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Q. 
ill 

©  Electrical  high  voltage  connector. 
57  An  electrical  connector  for  use  in  connecting  a  male 
contact  to  a  female  contact  in  an  energized  high  voltage 
circuit,  the  electrical  connector  having  a  female  contact 
assembly  which  is  movable  and  is  accelerated  in  response  to 
the  generation  of  arc-quenching  gases  within  the  electrical 
connector  to  aid  in  more  rapidly  closing  the  connection 
between  the  female  contact  and  the  male  contact,  and  kinetic 
energy  absorption  and  dissipation  means  for  gradually 
absorbing  and  dissipating  at  least  a  portion  of  the  kinetic 
energy  imparted  to  the  female  contact  assembly  as  a  result 
of  such  acceleration  thereof,  so  as  to  decelerate  the  female 
contact  assembly  and  thereby  facilitate  bringing  the  female 
contact  assembly  to  a  halt  subsequent  to  closing  the 
connection. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  e l e c t r i c a l  

c o n n e c t o r s   and  p e r t a i n s ,   more  s p e c i f i c a l l y ,   to  e l e c t r i c a l  

c o n n e c t o r s   of  the  type  used  in  making  a  connec t i on   in  a n  

e n e r g i z e d   h igh  v o l t a g e   c i r c u i t   of  an  e l e c t r i c a l   d i s t r i b u t i o n  

s y s t e m .  

A s  s e t  f o r t h   in  some  d e t a i l   in  our  e a r l i e r   U.S.  P a t e n t   No.  

4 ,186 ,985 ,   one  of  the  more  t roub le some   s i t u a t i o n s   which  a r i s e s  

in  the  j o i n d e r  o f   male  and  female  c o n t a c t   e lements   in  an  e n e r g i z e d  

h i g h  v o l t a g e   c i r c u i t   is  the  l a r g e   amount  of  a r c - q u e n c h i n g   g a s e s  

g e n e r a t e d   d u r i n g   f a u l t   c l o s u r e   and  the  concomi tan t   h igh   g a s -  

g e n e r a t e d   p r e s s u r e s   which  must  be  accomodated  by   the  c o n n e c t o r .  

The  a f o r e s a i d   p a t e n t   t r a c e s   the  development   of  p r i o r   a r t   d e v i c e s  

which  a re   i n t e n d e d   for   f a u l t   c l o s u r e   and  d i s c l o s e s   an  i n p r o v e m e n t  

which  a ids   in  accomodating  f a u l t   c l o s u r e .   These  p r i o r   a r t  

dev ices   employ  a  p i s t o n - d r i v e n   movable  female  c o n t a c t   a s s e m b l y  

which  is   moved  toward  a  s e p a r a b l e   male  c o n t a c t   by  the  a r c - q u e n c h i n g  

gases  so  as  to  a c c e l e r a t e   engagement  of  the  c o n t a c t s ,   thus   m i n i -  

mizing  a r c i n g   t i m e .  

I t   i s   an  o b j e c t  o f   the  p r e s e n t   i n v e n t i o n   to  p rov ide   a n  

e l e c t r i c a l   connec to r   of  the  type  d e s c r i b e d ;   t h a t   i s ,   an  e l e c t r i c a l  

connec to r   in  which  one  c o n t a c t   is   moved  by  a r c - q u e n c h i n g   g a s e s  

in to   a c c e l e r a t e d   c o n t a c t   wi th   an  i n s e r t e d   complementary  c o n t a c t ,  

and  which  w i l l   o p e r a t e   e f f e c t i v e l y   a t   h igher   v o l t a g e s   t h a n  

e a r l i e r   such  d e v i c e s .  

Another   o b j e c t   of  the  i n v e n t i o n   i s   to  p rov ide   an  e l e c t r i c a l  

connec to r   of  the  type  d e s c r i b e d   and  in  which  the  movable  c o n t a c t  



assembly may  b e  a c c e l e r a t e d   t o  a   g r e a t e r   speed  and  then  s t o p p e d ,  

s u b s e q u e n t   to  making  c o n t a c t ,   w i thou t   a  c a t a s t r o p h i c   f a i l u r e  

w i t h i n  t h e   c o n n e c t o r .  

