - “: ‘ l -  ~~.
- - - .‘ c’’ ; ‘a’ so ’ ;w , r . ’ con ’ I i ’ ’, r , i t  I r -  ‘.‘r ’  on • ‘ t o ,

I I ’. t i n  i ” , •u • ‘ ,, or ‘- “ i t t  -u ; . ’ ‘. n - ’ ,’” tr- - ’. -r ’-, ‘ .- “.‘ - ‘0 ‘-~~

- -  
- 

r ” - : . i t  I

A l . c , ’ I t ’ . t.’ , ~ f i t - - ’ r : -  - r - ’ , - - ‘ -
~~ 
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‘ - d .  The I , i c ’ i f : ; . -  ~- ,cs S ir ‘ r ,  c c i : : -  p 1 i d  , n o , . ’ U - : , ~- tind ~,, s se .i~~.
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- -  ,‘ i - c ’, ’ - , ‘ C C  Ion of n v ’  ‘- - ‘ n
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- ‘ v.’r U . ‘~‘,-~g~’.f t - ; -~ .- ’~’ , c ’ - ii-’ -- -’ U t’; ‘ h -  r i~I i u c  - ‘ t n t  ‘ h I  i t ’ ’ i l l s ’ - ’  r’ .

, U e l - i - . ’ ! l : ’ e  ‘~ - . -~~ r I l s ’ - I ‘,‘ ,- ‘ • ~~~ U ’ -  I a i ’. i Ute -  f n d t - ’ - e t t  ,1 ‘*1. 4 0

- . - c i  .t~ - in  s : U ’  I o n , I ‘ he I p., d ! ‘~.‘ : ! l ’  t • ~u . I I ‘~~
‘ . - ,  I

P i ’ ej 1 - r r e c t l  c - n :

A r an g e ’  c o rr ’  c ’jon ch it e ‘ ‘ -  i r , — flic’hu t , m d l ’ i s t n ~ - ’ : t  , by f: - ~~t r.- . w. , s

( u r r e ’  t :i r ; i d a r  r ang e ’  . - r r ’ - ’  d l i ,  , - v , ’ ” ’ - ’ ‘-r  ‘ ‘~~- “ t  l r i ’ . ’ c’ - - i . r . - r . c d , c r

r i n i - . - , c l i b r a t i u n i  d ; i t , i .

I f ,  r i ’ t : ~ 
u.,., , Si ’ ’ • ‘ ‘ - t

l’ ’ ’O “iurO , ’ s,’~~. r ’ l u n  was  I - i c e’ i ’ , . ,. i t h  I ! - . ’ t r r , t I  1. owl  ‘ cjLiis ~‘f t h~’

: i : - _ I I . _ _ S ) _ S i m od if I i- ;i t  i o n s  w i . ,’ h e n - i , ’ .- - ’ a n t - u ” - . ’ I c  d f - ; p h , i v  o~ t h i- U ! ’ : -  ‘-, . . ‘ de ’i4

u- e r r . - ’  :- ‘-ndl rr~’ to r h o  w ’’rn”ons Se!  • - i  t - - - ’ . 
‘‘ ‘ l s  - • - l i - . -d , . 0 1  n u t ’ t h e  ~‘,i l.ie’ ~~t

- -  : • -  se’ ’’-~~’ i a n  w i t h  h inds i - - n i  ‘ I - c -  f l i g h t conhro ]” .

Append ix ~ ~Ivec a fligh t t , ’cr  s t t n v r a r v ,
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A I ’ I ’EN E ) IX A

NFl - ’ TRANSP ONDER

RANGE MF.A SUR I NC SYSTEM INSTAL LED

BY AIR FORCE FLIGHT TEST ilrNTr:F

ON AIRCR AFT NUMBER 304
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1 . 0 SS’Sii- .M DE SCR I P1 ’ I - CI

I . I u . n  r - . h i , t l u ’r-i

TI u 1 o i l  u~W i n~t du’scr u be’s h e  t he’ s t a n dar d  YG 1 O ’4  l’ r nx  In I t v ~~- i r n I r ig

S v s t e ’ri can  he ’ mod i t  l e d  to  c h ow i t  to f u n c t I o n  is a p r e ’~- i s e ’  d i ’ . t , . p ’  ~ -

ne i s u r i n e ’ ,It ’vc , ’ u ’ . S t - p a r  i t  ion d i c t ; c n c e s  e o n  be c o n t i n u o u sly  l i o f l j t - - r . - ’ l  t o

c i t  m m  an  a c cu r a cy  bet tt ’ r th .’nn + 10 f e t t ’ t and v i  r t i i ,’l liv indep endent ‘ i i  I, l i i ’

.tu tua l separation dist anc e ’ ,

in 0dd i t  ion to t h e  c iu n p i ct a t  ion of separation distance’, the pul Se ’

.-~-d .-d sign,i I I c ’r r , l , i  t i s  des i gne’d t .u .1, c ommodate t he exchange o f  -.c i t  itudi ,’

OX sir-n i lar inform at i on .  As .i resti 1 t, , the’ basi c Yi,jO ,.~ ir.ir,sponder , w i t h

r.- ~~i tiv c’l v ‘.1mph m odui~’ i n t e ’r . -h an g e , &‘an he m odifi ed to pr~u v i d e  r~I n i g t ’ ,

r , , i i , , . - r . lt i ’  and a I t  i tu d e ’  re’ l o t  j r ’ , to ’ a t a r g e t  ( r e sponde r  b eat  I o n ) .

• 2 iI:~~~ _ruiu nd - Il ~, Y P 1 0 5 4  i ’ r&ux i i:-ity Warn in~ Sy st e m

The Y( ~ I ’) 5 4  i ’. ,~ L—b ,ind pulsed transponder system 1e ’signcd to’ p r o v i de

w a r n i n g, t . ’  s t u d e n t  h e l i c o p t e r p i l o t  whenever  other s i m i l a r l y  equi pped

r .i m m , ’ .c in -  r a t  t pene’t r a t e -  a p r o se ’ Icc  ted p r o t e c t  ly e  envelope . D ev e ’l opme nt

.0 t i m e  Y i ; 1 0 54  be~lan in 1967 , and the first ins~~c ll a tions of p r o d u c t i o n  mod el ’ .

