
;.fl—A013 907 ROME AIR DEVELOPMENT CENTER 9~ I~ FISS AFB N y r’e I?I,

UNCLASSIFIED ~ 
LIGHTNING PRQTLCTIOPI STUcY: LIGHTNING PROTECTION REGUIREMEN~_E Tr Inj u nran i’m

_ _  

__uUUL:J nc.. _
__ 

-1FM ! 
_ _

_ _  

Ii
__ _ _  

INDI



I .0

I . 1
iii

25 4



Report No. FAA- RD-77 - 102

FAA LIGHTNING PROTECT ION STUDY:
LIGHTNING PROTE CT ION REQUIREMENTS FOR

WILC OX MARK l ID INSTRUMENT LANDING SYSTEM

Ma rvin D. Dra ke

~~~

Fi na l Report
May 1977

Document is ava flable to the U.S. public through
the National Technical Information Service ,

Springfie ld, Virg inia 22161 .

Prep~ed for

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

Systems Reseach & Devek pment Service.9 ~~ Wash kigton, D.C. 20590

C. -,
.4

_________________  - - - - - - -



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange . The United States Government assumes no liability
for its contents or use thereof .

U

-7 — -.--—
~~~~

. •
~

_•
‘•Ic ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ —~——-~~~~

--——
~ 

-



T.chnicol R.port Doc ument ation Page

F A. \  L i g h t n t n ~z I rot  e t  ion Stud y: 
- 

~~, ,, 
— ___________

6 e a g go .at o Cod
L i L h t n i n L  P r o t ,  t o n  R e q u i r t  mt  n t s  f o r  ~ ilcox / R A I) c / R B C

~k I / I )  I n s t r u n ) ~~nt  L a n d i n g  Sy st rn 
- 8 P..lorn,.ng O r g a n .z a r . o n  R e p o r t  No

‘ P ’~~Tor~r. ,g Organ . zor o,r Nor ~, and A d d r e s s  ,..- \ ~ 
% 

\ 10. W o n .  U n t  No T R A I S )
D e p a r t m e n t  of D e f e n s e  9~~ 7 000(

Ron  A i r  Deve lopm en t  Cen ter s  
~~~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ro nw , N e~~~Y o rk , I~~4 4 I  

~~~~~ ~~D ep ar t m en t  of T r a n s p o r t a t i o n  ~~ M a y  7~ - A p ri 77~• F e d e r i l  A v I , 4 t  ion A d m i n i s t r a t i o n  _____ - -
Sv s t  I n  is  R e s e a  r ch  an d  D e v e l o p m e n t  S e r vi c e  14 Spo nsor,ng A gency Cod.

‘ X t ~~l i i n g t o n , D . C . •~0~’Q0 
_____________ 

A R D : 150
S . p p~~.nn e~~~o n y  No t e s

P r e p a r e d  b y Post  D o c t o r a l  P r o g r a m , R o me  A i r  D ev e l op m e nt  C e n t e r .

lo  A b s~~acr

~~ The  purpose of t h e  Li g h t n i n g  P r o t e c t i o n  Stud y i s  to d e t e r m i n e  t h e  d e g r e e  of
-u s c e p t ib i l i t y of t he  Fede ra l  A v i a t i o n  A d m i n i s t r a t i o n  E l e c t r o n i c  s y s t e m s  to
induced  e l e c t r o m a g n et i c  pulse e f f e c t s  due to l i g h t n i n g ,  and to propose  p r o t e c t i v e
d e v i c e s  a d e q u a te  for lo~ vo l t age  e l e c t r o n i c  s y s t e m s. T h i s  r e p o r t  cove r s  the
i n v e s t i g a t i o n  of t h e  p r o t e c t i o n  r e q u i r e d  for  one s p e c i f i c  e q u i p m e n t , the  W i l c o x
\ 1 , t r k  l / D  

-

The r e p o r t  c o n s i s t s  of four c h a p t e rs  d e s c r i b i n g  the  l i g h t n i n g  p r o t e c t i o n
r e q u i r e me n t s , t he  t y p e s  of s u s c e p t i b l e  c o m p o n e n t s  and me thods  used  to d e t e r mi n e
t h e i r  w i t h s t a n d  c a p a b i l i t i e s  and , f i n a l l y,  r e c o m m e n d a t i o ns for  s p e c i f i c  p r o t e c t i o n
d t v i c e s  and c i r c u i t r y .  A ppend ice s  inc lude  a c ross  r e f e r e n c e  to the  equ ipment
m a n u a l s , c h a r a c t e r i s t i c s  of le a d l e s s  t r a n s i e n t  s u p p r e s s o r s  and a b i b l i o g r a phy
of o t h e r  s o u r ces  used  for r e f e r e n c e .

I

I? . K e y Word s  18. Distri bul ,on Stot ,,,, ,nt

L i g h t n i n g  P r o te c t i o n  Document i s  a v a i l a b l e  to the  publ ic  th rough
W i t h s t a n d  Leve l  t he  N a t i o n a l  T e c h n i c a l  In f o r m a t i o n
I n s t r u m e n t  L a n d i n g  Sy s t e m s  S e r v i c e , Sp r i n g field , V i r g i n i a , 2 .’l~~l

19. ¶ ecu ’ .’ y Clo u t . o f t h ni  r.p o nt ) 20 . S.cu ’ r ’ y C 1 0 5 5 1 f. (of  rh pag • )  [2 1. No. at Pag is 22.

1 U n c l a s s i f i e d  U n c l a s s i f i e d

Form DOT F 1700.7 8 7 2  R.production o f comp litid pog. authori zed

i i i  
~~ 2’

—
, / - -

- —  — 0~
__ - — ——---— -,- —..1--—. •



I ,.O U F; WO UI )

•l ’hj s e ffort  was conducted by Florida Ins t i tu te  of Technolo~ v urwie r the

sI )onSor shj p of the Uomc ,-\ i r  I ) evel opn icnt  Center  Post —l )oetor al I ’rogr am for

the  l ’ edc - :11 Avia t ion  A ( i f lh i f l i s t I ’ a ( L O f l .  Fred Saka fe  of the Federal Aviat ion Ad—

n i t n i s tr a t i on  was the ta sk  project eng ineer and provided overall technical direction

and guidance.

The IIAE )C Post—1)octoral Program is a coope r ative venture  between H A I ) C

and some sLx tv—five univer si t ies  eligible to participate in the program. Syracuse

U n i v e l s i t v  tDep artrnent of Electrical and Computer Engineering) ,  Purdue Univ-

e r s i ty  (School of Electrical E ngineering) , and State Universi ty of New York at

Iluif alo (I) cpar tment of Electrical Engineering) act as prime contractor schools

w ith  other schools participating via sub—contracts with the prime schools. The

U . S. A ir  Force Academy (Department of Electrical Engineering) , .-\ ir  Force

In s t i tu t e  of Technolog y (Department of Electrical Engineering) , and the N :ival

Post Graduate  School (De partment of Electrical Eng i neering) also par t ic ipa t e  in
the  program.

The l~ost—Doctor al Program provides an opportunity for faculty at pa r t ic ipa t in g

univers it ies  to spend up to one year full time on exploratory development and problem—
solving efforts with the post—doctorals splitting their t ime between the customer
location and their  educational institutions . The program is totally customer—fund ed
with current projects being undertaken for Rome Air De velopment Center ( f lAt ) C~,
Space and Missile Systems Organi z ation (SAMSO), Aeronautical Systems l)ivision
AS I)) , F;lectronic Systems Division (ESD) , Air  F’orce Avionics Laboratory \ I o A l a ,

Foreign Technology Division (FTI )) ,  Air Force Weapons Laboratory (AF\VL ) ,
Armament Development and Test Center (AI)TC), Air  Force Communications
Service (AF ’C S) , Aerospace Defense Command (ADC),  Ilq t ’SAI ’ , Defense Com-
munications Agency (DC A) ,  Navy , Army, Aerospace Medical Division (AMI )) ,

and Federal Aviation Administration (FAA ) .

Further Information about the RADC Post-Doctoral Progr am can be obtained
from Jacob Scherer , RAD C Tel. AV 587-2543 , COM (315) 330—2543 .

The author wishes to thank Mr .  Richard M. Cosci who participated in the
field investigation , took many of the photographs and who organized , edited and
prepared the report for printing ; also Mrs . Lynn Harris and Mrs . J ani Mc Cray
who typed and assembled the report. 

_~0~~~~~ ::~ii~~~ - - - -
~~~

— ~- - —
~~~~~

- - —  - — . —



ll lOc,RA I~1IY

Marvin I) . I)rak e Is an Ass is tan t  Professor of Electrical Eng ineering at
the Florida Inst i tute  of l’echnologv . lie received the B. S.E .E . Cum Laudc
front  the U n i v e t s i t v  of Toledo in 19(~0 and the Ph. 1). from the John s Hopkins
I n lv er si tv  in 1970. lie was a membe r of the research staff of Carlyle Barton
Laboratory , Insti tute for Sponsored Research , The .John.s Hopkins Universi ty ,
f rom 19G2 to 1970. F rom 1970 to 197 1 Dr . l) r ake was a member of the tech-
nical staff of TUW Systems , Washington Operations, and from 197 1 to 1974
was an Associate Principal Research Engi neer with the Electronic Systems
i)ivision , h arris Corporation. Ills publications have been on the application
of electro—op tic  mater ials and devices to opt ical data processing and storage
syste ms , lie is a membe r of I E E E , Tau Beta P1 and Sigma Xi .