S t i l l   a n o t h e r   o b j e c t   of   the  i n v e n t i o n   is   t o  p r o v i d e  a n  

e l e c t r i c a l  c o n n e c t o r  o f   the   type  d e s c r i b e d  a n d   i n  w h i c h  t h e  

m o v a b l e  c o n t a c t  a s s e m b l y  i s  d e c e l e r a t e d  b y  k i n e t i c  e n e r g y  

a b s o r p t i o n  a n d  d i s s i g a t i o n  m e a n s ,  t h e r e b y  e n a b l i n g  t h e  a c c o m o -  

d a t i o n  o f  h i g h e r  a r c - q u e n c h i n g  g a s  p r e s s u r e s  a n d  c o n c o m i t a n t  

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

Yet  a n o t h e r   o b j e c t   of  the   i n v e n t i o n   i s   to  p rov ide   a n  

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

a r r a n g e m e n t  o f  p r e v i o u s  m o v a b l e  c o n t a c t  a s s e m b l y  c o n n e c t o r s  

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

s u i t a b l e   for   use  in  making  f a u l t   c l o s u r e   c o n n e c t i o n s   a t   s i g n i f i -  

c a n t l y   h i g h e r   v o l t a g e s .  

A  f u r t h e r  o b j e c t  o f  t h e  i n v e n t i o n  i s  t o  p r o v i d e  a n  e l e c t r i c a l  

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

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

h i g h  v o l t a g e  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m s .  

The  above  o b j e c t s ,   as  wel l   as  s t i l l   f u r t h e r   o b j e c t s   a n d  

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

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

of  the   t y p e  i n  w h i c h  a  c o n t a c t  e l e m e n t  a s s e m b l y  i s  m o v a b l e  w i t h i n  

t h e  e l e c t r i c a l  c o n n e c t o r  f r o m  a  f i r s t  p o s i t i o n  t o  a  s e c o n d  p o s i t i o n  

t o  a c e e l e r a t e  a  f i r s t  c o n t a c t  e l e m e n t  f o r  r a p i d  m o v e m e n t  t o w a r d  

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

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



the   e l e c t r i c a l   connec tor   to  comple te   an  e n e r g i z e d   h i g h   v o l t a g e  

c i r c u i t ,   the  improvement  compr i s ing   k i n e t i c   energy  a b s o r p t i o n   a n d  

d i s s i p a t i o n   means  a s s o c i a t e d   wi th   the  e l e c t r i c a l  c o n n e c t o r   f o r  

g r a d u a l l y   absorb ing   and  d i s s i p a t i n g   a t   l e a s t   a  p o r t i o n   of  t h e  

k i n e t i c   energy  imparted  to  the  c o n t a c t   e lement   assembly  as  a  

r e s u l t   of  s u c h  a c c e l e r a t i o n   as  the  c o n t a c t   e lement   assembly  moves 

from  the  f i r s t   p o s i t i o n   toward  the  second  p o s i t i o n   so  as  s u b s e -  

q u e n t l y   to  d e c e l e r a t e   the  c o n t a c t  e l e m e n t   assembly  and  t h e r e b y  

f a c i l i t a t e   b r i n g i n g   the  c o n t a c t   e lement   assembly  to  a  h a l t  

s u b s e q u e n t   to  the  engagement  of  the   f i r s t   and  second  c o n t a c t  

e l e m e n t s .  

