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•1
This report covers the investigation of the susceptabtlttv to damage

f x ori lightnIng induced transients to the Remote Center Air—to—Ground (RCAG )

t.tCtlkt iCS. The study has been part of a larger study program to provide

protection for cc~~ unications electronic equipment belonging to the FAA and

conducted under the Poet Doctoral Program.

Invc stig.i t Ion of the susceptabtlitv to damage from lightning induced

t r ins i cn t s  1~t Remote Center Air/Ground Facilities (RCAG) has been part Of

1,tr ,~ •r • . t — i Iv program to provide protection [or cosmunications electronic

cqui r— .-f l t  -

newer so l i d  state equipments , operating at much lowe r vo ltage

l • - ’.a ’l .. t tt.in v.ia’uum tube equi pments have sho~~ increased sensitivit y to tran—

t i n t s  Induc ed on both power and L oti trol lines causing problems ranwing from

~~‘~ p le te  t a i l u re  t o  fau l ty  an~i misleading data outputs. Certain instrument

~.•in~t i n 1~ Sv ’ .tem ( [ I~~ ) remottng c i rcui ts  with control lines d ire ctl y interfacing

‘~o lid s t a t e  conponents were found to be particular ly susceptable . A scrics o f

r apo r ts sutt~~arfzed In Reference 1 have documented the problems and specific

recoessended solution s .

The Remote Center Air/Ground System (RCAG ) Is one of the two types of

t . i c i l it i e s  in the enrotite air/ground (A/C) VHF/UHF cosmunication ‘vsteui . A

ty p i ca l  installation is sh~~~ in Fig ure 1A , and its system function block

d iagr.wt in Figure 1. It provides a medium of co~ sunicatIon between a controller

.in t p ilot for air traffic control purposes. It has the following general

i~ ter 1st i~~ s

I. The system Is designed to transmit and receive double sideband ampli-

ttide a.-’daila ted voice signals with an audio bandwidth of approximately 3000 cps.

. The RF channel bandwidth Is SO to 100 kc for VHF service and 100 ka

for CHF service .

1. The radio frequency bands for air/ground cosmunications are 118—i Th mc

I r civil aviation service and 225—400 mc for military service.
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4. Radio t ranemitters are designed for 10 wa rts power output or optiona l

SO wat ts .

S. Radio receivers have a usable sensitivity of at least S ~v (at lO— dB

si gnal to noise ratio).

6. The ground transmitting and receiving antennas are of the broadband

ty pe  useful over a frequency range of several mega~ yc1es. They a lso have om~, 4 -

J L r e ’ ,tlou.u l radiati on characteristics. VHF receiving antenna s are ve rticall y

;- - - 1~~rtzv d in.! transm itting antennas are circularly polariz ed. UHF ransmitti n g

,ia.i receiving ~tntennas are verticall y polarized. See Figures IA ~nd ~
The RcA&: essenti ally consists of a voice frequency signal sys tem and

separate tran sm itting and receiving equi pments. The system can operate in ~. na-

he o l low ing t hree modes : •i sp l i t  channel • a s o le  iv a - c ii.i naa’  I * and ~i

p . t t r e d  c hannel. As far is  u ti lt : . i t i’a  is  concerned , .-i split channel must n- - a

two v0tct f requency (VF) si gnaling s--stems and t F A A — S — l l . 2  t e le p hone c i r u i t s

~ ‘r t r i ns m t t t i n~ and rece iv ing  signa ls whi le the othe r tv modes 1 4 5 4  one \ F

‘.igna li~~ system and one telep hone c i rcu i t .

In us.ng eithe r the se lec t ive  or paired se lec t ive  channels , keying one

channe l denies the other channel to another control ler .  The di f ference betwee n

selective and pit red selective is that the latter transmits both VHF and UHF

si 1~n.i l~~ it the  same t ime whi le  only one signal is allowe d in the fi r s t case .

8oth transmitting and receiving system s are connected to the outside

-. w r ld through ( 1) ei ther a two wire or a four wire c i rcu i t , which is ieased

~~.‘ FAA by a telep hone company in t ha t  locality, and (2) the antennas w h i c h  ar

e i .her  v e r t i c a l ly or c i rcu lar ly  polar ized.