- i’ . t ra de  in  e ’ .~ r I v I ‘‘t , ’m . ‘i ’Ii. ’ s y c t ens  proved  to be’ r ’  1 l ab  I c ’  inC o I I t o  l i V e ’

l i i  p r e v en t i ng  mid - --m ir colli slt ’ns with the result that more than 3000 oh the

sy s t em s  hove ’ been ordered to date by the U.S. Army.

T ime sys tem c i r r u s l i c e ’  p i l o t  o f  po~ slh 1e c o l l i s i o n  s i t u a t i o n s  by s o u n d i n g

, i t i  , o . , i i - u  d ir::, m d  i l  lunntjn,i t ing on intruder altitude position d i sp lay  on
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0 “i ’ ’ : , n r  :u i t ’ ,’ ,,- i u , ..-, , u,’ . - . 1 0 ’ ’ ’ ‘ . ‘ ‘ - - . n ‘ c j  - I ‘ i ’  ‘ 
- r ~~ ~~~ ‘ ‘ I ‘ i ‘

p 0.’ ,~~ - ‘ ,~~‘. , I t r . : ’, ., i , ’ t. . ‘ ‘ i .  P t  - ‘ ‘‘ - - . - - ‘ - ‘ I r - - ’ - • I n i l i ’ -\n’ . , t p p l t ’  i t  I - ’ : :

c l o t s  3 1 ) 1 )  ‘ , , i  i ’ S ’VI  .i-: ~’ ‘ e l  c t h e  d r  r - ‘ ‘ i: n2 . 1 ’ ’  t m - u * ’  i I ’ , l t d  I -  h iv . ’

- m r ., : ::i~ - ‘ ‘ in, t o ’  - - ‘ - . r - ti

10. - ‘.vstt- ni Con sists ,- ‘ ,i t e - ,  u ’ i v t ’ r — t r ~ , n ’ i t t - ’ n :  t ’ v ’ -~~: l ’ . m d  two q u a r t e r —

c v. ‘ ‘ - 0  . i f l t t  n f l , , ’ .. l I  . ‘ “ - n p - - l  u - i t s  01 t O t -  r e ’ , - t ’ i ’ .- . r in c  l i l ,  t h e  d i sp l a y ,

d :cit , .1 s:,n,,! - r u  s s , - r , t r , i : i s m i t t e - ’ r , r .’ ’ - n v . ’r , 1 - ,l r , ’ n u - n r i ,  - ‘u -us er , and

r n u : ’~r - 1’ ’ , 70. - ; -  i ’ -O ~i u ’ t -  j ’ .  ( i~~ 5 i nt ’ l ~ ‘‘r c t . i n u l i n i l  i ’,’n t  n n ’ l — p . c n e ’ I c o n s o l u

“ - i l : .  1 1 : , ‘w’ f g h s  5 Il - s . and o~’cup i ’ ’s 1 2 ) )  c i i . i f l .

‘ a i n l - -r r t , m t  j un -n f ! u u w  in the s y s t e m  c’.u n s j s t , -  ‘:‘ f s e ’y ie ’ f l I  i . i  t ime events . 

u i , ’ u . t  lv , n - - s r  of the nr,,c-rss I ng is han l I i’d Iw Se -u t’ue’nt i ;i l coincidence

• Fss.’nt to I v , t here -ire’ two ~pode ’ s of o p er a t  j o t ’ ;  ,in Interrogot ion

iii , - C u ’ iii,! , i  r .’-~t”- n’u’ mode — w i t h  c a c ti device’ s,’rv ing both functions.

, \ I t i t u d e  i n t c ’ r m a t ion  i s  de r1~’.’d troi ’-, ii s e ’ l I — - - o n t aj n e d  barometric sensor

nd i s  - - d i d mu d transmitted continuously and omnidir eto t i,un,- i ll v as .i series

ot p u l s , - p a irs with the delay be tween the pulse p a i r s  be i ng proport iona l

• m u  — c i t  i ! u i u ! ’ - .

‘0 h i - r  eq i i l p r ’ . - d  a i r -  r i f t , c i  t h i n  c o r n m t i r u l , ’ , i t  l ’’ n range , rece ive  and p rocess

t i m . -  i l  t I t ’ i d m - da t i  , ‘ - ‘ u m p i r e  I t  t ‘- t he ’ I r own a l t  t t c i d e , and d et e r m  inc i f  t he’

i i i ? ,  rr ’’g.i t jnl g i i i -  r i f t  is w i t h i n  t he  - t I n  i tu d e  band of c’ u u lou ’r n .  I f  I t  Is , , c

r O n  , u ’ . t~ Is t ransmlt tc , omnidiri”:t lc ’ ri , i 1 ly ( 0 , -k  t” the interrogating aircraft).

t h e  u n i t  e’rr ,,~’a t in g  a l t o  r a t  t ‘ u - n d e t e r m in e s  the  l en g t h  of t ime which e l apsed



be’ t we’ , ’n i t s  I r,’nnsm iss ion ~‘ )  ol t it ude data and the r eci  - I pt of t h e rep 1 ‘/

X i , ’ t t ha t , m r .’s;uonst ’ w.is root’ ived a t  all Ind icates tha t another

~r ,’ r , t t  t C m i - , c i )  ~u i t  t h e  .m i t t  Lude ’ hand ot  c oncc ’rn  and  i t s  sepiirat ion

, t ~~ s t a ;n u ’ I s  - i t ’t e ’ r t r m f l , - - I  b c  c i - .’ek i n g  t h e  r o u n d — t r i p t r a n s i t  or t h e  p u l s e s .