The  i n v e n t i o n   w i l l   be  more  f u l l y   u n d e r s t o o d ,   whi le   s t i l l  

f u r t h e r   o b j e c t s   and  advantages   w i l l   become  a p p a r e n t   in  t h e  

f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   of  embodiments  of  the   i n v e n t i o n  

i l l u s t r a t e d   in  the  accompanying  d r a w i n g ,  i n   w h i c h :  

FIG.  1  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   view  of  t he   f o r w a r d  

p o r t i o n   of  an  e l e c t r i c a l   c o n n e c t o r   e lement   c o n s t r u c t e d   in  a c c o r d -  

ance  wi th   the  i n v e n t i o n ;  

FIG.  2  is  a  view  s i m i l a r   to  FIG.  1 ,  b u t   w i t h  t h e   component  

p a r t s   in  ano ther   o p e r a t i n g   p s o i t i o n ;  

FIG.  3  is  a  view  s i m i l a r   to  FIG.  1,  but   w i t h   the  component  

p a r t s   in  s t i l l   another   o p e r a t i n g   p o s i t i o n ;  

F I G .   4  is  an  en la rged   f r a g m e n t a r y   view  of  a  p o r t i o n   o f  

F I G .  3 ;  

FIG.  5  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   view  of  the  f o r w a r d  

p o r t i o n   of  another   e l e c t r i c a l   connec to r   e lement   c o n s t r u c t e d   i n  



a c c o r d a n c e   w i t h   the  i n v e n t i o n ;  

FIG.  6  is  a  v i ew  s i m i l a r   t o  F I G .  5 ,  b u t  w i t h  t h e  c o m p o n e n t  

p a r t s   in  ano the r   o p e r a t i n g   p o s i t i o n ;  

FIG.  7  is  a  f ragmented   l o n g i t u d i n a l   c r o s s - s e c t i o n a l   view  o f  

p o r t i o n s   of  s t i l l   ano the r   e l e c t r i c a l   c o n n e c t o r   e lement   c o n s t r u c t e d  

in  a c c o r d a n c e   w i t h   the  i n v e n t i o n ;   a n d  

F IG.  8   is  a  f ragmented   l o n g i t u d i n a l   c r o s s - s e c t i o n a l   view  o f  

p o r t i o n s   of  ye t   ano the r   e l e c t r i c a l   c o n n e c t o r   e lement   c o n s t r u c t e d  

in  a cco rdance   w i th   the  i n v e n t i o n .  

R e f e r r i n g   now  to  the  drawing,   and  e s p e c i a l l y   to  FIG.  1  

t h e r e o f ,   a  forward  p o r t i o n   of  a  female  e l e c t r i c a l   c o n n e c t o r  

e l emen t   c o n s t r u c t e d   in   accordance   with  the  i n v e n t i o n   and  shown 

i n  t h e  f o r m  o f   a  bushing   i n s e r t   is  i l l u s t r a t e d   g e n e r a l l y   at  1 0 .  

Bushing  i n s e r t   10  is   for   use  in  s e p a r a b l e   c o n n e c t i o n   with  a  

complementary   male  connec to r   e lement ,   such  as  a  c o n n e c t o r   e lbow 

( n o t  s h o w n ) ,   in  an  e n e r g i z e d   high  v o l t a g e   c i r c u i t   of  an  e l e c t r i -  

ca l   d i s t r i b u t i o n   system  (also  not  shown) .  

Bushing  i n s e r t   10  has  a  hous ing  12  which  i n c l u d e s   an  o u t e r  

h o u s i n g   c a s ing   14  of  e l a s t o m e r i c   m a t e r i a l s   hav ing   an  inner   p o r -  

t i o n   16  of  i n s u l a t i n g   e l a s t o m e r i c   m a t e r i a l   and  an  o u t e r   p o r t i o n  

18  of  conduc t i ve   e l a s t o m e r i c   m a t e r i a l   molded  i n t e g r a l   with  i n n e r  

p o r t i o n   16.  Housing  12  f u r t h e r   i n c l u d e s   a   r i g i d ,   m e t a l l i c ,  

e l e c t r i c a l l y   conduc t ive   i n n e r   hous ing   member  20  which  e x t e n d s  

l o n g i t u d i n a l l y   between  a  forward  end  22  and  a  r e a r w a r d   end  24 

w i t h i n   c a s ing   14.  A  t h r e a d e d   a p e r t u r e   26  a t   the   r ea rward   end  

