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E F F E C T S 

BY L. C NICHOLSON 

T h e p r o b l e m of a d e q u a t e l y p r o t e c t i n g a h igh- tens ion t r a n s ­

mission line a g a i n s t i n j u r y b y l i gh tn ing is a n i m p o r t a n t one . 

V a r i o u s so lut ions h a v e been proposed , b u t it is g e n e r a l l y c o n ­

ceded t h a t c o m p l e t e pro tec t ion of h igh- tens ion porce la in in­

sulators f r o m d e s t r u c t i o n b y l i ghtn ing effects h a s n o t b e e n a t ­

ta ined . G r o u n d e d o v e r h e a d c o n d u c t o r s , relief g a p s on insu­

lators , l i gh tn ing rods s u p p o r t e d on the t r a n s m i s s i o n line s t r u c t u r e s 

or on s e p a r a t e s t r u c t u r e s a longs ide , a n d s t a t i o n - t y p e l i g h t n i n g a r ­

resters a t p o i n t s p a r t i c u l a r l y e x p o s e d , are s o m e of t h e p r i n c i p a l 

p r e v e n t i v e d e v i c e s e m p l o y e d , a n y of w h i c h s e r v e s t o a m e l i o r a t e 

condit ions , b u t none of w h i c h af fords idea l p r o t e c t i o n t o t h e l ine. 

T h e 6 0 , 0 0 0 - v o l t t r a n s m i s s i o n l ines of t h e N i a g a r a , L o c k p o r t 

a n d O n t a r i o P o w e r C o m p a n y f r o m N i a g a r a F a l l s to S y r a c u s e 

a n d o ther ci t ies in w e s t e r n N e w Y o r k , w e r e p l a c e d in o p e r a t i o n 

in J u l y , 1 9 0 6 , j u s t in t h e m i d s t of t h e l i g h t n i n g season, a n d w i t h ­

out a n y of t h e u s u a l m e t h o d s of line l i gh tn ing p r o t e c t i o n . 

T r o u b l e s d e v e l o p e d w h i c h , t h o u g h n o t u n e x p e c t e d , p r o v e d of 

serious c o n s e q u e n c e t o t h e success fu l t r a n s m i s s i o n of p o w e r 

d u r i n g l i g h t n i n g s t o r m s . T h e r e w a s l itt le o p p o r t u n i t y in t h a t 

season t o a d o p t a n y c o r r e c t i v e m e a s u r e s , e i ther e x p e r i m e n t a l l y 

or o therwi se , b u t in t h e fo l lowing y e a r s t h e c o m p a n y h a s e x ­

er ted e v e r y effort t o a m e l i o r a t e these t r o u b l e s . 

T h e e x p e r i e n c e of f our y e a r s h a s s e r v e d t o ind i ca te s o m e t h i n g 

of t h e rea l n a t u r e of l i g h t n i n g effects w h i c h resul t in i n s u l a t o r 

fai lures , a n d h a s led t o t h e d e v e l o p m e n t of a n i n e x p e n s i v e a n d 

efficient m e a n s of pro tec t ion . T h e o b j e c t of th i s p a p e r is t o r e -
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l a t e t h e e x p e r i e n c e s a n d e x p e r i m e n t s l ead ing t o t h e p r o t e c t i v e 

m e a s u r e s finally a d o p t e d , w h i c h f r o m one s u m m e r ' s t r ia l a p p e a r 

t o b e sufficient. 

T h i s p l a n t w a s t h o r o u g h l y descr ibed b y M r . R a l p h D . M e r s h o n 

in a p a p e r presented a t the N i a g a r a F a l l s C o n v e n t i o n * J u n e , 

1 9 0 7 . F o r p u r p o s e s of r e f erence , F i g . 1 s h o w s the e x t e n t a n d 

descr ipt ion of lines, the c o n n e c t i o n a n d a p p r o x i m a t e c a p a c i t y 

of the s ta t ions . 

F i g s . 2 , 3 , a n d 4 s h o w t y p e s of line s t r u c t u r e s e m p l o y e d . 

I n al l cases in su la tor pins are of steel a n d are g r o u n d e d . 

F i g . 5 s h o w s t h e p r i n c i p a l insu la tor used , a n d , w i t h the e x ­

cept ion of a f e w smal l er ones of the s a m e genera l des ign , t h e o n l y 

t y p e of in su la tor e m p l o y e d unt i l 1 9 0 9 . T h i s is k n o w n as t h e 

" 3 - p a r t m a i n line " insu la tor . I t s p r i n c i p a l d imens ions a r e : 

Niagara River 

i t 

m r K P O R T R O C H E S T E R Λ L O C K P O R T £ Λ 6 0 0 0 K W i 

F A L L S tfjîS "^RESISTANCE! 
V 5°0 T O 20007 
I OHMS 

JL A 10000 K W . 

AUTOMATIC OIL CIRCUIT 
B R E A K E R . 
RE INSULATED L INES, 1909 

^2000 KW. 

A U B U R N 

F I G . 1.—Diagram of transmission lines and stations—1909 

D i a m e t e r of headpiece , 1 4 J in.; d i a m e t e r of i n t e r m e d i a t e shell , 

1 3 in. ; d i a m e t e r of center shell, 1 1 in. ; l ength of i n t e r m e d i a t e shell, 

1 2 in . ; l e n g t h of center shell, 1 7 in.; he ight o v e r all , 1 9 J in. T h e 

d r y flash-over v o l t a g e , t h a t is, the v o l t a g e w h i c h wi l l c a u s e 

a flash-over w h e n t h e sur face is d r y a n d c lean, is 1 9 5 , 0 0 0 . T h e 

w e t flash-over v o l t a g e a t 1 / 5 in. per m i n u t e p r e c i p i t a t i o n a t 

4 5 degrees is 1 2 0 , 0 0 0 . 

E l e c t r i c a l tes t s on these insu la tors be fore the ir erect ion on 

the line cons i s ted of 7 5 , 0 0 0 v o l t s , three m i n u t e s on e a c h p a r t 

before a s sembl ing . T h e c o m p l e t e in su la tor w a s n o t t e s t e d 

a f ter a s sembl ing . 

D u r i n g 1 9 0 6 o n l y one line w a s in serv ice t o v a r i o u s po in t s . 

B y t h e b e g i n n i n g of t h e l i gh tn ing season of 1 9 0 7 t h e s econd 

(dupl i ca te ) l ine w a s p l a c e d in serv ice , m a k i n g a t o t a l m i l e a g e 

* T R A N S A C T I O N S Α . I . Ε . E., Vo l . xxv i part ii, p . 1273. 
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F I G . 2.—55-ft. tripod pipe towers 

S w i t c h i n g faci l i t ies a n d genera l o p e r a t i n g condi t ions , h o w e v e r , 

h a v e b e e n c o n s t a n t l y i m p r o v e d . S i n c e e a r l y in 1 9 0 8 a u t o m a t i c 

oil c i r c u i t - b r e a k e r s h a v e been u s e d in t h e d u p l i c a t e l ines a t all 

of 4 0 0 , c o n t a i n i n g 7 0 0 0 s t r u c t u r e s a n d 2 3 , 0 0 0 insu la tors . E x ­

cept for t h e add i t i on of a f e w single b r a n c h lines f r o m t i m e t o 

t ime , the l ines h a v e been v i r t u a l l y t h e s a m e for three y e a r s . 
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important stations and paralleling points, making possible 
automatic sectionalizing of lines and a quick restoration of power 
in case of an interruption. 

Lightning troubles have been entirely confined to the line. No 
station troubles, chargeable to lightning, have developed. 

F I G . 3.—55-ft. structural steel towers, showing a relief gap, as used in 1907 

Experience clearly shows that lightning in the vicinity 
of the line induces high potentials between the line conductors 
and earth. This potential causes one or more insulators in 
that immediate vicinity to flash over or puncture, or to be 
chattered in some part or parts, even though no flash-over or 
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puncture occurs, or to be shattered by the power arc following 
the initial flash-over or puncture. These various causes inter­
mingle their effects so as to obscure the first cause. Thus it 
has been found that insulators may be shattered completely 
either by pure lightning stresses, or by the heat of a power arc 

F I G . 4.—35-ft. wooden A-frame structure 

which follows the initial discharge from conductor to pin over 
the outside surface. Moreover, an insulator may puncture 
by lightning, and subsequently be shattered by the heat of the 
power current passing through the puncture, in which case 
it is impossible to say whether the puncture preceded the shatter­
ing or vice versa. A fairly concise idea of the nature and mag-
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ni tude of the d e s t r u c t i v e forces m a y be g a i n e d b y a s t u d y of 

the b r o k e n insu la tors in p lace . 

F i g 6 s h o w s a col lect ion of t w e n t y derel icts , resu l t ing f r o m 

a single s e v e r e s t o r m , a n d g i v e s a fa ir r e p r e s e n t a t i o n of h o w in­

su la tors a r e d e s t r o y e d b y l i g h t n i n g in c o m b i n a t i o n w i t h h igh-

p o w e r effects . 

