
2nd B i e n n i a l  

Wovabl e  B r i d g e  Symoosium 

November 10, 11, & 12, 1987 

S t .  P e t e r s b u r ~  Beach, F l o r i d a  

LIGHTNING SURGE SUPRESSION 

FUNDAMENTALS AND APPLICATION 

F r a n k  C. B reeze  
E l e c t r o n i c  Systems C o n s u l t a n t  

T i l d e n ,  L o b n i t z  & Cooper, I n c .  

Or lando.  F l o r i d a  



L i g h t n i n g  Surge  S u p p r e s s i c n  

Funda~eer i ta l s  and A p p l i c a t i o n  

Frank C. Breeze  
E l e c t r o n i c  Systems C o n s u l t z n t  
T i l a e n ,  L o b n i t z  & Cooper,  I n c  

Or l ando ,  F l o r i d a  

P a r t  1 - INTRODUCTION 

L i g h t n i n g  i s  among n a t u r e s  most b e a u t i f u l  phenoc:enons rind b a s  been 
w i t h  u s  s i n c e  t h e  beg inn ing  of o u r  e x i s t e n c e  on  t h i s  p l a i i e t .  Man?, 
r e s e a r c h e r s  i n  b i c c h e n i s t r y  b e l i e v e  t h a t  l i g h t n i n g  was p a r t i a l l y  
r e s p o n s i b l e  f o r  f o r n ~ a t i o n  o f  b a s i c  ami ro  a c i d s ,  and t h e r e f o r e  
o u r s e l v e s ,  fro1:i t h e  p r i m o r d i a l  soup which e x i s t e d  on o u r  young e:?rth. 
Today, l i g h t n i n g  i s  viewed a s  a  t h r e a t  t o  b o t h  l i f e  and p r o p e r t y .  I n  
t h i s  work we w i l l  exsniine t h e  v e r y  n a t u r e  o f  t h i s  ptr~~nonienon and t a k e  
;I c l o s e  l o o k  a t  modern measures  t o  p r o t e c t  o u r b e l v e s  arid o u r  
iciuipment i ron,  i t s  e f f e c t .  We wi.11 a d d r e s s  a  number of f r e q u e n t l y  
asked  q u e s t i o n s  such  a s :  Where does  l i g h t n i n g  come I ?  How 
s t r o n g  i s  a  l i g h t n i n g  b o l t ?  And How f r e q u e n t l y  d o e s  i t  o c c u r ?  

The re  o r e  niany f a c t o r s  which i n f l u e n c e  o u r  g l o b a l  w e a t h e r  sys ten:  
i c c l u d i n g  d e n s i t y  of  s o l a r  r a d i a t i o n ,  r o t r t i o n  o f  t h e  e a r t h  and 
topography  of t h e  l a n d .  These f a c t o r s  c o n b i ~ e  t o  produce  c i r c u l a t i n g  
a i r  c u r r e n t s  and d i f i e r e n c e s  i n  a i r  t e m p e r a t u r e ,  ba ron re t r i c  p r e s s u r e  
and hunr id i ty  w i t h i n  o u r  t r o p o s p h e r e .  B a s i c  laws o f  ~ i r y s i c s  come i n t o  
p l a y  a s  t h e s e  a i r  niasses i n t e r t c t  w i t h  one  a n o t h e r  c a u s i n g  c l c u d  
fo rn l a t ion  and c y c l i c  w e a t h e r  sys t ems  s u c h  a s  h u r r i c a n e s  and 
thunders torn1  c e l l s .  S i n c e  l i g h t n i n g  i s  o u r  m a j v r  c o n c e r n ,  t h i s  
d i s c u s s i o n  w i l l  f o c u s  on t h e  m e c h s n j ~ m s  wlrich i t i r m  t k a u n d e r s t o r e ~  cf.3 I s  
and r e s u l t a n t  l i g h t n i n g .  

PAR? 2 THUNDERSTORM F(IP&ATI (114 

A t hunde r s to rm c e l l  i s  a  d e f i n e d  s y s t e m  o i  c i r c u l s t i n g  a i r  
c u r r e n t s  caused  by e  t r o n t z l  wez the r  sys t em o r  e s  t h e  r e s u l t  of  
c o n v e c t i v e  a i r  mover'ient w i t h n  a  l o c a l i z e d  a r e a .  A t h u n d e r . i t o r e  n;ay 
c o n s i s t  of  ninny suck c e l l s  which form, hecome s c t i v e  and d i e  d u r i n g  
t h e  c o u r s e  of  :! s to rm.  T h i s  b i r t h  and d e ~ t h  i s  c c o n t i n u o u s  p r o c e s s  
d u r i n g  t h e  l i t e  of  a  s t o r m  w i t h  e a c h  i n u l v i d u z : l  c e l l  l a s t i n g  an 
a v e r t g e  of twen ty  niiriutes. 

C e l l  t o n i > a t i c n  d u r i n g  a  f r o n t s 1  s t o r n  o c c u r s  as  a  c o o l  'jgh 
p r e s s u r e  a i r  nlass e n c o u n t e r s  a  wurrner c i r  r n i j ~ s  o f  lcwex p r e s s u r e .  A s  
t h i s  c o o l e r ,  d e n s e r  s i r  mass e n c o u n t e r s  t h e  wcrmer a i r ,  i t  s l j p s  
b e n e a t h ,  f o r c i n g  t h e  wermer m o i s t u r e  l a d e n  s ir  upward tc. h i g h e r  2nd 



h i g h e r  a l t i t u d e s .  Clcud fo rma t ion  o c c u r s  a l o n g  t i le  f r o n t i l l  l i n e  a s  
t h e  t en :pe rc tu re  o f  t h e  upwardly moving a i r  r e ~ c h r s s  t h e  deb: j i u i n t ,  
p r o v i d i n g  a  d i s t i n c t  f r o n t a l  s q u a l l  l i n e .  V e r t i c ~ l l y  c i r c u l e t i n g  
c u r r e n t s  i n  t h i s  ryye  of sys tem s e t  t h e  s t a g e  f c r  l i g h t n i n g .  

C o n v e c t i v e  s torn i  sys tems a r e  caused  by a n  u p w e l l i n g  o i  wnrni m c i e t  
a i r  a s  t h e  r e s u l t  o f  s o l a r  r a d i a t i o n .  These systenis  a r e  o f t e n  nrore 
random and  l e s s  d e f i n e d  t h a n  f r o n t a l  s t o r m s ,  g e n e r 6 l I y  o c c u r r i n g  i n  
t h e  s f t e r n o o n  and e a r l y  even ing  h o u r s .  S torms cf t h i s  n a t u r e  o c c u r  
more f r e q u e n t l y  a t  lower  l a t i t u d e s  where sufimiertime s o l a r  r a d i a t i o n  
a n g l e s  and  r e l s t i v e  humidi ty  a r e  h i g h .  L i k e  i r o n t a l  s t o r m s ,  t h e  
r i s i n g  columns of warm m o i s t  a i r  a r e  r e p l a c e d  by c o o l e r  p o c k e t s  o t  
s i r  and c i r c u l a t i n g  c u r r e n t s  a r e  e s t a b l i s h e d .  

- - - --60LF.' F i g u r e  1 depict:: t h e  a c t i v i t y  
which occu1.s w i t h i n  8 

thuliderstorni  c e l l  . K i s i n g  
c o l u n n s  of  warn* n1oi s t u r e  1.ideri 
&is c o o l  2s  tbe?y n - i g r a t e  h i g h e r  
::nd h i g h e r  i n  a1 t i  t u d e .  L i q u i d  
w a t e r  d r o p l e t s  ?re formed w!iich 
f , v e n t u a l l y  f r e e z e  t o  form i c e  
c r y s t a l s .  A s  t h e  p r c ~ c e s s  
c o n t i n u e s ,  dor.inw;.~d c u r r e n t s ,  
u s u a l l y  n e a r  t h e  p e r i u e t e r  of 
t h e  c e l l  c c r r y  t h e s e  h i g h  
a l t i t u d e  p e r t j c l e s  tow?rd t h e  
e a r t h  where once  a g a i n ,  t h e y  
beg in  moving upward. While t h e  
e x a c t  niech;inisn~ o i  c h a r g e  
s e p a r a t i o n  w i t h i n  t h e  c e l l  i s  

F i g u r e  1 c e l l  i s  n o t  f u l l y  u n d e r s t o o d ,  
The Thunders torn ,  C e l l  i t  i s  believc:d t h a t  t h e  f r e e z  

i n g  and thawing  of w a t e r  
mo lecu le s  d u r i n g  t h i s  p r o c e s s  c r e a t e ?  a n  abundance of  f r e e  e l e c t r o n s  
i n  lower r e g i o n s  o! t h e  c e l l .  The upper  s r e c  01 t h e  c e l l ,  w i t h  a 
de i i c : i ency  o 1  e l e c t r o n s  assumes a  n e t  p o s i t i v e  char:;e. A s  t h e  
p r o c e s s  c o n t i n u e s ,  t h e  s t r o n g  r i e e a t i v e  ciiar9,e c e n t e r  a t  t h e  b a s e  cf 
t h e  c e l l  c a u s e s  f r e e  e l e c t r o n s  i n  t h e  e a r t h  b e n e a t h  t h e  c e l l  t o  be 
r e p e l l e d  r e s u l t i n g  i n  a  n e t  p o s i t i v e  c h a r g e  on t h e  e a r t h .  Charge 
s e p a r a t i o n  c o n t i n u e s  w i t h  e v e r  i n c r e a s i n g  p o t e n t i a l  d i f t e r e n c e s  
between e l e m e n t s  o f  t h e  c e l l ,  w i t h  e l e m e n r s  o f  a d j a c e n t  c e l l s  and t t ie  
e:$rtil below. O t h e r  c e l l s  i n v o l v e d  i n  t h e  s torn l  a r e  a l s o  e x e c u t i n g  
t h i s  p r o c e s s  a t  6 i f f e 1 - e n t  s t a t e s  o f  c h a r g e .  

When a  s u f f i c i e n t  s t a t e  of c h a r g e  i s  r e a c h e d ,  oxygen be tween t h e s e  
charged  b o d i e s  b e g i n s  t o  i o n i z e  a s  a  r e s u l t  o f  t h e  s t r o n g  e l e c t r i c  
f i e l d ,  forming p o c k e t s  o f  h i g h e r  t h a n  normal c o n d u c t i v i t y  i n  t h e  a i r .  
P o i n t  d i s c h a r g e  c u r r e n t s  o r  c o r o n a  may be  o b s e r v e d  f rom t h e  t i p s  o! 
t a l l  o b j e c t s  a s  t h e  p rc , ces s  c o n t i n u e s .  Senr:ien o i t e n  r e p o r t e d  t h e  
c s c c k l i n g  sound and b l u i s h  glcw c i  t h i s  phenomenon as S t .  E l n ~ o  s 
F i r e .  H a i r  w i l l  o f t e n  s t j n d  on  end d u r i n g  t h e s e  c o n d i t i o n s  a s  a  



warr~iri$: o f  ifnrr~inrnt dange r .  One s t o r y  to16 in  1 i f : h i n i n ~  c i r c l e r ;  
i n v o l v e d  a  g roup  of t e e w a g e r s  found dead a t o p  ;I k n o l l  i n  orre 01 o u r  
n;rt j o n a l  parks:. UnC youth  was fc~und wi t i ]  ;I cnn:e~-2 wi!i cir cont;,inc,d 
t i l i n  i r i  tirt3 oL!irrs pos ing  w i t 1 1  t h i ? i r  h:!ir t i n  I e n d .  ' I l i ir  
f a t a l  warning: i!od nut  been heeded.  

Once s u f f i c i e n t  breakdown p o t e n t i a l  i s  a c h i e v e d ,  s fe!i.ntly v i s i b l e  
c u r r e n t  known as a  s t e p  l e a d e r  l e a v e s  t h e  c l c u d  on i t s  j o u r a e y  toward 
e a r t h .  F o r k i n g  and b r s n c h i n g  o c c u r s  a s  t h e  l e a d e r  f o l l o w s  t.he 
p o c k e t s  o f  i e n i z e d  s i r  ; long a t o r t u o u s  p a t h .  T h i ~  i s  a r e l a t i v e l y  
s low p r o c e s s  i n v o l v i n g  a nunher  of  m i l l i s e c o n d s .  

Upon n e a r i n g  t h e  e a r t h ,  an upward s t r e a m e r  r i s e s  a t  a  p o i n t  n e a r  
one c r  more of  t i le  app roach ing  l e a d e r s .  T a l l  r b j e c t s  w i t h i n  r a n g e  o f  
t h e  l e a d e r  a r e  u s u a l l y  t h e  f i r s t  t o  g e n e r a t e  a  s t r ea i i i e r ,  e x p l a i n i n g  
wily l i g h t n i n g  r o d s  work and why towers  and e t h e r  t a i l  s t r u c t u r e s  
r e c e i v e  a  g r e a t  d e a l  of  l i g h t n i n g .  Once t h e  s t e p  l e a d e r  and uywa1.6 
s t r e a n e l -  j o i n ,  s h i g h l y  c o n d u c t i v e  p a t h  i s  e s t ; b l i s l i e d ,  s e t t i n g  t h e  
s t a g e  f u r  t h e  f i n a l  s c e n e .  

A c t i r ~ g  a s  a gcnd e l e c t r i c a l  p a t h  between t h e  h ig i r ly  ci l i i rgee c e l l  
and c a r t t i ,  t h e  I i g h f n i n g  channe l  c a r r i e s  ex t r rn ie  ,-~!ii:iirihs of c u r r e n t  
irr ar, a t  tempt t o  r ~ c u t r n l i z e  t h e s e  c h a r g e  d i  i t e r c i ~ c e .  T h i s  c u r r e n t  
kriowlr a s  t i le r e t u r n  s t r o k e  changes  front n r a r  zerc,  Lo v a l u e s  uli t o  
r i e v e r i l  hundred ttguusand aniperes o v e r  a p c r i ,  d  l r s t i n i :  o n l y  
oricr-<.seconds. I h e  i l a s h  i s  b r i g h t  tind h i g i ~ l y  v i s i b l e  ii.1- m i l e s .  A i r  
s i i r r cund jng  t i ~ e  cil<innel i s  he;ltetl arrd expand5 n t  i . i ipi!rsonic s p e c a h ,  
r f c u l t i n g  i n  n l c u d  c l a p  of t h u n d e r .  Hearc! c l c s c  b y ,  t h e  r e p c r t  
soiinds l i k e  a  s h a r p  cr::ck. A t  g r e a t e r  d i s t i ~ n c e s ,  s rumble  i s  iir;<rd 
due  t o  t h e  v a r y i n g  t intes  o f  ? r r i v s l  r! sourid i r o r l  d ? ? i e r e n t  p a r t *  o : ~  
t h e  channe l  e n d  a c o u s t i c  a t t e n u a t i o n  o f  h i g h e r  i r e q u e c c i e s  by t h e  
a tn i c sphe re .  

A f t e r  t i le  i n i t i a l  d i s c h a r g e ,  a r e a s  o f  tile c l c u d  ~ ind  e a r t h  d e p l e t e d  
u i  c h a r g e  by t h e  s t r i k e  a r e  q u i c k l y  f i l l e d  by r en ia i c ing  c h a r g e  i r  t i le  
s u r r o u n d i n g  a r r a s .  With t h e  l i g h t n i n g  ctr.tnr~t.l s t i  1 1  we11 
e s t ; , b l i s h e d ,  t h e  pr-ocess r e p e a t s  i t s e l f -  u r l t j l  s u f i i c j e n t  c h i r p , e  11;s 
been e q u a l i z e d  t o  i n h i b i t  t h e  prcbcess. These  r :ubscquent  r e t u r r ,  
s t r o k e s  c c c u r  i n  r a p i d  success j .on  wit11 up t o  f c r t y  iwr  r e c o r d e d  i x  ;: 
s i n g l e  s t r i k e .  Our n a t u r r l  p e r s i s t a n c e  o f  v i s i o n ,  r r e r t r i c t s  u s  t o  
v i ewing  t h e  i i r s t  and s u b t e q u e n t  r e t u r r i  s t r i k e c  a s  one e v e n t .  

Thus f a r  we have d i s c u s s e d  on ly  c l c u d -  ti)- bruund s t r i k e s  tnd ii;,ve 
p a i d  l i t t l e  a t t e n t i o n  t o  i n t e r  c l c u d  arid i n t r : :  c l c u d  d i s c n a r ~ e s .  
These e v e n t s  o c c u r  i n  t h e  sarne i,~ilnner- a s  t i e s c r i b e d ,  b u t  b e t h e e n  
c h a r g e  c e n t e r r  o f  t h e  same c e l l  c r  be tween n e i r b y  c h a r g e  c e n t e r s  o i  
a d j e c e n t  c e l l s .  ThLe r : c t i v i t y  o c c u r a  n:ore i r rquen t : l y  1-11iln grr .und 
s t r i k e s ,  however,  t i le o n l y  t h r e a t  posed e y  t l ~ i s  c l o u d  t i ,  c l c u d  
a c t i v i t y  is troni r e , d i a t t ~ d  e l e c t r o n i ~ g n e t i c  f i e l c s .  



We a r e  occ: is i rn; l ly  a sked  i f  l i g h t n i n g  e v e r  strikes 1 r e n 1  t i le  e ~ i r t h  
u p w a r d ,  a p r o c e s s  j u s t  t h e  r e v e r s e  o f  no rma l .  T h i s  type o: strike, 

d o e s  o c c u r ,  however r z , r e l y ,  u s u a l l y  t r ip ,ger i .d  i r o f i~  :I t::ll s t : ,ck <;I- 

rower  t o  a cir.. . , ~ t t .  - ,. c e n t e r  n e a r  t i l e  t o: a t r ~ r i ~ i d e r ~ t i v i r o  c e l l .  
C i ~ ~ - r e o t a  a s s c > c i z t e d  wittt  t h i s  pticwonicnort : i i c x  nc r i i ; i l l y  l c ~ r ~ o i -  ti~:,r; 
L t ~ o s e  icr ind ir e conlmcn s t r i k e .  

F i g u r e  2 i s  :i c o m p i l a t i c , n  
m - . . , . . , . . , o f  re?corded il;,t:~ produced  by 

C jdnos  2nd P i e r c e  a t  S t a n f o r d  
I 1 c he!  reniiive son i c ,  

"" FIRST RETURN STROKE I IW o f  t i??  r;y?tez! o v e r  i u s t ~  I I < > L  
!i 
yi : I  currt3ilt .  i s  i n v o l v e d  i n  t, 

t y p i c a l  l i i t n  s t r i k e .  
S t ~ t i s t i c ~ ~ l l y ,  ii;i!i o! a l l  

yl 3 0  LA ~ - >  strikes w i l i  p roduce  c c r r r n t s  
SUBSEOUENT RETURN 

STROKES o t  I k i p c i c s  and be l cw .  

-LLuVI~%& Li i rger  s t r i k e s  w i l l  c r c u r  r , j i . h  
:01 0.' 1 1 5 10 1030 50 I 0 8 0  SO $ l S S 9 ( i  PO..$P.BP 

9. > ORDINATE d e c r e s s i n g  i r e q u e n c y  i n  p r o -  
p o r t i o n  I t i e r  a r i p l i  t : ide ,  

F i g u r e  1 - L i g h t n i r , g  I n t e n s i t y  i i o v r v e r ,  t i l ey  d o  o c c u r  and 
( C o u r t e s y  SRL I n t e r n a t i o n a l )  must be  d e a l t  w i t h .  

(Men1.c P a r k ?  Cn) 

Tiie s e c o r ~ d  l i g h t n i n g  niechanisni o f  concer i .  i n ~ ~ o l v e s  t i l e  
~ l e c t r o r i ; i ~ r ~ e t i c  e n e r g y  r i i d i a t e d  i r o ~ : ,  t h e  i i g h i n j n i :  cii;lnr?~.I rlur-ing t i i c?  
I i r s t  :'nil i;ubsequt,ni: r e t u r n  ::tro!;rs. Our p h y s i c s  i n s t  r u c r o r s  t o r i ~ l ~ t  
u:; Llizit ct1iini:iri~ t l i ~  f l ow  c:i c u r r e n t  i n  n ci . i?d~ict i i r  w < ! ~ , i f d  cru:,e. :a 

pr-opii1-t iirnttl cilange i n  t i le  n ; ; g n e t i c  f i e l d  i~i-cuttc! :her coni !uc tor .  Wt: 
: i l so leurn i 'd  t i t?r arty wire. plhcei i  i n  t h i s  c ' ,  : i e l d  c ~ c i ~ l d  
p r ~ d u c e  ;: v o l t a g e  a c r o s s  i t s  l eng t i i  $,ripc3r 1 ii,ni,i ti) i i i e  r e  t r  o i  
change .  And h o  j t  i s  w i t h  l i g h t n i n g .  