24  r e c e i v e s   a  t h r e a d e d   s tud  28  which  is  u n i t a r y   wi th   one  end  o f  

a  m e t a l l i c ,   e l e c t r i c a l l y   conduc t ive   e x t e n s i o n   30  which  i t s e l f   i s  



t h r e a d e d   a t   the   o t h e r   end  t h e r e o f   (not shown)  for   a t t a c h m e n t   t o  

a  h i g h  v o l t a g e   c i r c u i t ,   such  as  at   the  t e r m i n a l   of  a  t r a n s f o r m e r  

(no t  shown) .   A  t u b u l a r   i n s u l a t i n g   noisepiece  32  is  t h r e a d e d   i n t o  

the  inner   hous ing   member  20  a t   the  forward  end  22  t h e r e o f   a n d  

p r o j e c t s   a x i a l l y   t h e r e f r o m ,   i n  a  m a n n e r  n o w  w e l l - k n o w m  i n  b u s h i n g  

i n s e r t s ,  a n d  c a r r i e s  a n  a n n u l a r  d e t e n t  g r o o v e  3 4  a d j a c e n t  t h e  

forward  end  36  t h e r e o f   for   engaging  a  complementary  d e t e n t   in  t h e  

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

i n s e r t  1 0 .  

L o c a t e d  w i t h i n  t h e  i n n e r  h o u s i n g  m e m b e r   20  i s   a  c a r r i e r  

m e m b e r  4 0  w h i c h  i s  g e n e r a l l y  t u b u l a r  a n d  e x t e n d s  b e t w e e n  f o r w a r d  

e n d  4 2  a n d  r e a r w a r d  e n d  4 4 ,   c o r r e s p o n d i n g  t o  t h e  f o r w a r d  a n d  

rea rward   ends  22  and  24  of  the  inner   housing  member  20.  A 

p i s t o n   46  i s  u n i t a r y   wi th   the  c a r r i e r   member  40  a d j a c e n t   r e a r w a r d  

e n d  4 4  a n d  i s  r e c e i v e d  w i t h i n  c y l i n d r i c a l  i n n e r  s u r f a c e  4 8  o f  

i nne r   housing member   20  fo r   a x i a l   s l i d i n g   movement.  A  f e m a l e  c o n -  

t a c t   e lement   5Q  is   t h r e a d e d   in to   the  c a r r i e r   member  40  a t   the  f o r -  

ward  end  42  t h e r e o f   so  as  to  be  i n t e g r a l   with  the  c a r r i e r   member 

4 0  a n d  m o v a b l e  a x i a l l y  w i t h  m o v e m e n t  o f  h e  p i s t o n  4 6  a n d  t h e  

c a r r i e r   member  40.  A  t u b u l a r  s l e e v e   52  of  r e l a t i v e l y   s o f t   i n -  

s u l a t i n g   p l a s t i c   m a t e r i a l   is   secured   to  the  female  c o n t a c t   e l e m e n t  

50  as  by  f a s t e n e r s   5 4  a n d  e x t e n d s  f o r w a r d  b e y o n d  t h e  f o r w a r d  e n d  

of  the  female  c o n t a c t   e lement   50  to  provide   a  forward  t u b u l a r   p o r -  

t i o n  5 6  w i t h i n  w h i c h  t h e r e  i s  s e a t e d  a  f i r s t  t u b u l a r  g u i d e  6 0 ,  

a l i g n e d  a x i a l l y   with  the  female  c o n t a c t   e lement   50,  and  a  s e c o n d  

t u b u l a r   guide   62,  a l so   a l i g n e d   a x i a l l y   w i th   the  female  c o n t a c t  



e lement ,   b o t h   g u i d e s   60  and  62  being  a f f i x e d   to  t h e  t u b u l a r   p o r -  

t i o n  5 6 .   Guide  60  is   c o n s t r u c t e d   of  a  m a t e r i a l  f r o m  w h i c h   a r c -  