- - —.-—-—— 
.- —.—•-—-

—
- — , -. - --- .- ——-. • -,~~ •— -- .• - — ‘, 0 O* __... r.r_._

~~~
O .o 

~~~~~~~~~~~~~~~~~~ • - -~~~~



TABLE OF’ CONTENTS

TITLE P. \GE

Chapter 1 — Introduction - I

Chapter ~ — Lightn ing Induced Surges and Protect ive Devices 3

2. 1 Characteristics of Lightning-Induced Transients 3
2.2  Surge Protectors 5

2. :i Withstand Capabilities of Avalanche Diode Surge Protectors 9

Chapter 3 - l)ctermination of Withstand Capabilities and Protection
Requirements 10

3.1 Description of Wilcox Mark I/u 10

:1.2 Method of Determining Vulnerable Components 1:5

3.3 Cables which may he Possible Surge Sources lf

:~. 4 (‘omponents Vulnerable to Ligh~~ing Surges 

3.4. 1 Localizer Components If ;

3.4.2 Glide Slope Components 25

3.1.3 Summary of Vulnerable Components 26

:1.5 \Vithstan d Capabil i t ie s of Vulnerable Components -

:t. 5. 1 Withstand Capabilities o Solid ~‘tatc I)evices 

3.5.2 Withstand Levels of o ther Components 33

Chapter 1 — Recommended Protection Requirements for Vulnerable
Components and Installation Points 35

1. 1 1,ocalizer Station —55

-1,2 GlIde Slope Station 
~

~I.3 Installation 

Appendix .\ — I-’A.\ Lightning Study Partici pants A — i

Appendix B — Technical Manual  (‘ross Reference B—I

Appendi x (‘ — 1.e:ulless Transient Suppressors — Electrical Character ist ics  — — — C — l

•-\ppendlx 1) — References/Bibliograp hy 1)—I

vi

_ _ _ _ _ _ _ _ _ _ _ _ _  - - - -• -0--- ----—— ~~ —



LIST OF 1LLUST1~AT1ONS

F ’IGU H F ;

N U M B E R  PAGE

2. 1 -1 Test Waveform for Lightning Induced Voltages on Buried
Control Cables 4

2 .2-I A Generalized Protection System for 115 Control Lines S

3.1-i Equipment Cabinet , Front and Hear Views 11

3.1-2 Antenna System , Glide Slope 12

3.1-3 .-\ntenna Ar ra y , Localizer 13

:; .1-4 -\ 115 Localizer and Glide Slope Remote Monitor Receivers 14

3. l-1B ITS Localizer and Glide Slope Remote Status Unit 15

3. 3— 1 Interconnect Wiring I)iagram 17/ 1-s

:1.3—2 Station Signal Flow I)iagram 19/20

3.-I- i  Localizer Monitor Chassis , Blocked Schematic 27/2k

3. - l — 2 A  . \ larrn Assembly, Blocked Schematic 29/ 30

;;.- I — 2 B  Alarm Assembly , Blocked Schematic 31/32

: 1 .4—3 Antenna Cable Fault Assembly , Blocked Schematic 33-34

:~. 4 — •1  Signal Processor Assembly,  Blocked Schematic :15/36

3 .4—5 TIming Assembly , Blocked Schematic 37/35

3.4 —f; M onitoring and Control Circuits I) iagram ~9 10

::. - 1 — 7  Integral Detector , Schematic Diagram 41

3. -I — s Glide Slope Monitor Chassis , IIiockcd Schematic 4 3/ 4 4

3. 1-9 Near  1- icld M onitor Detector/Antenn a, Schematic Diagram 4 5

-I • 1 —1 A ‘I ’ vpical Inst a llation of Terminal Bloc k I TBI in the Localizer
Station 55

4. 1 —l B Close up View of Terminal Block I TB1 5b

4. 1 —2 Typical Inst al la t ion of Localizer Terminal Block 57

v i i



FIGUH F;
N U M B E R  I~AGE

-I . 2 — 1 . -\ Typ ical Installation of Glide Slope Terminal Block i3TBI 

4.2—In Close up View of Installation of Glide Slope Terminal Block 1 :ITBI ~5

4. 3—1 Li ghtning Protection Module , Plan View 74

- 1 .3—2 F ’A9-155- \ Lightning Protection Module 75

viii

• — — -•---“——-- -- - - — ——  •~~~~0~~~~~~~~
_ — -



LIS~I’ ( - I  F - \B1 I ;s

l \B I~F:
NV \ 1BER P - \ G E

2 . 2—1 Comparison of Transient Protectors — 7

::. 3—1 Cable So~i ices  of Induced 5ur 1~es —21

3. 1—1 Potentially Vulnerable Components in Locahizer Monitor Connected
to Cable W 1 22

3.1—2 Potentially Vulnerable Components in Localizer Antenn a Ar ray
Connected to Cable \V-I 23

3. 1— 3 Potentially Vulnerable Components in Glide Slope Monitor
Connected to Cables \V8 and W9 2 I

3.4— -I Potentially Vulnerable Components in Glide Slope Tower Tilt
Monitor I)etector/ \ntenn a 2-1

:1. 5— 1 Basis of Calculation of P ;speak
3, 5—2 Withstand Levels for Vulnerable Semiconductor I)cvices in Wilcox

I I ) System 52

1 Recommended Protection and Installation Points 

. 1—1 Locali?cr Station Shelter 7 /h 8

-1 — 2 Localizer Station Antenna Ar r ay  69 /7 9

-1 — 3 Glide Slope Sta tion Shelter 71

4-4 Glide Slope Station Monitor Detector/Antenna 72

4 — 5  Glide Slope Station Antenna l’ilt Switch 73

ix

_______________



C IL-\ PTER I

INT ROD 1C ‘I ’ION

This  re port is a stud y  of the  l ight f l ing dam age suseep tib i l  i tv of and pro—
t e e tj o n  i’equ i I ( ’ m e r  s for the \Vi leox M a r k  I/ I )  Inst  rum ert t  Landing  Sy s t e m  ~Il- S
This rep in is par t  of a Ia  rge I’ s tudy pI’ogran) to p rov ide  protect ion for ( Ofl i —

n i u n i c a f  ion and control  e lec t ron ics  equipm ent  aga ins t  t r ans i en t  e l ec t romagne t ic
d i s t u r b ances. Such e lect i  )n la gn et i c  dis turbance s cause current  pul~ t S to be
i n u l t l c ( ( I  in cab le s runn ing  between buildings or equipment  enclosures .  These cur-
ren t s  and voltages ace then coupled in to  t e r m i n a l  equipment  or equipment  enclosures
niou nte i I in the  f ield . The elect r m gnc t i c  ( l i s t  urh: i  aces m a~- he the i c  sui t  1 if near ! v
l i gh t  ni Fig a c t i v i t y  i iii ni l — rn a( le elect rem agnet ic iu l ses

The larger study, known as the FAA Lightning Protection Study, is being
performed by the Post Doctoral Program through several of i ts  member uni-
vers i t ies  for the Federa l Aviat ion Adminis t ra t ion.  The ins t i tu t ions  include the
A i r  Force Ins t i tu te  of Technology, Florida Inst i tute  of Technology , Georgia
I n s t i t u t e  of Technology , and Purduc Univers i ty .  The indivi d ual par t ic i pants in
the I”\A Lightning Study are listed in A 1)pefl( IiX A .

1. 1 FAA Lightning Protect ion Study

Increas ing use of solid state electronics in the FAA communicat ions  and
cont rol equipment  mea ns that  reliance on the overvoltage protection adequate
for higher voltage electron tube circuitr y would be inadequate. The overvoltage
protection of carbon blocks , in the several hundred volt range , and neon bu l l s ,
w i t h  long r e l a t i v e l y  high inductance leads in the 40—10)) volt range , is not adequate
for the solid s tate  c i r cu i t s  ~ hich operate at lower voltage levels (presently dow n
to S v o l t s t .  The overall study has three technical tasks: ( I )  ( l et erm inat ion  of
voltage and cu r ren t  levels likely to be conducted to FAA equipment ( 2 )  the
de t e rmina t i on  of the s u s c e p t i b i l i t y  leve ls  of FAA solid state equipment , and (:b
d e t e r m i n a t i on  of l i gh tn ing  p ro tec t ive  devices that  are available to reduce the
levels of ( I )  l i i  those jx ’r m i t t ed  by ( 2 .  These three tasks have been performed
in p arallel  with close i n t e r a c t i o n .  A ppe ndix A Lsts the schools having p r i m a ry
r e s p o n s i b i l i t y  (if each of these t a sks.  The study of the Wilcox Mark  I/D ILS
cover ed in th is  report is a part of task  (2 )  :1 itd draws upon the results of tasks (1 )
and ( : 1 ) .