F i g u r e  3 de5:ci-i bes  ttie e1ec t r i1m; :~ne t i . r .  i r e q i ' r n c y  rpectr i i i : i  r;dic t c d  
front a t y p i c a l  l i g t ~ t n l n g  cnnnl ie l .  Much l i k e  :,n a p i ,we r fu l  AM i - ; c i i < .  
t r a n s o : i t t e r ,  t i i is  e n e r g y  i s  r a d i s t e d  tiirciugh s p a c e  on0 I i n d s  t h e  r:;iny 
a n t e n n a s  whi.ch a r e  o u r  w i r i n g  s y s t e m s .  Whi l e  dl-ivirl?: be tween  c l i i e : :  
a t  n i g h t  and L i s r e n i n g  t o  a x e a k  AH r z d i c  s t a t i e n ?  i t  i s  cormon t c ,  
h e a r  c r a s h i n g  sounds  from l i g h t n i ~ ~ g  g r e a t  d i s t r n c e s  awz:y. 

Reviewing  t h e  f i g u r e ,  we f i n d  tile e n e r g y  cox~t;iineci i n  th;s f i e l d  
t o  b e  i n v e r s e l y  r e l a t e d  t o  f r e q u e n c y .  T h i s  e a p l s i r s  why 1 i g k t i : i n g  
i n t e r f e r e n c e  ( and  rzost p o w e r l i n e  a r c i n g  i n i e r r e r e n c e )  i iaa  i: 

pronounced e f i e c t  on c o n m u n i c s t i o n ~  a t  l ower  f r e q u e n c i e s  w i i i l e  hi.gher 
f r e q c e n c i e s  - r e  v i r t u r i l l y  inmume. 



.. 
I 

0 4 0 1 1 .  1 ,a ,* lP 1w Ib 
FREQUENCY - Mtb 

'Vhi. t~i.xl t I n , < .  y i i r i  (%lr:;ci\,r, 
:3tlcll i l > t ~ , - l < ~ r , ~ I , < ~ c ~  :I:: >.,ti.cl;lc:. 
it1 t i l t ,  ~ ~ i c i r i i . , ~  o !  t i  J C U  I > : $ I I ~ ~  
VtIF t i , l c t , i s ! i  11 s i t : i l , i l  c u l t ( .  I 

a iiij:ll 1 I Lltil*' vil;inr?t~! cncl 
Llie iclet-fei-trice 1 be 
r ip,nj  S j c a n t l y  r educed  o r  
d i s a p p e a r .  F i r i d  r n t e n s i t i e s  
r e a c h i n g  cne  v o l t  pt!r m r t c r  ;:re 
r e f l e c t e d  i n  t h e  g r ~ p h ,  q u i t e  
u n r r r i a r k z b l r  u i i t i  1 you nc,tc 
t h a t  rneasurei!!rni:s ili!ve been 

'igriri. 3 - Electroniaynt?Tic R a d i a t i o n  i ~ o r n i a l i z e d  t o  a d i r t ~ i n c e  
(Courtesy SR1 i n i e r n a t i o n a l )  o f  t e n  ki loniet .ers .  The 

(Eienlc Pa rk ,  LA) s t r e n g t h  of t h e  t l e c t r o n a g n e t i c  
f i e l d  r? ,di ; , ted fr-oci ;I l i g h t n i n g  

channe l  behaves  ~ c c o r d i n g  t o  i n v e r s e  s q u s r r  law. Gonsequenr iy ,  i t  i s  
q u i t e  e a s y  t o  s e e  t h a t  ex t reme f i e l d  i n t r n s i i i e s  w i l l  be  p r e s e n t  i n  
l o c a t i o n s  c l c s e  t o  a  s t r i k e .  

As ;, i i n a l  !iote: i i  j s  in!pcrtant  to un2e;-stand t i i r  beh;:vio;-  i.i 
cocr:iinly used  c a b l e  s h i e l d i i q :  n . ; i t e r i a l s  exposi:? t o  t h i s  e n e r g y  i n  i l lc  
v e r y  low i r rq i i ency  spectrurii .  Pe l - i i~eabi l i  r y  uud t i n  o i ~  I ttie 
s i i i e l d  n r ~ i  i  5: o i  iricre::sin:? im;?ort:;nce a t  l cv i i r  f r c q ~ r t ~ n c i r r ; .  
Aluinifiui~ f o i l  and  copper b r c i d  s h i e l d s ,  famil i : ; r  1.0 11s i ~ l l ,  p~! r i r r r , l  
qu! L C  Ezirttl c o v e r  ;it norii~zil d e p t h s  i .  ;11s;> in i . f i i , c l  i v e  i n  
e t i  t!ii>$t- f ield: ;  I e r r i  I r i g  : ; y ~ t c m ' : ~  

Exrcr i i 'n ic  ii;ic s ~ I < ~ ~ . ~ K  t ~ t ! ; ! ~  
~ r t  i c  I i l t r i  ;,ncl 
p i t  Liict i ( ,n o i  equipiiiiint 2nd 
s:/i trl!is I ~i;!i.i;,~e 7,Jzr j e s  irl 

p ~ i  t t i re  l e v e l  c i  
l i g h t n i ~ t ~  exp12::urc. 0tlif:r- 
! :actcl-s  s u c i ~  2. i: sys t em 
iniportanve a ~ i d  C C . E ~ .  a l s o  come 
i r t o  p l q .  T h e  i c , l l owi r ,g  
f i p u r e s  r c T i  l e c t  c l e a r  
d i  f i e r e n c e s  i n  thunderstox.m 
a c t i v i t y  i n  v a r i o u s  p a r t i  ot 
t i le w i . r l< .  

F i g u r e  ii Aver; ~ e  '?h11nder?toi-n~ Figul-e 4 i k  cm!:t,tsrily r c > i ? ~ - r < . c ;  
Days ;rj thf? U.S ,  iu :IS a r  i c e 1 t i i  ci.,p: 

( C o u r t e s y  N . 0 . A . A )  depi  c t i  ny thfi i i l r r i g e  ntii-:he~ 
< I {  ti!l,c<ler':~ t<>,,,!! d r y s  i c l i  

v;!r i<,us lc,c;ti erls ttirovp,hout t l ~ r  ti. S. Yect~ii jc; i l I  y .  a t i i un ( i c ra t i~~-n i  
d i j  i s  "a day e n  ciiilcti th1111dt.r i s   he;:^-d". ' I t ~ i s  > : C : I : ~ W ~ I Z ~ :  p r i ~ ~ ; i t i v e  
nietiiod of c ,uantj iyir :g l jgt l tning:  r i s k  does  no t  s c : cou~ i t  I O I ~  n ~ r ! l t i p l e  
t . i r u n d e r t t ( ~ n i ~ : ~  o c c u r r i n g  d u r i n g  t h e  &;;me d s y  o r  f t h e  nur:,bc,r- c,! 
i i g i ~ t n i n g  e a r t i !  d i s c h a r g e s  w1iich o c c u r .  I t  i ?  io,jiori:;nt t i ,  n<. ie  t i , ; i t  

v a l u e s  r e f l e c t e d  i n  t h i s  t y p e  o: r h s r t  a r e  r e g i o n a l  a v e r ~ g e s .  I n  



many a r e a s ,  l o c a l  p o c k e t s  which r a n g e  above  and below t h e  mean v a l u e s  
may be f o u n d  a s  t h e  r e s u l t  o f  f e a t u r e s  i n  l o c a l  t e r r a i n  and t h e  
c l i c r o - c l i m a t e s  t h e y  c r e a t e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t l i i s  iii;ip 
i s  u s e d  i r !  r i s k  assessnzent  f o r  s t r u c t u r e s  a n d  a l s o  t e n d s  t o  r e f - l e c t  
t h e  l e v e l  o f  i n t p r c s t  of  t i l e  g e n e r a l  popitla t i o n  i n  I i  p ,htning and 
r e  su,'~'""sl"". 

F i g u r e  5 - Thunders torn i  A c t i v i t y  i n  t h e  bKc)riu 
( C o u r t e s y  World M e t e o r o l o g i c a l  O r ~ a n i z a t i c n )  

(Ger:t?va, S x i t z r r l a n d )  

F i g u r e  5 p r o v i d e s  t h u n d e r s t o r m  d z t a  on a g l c b a l  s c a l e .  Whi le  
c c n t r a l  F l o r i d a ,  w i t h  o v e r  100 tiruiiderstorii t  d:.ys p e r  y e a r ,  l e a d s  t i le  
Un i t ed  S t a t e s  i n  l i g h t n i n g ,  i c  i s  e a s i l y  o u t r a n k e d  by c o u n t r i e s  i n  
t h e  t r o p i c s ,  e s p e c i a l l y  where  moun ta inous  t e r r a i n  i s  i n v o l v e d .  
L i g h t n i n g  i n  r e g i o n s  of  h i g h  t h u n d e r s t o r m  a c t i v i t y  i s  n o t  n e c e s s a r i l y  
any  " ;o re  i n t e n s e  t h a n  i n  o t h e r  a r e a s ,  t h e r e  i s  s i n s p l y  more o f  i t .  



F i g u r e  6 i s  t y p i c a l  cf t h e  d a t a  
iurr!i stied by n:odel-ri l i t ; t i t . i i i~g  
ti-:.cking: and 1cr;it i i i r ~  :;ysti,ri;::. 
L i t t r i n  by v i r t u < .  i  i t s :  
r . .  i .  I 1 d  e l  ectro:i,;i&,nt.ti r f j c l ~ i  

k'i,KJ L FIlNDAfiiENl ALS YI(OTE(,l ION 

. . 
+ _,*111? / /  , .-Ct . . ... ' may be d e t e c t e d  and l o c a t e d  

1,ightiiinf: zn'i p r o t e c t i o n  o f  crir e q r i i p n i r ~ i  Lrw i r s  e l i e c t s  i s  a  
ni; , t ter c l  i r ic reas i r ig  impo i~ tance  i n  t odzy  2 wi:ll<! i , i  e l e c t r r i n i c  
t echno logy .  On < i c c a s i o n ,  we hea r  s t ~ r t e i i i e n t s  J r~n ; !  s?? tc .o~ <!wners and 
t t . ch i : i ra l  pe r sonne l  t h a t  l j g t i t n j n %  h a s  hecuc:i. much w i . ! ? ~ .  ii: r e c e n t  
y e  These s t ; t e r ~ e n t s  u s u a l l y  f o l l o w  a 11" 1 i on  o i  t ~ t i f i r  zyvt ern 
b r i n g  conve r t ed  by l i g h t r i i r g  t o  r: sn!oking p i l e  <;! t u b b i e  o r  ; nun 
i u n c t  inn;il wass c! p a r t s .  A c t u a l l y ,  1 iglitri~nf:p i r  aL.i.uI Like ~;;:citc, ; : F  

I C  h a s  always been .  l t  i ,  o u r  e q u i p r e n t  w1:irh hi):, bectlr!r i7iiie 
s e n s i t i v e  t o  , t s  e i i e c t s .  

-. . < -.; . t .. *,. . ! , . . . . . . . ."B*L, . .. 
! . ., 
! 
! - 

Our o b j e c t i v e  i n  p r o t e c t i n g  any ecjuiprient or  s y s t e m  i s  ti. 

e t l e c t i v e l y  r e d u c e  t h e  p o t e n i i a l  d i f f e i . e n c e  seen  he tweec  any n z e t c l l i c  
conduc tu r s  e n t e r i n g  c r  l e a v i n g  th;!t l y s t ~ e m  ci- jte1.i o f  eC[uig.menL ti. a  
s a f e  v 2 l u e .  To a c h i e v e  t t i e se  g o a l s ,  2 syster.  c! ~ r i u n t l i r i g ,  bonding  
;;nd s u r g e  s i ~ p p r e s s i o n  i s  u t j  l i z e i .  Frir exzr ip le ,  s u p p v s e  qr:u r ~ i  h i :  t o  
p i -o t ec t  cori!non t e l - e v i s i c n  r e c e ? \ e r  wliisli i s  c p e i ;  te i :  i r c m  t h e  
120\/Ac l i n e  2e.d s e r c e d  by c e b i e  t e 1 e v i s i c . n .  I f  one  were t r ~  cut. t h e  

u s i n g  a sys ten:  of t i a e  
synchron ized  r e c e ~ v e r s  and 
computer  t r i a n g u l a t i o n .  T h i s  
d a t a  i s  r e c o r d e d  by t h e  

i .slnn<i 
/ C*LS.+a' I 

I cor!iputer f o r  pl  c . tLl  r:g pu rposes  
! *I 

< k-.-+ -.-- (11- p reseni :z>t iun  on r e n l  t ime 4 1 y-- d i s p l h y  d e v i c e s .  Many s y s t e n r ~  

---, - - - - .. "age" t h i s  dis!:lay d a t a  c a u s i n g  
s t r i k e  i n d i c a t i o n s  t u  s h i f t  i n  

Si:niE: EQ_Wx - So ilILi-5 c u l c r  w i t h  t h f  p n s s h 2 e  of t i n t r .  
Exaniir:at i on  of t h i s  c o l c r i z e d  

F i g ~ ~ r c .  6 Ligli t i i ing T r a c k i n g  datr! p r o v i d e s  riot o n l y  a n  i n .  
( c \ , i i r t e sy  U.5 .  Burcz11 of Land Mguit.) d i c a t i o n  o f  where t h e  s t o m ,  i i ,  

(and Los Alen in s  N a t ' l .  L a b s )  bu t  1 s  t h e  r ; i i - t ~ c t i ( i n  i n  
which i t  i s  r icving.  Most o! 

t!~ix [ l r i i ted S t a k e s  i s  s e r v e d  by silcli systenis  l o r  such  plzrpose:, r s  
cxurly d e t e c t i o n  of i o r e s t  f i r e s  end t o  a i d  iri p i - o t e c t i o n  0:  h:iz;iri'oi:s 
ordir,;ince f a c j l i t  i e s .  Much of tii it;  i n i i . sn : a t i zn  i s  a v a i l a b l e  t f  t \ ~ e  
~ e x z e r a l  p r ~ b l i c ,  i n  f t c t ,  nt:,ny t e l e v i s i o n  st;Lion:; rise L1ii.s d a t a  ;IS, 

p ~ ~ r r  of t h e i r  weather- f o r c i i s t s .  A c t i v i t y  i n d i c a t e d  ir; S i ~ u r r  6 
r e p r e s e n t s  c c ~ v e r a g e  of  t h e  s t a t e  o f  New Mexico dui - ing  a p e r i o d  o f  
;pprc::;imately two hour s .  The ran), k  a r e  jrrburrd s t r i k e s ,  
d i s t i n g u i s h e d  by t h e  systeni  froo;  c l c u d  t o c l c c d  z c t i v i t y  u s i n g  
s i g n a t u r e  r e c o g n i t j o n  t e c h n i q u e s .  



power c o r d  i n  h a l f ,  c u t  t h e  e n  c a b l e  i r :  11; i l i ,  t i e  a l l  tiler 
r e ~ p ~ r l t  i n g  n l e t a l l  i c  e n d s  t o g e t t i e r  unde r  n si i -g1e c o n n t h c t o r  and r : i k t l  

s1:re t i l e  s e t  c h a s s i s  was w e l l  i s o l ~ i t e d  r r 1 1 1  t t ~ c  se t  waul<? nc.1 
wt , rk ,  i ~ o w e v e r ,  p r o t e c t i o n  wvuld be  a s s u l - r d .  I n  t l i i s  c:;:sc, i i ;I 1:rt,t> 
t i e  n  I was secri  on t i l e  power c o r d ,  t i if ,  r:~in,t, [mt  v n t  <;i 1 w ~ ~ i l i i  
be sfel ;  011 t i re  onlrnriLi inprr t .  L i k r w i s e ,  a silrj:c on 1I1e c ; ib le  i ~ : ~ , , t t  
w o ~ i l d  :,li:o h e  s e e n  a 1  t h e  poker t e r s i i n ; i i s .  tlncli l i k c  tiif: b i r d  ;it 
r e s t  on  t h e  big11 v o l t a g e  power l i n e  w i t h  no  p o t e n t i ~ l  d i f f e r e n c e  
a c r o s s  h i s  body,  t h e  set  s e e s  no  p o t e n t i a l  d i f f e r e n c e  be tween  j t s  
e x t e r n a l  c i r c u i t s ,  no  c u r r e n t  i l o w z  t h r o u g h  t h e  s e t  2nd no drin;age 
o c c i ~ r s .  I t  i s  o b v i o u s l y  i m p r a c t i c a l  t o  bond d i f f e r e n t  t y p e s  o f  
a c t i v e  c i r c u i t s  pe rn i anen t l y  t o g e t h e r  t o  a c h i e v e  p r o t e c t i ~ ~ n .  WIiit i s  
r e q u i r e d  i s  a method o f  p r o v i d i n g  o i e c lpo ra ry  bond be tween  s e r v i c e s  
d u r i n g  a s u r g e  :ind a l l o w i n g  t h e  c i r c u i t r y  t o  r e t u r n  ti, i t s ,  norillill 
s t a t e  a1 terw;!rd. T h i s  t enpcsrz ry  b o n d i r r  i z .  t t ie  p r i i i c i p1 . e  b e h i n d  
s u r g e  s<ipprer :s ic?n.  

I d e i . l l y ,  a  p r o p e r l y  p r o t e c t e d  systenr  k-ould c o n l ; i s t  o f  s netw<,rii  o i  
e q u i p m e n t ,  i n t e r c o n n e c t e d  by s i g n a l  c a r r y i n g  c c b l e o ,  2nd c c , n n ~ c t e d  t c  
power and e - r t h  g round  a t  o n l y  o n e  p o i n t .  I n  thi?  r e z 1  wox I d ,  
howeve r ,  o u r  e l e c t r o n i c  sy s t en i s  t y p i r : a l I y  c o v e r  n:<e6iiim t o  1 a r r . e  
g t c g r u p h i r  a r e a s  o f  a b u i ~ l d i r ; g  o r  s i t e ,  o f t e n  v i t t i  iiiany c o n n e c t i o i l  
~ ~ o i n t s  t o  t h e  e l e c t r i c a l  s y s t e m  and  t c  l oca l .  gr(eunds.  l'c; nc l i i eve  
c l c . s e r  t o  ,-n ide:, l  s i i u a t i m ,  i t  i s  nehcei :sary t i ,  b r e a k  t l ~ e  :.ysien; 
i n t o  g r o u p s  o r  " c l ~ ~ s t e r s "  01 e q u i p n ~ c n t  i o r  tiiri p u r p o s e  i.1 i , r r i t ec t  ic>n.  
Each c 1 u r ; t c r  i s  t h e n  t r e c t e d  cis a  sm;!ll s u b  s y s t e n  v i  ttr l o c a l i z e d  
g r o u n d i n g  and  p r ( . t e c t i o n .  A c l u s t e r  stay be  compr i s eo  o i  r l a r g e  
g r o u p  o: r r l i i t e d  e q u i ~ n r e n t  i ten; .  v i ~ t l i r i  ri s i n g l e  r o r  sn;,!il 

biii l u i n g .  I t  niay e i s o  be  a s  
s m a l l  a s  an i n d i v i d u a l  i t e r i  ci 
eqii I pniert t . The r e a s c n  f o r  
e n  3 s y ? c e n  i r t o  sni;-11, 

- 
I = current in amperes e o u :  1,nlenr i s  r e l z t e d  t o  t h e  
R = coodoctor dc resistance in oiirns 
L = cot~ductor indiictance in henries prsf(?r-n,;!i.ce 01 c o n d u c t ? r s  ilr:e:d 
di = change of current in  amperes f  bc~nd:rig: ?(!<I: ~ , c i e i ~ t  r.nti !;~!t-$;e 
dt = change of time in seconds (risetime) s l lpp i -essor  u  t c ' g ~ i l i c ' ~  . 

Reaienit>e:-, we are t r y i n g  t o  Assuming: 
conductor length = 10 meters e q u c l i z e  t h e  p ~ . , t e n t i a l .  s e e n  
conductor material: co~~,er i i c r ( . s s  ex i e rne s l  w i i  inir <. 
conductor size = #6 AWG t e rn i i r l ; ~ l s  f o r  t:lie: sy:.tc~:; ;,nd 
total DC resistance = ,013 ollms pccir per f  rb~-ni;gnce o i  h<in<lir,i. total inductance = 10 rnicrotieiiries 
current = 1.000 ani~eres c ( ~ n d u c t u r  :- wi 1 I n i  l r t : t  0111~ 

risetime = 1 microsecond ; . b b i l j ~ y  t , ,  d o  t l i j : . .  