quenching  g a s e s  w i l l   evo lve   in  r esponse   to  an  arc  being  s t r u c k  

between  an  i n s e r t e d   male  c o n t a c t   element  (not  shown)  and  t h e  

female  c o n t a c t   e l emen t   50,  and  each  guide  60  and  62  serves   t o  

r e c e i v e   a n d  g u i d e  a  f o l l o w e r   (not shown)  o f  a r c - q u e n c h i n g  g a s -  

evo lv ing   m a t e r i a l   w h i c h  p r o j e c t s   from  the  male  c o n t a c t   e l e m e n t  

a n d  p r e c e d e s  t h e  m a l e  c o n t a c t  e l e m e n t  a s  c o n t a c t  i s  m a d e  w i t h  

the  female  c o n t a c t   e l emen t   50.  G u i d e  6 2  p r o v i d e s  a  s e a l i n g  

a r r a n g e m e n t  f o r  c o n f i n i n g  t h e  a r c - q u e n c h i n g  g a s e  a s  t h e  g a s e s  

a r e  e v o l v e d  w i t h i n  b u s h i n g  i n s e r t  1 0 ,  i n  a  m a n n e r  a l r e a d y  k n o w n  

in  the   a r t .  

Upon  i n s e r t i o n   of  t h e  m a l e   c o n t a c t   e lement   i n to   guides   60 

a n d  6 2 ,  u n d e r  c i r c u m s t a n c e s  w h e r e  t h e  h i g h  v o l t a g e  c i r c u i t  i s  

e n e r g i z e d ,  a n  a r c  w i l l   be  s t r u c k  b e t w e e n   the  male  c o n t a c t   e l e m e n t  

and  the  female   c o n t a c t   e lement   50  p r i o r   to  a c t u a l   p h y s i c a l   c o n t a c t  

between  t hose   e l e m e n t s .   The  g a s - e v o l v i n g   m a t e r i a l s   p r e s e n t   i n  

the  male  c o n t a c t   e lement   fo l lower   and  in  the  guide  60  w i l l   e m i t  

a r c - q u e n c h i n g  g a s e s  w h i c h  w i l l  f l o w  r e a r w a r d l y   i n to   a  chamber  64 

l o c a t e d   a d j a c e n t   t r a n s v e r s e  s u r f a c e s   66  and  68  of  p i s t o n   4 6 .  

The  p r e s s u r e   b u i l t   up  by  gases  in  chamber  64  w i l l   a c t   upon  t h e  

p i s t o n   46  to  move  the  p i s t o n   46  f o r w a r d ,   out   of  the  p o s i t i o n  

shown in  FIG.   1 ,  t o w a r d   the  p o s i t i o n   shown  in  FIG.  2,  t h e r e b y  

m o v i n g  t h e  e n t i r e  f e m a l e  c o n t a c t  a s s e m b l y   70,  which  i n c l u d e s  

c a r r i e r   member  40,  female  c o n t a c t   e lement   50  and  guides   60  a n d  

62,  in  an  a x i a l l y   forward   d i r e c t i o n .   Forward  a x i a l   movement  o f  



the  female   con t ac t   assembly  70  w i l l   be  c o n t i n u e d   u n t i l   p i s t o n   4 6  

r eaches   the  p o s i t i o n   i l l u s t r a t e d  i n   FIG.  3,  a t   which  p o s i t i o n   t h e  

male  c o n t a c t   e lement   and  the  female  c o n t a c t   e lement   50  w i l l   b e  

f u l l y   engaged  and  the  female  c o n t a c t   assembly  70  w i l l   be  s t o p p e d .  

Thus,  female  c o n t a c t   assembly  70  w i l l   t r a v e l   a x i a l l y ,   in  r e s p o n s e  

to  the  g e n e r a t i o n   of  a r c - q u e n c h i n g  g a s e s ,   from  an  i n i t i a l   r e t r a c t e d  

l o c a t i o n ,   as  seen  in  FIG.  1,  to  a  f i n a l   advanced  l o c a t i o n ,   as  s e e n  

in  FIG.  3,  pas s ing   through  an  i n t e r m e d i a t e   l o c a t i o n ,   as  d e p i c t e d  

in  FIG.  2 .  