S



2 Ligh tn ing  Pro f ect ion Rcqui  r ement  S

Compo nent s i n  elect ron i c  c i r c u i t s  connected to bur ie d  cant m l  cables at

I1\ .\ n i rjx -ir t  i n s t a l l a t i o n s  ire suscept ib le  to (Ia rnage by l igh tn ing—induced  volt age

surges on the cal Ic conductors.  l) eviee s  are availab le which  can be ins ta l led

at the  t e r m i n a l s  to l i m i t  the vol t age surges to levels  which w i l l  cause no damage

to the  components  in the ex posed c i r c u i t s ;  howeve r , the selection of specific

li vices (lel)en( 15 on t ’l( p art  R u  t a r  sy s t em under cons iderat ion.

The spec i f i ca t ion  of the protect ion requ i rements  for a given e lec t ronic

sy s tem inc lu d es  the fo l lowing  steps:

1. C h ar a c t e r i z a t i o n  of l igh tn ing- induced  surge s on the bur ied cont ro l
c~~b les i n t e r c o n n e c t i n g  var ious  sub-sy stems.

2. I d e n t i f i c a t i o n  of the c i r c u i t s  in  the sy s tem which are exposed to
s u r g i s .

3. D e t e r m i n a t i o n  of the surge withs tand capabi l i t ies  of the components
in the ac tua l  c i r cu i t  configurat ions using the waveshap e s an(l the
m a x i m u m  pea I~ am p 1 it udes of surge s w h i c h  mat ’ he expected ~o occur
at the  c i r cu i t  t e r m i  na Is .

- I .  Select ion of th e surge protect ion devices which  are compat ib le  w i t h
he ~ i ths tan d  c a p a b i l i t i e S  and no rmal  operat ir g  cha rac t e r i s t i c s  of

the c i r c u i t s  w h i l e  b eing rugged enough to operate re l iab ly  in  the surge
en v i r o n m e n t .

What  fo l lows  is a desc r i p t ion  of the app l ica t ion  of the above steps to the

Wilco x Mark 1/I) In s t rum en t  Land i ng Sy s t e m .  Chapter  2 discusses the wave fo rm

and the f aa  xi  m u m  J)eak : tmp l i tud e of voltage induced by the l igh tn ing  and the pro—

b e t  i ye dcv ( ( 5  :IV a i table for i n s t a l l a t i o n .  Chapter  3 discusses the method s used

t o k - t e n - n i n e  the ~‘ t i I  n erah le  coml) Ofle fl t  s in  the M a r k  I/ I)  I LS , and to ca lcu la te  the

it  h s t an d  leve l  of i a  cli of the v u l n e r a b l e  components. In (‘hapte r -I will be g iven

the reconi mended l)r ot (~( t  i ye i l e v i  ceS and the i n s t a l l a t i o n  point s .

— —-.—- - .—- .- -  — _---------.-- — 0 0__~_ 0 _ ~0



(~ lI ;\  l~ 1 l I ~ 2
I I i ; I I T N I N ( ;  I N I ) I  ( ‘ 1 : 1 )  Sl R( E5 - \ N l )  I ’ R ( Y l l • ; C T I V I ;  l ) l ; v R ’ E S

2. 1 ( h a r a c h - r i s t i e s  i f  l . i g h t n i n g — l n d u c N  a u s i e n t ~

.\ num! e i- et SI a l i e s , I , 2 , 3 , ~~, 5. i i l k • ii e t h a t  t h e  y 4 i~ - \v ay i  - i i  I I -  n-~ IIFO’ I i )

I i ~ i i I n i i c ~— i t o Iuceit  s ur L 9 - s  ( I n  I ( U i icd a l i b s cF i f l  lie a d e q u a t e l ~ l e s c r i l e f  l i ~ t h r e e  a r —

: i i na t cr s :  i isc t to e I t i  i - a l  .ini p 1 i t u d e  , t h e  peal ani  p1 it udc ‘i , and t h e  ti c : r v  I i  me

t o  one—hall  t i n  e : r l ,  v: i l r ie i i i !  t I b i s  ir e  measu red  f r - urn the  n r i g i n l .  ~ uc I i  a l i - s t

u : i \  I i i ’ i i i  is si i i ’Vi ) fl I - i g u t -  - 2. 2 — 1  ~ h a t ab le  i i  a ~ a~i - t  ir ni I a r - a n n  - I - c s  c i t e  I i n

t h e  i i t e r - : i l u r e .  ih e  I i -  - t  ‘~ i v e f o r - m  p :i.r - : i n i e t e r s  :n-c b i a s e d  in  long t e r m  ~t u l i c s  of

: c t u : r l  st a ge s i n  9~~i i a l  aIi ’I b i U ! ied t& l cp l i on i  i a l l - s . S t a t i s t i c a l l y , the  ) a i : t r l i - t i - r s

c i l c i i ) V  B e n n i s i n I- ~ v i e l I a t e s t  w a v i - t i - r i r  w h i c h  inc ludes  19 . s of l i g h t n i r i g — i n I u c e d

volt  a _ a - s ur g e s ii i  ope n ~ i re  and ( - a b l e :  t I i )  U SeI , \ — 1 0 0 0  v o l t s , I 100 11 USer .

-\ - l u a i l v , U e i i n i s -n ’ s s t u d y  i n c l u i t c i l o u  led cable w i t h  r n e : I s i r i - ( - l  peak vi l t a g i - i t  -I 10
Vi I t s ;  t h i s  is i n c I l f Il l i n  F i g i r i c 2 . 1 — I  is t he  500 vi i i  -n t  i v  in  p a r e n t h e s e s .

It i S  i n i p i r t a n t  t i  po in t  out  t h a t  rio i n f o r m a t i o n  concerning the -i r t r~~ c o n t e n t

1 th e  surge  w a v e f o r m s  i s : u v a i l a b l e  f rom the  s t ud i e s . The surge v o l t a g e s measu red

“ ( r e  the  S ( ( — ( i( l i e u  long i t u d i n a l  vo l t a ges  l)r (slu ccd between I he grounded cal  de sheath
and t he i n n e r  c o n d u c t o r s .  I t i d l e  13J a l so  measured  m e t a l l i c  vo l t ages  b e t v e e n  cab le

p a i r s  and found them to b e  i n s i g n i f i c a n t  compa red to longi tud ina l vol tages  un less
ca rbon bl( ick ir ot ector  () f l  ~~IiC it the w i r e s  in the t a  I r - st i r c k  . ‘‘ A ilet eriii  Dint ion 1
the i - n e  rg~ ( i n t l - n t  of t he  su rge  r e q u i r e s  - n o w l e lge of the  cur ren t  m d  t he  ~n lt:w a-
or - , : r l t i - r - n : r t i ~ - e I ~- , kno v  ledge of the  v o l t a g e  u n i t  Surge impedance .

Si nec the  i n f o r m a t i o n  r egar(I ing the  energy c o n t e n t  ot the  l i g h t n i n g — i  n i luce d

s u r g e s  is not a v a i l a b l e  at t he  l r ( sent  t i m e , ( fllo ( Iel  ( i t  surge  ge nera t ors  w i t h  I c r

i n t e r na l i n1 Ix ~?dance has been chose ii such that the current  (tel ivered by it is d c —
ti-n n i i neil comp l e t e R  l i v  t he  c i r c u i t  connec ted  to i t .  Such an a s sumpt ion  n a t u r a l l y
t e a t s  t o  v er y  c o n s e r v a t i v e  e s t i m a t e  of th ( m a g n i t u d e  i t  cu r r e n t  an ( l  e r r e r  \- con—

t i - n t  ~ h i c h  r r ; t ~ be severa l  t ime s more than the ac tua l  d i n -  to l i gh tn ing—induced

surges. l i i  we y en ,  is re I ~ I ( I I  pre~’ ious I ~ - t I the ~-a lue s obta ined d u r i n g  the
l i gh t  f l ing  s i m u l a t i o n  li s t s  can I~ - sea led to predic t  the  induced e f f e c t  s due l i i  the
la rger n ut ii ca l  st rikes. If , for  ex :r  ro pie , the vii b u s  gi ~en in reference 11 1 are so
5( II l i i , an  induced vol I Ige i t  I 00( 1 vol ts  :I l)l)ea ns t ( (  he an tl p~)ro~)r ia t i  l evel .  It
agrees with a s s u m p t i o n s  by I t u d d l e s t o n  l ( 1  and Bennison 5!. t n l t ss 1 more

-— —-— - . --  _ *.-  - .
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( Of) plete mod e I of surge generators lii i  ~n u I  on i n fo rni  :11 ion  ci g a r  I i ng i - n ergy content

can be establ ished , the present approach seems  ( i i  IS the  rio i st logical  way t o  der ive

the necessar leve l s  of protect ion for the elect  r on ic components

2. 2 Surge Protect ors

.-\ s reported l iv  Chen 17 1, the r ( -~ m r l -  t \ ~ ii k i n d s  of —ni r g e  i l r i ) t ( ( t ( ( r s . The f i r s t

is a c i r cu i t  opening device and is inser ted  in to  the c i r c u i t  i n  series  wi th  th ( load to
he protected - When the (u r r e n t  l i v e  I e x ( ( e  I s :i cc rt a in reset l i m i t , it swi tches  f rom

short — e ircu  i t ed s t i l t  e to i t s  ope n— c i  rcu i l l ! s t a t e .  \ d n a  I devices in t h i s  c Ia ss , suc h

as fuses  and magnet ic  ( i rcu it breakers , are use I c~ te nsi vel V in r e s iden t ia l  and