i n  t b t ’ Y C i I U , - , , t i 4 ~ .ictam,i l ~; * ‘ p . i r - i t  I on distance is not actually mc ’osuri’ —

but r - ctl a-r it is .,-i - , t.il ’ l j i - d m e ’ d  c- t i , ’ t i t - u  or not the intrud er ,iircr .1 I t i s

c i  .111  0 max  i rnnum se I e- ’ ted r.i :i~~ e mu I i-on ’ .’ rn  su ch as 2000 or 5000 1 c c  t

.3 Mod i X  1 -  m t  1 ‘~:t , - t  t h~ ‘- ‘i l  IC ,- ,  to  l u ’ r form a Precision l)ME Function

1. . I ’rh~ P r o b l e m

‘rovid ,’ d i g i t a l  r .mn 1 ’~- ‘I.i to with on a c c u r a c y  of +l () f e e t  relative- to-

a t ar g e t  ai  r - - r , m )  t c h i c - l i  may  bet m a n e u v e r i ng ,  he as f or  away  as two ( 2 )

m l  1, -s an d  w l u i u i - i t ’  r u - l o t  i v , -  range ’  m ay  he c h a n g i n g  as f a s t  as 2000 fetet per

~~~~~~~~~~~~~ ) 

2 MI LES 
— ____________

S 77 046 3 -V~

Fi gure 6.
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I . .‘ I . i e ’ So l t i t  I

,. t . ,,u~~ I .‘~~ s l , i n u l , i r - ’ “ 10 ‘- , l’ rm ’xi r - - ‘,‘ l~’ ; , r i t ) ’ , c -  , l i ’ ’ ,’ l c ec  a - i  ‘ e I

I’ n i  t ‘~ i t
1 , 1 ‘-,, -\ I t ,  :- , i f  • - . - ‘ ‘ A : r -  - r - ‘

I )

~~, ‘ m c ’ ’.’e ho r - -n i’ tr ’l, i-.u’ni-o’r • - ‘ - . r c  ‘. 0  baronu’ t n -  sop s - - ’

• - ‘ , ‘n ovc- I r o ot  c c , n t r , u l  p a n e l  and d i g i t . m l ‘~e ” - c - v ’ ’ pr,’x—w,irning
d i sp l i v  l o g i c  — replace wi t i m  blank panel in t .’rri’.gat ion : logi c
- - -r:taining an i n — t r a c k  i n d i c a t o r  1 i g h i t
cu d a pi -c’ - r — — o n / u ’ f !  “. w i t i - h 01 , - !  i ri d ico t , -i -
i s  n - - c s ib l e .

• i - l c l a ’ e ’  digital prox—warn ing signal ‘ R e p l a c e  f r o n t  c o n t r ol
p roces sor  wi  ttu a standard al t imetu -r panel
tr’;n’ 2nd order c l o se d  ioop  I c - a d  in g
edge’ tr i c ker and L ime /di git al c o n v e r t e r .

1) 1’.’ I to  I ou t  p u t  to f o r m a t SpeC if ied

F i g u r e  1 d e p I c t s  the  general  physical appearance of the’ mcdi) ic ed devices.

1111 f e - r e n t  m o u n t i n g  c o n f i g u r a t i o n s  can ‘up , i c ’ c - c ,n t rn ,od , i t e d

l’ r i nna ri Pa ra me or S utanna

t r a n s m i t t e r  C a r r i e r  Fre ’quency C—Band 5. 1)5 Uh Iz

‘-1. ‘ l u  I a t  I on Type ’ Pulse’ Coded

T r a t i s m i  t t ei r h’ e’ , ik  Cower 200 Wat t s

P u l se  W i d t h  50 + 20 n an~use , - ‘nd s

• In t e r r o g a t i o n  Rate (PRF) 2000 pulse’ pairs /second

Ra nge’ 2 m i i i - ’ .

• Accur acy (Static) + 10 I oc t

• Environmental

T emp e r a t u r e  (I t o  75 ° F
V i b r a t i o n  M1 1, —E— ’ 400 , Curv e I I I

2~u



/~~~~—~~~~~~~~~
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• Power Requtre’me’nt s (I.’ i - h  D c v i - . - )  2I~ V ’) ’ . i~’pr ~.x in” a ’’’Iv 1 art ’

• An t  ennir :c ’v e ’  r age ’

( 0 , i ’ . , -  A I r c r a t  t ‘rwa rd  ‘)u a d r an t
I o r  m e t  A I r - - r i  f t  ‘ ~‘nu 1 - 1  re ’,  • t u na I

‘or  f o r m a n u  Ana l y~~ is

T a r o e ’j AcLj~,isitton Sen sitiv 1tv

!n t h e  proposed t r a n s p o n d e r  sv ’- . ter  the ’  max i tt-c m si’;’ , l r ;m t  t on  r - in ge whIc h

can he’ ,,- ‘c -ornodat,’,! Is ‘ - ‘v u - i tied 1 y t h u . ’  t a r g e t  d r  r a f t  r i ’ s ;u o n t l e r c  a h i l  - 
V

‘ U i  ly e ’  and respond t i .  t h e  c has e  a i r c r . C  t ’ s i : - t e ’ r r c ’ c . u t  I o n .

Ih e ’ i n t e ’ n r c g , m t i u - t c  s i g n a l s t r .  ‘i tO  r e c e i v e d  
~

t’r ’~ 
by  l O t  n t ’ ’ . p ’ ’n c ! e r  in

the ’  t o  r g e -  t a i n c  r , i  ‘ t can be c xi’ r’’’ se’d ,i

P i;  g •

- -  = 
t l ~~~_ in st ,ill.m tlc ’r. t u ’ s ’ . e~~ in  t a n  g ’’t  d r  r , m I t

l i t~~’ R~

w i l e - n .  : T n t e r r -~~. i t c - r s  t r ar . sr  i t t e ’r  powe’r ( + 5 3  dBm )

- interrogators antenna gain

Responders  antenna  g u n

1~-ive ’ length at 5.08 (Plz

R -, R , r ’~~’i ’  i I  ne ’ar:l t i o n

cs . m r e s u l t , P
2 a t  a range of 2 mile’s 0 ,11) be expr .,’ssed as :

1 r2 +53 dBm + C
1 

+ G
2 — 3 4 . 7  d R  — 80 .5  d 13 — I n s t a l l a t i o n  loss

— 6 2 ,  2 d !~ — In s t a l l a t i o n  + + 

~~~~~~~~~~~~~~~



1 1m , ’ t n s t , c l  1 , m t i c u n  loss  i n  t h e  r esponder  ,c i r c r a f t  due to cables , . in i . ’ - r

e tc. , c.in ! ‘e ’ o s s c i m c - cl t ‘‘ be’ i t ’  -,s t tt , i i i  4 d B .