E = (1000.x.013) + .OOWIO (1000/.000001) 
E = 13 t 10,000 F i g u r e  7 d e s c r i b e s  t i l e  
E = 10013 volts ne t t iod  rL c i ~ l c u l s t i n g  b o n d i n g  

c o n d u c t o r  p e l i i , m i a n c e  u n d e r  
t y p l c c i l  l i g h r n i n g  s u r g e  
c a n d ~ t i c j r i s .  I n  Lieztling wi ti1 

F i g u r e  7 Bonding Conduc to r  l i g h t n i n g  t r - n s i e n i s :  s n d  
Pe r fo rn i ance  d i i  f e l - e n c e s  i n  i : rou~id  



p o t e n t i a l  be tween  v a l i o u s  p a r t s  of ; s i t e ,  s t r t i c t i i r e ,  1.1- builctini:, wc 
i inrl C U I  I wj t h  mlrgni i.ude:; o f  nt;iny tliou!:;.n~lr. o :  :,sq>r,rc.:. :.nd 
I - i  s c t  inset; wlii i t 1  nwy b r  ;:s stlort .  a:: 1111~. n ~ i < ~ r ~ > ! ; c ~ c < ~ ~ t d .  I111dcr~ 1 li<?::<, 
I i t : I L I o f  I i n ,  i t  I ?  1 :  I I I C .  ci. i 1 i i;: I 
I 1 ~ I I  I I I I I  I j ,  I i i I :  i n  cuil I > O I I ( I ~ I ~ ~ ~ ,  ! : ~ ~ : . t < , ~ a g  

I i i i l i< l~ tc  L ( ' I  5 , i 11 I I i I w i  t l i  : ; IV?-) . ,L ,  : ; % : I > I ) I  <,%:~; i c > 1 2  <i,.v i tc<,!;, 

equt ! l ize  p o t e n t i i i l s  s e e n  between v a r i o u s  w i r i r i g  t 1 1 1 1 s  o i  c1ur 
sy s t em.  F a k i n g  t l i e  con(1uc tors  l a r g e l -  w i l l  r e d u c e  t t i e  r e s i s t a n c e  o f  
t h e  c i r c u i t ,  however ,  t t i e  e f f e c t  on conduc t< ' r  i n i i i i c t cnce  w i l l  be  
~ i i n i r i ~ a l .  I r  o u r  e x a n ~ p l e ,  t h e  t h i r t e e n  v o l t s  producec;  due  r e  t h e  
c i r c u i t  r e s i s t a n c e  n i g h t  be  r educed  t o  o n l y  a  few v o l t s ,  b u t  t h e  
lC,UOU v o l t s  producet i  by t h e  i n d u c t a n c e  w i l l  r ema in  v i r t u ; l l y  
u n c h a n g e d  

One cw,mun iais  t a k e  found j n  g r o u n d i n g  and hcndi  ng ?ys te i ; s  i n v i ~ l ~ i e s  
p lacer , ;en t  of  i n s u l a t e d  gr t tunding  and bond ing  c o n d u c t o r s  i ~ n  r ; l e t a l l i c  
c o i ~ d u i . t .  I n  o u r  exs r rp l e ,  we u sed  an  i n d u c t a n c e  v i i l u e  c , i  onti 
m i c r o h e n r y  p e r  m e t e r  f o r  o u r  bond ing  c o n d u c i i , r .  When p l a c e d  i n  
c o n d u i t ,  t h i s  v a l u e  r i s e s  t o  a p p r o x i n i i ~ t e l y  71 i i i r r o h e n r i e s  p e r  m e t e , ,  
rn-king t h e  s i t i l a t i c n  milch wor se  tl ian 11ef  re. Recclcul ; .  t i r ! ~  t h e  ::saw 

ex;.n>ple b a s e d  on t h i s  neri i nduc  t a n c e  ..iclue of 7 15 ro ic r t ,h f~r ; r i r r :  yield:;  
a n  v\ ier ; : l l  v o l t a g e  d r o p  o i  o v e r  7OC,iiOO v o l t s !  I n  (> t t te l .  WOI [ ' A ,  1c)nf; 
b o n d i ~ ~ i ;  i . ~>n< iuc t i i r s ,  o r  t t rosc in! : t ; i l led ir! n k e ( ; I I i c  cond r l i i  n f < p , l l t ~  :!:; 
w t ~ l 1  be non-  rx i sL t , n l  l o r  p u r p v s r s  (:i s r i rgc  : , u p p i ~ ~ : : s < i r  lxrndins* ; ' n u  
1 ig l l t n i  r~f,, p,r<,uridi fig. 

I n  v i ew  c !  t h e  p r e c e d i n g  d i s c u s s i o n  on b o n d i n 8  c o n d u c t o r  
per1  oriitance, i L  becoales c p p a r e n t  why rys ten i  e q u i  pmenr n,ii.it be  de ; , l t  
wil l !  in e c . i ~ l l  c l u s t e r s  r a t h e r  t i tan t r y i n g  t o  r u n  e x t r e m e l y  l c n g  
grc~unding: and  b o ~ d i n g  c o n d u c t o r ? .  Ano the r  f r e q u e n t  sour . ie  ui  
l i g h t n i n g  daa:;ge f u r t h e r  r e j r i f e r c e s  t h i s  p e i n t .  S u p p o s e  i c r  i 
miriute ,  we i t re  i i t t en jp t j ng  t o  p r o t e c t  a  sys ten i  w i t h  ecpipri lent  d i v i d e r :  
be tween  equipment  rooms i n  two b u i l d i n g s .  These  b u i l a j c g s  a r e  
s e p z x a t e d  by some d i s t a n c e  r r i t h  o n l y  sy s t ec i  w i r i n g  i n  b e t w e e n .  Power- 
f o r  r a c h  b u i l d i r : ~  i s  r e f e r e n c i n g  t h e  lcc i , l  b u i l d i n g  p . r r~un~1  s y s t e r  ;it 

e ach  end w%cI!ict~ p r o v i d e s  a  n e t  g r o u n d i n g  r e s i s t a n c e  c;! i j v e  olirns. 

One r a i n y  a t  terrioc,n, one  of t h e  I t i  1 . r  ( o r  t h e  hu i  l d i c g  
l ig rb tn i r ig  p r o t e c t i o n  sys ten i )  r e c e i v e s  an i..veriige l i g h t n i n g  s t r i k e  
c u r r e n t  o f  ZO,OU(i aniperes .  T h i s  c v r l e n t  f1cr-j:: int:o t h e  1cci : l  f i v e  
ohm h t l i l d i ~ i g  grourici j rg s y s t e l : ~ ,  c a u s i n y  s n e t  r i s e  ir .  t t i i ?  grc,~ind 
syz t em ;lid e c e r y t l ~ i r i i :  c o n n e c t e d  tc!  i  t of ::pprii,iin,iit e l y  ltjCi,t.f.Ik; t 5, 

Every t i i i ng  e x < : e p t  t i l e  s i gn ; i l  1 1e;ivjng t l ~ i :  b u I  l<Iiii t :  ;in<; 

r e i e r c w c i n i :  t h e  rer.:vte ground 01 t i l e  o t i i e i  bujldin:: .  Under t i , : ?  

c v n o i t i c n ,  a l a r g e  cu r r en t -  nii!y be  e x p e c t e d  ti, cxi  1 t l re  I c c a l  
e q u i ~ n e r i t  on i t s  why t o  t h e  I-enlote l iu i1d i r .g  g:rcund a n d  da~iiage t o  
equipment  t t  hut11 elids o f  t i le  s i t e  c a b l e  I :  be e x p e c t e d .  T h i ?  
s c e n ~ r i c .  5s  r b t h e r  ~ i n i p l i s t i c ,  horvever,  we s e e  t n 5 s  t y p e  ci d;!~iage 
f r e q u e n t l y  i n  t h e  dzata envi ronvien t  wiiere a v a r i e t y  o f  r e r r t e  
p e r i p b e r z l  equipment i s  c o n n e c t e d  t o  a  c e n t r a l  c o n a p t e l -  v i a  l a r g e  
e x p a n s e s  c f  c a b l e .  
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S p e c i f i c  me;.sures f u r  p r o t e c t i o n  01' e q u i p o e n t  w i l l  i n v o l v e  t t ie  
f c l l o w i n g  step::: 

A .  l d e n t i i y  eqirjpnleiit t o  h e  ilic1udi.d w i t t i i n  crzdri~ p i -o toc t< ,d  
c l u s t e r .  E q u i p l e n t  t o r  ;i c l u s t e r  i s  u: :u&lly l ~ i c ~ ~ l e t l  wit t r i r ;  
t:he sanw room. I n  sor~ie c a s e s ,  e q u i p l e n t  sticli a s  a  r e r i t t e  
t r r n ~ i n a l  and p r i n t e r  niu:t  b e  d e z l t  wit.h ;is a s e p a r z , t e  c l u s t e r  
d u e  t o  ptrysiccl .  d i s t a n c e  from t i re  ciain c l u s t e r  and r e f e r e n c e  
t o  l o c a l  g ro i~ r id .  

B .  E s t ; ! h l j sh  n "windo.w" a t  t h e  c l u s t e r  a s  a! p o i n t  riL e n t r y  and 
e x i t  f o r  s l l  power end  s i g n a l  w i r i n g .  T h i s  window s h o u l d  he 
nti more t h a n  a few f e e t  iri any  d i m e n s i c n .  

C .  C r e a t e  a  s i n g l e  p o i n t  grouild r e f e r e n c e  a t  t h e  window l o c n t i c ~ n  
o r  211  equipment  w i t h i n  t h e  c l u s t e r .  C a r e  s h o u l d  be  
e x e s c i s ~ d  LC> ground  equipment  wi t t i i r ;  t h e  c1u::ter ONI,Y ti) t h e  
s i n g l e  p c i r t  g round  sr t h e  window. A l l  c ~ t t r e r  s t r a y  i.,:c,und 
c o n n e c t i o n s  s h o u l d  be  e l i m i r i a t e d .  

C .  P I -ov ide  g round  c o n n e c t  i o n s  frcxni t h e  s i n i : l c  p c i ~ i t  "wirti~ow" 
g round  ti. t h e  b u i l d i n ? ,  s L r u c t i i r i ,  e::ri lr  gr<>uri i i ,  t i le  
o l e c t r i c i i l  e y r t  [:~-oun<l and < , I  i i i - i  i t  ! 0181 5 ~ c l r  (:I t lir 
I ::s  d t ~ ! : i r r d .  

E .  1 n : : t a l l  SurLe s e p j r r e s s o r s  on : i l l  power ;in< si:>,i~;,l c r c u i  t s  a:, 
tl~c!y p a s s  t i ~ r o u g t i  t l ; e  c l u s t e r -  r i n d c w .  

The s t e p s  r ~ u t l j n e d  ;!hove mzke u s e  o i  number oF in ,por t ;n i  
p r i n c i p l e s .  F i r s t ,  by k e e p i n g  t h e  equipmi?nt  c l . u s t e r c  s~1;ill and 
p r o v i d i n g  power end  s i g n a l  l i n e  s u p p r e s s i c n  a t  o n e  p o i n t ,  t h e  
i n d u c t a n c e  o i  s u r g e  s u p p r e s s o r  b o n d i n g  c o n u u c t o r s  i s  min in l ized  
s i f o r d i r g  h e t t e r  c a n t r o l  of p o t e n t i c l s .  A l s o ,  s i n c e  n s i n g l e  p c i n i  
g round i f i g  s y s t e m  i s  used  w i t h i n  t h e  c l u s t e r ,  t h e  r i s k  o f  l i g h t n i n g  
c u r r e n t s  f:lowing t h r o u g h  t h e  c l u s t e r  and  hetweer!  e q u i p n ~ e i i t  a r e  
r i r s i n . i z e d ,  zgairr  l e a d i n g  t c ~  b e t t e r  c o n t r o l  c f  p u t e n t i : i l s .  L i g t s t n i . ~ ~  
s u r i , e s  a t t e n i p t i i t g  t c  e n t e r  t i l e  c l u s t e r  on power o r  s i f . n a l  l i n e s  w i l l  
be d i v e r t e d  int.0 t h e  s i r r g l e  p o i n t  g round  anti i l c w  v n l y  t h i cug l i  
c o n d u c t o r 6  l e a d i n g  tc, s t r u c t u r a l  and e a r t h  g round .  S i n c e  zi p a t h  t r :  
grcui id  does  n o t  e x i s t  t h r o u g h  h a n d i n g  c o n ( i u c t o r ?  s c r \ , i r i g  equ ipmen t  
w i t h i n  t h e  c l u s t e r ,  p r o t e c t e d  equjpr;ient i  tern:; wi 1 I r e  i t  t h e  !;~IP,C? 

r e l i - t i b e  p o t e n t i a l  a!; t h e i r  s u p p r e s s o r s  and t h e  r i n g l e  p c > i r t  g;r< u i ~ d  
and no  d a r n a ~ e  s h o u l d  b e  s u s t a i n e d .  The "gi-ouod wiriduw" c o n c e p t  
de f i c r i hed  h e r e i r i  h a s  been u sed  w i i h  n h i g h  d e g i e e  o! ~ u c c e s s  f o r  rsc;,ny 
y e a r s  i n  t e l e p h o n e  c e n L r a l  c f l i c e  p r a c t i c e .  



Elexst s t ,  su1)prftssors i n  conlriion ~ : : e  1 oci;iy u t  I I j zc, I I , I P ~  i,;::.i I, 

t c . c l ~ i ~ o l n g i e s .  r t  o n ,  t h t ~ s r .  arc- t h e  F I , ~ I - I < . ~ . , : I ~  d<*vicc3:; wl~ic l !  
break down rss tibe opplier l  vol tage '  i x i t en t i ; , i  ex~.ct-ii:: L l i t .  ht-i~alie;crw~r 
r a t i n g  o f  t h e  a e v i c e .  These d e v i c e s  a r e  p ickzged a s  t:wo elecicnL 
u n i t s  w i t h  one e l emen t  connec ted  t o  t h e  p r o t e c t e d  c i r c u i t  s ~ ~ d  tile? 
o t h e r  t o  g round ,  c r  a s  t h r e e - e l e m e n t  u n i t s  which p r o t e c t  a cc,nductor 
p a i r .  I n  t i i f  t h r e e - e l e m e n t  u n i t ,  two e lernents  a r e  connec ted  t o  
c o n d u c t o r s  o f  t h e  p a i r  w i t h  t h e  renia in ing  eleczent connec ted  tcs 
$:.rour~d. 

P 
WSULATO OUND ELECTRODE The t h r e e  e l e m e n t  d e v i c e  

0 8 o f f e r s  t i le  a d v a n t a g e  o i  

END SIDE c l a m p i r ~ g  a l l  t t i r e e  e l e r i e r ~ t s  
t o g e t t i e r  d u r i n g  e i  t i l e r  2 

SCHEMATIC d i i i r r e n t i a l  i n c r r s s  tlie p a i r )  
T Y P I C A L  3.ELEMENT GAS TUBE o r  C O ~ I I ; O I I  mooi. ( e q u a l  ~12rg,e 

43- 
p o t e n t i a l  on hot11 s i d e s  of t11c. 

G W p a i r )  surg,c n t  t i le  sinrt, 
i n s t a n t .  Gas 1 ~ 1 i ) e s  21-e c z p a b l e  

F L J ~  SIDE SCHEMATIC 0 1 corlducti  rig: v e r y  hie11 
TYPICAL 2-ELEMENT GAS TUBE 

c u r r e n t s  ;ind prcividc I-t.or:on;ibly 
zood I j I r .  a :  tuhe,s i , n t ~ r ; ~ t t .  
by s t r i k i n ; :  I a r c  w i t h i n  t i i e i r  
e n v e l c p e .  I c , i r i z a t i o n  o f  t t ie  
g a s  w i i l l i r  t h e  e n v e l o p e  iiinst 

/ I /  e s t a b l  isi:t?d, i n  r;ii~ch tiie ?aniiX 
way t h a t  i o n i z a t i c x  p r e c e d e s  a 

1 I 1 1 c l c u d  t u g r o u n d  d i s c h i , r c e  
I di:ririg n stol-n.. Conse~;uertL I y ,  

much of t h e  ene rgy  i n  n i ~ z s t -  
r 1 s e t i n ; e  siiri;e waveioriii c an  he 

TIME " l e t  tlrrougir" by tibe g ; s  t u b e  
before! i.t o p i r z a t r s .  

T Y P I C A L  G A S  TUBE CLAMPING CHARACTERISTIC 
on<:e 

-- ~ p e r - t r d ,  t g a s  t u b e  comes 
r ' l g u r e  H - Gar Tube r! i t l i i~i  a l t v v  v c l t s  c f  p r~ ,v i c i i r .~ ;  

I ; i , f?pressnr  c. d e r d  s l ~ o l - i  ; tcrr\ss i t s  
t e rn : i r i a l s .  I i ~ l s o  

e : ; t inguishes  a t  a lower v o l t a e e  t:ia:r t h e  p o i r t  a t  r,iiich i t  b r e a k s  
dowr!. When used  r i  a power a y p l j c a t i o n ,  ttrest- i ~ c t o r - s  may c a u s e  t i le  
t ube  t o  cont in l ie  cnnt luc t ing  h f t e r  t h e  s u r g e  Iiitc p a s s e d ,  2s t h e  r e s u l t  
o i  rornicil l i n e  v o l t a g e  on t h e  c i r c u i t .  U s u a l l y  socii. !@mi o f  l i m i t  i r i e  
r e s i s t a n c e  ( v a l v e  e l e m e n t )  o r  c i r c u i t  i n t e r r u p t i n g  d e v i c e  i s  p rov ided  
t o  permi t  Lht? t u b e  t o  extirrg:uish once St  tias pcrfornlecl i t ' s  t a s k .  

F i e u r e  9 i n d i c a t e s  t h e  i n t e r n a l  c o n s t r i ~ c t i u i ~  and ~ac1:;gir.g f i r  r: 
t y p i c a l  irietcl c;:ide v s r i s t o r  o r  MOV. These u n i t s  arc: conipriseo of  
one c r  more w a t e r *  of  s i n t e r e d  z i n c  c7xide p z , r t i c l e s  wh ich ,  i n  t i i e i r  
i i n a l  coni igr i r r t . i c ,n ,  p r o v i d e  n o n  1111ear r e s i s t : , n c e  c ' i i ; i r ?c t e r i s c i c  
which v a r i e s  w i t h  a p p l i e d  v b l t a g e .  D u r i r ~  p r o c e s e i n ~ ,  boundary  



l a y e r s  a r e  c r e a t e d  between 
PLEAD r s ~ ~ ~ ~ ~  E L E C T R O P L A T E  p a r t i c l e s ,  p r o v i d i n g  :I 

S I N T E R E D  Z l N C  OXIDE 
P A R T I C L E  WAFER 

r o i a t i v e l y  h i g h  r e s i s t a n c e  
under conili t  i i r i rs  htxlow ? I I < ?  
~.;: ted L~~-t~ai<Oow~: vvl  t:ij:t, 01 t I I ( ~  

I dc:vice. As ; : pp l i ed  v e l  tii:.c 

u O Y  I N T E R N A L  COEISTBJCIION i n c r e a s e s  ebove t h e  d e v i c e  
brf!akdowti r a t i n g ,  t h e s e  

.= boundary l a y e r s  b e g i n  t o  b r e a k  
dowt: a t  a r a p i d  r a t e  causing; 
n;ilre anii ~nol-<c c ' i i t^rrnt  t o  f l ow 

& t t irough t h e  d e v i c e .  Once ttic 
c v c n t  b a s  p a s s e d ,  the- v a r i s t o r  

.. .. o --. r e t u r n s  t o  n o r n ~ n l  condi  c j c n  

TYPICAL M O Y  P A C K A G I N G  p rov ided  i t s  p n l s e l l  i f e t i n , e  
r i t i i i g  h a s  not  been exceeded .  :I 

G E N E R A L  E L E C T R ~ C  Y I J O L A I ~ ~  S i n c e  t u r r  o n  i s  a r a t l i e r  
g r a d u a l  p r o c e s s ,  t h e s e  d e v i c e s  
a r e  c o n s i d e r e d  t o  he v e r y  f a s t  

1 0 0 V / O i V  Y E R T ~  
I O A / D I V  V E R T .  a c t i n g  i n  r e s p o n s e  t o  a  s u r k c .  
lour OIV H O R I Z .  

V a r i s t o r s ,  however,  do  n o t  
8 X 20"s TEST WAVEFORM p r o v i d e  a  h i g h  d e g r e e  o f  

TYPICAL MOV C L A M B N G  CHARACTERkSTIC c o n t r o l  ovel  l u r g e  v c l t a g e .  A s  
ti le amount c f  s u r k e  c u r r e n t  
i r l c r c a e e s ,  t h c  clnr~l:in}; v o l t ~ a g e  

i.'ii,un. 9 - K c t a l  (!xLde \';.ri.itor a l s o  i n c r e r i s e s ,  ni;ikirig u s e  c i i  
S u p p r e s s o r s  t h e  d e v i c e  q u e s t i o n a b l e  i o r  

?i t u a t i o n s  b i i e r t  d l>sc l i : te  
c  I l e v e l s  a r t ,  d e s i r t > d .  V a r i s t o r  hupprcsscir$: usibci i n  ~ic,wcr 
~ . ~ j ~ > I i c r $ t i i i n s  tiiust i i l s o  be u s  I Lhcy tc~n(l 1 0  i & i l  p a r t i ; 2 1 1 y  
; r  and  may I t  t o  h i g h  l e v e l  r .  

i s t  e e 1 : 1 1  i t  wiui~sjireiiiii ns;!::i. f-01- !:ut-z,c ::,-p[,~,~:;?,ivil is 
i !  i  i i L i e  s I n  t i  I -  n i t  i d ,  i , i k r  tlic, 
Zen<,* d j d e ,  t h e s e  uni  t r ;  w1:e.n i r r s t a l l e t !  bctwet,c Liie [ i r< i t rc ic .d  c i r c u i  L 
iind ground,  bpgin  conductin:? v igol -ous ly  wlier; t h e i r  i,rer:k(ickr: i - a i i t l g  
i s  pchi.eved. Uric, curnoon s e r i e s  i l i  c e \ . i c c s ,  inour,  ;,s Trbnt :zorbs  ( a n  
acronym f o r  t r i ~ n s i e n t  a b s o r b e r )  u t i l i z e  t1:e same t e c h n o l o g y  a s  
c o n v e n t i o n a l  z e n e r  d i o d e s  bu t  on a n~uch l a r g e r  s c a l e .  