Commerc ia l  ins t  a l la t  ions.  However , the y  a ri not su i tab le  for pr~ tec t ion i f  con i —

iii u nicat  ion sy s tems  against  l ight n ing i lu e t i  sI (ISS resj onse t ime  of the order of

mi l l i second s or longert .  The second is a c i r cu i t  shor t ing device  a n d is i n par ;il —

le l wi th  the load . The prote ct  I V (  act ion is accon ipi i shed liv changing  the devic e

f rom i ts  v i r t u a l l y  open—circu i ted  state l i i  a conducting s t a t e  :11 a predetern i i ned vo l t  —

age lev.~l a nil there ! iy t i m  it i ng the voltage surge :r ru d i v e r t  i rug the cur ren t  a rul Powe r

av~ tv f rom the load . l)ev iccs in t h i s  g roup  are gas discharge dcvi ces , d i e l e c t r i c —
s t imula ted  arcing connect or s , se n i — c o n d uc t o r  diodes and vu ri stor s . Of the se four ,
the d i e l e c t r i c — s t i m u l a t e d  r i ing connect ors i r e  not corn mere in l iv  a v :m i l:ibl e and :i re

useful  on ly  for th (  t ) r ( l t ec t  ion (if voltages r h ve 1KV . Thus , thes- caflfl ot be con—

side red for  a j ) ; ) l  lea ’ ion here and ss i l l  not be di Sen ssed here.  The other three ~V I ~ 5
of ~iia it ( ( t i  Sd devices ire ci u-n mere ial lv a v a i l a b l e  a rut it  re su i tab le  f i r  the  r i  it ( -c —

t io n of ( mi t rol and corn m u n i c a t  ion svst cn i s  . In the fo l lowi n g ,  each ( if t h e i r  op& r—

at i ng p r inc ip les , eapab i ies a nil I m i  Hat ions wi l l  be discus sed h r i e f l  V .

The gas discharge t l ev i c e  5 are pro t i a t ( t v  the best known t n i t  mo st  wid~ ls- ( 151 - - i

f (ir lightning prote ct ion. Usual ly ,  the y arc ope rated in e i the r  the  arc Ii -n - l i .  r g - -  i i r

t i r e  : t h no r n i a l  region of the gas ( ii  scharge where the v ( i~ t a~~’ is  vi rt u:t l lv  in~ t :I nt and

the ~ current is  Ii  ni it  eli and cont rol 1 (01 corn pietelv by t ’xt~ ml circui t  j i: i r~l m e t e r s .  \ I

th e pr esent  t i  m i , t h ere  are two  ha sic t ypes of gas discharge i Ii s-ices which  nay  he

r u s i  4 is transient protectors: glow In in ps and spark gaps. Glow Ia ni I iS ~t re cha r I le t (  r—

ized liv Ii V current  eapa ld l i l y  m d  relat i s e l v  high voltage. While i nex pens V( , t hes-

cann ot I ) r Ov i d ( i t i l ( 5 1 ( f l l t (  a fl(i long las t i n g p rotection against t ransients  for loss voltage

s~- st ems such ~ts coin munication lines. Oui th e other hand , spark gaps are designed

to  (‘[x~rate in the ~t re mode arud ;t r( (a  pal ) lV of al)sor hi ng large amounts of current  ~t nd

power. One d i s advan t age , ~t s  f a r  as the present stud s-  is  cOflCerne d , is that  t he y  are



i i n l v :t v ~u i l a h l e  ~s i t h  ~t c l a m p ing level  of 75 vo l ts  and h igher which  is s ub s t a n t i a l l y

l a rg e r  th u  ii the  lir ot vet i se  requ j r - i  me nt s of the s~- st e  in .

A ii ie t ~r l — i i \ i u t ( z i n ( — o \ i i l ( - l  \ I r r i s t o r  is ii two  t e r m i n a l i k V i ( (  ha v ing  a vol t age —

iie ; ic n(lent non l inear  r e si s t  a rice . lh e  v o l t — a m p e r e  cha r~u t e r i  si ic of an illea l v:t r i  si i i r

( n f l  l ie ex l ir ( . 55 ( I as an e m p i r i c a l  r e l a t i o n ,

I V~~
(.

5\ h ( i c ’  \ ~i iii I I are the  voltag e ire  r o s s  and current  through the car i s t o r , r e s i x ~ct ive l v ,

I h e  ex Jx )n ent  o( is an impor tan t  p a r a m e t e r  and represents the power harxllirug

capal) i l i t \ -  of this  pa r t icular  v a r i st o r .  Amon g the various s-aristors commercia l ly

v: i i l  able , sil icon c arhi (Ie l h s r i t e  , selenium cells (thvr i s to r  (liodeS) , BaTiO ,,

var i s t or s  and zinc oxide—bismuth ( (No te  s-ui-i stors  are the svell know n ones. Iloweve t - ,

on ly the Zn O—B i 10,, h as  the  large posser hand l i n g  capabilities suitab le for  the  present

app l ica t ion .  l - u r ther n i om - e , its response time is much faster than the spark cap.

Ii t hus  has  vi r -tual lv all the desired characterist ics except one for transient pro—

te -t u - i n .  The undesirable f e a t u r e  is tha t  it can clamp volt age only in the range of

57 volt s ari d h igher  and is doubtful that this m agnitude can be lowered any fur ther

due t o  l i t - i - sent  ni anufactu  ring l)roc~~sses .

It l i t  h of the  i i ) ( i \ e  pro tec t iv e  ( I e v i ( e S  ~t re i) ipola r in nature , i . e. , a gis-en (Ic s i c e

can C iLm i )  i t  \ . -\ val~m nche diodes , on the othe r - hand , arc uni po t a r d ev ices  clamp-

ing : t t  zero  vi i t s  when b iased in the fo rward  d i r e c t i o n  and it i ts  breakdown voltage

ss hen Ii i  t si il in t h e  reverse (lirect ion. The breakdown m e c h a n i s t -n  is a t t r i b u t e d  e i the r

to  the  Z ern -  r effect , or to t I r e  i valii nch e m u l t i p l i c a t i o n  (I f charge carriers , j r  a corn—

h i  n i t  I i  ( i n  of both. l u  r ther ni or e  , ava lanche  diodes can c l amp  s- olt~mg es i t s  loss as

f i v e  volts svith t he fastest  response. I t s  main (Ii sa ( I vantage is  i ts  low power—h o 941 ing

capa hi l i t  S .  It ( I I  0 lie i m l ) r ( i v ( i l  u s -  mc’thod s such as a resistance in ser ies  w i t ’ 1he

d io i l e  or sevr ra l (IiO(I( s e (innecteil in para llel.

-\ comparison of a s-~uilable protectio n (IC s-ices is given here for convenience in

Table . 2— 1 . 11w t ;tj)le is based on a detailet-I report (in protective ctesices by
( he n 17~.
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J

l - i g u r - i -  ~~. 2— I . -\ Generai ized Protect ion -\ - st en l  for IL ’- Control Lines

.\ general ized protection system for ILS control circui try cables is shown above .

t h e  circuit  consis ts  of a su m-ge protec-tor connected in parallel from the susceptible

te rmina l s  in the junction box to ground. It is pointed out in ti-ic previou s reports 4 , 7

that  surge protectors shOUl (t  be installed as close to the junction l)OX as I)OsSibIe so

that  both the tr-~r s- - l ing w~tve and reflect ing wave (lue to surges al-c l imi ted to safe

s ~tlues at the t e rmina l s  of the protected circuit .  .\ good gr ound should also he pro—
V i ( I ( S1 in the lunction box for connection of the groun d side of the protector. In
g ( -n ( - r ~t l , the pl ot ec t i \ ( -  sy stem P1 consists of any of the three sur-ge protectors pre—

viou slv mentioned . If the choice of s u r g e  protectors is either a spark gap or ‘slOV

vat - isto r , the breakdown voltages chosen must bc greater than the operating voltage

but below the withstand levels of both negativ e and positive sur ges of the element

in the circuit. I-’or av a lanche diodes , only the posit ive surge level has to be con —

sidere d since a negative surge forward—biases the diode and clamps the voltage to

approximately zero. H esistors III and H2 may be placed in series ss-ith the line to

l i m i t  surge current to a saf e value for the protector and to limit circuit current

that mas - flow from the protected side of the line in the event that the surge protector

fa i l s  by shorting. Diode C III  is added on th e protected side to give additional pro—

tection in case of fa i lu re  In the surge protector k ’vice for certain types of communi-

cation sub — sy ste i r i s . -\s shown in (‘hapt ers 3 and -l and Tables 4— 1 through 1— 5 , only

those protective i t t - v i c e s  required liv the specific circuit involved ar e designated .
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________________2. :t Wi th s t and  (‘ apah i l i t ies of A v a l a n c h e  Diode Surge Protectors