Under  f a u l t   c l o s i n g   c o n d i t i o n s ,   the  arc   s t r u c k   between  t h e  

male  c o n t a c t   e lement   and  the  female  c o n t a c t   e l e m e n t  v e r y   q u i c k l y  

w i l l   g e n e r a t e   a  r e l a t i v e l y   l a r g e   volume  of  gases ,   e s p e c i a l l y   i n  

c i r c u i t s   where  the  v o l t a g e s   can  be  as  h igh   as  about   35  kV.  I n  

a d d i t i o n ,   the  h igher   v o l t a g e s   w i l l   produce  an  arc  of  g r e a t e r   a x i a l  

l e n g t h ,   r e q u i r i n g   a  g r e a t e r   l e n g t h   of  t r a v e l   between  the  r e t r a c t e d  

l o c a t i o n   and  the  advanced  l o c a t i o n   of  the  female  c o n t a c t   a s s e m b l y .  

Under  such  c i r c u m s t a n c e s   the  p i s t o n   46,  and  indeed  the  e n t i r e  

female  c o n t a c t   a s senb ly   70,  w i l l   be  a c c e l e r a t e d   to  a  r e l a t i v e l y  

h igh   speed  and  w i l l   po s se s s   a  c o n s i d e r a b l e   amount  of  k i n e t i c  

energy  dur ing   t r a v e l   from  the  r e t r a c t e d   l o c a t i o n s   to  the  a d v a n c e d  

l o c a t i o n .   In  order   to  enab le   bushing  i n s e r t   10  to  f u n c t i o n  

a p p r o p r i a t e l y   dur ing  a  f a u l t   c l o s i n g   c o n d i t i o n   a t   such  h i g h  

v o l t a g e s ,   w i thou t   a  c a t a s t r o p h i c   f a i l u r e ,   the  s t r u c t u r e   o f  

bush ing   i n s e r t   10  must  accamodate  the  high  speed  of  the  f e m a l e  

c o n t a c t   assembly  70,  and  the  c o n c o m i t a n t   g r e a t   amount  of  k i n e t i c  

energy  impar ted   to  the  female  c o n t a c t   assembly  70,  in  o r d e r   t o  



d e c e l e r a t e   and  b r ing   the  female  c o n t a c t   assembly  70  to  a  h a l t   a t  

the  advanced  l o c a t i o n .   Thus,  bash ing   i n s e r t  1 0   i nc ludes   k i n e t i c  

energy  a b s o r p t i o n   and  d i s s i p a t i o n   means  fo r   absorb ing   and  d i s s i p a t -  

ing  the  k i n e t i c   energy  of  female  c o n t a c t   assembly  70  as  t h e  

assembly  moves  toward  the  advanced  l o c a t i o n .  

R e f e r r i n g   now  to  FIGS.  1  t h r o u g h  4 ,   the   k i n e t i c   energy  a b -  

s o r p t i o n   and  d i s s i p a t i o n   means  is   c o n s t r u c t e d   as  f o l l ows .   A 

s top  member  in   t h e  f o r m   of  a  r i n g   72  of  r e l a t i v e l y   bard  m e t a l  

is  a f f i x e d   to  the  inner   housing  member  20  a d j a c e n t   the  f o r w a r d  

end  22  by  means  of  a  t h r eaded   c o n n e c t i o n   a t   74.  A  stop  s h o u l d e r  

76  is  l o c a t e d   on  the  c a r r i e r   member  40  a t   the   forward  end  o f  

p i s t o n   46.  C a r r i e r   member  40  has  an  o u t e r   c y l i n d r i c a l   s u r f a c e  