T h e u s u a l case of line d i s a b l e m e n t i n v o l v e s a single insu lator , 

w h i c h is e i ther p u n c t u r e d f r o m t h e cab le or t i e -w ire t o 

t h e - t o p of t h e pin, or, b e i n g suff ic iently s t r o n g t o res is t 
p u n c t u r e , is b r o k e n b y t h e f l a shover a r c . F r e q u e n t l y 

s evera l n e i g h b o r i n g insu la tors are m o r e or less d a m a g e d 

F I G . 5.—3-part main line insulator 

b y w h a t a p p e a r s t o b e t h e effect of s u d d e n m e c h a n i c a l forces 

w h i c h s h a t t e r or b r e a k t h e shells v e r y m u c h as a h a m m e r 

b l o w w o u l d d e s t r o y t h e m . 

E x t r e m e cases i n f r e q u e n t l y o c c u r w h e n m a n y insu la tors in 

a res tr i c ted l o c a l i t y are en t i re ly d e s t r o y e d . S u c h d i s t u r b a n c e s 

u s u a l l y cen ter a t a p a r t i c u l a r line s t r u c t u r e on w h i c h a l l . t h e 

insu lators m a y b e ent i re ly d e s t r o y e d , a n d one or m o r e insu la tors 

on s e v e r a l a d j a c e n t s t r u c t u r e s in e a c h d irect ion d e s t r o y e d or 
in jured , t h e i n j u r y d e c r e a s i n g in s e v e r i t y a w a y f r o m t h e focus . 

E v e n * in t h e m o s t severe cases , h o w e v e r , the ent ire effect is con­

fined t o w i t h i n 2 , 0 0 0 feet of the line. S u c h a c c i d e n t s are a t ­

t r i b u t e d t o d irect s trokes on or v e r y n e a r the l ine. T h e m e c h a n -
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ical forces e x e r t e d on i n s u l a t o r p a r t s in such cases a p p e a r t o be 

e n o r m o u s , b r e a k i n g the porce la in into smal l b i t s of i r r e g u l a r 

a n d cur ious shapes , a n d d i s t r ibut ing t h e m o v e r the r i g h t - o f - w a y 

for s e v e r a l h u n d r e d feet . F o r t u n a t e l y these e x t r e m e cases are 

of rare o c c u r r e n c e a n d do no t en ter l a r g e l y into the l i gh tn ing 

protec t ion p r o b l e m . 

J u s t w h e r e d irec t s troke effects l e a v e off, a n d j u s t w h e r e in­

d u c e d po ten t ia l effects b e g i n a n d end, is, of course , indefinite . 

I t is def ini te ly k n o w n t h a t a s troke 5 0 0 feet d i s t a n t m a y cause 

a f lash-over or p u n c t u r e . I t is t h o u g h t t h a t d i s t u r b a n c e s m a y 

be felt f r o m bo l t s 2 , 0 0 0 or 3 ,000 feet a w a y , th i s b e i n g also de ter -

F I G . 6.—Insulators removed from the line after damage b y lightning 
and power effects 

m i n e d b y the size of t h e d i s c h a r g e , a n d p e r h a p s b y e l ec t ros ta t i c 

condi t ions in genera l . 

T h e i n s u l a t o r p r o b l e m as out l ined a b o v e p r e s e n t e d itself b y 

the e n d of the l i gh tn ing season of 1 9 0 6 , a l t h o u g h a t t h a t t i m e 

its n a t u r e w a s n o t a p p r e c i a t e d as fu l ly as it b e c a m e l a t e r in t h e 

l ight of the s u b s e q u e n t exper i ence . T h i r t y - f i v e insu la tors 

w e r e d i sab led b y p u n c t u r i n g or shat ter ing , out of a t o t a l of 1 2 , 0 0 0 

insta l led . T h e s e b r e a k a g e s o c c u r r e d on e ight different occas ions 

a n d c o n s e q u e n t l y c a u s e d as m a n y e x t e n d e d i n t e r r u p t i o n s t o 

p a r t s of the s erv i ce . I n add i t ion , there w e r e ten m o m e n t a r y 

in t errupt ions c a u s e d b y shor t -c i rcu i t s or g r o u n d s w h i c h t r i p p e d 

t h e contro l l ing c i r c u i t - b r e a k e r , b u t d id n o t d isable the l ine. 
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A n a l y s i s of t h e insu la tor fa i lures w i t h re spec t t o the ir l oca t ion 

s h o w e d a v e r y r e m a r k a b l e resul t . T h e n u m b e r of insu la tors 

d i sab led on t h e t o p w i r e w a s four t i m e s t h e n u m b e r d i sab led on a 

single s ide w i r e , or t w i c e the n u m b e r d i sab led on b o t h side w i r e s . 

T h i s resul t f o r m e d a bas i s for c o r r e c t i v e m e a s u r e s w h i c h w e r e 

t a k e n p r e v i o u s t o the l i ghtn ing season of 1 9 0 7 . T h e s e d e v i c e s 

cons i s ted of relief g a p s instal led on insu la tors a t r e g u l a r i n t e r v a l s 

on t h e t o p w i r e of b o t h dup l i ca te l ines, a n d t h e ins ta l la t ion of 

h igh res i s tances in the n e u t r a l e a r t h connec t ions of s t a r - c o n ­

n e c t e d t r a n s f o r m e r s . F i g . 3 s h o w s the t y p e a n d c o n s t r u c t i o n 

of t h e relief g a p w h i c h w a s e m p l o y e d . 

T h e s e g a p s w e r e s p a c e d 2 2 0 0 feet on a p p r o x i m a t e l y 2 4 0 mi les 

of l ine a n d 4 4 0 0 feet on 1 0 0 mi les , wh i l e on 60 miles n o g a p s w e r e 

insta l led . A t t h e t i m e of se lect ing these s p a c i n g s there w a s v e r y 

l itt le d a t a for g u i d a n c e . T h e o n l y definite i n f o r m a t i o n a v a i l ­

able w a s t h a t d u r i n g 1 9 0 6 , before t h e l ines w e r e used , in su la tors 

w e r e d e s t r o y e d w i t h i n a mi le of a po int w h e r e all three c o n d u c ­

tors w e r e shor t - c i rcu i t ed a n d t h o r o u g h l y g r o u n d e d . T h e 2 2 0 0 -

a n d 4 4 0 0 - f o o t s p a c i n g of the relief g a p s on the t o p w i r e w a s 

a d o p t e d in an e x p e r i m e n t a l a t t i t u d e , the in tent ion b e i n g t o 

increase or decrease these d i s tances as fu ture e x p e r i e n c e d i c t a t e d . 

T h e w i d t h of g a p first a d o p t e d w a s s i x inches , c o r r e s p o n d i n g 

t o a d i s c h a r g e v o l t a g e of 7 0 , 0 0 0 v o l t s , d e p e n d i n g m o r e or less 

u p o n w e a t h e r condi t ions . T h i s w a s also a s u b j e c t of e x p e r i m e n t . 

I t w a s i n t e n d e d b y p r o p e r s p a c i n g a n d se t t ing of t h e relief 

g a p s , t o l imit t h e m a x i m u m possible v o l t a g e b e t w e e n t o p con­

d u c t o r a n d e a r t h t o less t h a n the p u n c t u r e or f la sh-over v a l u e 

of the insu la tors , a n d t h u s p r e v e n t t h e fa i lure of in su la tors 

on the t o p w i r e due t o the u s u a l l i gh tn ing effects . I t w a s a lso e x ­

p e c t e d t h a t w h e n d i s c h a r g i n g t h r o u g h the relief g a p s , t h e t o p 

c o n d u c t o r w o u l d a c t t o some e x t e n t as a n o v e r h e a d g r o u n d e d 

c o n d u c t o r , a n d in th is w a y af ford some pro tec t ion t o the t w o 

side w i r e s . A n a d j u s t a b l e concre te res i s tance of 5 0 0 to 2 0 0 0 o h m s 

w a s c o n n e c t e d in the n e u t r a l e a r t h connec t ion of t h e 

sending t r a n s f o r m e r s , a n d 5 0 0 0 - t o 1 0 , 0 0 0 - o h m res i s tances 

a t five different sub- s ta t ions in the n e u t r a l e a r t h c o n ­

nect ion of s t a r - d e l t a c o n n e c t e d r e c e i v i n g t r a n s f o r m e r s . T h e 

p u r p o s e of ins ta l l ing these res i s tances w a s p r i m a r i l y t o l imi t t h e 

d i s c h a r g e c u r r e n t t o e a r t h f r o m the t o p w i r e t h r o u g h the relief 

g a p s t o a v a l u e w h i c h w o u l d not d i s turb operat ion , a n d the a r c 

of w h i c h w o u l d q u i c k l y fo l low u p the horns of the g a p a n d dis-

cont inue , I n the s a m e w a y it w a s t h o u g h t t h a t these res i s tances 
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w o u l d l imit the p o w e r - c u r r e n t o v e r a n insu la tor c o n t a i n i n g n o 

g a p , in t h e e v e n t of a f lash-over , t o a v a l u e w h i c h w o u l d n o t w o r k 

such h a v o c t o the insu lators a s h a d f o r m e r l y o c c u r r e d w h e n 

opera t ing t h e s y s t e m w i t h t h o r o u g h l y g r o u n d e d n e u t r a l s . T h e 

5 0 0 0 - t o 1 0 , 0 0 0 - o h m s u b - s t a t i o n res i s tances w e r e , of course , 

not n e c e s s a r y t o a t t a i n t h e e n d s o u g h t . T h e y w e r e ins ta l led 

as a p r e c a u t i o n a r y m e a s u r e a g a i n s t a b n o r m a l potent ia l s w h i c h 

m i g h t a c c o m p a n y g r o u n d s on t h e s y s t e m . T h e i r use w a s l a t e r 

d i scont inued , all n e u t r a l s e x c e p t t h a t a.t t h e g e n e r a t i n g s ta t ion 

be ing insu la ted . 