Since the c lamping  requirement  for most of the suscel)t ib le c i r cu i t s  of the

W i l c o x  ~sla r k i/I) ILS is uni polar and below 30 solts , the avalanche ( I i O ( Ies wi l l  be

used extensi vely. Because of the r e l a t i v e l y  low power—handling capabi li t ies  of

as-a lan che  i l i o k s , se r ies  resistance R I in I~igu re 2. 2 — 1 )  n iav he used to l i m i t  the

surge -u r r en t  in the diode i tse l f  to  safe levels .  ~-\ procedure for se l e c t i n g  the value

ii f  t h i s  se r ’ i i  -s r e s i s t ance  111 for ava l a  nche diode is presented which  is essent  i a l l v

the  s ane  us in Reference  ~~
The va lue  i t  s e r i e s  resis tance R i  is de te rmined  by the surge—handl ing  data

r i is i l e t  for the a vu lanche diod e and can be calculated from the follosving express ion ,

V - V V
R i  ~ P1)

PP PP

ss here V is the  peak a m p l i t u d e  (I f the ex~wct erl voltage surge , V~~~ is the breakdown

s u t  age ( I f  the  Ii  ~Ie and is u s i m a l l y  se rv smal l  compared to V~ and is the safe ix~al~

c u r - r e n t  f i r m -  l i i i  l io4u . 7h i s  safe ~ieak (Ul’rCfl t I Cfl fl be ob t a ined  fm om the da t  a
i~l~

s l r e i a  F u r  11w t s : i l : i m o ’ I r e  d iodes see ;\ pp cn( l iX B) .  It should be noted t h a t  the  safe

K - a l . - i r r - r e n t  I app l i e s  when the  av a l a n c h e  diod e is u - es - c- n-sc ’ h i a s ed ;  the diode w i l l
Pt )

h~i n u l h -  a Li r - g u - peals c u r r e n t  when tors s :u i’d bi~us e it .

The hu i ) O l i r  se i s  ion ( i f the  a s -al  anche ( I i i  Ic mer i t  ioned :r i i o \ e  C u u n s I S i  5 i i  t ss o

is - :r l  m u - h e  h u h -s ( - o n n e ( - t e u i  in  ser ies  opposed . ih e  method ot i l i ’ t e r m i n i ng the r u ’—

S i s !  (U C C  sa l r a -  P1 t i  l i m i t the  ( - c u r r e n t  to the  safe s- ~r L c u r r e n t . I is the  same
(~)

as l u  t h e  u n i p o i a r  W u u t c  }n r t  it m u s t  I r e  done l o u  ea ch  p o l a r i t y  t u n m t u - s s  the s o lt a g c

‘
~I~ t )  is  i gn o r - e l I 01(1 t I r e  h i g l u i - m -  sab re  of r - s i s t a n c e  used.  This  w i l l  he l e s e r r l n . i

f r u u i h e r  in  i - ’ : : u u r r p h - i - u  in  Ch~r t i t u - m - s  and 1.

‘
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( ‘ I I \  PTER :~
I -~I-: -l l- ; R MI N-\ TI( IN Id- ’ WIT! IST-\ NI) CA I~ABI IJTI I-~S

\ NI ) I 1ROTEC 1’ l( )N REQUIR E Ml- ~ NT S

I l)esc ri pt io n c f  ~~il cox M a r k  I / I )  l I _ S

The equi pment  c m u n s i u I e r e d  in this study include the fol lowing un i t s  of the
\Vi k-ox Mark I/I) ll S :

Lmi -~t 1i i ’u-/ ;l ide  Slope Cont rol ( n i t
(;liuk Slope Monitor’ i
t~( l ( ~ r ! u / l - r -  M o n i t o r  l-~\ — 9 :~57,
Gu ile Slope I r : m n s r u i i t t e r  I I-’A 9319)
I (ueiuli/(- m ’ ~rr;iru sr uui ttc ’r (I- \—9t~53)
I u n - a  t i z e r— / Gl i de  Sloir e RI - ’ P ower -  Panel 1- -\ —9~ 5h
L (u ( 4 t l i zet - ‘( ; l i u l e  Slope Power S u t u i u I ~- (F A—9 3 5- 1
Gl ide  Sb upe Moni to r  (‘ombin i  ng N i- twork  ( l -A — 9 3 7 2 1

i ide  Slope ~-\ n te  nn~m I l :\  — t1: i 7 :~ I
Glide  Slope Moni to r  I ) e t ec to r / A ntenn a
1 ;J j~~ Sl( u J )( - l oss i’i’ Til t  Moni to r  d-’ -\ — 93 7 5)
L in- ~i b i er  Antenna — \ r rav  ( I-’A — 9%5s ~

The ( 01’ N sI)On (ling instruction m a n u a l s  for the ahos-e u n i t S  arc l i s t e d  in A ppendix
I ; . .\ l s j u i c - : m l  i n s t a l l a t i o n  t uf e i t h e r -  ri L oca l i i em -  or -  G lide Slope S t a t i o n  is shoss n in l- ig—

m r r -es 3 . I—i. (This  equ i pment  is loca t ed ins ide  ii  s l u e l t e m ~~. llgs mm - e 3. 1 — 2  shosv s a

(fl i I i - Slope -\ n t e n n a  and Moni to r  I ) e t ec to r /Antenna  and I- igcure 3 . 1 — 3 shows a l u  cal-

, em -  \ n t en n a  . \ m - r a s - . Other -  equi pment in the  ILS sy stem not i r i c - lu d eul  in  t h i s  s t c r ul s -
we r u  -

I An- ~t l ize r  R eceis -e m— s ( I - ’A—935 7  and I- ’A — h ) 4 I - I )
Gl ide  Slop e Rece ivers  ( i - -\ — 93s9 and l- ’A — tt- l  l5 i
R em o t u -  Sta tus  ni ts  I l-~-\ —939 1 and l - \  — 9- 1 I t~~

These u n s  info rmiu control  t ower  personnel when the I 4oea l i - ic,- and 1, 1 ide Sb p e

St m t IO flS ’ ar e  not f ir net  ioni ng. (See l-lgcmr e :~ . 1 —11 1 hm sv e 5 cr , s ince th e~- Ire  remote
u n i t s , i - e . ire not C’nfl nected to the Local izer/ Gl  ide Slope Equi pn ie n t  through e ( m n t  rot
l ine s , t hes- ss-e re not eons idered sn m e  rahie t ~> induced l ightning pulses.  Mu rhe r

Pe ;m con St at ions we re also not included in  t h i s  s tudy since the y :m re not ~a in f l ec t  d u  I t i

the ~\ i1eox  \ la  u -k I / I)  e q u i p m e n t .

10
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VOLUME ALARM SILENCE 
- -

LOCAL IZER AURAL ALARM GLIDE SLOPE

0-

s 

ILS IIM OT I 0STATUS UNIT

+ (
~A MADI POS co ~‘~~~ DIPA R TM INT OP T1ANSPO~ TATION -

ALARM PIDUAL AVIATION ADMINI STRATION ALARM
T-Y’I PA.~f l1 I/N

. 
CONTRACT DOT-FA74WA- 3354

MASS UT

— RA- NAV LA SORATOmIS. INC .

U - OELAI OMA aTY , OELAI~~MAS 
~
.

WtLCO~ IIJCT1IC. INC.
w~~s ay~, -~~~~~~~~~~

f igure 3 . I — I L  1 15 lAnrr li ? .eu - and Gl ide  I u u l u m  Pen~~u t e  ~- t : u t u i s I n it

3 . 2 M e thod  ( u t  I ) c l e m n d n i n g  \ u 1 m e ~~: m 1 u l ~ ( ( u m 1 i j 2 ~ u r I u !u i  s u i t  t h e \\ i l i - u x  I ~i ) h l . ~

I lie vcul n e t alu j u ly of ( ( 1111 lonent s i f  t he  \V 1 l u i \  I u’I ) I I  ~ I u u u t a m  . m ~~- I u~ \ oi l  i i  ~

in (I u cc’(l o i l  t r a n s m i s s i o n  and ( - m i n i m - md l ine s \s ms i n ~ i - s t  i g i r t e u l  h u ~ t he  f o l l u i ~u . i n i g rn- ’ t f i u i u b .

l’hc- st a r t ing  point  55 ms 1( 1 u s s u r i r  - a n u . L x i m u m u m  i ndir ec t sur i~e h s u l  un i t i r - m u l u i l i l e  pui—u -

shape h: m se l l i i )  s t m r i t i u s u l ( l r i e  u n u l e m -  I ’~Im - t  1 (I f t he  l- \ .\  I i g l u t n i r m g  I ’ r u u L m t i o n  ~~~t l i u f \

u n i t  m i e sc r ibe i t in  S e c t i u u u i  2 . 1 ml t h i s  m ’epo r -t . N ext , the  e i u - c c r i t  an m l i n r s t a l l i t i o r r  h a —

s fro m the m a n u i : m c t  cur - c-u - s  wer e  exanu r u- i l  to  f ind w h i c h  I r : t r -Isnu s s i & i n m  and control

l ines  \‘ u - l u  - l o c - r i t i  u i  o cmts ide  ml I In -  l i gh tn ing  pr ’ote c te u l sheik’ rs. I u u l l & I W i 1 l ~ t h i s , the

i- o nu ,onent s ( i f t h e  I / I )  I LS tha t  n c r - c  eon m ected d i r - t e l l s -  to these  m r r r p m - o t e c t e d  l i n u S

w r- i - i.Ie tc- r -ini m ie d. The w i t h s t : i n u l  capah i li l  ii’ s of each of the vuluie m ’abl e e u i r r u uone i i t s

w ms then calculated , r ind whe r -  r u e ct  - ssa  m - \ - , pu-ote ct i se Ie s it ’ e s  r i d l  m I n I  i l m  -r ide i I . l’he