7 8  w h i c h  i s   spaced  r a d i a l l y   i n w a r d l y  f r o m   c y l i n d r i c a l   inner   s u r -  

face   48  of   i n n e r   housing  member  20.  When  p i s t o n   46  is   in  t h e  

p o s i t i o n   i l l u s t r a t e d   in  FIG.  l ,  w i t h   the  female  con t ac t   a s s e m b l y  

70,  and  c a r r i e r   member  40,  in  the  r e t r a c t e d   l o c a t i o n ,   stop  s h o u l d e r  

76  is  spaced  a x i a l l y   r e a r w a r d l y   from  s t cp   r i ng   7 2 .   Shearable   mem- 

be rs   in  the   form  of  s h e a r a b l e   r i n g s   80,  82  and  84  are  u n i t a r y   w i t h  

c a r r i e r   member  40  and  p r o j e c t   r a d i a l l y   ou tward ly   t o w a r d  i n n e r  

housing  member  20  to  e s t a b l i s h   s h e a r a b l e   means.  Primary  s h e a r a b l e  

r i n g   8Q  is   l o c a t e d   a d j a c e n t   the  forward   end  42  of  c a r r i e r   member 

40  to  p r o v i d e   a  pr imary  s h e a r a b l e   s t r u c t u r e   whi le   secondary  s h e a r -  

ab le   r i n g s   82  and  84  are  spaced  a x i a l l y   from  primary  s h e a r a b l e  

r i ng   80  and  from  one  ano the r   to  p r o v i d e   a  secondary  s h e a r a b l e  

s t r u c t u r e .   Pr imary  s h e a r a b l e   r i ng   80  is   spaced  a x i a l l y   r e a r w a r d l y  

from  s top   r i n g   7 2 .  



Upon.  t he   s t r i k i n g   of  an  a r c ,   and  the  consequent   g e n e r a t i o n  

of  a r c - q u e n c h i n g   gases ,   the  f emale   c o n t a c t   a s sembly  70   w i l l   b e  

a c c e l e r a t e d   for   r ap id   movement  forward   from  the  i n i t i a l   l o c a t i o n ,  

d e p i c t e d   in  FIG.  1,  and  over  the  l e n g t h   of  t r a v e l   d e f i n e d   by  t h e  

a x i a l   spac ing   between  pr imary  s h e a r a b l e   r i n g   8Q  and  s top  r i n g   7 2 .  

Such unimpeded  a c c e l e r a t i o n   w i l l  r e s u l t   in  h igh   speed  t r a v e l   o f  

the  female  c o n t a c t   assembly  e n a b l i n g   r a p i d   c l o s i n g   of  the  g a p  

between  the  male  c o n t a c t   e lement   and  the  female  c o n t a c t   e l e m e n t  

50  and  consequen t   r e d u c t i o n   of  a r c i n g   t ime.   I n i t i a l   c o n t a c t   w i l l  

be  made  between  the  male  c o n t a c t   e lement   and  female  c o n t a c t   e l e m e n t  

50,  and  the  arc  w i l l   be  e x t i n g u i s h e d ,   when  the  female  c o n t a c t  

assembly  70  is   in  the  v i c i n i t y   of  the  i n t e r m e d i a t e   l o c a t i o n   shown 

in  FIG.  2 .  

F u r t h e r   forward  movement  of  the  female  c o n t a c t   assembly   70 

w i l l   f a c i l i t a t e   comple t ion   of  the  c o n n e c t i o n ,   but  need  not   be  a s  

r ap id   as  the  i n i t i a l   movement  n e c e s s a r y   to  e f f e c t   d i r e c t   c o n t a c t  

between  the  male  and  female  c o n t a c t   e l emen t s .   T h e r e f o r e ,   d e c e l e r a -  

t i o n   can  take   p l ace   dur ing  such  f u r t h e r   forward  movement   so  t h a t  

the  female  c o n t a c t   assembly  70  can  be  s topped  when  the  a d v a n c e d  

l o c a t i o n   is  r eached ,   as  shown  in  F I G .  3 ,   w i thou t   f a i l u r e   of  t h e  

bushing  i n s e r t   10.  D e c e l e r a t i o n   t akes   p lace   as  a  r e s u l t   of  t h e  