- :1 . ’ . ,n t en i i a  g a i n  - m s s o , ’ i- i t ed  ci t i c  t h e ’  r e s p on d e r  a i r c - r . i f t  (C 
- ,i l u s t  i.e

. l 5 5~~it t . t c i  t o  (u t ’ n. ’ , c r  U ~ 1flct’ ,‘ntii dire’,- t m u d  u- m ’ ve’rage mu -~t he’ , - r - - v i d , - d  t c u

, m , ’,’ t t ’ ~l C ’, I , i t e ’ ,ir,v m~i nci,v. -r t X , ’ , i i t e ’ d ,

It coul d se’ e’r rc’,ms ’ -n ,uhle ’ that during the period of c o nc er n  — I l l - i t  p .r i’.’I

when rin g. ’ hi  to ,  i s  u , - s u  red — t h e  t a r g et  a i r c r a f t  wou ld  be lo. ,i t i -u t in n i . -  , t m - m  - ‘

, mi rcr ,itt ’s f -rw ,m rd quadrant, As such an antenna gain of m i c p r x1 :- n , it ,’Iv dii

c’.n be Ut ’ ,. ize’d.

I i.- r u -t , ’re’ , tOt ’ uXutu ’rrcug,it jon signa l strength reoe ’iv u’ ,i by t i c - t a r - ’ - t  ‘ 5

r es , , - f l .~ u’ r • I’ , , i s  e q u m  1 to;r~

= ~ d , i  — 4 d O  + 0 + 7 di i

= -S9 dBm

The rc ’ m - e’ l ver  s e n s i t i v i t y  ci! t he responder  system is b e t t e r  than —68 dEim ,

p r~’-~’iu ing an appr exim a t .- 9 dli m argin at a range of 2 m i l e s .

< e ’  5 ; ’,  c ru d t ’ i

The r esponder  u n i t  w i l l  be a m o d i f i c a t i o n  of the  Ho neywe l l  Y CIO 54 C—hand

i r a ns ;” :)cl . ’r .  m O e  u n i t  will o n l y  function in the respond mode and have no

u :ct • ’ r r -g . .  t ion or  r , m n c ’ et , - , u r . l l , , X t , u t i o f l  ca pa bi i i tv  . A f u n c t i o n a l b l o c k  d i , m g r m r i

ol the responde r is shown in f i g u r e  2.
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‘‘nit - i ‘ i i ’  - i n  t ’e c r)  1) 1  v l d u - r

- -n ,,‘l ti ’’i n ,’i ‘-,v- - i t -”: c i i  slst . ‘‘ t i , -  ‘ ‘~ i — c t ’ : ,: 
~‘- :  I ’  of i f - . c - ’.’ - ‘ ‘H

:t  e ! l ’ : c ~~~, p~’w ’ - r  d i v i d e r  i n c - I  cc - , l x  i . i l ,‘ , u i ’ I L s  c urr ’ ’ ’ - n lv u~~-’! ~‘ -  ‘ h.

t \  ) ) ,~ (‘_ ,~ r,Ins Ii,.riul ’r I I V S I

‘ ti t c r  1 . i I I - i t t  i i  i~~’ us

- cc  n. - • i ’ ,’etd input - m d  t r a n s m i t t e d  r u - sp . ’ ’ i s t ’ w I  I !  I c e - r - - ’ j t e - , I  t i c  i n t l  t r a in

0. - n t  . -nn .i  - i v s  t ot’ v La ii hybrid dup iexe’r

3 . ‘ i c . - r e sp o n d e r  r e  - e- iv .’r  i n p u t  w ill ‘u ’ 0 w i - -i k R . I- ’ . p u l s ’ ’ ’, i , i  ir  sep ar at  c - i l

1’’ .’ --. 0 u a n , ’ ” i , -  en d s ,  The c. ’n l t . ’r f r eque ’nc v w i l l  ~a-  5 , 0~ C l i z

c , r e - u’ iver consists of a balanced mixer and Inca 1 osc - i l !  a t - ’ r  c ’pv r ,r  t nu t

i t  ~.O6 ( , I ! ? .  The receive r provides super hi’te’rodvne- mi x lug ,‘t th~’

c - c - c’ ive’d signa l whir 0 results In a pul so p a i r  ‘.1 ito - ’ I r e t u r n  at •‘i

cent or rt’quencv of 20 ru

i he  I . F. amplif ier detects the r e c e i v e r  o u t p u t  s i g na l to pair ‘i f  v ideo

pul se’s and amp i I fiers the weak t n : ’ t i t  ( — 7 0  d Im ) I 0 0 10 V c ’ l  t I e ’ve ’ I . roe

I .  F .  arni p i i f  i c r ,mlso c o n t a i n s  a p u l s e  p a i r  dt ’ ,- ui d l g t ~ ’, netw’.rk. The decodlr,c ’

n e t w o r k  o n l y  p . m - ; s . ’ s  t h e  v ideo  s i g n i l s  1! a p u l s e  p a i r  e x i s t s  an, ! t he

‘ . ‘ ; ‘ o r u t  ion bcL’d,.’en the pulse is 450 + 5(1 n a no s ec o n d s .