The Transzo rb  d i c d e  p r o v i d e s  v e r y  iiarcl claniping c h a r c c t e r i s  t i c  
and r e a c t s  a t  speeds  en  tire o r i e r  of 2 few nar?osecorJs .  I n t e r n a l l y ,  
t h e  d i c d e  j u n c t i o n  a r e a  of  t h e s e  u n i t s  i s  much l e r g e r  t h a n  a  
convent ion; i l  d iode  and heavy s i l v e r  p l z t i n l :  i s  a p p l i e d  t o  bc t i i  s i c i e s  
e f  t h e  jut ict icm. The s i l v e r  serve:; t o  p r i ~ v i < e u n i i i i r m d i s t r i b i i t i i n  
o i  c u r r e n t  a c r o s 9  t h e  j u n c t i o n  and t o  a c t  a s  i rneacs f o r  c o n d u c t i n g  
tie-t swriy frorii t h e  r-eii:iconductor n i ; r te r la l .  La rge  e x t e r n a l  h ~ o t  s i n k s  
w i l l  no t  be fcund on t h e s e  d i o d e s  a s  you n i k h t  e x p e c t  for dev ice :  
r;iteii a t  s e v e r a l  thousand aniperes. The re:ison i n r  t t r i s  i s  t t ie  
ex t renie ly  s h o r t  d u r h t i o n  o i  most s u r g e s  2nd t i ~ i ,  rel:: t i v r l  y lcnp> t  tjnic 
1-equi red  i o r  rnrp,e gen t t r a t cd  h e a t  t o  i i i igr~zt t .  ti,rtw::ii tiir pr:ciiagir;& 



SILICON JUNCTION A t  f i r s t  i t  would seem 
~ A R R I E R  AMD UETA:LLR~SCA: t h a t  s i l i c o n  a v a l a n c h e  d i o d e s  
BOND a r e  t l , e  m a t  i c  h u l l c t  f o r  s?;riri3 

u L, 

s i ip i>wss i c i i ,  r v i  l i i s t  
o n  zi i l i i  :it: ; I ~ I ~ I C ~ ! , ~  : ~ b : ; ~ l t ! t t ,  

r  l;,nipin:- 1r.vi.l i rt<:ej,t,ntli,~?i o f  
O-U~N~MVM OlAEEiER 

OF* GLASS 2ENFR L I .  'l'iii: w i i i l l < I  be S O  i  f 
JUNCTION t l i ( ,se  o n i t t :  w e i r  no t  s o  

8 030' : i i . i ~ ~ i  t i v e  i c  diiil*ogr. Sruni 

it- SIANOARO ZENER cncp-  c v c r e x p o s u r c  t c  1arr.e c u r r e n t s .  
i 00-13 PACKAGE 

030.  
( h i t ,  a ionuf~ac tu re r  !>as atldrrssecl 
1 i s s u e  by connec t  i r ~ g  

aTANDARG T R A N S Z O R B ' ~  CWIP-  cp- 00 -13  %CKA&L sncietimes hliiidl-eds of d e v i c e s  
r a t e d  c t  l i U 0  ac:pei-c.s each  i n  a 

JUNCTION S:ZEUMPARIS~K s c x r i e s / p a r a l l e !  aur-2,ngenient f o r  
power c p p l i c a r i o n s .  .At an 

 ATE^ BREAKOWN VOLTAGE a v e r a g e  c o s t  o f  $3.00 e;ch i n  
q u a n t i t i e s  of 100i.), t h i s  can  

TRAUSZORB 1s A i e a d  t o  q u i t e  a c  e x p e n s i v e  
w AEG1STEREO TRADEMARK 
e OF GENERAL SEMICWDUCIOR I(*I)-1 s c p p r e s s o r .  Oti ier  n i anufac tu r -~  2 e ~ s  have  successSu l . l y  combined 
> 

i i l e se  d i o d e s  wi i l i  m e t a l  o x i d e  
ICUE ------ v: .r- is tors  f o r  p o c i ~ r  2 : p p l i c n t i c n  

r r p t c r i  I R A N S Z O R B ~ ~  CLAMPING CHARACTERISTIC 
~inii wit11 e i t l i e r -  b ? O V ' s  ox- ga:: 
t u b e s  f o r  t ignzi l  l i i ~ c  

.. . 
I ig,t:i-c !i: i c n  i l vu lznch i  : ; pp i i cz i t i c~ns .  Tlif, cc>fi,lx>ne~!t~ 

bttpp?-c,:;so~-~ co~;!l>in;iiit>n>: xiti J izvrl i ~ ;  Li,i>se 
"hybi id"  sri!,[-ri ,ssarr.  11sr n 1 ; i i : i i  

ciii.i~g,y i.lei:~rnL i n  iiic f i r s t  a t :~)~ ,e~  ti: d e r l  h i t t i  i.i:ijoi- c i .~ iponents  of  
su rg ib  cni3r-&,y, and a s n l j i :  s!~: i tr  secont! stzij?? t  p r o v i i [ ~ e  t h e  :;:st 
 IS ilnd : i : s~ lu t e  cl~.n?l>Lr~): r eq~ t j r e i [ l  i r r  pr i . . t ec t ic i i  o: ~~tiiny 
~ L T C L G ~ L S .  

I>;-i!tection of t h e  e l e c t r i c a l  sys ten;  serv in) :  a d e l i c a t e  appa r ;# tus  
o r  systen! i s  best. approached u s i n g  a  m u l t i ~ s t a g e  npproach ,  t a k i n g  
advzn tage  o f  t h e  n a t u r z l  i n d u c t a n c e  found i n  o u r  b u i l d i n g  w i r i n g  
sys tenis .  Durjnf: cwr d i scuss i c ' n  on bc.nding c o n d u c t o r s  we found t i i a t  
l o n g  l e n g t h s  o f  w i r ing ,  e s p e c i a l l y  when niet211ic c c n d u i t s  a r e  
i n v o l v e d ,  e f f e c t i v e l y  r e s i s t  t i le  F a s ~ a g c .  oi l ightr i i r ; ) ;  s u r g e  c U r i t i l t s  
Wiien i.:roviriing s u r g e  s u p p r e s s i o n :  t h i s  can  wcrk t o  o u r  aavantzige.  

T y p i c a l l y  i t  i s  w i s e  t o  p r o v i d e  s u r g e  su~prc?r ;? i< ,n  a t  t h e  
e l e c t r i c a l  s e r v i c e  t e  ;I hu i ld in : .  w i i ~ c l !  w i l l  l i n i t  sill-ge p c t e n t i a l s  t o  
a  va1;ie below tile ixi)!ulee breakdown r ; ~ t i i l r  of t h e  i n t e r i i [ > r  w i r i n y  
syster;:. T h i s  t1re;iiid~wil v a l u e  h a s  been l curid t o  be ; : i~p rox in , a t e ly  6 0 U C  
v o l t s  c;? sys t ems  witit  noniiirel l i n t :  t o  ground v o l t a g e s  below hO(i 
v o l t s .  T h i s  p r o t e c t i v e  level .  w i l l  a l s o  i ~ l i o r c l  p r ( , L e c t i n n  f o r  c i o e . ~  

nio tors ,  l i g t i t i a j :  l i x t u r e s  and ett!t!~- dul -able  e~ [~u i j>c le r i t .  Most 



s u p p r e s s o r s  o f  t h i s  t y p e  c o n n e c t  w i t h  r e l a t i v e l y  sn i a l l  c o n d u c t o r s  
ht , twecn e a c h  pt lasc  r ! f  t t ie  e l . e c t r i c a l  s e r v i c e  and t l ic  s y s t  en, nei i t r -a1 . 
A srii ; i l ier s u p p r e s s i ( i n  e l emen t  i s  p r o v i d e d  betwticn i i t , u t r a l  ant1 p , r o u n d  
fi:r i i l o s c  a p p l i c a t i o n s  whcre  n e u t r a l  a n d  ::rour?d honrlint: i s  rlot 
p r o v i d e d  a t  t t ie  s e r v i c e  l o c a t i o n .  Sir1i.t. t h e s e  d e v i c i . ~  b r i d g e  acro:;s 
t h e  e l e c t 1 - i c i 1 1  s e r v i c e  n i a ix?~ , ,  i t  i s  e x t r e r ~ e l y  i n ip ( , r t an t  t o  k e e p  t h c ,  

s u p p r e s s o r  l e a d s  s h o r t ,  anti i n  
n c  c a s e  s h o u l d  t h e y  h e  r u n  
t h r o u g h  n i e t a l  c o n d u i t .  S i n c e  
i i ~ e s e  d e v i c e s  -re i n t e n d e d  t o  
c lamp l i n e  t o  n e u t r a l  s u r g e  
p o t e n t i a l s ,  any  i n d u c t i v e  
v o l t a g e  d r o p  i n  t h e  l e a d s  

SHORT i s  d i r e c t l y  a d d i t i v e  t o  t h e  
r a t e d  c l a m p i n g  v o l t a g e  o f  t h e  

1 1  u n i t .  Fi  %,re IS 

r e p r e s e n t a t i v e  o f  a t y p i c a l  
s e r v i c e  s u p p r e s s o r .  

k-- SERVICE : SUPPRESSOR 

The s u l J p r c s s o r  stlowi: i n  
K E E P  L E A D  SHORT i i p > u r i  1 I u t i  l  i zc r ;  one  o r  n i i j r i 3  

l i r g e  1:ieta1 ox i i i e  vor- i  s t i , r s  
bctwecn i'acii a c  t i v e  p h a s e  :ir.d 

--ELECTRICAL SERVICE - GROUNO tlit, sys ten i  n e u t r - n l  c o n d u c t o r .  - ,,. i h r s e  v i ! r i s t o r ?  a r e  t y p i c a l l y  
rz i ted t o  iwi t l , s t an( i  3 s i n g l e  
i m p u l s e  c u r r e n t  u p  t o  2 5 , 0 0 0  

Pip,ure  1 1  - T y p i c a l  S e r v i c e  o r  65,00Ls aniperes  dependin) ;  
Suppl -essor  on t h e  s p e c i  f i e  v,iodel s e l e c t e d ,  

however ,  t i ley w i l l  t o l e r a t e  
i luridreas o r  even  tiious;nds o f  s m a l l e r  inzyulses?  d e p e n d i n g  on t h e  s i z e  
o f  s ~ i c h  p u i s e s .  F u s i n g  i s  p r o v i d e d  t o  refiiove a f a i l e d  v z r i s t o r  f r o m  
t l ie  c i r c i i i t  ant1 l j g n t  t h e  i n 1 1 l c ~ t o 1 - .  I t  i s  n o t  uncolnr:c\n t o  s e e  a 
v a r i s t o r  w i t h  n 25,000 ampere  impu l se  r a t i n g  p r o t e c t e d  b y  a  t h i r t y  
ampert' f u s e .  F u s e s  riielt a c c o r d i n g  t o  a  t i n i e / c u r r e n t  c u r v e  and  t h e  
L r i e j  d u r z t i o n  of t t re  s u r g e  d o e s  n o t  pesni i t  t11e f u f i e  s u f j i c i e n t  t i m e  
t o  opcn .  S t e a d y  c u r r e n t  i roai  f a i l e d  v i r i s t u r  w i l  1 ,  howeve r ,  open  
I s .  Onii iwtird a b o u t  i n d i c a t o r  lamps i:nd su;-i:e s u p p r e s s o r s .  
Soric i i ; in i i fac tures$ .  p r e i e r  t o  s e e  a lanip p l a c e [  n c r ~ , s s  t i l e  p r o t e c t i v e  
s u p p r e s s o r  e l e m e n t  s o  i t  w i l l  i l l u r n i r a t e  3 s  l o n g  a s  i i ~ c i  s u p p r e s s o ~  i s  
h e a l t i i y .  O t h e r s  c h o o s e  t o  p l a c e  t i l e  lamp a c r o s s  t i l e  f c s e  t o  
i l l u r ~ i i h a t e  o n l y  when t h e r e  i s  a  p rob lem.  The 1~crc.1 Co t i i i s  st:rsy i s  
t h a t  i i  you s e e  a  t i i r e e -  p h a s e  s u p p r e s s c , r  w i t h  a l l  l a n ~ p t  l i t  i t  i r  
e i t h e r  z.11 good o r  i : i l  Fad .  

Secondary  s u p p r e s s o r s ,  n o r m a l l y  l o c a t e d  a t  t h e  "wir;i!owv t o  e j r h  
equipment  c l u s t e r  p r o v i d e  lxuch t i g h t e r  c l a m p i n g  z c t i o n ,  b u t  w i . ~ t ,  a  
r e d u c e d  t o l e r a n c e  t o  s u r g e  e n e r g y .  The n a t u r c l  l i m i t i n g  s c t i o n  o i  
i n d u c t a n c e  w i t h i n  t h e  b u i l d i n g  w i r i n g  sy s t e r , ;  e f i . e c t i v e l y  l i m i t s  t h e  
surE,e e x p o s u r e  t h e s e  d e v i c e s  s e e ,  l e n g t h e n i n g  t h e i r  l i f e s p a n .  F i g u r e  
12 i s  ;: t y p i c a l  exaniple  o f  t h y b r i d  power s u p p r e s s o r .  



GROUND 'The, liyh: i d  : ;<~c<>i~d: , ry  { X W L , I  

btl twern 1 irie iir:<l rri.utr;il w ?  t 11 i t  

s e c o n d a r y  v a r i s t o r  e l e m e n t  
be tween  n e u t r a l  and  g r o u n d .  
The n e u t r a l  to - .g ruund  c lamp i s  
n e c e s s a r y  t o  c o n t r o l  n e u t r a l .  
t o - g r o u n d  p o t e n t i a l s  d u r i n g  a ' --..-. k--. - . . . . - - - . . . . . - . A  

NEUTRAL 
b u i l d i n g  g round  p o t e n t i a l  r i s e  

TYPICAL I 2 0  VAC HYBRID EQUIPMENT SUWRESSOR O r  cue t o  voltllge in 
n e u t r a l  c aused  by  z c t u a t i o n  o f  
t i l e  s u p p r e s s o r  i t s e l i  . The 

f i g u r e  12  T y p i c a l  Hybr id  Power s e c o n d  s t a g e  c o n s i s t s  o f  a  
S u p p r e s s o r  s t ~ c k  o i  b i p o l a r  ~ i l i c o n  

a v a l p n c h e  d e v i c e s  be tween  l i n e  
and n e u t r a l .  I f  t h e  i i r s t  and s ~ c o n d  s t a g e s  h e r e  c o n n e c t e d  d i r e c t l y  
i n  p a r a l l e l ,  t i le  d i c d e s  would a t t e m p t  t o  d o  a l l  thi?  work u l i t i l  ttit!y 
wel-e d e s t r o y e d ,  l ec>vi r ig  t h e  v a r i s t o r  w i t h  v i r t u i i l l y  n r i t i i i ~ r~g  t o  d o .  
Tlie i n d u c t c , r  hc twren  t h e  s t s g e s  i s  a n  i t j r  c o r e  d e v l c e  wcunt: w i i l i  P i 2  
o r  #I4AWG c o p p e r  ui r e  t o  ;i v a l u e  0 1  nppr t ,x im; , tc ly  l t lu  naicrciht~r~rie!: .  
'Si!i, v o l  t a g e  d r o p  a c r o s s  t i i j  :: d e v i c e  111iii t s second E, t,:.ge ~ ~ ; ~ ~ O S U I - C ,  by 
v i r t u e  o f  i  1 ' s  i n d u c t i v e  r r o l t a g r  iirrrp and  p r o p e r l y  coi : rdin; i t r : ;  ini!  
t ~ , o  states. 

Ti?c n,etiIods u sed  f r  ?i gntil  l i n e  i ;u r&e s u y p r t  !:rii;n a r o  i e 
s i n , . i l e r  Lo t h o s e  u sed  i c r  power z p p l j c a t i o u ,  h r w e v e l ~ ,  f ; : c t o r s  suck. a s  
i n s e r t i o n  l c . s s ,  c a p a c i t a n c e ,  and 1ei:k:ige r e s i e t a n c c  ~ u s t  be 
c o n s j d e r e d .  A l s o ,  s j n c e  rn;.ny ~ i g n > ? l  1 i n e s  c o n n e c t  d i r e c t  I:, t o  r;:t h e r  
s e n s i t i v e  c i r c u i t r y ,  o p e r e t i n g  s p e e d  i s  o l  m:.jor c o n c e r n .  Hybr id  
suppiesso i -? .  a r e  nc : i~ in l ly  u sed  ir. Chi.? a p y l  i c i t i i , n ?  wj t i~ e i  t h e u  g;i: 
t u b e  o r  nietal  o x i d e  v a r i s t o r  i j r y t  s t a g e t ;  and s i  I i c o n  i ;vr : l~i ic i1t  
s econd  s t a g e s .  S e p a r 6 t i o n  oe tween  s t a g e s  i s  a c c o r : p l i s h e d  u s i n g  sn , ; i l l  
v a l u e s  o i  r e s i s t r n c e  o r  i n d u c t a n c e .  

?, , ~ c , , . g l o g  p.. i o r  ~ i g r i i i l  l i n e  sup]!,-rr ,sors i s  v a r l e d  and depend.  

l ~ r g e l y  on  t h e  t y p e  01 c i r c u i t .  r e q i i i r i n g  p r o t e c t i o n .  l'e1eptio:ie 
p u p y r r s y o r s  o f t e n  t c k e  t h e  icrrii o i  t h e i r  o l d e r  c,irLort s p a r k  g a p  
p r e d e c e s s o r s  t o  pel-niit  d i r e c t  p lug .  i n  repi;cen:ent h j  t i i  2 o?(:re r~o i : e rn  
t e c h n o l r g y .  Supj i l . e ssors  f o r  d a t a  lint? ng.plicciticl? w i l l  o i t e n  LF 
e q u i ~ p e d  w i t h  >:tsncirrrcl c c n i i e c i o r s  rcljicn p e l - n i t  i:?n:ple i r : : ; e r t i on  i r i t c  
t h e  d a t a  c i r c c ~ i i .  U r i i i r  der ; igned  f<.r p r c j t e c t i c n  o f  c:i ; ,xl; . l  r a d i c  o r  
da t t ?  c i r c u i t s  a r e  a l s o  available 

Q u i t e  o i t e l l ,  s i ~ n i i l  l i n e  s u p p r e s s o ~ - s  w i l l  be  ~ i s ec i  i l l  ( :un!hinat icn 
w i t h  :i power s u p p r e s s o r  i o r  $ ) r o t e f t i o n  o i  r e s c t e  ec ,u i~nienC sucl:  a ?  a 

coniputer  o r  diit;, t e r m i i ~ i i l .  Wl~en u::jr!g n . u l t i p l . e  sup1;resiur.i. 
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wi t i r  a s l i o r t  1 l i  ~ ~ i i . 1 ,  

o i r ~ t e r c o n i - r c t  i c n  i s  n o t  
: 7 - W " - + . , o n <  cor i rpi is l ied ,  or- i  I t h e  l e n g t h  
W ,- Q W ,.. 

0 
i t  i t t i e i r i r r c c a n n e c t  ~ n : :  

( P O L A R I Z E D  
a. 0: 

- & c v n c l ~ i c l ~ i r  i s  Lc~o IL-,II),,, d ; t ~ - ~ t p e  " -- 3 - .  - n i s !  d u e  t(: i : t i I t # ~ - <  o: 
0 Q I tic: s1z[>l're::?ol.+ t(> L I - T ~ c ~  eztcl! $ P"". 

- - i.ti:e~ d u r i n ) :  n s t ~ r ~ c  or: ~ i : I b e ~ -  - - 
I I I : r t i  I . 'Tc 
ov t rcor ;> t?  t l i i  s I I 2 ;in11 
coIll .1<#1 t !  I I i :  f l i e ?  

y"w" t:, < i i ! t < !  ! l<~?><l  I r~&; 
coociirctoi  , sevi'l-;. 1~ 
1 . 1 1 ;  1 a J - < >  pock;:i;ii;g 
i ~ o t i t  p(n ,e l  anil dr t c  ([.I- jiowei 
;,nd t e l ~ p l ! o n e )  s u p p r r : , r o r i  i n  

3 Ltir s21n1e 1 Cric wi:ri7 c ~ i  
w e  c n r ~  r l  l i n e  

F i g u r e  1 2  T y p i c a l  S i g n i . l  l . in i?  s u p p r r s s c l - + .  i.; : ipprc:pr i : , te .  
t ?yb : id  : : L I ~ > ~ . I ~ . : . S O ~ F  Ne fi);trtc,r ht,xL c ~ . r e l t v !  l y  yoti 

a n : ~ l y z e  ' I -  r i r  c u i  I 5; t t i t ~ i - c  
r : i l l  1 t;e cili? !vl:ich e s 1 : i i . i ~ ~  ti.l.;;l e e 1 L 1  c r ~ n u e ~ - ~ l : i e ~ ~ ~ , l  
siirpe : :up j? res r  i r n  ~ ~ v I c P L ; .  1 t i s  go<>* ~ ~ r ; ~ c t i ( e  t < ,  ~ , T L > ~ , L : L - ~  ~i s : , ~ * l > l e  
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i e  q u i t e  j r n p r - s z i b i e  tcr c o n t r u l  tibe r i s e  o;  s u c i ,  i ; r ~ e n t i : , l s  t.lir:.ugi~t 
r " l c n e .  