T h e o p e r a t i n g resul ts of t h e l i g h t n i n g s eason of 1 9 0 7 d id n o t 

fu l ly j u s t i f y the use of the relief g a p s f r o m a theore t i ca l s t a n d p o i n t , 

a n d s h o w e d t h e m t o b e r a t h e r a n objec t ion t h a n a n a d v a n t a g e 

f rom a p r a c t i c a l o p e r a t i n g s t a n d p o i n t . 

I t w a s e a r l y a p p a r e n t t h a t t h e g a p s p e r f e c t l y p r o t e c t e d the 

insu lators c o n t a i n i n g t h e m , b u t t h a t the ir p r o t e c t i v e influence 

w a s felt v e r y s l i ght ly a short d i s tance a w a y on t h e s a m e con­

d u c t o r , a n d w a s n o t felt a t all on t h e t w o l o w e r c o n d u c t o r s . 

T h i s w a s t r u e w i t h g a p s set as l o w as in. 

. T h e fo l lowing t a b u l a t i o n s h o w s t h e season's re su l t s : 

Insulators Insulators 
disabled disabled 
on top on bo th 

wire side wires 

At a relief gap 0 6 
220 feet from the nearest gap . 2 3 
550 feet away 15 17 
1100 feet away 11 13 
2200 feet away 4 1 
On a 60-mile section contain­

ing no relief gaps 9 5 

Total 41 45 
Grand to ta l . 86 

Insulators on line—23,000. 
Relief gaps on line—750, approximately 25 per cent of which dis­

charged one or more t imes. 

T h e s e resu l t s d e m o n s t r a t e the e x t r e m e loca l i za t ion of l i gh tn ing 

effects a n d the di f f icul ty w i t h w h i c h the c h a r g e s t r a v e l a l o n g a 

c o n d u c t o r . 

I t a p p e a r s f r o m th i s t a b l e t h a t the n e t effect of the use of the 

g a p s w a s to s a v e some insu la tors on the top w i r e . T h e n u m b e r 
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of line b r e a k d o w n s w a s n o t r e d u c e d , whi l e v o l t a g e d i s t u r b a n c e s 

a n d m o m e n t a r y i n t e r r u p t i o n s w e r e n u m e r o u s . F o r th i s reason 

the relief g a p s w e r e r e m o v e d before t h e l i g h t n i n g season of 1 9 0 8 . 

T h e g r o u n d e d horn w a s left in p l a c e to a c t a s a l i g h t n i n g r o d . 

T h e c o n c r e t e n e u t r a l r e s i s t a n c e a t the g e n e r a t i n g s ta t ion w a s 

r e t a i n e d to p r e v e n t s h o r t - c i r c u i t s b e t w e e n a n y one p h a s e a n d 

g r o u n d . 

A s t u d y of t h e i n s u l a t o r fa i lures of 1 9 0 7 s h o w e d t h a t t h e 

m a j o r i t y of t h e m w e r e d u e to p u n c t u r e , u s u a l l y f r o m the t ie -

w i r e in the n e c k to the t o p of the p in . A f e w p u n c t u r e d v e r t i c a l l y 

f r o m the c a b l e to the p in . A p p r o x i m a t e l y 2 5 p e r c e n t , a n d p e r ­

h a p s m o r e , w e r e s h a t t e r e d b y p o w e r a r c fo l l owing a c o m p l e t e 

or p a r t i a l f lash-over . C o m p a r a t i v e l y f ew , i t is b e l i e v e d , w e r e 

s h a t t e r e d b y d i rec t s t roke , a l t h o u g h a b o u t 4 0 w e r e i n j u r e d b y 

l i gh tn ing stresses , b u t w e r e n o t i n c a p a c i t a t e d t h e r e b y . 

I n v i e w of the large p r o p o r t i o n of p u n c t u r e s , it w a s d e c i d e d 

t o a p p l y h igh po tent ia l t o t h e lines a n d t o w e e d out t h e w e a k 

insu la tors . T h i s p r o v e d t o be a s l o w a n d e x p e n s i v e process , so 

t h a t v e r y l itt le w a s a c c o m p l i s h e d before the a d v e n t of l i g h t n i n g 

in 1 9 0 8 . A t h r e e - m i n u t e t e s t of 1 0 0 , 0 0 0 v o l t s t o g r o u n d w a s 

a p p l i e d t o 1 0 9 mi les of line c o n t a i n i n g 4 0 0 0 insu la tors , a n d re ­

su l ted in t h e p u n c t u r e of 8 0 . 

T h e s e tes t s s h o w e d w h a t there w a s a l r e a d y g o o d reason t o 

suspec t , viz.: t h a t t h e in su la tors w e r e n o t t e s t e d suff ic ient ly b e ­

fore erect ion , a n d t h a t m a n y of those on t h e line cou ld no t resist 

l i gh tn ing stresses , a n d s o m e w e r e l iable t o fail f r o m a b n o r m a l 

v o l t a g e s inc ident t o operat ion . A s s t a t e d a b o v e , t h e i n s u l a t o r 

p a r t s w e r e t e s t e d t o 7 5 , 0 0 0 v o l t s e a c h , b u t n o t e s t w a s m a d e 

on t h e a s s e m b l e d insu la tor . 

T h e l i g h t n i n g season of 1 9 0 8 w a s a p a r t i c u l a r l y s evere one, 

resu l t ing in t h e d e s t r u c t i o n of 2 2 6 insu la tors a n d t h e i n j u r y 

of 1 0 0 m o r e . 

T h e fa i lures m a y be classif ied a p p r o x i m a t e l y as fo l lows: 

1 . P u n c t u r e d : 
T o p wire 75 
Side wires 39 

Total 114 

2 . S h a t t e r e d b y d irec t s t r o k e : 

T o p wire 22 
Side wires 9 

Total 31 
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3 . S h a t t e r e d b y p o w e r a r c , fo l lowing f la sh-over : 

T o p wire 
Side wires 

56 
25 

Total 81 

T h e 1 0 0 insu la tors w h i c h w e r e i n j u r e d w e r e d a m a g e d b y l ight ­

n i n g stresses , or b y p o w e r a r c effects . T h e y w e r e still o p e r a t i v e , 

h o w e v e r , a n d w e r e r e p l a c e d a t c o n v e n i e n c e . 

T h e lesson of the y e a r w a s n o t n e w , b u t it s h o w e d m o r e 

forcefu l ly t h a n h a d been real ized before , t h a t e v e n if all insu la tors 

w e r e c a p a b l e of res is t ing p u n c t u r e , t h e y w o u l d cont inue t o be 

s h a t t e r e d b y a p o w e r a r c fo l lowing a flash-over. I t w a s a r g u e d 

t h a t b y the p r o p e r t e s t ing of al l insu la tors p u n c t u r e cou ld 

p r o b a b l y be p r e v e n t e d , b u t t h e f a c t t h a t s u c h a l a r g e n u m b e r 

h a d been a l r e a d y d e s t r o y e d b y flash-over g a v e l itt le reason t o 

s u p p o s e t h a t in su la tor losses a n d line i n t e r r u p t i o n s cou ld be 

m a t e r i a l l y r e d u c e d b y p r o v i d i n g p u n c t u r e - p r o o f in su la tors . 

T h e y m u s t be also fire-proof. 