I i - t i r r g  of f ) m ’O t C(’ t i s l  u I I 5 1 ( I S  wil l  l u -  g i \ - - r m  i n  Chap t e r  I .
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( m lu les w I r i e ! t u ; u \  I u I u u _ s i I u ] i  - —nu ~~~ u- Suumn r - cc- —i

I I n -  i u u t - m  u - u l m i e d t  svi r i r m L ~ u I i ~~~ m~ t mi s t o r -  t I n - l - ~m l i / ( - r S t : m t i m u n  s u - u -  I i g u r u -  u . ; u
’ _ I m

; m rm ul f u r  t I ~ m d i i i -  Slo l K ’  ‘— I m t i l u n  - n u -  I- j j~i i r - - : .:‘, —2m -~h m m w  t h a t  t h e ( : u I i f e .-~ l i -- l u - - I  in
I ml l u  ; i , - — I ai m s I ii - ~t nr a - u -s it I i~~I u t  i I  14 ind u c e - h  s u m - g m - s .  ( m l  u li’ s \k I : un ~ I \V~— r u e

1) 4 ) 111 bum -t ed i - ; u i u l u - - -~ s y h j u - l i  m is - h i ve i n u u i u U ! - m - -~ i nduced  m I l l  h e n u  I i -  t im  ne~m r l u \  g m u n r n I

~ i r ita’ s . ( t i - l u -  \\  a iui- ~ in open u-un r u t  I I  u~ u l u u \ i  n ; u tu- lv 30 feet  imp u u n u - leg of I I i i -  1 W - t o

‘- l u  \ r n t enm n m h i u s ’ u - r -  t l l u I i u u I i - u f u I in - c-on uli uit . )i r m - m - t  s t r i t u s  t i  the t u u - u r  a- n- u - I l

m~-I~~~u - : u u i \ _
~r u u i m n l  —In -j i u S  rn: mv in nec utu t ses ru this c riut e .

1. I (‘ur l ipu - u r e n t s  \ r m l n u - i : u i h- In  Lig lm t ru i  r~g~~~ u g ~ s

I I I nca izen - (‘on ponent -u

I l i t . ( i ( u l n i  h r ai. r :uns u t  t h e  c j u ( - r u i i - — eori nec leut  I i ,  t h u  ( m h u l u - — — lj st€’iI in j~~l

3 — 1  5 c r  t-x rm i n i i - I  l u  Sec w h i c h  m u  u u l j u l  u ric u t s  ecuu ld  he s-u l ne u - u l u l e  l i i  p u l s e s  i n u l t i c - - I
( : 1 1 105 . I h m- t im-st i - i r - c i u i t s  i -x i r n i r u e u l  s v m - m - e  that if tIre l_ ocal ii. m r M cmnit ’u r

511 (155 1 in l j~ u r i —1, l iii u i - t u f t  t ill s v uu ln em - alu te conh K l n e n i t s  mu- ~’ listed in I :u i u l(

I — I .  l h u u u n n ~h i t he  c i u n n n i - u - l  ion to t em - uiu ir r a l 3 t L 1  — 9 the fo l low ing  e u u m i u m u r w nt s were

C l u r m s i - h l r m u I  vsmln er- m lih’: CL! t IN  I :~ l u , m~~ uni t Q2 u - J . \ N  2 N ; a i 5 5 u , \1~ 1 and \]~2

u J . \ N  1\7  1~~t \ u , un i t 1 )5—I t h u u u u ~~h 1)5—10 ui nu u li c mt nr lanipsi . I I u u u u i i n h  i c r i n e c t i m u n s  i i i

‘lit- i n u l i ( a t u u r  h : m r u m p s , t h e  h u l l o s v i n i .~ ( ‘ u u n m u u u u u m n & ’ u r t s  r ni r v l u  v u ln e u - : u I u l  u - :  3_ \h—Q 1 t h  r u u u ~dh
(~~— i m m  t - I A N  \ l 7 l  I r  l u r i  t he  \ l a u - n i  -\ s ’-u ’ m u u l lv C a r - I  s t e  L i g m r u e  3. t — 2 m , 3 \ ’~—~~2 I

2 N l 7 l l u  - ‘i 1 1 m m -  \ n t e n n : m  ( m l u l u  [ a t m l t  _ V — u a r i u i i l s  (see I- ’igu r -e  3 . I — 3 u m l  3_ -\%~~~~l ,J \ N

2 N 1 7  I I t  t n - h  3 V :  - - ( L I  u - I  \ N  I N  I t  I s  on the  Sigr il Pr o c e s s r m r  - \ s s e n i ) h t v  (‘ r i d  (see

I - i n n  n e  3 . I — 1 .

t h e ( ‘ ( u n m l m ( ( t i o n  u u l  (able \\ -I t i  1 1’fl 1— 3  t hen  l i i  3 ’ t B l — l  I iZ eu ’o Hef .  Pulse ( m i r t i