An exterior view of a typ ica l  FAA — S— 1142 leased n t  u 4 (  is  sh vii in ~i g4I ra

IA. A’so shown in Figure 38 -ire the rarhon-ble . k prot . - tive devices in the

termina l st r ip  -tn the t e l c o  s ide a ’ the i r i t c r cc ’nna’ - - t  

— — — ----~~—--— — -- j- - - - -----—~ - -- - - - ___
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~iri ~., t t e tine r trt that th~ o~ erall investigation ~& rt taking • ]ae

I to FAA ‘.a-. in the  ‘ r ’ : c s s  o~ up~~r~~!1ng RCAG installat ions in the Southern

(c - . i n . f l,- c~~~i- .t Inc :uhe t y p e  equipments were being replaced by nev , 1.iictlv

~. l  1.! - - t  i t . - equI ;- t ~iet:~ s . ihc receivers and 10 watt transmit ters a t  0 omp let  ~
- l v

~~t . I~~~- 1 : 1  o n ly  ~~ a - rt ~~ watt ampl i f iers are installed are any v , -uur i ~ o I a

1 - c - ! . hen e .. ~- ‘ r J  ‘ lii ~~a lv ’. Spec ! I ical lv , these equipments , c i t  ! : a - t  In

- a - - - i n c  i -  t a l l . - !

a t  - ta ! t ’~~~~ 1 4 ’ . Si nil  ~ S- st  em , FA—Sl I~ (4) Figur, - ~~,

i : i  .rj ~ In ~~ t ’ • ~ . a d j -  .~N/ (RI — 21 4V H F )  co ns is t  i:i~~ 01 I I.a f l 0 ’ l t t a - !  •
— I I  I~~S, -~~ —21 . e e\c It er and amp ! lit er and Ampi i t  icr • R i  :io I t  a ~t 1 e t ,  - -

1 • - t  - — . 1 • It ~~o~~* r .i~~~’ 11 I li t  2 Figure 5.

T i  an .t~ I t t  i t : .  S. - t  • R.ad ,o AN ’t R t — ~~~ ( u h F ) o n- i s t I n~ a! i r , n~~ i~ t • f~ - I t o
I — I  i i  .~~~~ — ..‘ , I : -  •-~~n it  c r  and iri p i If icr and Anp l  i t  I • r , Radio : 1 - - : a i .  I - -

- ! — ‘ - 1 ’ ~~~t . i ~ — ..‘ . t : c - - o r  . a r p l i t l a -r  ( 2 )  Figuro 5.

:~ ~~ t h  . a - ~~~~ ~~~ .rc OfliV 10 watt output is required , the p~~~~c i  i ; ’l i~ l e t

l s n  -~~ us.-~~.)

Rec e 1.- er , R a d i o , -\~~ RR—2 ~ (V HF ) (3 )  Figure ~~~.