T h e o n l y p r a c t i c a l w a y of m a k i n g t h e insu la tors p u n c t u r e -

proof w a s t o r e m o v e t h e m f r o m the line, tes t e a c h one to its d r y 

flash-over v o l t a g e a n d re turn t h e perfect ones t o the line. T h e r e 

w a s some quest ion as to w h e t h e r or n o t such a tes t w o u l d be 

ef fect ive , s ince an insu la tor w h i c h w o u l d flash o v e r u n d e r 2 5 -

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

the s u d d e n a t t a c k of a l i ghtn ing shock . H o w e v e r , t h e f a c t 

r e m a i n e d t h a t insulators , p r e s u m a b l y s o u n d a n d d r y , h a d flashed 

o v e r in serv ice b e c a u s e of l ightning , r a t h e r t h a n p u n c t u r e , a n d 

th is just i f ied the belief t h a t a 2 5 - c y c l e d r y flash-over t e s t w a s 

sufficient. S u b s e q u e n t exper i ence has veri f ied th i s conc lus ion . 

A d e v i c e for render ing insu la tors fire-proof, or r a t h e r proof 

a g a i n s t i n j u r y b y p o w e r a r c in t h e e v e n t of a flash-over, w a s 

d e v e l o p e d t o m e e t a n o b v i o u s need . A s s h o w n b y F i g . 7 , t h i s 

d e v i c e consis ts of t w o m e t a l r ings c o n c e n t r i c w i t h t h e insu la tor , 

a l o w e r one w h i c h is s i t u a t e d n e a r t h e b a s e b e i n g c o n s i d e r a b l y 

l a r g e r in d i a m e t e r t h a n t h e insu la tor p a r t s , a n d s u p p o r t e d b y 

g r o u n d e d m e t a l risers a t t a c h e d t o t h e p i n ; a n d a n u p p e r one 

s o m e w h a t l a r g e r t h a n t h e n e c k of t h e insu la tor , j u s t oppos i te 

t h e t i e -wire , s u s p e n d e d f r o m t h e t r a n s m i s s i o n cab le , a n d e lec­

t r i c a l l y c o n n e c t e d t o it . D e t a i l s of c o n s t r u c t i o n are e v i d e n t 

f r o m t h e f igures . 

T h e s e r ings s e r v e a s e lectrodes , t o w h i c h t h e p o w e r a r c a u ­

t o m a t i c a l l y t r a n s f e r s i m m e d i a t e l y a f t er its f o r m a t i o n b e t w e e n 



252 NICHOLSON: PROTECTING INSULATORS [March 30 

the t i e -wire a n d pin, o v e r t h e sur face of t h e insu la tor . W h e n 

ho ld ing b e t w e e n these r ings , the a r c is r e m o v e d suff ic ient ly f r o m 

the in su la tor t o p r e v e n t i n j u r y t o the porce la in b y h e a t . 

I t w a s d e t e r m i n e d e x p e r i m e n t a l l y t h a t t h e intense a n d con­

c e n t r a t e d h e a t a t a n d n e a r t h e e n d s of a large p o w e r a r c is l a r g e l y 

responsible for t h e d a m a g e w r o u g h t . T h i s is p a r t i c u l a r l y t r u e 

of t h e l o w e r t e r m i n a l w h i c h passes u p t h e pin t o the h e a r t of t h e 

in su la tor a n d s h a t t e r s it . I n o t h e r w o r d s , t h e in su la tor is 

b r o k e n f r o m the b o t t o m u p w a r d , b y the l o w e r e n d of t h e a r c . 

T h e u p p e r t e r m i n a l , l o c a t e d on t h e t i e - w i r e , is n o t so d e s t r u c -

F I G . 7.—Arcing rings, t o prevent injury to insulators b y power effects 

t i v e , on a c c o u n t of t h e t e n d e n c y of t h e a r c t o flare u p w a r d a n d 

a w a y f r o m t h e porce la in . If, h o w e v e r , t h e v e r y c r a t e r of t h e 

a r c c o m e s in to a c t u a l c o n t a c t w i t h the porce la in , b y reason of 

b e i n g l o c a t e d on t h e n e t h e r side of t h e t i e -wire , or b y reason of 

b u r n i n g t h e t i e -w ire in t w o , w h i c h it m a y d o if i t r e m a i n s a t a 

single po int , t h e h e a d p i e c e of t h e in su la tor wi l l b e b r o k e n . 

C o n s i d e r a b l e e x p e r i m e n t i n g w i t h h igh p o w e r a r c s s h o w e d t h a t 

the l o w e r port ion of t h e a r c w a s a v e r s e t o a s s u m i n g a n y t h i n g 

like a hor izonta l pos i t ion. I t v e r y m u c h pre ferred n o t t o m a k e 

the b e n d a b o u t t h e b a s e of t h e in su la tor t o r e a c h t h e pin. T h u s , 

it w a s f o u n d t h a t t h e l o w e r a r c i n g r ing w o u l d t a k e t h e a r c i m -
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m e d i a t e l y a f t er its f o r m a t i o n t o t h e pin, ( w h i c h w a s a c c o m p l i s h e d 

b y m e a n s of a fuse f r o m t i e -wire t o pin, p l a c e d we l l u p u n d e r 

the in su la tor p a r t s ) a l m o s t i r re spec t ive of t h e locat ion of t h e r ing 

w i t h reference t o t h e b a s e of t h e insu la tor . O n a qu ie t s u m m e r 

d a y , w i t h p r a c t i c a l l y n o a i r m o v e m e n t t o d r i v e t h e a r c a w a y 

f r o m t h e insu la tor , a n d n a t u r a l l y cause it t o a t t a c k t h e r ing , it 

w a s f o u n d t h a t t h e a r c i n s t a n t a n e o u s l y t r a n s f e r r e d f r o m t h e 

pin to the l o w e r r ing , e v e n t h o u g h t h e r ing w a s 2 0 in. l a r g e r in 

d i a m e t e r t h a n the b a s e of t h e insu lator , a n d a s m u c h as 4 in. 

b e l o w t h e b a s e . T h e flaring n a t u r e a n d large size of these a r c s , 

t o g e t h e r w i t h the ir t e n d e n c y t o a s s u m e a n u p r i g h t pos i t ion af ford 

the e x p l a n a t i o n of these resul ts . 

I n the a b s e n c e of w i n d it w a s a p p a r e n t t h a t t h e a r c t r a v e l e d 

r a p i d l y f r o m p l a c e t o p lace a r o u n d the insu la tor , a n d d id n o t 

r e m a i n in a n y one p lace long e n o u g h t o b u r n t h e t i e -wire ser ious ly . 

F o r th i s reason the headpiece of t h e in su l a t or d id n o t suffer, 

e x c e p t p e r h a p s t o lose a l itt le g laze . U n d e r w i n d condi t ions , 

h o w e v e r , t h e a r c hides b e h i n d the insu la tor on t h e l e e w a r d side 

a n d r e m a i n s a t or n e a r one p lace on the t i e -wire , s o m e t i m e s 

b u r n i n g it in t w o , a n d b y c o m i n g into a c t u a l c o n t a c t w i t h t h e 

porce la in causes a b r e a k a g e of t h e headpiece , b u t o n l y t h e h e a d ­

piece . T h e cure for th is condi t ion p r o v e d t o b e t h e use of a 

s econd r ing a b o u t t h e h e a d of t h e insu lator , s e p a r a t e d a t all 

po in t s f r o m -the porce la in . I t w a s l o c a t e d j u s t oppos i te t h e t ie-

w i r e , a n d of sufficient t h i c k n e s s f a i r l y t o resist ser ious b u r n i n g . 

N u m e r o u s t e s t s w e r e m a d e , u s ing a s h igh a s 3 0 , 0 0 0 - k w . 

g e n e r a t o r c a p a c i t y , w h i c h u n d e r t h e shor t - c i rcu i t c o n d i t i o n s 

of t h e tes t de l ivered 1 2 0 0 a m p e r e s a t a n init ia l v o l t a g e of 6 0 , 0 0 0 . 

I n n o ins tance w a s an insu la tor w h e n e q u i p p e d w i t h b o t h a r c i n g 

r ings d a m a g e d t o t h e s l ightes t e x t e n t . F i g . 8 is a n i g h t 

p h o t o g r a p h of a 3 0 , 0 0 0 - k w . a r c . A n i n s u l a t o r w i t h a r c i n g 

r ings , in the m i d s t of t h e fire, does n o t s h o w . I t w a s p e r f e c t l y 

w h o l e a n d f a i r l y cool a f t e r th is e x p e r i e n c e . 

A t y p i c a l case s h o w i n g t h e m a n n e r in w h i c h i n s u l a t o r s are 

d e s t r o y e d b y p o w e r a r c s is s h o w n in F i g . 1 3 , w h i c h d e p i c t s a n 

i n s u l a t o r d e s t r o y e d in s erv ice b y a p o w e r a r c fo l lowing a flash-

o v e r b y l i gh tn ing . 