I n  t p;ges wiriclt I  y c u  w i l l  i n  1 ge r i e r i , .  
s p e c i  i i c a t i i : n  cc)vi.i-jr:i. a v a r i e t y  of s i r r k e  s r lp r r  e s i i i  n : : p ~ ~ I . j c a t i i : n s .  
The  p r - ; i c t i c e s  c u t l i r r e d  i r  t h i s  s p e c i i i r s t i i ~ n  z r e  c c \ n : : i s t e n t  b 1 t h  
t I ~ o s e  d i s c u s s e c !  i r ;  i i i i i  wcrl: ,ind y plio\te u s e f u l  ir i  your  s u r g e  

. , 
e er:denvoi-v.  P r ; c t i i . e s  a -  ~115;. O I I C U ~  C ~ U  :ci. s p e c i r l  
bc ,nd l cc  u s i n g  c o p p e r  : . t r i p  L,$  ;, b<:nd ic& r8are1-ii .1 i c  t t io :  e c x i i c i n g  
1 c c : t t i i n i  v l i c r e  p c w e r  ;nd  : i g n i t l  c i r c u i t r y  czr : r i<>t  :re b i~ iu ; i : :  r l c s e l y  
t o g e i - i i e r  ir9r  he pu1-1io::e c:  I st3.j;~ I i n  ~ s t t i ~ < r r : e  
r  s t :  e n t e r  t l i e  c l u s t e i .  
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1 ,111 APPLICP.BILIT1 - -- 

A .  Sury,e  s u p p r e s s i o n ,  g r o u n d i n g  and bond ing  r c q ~ i i r e i . l e n t s  
o u t l i n e d  h e r e i n  s h a l l  h e  L u l l y  a p p l i c a b l e  t o  a l l  e l e c t r o n i c  
s y s t e m s  which  a r e  p r o v i d e d  sr: p a r t  o f  t h i s  c o n t r a c t  undel- 
t h i s  d i v i s i o n .  I t  i s  i n t e n d e d  t h a t  s u r g e  s u p p r e s s o r s ,  
grc .undini :  and  bond ing  p r o v i s i o n s  a s  d e s c r i b e d  h e r e i n  be  
p r o v i d e d  c e a c h  sy s t en i  c r  d e v i c e  by t i l e  c o n t r z c t o r  
i n s t a l l i n g  t h e  sys ten i  o r  d e v i c e .  Under c e r t a i n  
c j r c u m s t a n c f s ,  S u r g e  s l > p p r e s s i c n  d e v i c e s ,  birr:tiirg arid 
s I : e c i a l  g r o u n d i n g  nay  b e  r e q u i r e d  a s  p r i nv i s i on  f c r  cwuer  
p r o v i d e d  s y s t e m s  o r  c t luipnient .  S p e c i f i c  r e q u i r e a i e n t e  f ~ r  
such  a d d i t i o n a l  s u r g e  s u p p r e s s i c n ,  bond ing ,  2nd g1-ouuding 
w i l l  b e  i n d i c a t e d  on  t h e  c o n t r a c t  d r 2 w i K g s  o r  d e s c r i b e d  
e l s e w h e r e  i n  t h i s  s p e c i f i c a t i o n .  

13,  - ,  i n  f o r  F-;tcti h r ~ j  l d i ~ ; & :  : :o rv ice  ;ind i ( : r  p:tni.lu 
;,sic1 :-witciiiii-~iir<l:, wl i i c l~  u p  e l c c t r i c a i  C ~ I  C . L K ~  t : :  wls ;elk 

1c; :ve t  t:r pt-(;t (!ctc?d ccril i n e s  o ;  ;. bui  1d:r:g s11;tll ; . l s o  b e  
req t i i rc -d .  'Teci~riir:il r r q u i r e c i c ~ t s  and i r : s t ; , l l i i t  i c , i ~  c ~ i  ie1-i;, 
r t l r p s f  d e x i c e r  i s  i i ~ c l u d e d  ir; t h i s  s c c t i i , r i  t i )  ir!::urr 
c o c r d i n : i t i ~ n  rri v i : r i c u s  l c v e l t :  o i  suc5;e s t t pp r r r ; . i c , n ,  
bowever ,  i t  i s  j r : t ended  t t i ; i t  t t i e s e  4el:ice:: be, I and 
i r : i ; t a l l t ~ d  by t i lo  e l e c t r i c a l  con1:r;:ctcil. 

C .  Siir&,e s u p p r e s s i o n ,  bondi  ng and g r o u n d i n g  s h a l l  b e  r e q u i r e d  
on e l e c t r i c a i  and e l e c t r o n i c  s y s t e m s  a p p a r r t u s  r e s i d i n g  
ou t ? i ( ! c  ihi! c c n i  i n e s  cf ; p r o t e c t e d  b u i  l d i r g .  P o l e  r;cuct.ed 
l i g l ~ t  i n g ,  I c u d s p e a l ~ e i - > : ,  d e v i c e s  i.:cunl.ed on 1 eccer : ,  2nd f i r e  
j larnh c i ~ - c u i  i s  c o n n e c t i n g  t o  b ~ l r k f l r w  p r c v t . n t e ~ - ?  arp 
exaotp les  0 5  t l ~ e s o  t y p e s  o i  d e v i c e s .  D e v i c e s  nlcr!nt:ed on t h e  
e x t - e r i o r  xs.11 o i  8 p r o t e c t e d  b u i l d i n g  be l cw  t h e  roci i  l i n r  
s h a l l  h e  c o n s i d ~ r e d  r s  b e i n g  w j  t l i i r !  [:he p r c t c c t e d  bu i  1d i r :g .  
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i The ! ( ? l l owing  stnnt1:irdr; and puhl~cdr i r i r i ! :  i t r e  r e f r r e r b c e d  J r !  

v a r i o u s  p a r t s  of  t h i s  s e c t i o n  and s h a l l  a p p l y  t o  tt!is work: 

I .  ANSJIIEEE C62.41-  15R(i ( I E E E  587)  Guide  f o r  S u r g e  -. 

V o l t a g e s  i n  Low-Voltage AC Power C i r c u i t s .  - -- - -- - - -. . F o r  
p u r p o s e s  o f  t h i s  s p e c i f i c a t j c n ,  c a t e g o r y  A and B 
e x p o s u r e s  s h a l l  b e  n s  d e s c r i b e d .  C a t e g o r y  C e x p o s u r e  
s h 6 1 1  be  assusred t o  be s i r i i i l a r  t o  c a t e g o r y  B i n  terms 
c.5 FUI-ge viilvrfcrms, however ,  maxiniuni vo l  t t ige ;:mpli Lude 
s h b l l  be asstimed t o  be  t e n  k i l o v o l t : :  andm:,xjairtrn 
c u r r e n t .  an rp l i t ude  st1:ill b e  a:i~un~t,d t ( ,  be t c n  
k.i  1o:impe1.t,:+. 

2 .  ANSliIEEE Cbl' 31- 1 9 7 7  (1EEE i i b i . l  I Y ; i )  -- St i i nda ru  -- T e s t  
S p e c i f i c a t i o n s  f o r  Gas Tube Su rge  P r o t e c t i v e  D e v i c e s .  -- - - -- -- -- - -- -- --- - ----- - -- - -- - - _ - - - -- . 

3. A N S I ~ I E ~ E  L 6 ~ . 1  1984 S t a n d d r a  f o r  Su rge  A r r e s t e r s  f o r  - - - - - --_- - - -- -- -- 
AC Power C i r c u i t s .  - _ - - 

4 .  ANSIIIEEE (:6?.32 1981 S t a n d a r d  T e s t  S p e c i i - i c s t i o n s  t o r  
Low--Voltage A i r  Gap S u r g e  P r o t e c t i v e  D e v i c e s .  -- - - - - - -- - -- 

5 .  ANSI /II.:EE C62.33 -1962 S t a n d a r d  T e s t  S p e c i f  i c ~ i t i o n s  l o r  
~ -~ 

V a r i s t o r  S u r g e - P r o t e c t i o n  D e v i c e s .  -- - -- - -. ----- - - --- - - - - - - - - - - --- 

6.  r*Ntil/IEEE SLand<irii 8 1  19.53 Gtiide f o r  M e a s u r i n g  E a r t h  -- -. -- - -- - - --- - - - 
R e s i s t i v i t y ,  Ground Imped;,nce, and E a r t h  S u r i n c e  ------. ~ 

P o t e n t i a l s  of a Gruund Sys tem.  ---_--. 

L i g i r t n i n g  ~ r i d  60  tlz D i s l u r h : ~ n c e ~  a t  Liie Hell O[:cratinp, 7 .  -_- -  - _ _  _ _  _-_- 
C ~ m ~ p a n y  ~ Network l r r t e r i a c e .  N r l l  n ~ i c l n :  Kt,::c.;r~~cl# 
'Teci~njc;. l .  R e f e r e n c e  TH Eill' 1 s i c  1 ,  June, 1981, 

, AriSI i IEI<E : ; t~ , r i ( l a rds  ni;;iy Lsr oht  o j c i ~ d   fit,^,, t h e  in : , !  j t . r i i .  of  
E ! r c t ~ i c ; ~ l  r n a  E l e c t r o n i c i ;  E ~ , i r r , I !  5 E;;?t 47tir  
S t r e e t ,  N e w  Yc,rk, N Y ,  I e i l l i .  

C .  Q u z l i l i e d  s u r g e  s u p p r e s s i c n  ;&nd equipn ien t  i r$nuf ; !c ture r :  may 
cbLair i  o ccpy  u f  t h e  Be11 Cor.!uunications R e r e a r c i ~  S t a n d a r d  
ti:,-ougli n B e l l  Oper; t i  rig Con!p;ny rrprcsenl : ; .  t i v e .  Th1.s 
document i s  i . 1 ~ 0  on  i i l e  at t i l e  E r ~ g i n e c ~ -  s < , ! i ~ c e  foi-  
r e v i e w  by i n t e r e s t e d  p ; ~ r t j e s ,  P e r n l i s i i i n  !-i ccpy t t i i s  
docuf i~en t  t 1 been  g i i . n t e d .  

1 . i i 3  SYSTEM PEKFOEWANCE CRITERIA - - ------- 

4,. Sul-ee r:upp~-p.:sicn, priiuiidirii; and b e n d i n g  I - e q u i ~ e d  by t i ~ ~ ;  :: 

s p e c i f i c a t i o n  I pri ,I . i . i : t icn o i  e l e i t r o n i c  syhter;: .  s h a l l  
e i l e c t i v e l y  p r ( # t c c i  t i l e  sykt.enls t i ,  I i t  i i l?pI ie<i  
i3yain:it I i  g h t n i n g  ar;i i ~ t h e i -  s u r g e  t r ; ' n : ? i e n l s  t i l r r ,ugt t ( ,ut  i l l r ,  



u s e f c l  I  i i r  of ?lie sy s t en , .  Sui-he s u p p r e s s i c ; n  device: :  2nd 
1 c1 ; i t cd  gr i iui iding and bond ing  systeinr ::i1;111 h c  dc:;ijirit.rl :in(I 
; t  I  I I 6 ;  i r  tililt ii(>lnri(l 1 t I i t i  t i i ~  
!.y:;t pi:t is iiok i~ r ,~> i t i  i ~ c ~ l  (lue t < >  i n s t  ; ; I  l : ~ t  i(,ii ( 9 1  + I I < . I !  <l<,v ,c(,!;, 

I \ .  : l l L i n  I buppl -essor  pu l s t ,  1 i J r i i n . t ,  r;:l  it^'; si';!11 
issilrne t h e  d e l . i c e e  a r e  i . n s t t l l e d  i n  ; , r e a i  o i  o e i i u r i  
e x p o s u r e  when such  d e v i c e s  a r e  i n s t a l l e d  i n  ANSI~LEEE 
62 .41-~1980  c; , tegor)  A o r  B l o c a t i i n v .  D e ~ i i c e s  i n  c a t e g o r y  
c l o c a t i o n s  s h a l l  be  cnns ic le red  t o  be  i n  a n  arrzg o t  h i g h  
t : x i ~ c ~ s u r e .  f r e q u e n c y  c i  s u r g e  o c c u r r e n c e  and s u r g e  
a x p l i t u d e s  s h a l l  b e  as o u t l ~ n e d  i n  t h i s  s t e n d a r d  w i t h  n 
r e q u i r e d  mininitiu s u p p r e s s o r  l i  f e t i n : e  o f  f i  i t e e n  y e c r s .  

C .  E l e c t r o n i c  s y r t e m  e q ~ r j j n i e n t  s h a l l  be  F I - o t e c t e d  by d e a l i n g  
wit11 eoch  g r c u p  cf r e l c t e d  d e v i c e s  a s  zi " c l u s t e r "  u f  
equipiirerit and p r o t e c t i n g  a l l  r r e t a l l i c  c i r c u i t s  wliich e n t e r  
zrrd 1e:ive ti!e c l u s t e r .  The c l u s t e r  niny b r  as 1 s r f ; e  z;s 2 

c o ~ ~ p u t e r  room, c o n t r o l  room o r  eqti;pnier;l- rooci C I  a s  s;r,t:tll 
a s  a n  i ~ n t i i v i d u a l  e q u ; r n ~ e r t  c r8b ine t .  F o r  pur  ~'o:,<'E O :  

e : : t a b l i s h i n g  c:aximuci s i z e ,  a l l  rquipioent: w j t h i r :  ;i p r o t e c t e d  
c l ~ ; s t e ~ .  f i t a l l  i;.11 w i t t i i n  a  c i rcu1 , i i -  arc:! o f  r:i:t r r e a t e r  
t11;:n t w e n t ) r f i v e  i e e t  i n  r - . d i u s  ,~r-iturid ci,as;cm p i l i n t .  A11 
".or c l l  I C  c i r r u i  Is t ~ r i t e r i n ~ :  i ~ n d  le : .ving the. equi i,nit,itt 
c11i::tt.r s1r:iI I be i : r<~upcri  tci:etiii.r rat s o i i  1x:i n~  IIOI 

a .  t i n  i w r  f,y e i j i h t  f e e t .  i n  dimt?ni;ion :in(! p r r , t  ~ x c t e d  
wi t t i  on? ex (  t ~ p t i o n .  C : i r c u : t r y  wtijch i s  suppo l - r ed  by 
equipmcrt l  w i i i> i r i  tiit! c l u s t c r  I ext:eia(ljrg bey<.nd t l i e  
c1ustc.1- t o  s e r v e  d e v i c e s  w i t i i i n  t h e  bu i  Idin:: s l : ;+l l  n u t  
r e q u i r e  p r u t e c t j o n  p r o v i d e d  211  c i  t h e  L c l l c . r i i r : ~  c u n d i t i o r ~ c  
;r-f, r:et :  

1 .  C i r c u i t r y  i: e n c l c s r d  wrl.nin i e r r i i u s  n . e ; e l  c o i r d u ~ c  

2 .  No i.!iring b i t h i n  t h e  r2ceways  con t a i r ' ? r ; g  suc i :  c i r c u i t s  
extend:< beyond t t ie  con l  i n e c  o f  i b e  b u i l d i n g .  

3 .  N o  c cnnec t i c : n  i s  niiide be twren  t h i s  w i r i r i g  z(nd c i rndu i t  
gr:?und c u t $ i c l e  v i  t h e  p r o t e c t e d  p e r i r . e t e r  e s t ~ i b l i s h e d  
~ C I -  t i re  e q u i p n ~ e n t  c l u s t e r .  

4 1\11 d e v i c e s  c o n n e c t i n g  t i .  s u c h  c i  r c u i  t c  sl~r;r?l i,:.ve n(: 
c i i n o e c t l o n s  tc ,  c o n d u i t  or ( ? the? -  g rou~ id i -  c r  <, t i ler  pow ex^ 

r o u r c e s  o u t s i d e  tire pe l  inirt-t.r r s t ~ i b l  j s ncd  I t ire 
eyu i j :n i r r t  i 1 ~ 1 ~ : t e r .  

. . 
5 .  A l l  w i r i n g  LC,  d e v j c r s  ( and  c i r c u i t r y  w ~ t h ; r  dev ice : ; )  

n?u?t b e  i n ~ u l a t e d  i r o r i  c e n d u i t  and o t h e r  g i ~ o u n d s  i o  a 
r n in im~~r i  iiii];ulse breakdown l e v e l  c i  ! ( f i v e  t hous?n< l )  
v o l t s  o r  g r e a t e r .  



D .  A 1 1  e q u i p r e n t  c l ~ ; ~ r , s i s  witii ir!  ;I p r i , t e c t e d  i~c!uir,n#e~nt i.Iu:;tt,r 
sii:'J l b c  c l  l e c t  i v e l y  i s o l a t e d   iron^ str-:!y V,I i > u ~ i d s  ancl hc~ri<ic~<i 
o n l y  t o  a  ground ba r  ; i t  t i l e  supprci;sib~- 1 ~ c ; ~ t  irin 1i.r i L I P  
c l l ; s t e r .  1  ground t e r n i i n a l s  o i  t i l e  s ~ p r r - e s s o r - s  
p l - ( i t e c t i n f  t h e  c~quipment  c lu : : t e r  i l l  a l ~ n  cen r i t c t  l i b  t h i s  
b a r  u s i n g  :, ~ 1 1 c ; r t  d i r e c t  r t w t e .  The g~n ixnd  bar f u r  c,;ich 
equipn1ent c l u s t e r  s h a l l  i n t e r c o n r r e c t  wi t t i  e;:ch e i  t h e  
t c l l o w i n g  e x t e r n a l  g r o u n d i n g  sys t ems :  

1 . E l e c t r i c a l  "Green - Mire" grourrds s e r l , i r i g  equ ipn i e r~ t  
w i t h i n  t h e  c l u s t e r .  

2 .  The b u i l d i n g  m e t a l l i c  s t r u c t u r e  a t  t h e  c l o s e s t  p o i n t .  

3. The n e a r e s t  p0ir.t  o f  a t t a c h m e n t  t o  t h e  b u i l d i n g  c o l d  
w a t e r  p i p i n g  sys t em ( i l  m e t a l l i c ) .  

1.04  SPECIAL KEQUIKEMENTS FOR COUNTEKPOZSE CONDUCTOKS -- - 

A. Where n o n - t e r r o u s  m e t a l l i c  c o n d u i t s  o r  d i r e c t  b u r i a l  c a b l e s  
a r e  u s e d  f o r  e l e c t r o n i c  s y s t e m s  c i r c u i t r y  e x t e n d i n g  be tween  
b u i l d i n g s ,  or- froin b u i l d i n g s  t o  v ~ r i o u s  p o i n t s  on t i l e  s i t e ,  
c o u n t e r p o i s e  c o n d u c t r r s  s h a l l  be  i n s t a l l e d .  T h i s  
r e q u i r e m e n i  sh:ill be met on a l l  such  c i r c u i t s  i n c l u d i n g  
t h o s e  i n s t z l l e d  ir. non f e r r o u s  r n e i z l l i c  d u c t s  which a r e  o 
p;rr ef a d e s i g n a t e d  d u c t  Lank. 

B.  ( : o u n t e i p o i s e  c r n d u c t c r :  s h i ~ l l  be 1"4 I\WG s o i t  d r z w n  b o r e  
c c p p e r  i n s t a l l e d  a i.'ni.rr.um o! t e n  i n c h e s  abcve  s i n g l e  
c o n d u i t s  o r  d u c t  banks  o i  l e s s  t h a n  t h i r t y  s i x  i n c h e s  i n  
wid t l i .  Wj-del- ? u c t  bi;nl:s sha l l  be  equ rpped  r i j l  h  twc s u c h  
c o n d u c t o r =  s p i c e d  a  mininluni o f  t e n  i n c h e s  ehove  t i l e  d u c t  
bank  ;nu t e n  i n c h e s  i n  t ron ,  t h e  u p p e r  o u t b i d e  c i l r n e r s .  

C .  C o u n t e r p o i s e  c o n d u c t o r s  s h a l l  b e  bonded t o g e t h e r  (whe re  two 
c o n d u c t o r ?  a r e  u s e d )  and  t o  ;I 2(!. U" d r i v e n  grour16 a t  e a c h  
o: t h e  f c l l o w i c g  l o c a t i o n s :  

1 .  At 100 f o o t  j n t e r v a l s  a l o n g  t h e  d u c t  bank  o r  c o n d u i t .  

2 A t  c h a n g e s  i n  d j r e c t i o n  g r e a t e r  t h a n  4 5  d e g r e e s .  

3 A t  e a c h  mhnhole,  p e d e s t c l  c r  p u l l  box 



1 .  T o  be l cw  g r a d e  y e r i n i e t e r  bi>n<!:rg r u n d u c t o r ?  i ~ i s t : i I l e d  
a r o u n d  h u j  l d ing r .  as: p a r t  ol  t11e hu i  l d i n r  I it;t~t::jng 
p r o t e c t j c n  s y s t e m .  