m akes t ir e 1( 110 ’  components  s imlne r - : m l u t m - :  % . \ I ~ i i.m l  2N 17 1  I i  on t h e  l ’ i n i i r - mg : \ s s e r r i f u l ’~
( ‘ i t i d  5( ’(  I - i gu r - t ’  3 . I — S m , 3QI and 1~~~ -U\ N 2 N n m ) 5 5 i  m m  t h e M o n i t i u r ’  M a i n  I - u - n i n e

-
~~~ \ o lt s i r l u t l y , s i-c  I- i n u m r - m -  3 . — I t  un i t 3 -\ 1 — VH 1 (.i . \N  lN 7 l s A u  on the  _ \ l ~m r i n  \ s —

s i - r i i l u l s ( : m m - u I  1541 - l - i g t u u - e 3. I — 2 i .  The (‘ iu f ll i( ’ ( ’t i o f lS  l u  l I’P 1—li u C u u c u m s e  l ) e t c - e t e u l

S i g n e d  ‘ ru  ;m nd h i  l ’FI ~ 1 — 7  (W i d t h  I ) i ’ t i - c t e d  S ign r m l  h i m  fm om ( m i u l i -  W I  c o n t i n ue l u

l i - r n r i i n : u l n  : t i n ~— i  nd :Vl L 2 — 3  rIsju (-(-t is - (I5- , nu ak ing  the  tol lowing components

v u l n m i ’ r : m l u l i - : : u \ l — l ’ l - \  \ l (  155si m n m l  3 - \ l — - \ f f l  ( l N 7  I — A m  on t h e  C m a r u - s e  Channe l

Sig n: il Pr i m - - sa m u r - \ s s e r u i l u l s -  (sm-i’ f igure I — I )  an d 3 A 2 — I ’ l \  ( \ I C  1555 and :L \ 2 — V H l

( I  ~ 7 I~~. \ m  on t he  W i u l i l i  S it ~ n : m l P m ( u e l - s s o r -  ,\— s cniu tm l s set ’ I -’igun ’e 3. I — I ) .  fr i  a d ml i t i i a m i

tn t ’  - -~~ so i l s iu i p lv  o r m  tIre ’ n u m : m i n r  t r i u n e m i s  also be vu l ne r’rihk ’ .
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The connection of cable W I  to t e r m i n a l  I T I 3 I — 1 ( )  and  t h en  to t e r m i n a l  3 1 1 1 2 — S

of the lo e  ml i z e i -  \ I m i m r i t t - i r leads to the - Sot )  l i z  .s i n e  Wfl s- c osci l l a tor  of the  - \ n t t - n u n a

C :rh ie I - m ul l  -\ ssenil ul v . The c-o il -il ron-ic nts ot ent i u i l~ vol nit ’ r able he ’nan a na the opt- r—

at t en d u r i j u l i f i e r  3 A s — I  3 I:  i \ IC 1 SsC I 12 ) and the  qu a d r a t u r e  l) i l ate  ral switch
:1 .- \ s — I 2 C l ) - I m ) l ( - \ I ) 31 i~ t ’e I- igu z’e 3. I — % i .  A mld i t i on a i i v , the  — \ n tc ’n n a  Cahie l-Hu lt

s t -n i l  dv is potent ial l y vulnerable thm ’ough connections 1 ‘F B I — L I , li a nd 17 leading

:I I’112 —7 , ¶1 and 1 1 .  The connections : m r e  to identical c i rcui ts  (‘ able l- ’aul t 1k’ —

1 1 ( 1  or Signal I n p u t s  t : ;  , ( - I  t n m t  1~5 ss hose vulnerable (-omp onent is 1/2 of i

\ lC  I -SSs( :112 m3 - \ s — (  - 1 .\ , — [ I  H an i l —t I - l A m .  The signal  i npu t  I S  is onl used on

s~ i - k’ i~~ )l  i’ t im u -~ an te  nna ss- s t e rns .  On the s :mn ie c urd , all of these con nectio n s lead

P u t he  5( 111 :mge n ’eg i ml i to m’  in the - -1 V stmpp lv , :1 As —Vi i I i 1 N7- I  S

Ot h(- ~
- vu lnen ’a l ) le  c ’onlp (mmwnt S connected to cahle \V 1 are locate il  in the ’ l ocal—

i y e n  , \n t e n n a  -\ i r i s  through tei’m i ri m] block IT B  I i see Figure :~ . t— ; . These

(‘I I u I i i u l u I n m - n t s  m n - i - l i s t ed  in T almh -  1 . 1—2 . The f i u s t  u f t hese  is t i r e  an t enna  n n i s a l i g n n u e n t

sw 1( 11 , s~ t l i ( ’f l  iS t i  mn n i e c t e m t to  t er m i n al s ( ; ‘l ll 1—1 and 2 r r K t is normally  -lo s eu l .

The u e u i i  u iu ui ng  ( i t t -  nti aflv s-ulnc ’ u-able COfl ) I)ont ’nt s  i r e  di ~yte  s coiit ain in g il - i the

I n tegr al D e t e c t o r s  t l u ( m u u n - s e i , t 2 ( W i d t h m , [3 i ( ’ ablc I- iu lt i , t -Im Cii ile I- ault ) and

I S u ( a lu le l- ’ a n l t i ;  I f e t c ( - I l u i -  [5 is only il l s ta lle t in Wide A p ( ’i ’t iu l( ’  S v s t u n n s . l lue10

Ii t c ( - I I i  r~ i re  all im l e n t  i( :m l m s  shown in F i g i m n e  :1 . 1 — 7 , anul  I he vul lie m ahle com p o n e n t s

a u - c ( ‘ i l l  arid ( 112 If  P 5 0 s 2 — 3 m m 7 7 m  and ( ‘1 13 t I I l ’ 5 0 5 2 — 2 S U ) ) i .

3. 1 .2 Cli It. - Slope C o m u n j s u n u e n t s

T ne m i m t m - m r t i : m ] l v  s - u l n e r L f ) l e  component s j r - i  t h e  ( ; l i m l i _ 
~‘l(r l)( ’ \ l u m n i t o i -  t h l ’ ( uI m g fl

conne( ’t i~~n~ t o  (‘ i l u l t - s \\~~~ ) and \V: ) n r a -  I i i- i t e i f  in 1 11)11’ 1 , — 3 . (see l- ILruI’es .1 . 1—2

and :1 . - i — s m . ‘[hi 5 - (-i l c’uit (‘nnneets to  th e  Antenna  Tilt Sw-itch anul is sj n u l mu’ P u  t he

Antenna \l is ul ignnuur ’ nit Si I t (- I m (‘ i u - i - o i l  in the I 5oealizci’ M I ) n i to i . Th u - ough c o n m n u e e t  ion s

l u  P in 3 T f t l — 9 , t h u  f m u ] I u u i i  m u g  (‘orujioflents m a y  be vulnerable : (‘UI t IN 1 3 — I), (fl

awl (~2 m - l \N  2 N : i 0 ~u i u , \UI and \ 1 1 2  - I \N  IN 7-IIi -\ ) and I).—~— I through l)— —J () mi n d i c it om-

1 m m ~ I S I .  t h r oug h (‘ 01111 (5 -ct ions to  the  i uu d ic a t  or lamps , I he lollowin g corn ont ’nt S mis-

In - v u l n e r d u l e  ( u 5 1 e l- igum ’e 1.  1— 2 ) :  :1 \ h— ~~1 , anti Q— th rough  Q — l i ) , intl (~~ l I -I \N

2 N 17 11 (111 the neat -  field I tm a t h  Signal I 1r - i i t t ’  sso r se m I m I  s ( - :i m l .  On the sum - - S i i ~n u mi
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I 3’i B 1—10 . I Iere ~r~ :1i n th e  c i rcu i t s  ar e sens i t ive  to addi t ional  c apacitanc ( and

resis tance , so the recommended protectors are the special low capaci tanc e diodes

see Table 1—3) . This completes the recommended protection for the G l i k  slope

~t ation c i rcui ts  located in the shelter. The remaining vulnerable ri rcuit.s are

in the M oni to r  I ) et ec tor /Ant enna and the Towe r Tilt S~ i tch .

The other end of Cable ~~ connects to the Monitor Detector/Antenna u n i t

which is a modified Integral I)etector . The vulnerable components are the same

is for  In te ~ ral Detectors in the Localize r Station Antenna Array .  Terminals
C , 13, 1) , and A in the plug—jack \V8P 1 —9 J1 of the Glide Slope unit  correspond
direc t ly  to terminal s 3, 4 , 5 , and 6 in t e rmina l  block GTB 1 of the Localizer Unit .

The recommended protection is the same as for the Localizer uni t  1)Ut the j )rot eCt i~~
devices for the Monitor Detector/Antenna Uni t listed in Table 1—1 must be installed

in a separate  terminal block inside a junction box added between Cable \V~ and the

plug—jack connector \ \ 5  P1 —9 .J 1.

The last vulnerable component in the Glide Slope Station is the Antenn a Tower

Tilt  Switch , U nit  15. This is a pendulum type , normally ope n , whose current

ra t ing  is ~~ I amp when closed. The protective circuit resistance should be kept

below an :i t dition al 200 ohms. 1161. The recommended protection on the line

whi ch  is normally at +2~ volts ( terminal A in W9 Pl—1 5J 1) is to limit the voltage

to 55 volts , —0 volts and the current through the switch , when closed , to 1 amp.

Since the switch is normally open , a protective diode is added in the retu rn line

Is previous ly mentioned t see Table 4— 5) .  Installation of the recommended protective

do vic s \V ill require a seperate te rminal block in a jUflCt iO fl box ad(lcd between
( ‘able ‘SV9 and the I) lug—j ack connector \V~)P1 — l5. l  I at the Antenna Tower Tilt Switch ,
( n i t 15.

1. 3 Installation

‘I’he recommended ~li vices for the prot ection of the  Wilcox 1/I) ILS Localizet ’

an ’l Glide Sloj x S ta t i ons  u t i l i z i n g  the leadless t ran sient  suppressor diodes is given

in ‘ 1 :11 h~ 1—1 through TaH - I — S .  A t e rmina l  block designe(l to accept the leadless
t r : , n s i o n t  suppressor dio4 ( 5  of A ppendix C is available and Is show n in Figure 1. 3— 1

1 17 1.  Those blociss are available in u n i t s  to hold up to 10 diodes . A typ i ca l  ins ta l l  at ion
is show n i n Figure 1 • 3 — 2 w i t h  two series r e s i s t or s  installed. When installing the

i’ot vet i ye iIIo~le ci r cuj t  s , a separate , (Ii 1e( t , ground connect ion should 1 e provided

t o  at each te rmina l  block to insur e prope l operation of the protective c i rcu i t s .
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I”I~urc I. 3—1 l ightning Protection Mod ule , Plan View

l’he plan view gives ci - j t  ical clearance and mounting dimensions . The 5 t e r m i n a l
u n i t  is h signated I- A 9455A . The 10 I c rminal I s design ated F A 9455B. l i Lnire
-I • :1—2 is a full scaly photograph of the I” A 9455A showing diode Insertion and

i stw- mountin g fot the most corn fllOfl ~t r rangement s.
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APPENDIX B

Wilcox l/D ILS Glide Slope Station
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Wilcox l /D ILS Glide Slope Station
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A I ~I~ENl)rX C
LI-~i\DLESS TRANSIENT SUPPRESSORS —

K L I• :CT R ICAL CHARACTERISTICS

Pages (‘1 through 3 tabul ate the electrical characterist ics and FAA par t

numbers for the transient suppressors spec ified in this handbook . The -I EI)l- (’

equivalents are not mechanicall y interchan geable and are included for reference
purposes . Also included is a listin g of commercial equivalent units also manu-

factured by Gene r al Semiconductor Industries , Inc. t ’ se of the data sheet is
with permission of the copyr ight owner.
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TRANSZORB
TRANSI ENT VOLTAGE

•.‘41~::: ~~ SUPPR ESSORS
1 .5KC6 8-

GENERAL SEMICONDUCTOR INDUSTRIES, INC 
1.5~~~~~ OA

D ESCRIPTI ON
l O s  leatf ies s Tra ns Zorh is designed for (l irect retro f it  ua replacement 0f a gas - discharg e suppressor

when l~~~er voltaqe s Ii i l It - p i lO t )  to protect vo lt ac~e se nsi t v p c i rcu i t ry  - For Bipolar appl icat ions . st - i ’

notes on the reverse si de. —

The Tra nsZort , has a peak pulse power rating of 1500 wat ts  for 1 rni l l ,seco nd are) th e refore r i o  ft ,

15 ,11  ri .i ~i~iIic~ 1 I n s  where Induced light n ing on rural  or remote transmission l ines present a hazard to \~ ~~~~~~~~~

the - - l i - I t ro n ic  c i r r u it r y  IReferenc e : R . E A . SpecIf icat ion P . E.  60) . The response time of T rac isZ n r b
clamping act ion is ef f e c t i ve l y instantaneous (better than 1 x 10 i i  sec -I ;  th e re f o re they can protect
I r i t i - I ; ra t e d Circuits MOS o evices Hybr ids and other vol tage-sensi t ive semiconductors arid compo
si l c i s  T i i Is/I IOIS can also be used in series or parallel to increase the peak power ratings 

_________

Trans Zo r hs have proven to he ef fec t ive  in Airborne Avionics and Controls . Mobil Corn mur r i cat ion
Equipment . Computer Power SupplIes . Numerically Controlled Machinery, and in many other ap-
plic at ions where inductive and switching transients are present _______

• 1 500 watts peak power dissi pat ion

• Ava i lable in ranges from 6.8V to I1OV. -

. ____k

~

. ~(( \\
MAXIMUM RATINGS
• 1 50(1 Watt s of Peak Pulse Power dis s ipa t ion at 25 C -~~

• t • . ~ 10 volts to By minI Les s than 1 x 10 ~ seconds - - 
- - - I

• O pera t I ng  arid Storag e Te m peratures — 65 to +1 7 5 C
• F o’~~ - i i  I o m .ji rati i iy 200 a m ps . 1 - 1 2 0 5 1 1 1 1 1 1 1 1  at 25 C ; 

~
‘ — 

- — - _ -

• ~t - - i I  - St a te power ilissipatii iii 1.0 W _____________

• H ’ c I l i - i I i  rate ldi oy d i l l 1 0 1 -  V • - - - —
,• •‘• ‘- •~IC~ ~~ ~~~~~

MECHANICAL CHARACTERISTICS 1~ 
- ______

• Cer arriic Case with Metal Caps 4
• Weight 1 25 grams lappro s imate ( — -

• Polari t y marked with polarity iymbol - 

Z
• Body marked with logo ariii typ e number 

_______________

ELECTRICAL CHARACTERISTICS - 
-

• Clampi ng Ratio 1 33 @ Full rated power ~ --  
-

1 1 5 @ 50% rated powe r - 1 
_______

a’ a *-i no 
- 

-‘
~~~~~~~~~ AISRE VIATIO N S I SYNSOI S