T h e poss ible d a m a g e t o t h e t r a n s m i s s i o n c a b l e b y b u r n i n g , 

in t h e e v e n t of t h e u p p e r t e r m i n a l of the a r c t r a v e l i n g out a l o n g 

t h e cab le , o w i n g t o w i n d b l o w i n g in t h e d irec t ion of t h e l ine, 

w a s fu l l y d e a l t w i t h e x p e r i m e n t a l l y , w i t h a n d w i t h o u t a r c i n g 

r ings . I t w a s f o u n d t h a t a breeze of 3 mi les p e r h o u r ( e s t imated ) 
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para l l e l t o t h e line w a s sufficient t o d r i v e t h e a r c out on the cab le 

t o a d i s tance of 1 2 feet in four seconds . T h i s w a s t r u e w h e t h e r 

t h e in su la tor w a s e q u i p p e d w i t h a r c i n g r ings or n o t . T h e a m o u n t 

of b u r n i n g b y three success ive four- second a p p l i c a t i o n s of a 

1 2 0 0 - a m p e r e a r c is s h o w n b y F i g . 9. I t wi l l b e n o t e d t h a t t h e 

cab le is n o t d a m a g e d m a t e r i a l l y a t a n y one p lace , b u t t h a t the 

s c a r r i n g is d i s t r ibuted . T h i s cab le , w h i c h is 2 1 4 , 0 0 0 cir . mi l s a l u m ­

i n u m , still re ta ins 9 5 p e r cent of its or ig inal s t r e n g t h . 

F I G . 8.—Night photograph of a 30,000-kw. 1200-ampere arc on an in­
sulator equipped with arcing rings 

A s t o w h a t d irect ion of w i n d , w i t h reference t o the l ine, 

wi l l j u s t cause the a r c t o go ou t on the c a b l e , it is c o n c l u d e d 

f r o m tes t resul ts a n d o b s e r v a t i o n s on l ines in s erv ice t h a t w i t h 

s lop ing t ies s u c h as are u s e d on these l ines it is n e c e s s a r y t h a t 

the w i n d b l o w a t an ang l e less t h a n 3 0 degrees t o t h e d irect ion 

of t h e l ine. T h i s v a l u e is n o t m a t e r i a l l y inf luenced b y the 

presence of a r c i n g r ings . 

G e n e r a l l y s p e a k i n g , it is t r u e t h a t t h e t r a n s m i s s i o n cab le s 
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are not m o r e e x p o s e d to b u r n i n g w i t h a r c i n g r ings t h a n w i t h o u t 

them, a n d in ne i ther case is the b u r n i n g a t all serious. F i g . 

1 0 s h o w s a sect ion of cab le b l i s tered in serv ice b y a shor t - c i rcu i t 

a r c f rom a g e n e r a t i n g c a p a c i t y of a p p r o x i m a t e l y 60 ,000 k w . 

T h e a r c i n g tes t s out l ined a b o v e s h o w e d cons iderab le l a t i t u d e 

in the ef fect ive locat ion of the l o w e r r ing . I n add i t ion , p o t e n ­

t ial tes t s w e r e m a d e t o de termine the effect of th i s r ing in v a r i o u s 

posit ions u p o n t h e flash-over v o l t a g e of insu la tors . I t is e v i ­

d e n t l y poss ible t o set the r ing h igh u p on a n d close t o t h e in­

sulator , a n d t h e r e b y m a t e r i a l l y t o decrease the ef fect ive insulat ion , 

since the init ial d i s c h a r g e m a y pass t o the r ing, e i ther f r o m s o m e 

point on t h e i n s u l a t o r or v e r t i c a l l y d o w n w a r d f r o m the c a b l e , 

ins tead of pas s ing o v e r the ent ire insu la tor t o the pin. T h e 

F I G . 9.—214,000 cir. mils aluminum cable burned b y three applications of a 
1200-ampere arc 

e x t e n t of th i s inf luence n o t o n l y d e p e n d s u p o n t h e locat ion of 

the r ing , b u t in a f o r t u n a t e w a y u p o n t h e condi t ion of t h e in­

s u l a t o r s u r f a c e . T h u s the d r y flash-over v a l u e m a y b e r e d u c e d 

as des ired, t o p r o t e c t a g a i n s t v o l t a g e s w h i c h are a p t t o p u n c t u r e 

the insu lator , wh i l e t h e n o r m a l m i n i m u m w e t flash-over v o l t a g e 

n e e d n o t b e r e d u c e d . T h e insu la tor is t h u s left to d e v e l o p its 

full flash-over v a l u e w h e n m o s t needed , a n d w h e n leas t l ike ly 

t o resul t in p u n c t u r e . 

T h e s e effects a p p e a r g r a p h i c a l l y in F i g . 1 1 . C u r v e a r epresent s 

the o r d i n a r y p e r f o r m a n c e of a n insu la tor on a m e t a l p in u n d e r 

s p r a y , t h e f lash-over v o l t a g e decreas ing w i t h the increase of 

w a t e r . C u r v e b s h o w s its p e r f o r m a n c e w i t h t h e a r c i n g r ing 

so p r o p o r t i o n e d a n d so p l a c e d w i t h -reference t o t h e i n s u l a t o r 
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p a r t s as t o effect a cons iderable r e d u c t i o n in t h e n o r m a l d r y 

flash-over v o l t a g e , t h e in i t ia l d i s c h a r g e b e i n g t o t h e r ing ins tead 

of t o t h e pin , w i t h o u t r e d u c i n g t h e n o r m a l m i n i m u m w e t flash-

o v e r v o l t a g e . P o i n t χ de s igna te s n e u t r a l cond i t ions a t w h i c h 

t h e init ial d i s c h a r g e is as l i k e l y t o s tr ike t o the r ing a s t o t h e pin ; 

a t s l o w e r prec ip i ta t ion it s tr ikes t o the r ing , a n d a t h igher r a t e s 

t o t h e p in . Of course , d i f ferent insu la tors a n d different r ings 

g i v e different c u r v e s , b u t in a n y case i t is poss ible t o d e t e r m i n e 

b y e x p e r i m e n t t h e size a n d se t t ing of a r i n g n e c e s s a r y t o a c c o m ­

pl ish definite resul ts , w i t h i n c e r t a i n l imi t s . C o m p a r a t i v e l y 

l ong insu la tors l end t h e m s e l v e s b e s t t o s u c h p r o t e c t i o n , a n d 

o ther t h i n g s b e i n g e q u a l , t h e y n e e d it m o s t . 

A n i m p o r t a n t a d v a n t a g e ar i s ing f r o m the use of a r ing for th i s 

purpose , e spec ia l l y on long insu la tors of the t y p e u n d e r con-

F I G . 1 0 . — 2 1 4 , 0 0 0 cir. mils aluminum cable burned in service b y a short-
circuit arc from six 1 0 , 0 0 0 - k w . generators 

s iderat ion , is t h a t t h e t o t a l r e d u c t i o n of v o l t a g e is e f fect ive on t h e 

l o w e r p a r t of the insulator , a n d relief is g i v e n w h e r e m o s t n e e d e d . 

T h u s it is we l l k n o w n t h a t in a n i n s u l a t o r o f t h e pin t y p e , t h e 

shell n e x t t h e pin is s u b j e c t e d t o m o r e t h a n its p r o p o r t i o n of 

the t o t a l v o l t a g e a c t i n g . T h e po tent ia l g r a d i e n t f r o m t h e t o p 

of t h e g r o u n d e d m e t a l pin t o t h e t i e -wire in t h e in su la tor n e c k 

is b e l i e v e d t o b e such as t o i m p o s e a b o u t 5 0 p e r cent of t h e 

t o t a l a p p l i e d po tent ia l u p o n the p in-p iece or inner shell of t h e 

in su la tor u n d e r cons iderat ion . A t d r y f l a s h o v e r , there fore , t h e 

inner shell m u s t resist a p u n c t u r i n g e.m.f. of s o m e t h i n g n e a r 

1 0 0 , 0 0 0 v o l t s . T h i s e x c e s s i v e po tent ia l on the inner shell m a y 

b e r e d u c e d as m u c h as des ired b y p l a c i n g the l o w e r a r c i n g r ing 

in p r o p e r p r o x i m i t y t o t h e edge of t h e s e c o n d or i n t e r m e d i a t e 

shell . A definite s p a r k - g a p is t h u s p r o v i d e d in para l l e l w i t h t h e 
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lower part of the insulator, insuring the inner shell against punc­
ture and, therefore, in all probability, the entire insulator. 

Moreover, when a discharge of short duration occurs from, say 
the edge of the second shell to the lower ring, it is evident that 
the resistance of the surface of the insulator above the edge of 
the second shell is in series with such a discharge and has some 
deterrent effect upon the passage of the power-current. This 

V O L T A G E 
DRY F L A S H O V E R 
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F I G . 11.—Flash-over characteristics of an insulator under spray, with 
and without arcing rings 

(a) Without arcing rings 
(6) With arcing rings adjusted to lower the " dry flash-over " without 

affecting minimum " wet flash-over " 

is purely an operating advantage. Several cases have been dis­
covered on the lines in service where such action has occurred. 
It is believed to be infrequent, however, since if an insulator 
flashes over by lightning, either partially or totally, the power-
current is very apt to follow. 