2 .  To f e n c i n g  o r  o t h e r  &hove g r b d e  n j e t t l l i c  s t r u c t u r e s ,  
w h e r e  c i i u ~ ~ t e r p o i s e  c o n d u c t o r s  p a s s  b e l i n  01  wi th :n  
t i i r e e  f e e t  o i  t i l e  f e n c e  l i n e  01- i t r l i c t u r e .  
C o u n t e r p o i s e  c o n d u c t o r s  r o u t e d  i n  p s r < , l l e l  r j  t h  
m e t z l i i c  f e n c e  l i n e s  whjcb  f a l l  x i t h i n  t h r c c  f e e t  o f  
t h e  f e n c i n g  s h a l l  be  bonded t o  r i ie  i e n c e  a t  ~ '11 grcbuncl 
r1.d : c \ ca t i ons  !I00 f o o t  i n t e r v ~ ~ i e ) .  

3 .  Wi~i?n c i ? u n t r r p o i s e  condtictor i ;  ter i ininote  a t  ; b i ~ i l o i n & : ,  
conduc!:c;rs s h a l l  be  h@nded t o  t t i e  ne : .~-es t  nl;ijor s t e e l  
s t r u c t u r : , l  e l emen t  ( s t e e l  s t r u c t o r n l  $\;stenis ! or- t o  an  
exot!~c?r-n:ic:,lly welded pigcz, i  1  extending:  17-uni m a i r  
r e i c i c r c i n g  bar-s i n  i l i e  bu i l d jn ; :  f c i u n d ~ ~ t i c n  (1 - e i r l~c r - ced  
c i l n c r e t e  sys tcnas  ). 

S P E C I A L  CBBLiNG REQUIREMENTS 1 .ti5 

A .  1 I ;  e n  teyci iu t i i f :  p r i . t ec .ced  c o n )  i r ier :  r.1 a  
1 ,  I e c  I  c ; r  ci~c:loseci iz: Z N Z T ,  jf>~-rc>uz; 
c o n d u i t  s i i s l l  be  d e ~ ~ i y n e c i  I d i r e c t  b n s i : , l  i n  <, tiie,h 
1 i  t i  environrnenl  

B ,  Cijti les s h a l l  bix cxpcc t e t l  t o  c a r r y  s i g n j  I iczinl pc ,Cen t1 :~1~  
; i s s , c i a t e d  w i t 1 1  t:hr d i r e c t  iir i nducea  e i f i c t s  o! l i g h t n i n g  
and p r o t e c t i ~ w  i r ibm p j n l ~ i l e  s t i e c th  c i n e  acd iubs:.equeni 
e l e c t r o l y t i c  a c t i c n  :;ii;<l 1 h e  y r r w i d e d .  

C .  Ciible d e s i g n  s h ~ 1 1 l  in::lude niet; l l j c  s t i ~ e l d  ;tr:ci h i g h  
( i c n s l t y  poIyethy!ene o u t e r  j a f k e ; .  F1coclir.i. co;np<wnci ::ha11 
be  p r o v i d r d  hi ' twf~ec L i i c  j a c k e t  anti s i t i e l ?  ti:  h e a l  ~ i i ; i ~ o l e  
j ;cket  p e n e t r c t i c n s  rerjul t i n g  f  l i g r i t n i n t ; .  St?,ridiird 
d i r e c t  b u r i a l  t e l e p h o n e  cab l e :  and i : A l V  c i . b l e s  c r e  
j c c e p t a b l e  f c.1- t l ~ i s  ~ i p p l  i c a t i c n .  

S P E C I A L  REQblRLMENlS  FOR EX'I'ERIOR POLE MOURTED L l G H l I N G  1 . 0 6  

A .  Ex i - e r i o r  p o l ~ e  i,ii:u:ii:ed l j p , t i t i ng  f i x t u l - e z  rn ; . l l  be  equ:pped  
w i t h  I su l -ge  supprer :?ol-  de:.igiied f c:r huch z p p i i  c a t i c n s .  
One s u p p r e s s c r  c h e l l  be j n s t p l l e d  i i i  t h e  t;andhr!le of e z c h  
p c l e  b a s e  t c r  eccl l  l i g h t i n g  c i r c u i r  s e r v i n g  f i x t u r e r -  cn  t h e  
p c l e .  

E ,  H e t ; l l i c p o l e s  rt!;ili be  p r o v i d e d  w i t t i  : i i 2  " i!" d x ~ v e ~ t  
g r 'wnding  e l e c t r o d e  i n : : t a l l ed  at t h e  b a s e  o i  t11e p61.e. 



T h i s  e lec . t r i*c le  s h ~ 1 1 l  be bondei! t o  tine p c l e ,  t i ~ f r  "&rfzr,n 
Wire" e l e c t r i c ; : ]  p,r-<,nl;d, and t o  t h e  :;urge F ~ ~ ~ ~ I - I . : , s c I  j r o u n 0  
1e:tcl wit11 a 66 AWG b a r ?  c c p p e r  c o n d u c t o r .  

C o n c r e t e  p o l ~ c  si i&il  be  e q u i p p e d  wil.11 !:uige s u p p r e s s i o n  ;in11 
grounding a s  a e c c r i b e d  f o r  m e t c l l i c  p c l e s .  I n  l i e u  o: 
b o n d i ~ g  t o  t h e  p o l e ,  t h e  B6 AWG c o p p e r  c o n d u c t o r  s h a l l  b e  
e x t e n d e d  i n t e r n n l l y  up  t h e  p o l e  and  s h a l l  be  bcnded t o  ebch  
I i . t u r e .  I 1  t t i e  p o l e  e x t e n d s  h i g h e r  t t l&n t h e  I i p h t j n g  
f i x t u r e ,  t h e  1;6 AWG g;-curlding c o n d u c t o r  ? t i a l l  hr? e x t e n d e d  
i n  u s t r z ; i g h i l ,  u11iform nr;innel. t o  n heip:ht  o i  t w e l v e  inc1les  
~ b e v e  t h e  t o p  oi t h e  p c l e .  

E.&EMPl'iOPj FRDM EXTEKNAI, SURGE SUYPRESSION REQUIREMENTS 
~ ~ 

i t  i s  r e c o g r i z e d  tha :  equ jpment  2nd cys ten ;  n : ~ r i ~ i f ? : c t u r e r s  
:jre h s g i n r i i n g  t o  a d d r e s s  s u r k e  s i i p y r e s s j o n  ;is ;:n i n h e l e n t  
p a r t  of t h e i r  equ ipment  d e s i g n  and i t  i s  t t r  i r t e n t  v i  t i t i s  
s p e c i f i c a i i o n  i c  p e r n , i t  i h e  u s e  o i  s u c h  e q u i ~ n i e n t  c i ~ l l o u t  
r e q u i r i n g  s u p p l e m e r t c r y  ex te rn . i i1  s u r g e  s u p y r e s s i < ~ n .  

S p e c i f i c  e x r o p t i c n  w i l l  be  ~ r a r i t e d  f c r  s u c h  systtz~a,;s 2nd 
cquipn ien t  up':" r e c e i p t  of Cocuaiented t e s t > .  f rom t h e  
n,;*cr~i Z:CCCI-?I. c e r i i i y i n i :  t l i e  t . b I l i  t y  o i  t i i f  eciu.rii~ent. o r  
sy:~l er: t i ,  .i.i t its tiinti c(.cliii(rri i!nd d i  I i el-f!nt i  it! rriide s u l - t e ?  c n  
; : ) I  m e t a l l i c  c ~ r c u i t s  u::jng l e v e l s  iint! v , ! \e ic . rn~+ d e s c r i b e d  
I I I 6 ' .  1 9 '  i n  i , s  ext-ended I :  t h e  2:t;ndrrds 
p a ~ - ~ l ; r z p h  o i  t h i s  s e c t i c n  l 'ulse I i i e t i m e  :.cd wjtt~:t; ;nd 
I r equir~mcn:-  I 1  bc  r e r t  i f  jed bi;ced on  t h e  
r i t  r of e x  l o r  r ~tc?ciirlrtt g:r i ~ i ~ l >  
c x ) , " s ~ r e  1ce;dt ic i i  ..:, nppr<ipr i . - i ?  t c :  t i ic  ?iic;it:on i n  w i ~ i c h  
t i l e  cqu irn~ i - i :~  b . i i  I h e  i n s f  ; i I l ~ d .  

Ex[:u!;uw i <.I- r i  r i u i  I :, wltictl cc~~:z?ect  t 0 r e l e p l ~ c i n f ~  cr,i:ij,ony 
I :  1 1 1  be  dc t  t .r i , , i l ied iriiai the Bc!l 1 Cov:i:!iknic;i i n n ?  
R : :  St;,nd:lrd l i  s t t a i i  h e r e i n .  F r equency  c! t u r c e  
o c c u r r e n c e  ::ha1 i  a l s o  b e  detern: i i ted f r t , r ~  t 1 . i ~  s t ; ! n d ~ r d .  

Sur-i,e s u p p r e s s j c n  f ~ r n i s i r e c i  4 e n  e l  p t i r t  o: t h e  
e q u i p ~ w n t  o r  sybten! c t i i i l l  h e  d e s i e n e d  r u s e l u l  l j i e t i m e  
c:f t i i t e e i i  yezr:: unde r  c o n d i t i c , n s  o ?  ex:.i>sure :I: i , u t l i n e d  
i n  t i le  a p p r o p r i z t e  s t anda i -d .  

Grl-.unding an+  b o n d i n g  p r t t v i s i vn r ;  d e s c r j b e d  1 1 e r e i n  t : t ~ h I l  

a p p l y  t o  <ill e q u i ~ n t e n t  w11;ch i . ~  i n l e r r ~ ; ! l l y  p r r , t ec : ted  by t h e  
er,u:pment 1 ~ 6 a n u i r c t u r e r .  

I n  a b s e n c e  o l  ? more r e l r t i v e  s t ~ n d a r d ,  ANSl/TEEF; C6; 41 
198G e x p o s u r e  o z , t e g o r i e c  and whueeici-01s s h h l l  b e  u t i l i z e d  i n  
d e t e r n i r i i n g  p r < a t e c t i v e  r e r e r L  f i , ~ -  b o t h  power 2nd 



I  i n .  Tiits b r anch  r i  r c u i :  w i r i n g  systci i is  p r i w i ~ i  i~ig: yrwcr  ( i t  

\ , a r i o u s  e l e c t r o n i c  sy::tt.n:s c l e  qili tc. s tc, sip,n:il h i 1  i 1 1 t 3 ,  i n  
t e rn i s  01 r aliri c l e c t  r j c a 1  c1,;irz;c t e r i s t  i c s  ~.:tiii-ir d r . 1  ( . r - i i i i ~ i < ~  

t t ~ e i r  b y  t o  propagat .e  s u r p c  enery,y.  

A .  A l l  surg ,e  su1)press i i .n  d e v i c e s  s h n l l  be c i n r i~ f : , c t u r ed  by a 

curlpany nu rn i a l l y  engaged  i n  t h e  d e s i g n ,  d e v e l c p m e n t ,  &nd 
n ~ s n u f i i c t u r e  o f  s u c h  d e v i c e s  for e l e c t r i c i i l  a r~ t i  e l e c t r v ~ i i c  
syi-ten:? equ lpn ien i .  

K .  Tlie s u r g e  s u p p r e s s o r  i e ; i n u f z c t ~ ~ r e r  s h a l l  o f f e r  f i l e t o r y  r e p i i . r  
s e r v i c e  icr 21 1 non-  encaps;uicteci  assec ;b l ie r :  ;in<: i~ep l ace rnen t  
f o r  a11  e n c a p s u l a t e d  u n i t s , .  

A. A l l  sur;e s u p p r e s s i o n  6 e v i c e s  and  support- inf ;  components  s n a l i  
be  g u a r e n t e e d  by the i n s t a l l i n g  c o n t r x t o r  t o  b e  f r e e  o f  
d e f e c t s  i n  1 .1a te r i - I  s  ant: wcic~~kr~cnship i i r -  2 p e l  i o d  ri c n r  y e a r  
f rom tilt, d a t e  of substantial c o r i p l e t i i ~ n  f n i -  tlie s y s t e r :  ti, 
wiiicli t i ic  s u p p r e s s o r  i s  a t t ~ c h e d .  

U .  A n y  +~ipjjz-esi.or w i l ?  c i ~  s t i ~ w ! :  e v ~ ~ i e r i c e  r : i  l ;I  i l u r e  ol- i ~ i c c , r r e c t  
op r i - ; . t i on  <iu~-i i r$;  t h e  wi:rrcinfy p c r i i i d  sh; i I l  b e  r e p a i r e d  r:r- 
I - e p l n c r d  its iiib o x p i n i , r  t o  t l i r  C;wiii!~ . S i i . c e  "tic1 s i,i Nattri-e" 
c>r ? i n , i  l a r  > t :~ ! t<wt~r t l  :, i n c l u d e  tt!f! I i p t ~ t r ~ i r ~ $ :  t t ~ r r : ~ ~  1 0  wl,,>ct; 
t i ~ i % s c  rril?pre>!;ri vn rlevice:: wi 11 be  e x p o s e d ,  ?ny  :..ueli c I~ r i : : e  
I i m i  l ir:y w ; i i  I-2rit). rt>:;pun;:ibi l i  t y  iri I 1 .  ccrtcij t i i :n?  c:1  
t t i i s  I t i n  I l l  no1 a p p l y  t o  t h i s  s e c t  i<.li 

A .  :.urge s i ipjrrer :s icn c e c e  s  be s v b n i i t t e d  c s  r n  i n t e g r a l  
p a r t  01 t h e  ~ q u i p i i i e o t  s u b n i i t t a l  f o r  t he  s y c t e r :  o r  equjpiibent 
wliicii t h e y  p r o t e c t .  S u r g e  s u y p r e e s o r s  a n d  t b e i r  w i i i n g ,  
b u n d i r e ,  and g r o u n d i n g  c o n n e c t i o n s  s h i i l i  b e  i n d i c a t e d  on Ltie 
w i r i n g  diz:grnn,:s f o r  e a c h  s y s t e n ; .  Equipn.,ent: g rouped  jp 
c l u s t e r s  f o r  t l ~ e  I I U I . ~ O S E S  c i i  p r o t e c t j o n  s h a l l  be  i r c i i c a t e d  on  
r h e  dr;win:;s by c l o s t e r  and a l l  b o n d i r ~ g  and g r o u n d i n g  
c o n n e c t i o n s  o  t h e  c l u s t e r  s h a l l  b e  shi:iuc~ 

B.  The s u r g e  ! ;uppress i r r i  s u h r : i i t t a l  s h a l l  t i l s o  i r ~ c l u d e ,  b u t  2,h;ill 
n o t  be  l i n i i i e d  t o ,  ciie : < , I  l rwi r ig  a i I d i t i t . n ; : l  c l ~ ~ t ; , :  

1 .  Coi!rpirte ?,chei,,.:tic dc.tc* f e l -  e a c h  suppl~e : . sor  t y p e  
i r?di~c: : t j r tg  cui!I?oneni v a l u e s ,  pr.1 ( n u a ~ b r i  7 ,  c o n d u c t o r  
s ~ z e s ,  e t c .  

2 .  Dincne icn :  i~or e:ich : : r ~ j ) p ~ ' e s s o ~ -  t y p e  i c ~ i i c s t i n l ;  nir.unl i n g  
a x - r ; i n g e ~ e n t  and r t :qu j ren  ; ~ c c e s s o r y  hnrdwi.re .  



4 .  >. ni>n encapsu1; ted  scin;l?le of e a c h  : :uppressor  t y p e  t i '  b e  
u sed  i c r  t e s t i n g  and e v a l u a t i o n .  I f  r e q t l e s t e d  by tlhe 
n ~ n n u i p c t u r e , ~ ,  sample  w i l l  be  h e l d  con! ~ a e n t i u l  u n l e s s  
c a u s e  : s  found t o  s u s p e c t  t h a t  a c t u a l  d e v i c e s  f t i r s~ i c t i ed  
d o  n o t  ri?atctl s;niple. Saniples w i l l  n o t  be r e t c l - n e d .  

5 .  I t  i s  I -ecognized  t h a t  c e r t a i n  n a n u f a c t u r e r s  d o  n ~ t  wi.sh 
t o  d i v u l g e  t h e  c o n t e n t s  of t h e i r  p r o d u c t s .  L!nuer t h e s e  
c o n d i t i c n s ,  and i n  l i e u  o: t h e  r e q u i r e d  ~ a n p l e ,  t h e  
supp1-essor  n l i i nu i ac tu r e r  in:,).- s t ~ b t i t  c e r i  i f  i e d  t e s t  d a t a  
trnr,i r e c o g n i z e d  i n d e p e n d e n t  t e s t i n g  l t b o r ~ , t c r y  
i n d j c a t i n g  compl i ance  wil.h e a c h  e l e r ~ e n t  o f  t i l l s  
s p e c i i i c a t i o n .  

PAR? L YROULILPS - - 

2 31 SUPPRESSORS FOR ELECTRICAL SERVICES - - -- - -- - - - - - -- -- - - -- - - 

. Sur[ ,e  : :uppressot-s s h a l l  be  inr:tzilIi ,d OF e i i c t ~  norn!;!] :nil 
erit:rpenry electrical s e r v i c e  e n t e r i n g  zinrl l e a v i n g  :' bu i  ldji;):. 
Ini.cx:!i~); s e n i c e  st:ppreF:sors s1i;ill he  j1>:it~;~8lloci ;!I t i ie  f i r s t  
1  c h i 1  ~ . ; , n t . l i ~ o a r u ,  r e  s ~ ! i t c i > ,  e t c .  t h e  S ~ I V I ~ C ~  

e ~ ~ r i ~ ~ t i i t e t - ) .  i i : ~  i t  e n t e r s  t t i t '  hii i ldj1:g. S L I ~ , ~ : - C S S O T ?  s h i i l J  i l ~ o  
be  r e q ~ i i r e i l  017 e:,cii swi t ~ h h ~ a r c ! ,  IDI,IOT c r ~ n t r i ~ l  CenLer ,  c.r 
p ~ n o l t o o r d  ruiiici; p r - cv ide s  Iwwer t c  o t l i e r  b u i l i i j n g s  o r  exposed  
e q u i ~ i n ' e n t  on t i le  r i t e .  Exposed equipnii?nt sti:,ll i n c l r i de  p o l e  
r i rur , teu l i g h t i n g ,  11 1 t ? , t a t ion : ; ,  g ; i t e  vper  ; t  PI-. f o r  f e n c e s ,  
irnd ol i ier-  s i n 2 . i l a r  dex i c e s  wliicli 2ire exl:i,sed t o  i h c  d i r e c t  
e f i : e c t i :  of I i g h i n i n g .   roc,^ t o p  v e n t  i laL: ing equ ipmen t  v?Iiich 
i.e p r t i p e r l y  bonded t o  t i l e  b u i  1d1r.f l i g i ~ r n i r ~ g  p r c j t e c t i u n  
s y s t e r :  o r  t o  a c l o s e  z i e jo r  n!eaiber ci a s t e e l  s t r u c t u r a l  
sys ten i  i e  execipt from t l i i s  requireotenl :  

B .  S u p p r e s s o r s  s i i a l l  be c l c c e  n i p p l e d  t c  t h e  d e v i c e  b e i n g  
p r o t e c t e d  i c  a  p o s i t i o n  which  w i l l  n i n i n i z e  l e a d  I e n g t b  
be tween  : :uppressor  and t l~ia  bu:;er: o r  ( i  r c u i  i h l e ; . k e ~ -  t o  wtii ch 
t h e  e u p p r e s s c r  c o n n e c t s .  S u p p r e s s o r  1e;tdr sR;ilJ n u t  be  
e x t e n d e d  beyond t h e  euppre!:sos rnanufsc t i i r i r : ;  recc~mi~iended 
ni.txiiriun l e n g t l i  w i t l ~ o u t  e p e c i f j c  ;:pprov;:l r f  t i l e  Enf : inecr .  

C, In 3 p l i a s e ,  4 w i r e  o r  2 p 1 :  3 w i r e  wye c o n i  ~grrr . ; i t icn: , ,  
s u p p r e s s o r s  s h a l l  p r o v i d e  c l? ;n iy ing  a c t i o n  be twecn  ezlch p11:;se 
c o n d u c t o r  znd t t ie  s y s t e r i  n e u r r ; , l .  I n  s u c h  1cc: i t i i ins  c t h e r  
tIi;in t h e  b u i l d i n g  n:;,jn e l e c t r i c a l  ~ e r v i c e  (whe re  r t e u t l - i l  and 
ground .?re h o n d e d ) ,  a d d l  t l c .n i~ , l  c l an ip lng  a c t i c n  : ha l l  h e  
p r o v i d e d  be tween  n e u t r a l  end g round .  S u p p r e s s c r s  i n  d e l t a  
w i r e d  locdt ion: :  s p r c v i d e  1 1 i  f r r . ~ . ~  t?&ch ph;!re 



c o n d u c t o r  Lo g r ~ ~ u n d .  

D ,  S ~ r t  sti;;11 meet o r  cxci,cti I ~ c l l o w i r i ) :  n i j i r  ii;l~ir,i 
c r i t e r i a :  

1 .  S i n g l e  inipulse w i t h s t a n d  r i t ing: :  65,iiuk ilr,~pcrei< ( 8  >: %U 

uc w t v e f o r n ~ )  

2 .  P u l s e  l i f e t i m e  r a t i n g  (1C;,Oliii An.peres 6 x ZCI u s ) :  
o c c u r r e n c e s .  