6. Th e’ two v ideo  pu l s e~s f rom t h e  h . P .  a m p l i f i e r  a re  fed to a d e l ay  ne twork .

T h i s  d e l a y  ne twork  cons i s ts  of a pri’c i~~ion ramp and a comparator. The

video Input triggers a precision ramp wh ich is fed t , ’ a 1) 1 0 0 k  lug  os- - I l —

lator comparator . A D .C. reference v,.ltage Is ,ilsi ’ fed t,’ the comparator.
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The c..mparato’r ‘.utput is ,u very narrow pulse w h i c h  occurs at the point

in t i t - c, - when the ’ ramp voltage and D.C. reference voltage are equal.

The r e s u l t  is  0 stable , precision delay which  can be ad jus ted  to m a i n —

t , i  l i i  a I I X u ’ cI  t u r n — c r ou n d  t ime I or the’ responder. The t o t a I t i no d c l ii i

i 1 1 be ’ ,I se - c 1 ‘ - 1  t i c’  r . ’spon-!er u n i t

, - i O u ’  e1. ’ 1 , m ’ , . ’~ t r i ,... - r  p i m l ~~n , -o n t — o l s  ttR ’ f i r i n g  of the  t r a n s m i t t e r .

‘rh~ t r a n s mi t t e r  e o n h l s t ,s of a Pu l se  m o d u l a t o r  and , m t r a n s m i t t e r

c a v i t y . The’ o u t p u t  of t O. ’ t r  n s m i tt e r  w i l l  he a s i ng l e  p u l s i ’ , ~~)O i~, i t

pea k power , delayed h i pre’~- i se’ly 2 ~‘sec f r o m  the  initial roe - c’ iv m - d

signa l

~‘c ,  T i m e  t r a n s m i t t e r  o u t p u t  i s  sent via the dup lexer  to th e  an tenna  s y st e m

f o r  t i c ’ r~’p I v  to  t i me  chas e  a i r c r a f t  i n te r r o g a t i o n .

1nt , i r c ~~~, tor L~ Lt

I i i  u nt ~’ rr- ’ 1 m:or unit c u l l  ,ilso he’ ,m modification of the’ I h o n t - y w e - l i

Y,I’)”4 (~—b ,mnd t r . m i s p m i n d e r , bu t  w i l l  a l so  c o n t a i n  an a u t o m a t i c  analog r , d r l , ’ c’

t r , i - ~~ i n , ’, net w,-rk h i d  t h i t -  d i g i t u l  c o n v e r t e r  t~ ’ provide  the  range m e a s u r e m e n t

into - m 1 3 — h i t  p..r~c l 1 . 1 signa l w i t h  or ,  a c c u r a cy  of + 10 fee t . A b l , n - k  d i a g r , i t ’ u

, , t  t h e ’  i n t e ’ r r c i~’ - i t t . r u n I t  i t-i s h m i i ~ fl i n  f l g u r e •  3.

g l i e ’  r , i ; i ,’ , - me , & sure ’ meii t i s  m l t  I t i t e d  by the  t r a n s m i t t e r  w i . i -~1 m p rodu c e’s a

c m  r - : pu is. - , , J uU Wa t s peak ampi i t  tide , 60 nanoseconds w i d e ’, and

se ’I - i r c t e ’ d  by 4 ) 0  n . ine ’st ’ , e ind s .  ‘I’he P H I ” i s n o m i n a l l y  3 ~.Uz The pul

- u i  r u ’ . r o u t e d  t o  t h e  an t en n a  sys tem v ia  c duple’xer and power d l v  i d e ’r

i c c ,  , c t n d  i n  t h e  n. - c e ’iver lie- id ,

3],



i n i d d i t  I - n j o  g. ’ne’r itlng tin R.I ” . puls. ’ ’ ’ i I r ~ t , n t , ’ ’ i r i , i ’ , ‘ - n

r , i n u s n n i c ~S I c ’ n u , t h e  t r a n s m i t t e r  also provide ’s a ‘‘ t I i ” ,’ - . 1  t r a n ’ c m i s — u , - ’: ’’

r e !  e’re ’nl , t pu lsc - ( l -  ) o the tinsil og t r e  ta r :,rj, 1 di ,’ t ,’m l  p r - n e . s s ’ ’r

The 1’ : - c m l  se u.s t h e  d i g i t a l  s ta r t  p u l s e ’  f o r  i- h , -  r - m n  - ‘ ‘ -  me~i s - i r c r n w n t

mud ,u - - urs at t O t ’ e’X O C t  t i ra ’  of t r a n s m i s s i - ’n  u - I  I h e ’  ir ot 11 5’’ o !

the pulse’ p m i r .

I . ,‘e ft ,r tr ,insn-isston , the received signal  f r o m  the ’  responder  u n i t  I s  ;m

s Ii ,~ e’ pul se ’ ,mt a l u - v o l  of  — 7 0  d u n  o r  greater and ,m time delay re”ru’—

s- t a t  ly e  c u t  the r i n g ’- to the  responde  r plus the ’ 2 sec responder

I i c r : :  — i r - ’ o n c h  t n “i. -

-. - i c .  n- --  . n v t ’~l s ii ~~- i1 is heterodyned by the’ receiver mixer and local

,c s e j  1 1 , , r - r . I b i . ’  l e , , i l  oscill ator of the Interroga tor unit has a

re’qu . ‘ru - ,’ ci ’ ‘ ( u 4  ‘I t? whln i i t ;  t h e ’ same as t h e -  r , - ,  . 1  ved s i g n a l .  This

r.’sci l I s  i n  - m :1. t i’eted vid eo -‘utp u t ,u f the r 1 x ’r or a ‘‘ ::e’ro Inter—

‘ t -I i - i t . -  I r .- ci t -n ,

S. The’ T . F. — mr-p1 11i. ’r is t h u r .  f,cre ’ t y ’u lv m vl de- ’c ,imnl j f j e r wit h a hand —

c’ id t h - - a p n  rc ‘x i m i t  clv 200 nil? . 1 ho I . amp l i i i  or h a s  an overall

g c i ’  .‘,mp. i ’-I b i t  ‘,‘ ‘. ‘ 90 - h R  i n - h has i ll A Id c - - n t  nil over  a d yna m i c

r - u i e ’-  ( ‘ 1 i U )  d o . ‘ c e -  no ’ r u t  o t  t I i i - 1 . 1 . n i l  i f  f i r  I s  a s ing le video

‘ 1u Sd - c O t - h  u s  he ld e c ’n s t . c n t  ni . u r i p l  i t u d e ~ ( - 4 Volt i i e ’ , m ~~ ) t o  e’nsure’

c l i t  i n i L  Ii - rac Lu n g .