In addition to these considerations, the earth potential brought 
Up around the insulator undoubtedly has an effect in ameliorating 



258 NICHOLSON: PROTECTING INSULATORS [March 30 

the p u n c t u r i n g t e n d e n c i e s of h igh potent ia l s , a n d p r o v i d e s m o r e 

f a v o r a b l e e l ec t ros ta t i c condi t ions a t t i m e s of s u d d e n s h o c k . 

O n th i s a c c o u n t it w a s t h o u g h t t h a t t h e long t h r e e - p a r t i n s u l a t o r 

w o u l d suffer v e r y m u c h less t h a n f o r m e r l y f r o m b r e a k a g e of 

p a r t s b y l i g h t n i n g s t ra ins , a n d th is h a s been fu l ly s u b s t a n t i a t e d 

b y e x p e r i e n c e . 

B e f o r e the s u m m e r or l i g h t n i n g season in 1 9 0 9 a c o r r e c t i v e 

p r o g r a m m e as out l ined b e l o w h a d been a d o p t e d a n d e x e c u t e d . 

A l l the insu la tors on one of the d u p l i c a t e l ines a n d on s o m e of 

the i m p o r t a n t b r a n c h e s , 1 9 5 mi les in all (see F i g . 1 ) w i t h m o r e 

t h a n 1 1 , 0 0 0 insu la tors , w e r e r e m o v e d f r o m t h e line a n d s u b j e c t e d 

i n d i v i d u a l l y t o a t h r e e - m i n u t e d r y f l a sh -over tes t of 1 9 5 , 0 0 0 v o l t s 

f r o m a 5 0 - k w . 2 5 - c y c l e t e s t ing t r a n s f o r m e r . T h o s e w h i c h s t o o d 

th is tes t w e r e r e t u r n e d t o the line, a n d w e r e ins ta l led on the t w o 

l o w e r w ires e x c l u s i v e l y . 

T h e resul ts of th i s tes t are in teres t ing a n d are s h o w n in the 

fo l lowing t a b u l a t i o n : 

Total number of insulators tested (recorded) 10480 
Total number failed b y puncture of one or more p a r t s . . . . 4172 
Per cent failed . . 3 9 .5 

I n d i v i d u a l p a r t s fa i led a s fo l lows: 

Number Per cent Per cent 
of of of 

insulators number number 
failed failed tested 

Headpiece only 5 0 4 12.1 4.8 
Intermediate piece only 229 5 . 5 2.1 
Pin piece only 2317 5 5 . 5 22.1 
Head and intermediate pieces... 1 34 .8 .3 
Head and pin-pieces ; 28 .7 .2 
Intermediate and pin-pieces. . .. ! 830 19.9 7.9 
All three parts. ! 230 5 . 5 2.1 

I t is seen t h a t 8 9 . 9 p e r cent of al l fa i lures i n v o l v e d t h e p in-

piece, a n d t h a t 5 5 . 5 p e r cent i n v o l v e d the p in-piece on ly . 

I t is o n l y fa ir t o s a y t h a t these d r y f la sh-over tes t s are v e r y 

m u c h in e x c e s s of a n y r e q u i r e m e n t s w h i c h w e r e a n t i c i p a t e d a t 

the t i m e of the m a n u f a c t u r e of these insu la tors . H a d t h e y - b e e n 

te s ted c o m p l e t e before the ir first ins ta l lat ion , it w o u l d h a v e been 

a t ; a - v o l t a g e c e r t a i n l y not in exces s of 1 5 0 , 0 0 0 , w h i c h is a t present 

cons idered f a i r l y h igh for a t h r e e - p a r t 6 0 , 0 0 0 - v o l t in su la tor . 

P r i o r t o i n a u g u r a t i n g flash-over tes ts on insu la tors f r o m the 

line, s o m e 2 , 0 0 0 i n s u l a t o i s in s t o c k w e r e tes ted t o 1 5 0 , 0 0 0 v o l t s , 
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3 m i n u t e s , resu l t ing in a loss of 7 per cent , w h i c h c a n n o t be con­

s idered e x c e s s i v e for a n insu la tor of th i s s h a p e . · 

O n the t o p w i r e w h e r e m o s t d a m a g e b y l i gh tn ing h a d o c c u r r e d 

in the p a s t , a n d on t h e l o w e r w i r e s t o t h e e x t e n t n e c e s s a r y t o 

a c c o m p l i s h t h e i r insu lat ion , a n e w t y p e of insu lator , s h o w n in 
F i g . 1 2 , w a s insta l led . T h i s is a f o u r - p a r t i n su l a t or of a b o u t t h e 

s a m e outs ide d i a m e t e r as the old s ty l e t h r e e - p a r t insu la tor , b u t 

c o n s i d e r a b l y shorter , 6 inches in f a c t . I t f lashes o v e r d r y a t 

1 9 0 , 0 0 0 v o l t s , a n d w e t a t 1 0 5 , 0 0 0 v o l t s . T h e i n d i v i d u a l p a r t s 

a n d the a s s e m b l e d insu la tors w e r e t e s t e d t o d r y f la sh-over v o l t a g e 

F I G . 12 .—New style four-part insulator installed on top wire, 1 9 0 9 . 
Also shows method of attaching arcing-ring supports to cylindrical 
pins 

for 3 m i n u t e s . T h e r e w a s a loss of 3 p e r cent of a s s e m b l e d in­

su la tors b y th i s t e s t . 

A n in su la tor of th i s des ign w a s se lected in t h e l ight of e x ­

per ience , w h i c h c l e a r l y i n d i c a t e d t h a t l ong i n s u l a t o r p a r t s c a n 

ill resist t h e m e c h a n i c a l s tress of l i gh tn ing shoc ks , a n d t h a t three 

th i cknesses of porce la in are n o t sufficient s a f e l y t o resist p u n c t u r e 

in insu la tors h a v i n g h igh f lash-over c h a r a c t e r i s t i c s . M o r e o v e r , 

shor t shells a l l o w sufficient c r e e p a g e a t h igh v o l t a g e t o effect 

a m o r e n e a r l y u n i f o r m d i s tr ibut ion of p o t e n t i a l u p o n t h e s e v e r a l 

p a r t s , w h i c h p r e v e n t s the p u n c t u r e of a n y s ingle shell b y a d is ­

p r o p o r t i o n a t e d iv i s ion of potent ia l . I n shor t , th i s f o u r - p a r t in-
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su la tor w a s des igned t o flash o v e r r a t h e r t h a n t o p u n c t u r e , a n d 

t o d o th i s w i t h s o m e m a r g i n of s a f e t y a g a i n s t p u n c t u r e . 

L o w e r a r c i n g r ings w e r e ins ta l led on al l in su la tors in s u c h a 

m a n n e r t h a t relief o c c u r s a t a m a x i m u m of 1 6 0 , 0 0 0 v o l t s , a n d also 

in such a m a n n e r t h a t w e t flash-over v a l u e s are no t r e d u c e d . T h e 

m a x i m u m p u n c t u r i n g po tent ia l is t h e r e b y l imi ted t o a p p r o x i m a t e l y 

3 0 , 0 0 0 v o l t s less t h a n t h e a c t u a l v o l t a g e w h i c h all insu la tors w i t h ­

s tood u n d e r t e s t , t h u s ef fect ing a fa ir m a r g i n of s a f e t y a g a i n s t p u n c ­

t u r e . T h i s resul t is a c c o m p l i s h e d b y t h e use of a 2 6 - i n . b y f - in . iron 

ring, l o c a t e d a p p r o x i m a t e l y 2\ in. a b o v e t h e b a s e of the t h r e e - p a r t , 

a n d 2 in. b e l o w t h e b a s e of t h e f o u r - p a r t insu la tors . I t w a s t h o u g h t 

t h a t this relief w a s des irable for the t h r e e - p a r t insu la tor , s ince p r a c ­

t i c a l l y t h e ent ire 3 0 , 0 0 0 - v o l t r e d u c t i o n t e n d s t o re l ieve the inner 

shell, t h e one m o s t l iable t o p u n c t u r e . W h i l e n o t cons idered 

n e c e s s a r y for t h e f o u r - p a r t in su la tor it is no t ob jec t ionab le , a n d 

g i v e s t h e a d v a n t a g e t h a t t h e l o w e r a r c i n g r ing is in a b e t t e r 

locat ion t o a t t r a c t t h e p o w e r a r c , s ince th is i n s u l a to r is, c o m ­

p a r a t i v e l y sp eak ing , a v e r y short one. 

U p p e r a r c i n g r ings w e r e no t ins ta l led unt i l la te in the season, 

a f t er exper i ence h a d s h o w n t h e m t o be n e c e s s a r y . 

T h e s econd line w a s n o t t e s t ed or p r o t e c t e d in a n y w a y . 