Receh ; .- t  • a la ’ , V. ~~~~~ ( t I V )  ( I i  Figu re ~‘ .

~~~~. 1 t L ’I
~~.’ . ~~ 

. -~~

~~. co~~

I ~ t 4 t . - • . V t  . T • - ;  en V Slgn.i II ng ~v st c - • vp F ~— 8 l  ~~

a - ‘c . I - *-  - t I •: a I - i t  - ‘~~i;n in 1 a  ‘ ‘- , t  a !  ~! I - a ~ I ( t  
~~

- - ‘ I : ts  a l  i i  • I - .~~ *

- i 1 — I~,-a ~‘ • an ~‘. I hota rne , a l l  In Fl or Ida. Other thin ; - t  i~~~~~i t  - -

- - — a-
~ f a i l a t - -; . ‘: • - s ~~ - r n ; a l t a - l a p n -uc line l a i l - r e - , no r at - r I  -

~~ OIIt ~~ . ,

di a 1~- - - - I • a ’ I • Ii ~ tn t  Ti. in- a -  • - - - s were f - - n d .
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It sho uld be noted , however , that experience with the new equi ;--

tlents -..as lim ited. Installation at Melbourne was just underwa y .at tha t time .

A ; a;aet .a:tal.sis of suscep tabilitv indicated no problem. However , It w.as felt

t a a t  ra t n er  than a negative report , tIn ’ prob lert should Ic t~lVCfl a t a a i S - - : n ~ - i e

--n - t o  a - .~~crt Itsel f • A review -
~~ns made again In ~l..a , l 9 Y . ~h•- same st .a t j uts

t o - o at  t -  t e d  and j
~:,aln .1 : t t - ~~at  lye  r opor t - - a s  1. - k etvt ’d . )cc - : , a t  1- .- ’ - v i d t ’ : a  a - not

~~: t n - a t a : : d i n . : , ~!aI r t n g  thts in t a - r im p u : io d , change 2 ~ -. - Al- P a SOt) . I (C -:nr.mic .a --

i tit,. l-~~ - i l t :i , - s  ! ; t . : ; - —  M.- I 1 ! i c a t  I t :  H. :..fl~~~~ — - a n t . a l) !.~t a ~d 7/ .~~

. s  i - .- .- a. d by  FAA , AAF . ( 5 )  I ? t . t : l , r  ~~~~~~ La - a ‘a d l : l - . . t l . n  I t  .idt - ~~~~~~

a - :  .- - - ~i~~- ’ -  Pt - ~~ t 1 an I ~
- ni : s - - r - - - - 1 1.1 I t t - S  a a-:n.  e I a - t ~ I i t  —\ i r - - - - !  ~ o -  - !

( R i  -‘ ) - a i i  i t  i s . ’

liii’. t a : ~~ . , -I i r a -  t i . - c- in : a . a t  u t  - , s I t  c - s  tli , a modiI IC . t t  1 f l  a ; -  l i t - s  t o

~- A~ a :1 ~~t t . - - -  In t i - i- k , : t - - -o : .i para p :r - ; - - the c! .anc. - a-  • t~a I

R(-\ - - - nt  i t a s  e ; - a i ; — ~ . su s - c - ; t i b l a -  IC’ d,irm. a it c 1 - v t r  - I : . - - ! - I t-. . ‘.a:IV C- li;’ a - n t

i i .  re t - a -a n I - Ic • 1 1 ’ V - u t  a . - ’ -. t a .  a’ . - - r a n , - - :  ~ I ~ ht t i  :~~ s t  r I ~- s  • — - I  ch

c -i no I y a Vt ’ 1 .i gi -  - - • a t  ‘~ - - - ~a - - 1 - . - - ~~~~~~ ,
- t • -in 1

~ in Itt . a - 5 ,  1:: a t  ion o Il I t t,  a p r - a c I ‘a c I r t i  t - - ( T  ‘ s ) - a - — a •- ‘ ;  F V.

- a - n t  a - , t b .’ ’ .- a ; n -  a.- c I tp ,anv ( t a  I C C )  - t a - ~~~i r -  a t  i ’n i- r~~:nn1 St I Ip. ”

A - t u a ’. .  •a ll -. - l t i  st a t . -  :• . 1  c - a t i e S u s e t .  I - . . - i t  - , e - t,. qu i : , n a t ~~~r a -  ~~

the ~~ A- Ins t a. iat ion t t  ‘~e l I  itt.! t h a  :~ c t ~~- - of t I ’ -  a-q : i i p r t i - n t  t : :  thi s ca’~” nds

pray i fe pr  - t .- ion -i ~ .i Inst all a t -  a d . c r I ~- r . I n-  i- a .: I i ties - - I ‘. a  I It.-

- - . a  I te co r t o .  ion ;- us h.at r -~‘1ded h~ - n i t  i n l u n t a n a  • -  I - - I - r I d

d r  ‘ a l t  and Imp. ’ l.inCo r’.atching devic es ~.ai :hlng t c ’ t - - - i -
~~~’ -. ‘~so ; - r - v d a

a —5 .1 .- i r a - 0 p r - ~ t t ’ I f - ’n a~~ t i:-i - .’ -iU - d i r a - c t  s t r i k e s .  .- \ -.~. i ! :  it  ‘- - - - a - I  i t  

d t int  in ‘.- - - .t i ga’ I an c  c i~ttd a - t u 1 .a ha SC T a ’  - ‘a d  s i t  & ‘~ all I a it c i  a I 1 . ’

h i  ~ut e s t  t : i - in i c r s t rm . ~~~~~~~~ ~~.- - , . vu a l-.i - t  V ~- I  0 i t  ages - ‘ I  r c  ‘ - V I t

‘ u t  .i~ - . a -  t o  lt ,u t n t : :, l a - a t - . .! - r , a  - : - : ~~~s ~ n uont - -
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