1~~ - an ;,l ’-i’ t r,m. ~e’r is t i  c losed loop t r a c - k l n i ’  sy s tem w h i c h  m a i n t a i n s  a

so - , l 1  t l ie I e~~d I np edge’ of t im e ’ v ide ’.’ r e t u  rm u . ‘Fhme ’ g a t e  po s i t  ion

12
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is the ’r e for e  a t rue ’  re ’p r ese ’nt at  ion of the  ear l  iest r e t u r n  i c r  St r , u  ig h c t

l i n e  p a t h  to the t a r g e t .  Multi pathm returns are thus el irnu inat .-cl and

~m r e  not  averaged in t h e  r i  t~~’ t ’ (‘ompu t . i  t i on .

he’ purpos.’ ot  t h e ’  an ,m log trac ic e’r is t o  m a i n t - ’  in I c’ t r i - h :  ing  g i t  e’

on the  I c u d  m i ’  c’c lg . ’ ..I t h e  v ideo  r e t u r n  d u r i n g  the  t r , i c  ~: mode . Ti,’’

t r a c k  gate ’ is a t r u e  re ’pr ese ’nt cm t ion of t he  tine d c-h ‘m. ’ - i  t l ie  r e ’t - i r n

s mgn ,c l . The rick ung gate’ is therefore used is the’ di g i t - m i  s t cp

p u l s e ’ . Since- only gate position is determined b~’ t h e -  t r - u e d e -r , no

analog errors or non—i ini’ar it l o s  w h i c h  may e x i s t  can a f l t ’ c  t the

r,cnge accuracy 01 t he digital range  s igna l

‘Ida’ analog trac ’~~u’r cia ,, provides a discrete “validit y ” command whu ’n

t i l e ’ system is tr ,m c< ing p r u p e ’rlv . The dxscr .’te signal is used to

light the “TRACI’’ ligh t ‘n t i l e ’ interrogator unit.

7 .  i O ~ time d igi tal co n v e r t e r  provides a range s ignal  in 1 3 — b i t  p a r a l l o l

f o r m , The method . 1  c o m p u t a t i o n  is s i m i l a r  to a s t m r t — s t o p  count er.

ic’ T p u l s e  (tr;mn snui ssic ,n reference) initiates a fli p—flop in to i i i . ’

high state and the’ flip—fl op is reset by the track gate (video return

position). 11w fli p — f  l op  o u t p u t  then r e p r e s e n t a t i ve  of the  range d e l ay

The ’ open gate  i s  used to pass 2S mHz clock pulse ’ s i n t o  an a c c u m ul a t o r

d u r i n g  each PRF p e r i o d . ‘i h i , ’ d i g i t a l  system samples 100 pc’ri edu; and

, .v”rag e ’ s them to produce ’  a h i g hly  a c c u r a t e,’ d i g i t - u i  s i g n a l w h i c h  is

up d-mted at a . 1 -,e’i’ond ra t .- . The 100 pu l se  aver .-ig i ng reduces  e r r o r s
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due’ to jitter and the~ u iu c - u ’ r t , m  i n t v  of an extra  clock pul se’ (20 f a ct

p e r i o d ) being - R  c’e’p t .‘d by time’ accumulator. The’ uncert ainty of’ on.-

c io ck ’pu~ st e x i s t s  ht ’c .uu se ’ t h u . ’  c 1. i~ k is  not sy n c h r o n i z e d  to t ime ’

I:; i t  101  o~c , ’ni t O m ’ ~1! i i , ’ ,‘ ,~~ e i cy  l i t  T~ p u l s e .  l i ce  I 0() pu l  so , m V c  - c : ’

n . ’ ’ i m n c q u e ’  1 0 c m ’ , r u - u r i c - e l  n - - 10, , l t , i i f l t v  ol one e’l,’ck j u S t  1 r - : - .i I) I , -

(o ne ’ . h c ’ , K ~ct -ri ,c d ) i -  .. i , ’ . - t  ‘ , i n c e ’  100 pe r iods  , c m - .’ , i v t - r , c , , - , u .

l’he’ ‘‘c t ; -  a ‘~i~ . :u - u1 ci t i e -  c, ni~ c m t lb l~ t i  t i c , , ’  I I D A C — l i  d i g i t a l t o  ,e n .cl ’ ’g

- ‘ov e r t  or  :: i ;ii , ,R  t u r e d  n y  ftC Data Dt’vic,’s Corporation.

.~~. r~~j~c’-c - - :  A n t ’ ’ruu , i  i n~~t,,~~i m t ; n

i . . , 1 T a rg et  A i r c r m t  t

1 he’ ‘‘ x i  s I  I og I n st ,m 1 lot  i ’iu 01 the VEGA Radar Transponder  Mc m il e l  302 ( ’ — 2

~~‘ c . u j  ,j ht’ ut u ii z~d oh t i e  t o  rge-t aircraft. The antenna system , C ’ itij -- i ’i c ’ !

t w-- qiLirte’r wave’ stubs , pc-~ e’r spi itter and existing c a b l e s  can  be ’ u se d b y

Ii iiUfl e ’VW C ’ 11  svct e ’r d i n e ’ , - t 1’ ,’ w i t h no ch man ge s  an t i c i p a t e d . The’ - ind w id tl m

o t  t ile VEGA an tenna  sv st  e l i ’  is sufficiently broad to work wi td no degr.’mda t i o n

, m t  5.08 GH z .

i c e  an te ’nn ;c  I nstal lot ion e)fl the target a i r c r a f t  w i l l  amount to re ’n,.v i :i u.