S i n c e b o t h l ines are on t h e s a m e r i g h t - o f - w a y for a cons iderab le 

d i s tance , a n d in genera l p a s s t h r o u g h the s a m e sect ion of c o u n t r y , 

b e i n g a t m o s t a f e w mi le s a p a r t , a definite c o m p a r i s o n of t h e 

operat ion of t h e t w o lines for t h e l i ghtn ing season of 1 9 0 9 s h o w s 

the v a l u e a n d e f fect iveness of t h e re insulat ion a n d a r c i n g r ing 

protec t ion . A l s o a c o m p a r i s o n of these resul t s w i t h those of 

f o r m e r y e a r s is of interest . I t is t o be r e m a r k e d t h a t t h e line 

se lected for re insulat ion is, w h e n on a s e p a r a t e r i g h t - o f - w a y , 

the s o u t h e r l y one, a n d a p p a r e n t l y lies m o r e in t h e u s u a l p a t h of 

e lectr ic s t o r m s t h a n t h e one w h i c h w a s n o t re insu la ted . 

T a b l e I is a c o m p a r i s o n of l i g h t n i n g effects on re insu la ted a n d 

non-re insu la ted l ines d u r i n g 1 9 0 9 . 

I t e m 1 s h o w s t h a t one in su la tor w a s d i sab led on t h e re insu la ted 

l ines a g a i n s t 5 4 d i sab led on t h e non-re insu la ted l ines. F i g . 1 3 

p i c tures t h e one i n s u l a t o r lost on t h e re insu la ted l ine. T h i s is 

a c l ear case of b r e a k a g e b y p o w e r a r c , a f t er flashing o v e r b y 

l i ghtn ing . I t o c c u r r e d e a r l y in t h e y e a r , before inspect ion of 

t h e w o r k h a s been m a d e . T h i s fa i lure w a s due t o i m p r o p e r 

ins ta l la t ion of i n s u l a t o r a n d ring. T h e 5 4 insu la tors d i s a b l e d 

on t h e non-re insu la t ed l ines w e r e d e s t r o y e d in t h e s a m e w a y a s 

w e r e those lost in f o r m e r y e a r s , viz., s h a t t e r e d b y l i gh tn ing , 

s h a t t e r e d b y p o w e r a r c a n d p u n c t u r e d . 
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TABLE I, SHOWING LIGHTNING EFFECTS ON REINSULATED AND NON-RE-
INSULATED LINES, 1909 

Reinsulated lines 195 miles, 11,078 insulators. 
Non-reinsulated lines 217 miles, 15,121 insulators. 

(Reinsulated lines are indicated in Fig. 1.) 

Non-
Reinsulated reinsulated 

Item lines lines 

1. Insulators disabled 1 (a) 54 
2. Insulators injured (replaced at convenience) 13 (6) 36 
3. Occasions on which a line was disabled by breakage of 

one or mote insulators 1 (a) 15 (c) 
4. Short-circuits or grounds which tripped controlling 

circuit-breakers but did not disable the line 19 12 (c) 
5. Number of days on which lightning was observed at 

one or more points on the system 44 44 

(a) Broken by power arc. Insulator and rings were improperly installed. 
(6) Nine injured in headpiece by power arc—no neck rings installed. One injured in 

lower skirts by power arc. Three injured in lower skirts by lightning stress;s. 
(c) Low, on account of practice of removing voltage from 110 miles of non-reinsulated 

line during lightning, to prevent breakage by power effects, and to obviate attending 
disturbances. 

Item 2 shows that 13 insulators were injured on the rein­
sulated lines. A careful inspection of these lines was made after 
lightning storms to determine the exact performance of the 
arcing rings, and to learn whether or not their location was such 
as to give the desired results. The results of this inspection 
are as follows : 

Total number of flash- overs found 38 
Flashed but not injured 24 
Headpiece injured (no upper ring installed) 9 
Skirts injured b y power arc 1 
Skirts injured b y lightning 3 

Insulators disabled b y power arc (improperly installed) 1 
Arced to pin before transferring to ring 16 

(10, 4-part; 6, 3-part) 
Arced to ring only 21 

9, 4-part; 12, 3-part) 
Arced to pin only 1 

(4-part insulator destroyed) 

No insulator was punctured either totally or in any of its parts. 
Fig. 14 shows an insulator, protected by a lower arcing ring, 

which flashed over successfully. 
Fig. 15 pictures an insulator, the headpiece of which was 

broken by a power arc, burning the tie-wire in two. Eight 
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o t h e r s w e r e a f fec ted s imi lar ly . N o u p p e r a r c i n g r i n g s w e r e 

ins ta l led on a n y of the i n s u l a t o r s w h i c h w e r e b r o k e n in th i s 

m a n n e r . 

F i g . 1 6 s h o w s the d a m a g e done b y l i ghtn ing s tress to a three-

p a r t insu la tor . I t h a d n o t f lashed o v e r . T h r e e w e r e i n j u r e d in 

th i s m a n n e r . 

I t e m 3 s h o w s one occas ion on the re insu la ted line, a n d 1 5 

on the non-re insu la ted line* w h e n the lines w e r e d i s a b l e d b y t h e 

fa i lure of one or m o r e insu la tors . T h e single fa i lure on t h e re ­

insu la ted line w a s due tojthe^one^insulator a p p e a r i n g rn^I tem 1 . 

F I G . 13.—Four-part insulator de- F I G . 14.—Insulator, protected b y 
stroyed b y power arc. The only lower arcing ring, which flashed 
insulator disabled on the rein- over successfully 
sulated lines 1909 

I t e m 4 s h o w s m o m e n t a r y line in terrupt ions c a u s e d b y g r o u n d s 

or short -c i rcu i t s , in w h i c h ins tances the l ines w e r e n o t d i sab led , 

b u t w e r e all r ight for serv ice a t the n e x t a p p l i c a t i o n of p o w e r , 

u s u a l l y w i t h i n t h i r t y seconds . T h e r e w e r e 1 9 of these i n t e r r u p ­
t ions on t h e re insu la ted lines a n d 1 2 on the nor i -re insulated 

lines. T h e f a c t t h a t there w e r e f e w e r on t h e n o n - r e i n s u l a t e d 

l ines is b e l i e v e d t o b e d u e t o t h e o p e r a t i n g p r a c t i c e of r e m o v i n g 

v o l t a g e f r o m m o r e t h a n a h u n d r e d mi les of n o n - r e i n s u l a t e d line 

d u r i n g the k n o w n progress of l i g h t n i n g s t o r m s in t h e v i c i n i t y 

of t h e l ines. T h i s w a s done t o o b v i a t e d a m a g e b y p o w e r a r c s , 
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a n d t o p r e v e n t a t t e n d i n g d i s t u r b a n c e s t o t h e s y s t e m . I t 

is in teres t ing t o note t h a t th i s sect ion of n o n - r e i n s u l a t e d line 

w a s d i sab led t w i c e whi l e n o v o l t a g e w a s on it . 

Cons ider ing I t e m 4 in c o n j u n c t i o n w i t h t h e resul ts of line 

inspect ion m e n t i o n e d a b o v e , it is e v i d e n t t h a t t h e l o w e r a r c i n g 

r ing is n o t close e n o u g h t o r e d u c e t h e degree of insu lat ion of t h e 

line u n d e r t h e a v e r a g e condi t ions of m o i s t u r e d u r i n g l i gh tn ing 

s t o r m s . T h i s is s h o w n b y the s l ight difference in t h e n u m b e r 

of the m o m e n t a r y in t errupt ions on the t w o lines, a n d b y the 

fac t t h a t on the re insu la ted lines in a b o u t half t h e in s tances 

F I G . 15.—Insulator injured in head- F I G . 16.—Insulator with second 
piece b y power arc. No upper shell injured b y lightning 
arcing ring was installed shock 

the init ial d i s c h a r g e w a s t o the insu la tor pin, a n d in a b o u t half 

t o t h e a r c i n g r ing . A t the s a m e t i m e all p u n c t u r i n g of insu la tors 

h a s been e l iminated . F o r these reasons it is b e l i e v e d t h a t the 
r ings h a v e been p l a c e d so as t o o p e r a t e as or ig ina l ly in tended . 

I t e m 5 s h o w s t h e n u m b e r of d a y s on w h i c h ' l i g h t n i n g w a s 

o b s e r v e d a t one or m o r e po ints on t h e s y s t e m . T h i s i t e m is 

in teres t ing in connect ion w i t h T a b l e s I I a n d I I I . 

T a b l e I I is a c o m p a r i s o n of l i gh tn ing effects on the re insu la ted 

lines d u r i n g 1 9 0 9 , a n d on t h e s a m e lines p r e v i o u s t o re insulat ion 

d u r i n g the y e a r s 1 9 0 7 a n d 1 9 0 8 . 
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T a b l e I I I is a c o m p a r i s o n of the l i ghtn ing effects on t h e n o n -

re insu la ted l ines of 1 9 0 9 a n d on the s a m e lines in 1 9 0 7 a n d 1 9 0 8 . 