• i • - . . - • •  
V~ St and DII v eil.9, App i,ed R~~eaa
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GENERAL SEMICONDUCTOR INDUSTRIES , INC.

ELECTRICAL CHARACTERISTICS at 2 5 C  
___________ ___________

Ii  TEST ~~VEFORNua, lviii
el It is t CLOMP iN G iCliduha M*OiMUM r—’ I

s1085 511 11(5100 ill VQ LI A G} II VISIt Plan Puisa MAX iMUM Oil 41 5. • lOws~voua ~ 1011151 - - i - 1 150051 cuvillam nuesealuvi - - 
~~~~~ v~~ — p,, 

~J s~ • Iklha~GINSICI 5 ~ ,,. I Iv n 1 1, 1 -  I . 0. -5 ~~ -e 1- CO I l I iC i( N t  ___________________

SINICON DUCTO* V i~ it, DI OPPUt lUlls

S SkC6 8 c SO 1- 12 ‘ ii, 1(7 I I -  ii I I iiiii t i - I  us - — —  i
1 SKC6 SA ‘ in in 4 5  I I Ii 1~ I I lVi ii  - X i  Os 7

NUWIIP .0111 inn Ma, 10115 0 5 C , ‘1 

~~~~~~~~~

ifi

1 SKC7 $ in u s i, ‘c  b . 10 I - c i i i ) ~~~5 il l -_

1 S KC 7 SA i- 1~I - I i - 
5 5  Ii! I i  I Sh I l l  I ill )

1 5K(8 2 i in I  7 5 1 1 1 2  I Ii Il S lull I 20 n ic  — 
—a

1 ¶ kC S .2A - i ’ - -. m l  ii 1 I h il l  - -

l . 5k C9 1 - I - in I~ I i l i l l  I l i ii 50 159 m S  
_____________________

I 5 K C9 I A  S S i -  - -  S c  I i i  -I Sli I I .’ 1 1, 33 I I  1 2 1) 4 5 6

- SKc to  mu 4 liii I i II I I S  0 tO  1 1111 ii - - r 1 C  l~lSi(
I SKC 1OA ii c c  ‘I S I i )  - I 5 10 I - i i  ii - Ft CU8( 3 — P Alav e Form
1 SKC 11 in 4 2  -, -, 2 1 - i 2 5 - I Il - S
1 SkC i lÀ 1 - I -  1 0 5  II -- - I S  m 5 n.  0 S

15 11I SK C I2  9 2 111 0 1 1 2  - I t  1) i l l  
~~~~~~~~~~ I

S ~KC 1 2A Ill I I  -l Ill - - ml - - in tSiu F~~w .I f~~Psub Pu~~vsI SKC 1) i(i~~ I t  t I i I 9 1 1  1~~ Puh.Ti~~ Ou,,cs,ioat
1 SKC I IA i i  1 Il I 11 - - b 1 5 3 3 2  lii I

C 75
1 SkC1 4 11 I I I  in I h . 5 1 2 2 1 1  5 -33 1154
t 5 KC 1 SA 1 - I I I c  ,~ l - - c i - - i n - I N—--
I 5K C 16  i 2 I ~ 4 - ‘- - in I--$ - 19i1 S 

—I S k C 1 6A 1 1 t  I S  — Is in I 2 2  m ’ - l i n t -
— —

1 SK C 1R I s  Is  — 0 I ; m -  s 5 t  S - lo l l
C S1 SK C I8A l b  4 I C  I in - 2 5 ‘- I s MM

I - SKC2O - 2 33 0 22 0 1 ~- - t  1 5 S I  S 515

1 SKC 2OA i 2 1  0 I 2 - S - -I i i  - 
—

1 S K C22 . 7  33 19  ii ~ 1 2 I II 1 4
1 5K C22A I in 11 2l~ 4 2 3  I I III S S - i-i 0-

1 5kC24 19 I h I  ‘- n - 4 I I S I i  1 1 4 4
1.5 K C24A ‘ i  5 22  33 - - - — I I  — IS  14-I I) — —

0 Si) 00 150 2(0)
1 OK C2 7 :1 0 2-5 I :1 I i-i I S i~~ - I I1iI~ i.ntp.,an.nn
I SKC2 7A 2 4  I 25 c 211 -i I c -s IIYi- FIGURE 4 — Den t ing Curve1 SKC3O 24 4 2 - (I i i  0 1 . 5 4  S I-I 1 1 1 -i -

1 5KC 3OA ~~S 211 ‘ II S I I I  I 15 1)4 -

1.5KC 33 $i mi ~• 7 i’ I - -l 5 3 1  S ( t i n  Non-s t andard  vo ltage type s between those
1 sK€33 A in — I I  4 14 7 I .~ c 5 4 1  (911 r~biilate d may be specified as illustratedt . 5KC36 S - -i I 4 2 4  i-i m~ m 5 2 0  5 ~- I

1 SKCS6A iii i-i — I 44 1 S 40 199 Fa mml y T ype Nominal BV Tol erance Suff Ix
I 5KC39 37 m - 15 I -52 1 - 0 4 5 73c 5 101)
1 5k C39A ii I I I I - ii I I I I  5 233 110 

— . r ~~~~~_~~~~~~ _J__ _~~~~~~~~~~~
—

1 5 KC4 3 34 5 iS 4 4 - i l  -, S 14 1 0 1  1 SKC 7 2  A
I SKC4 3A It -  in -s o e 45 2 I ‘ 4  I 5 25 4 10 1

BV Wil l  be Nom nal By ‘ 5% for AI S KC4 7 IS I 42 4 5 1 . 1 I t M  5 2 2 2  lii i
I SKC4 7A i l l  - - I-i -i-. -i I t~ i 11 6 2 4  2 l O t  s u f f i  • t ypes arid 1 O~ o for non -su ff ix
1 SKC S1  II 1 4 5  1 515 I I - I S 2 (1 -* 102 t yp es at the test cur ren t  of the near
I S KC SIA j I  I 1)11 S S i t  I ~ii I S 11 4 tO ?  lower stan dard voltage type
I 5kC56 4 511 4 t I  I I ~O s  S 111 6 lO t V 5 Will be 85% of Nominal BV for A -
I 5KC56 A 4 1 1  ¶ 4 2  5511 I ‘ o  S o s  1 0 4
1 5kC62 Sl i  2 ¶5  a sti I I 

~~ II S I 0 9  1114 s u f 0 io  type and 81% of Nominal By
I SKC6 ZA 1~ i l j  - - - ~ 

I 85 0 I 7 . 1114 for non-suffix types
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~aI”e ?~pq I~ •q,aii ~ iltanid WIl l,, vilag I,an,lon bn Iv Para lle l ml in nlcenno,y fo r tIC, un i ts to be c ioseit 1 5KC7.5 through types 1 .5KC 1 10.
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