3 .  Maximuni Claniping v o l t a g e  and enerLy r a t i n g  ( v o l t a g e  wiri,  
i n i ) ~ i t  c u r r e n t  o f  1 m e  P x 20 u s ) :  

Normal App l i ed  
C i r c u j t  Vo l t age  

- . . . . . . . . . . . . . . . . - . . . . - . - 

120 V o l t s  
240 V o l t s  
2 7 7  V o l t s  
480 V e l t s  
. ... . . . .~ ~. -. . . . . - . . 

(Energy r a t i n g  @ 

Eiax. C1&mp Energy 
V o l t a g e  R s t i n g  
.. - ~ .. . . - 

5G0 V o l t s  666  J o u l e s  
906 V o l t s  1080 J o r ~ l e s  

lOO0 V o l t s  l i i V  J o u l e s  
7.0011 V o l t s  1650 J o u l e s  

. . .. - - . .. . . ~ .. 

10 x TOO0 u s  waveform) 

4 .  S u p p r e s s o r s  s h a l l  be l l s t e d  nnci l?brr led by a  r ecogn ized  
i n  t e s t i n g  lab t , t . a tory  arid t p p r v v e d  f o r  t h e  
l o c a t i c n  i n  wliich t:liey are i n s t a l l e d .  

? V i s i b l e  i .ndic: : t ion o f  sripprt:,si.r f::i IUI-e  s h a l l  be 
p ~ u v i d c d .  

2 F2  SUPPRESSORS YOh EX3E.RIUK POLE MDIJN'IED L I G t i ' I l N L  -- - - --- - -- -- - - - --- - - - - - -- -- - 

A.  E a c h  !:ole ntcuntt~d l j p ,h t ing  f i x t u r e  shn l  I be equipped w i t h  ;I 

s u r g e  supp i - r s so r  d e s i g n e o  f o r  cuch ~ t p p l i r s t i c n s .  Suppresxol-5, 
s h a l l  be i n s t a l l e d  !vi.Lh e x t e r n k l  i n  l i r e  i u s i n g  ti. renicve t h e  
s u p p r e s s o r  and i t s  a s e o c j  a t e 6  l i g h t i n g  f i x t u r e ( n )  front t h e  
c i r c u i t  upon f a i l u r e  of  e i t h e r  t t ie  suppr-essor  or f i x t u r - e .  

B.  S u p p r e s s o r s  s h a l l  be p rov ided  t o  match t h e  c p e r ; t i n g  v o l t a g e  
o f  each  c i r c u i t  2nd sh i l l 1  meet c r  exceed  tile f c l l o w i n g  
c r i  r e r i a :  

1 .  S i r ig le  i n ~ p u l s e  wi ths t imt l  i i  t i n e :  i i , U i r i .  Ar:prre: ( 8  r 2 0  
us  wi ive~<, l -n)  

2 .  P u l s e  I i f e t i n ! e  t i n  i t  Ar: l ,~icr .  P r :!, u b ) :  
2 o c c u r r e n c e s .  

3 .  Mr,xin.um Cl&mpjnr, . o l t ; , g e  ;:nd ene l  by r r , t i r , g  (v i l l t i ige  ~ t , : t h  
i n p u t  c u r r e n t  o i  1 ,  A e  i: x 20 L I Z : ) :  



Nol-ni;i 1  A p p l i e d  
C i r c u i  t  V o l t a g e  
. ~ .. 

I20  Volt:: 
24L' V o l t s  
277 V o l t s  
480  Velts 
-. ... ~~ ~. . ~ - ~ .  

(Energy  r a t i n g  ($ 

Nar , C 16mp 
V o l t a g f  

- .  . 

7CO V o l t s  
1250 V o l t s  
1400 V o l t s  
260U V o l t s  

. . . ... - ~ .. 

10 ;: I O O O  u s  

Erie1-e,y 
R:i C i ng: 

- 
0 Joule:: 
361: J o u l e s  
390 J o u l e s  
530 J o t t l e s  

. - ~ .  . ~ 

b a v e f  orni) 

4. S t ~ ~ ~ ~ ~ i ~ ~ ~ s : m ~ r ~ S l i ; i l l  b e  1  i s t c d  2nd !:,bclcd by :; tecop,riizr<i 
t i 1  t e s t i o g  12hor ;  t o r y  and  z i p p ~ o v e d  o r  tiit, 
l o c a t i o n  i n  which  t h e y  a r e  i n s t a l l e d .  

2.03 POWER SUPPRESSORS FOR ELECTRONIC EQUlPMENl -- -- - - -- - -- - - - --- 

A. E a c h  i t e ~  o f  equ ipment  p r o v i d e d  u n d e r  t t i i s  c o n t r a c t  and  
c o n i l e c t e d  by l i n e  c o r d  o r  d i r e c t  w i r e d  t o  t i l e  b u i l e n y ;  
e l e c t r i c a l  s y s t e m  e k a l l  be  p r o v i d e l  wi:h a  t h r e e  s t a g e  s i n g l e  
o r  n m l t i p h a s e  h y b r i d  s u p p r e s s o r .  Fur;ing s h a l l  b e  p r o v i d e d  
r ~ h i c h  refiioves t h e  p r o t e c t i v e  e l e i~~en t ? .  f r o n t  t h e  c i r c u i t  upr,rr 
f a i l u r e .  V i s u a l  i n d i c a t i o n  o r  l o s s  of c u t p u t  powcr s h a l l  be  
u s e d  t o  n o t i  i y  t l i e  u s e r  of d e v i c e  ~~~~~~~e. 

B .  S r e  s i l l  b e  rc tec l  I 3 : i n  ! 1 2 5 %  o! tic? : r  
cont in i8ous  e 1 e c t r - i  c a l  1o;id. S~ipprc.s::<-r? lor^ c o r d  c o n ~ i c c t i , d  
cq~iipn,i .nt ~ ; i ~ i i l l  be cc;uippc,d w i t  11 s:t:~!i<!ar<i iVE>if! < c o r < I s e ~ : ~  one  
i , i  w11j ch i n c l  udes  z! oit:lded p.r-i~uu<iirj: r c ,ce l ; t ; ; c le  Z I I I ~  t 111, 

o t  11i.i-, ; molded ~i-isu!i~1irii: pltrg.  ' I  : 1 1  I b,. 
I I c I -  i t I t t t  ~ c - i u i , i  c # , r  c i  !i r t l k i t  p~-citi,<.Lc.rl 
c r i i ~ )  pn~crnl: Wlier-e s e v e r  i  tei!,. c: F ~ U :  pnient :%re i:rt,upev! 
w i t t i i i :  ttitr r.;?n:e c l u s t e r  o! e q r ~ i p m e n t ~ ,  c n e  s u p p r e s s o r  nray be  
u r e d  i n  c o ~ r J u n c t i e n  w i t h  p r o p e ~ l y  s i z e d  e,r ciuncling p l u g ~ t r i p  
t o  s e r v e  Lhe equiprnec t .  

C .  S u p p r e s s o r s  t o r  d i r e c t  w i r e d  equipr ter t :  s h a l l  b e  i d e n t i c a l  jn 
i n t e r n a l  d e s i g n  t o  t h e  u n i t  d e s c r l b e d  ! c r  c o r d  coni iec ted  
u p p l i c a t i o n s ,  h o i ~ e v e ~ ,  p r - { ~ t e c t e d  s c r e w  ~ I I  1 s u i t a b l e  f e r  
t e r n j i n n t j o n  r: ho!id c o p p e r  w i r e  s k i i l l  h e  u sed  i c r  w i r i n g  
i e i - n i i n a t i ~ i n r . .  Une ::upyre:<scr nlay b e  u?ed  t c  s i :plf i : r t  se-vel-i.1 
equ ipmen t  c a b i n e t s  prr 'v i t ied a l l  c - b j r e t s  :.re l c c a t e d  r : i . ih i r  
t h e  same equipnient  c l u s t e r  ~ n d  t l i e  z i  c b n n e c t e d  lcidd 
s h a l l  e,ot e x c e e d  e i g h t y  p e l c e n t  oi t h e  I - ~ t e d  ruypr-e&sc?l- 
c a p a c i t y .  

Li Supp repcGrs  s h a l l  be  c o n s t r u c t e d  > ~ j t t !  u p t ~ e r ~ o l i c  ricr 
f lam~o:,ble e x t e r i c r  hr,u:;i rlg w i t h  pr i tv i  , j ~ o n r  f(>,- nmun i  ing: t i i 
t h e  e r r  equ ipment  1 . 1 ,  c i i h ln r t ? : ,  cil- t o  t h e  e x l e r i i . ~ .  
o i  i r e c  st.an11jr.g e q u i  pnlent. Supprc : .$ .o r t  sh;il  I b e  i.i,nst r ~ i c  t i c i  
z i s  t h r e ~  s t a g e  d e v i c e s .  The l i r s t  s t c g e  :shell  i n r l u n e  i: 
tLiglr ene r f , y  v a r j > t o r  cla1~11, between l i n e  itnrl n e u r l ;  1 2nd 1 r c ~ 1 ,  
~ i e i i t t i ~ l  t o  g r c . u ~ ? ~ I .  'The s econd  s r r t ye  :;k:rill cnr i : , i : t  o t  S ~ I - i e r :  



a i r . c c i r t 3  i n d u c t o r  i n s t a l l e d  i n  tlic l i n t .  c o ~ t d u c t i , r ( s )  t o  
p r o p e r l y  c o o r d i n a t e  t h e  a c t  i('n 1'1 thc  i i r s t  n i~d  liii.r<! htage:;. 
1 t i  f a s t  c c t  irtg, t ~ a r i l  clanil!i~~g: r i t  :e l : ' '  $:i~:,l l c o n s i  s t  01 
:, nt,twc,~k o f  s i l i c o n  avulss~ctt t !  b i  pol;,+ d i o d e s  l>ibtwt:cn ( t i e  
n e u t r a l  and l i n e  c o n d u c t o r ( s ) .  

E .  Minju.trci s u p p r e s s o r  p e r f o r n x n c e  c l i a r z c t e r i s t i c s  s h a l l  be a s  
f o l l c w s :  

I .  Maximur~i s i n g l e  impulse  1ir.e- to -  neutrz.1 c u r r e n t  
w i t h s t a n d :  15,0(10 Aeiperes ( b  x 2iz u s  wuveiorm) 

2 .  Maxinbur:~ s i n g l e  impulse  n e u t r a l  t o -  ground c u r r e n t  
w i t h s t a n d :  l i l , O U O  h i p e r e s  (8 x 2 0  us  wi i~e io rn i f  

3 .  P u l s e  l i f e t i m e  t i n  C:atecory B wt,r-$t c a s e  c u r r - r n t  
wave!crni ( 8  x 2 0  u s  @ :!L!00 ~ c ~ ~ e r z r ; ) :  40 o c c u r r e n c e s  

4 .  P u l s f  l i  J e t ime  i n  f i r  2(l ( i  Ampere (8  x  2 0  u:. 
wave1 orni): IO,Oil(: i s ccu r rences  

5 Wcr-t c a s e  r e s p o n s e  t ime:  F i v e  Nanasfconds 

6 .  Worst c a s e  (Maxinwu, S i n g l e  Inipulce C u r r e n t  Cont!.tic.ni;) 
c l s n i > i n g  vuI. ta&e: /+DO% c i nontin;il phase -  to- ,ground RMS 
v e l t a g e .  

7 .  1n iL ik . l  breakdown v o l t a g e :  200% o i  noci inal  phase -  t o -  
g~-ound  RMS v c l t z g e .  

2 .  (14 SUPPRESbORS FOR SINGLE CONDUCTOR PROTEC T l O N  -- -- - - - - - - -- ---- - - - - 

A .  S u t ) p ~ - e s ~ i c : n  r iev ices  fc , r  s i n g l e  ct:nductt,r  p ~ i  I e c t  lixn :;ii;,l 1  t,c 
provided  i n  ritulti c i r c u i t  pluggi .ble pzckage:; s u i t t s h l e  f c r  Liae 
c j r c u j  t r y  t be p r c i i t c t e d .  U n i t s  ic.1- p r t J t e c t i o n  01 dot; 
c i r c u i  t s  which t ~ t i l i z r  stzindarci cor 'nec ter  con$  igurkmt ic11: 
s h a l l  be equipped w i t h  c c n n e c t o r s  which l n h t a l l  i n  s e r i e s  
w i t h  ttre d;ta c s b l e  t o  t h e  p r o t e c t e d  equiyr:iei:t .  U r i i i ~  
i n t e n d e d  fr.r u s e  w i t h  i n d i ~ i d u o l  w i r i n g  rcn2urti:i-I s h a l l  bc~ 
equipped w i t h  z~ccessciry terni ini i l  b l r .cks  o r  s t r i p s  s t ~ i t ; , b l e  
f c r  t n e  t y p e  of w i r i n g  b e i n g  used .  S u p p ~ r s r . i : ~ - :  ~n:: t ial let i  
o u t s i d e  o i  t e r m i n a l  o r  equipnient  c a b i n e t s  ( e x c e p t  z,t 
d e s i g n a t e d  t e rn ! ina l  boat-ds)  s i i a l l  be p rov ided  wjri-! E, hous ing  
approved f c r  t h e  I c c a t i o n .  

B .  Suyyress ic ,n  Lor each  c i r c u i t  s h a l l  c o n s i s t  o i  two e l e n e n t  
g a s  t u b e  f i r s t  s t i i g e ,  2 s e r i e s  i s o l ~ t i n i :  e l e m e n t ,  end z 
s i l i c o n  avs lanci ie  reconcl s t a g e .  R e s i s t i v e  l i r , ! i r i@g e l e r ~ e n t s  
may be  used  where t h e  v o l t a g e  d r o p  ac rcb ;  t h e  s e r l e s  
r e s i s t a n c e  b a s  no e i i e c t  on c ~ r c u i t .  eyer- ion. Indueti-.te 



s e r i e s  e len ients  niay be used  on o t h e r  c i r c u i t s  t o  c , f i e c t i v e l y  
p a s s  I)(; o r  low f r equency  AC c u r r e n t s  wii j le  I ini i t ing:  pacs:tge 
c,i i r i s t  r i s e t i n i e  s u r g e  wavelernis.  S i l i c o n  ;iv~!l:inche d e v i c e s  
s l r o l l  be d e s i g n e d  r s u r g e  suppre t ;?or  ~ y p l  ic : i t ions  and sh: i l l  
b e  p o l a r i z e d  o r  b i p o l a r  a s  a p p r o p r i a t e  f o r  each  c i r c u i t .  

C .  Mininrur~l per formance  c r i t e r i a  ( e a c h  c i r c u i t )  s h a l l  be  a e  
f o l l o w s :  

1 .  Maximuai s i n g l e  impulse  c o n d u c t o r -  t o -  ground c u r r e n t  
w i t h s t a n d :  25,LiOO Amperes ( 8  x 2 0  u s  woveforn!) 

3 .  P u l s e  l i i e t i m e  r a t i n g  Cz tegory  B w o r s t  c a s e  c u r r e n t  
wavefomi ( 8  x 20 u s  @ 3 i i U O  Ampere?): 10  occ :ur rences  

4 .  P u l s e  l i f e t i m e  r a t i n g  f c r  1GU Ampere ( 1 0  x  1 i iOO u s  
waveform): 1,UOO o c c u r r e n c e s  

5 .  Worst c a s t  r e s p o n s e  tinie: F ive  Nar,c~seconcls 

6 .  Worst ciise (E~axinlur.: S i n g l e  Irrpul si! Cui-rcyri') c1.aniping 
v o l t a g e :  200% of n o r n ~ a l  c p e r z t  i n p  v o l t ~ i g e  ao11.1 i t u d e  and 
p o l a r j z e d  o r  b i p o l s r  a s  a p p r o p r i a t e  f o r  e a c h  c i r c u i t  

t ype .  

7 .  I n i t i a l  breakdown v o l t a g e :  150 p e r c e n t  o f  normal 
e p e r h t i n g  v c l t n g e  peek a m p l i t u d e  p l u s  o r  niinus f i v e  
p e r c e n t .  

8 .  Capi !c i tance :  Cnpac j t ance  f c r  DC r r  low Frequency l i n e s  
s i ~ h l l  r o t  exceed 20VU p ico ta rz ids  n:f::si~red l i n e  t o  ground 
a t  t h e  r e t e d  d i o d e  breskdcwn v o l t a g e .  S u p p r e s s o r ?  
i n t e n d e d  f c i  u s e  on h l g n  f r e q u e n c y  or  h i g h  baud r i t e  
c i r c u i t s  sh ; t l l  be  de:.ip,ned i i : r  u s e  ori such l i n e s .  
C a p a c i t ~ n c e  of  such  unii:: sti:i11 be equ:ited t i ,  e q u i v a l e n t  
c a b l e  i e e t  based  c7n t h e  t y p e  01 c a h l i u c  used f o r  tile 
p a r t i c u l a r  c i r c u i t .  The SL.I,, o i  e q u i v : ? l e ~ a i ~  c a b l e  i e e t  
1u1 s u p p r c s s o ~ - F  and a c t u a l  c a b l e  f c o i - g e  s h ; ~ l l  n o t  
exceed  rti .nuf;cturers recooxertded aaxin~ur i  \ ,> lue?  f o r  tile 
sys tem on which t.hese d e v i c e s  a r e  i n s t a l l e d .  

9 .  C i r c u i t  c o n ~ p e n s a t i o n :  Any e d d i t i u n a l  c i r c u i t  
c o n ~ p e n s a t i c n  ( g a i r  ol- e q u a l i z a t i o n !  r e q u i r e d  t o  
compensr:te for- t h e  i n s e r t  i on  of s u r t e  s u p p r e s s i o n  
d e v i c e s  s h a l l  be  p rov ide?  a s  p a r 1  of  t h j t  ccn tz r sc t .  

2 115 SUPPRESSORS FOR CONDUCTOR PAIR PROTECTION -- -- - -- -- 

A .  S u p p r e s ? i c n  d e v i c e s  f o r  coriductor  p o ~ r  p r o t e c t j r . n  s11all be 
p rov ided  i n  r r u l t i  c i r c u i ~ t  pl.ugp,:ihle p;tcl<zget. ~ u i . t i i b l e  i e r  t h e  
c i r c u i t r y  t o  be  p r o t e c t e d .  Units  f o r  p r o t e c t i o n  o ?  da t i i  
c i r c u i t ?  which u t i l i z e  sii .ud<,rti  c o n n e c t o ~  cun!igur: i . ions 



s l ~ z i l  I be. cqu ipp rd  u i  t i ]  co1i:lc,~,t(trs wl~iclb j t ~ s t  ;:I I I I I  :;cI~ I C , ~ ;  

I I d;it~s c : ~ b l r ~  t u  tlsc t !  eqi!i[:iiivnt. L l ~ i i t ?  
i r , t ended  ir ' r  ur:e wj 111 m u l t i p l e  wirini :  r i f i r ? .  sti;&J 1 b c  equipped 
wi t i t  an ; icccrsory  terneinal  'e lcckc o r  : : l r i p s  r i ~ i i ; i b i e  f o r  tilt' 
ry;,e o i  I b e i n g  u::ed. 9in:;lc pz.j:- t i t i  i 1:: s11:11 I be 
c c ~ r f i g t i r r d  :*s encrpr:ul , - ted unj  I s w i t t i  w i r e  leorls  o r  ? c r c v  
t n i l  i n  t ~ r n i i i i i i t i o n : :  S ~ p p r e : . s o r s  i1::it ailed o ~ ~ t s i t l e  
c tel-n;innI oi- cquipetent  c a h i n r t i ;  (c,xt:ept i i t  d c r j g n ~ i t e d  
t e r n i i n a l  b o a r d s )  s h a l l  be p tvv ided  w+ L ~ I  i r  hi-usirlp t i  a i  i o r d  
p h y s i c a l  p r c , t e c t i o n  ic r -  the  r;ur&e r : u p p r e s s i i ~ r ~  nlcdules.  

B .  S u p j ~ e s s i o n  fciol- e ach  { > a i r  sti'rl 1  conr ; i s t  o i  z l i i r e e  eler.?tir:t 
I t u b e  1 j r i : i  s t r i f e ,  art i so l i i t i n j :  elruit-ni irt : : c r i e r  w j l t i  

i i i ch  conduct  01- i ) !  i i ie p a i r ,  ?nd :i ? i  I i con  v  1 1 1 c  ccr :nr i  
s t a g e .  Srconcl r;tzige cl:mpir~z; :,ha11 b e  pi-~,~,~i<ieli! i l r r< :ss  tibe 
p a i r  1 ur r l i  f f e r e n t i a l  nlocic prci tect  i on  i . n d  i I t i  s i d ?  i.! 
t . i ~ e  p a i r  t o  ground : c r  cocur.i.n inilde p l - ( i t r c t i c n .  Re r : j s t i ve  
l i n i t i n j ;  e l en ien t s  may be used  on Icw cul-renr  c i r c u i t : ;  wilere 
t h e  e f i e c t  o f  v o l t a g e  d r o p  e c r o s s  t h e  se r ies  r e s i s t a n c e  h;s 
nti e f i e c t  ctn c i r c u i t  o p e r a t i o n .  I n d u c t i u e  s e r i e s  e l rmer i t s  
s h i i l l  be u sed  on tiiglrer c u r r e n t  c i r c u i t s  t o  e i i e c t i v e l y  p;.s$ 
DC o r  low i:requency i i C  c u r r e n t s  wili I f  l in i i  t i n g  pas sape  c,!: 

fiast r i s c t i m e  s u r g e  wzveicrnis.  S i l i c o n  ;~.doliinche d e u l c r i .  
s l i ;~ l  I kr <ic?.ig:leci f c r  ~ u r - f i e  r s  1 i t  i I and st:;, i I 
I : I  o r  1 . ;  p r t  I 1 1  c i r r r l i t .  