T h e s e t a b l e s are self e x p l a n a t o r y . A t t e n t i o n is ca l l ed t o t h e 

e x t r a s e v e r i t y of t h e l i gh tn ing season of 1 9 0 8 , a n d t o t h e f a c t 

TABLE II, SHOWING LIGHTNING EFFECTS ON REINSULATED LINES DURING 
1909, AND ON THE SAME LINES BEFORE REINSULATION DURING 1907 

AND 1903 

Item 1907 190S 1909 

1. Insulators disabled 59 (a) 139 (c) 1 
2. Insulators injured (serviceable) 16 35 13 
3. Occasions on which a line was disabled by the breakage of 

one or more insulators 12 26 (c) 1 
4. Short-circuits or grounds which tripped controlling cir­

cuit-breakers but did not disable the line 32 (b) 38 (c) 19 
5. Number of days on which lightning was observed at one 

or more points on the system 41 54 44 

(a) Low, on account of relief gaps. 
(b) High, on account of relief gaps. This is one-half the total number on the entire sys­

tem. In addition there were 100 grounds and short-circuits on the system which did not 
trip circuit braakers. 

(c) High, on account of severity of season. 

TABLE III, SHOWING LIGHTNING EFFECTS ON THE NON-REINSULATED 
LINES OF 1909, DURING 1907, 1908 AND 1909 

Item 1907 1908 1909 

1. Insulators disabled 29 81 (&) 54 
2. Insulators injured (serviceable) 15 66 36 
3. Occasions on which line was disabled by breakage of one 

or more insulators 9 23 (b) 15 
4. Short-circuits or grounds which tripped controlling cir­

cuit-breakers but did not disable the line 32 (a) 42 (6) 12 (c) 
5. Number of days on which lightning was observed at one 

or more points on the system 41 54 44 

(a) High, on account of relief gaps. This is one-half total number of entire system. In 
addition there were 100 grounds or short-circuits on the system which did not trip 
circuit breakers. 

(b) High, on account of severity of season. 
(c) Low, on account of operating practice of removing voltage from 110 miles of line 

during lightning storms. 

t h a t t h e l ines w h i c h w e r e re insu la ted in 1 9 0 9 h a d f o r m e r l y 

rece ived r o u g h e r t r e a t m e n t t h a n h a d the o ther l ines. 

F r o m T a b l e I I I it a p p e a r s t h a t l i gh tn ing effects in 1 9 0 9 w e r e 

s l i ght ly m o r e t h a n half those in 1 9 0 8 , a n d s o m e w h a t in e x c e s s of 

those in 1 9 0 7 . I t is therefore b e l i e v e d t h a t t h e re insu la ted 
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F I G . 17 .—Arc ing rings applied to a suspension type insulator 

on a s t r u c t u r e d i s c h a r g e d , a n d on s i x o ther occas ions t w o in­

su la tors p e r s t r u c t u r e w e r e i n v o l v e d . Of t h e 3 8 p r o t e c t e d in­

su la tors w h i c h are k n o w n t o h a v e b e e n af fected . 2 1 w e r e on t h e 

l o w e r w i r e s . T h e s e resu l t s are all i n d i c a t i v e of s evere l i g h t n i n g 

effects . 

T h i s e x p e r i e n c e w i t h s o u n d i n s u l a t o r s p r o t e c t e d b y a r c i n g 

r ings just i f ies t h e feel ing t h a t e x t e n d e d i n t e r r u p t i o n s d u e t o 

line b r e a k d o w n s b y l i gh tn ing wi l l b e v e r y rare in the f u t u r e , 

if t h e y d o n o t e n t i r e l y d i s a p p e a r . P r e v e n t i o n of occas iona l 

m o m e n t a r y d i s t u r b a n c e s , c a u s e d b y t h e d i s c h a r g e of one or m o r e 

lines h a v e been s u b j e c t e d t o a l i g h t n i n g season of a v e r a g e in­

tens i ty . 

Concre te in s tances m a y be c i t ed w h i c h s h o w def ini te ly t h a t 

protec ted insu la tors h a v e w i t h s t o o d severe l i gh t n i ng . I n sec ­

t ions w h e r e t h e lines are 2 6 ft . a p a r t on t h e s a m e r i g h t - o f - w a y , 

insulators w e r e d e s t r o y e d on t h e u n p r o t e c t e d line in q u a n t i t i e s , 

a n d in a m a n n e r w h i c h i n d i c a t e d e x t r a o r d i n a r y l i g h t n i n g s e v e r ­

i ty . O n t h e p r o t e c t e d line in t h e s a m e l o c a l i t y i n s u l a t o r s 

flashed o v e r u n i n j u r e d . O n s i x k n o w n occas ions all the insu la tors 
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c o n d u c t o r s t o g r o u n d f r o m the effects of l i ghtn ing , is b e l i e v e d t o 

b e imposs ib le , s ince potent ia l s ex i s t a t t i m e s w h i c h are t o o g r e a t 

t o b e insu la ted , a n d t o o s e v e r e l y loca l ized t o b e re l i eved b y l i gh t ­

n ing arres ters a t a d i s tance . D u p l i c a t i o n or m u l t i p l i c a t i o n of 

c ircui t s contro l l ed b y p r o p e r a u t o m a t i c sect ional iz ing a p p a r a t u s 

t e n d s t o p r e v e n t s u c h in t errupt ions f r o m r e a c h i n g t h e s erv i ce . 

V i r t u a l l y n o e x p e r i e n c e h a s been h a d w i t h a r c i n g r i n g s on 

u n t e s t e d insu la tors . T h e w o r k of a p p l y i n g t h e m on t h e re ­

m a i n d e r of t h e s y s t e m , o m i t t i n g the t e s t i n g of insu la tors , is in 

progress a t present . I n v i e w of the m a t e r i a l p r o t e c t i o n a g a i n s t 

p u n c t u r e w h i c h t h e l o w e r r ing affords t o t h e p in-p iece of t h e 

t h r e e - p a r t insu lator , w h i c h piece , as the t e s t ing of 1 1 , 0 0 0 of these 

insu lators s h o w s , is the one m o s t l iable t o p u n c t u r e , a n d w h i c h 

if s a v e d wil l p r o b a b l y resul t in s a v i n g the ent ire insu la tor , 

s a t i s f a c t o r y resul ts are a n t i c i p a t e d . 

B e f o r e u n d e r t a k i n g t h e r a t h e r e x p e n s i v e e x p e r i m e n t of re in-

su la t ing its l ines a n d e q u i p p i n g t h e m w i t h a r c i n g r ings , t h e c o m ­

p a n y sent r e p r e s e n t a t i v e s to v a r i o u s t r a n s m i s s i o n p l a n t s in the 

U n i t e d S t a t e s a n d C a n a d a t o inquire a b o u t line t roub le s in ge ne r a l , 

a n d p a r t i c u l a r l y r e g a r d i n g t h e e f fec t iveness of o v e r h e a d g r o u n d e d 

c o n d u c t o r s . T h e resu l t of th is inves t iga t ion w a s n o t a l t o g e t h e r 

f a v o r a b l e t o the o v e r h e a d g r o u n d w i r e . V a r i o u s opinions w e r e 

o b t a i n e d e x p r e s s i n g its usefulness a n d its uselessness . N o p l a n t 

c o m p a r a b l e in e x t e n t a n d t y p e of c o n s t r u c t i o n w i t h t h e one u n d e r 

cons iderat ion w a s d i s c o v e r e d w h i c h did n o t h a v e t o c o n t e n d 

w i t h the s h a t t e r i n g a n d p u n c t u r i n g of insu la tors b y l ightn ing , 

as wel l as w i t h o c c a s i o n a l shor t -c i rcu i t s d u r i n g l i g h t n i n g s t o r m s . 

Cons ider ing the h e a v y e x p e n s e of p r o p e r l y insta l l ing an o v e r h e a d 

g r o u n d e d c o n d u c t o r , a n d t h e e x t r a l o a d it w o u l d i m p o s e on t h e 

line s t r u c t u r e s , t o g e t h e r w i t h a large e l ement of u n c e r t a i n t y 

as t o its ef f icacy, t h e idea of insta l l ing one w a s a b a n d o n e d . 

W h i l e i n t e n t i o n a l l y des igned t o p r o t e c t insu la tors m o u n t e d 

on g r o u n d e d m e t a l p ins it is b e l i e v e d t h a t g r o u n d e d r ings w o u l d 

b e benefic ial t o insu la tors on w o o d e n pins a lso . 

I n v i e w of the e x t e n s i v e use of suspens ion insu lators , some 

e x p e r i m e n t a l w o r k h a s been carr i ed on w h i c h ind ica te s t h e neces­

s i t y for, a n d e f fect iveness of, a r c i n g r ing p r o t e c t i o n on th i s t y p e 

of insu lator . T h e a r r a n g e m e n t s h o w n in F i g . 1 7 a p p a r e n t l y 

a c c o m p l i s h e s the des ired resul t s . 