‘‘xu sti ng - , VL - ’A tranapc -nuu e ’ r umi d rep l a c i n g  i t  w i t h  the H on eywel l  u n i t .  The’

ll , -r ;e”,’wei 1 re spond . ’r unit w i l l  h aVe’ a s i n g l e  an tenn a  por t  connec tor  t o  c- -n o t ’,

i1 ret t V I n  the cx. i s t  i n g ’ , a n t e n n a  system.

35



. .2 ia -~~~
- .\ I n c  i t t

21e s v — t . ’ ~ - r e ’qul r etmen t ’ . 0 ’ ‘h OSe ’  a i r  r i ’ I c !  ‘ it , ’ u . . ’ I i ’

- i  i i . ’n i n a l  *, ( )  .1 c m - r e ’ ,’ cone’ ~f c- - v - n  ‘ i ’  h~ , o k f n i ~’ ~~~ - ‘ , 1 , ,  -

t a -  ‘ - ‘ i ,  s h O t  , ‘I  t h e ’  . m i r c r a f  I .

hr c - ba i - ’,’ e - h i t s , - V e ’ r a g . -  and provIde’ ti ’ ii ’ t h l i m i ~ ’ - te ’tu fl ,c , ‘. In , ‘,, v e n i l

‘ ‘-t , c f  i t  I .- 0 n t ’ s  i t v,i r ic - us 1 nc’a lens c - i  c c ’ ’ : - - - 1~ - , 1 , i g t hi t ’  i n ’  - i t , : - ,  --

d O  a t - . r i d we re t t i e ’ f - ‘ 1 1 oc t  a

- L - - i rt t - ’ ~~~~~~~~~ St uh — T i m . -  r : u , c r t e l ’ wave a t u h  I s  s n u b but dot’s n ’ ’ t  ;ur vid,’

he d i re - ct ic- i t c ’  r n-u i’1- - : 1 o n i t  sy st e m  r . - °u l  r e - n c - n t s  . Several ho - - c t  I - ‘as

-a - re- c ( ur ; - j d~r e - u ’ i ’ u i t  1lc c q e ~~~ u r . ’ ;i . l . .;’ , m c l e a r  v -c’ f o r w a rd w i t h o u t  s h h ’ ’ h  d i n ; ’

I ruuic ‘ ‘ t i m e r  - - - r I  i o ns  of t h e a i n - r i f t ,  b r a t  i o n s  i ’ti t h e ’  m a t  r n u r - ,’:i’ ic cd

c- c -r e - un l s - iti ’ .n ,i ctory b,’,-au~ e of a l r c r r t  n i-i so shading~ t ime’ ‘un- pe n i t t c ~ f

i t  t he  f o rward look s e c t o r .

i ) i r e c t l v e  Blade_Antenna — An , u , -r ndvn,c:ic blade with directive elements

c r u l d l i e -  d e v e l op e d  to o b t a In  t i  0 t i  7 ‘iF.  ga in in the  fo rward  q u a d r a n t .

!~ie~ i,,,- ,m t ion ol the ’ blade’, wo u l d  h:mve,’ to h e ’  i n :  t i - ’ i - i n w a r d  por t  Ion of t h e

;c ir ra t t u n - a u  ,iI t ir e ’ ( ‘ ‘) k i )  i t  t c ’  ,m clci ’ ° ,’e’ ‘‘ i. - -c’v .’ra)’ ’- requir e d. ‘; l ’ -~~ r

oh bi ,cde - u c ’ , n ; r i ,  - s i l I a c  ted a t  4 ’  dt ’~ r , ’, ’s W i  t i c  r . a i l e d ’ t t c . ve ’r t  h e a l  would

p r-- v i - b  . d . - . ; - i t . -  coverage and reduce ‘h t.’ c t ‘ ‘ ‘ I  - i  ‘as ~ Oi i n - I ’/ C t  hi-I;

when tim e chase’ a I ri ’ r a f t  is In a ro Il nn,-mne’ iiv e’ r . ‘I Re ~ 1 , t c ! ( ’ - o c t  ‘i i i i —

a’’ ~re~s a f a i r l y rigid moun t  tng surf :uc.’ hec,,nuse’ 0+ ie ’ ” ’t d v n : m n i c  St I 055

and t h o r i  or . ’ I a I i m l  ted to I c ic  c i t  I otis dun ; t t ie  f -r c a  e d  I use’ 1 a ge’ , wh i .  r e

eu x i s t i n g  ¶ i , I t i e ’ l n 4  or ~m C ( ’( ’ S S  l - ~~a t e  S t X i S t

3f) 

---_  -

- p — 
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hione’y-we l 1 i i  I a - i  c i  c - r e ’ e c u -  j e,’ r j n g  t i-it’ Ol~ e1e’ . i n I  - i t o - u m s  in a l  t t ’ r n ; u t u ’

u~’j ’r o . ec ’ h i  i t  t he ’  en d  n u  red .mrr iv us not ‘““;.tahl&’ t e c  t i l e ’  1’ .S. A i r  Fu r,

i ron an ins t”m l i t  ‘ a - - t i : : -  P - n i t .