1 .  Miiriu-ti?: r.i.nj:le r p u l f e  c c n d u c t r r  t o  i:r(.~ir:d il l-  con t :uc t< .~  
t i ,  ccncIu<,t cs:- c ~ i i - r e n t  wit iistztnd: 2: ,I:iic: A1:q.c: 1.:; (8 Y 20 
u s  ~ ; ! v e : c : r ~ ~ ~ )  

2 .  P u l s e  1 1 i f ~ t i r r . i ~  r i  C;jte:.cry U wc.iii c:#te c u r r e n t  
: e n  8 x 0  u s  @ : < I  A :  1 0  i,ct.ul.rc,ncez: 

4 .  W O I S ~  c a s e  r e s p o n s e  t ime:  F i v e  NarosecorUs 

r, Worst r ~ ~ r e  ( N ; ~ , r i n , i ~ r t  S i ~ ~ g l e  Tn.pt.llse Cul-I PIS: ) c l  a ! ~ p i n g  
v c l  t ~ g e :  :ill>% (:! ric)rniiil ope:; t in:  v(jlt;.;,r ~nmrli i u 2 e  2nd 
p ( , l . - r i i ed  i:r b i p o l a r  2:- ai:prop;-iz.t.e f\.r- ~ : . i i ~  c l r i u i l  
t y p e .  

6 I n l l  i ; l  bre-kdown v c l t a f r :  1 - 0  p f l l s i  of florr~!;~l 
c!)ei;.t ini: \ioIt:a$;e pt,;,k :,r..1:1 i  t ude  I 0:- ~ , : i r , u s  i j \ ,e 
p""~1t 

8 .  i n :  c';ipi.c; i ;!n<.e f c > r  I)(: o r  1c.w i  rc~cjiitncy iille:. 
s i ! ; , l l  pot exrei.ii  :((:(. p i c c \ i ;  r*.cl:. iuci,::ti~-r ci I I I I ~  I c: I int ,  



or l i n e  t o  g r i ~ u n d  z t  t t i i .  r ; : terl  d i o d e  bl-i,:il:down v c : l t r ~ : c ~ .  
Srippre::sors i r i f  i n i ? e d  ! cl-  u>:r  on  l!ieii 1 r-t>quci>r.y o r  l:i !:It 
I 1 - L L ~  c i r c u i 1 . s  s t i n l l  b e  cIt,!:ign<4 ( c r  i ~ s c ,  or1 :;i,clt 
l i n e s .  C ; l p s c i t ? n c e  c! suc l i  rliiics. s 1 1  L C  e q u i i t e d  t r  
e r i u i \ , i . l e n t  c a b l e  f ec i  b?r;ed (in the, t y p e  c:! c ; , b i i n y  uscci 
ii,r t h e  p i i r t i c u l a r  c i r c u j  t , Ttie s u n  i > S  cr!~r iv; i ler i t  c ~ b l e  
f re t  f o r  s u p p r - e r s c l - E  a n d  uc tu ; : l  c , -b le  i c r i t a g e  s l 1 ~ ~ 1 1  r i > t  
ext:eed r ; i : t n u i & c t u r e r ~  ~ ~ e c o m ~ i e r ~ d e t !  r?&riniuui v a l i i e s  tor t i i ?  
s y s t e m  [ ~ n  w h i c n  t h e s e  d e v i c e s  ;re i n s t i s l i e d .  

9 .  C i r c , u i t  c o n ~ p e n s a t j o n :  Any e d d i i i o n 2 : l  c i r c u i t  
con~per isz i t i r in  ( g z i r t  o r  e q ~ i i ~ l ~ z s ~ i c n )  r e q u i  r e d  1-c 

cor . iyrnsut tS  f c r  t h e  in : :e i - t ivn o i  sl:ri,e supp~-e : ; s i c .n  
dev ice : :  s h e i l l  br p r o v i d e d  a s  j r a l t  o i  t i i j s  i : i%nl r ; ! c t .  

2 .  Oh CGAXIAL SURGE SUPi'RESSION DEVICES - -. - - - - -. --- - - - - - - - 

A .  C:osxi;.l s u r g e  s u p p r t 6 s c . i - s  s l ~ ~ i l l  h e  coni : ip ,urrd  !cr u : ; i  <;n 
r a d j c  a n d  t e l e v i s i c n  a n t e n n a ,  v ider . ,  ?ai:> ::nil orlicrr $ ; e r \ i c r :  
u t i l i z i n g  a c c a r i a l  f ( , ~ ~ i w t '  At tenr i iaLlon a r c t u r i i  I c v s  
a s s o c i ; i t r d  w i t h  e z c h  s i i&?pr r s : s i rn  de\:i c e  s h a l ~ l  b e  i r i c l i tded  i n  
z t l l  s y e t e r i  p e r f o m l a n c e  c ; i I c ~ i l . & t i c n s  a11ri ci.r%l!rii?sted f c r  
i c c o r d i n g l y .  

B .  S u [ ) p r r s s o r s  s h i i l i  m e e t  o r  e x c e e d  t h e  f c l  l o w i n g  c,ir:n,ur.t 
r e q i ~ i : r n n e ~ t t ~ :  

1 . M o ~ i s i t i n ~ ; :  A l l  d e v i c e ?  r1:::l I b e  ! l ~ r i g t !  i.;<.rrl?t e d .  W11r.i-r. 
1 1 i e  S U ~ ~ I ~ S S O S F  a r e  I .  i n  a cnnm.(n l c c ; . t i i - n ,  
f l s i l g c s  r h a l l  b e  s e c u r e d  t o  :i ccnaisi r, g r i ;und  r ;  i  1. 
Di*\~ice! :  j n s t a l l e d  ir: : u  1 1  i ~ ~ s t n l l a t i ( n ! . .  i l l  be, 
i l i ~ l $ ; e  iiii,untecl ti, o I / & "  a l u i ~ i r ~ i ~ i  k ~ ~ l k t ~ < ~ : ~ ~ l  p:,~:t>l b i ~ i c l ~  
::eTr-i,t,:. t c ,  c l c s e  t l i i !  1  o n  n  I :in 
I i t  i f  pi-<iui;d !(>I. ; : I1  : :upp~c  S S . L , T - >  . 

2 .  Imped: ,~ce:  S u p p r e ? s c ~ -  irr ipt ,danre ? t : a l l  b c  5 t ' ,  i 5 ,  01- 9:: 
I 5 :  a p p r o p r i a t e  I t t ~ e  ry:.ter: lieins: p r < , i e c t e d .  

3 .  Connr>c t o r  t y p e :  Corn:rc tor t ,  on s i ipyre .?r ;cr  i n p u t  and 
o c t p u t  slii.11 b e  t y y e  F ,  B UHF, o r  N t c a i , ! t c h  
c c n n e c c n r  t y p e  on  pr(xtectt.d e( j i~ips , ier : i .  

h R e t u r n  Lces :  i n  x i i a l l  ex1::b.r r e t r ~ r n  I c s ?  . . 
c h , i r ? c t e r ~ ~ i l c :  of  i h u B  li<l,irrt,i; (trSWK i I t o  I ) .  

6 .  B;:ndp;iss: Vioei .  s u p p r e s s o r s  , ,h ; : l l  j r o v ~ d i r  i: b;;ndp::~? c!  
DC t~ 15 EM% S u p p r e s s c r ?  tvr r, tht!r  c i r r i i i i s  sh;: l i  be 
s e l e c t e d  w i t h  ? d B  ~ i s i n i  & on  f r e r i ~ ; e n c y  ier:pcnr:e :at 1e;:st 
3 MI<% zihcwe jnci be l l :n  f rer iuerrcy 1 1 m i t . ~ :  1 i . r  i t ! l l y  
n!g>dulet rd  c e ~ .  D(: ;nt' l c w  f irquui~sicy 1,C 



7 . M:ixinailr.i c l  nnipin$; v o l t  ape :  2002  t > J  P S < . : ; C : C I I - ~ < ~  r:,;,xiz~~tma 
c i r c u j  t peak t o -  pi.:rk v o l  l r ige? bipol;'1- <It11 illy, W ~ I X ~ I I ~ L B I I  

r ; , t ed  c u n - e n t  iu ipu lse  c n n d i t i o n s  ( 8  x :(I ub w; ! \ ; e lc rn~) .  

8 .  ln lpu lse  w i t h s t a n d  r r t i r i g ,  s i n g l e  i i ; :pulse:  iV,uO!i Anrpe~eu 
( S  x u s  waveforni) .  

9 .  Respcnh'e t ime:  50 nanoseconds  o r  l e s s  

10. We;therproof ice: T r e j t  c o n n e c t o r  wi tli Dob C o r n i n g  
cor.,pounci i!5 and  e n c l c s e  w i t h  s u u l i g t i i  r e s i s t r n t  i;e;!t 
s l i r i n k  t u b i n g  witen d e v i i e r  a r e  j n s r ; i l  l e d  jr: c x t e l - i o r  
1~1ch t  i v n s .  

1 1 .  Grisun~: i ~ ( , l : i T i  on: i r o s  I I i. idoi '  01- i i t i ~ f ' ~  
~ r o u i x l  l r o p  s e n x i  t i v e  ; . [ i p l i cn t i o r i s  s i i ; . l  1 1 , ~  ccniii:r!i-cci 
i i ,  r,ucli ; ni.,nrlc;- tti;if t l l r  : i l l  0 :  L-lii. c ~ ~ : , x ~ i ~ l  
conncc torh :  i F i  sn l i l  teil  i ron!  p,rt>tiii(I e x r c l ~ t  <u r i r ! f ;  st:rp,e 
r t , nd i t j on : ; .  I ~ ~ t e ~ - n : , l  ci- e ~ r L c . r - r : ; ~ l  gar: t -ul) is  I:Z:IY be u:;icl 
l i , I  t11Is I:UI-poSe. 

2 . 0 7  BONDING AND GKUUNDI NG CONDUCTORS AND EV,TERIALS - -- - -- - - -- - - - - -- - - . - - -. - - -- -- - - 

8 .  Grruod  bus  <,r s t r i p  o i ; : t e r j n l  sh ; . l l  bc tipper, 2 n , i r , , n . i ~ n i  <,.I 26 
gauge  i n  L i ~ i c k n c s s  ;:nti tL1i.e~- i n r h e ?  w i i c  i ~ i ? l ? c : >  o t t ~ e r ~ i s e  
: pec i i  i e d .  Htis ~ ~ , ~ t t . r i ; ~ l s  P I ~ I Y  L ~ E  s ecu t cO  t c :  r u i - f ; , c e s  wj t 1 1  i i r l  

r t  s t  I 1 c r  c i ~ i  1 : : s i f . n e r r .  Bu!. 
c i t  i n  I  I bt! I t i i i -  t i  a1.d ~c , in i i , r -c t f i< :  ;,: 

r-ioccss;iry isn t i i i ~ ;  01::: nt;ati.r-i a1  1,r-i:v i d o  I i:t.lrn;int-ni . i > , t l  

s t  cc?niit.i.t i i , n .  

C .  L 'nless  o t i l e r w i s c  s p e c j f j e d ,  211 s u l - j e  suppi -ess ic>r l  >:xoun(iing 
e l e c t r o d e s  s h a l l  h e  :/8" d i a m e t e r  c a p p e r % t ~ l c  r i d s ,  twcrii)  
f e e t  i n  l e n g t h .  

D C.onoectvr:, s p l i c e s :  and i : i i :er  i j  t t i n g ?  u:ied t o  i c t e r c c n r i e c t  
g , r ~ u n d i r . ~  conducf.01-: , bond t c  equiplnenr  c r  r r c u n d  b ; , r ~ ,  s t ~ i ,  11 
conrply w i t l i  r - equ i r e r r en t s  of t lie Ni.1 i r n : , l  E i e c t r i c  Code ::itti ite 
app roved  by U n ~ l e r w r i t e r h .  b r i e s  l i r  t h e  p u r i . u s c  

E .  i : o n ~ : r c t o r s  and i i i t i n g s  l o r  grc;unr!lng ;nd boncliry,  conduc t i : r c  
s h a l l  be  o f  t h e  co r :p~ . e s s jon  01 s e t  s c r e w  t y p e  i n  ;rl(;ve g l < i i e  
lot,-tions:. C o r i r ~ e c t i n n ~  b e l r w  r e  1 be  err:[ t ierrcic; l  l y  
weided i r  h r b z e d .  



F. Bonding  c o n n e c t i o n s  hetween e l e c t r i c n l l y  d i  s s i n i l a r  niet::le 
s h i r l l  be made u s i n g  e x o t t i c r a i c  welds  ox- us i i ig  bi nirt ;.I 
conkif.ctur>; des igned  t o  p r e v e n t  g a l v a n i c  c u r r u s i c n  

SEGREGATION OF WIRING 3.Gl 

[I. A!.] sy:;ter: r c i r ing  s h a l l  be c l a s s j i j e d  in tc> pr ib tec ted  and n(>rv 
i : ~ - o t t v c t ~ d  c i + t e g o r j e z .  Wir ing  on t h e  expost?d s i d e  o i  
s u p p r e s s i o n  d e v i c e s  she:ll be c o n s i d e r e d  u ~ ~ p r o t e c t e d .  Surge  
s u p p r e s s r , r  groundin:: and b0ndis.g conductcr f :  s i r a l l  a l s o  i ~ l l  
i ~ t o  t h i s  ca te j -ory .  

B .  A11 w i r i n g  between srrr /e  s u p p r e s s o r s  bnrl p r t i t e c t e d  e ~ u i p n i e n t  
s h a l l  be c o n s i d e r e d  p r o t e c t e d .  I s o l a t e d  c i r c u i t r y  exempted 
f rom s u r g e  s u p p r e s s i o n  r equ i r en ten t s  i11 p o r t  one  o f  t h i s  
s e c t i o n  s h a l l  a l s o  be  c c n s i d e r e d  p r o t e c t e d .  

C. A n i n i n u n i  of  t h r e e  i n c h e s  of  s e p a r a t i o n  shi i l l .  be p rov ided  
between p a r a l l e l  r u n s  o f  p r o t e c t e d  cnd u n p r o t e c t e d  wiring: i n  
c o n t r o l  p a n e l s ,  t e r m i n ~ i l  c a b i n e t s ,  t e r n i i r a l  hoa rds  and o t l i e r  
l o c a t i o n s .  I n  nr, c a s e  s h a l l  p r o t e c t e d  and u n p r o t e c t e d  w j r i n ~ ;  
be bunc:Ied t c g e t t i e r  o r  r o u t e d  t i r  t t ~ e  s&rut :  c c~ndu j  i . 
Wtier-r hur!dlc~s of px-(:Lected a n  u ~ i p r o t r c t t ~ d  r r ix ing  c r r t s s ,  srl<.i~ 
c r o s s i n g 5  s t i ; ~ l l  he ri;jde t  i t  o n g l e s .  

A .  S ~ ~ p p r c s ~ o r c  rlr:!]] he. i n s t ; i l l r c i  ci:. r1cr.c I :  t l  t i ,  l l i c ~  

cr;uir,n~ent t o  be prof ect t .6  ci.nr;istexnr wj t h  ; ! ~ r ; l i  Inlble ::i;;,<e. 
Where space  p e r m i t s  and no  cede rt.: : tric t i o n s  a p p l y ,  
s u p p r e s s o r ?  niay be i n s t a l l e d  w i t h i n  t i le  sccgr c; tbinet  ~ : s  t h e  
p r o t e c t e d  equipnlent .  Suppl -essors  i n s t t i l l e d  i n  t h i s  n1;ir:trrr 
s h b l l  u t i l i z e  t h e  c c i u j p n ~ e n ~  ch;ssci~s a s  ;I n.cdium icsr bondjr,;: 
c i  r l r e i r  grt:uli(i t e rn i in i i l s .  Bonding j u ~ i p e r b  niit e x r e e d i n g  t w c i  
i n c h e s  i n  l e n g t h  s h a l l  be i n s t a l l e d  between t h e  c h a s s i s  and  
s u p p r e s s o r  ~ ~ ( J U I K ?  r e r m i r t i ~ l s .  B o l  t e d  cc ,nnect ions  wi t t i  s- tar-  
washer?  s t ~ b l l  be used  t c  i n s u r e  e I e c t r i c ~ . l  and niectlnnir;.l 
i n t e g r i t y  o f  c o n n e c t i o n ?  t o  t h e  equipment c h a s s i s .  

B .  5 ~ p p ~ e s t o 1 . s  sh ; , l l  he i n s t a l l e d  iri a no: t ,  w ~ i ~ i ~ m a r : l ? k e  x'znnrl. 
Lead d  st!;;ll be  ccnr; is tenI:  w i r b  r-eci~!~n:~r:ueti iudu:  tr)- 
p r z c t i c e ?  i c i r  t h e  s y s t ~ e r :  or, w1licI1 tncr.e di!! i c e ?  2rt: 

i n s t a l l e d .  

C ,  B o n d i n g  between ground i - e r n ~ i n ~ : l ?  icr poriei and :.i&n:il lirir! 
s u p p r e s s o r s  serving: e part:icul.c,.r l i en!  i:r < : lu s t - e r  i,? equjpnient: 
sh;:ll  he k e p t  a s  s h o r t  as  p u s s i b i e .  h e r  p r a c t i c a l ,  
suppres r .o r r  s h a l l  be i n i ; t ~ i l l e d  i n  :i ct.rin!ibn 1.vc;i t i o n  f c r  t i ie  
cl.u!:ter w i t h  t h e i r  gr( ,und te rn , i r~ ; t l s  brnded r l r s e l y  t v g e ! . l . e ~ .  
F o r  i n s t s l l ~ ? t i ~ , n s  r c q u i r  irig sepL.1: t ic .n b e t v r e n  t t ie  % i r i c u s  



s u p p r e s s o r  ground:; and equiynient  c h a s s i s  w i t l i i n  a n  e q ~ i p n r c n t  
c l u s t e r ,  t l le  Lc l lowir~&;  Lzhle  s h a l l  be  e l  ti1 detc-~-ro. i r~c~ 
b e n d i n g  c o n d u c t o r  r e q ~ i i  r emen t s  ( d I  s t a n t e s  r e  rne:i:urfd 
be tween  m ~ s t  d i s t a n t  s u p p r e s s e r  01- ct i ; rss is  g ~ ~ o u r ~ c i < < ) :  

BONDING DISTANCE TA'IERIAI, 
-. - .~. . . . - . - . --. . . .~ . . .. -. . .~. . -. . . . . . . - 

O - I 0  f e e t  $6 AWG B-re Copper  ( S o l i d )  
10.- 2 5  f e e t  1 -  l i 2 "  Copper  S t r i p  26ga. Mir,. 
2 5  50 f e e t  3" Copper  S t r i p  26ga. Min. 
Ove r  Z G  f e e t  6" Copper S t r i p  26ga .  Mi~n. 

D. Where t e r m i n g 1  c a b i n e t s  a r e  u sed  t o  house  c u r g e  s u p p r e s s o r e ,  
p a i t l t e d  s t e e l  backboa rds  s l r u l l  b e  urwd tc, s e r x e  :is a 1i.w 
impedance ground p l a n e  fer- 'onding s u r ~ e  c u p p r e s s o r  l e a d s  
t o g ~ t h e r .  Terniin;il board:; used  f o r  t h e  snnw ptiKyor;e s t i i i l l  bc 
1anlin;tted wit11 ;I s i n g l e  s h e e t  of 14 g:!. g : : lvan iz rd  s t e e l  t n  
s e r v e  a s  a grriund p l a n e  l o r  s u p p r e s s o r s .  S u p j , r e s s o ~ - ?  wi t t i  
g round  t e r m i n a l s  n o t  i n l r e r c ~ u t l y  bonded te t h e  ground p l a n e  
t h r o u g h  t h e i r  mount ing  s l ~ ? r l l  b e  bonded t u  t h i s  p l a n e  u s i n g  a 
two i n c h  riaxirr~un l e n g t h  0 1  lil2AWG coppei- w i r e  and s u i t a b l e  
t i .  Ground p l a n e r  2nd hkckboa rds  s h ~ i l l  be d r i l l e d  t o  a c c e p t  
s e l t  t app i r i g  s c r e w s ,  any p r t ~ n t  i n  t h e  a r e 8  cT t h e  bone  s h a l l  
b e  reniovei  and  s t a r  washers sir;ill he  u s e d .  

E .  Supplei.ientztry g r cund in i :  and b ~ n d i r . g c ,   connection^ r e q u i r e '  
betwecrr [lie b o n d i n 8  bus  GI- ~ 1 o i t n d  p l a n e  fc.1- c;ch equjpwenc  
c l u s t e r  hiid o t h e i  l o c c t i o n s  a s  i nd?c : : t t~d  11ere i r .  sh:,l l  hi, 
a ccompl i shed  i i s i ng  ti6 AWG b z r e  copper  cun(1uctui- znrl approved  
c o n n e c t i o n s  i l n l e s s  o t t i e r w i s r  n < ) t e d .  