--  in ’ -,t~mnd.* rd - -rn ‘u ’ ,i rr - i v -mn; t en n .m c- -a Id r ’ -- l i r e

j o e  a t  c - n ,  i n  t i c , ’  h ir c ’. m r d  n , - s . - i t  t h e ’ - c i r c - r ,uft . I t  is  I c e - n  d e n  e’ rn’t u n.’d

t h a t sp ,i . - e ’ or ,cm (- e’u-c s t i n  t i m . ’  t ,‘rward n.’se’ compartment does not e’x i a t

because’ of the! e’xis t,e’nc c of the f i r e ’ con t ro l  r a d a r .  .-\ s t a n d a r d  horn

or arr~u v i:i the ’ n o-SC C c S l ’ ’ of the inst rument pod would not provide ;mdequ.i t o

‘ o’, ’e’r , i , t - h e c , , u s e ’  n i l , ’ ~‘‘rward fu se l age  b l anks  the upp e r a n t e n n a  ‘ i t  t e r n

t : c c u ’ , p r ev ent i n n ’, - - - y e - r i p e ’ above ’  t h e  aircraft boresight

A srna l 1 - , r r , m v  c m n t e ,nn in ; u  l o c a t e d  in the  cock p i t  behind  the ’  p l e x i gla ss ‘rind —

s h i i eh ci y’ is i -i ’n sid,’re’d . The plex iglass windshield is approximatel y ~ /l6

m i  hcs t O i c  k and ~- lopes  at a 30 degree ang l e w i t h r espect  ot the ’  r m i r c r , e f t

h c r e s i g h t .  The 30 degree ’ i n c i d e n t  a n g l e  and the 9/16 inch thickness would

C,’ l i i S e -  ‘att e ’rui d i sti’rt ion , refraction and severe s igna l c m t t c n u a t ion i t

5.08 m ; h c z  h c & ’ , ’ i l i u s e ’ t i m e  t h i c k n e s s  is almost exact lv a quarter wave’ l e ’ngt  ii

c t  t i m e ’  o p e r a t i ng  fre ’qu e ’n e - v of t h e  system .

4 . 3  The End i” i red A r r a y

A u i  hr m ) t  ENd 1-11(1:1) ~1 I CR0 SThI P ARRAY antennas located at 45 d e g r e e’s c - i t  Ii

re :,1n’ct to the a I rcr ;mft ve’rt i c - i l  p lane  is the  proposed s o lu t  ion.  ‘lim e m nt e- n ul ,m s

c o u l d  b~ l c i u - a t e t d at ci tho r the  uppe r or lower half ~m l  the  f o r w a r d  f u s e l a g e

us shown in figure’ 4 (A rind It)
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n c ’ ,’ is  a t’- c — u h  t i e ’ [c’ti Ct ’ a - t , i n - l . c r u i  : - i -  r u  — - -~~ r e p

r - . - ‘ u .  nd iv I dun,, I 1’’s, ‘ i ’  - - t lie i n  :- i - , i n  , ‘ t e~d v I , i a p - -  , se, ’ re ’ I ,,,‘ i

:c O  r . ’s u l  ‘-, i n  ‘ i l l  I n - , ’ u t  ‘ 0. I. p 1 - n t ’  10 i h -rc’ , ; n  d i  n ’ ’ ~ t i o n . The

I m t  ‘ 1 1 p ’ ic. -a t ‘it i m ’ i~~ ~-f  t i . -  n. , i n  ! - b ~ ;l t r : u r c , v  br ,, tel v ifl ° i ’’tuV ,

cc i t I l n e ’ mit t o -  m t  - ‘ n i i t , l  .,c n-d,nwn i n  f i gu r e  “ f B

i ce onn i is djme ’nsjon,iIl ‘ :~ i n c I t e ’ -’ t v,. -~ Ifli hle ’S and 1/16 in h’ :; t h  i - - k ,

: I i s  r e - s u I t - ;  i n  :1 “ r ; , t c h ” I l k . -  - u r c t i - n n . ,  w h u i c t ,  i s  e’o ;\ ’  t i  ins t rmll.

A ‘r~m~~i i c - I . -  In the fuselage or a C C e S S  : - h : i t e ’  w i l l  h~ re quired t o  Oa ’j e ’

. 1 -  C e - S -  to the ,untcnna connector wh I c’O per trude ’s f t  - -r t h e  b,uck if tin ’ a n t e n n ;m

- . ‘nt,’ nia ,, -c c i a  he b o l t e - ’d , r i v et --I t u - the fuselipt - or secured to  ‘i r em ovab le ’

at ce- a-- - pane’l v i a  an EPOX’f AI)1!ES I\’I i t pan els i x i s i s  - i t  t h e  p rop e r b e a t ion .

* ‘ rjt • rltcjtj,,n and (ro’;s l’c ’la rj7 ,it Ion

i t ’  u r p e ’ t a t  rcrai t ant e ’nna s c i i  1 have an ,tri e-nt at ion where the  E pl;mne

I s - ,’.-n t Lea 1 by vir tue’ i - f  t h e  q u a  r te’r wave s t u b  ,intenn,ms. The chase  ,m I r~- r a f t

w i l l  h a v e  i r , ’’ ,ni ~~t c m n t  i- p l a n e  o r i e n t a t i o n  i n  ttie vertical plane via two

- ; : i t . - n i n , i a  n c ’u n t e d  it  4 5 0 
wI t O  r e s p e c t  t c u  ver tical . The result is ,u loss of

. i p : u r -  -x im ;,t p l  v I dB in sensitivit y if b o t h ,  cm ir i ’ r c m  f t  O r e -  I lyin g st ri Ight and

i t _ _ I t -  I

I t h e  chase ~c i r c r ’ m f t  i s  ‘ticmneuvering it seve re r i  I n i g h t ’ s , i i u e  an t enna

will increa se’ i n  s ign a l  c I S  t h e  ot  h e r  a n t e n n a  f a d e ’ s i n  slgui;, l due to c ross

polarization,

‘l i m e result of this ortenta tli ’nn Is tha t t i c , -  sy s tem w i l l  have an i n i t i a l

1 dB signal loss due to pattern pi ’lrmrlza tion , hu t  the stgn cu i will remain

- . - -
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Figure  10. Ant enn a In s t a l l a t i o n
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r e ’ l a t i v e l y  cons tan t  a t  a l l  n . h  ang les  d u r i n g  maneuvers , Th is  w i l l  inc rease

the’ ~m h i I 1 t v  of the system to ma intain track or “ LOC K ON ” durIng severe

maneuvers,
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