a b s o r p t i o n   and  d i s s i p a t i o n   of  a t   l e a s t   a  p o r t i o n   of  the  k i n e t i c  

energy  of  t h e   female  con t ac t   assembly  70  as  each  of  the  s h e a r a b l e  

r i ngs   80,  82  and 84  is   sheared  from  the  c a r r i e r   member  40.  T h u s ,  

as   pr imary   s h e a r a b l e   r ing   80  moves  forward  i t   w i l l . b e   i n t e r c e p t e d  

by  r i n g   72  which  is  s t a t i o n a r y   and  p r o j e c t s   in to   the  p a t h   o f  

t r a v e l   of  s h e a r a b l e   r ing   80  so  as  to  shear   the  s h e a r a b l e   r i n g   80 

from  the  c a r r i e r   member  40.  Such  s h e a r i n g   w i l l   absorb  and  d i s s i -  



p a t e   some of   t he   k i n e t i c   e n e r g y  o f   the  fo rward ly -moving   f e m a l e  

c o n t a c t   assembly  70,  t h e r e b y   e f f e c t i n g  s o m e   d e c e l e r a t i o n .   A  

n o t c h   86  i s   p rov ided   a t   t h e  r o o t  8 8  o f  s h e a r a b l e  r i n g  8 0  t o  

a s s u r e   t h a t   s h e a r i n g   w i l l  t a k e   p l ace   c l e a n l y   and  a t   the   r oo t   88 .  

Con t inued   f o r w a r d  t r a v e l   of  the  female  c o n t a c t   assembly  70  w i l l  

b r i n g   secondary   r i n g   82  i n t o  e n g a g e m e n t  w i t h  s h e a r e d  p r i m a r y  r i n g  

80  a n d  w i l l   e f f e c t   the   s h e a r i n g   of  secondary  r i n g   82  from  t h e  

c a r r i e r  m a n b e r  4 0 ,  a c c o m p l i s h i n g  f u r t h e r  d e c e l e r a t i o n  t h r o u g h  t h e  

a b s o r p t i o n   and  d i s s i p a t i o n   of  more  of  the   k i n e t i c   energy  i m p a r t e d  

to  female   c o n t a c t   assembly  70.  L ikewise ,   secondary   s h e a r a b l e   r i n g  

8 4  w i l l  b e  e n g a g e d  w i t h  p r e v i o u s l y - s h e a r e d  r i n g   82  to  f u r t h e r  

d e c e l e r a t e   female  c o n t a c t   assembly  70  so  t h a t   upon  r e a c h i n g   t h e  

advanced   l o c a t i o n   shown  in  FIG.  3,  s top  shou lde r   76  w i l l   b e  

c o u p l e d   with  s t a t i o n a r y   r i n g   72,  t h r o u g h   the   s h e a r e d   r i n g s  8 0 ,  

82  and  84  as  seen  in  FIG.  4,  a n d  p i s t o n  4 6  w i l l  b e  b r o u g h t  t o  a  

h a l t ,   t o g e t h e r   with  t h e  r e m a i n d e r  o f   f e m a l e  c o n t a c t   assembly  7 0 .  

The  g r a d u a l   a b s o r p t i o n  a n d  d i s s i p a t i o n  o f  k i n e t i c  e n e r g y  b r o u g h t  

abou t   by  the  s e r i a l  s h e a r i n g  o f  r i n g s  8 0 ,   82  a n d  8 4   se rves   t o  

d e c e l e r a t e  a n d  a i d  i n  b r i n g i n g  t o  a  s t o p  t h e  f e m a l e  c o n t a c t  a s s e m b -  

ly  70  w i t h o u t   a  c a t a s t r o p h i c   f a i l u r e   of  the  bushing  i n s e r t   10 

so  t h a t   the  completed  e l e c t r i c a l  c o n n e c t i o n   w i l l   remain  i n t a c t .  

T h e  p r o v i s i o n  o f  s e c o n d a r y  r i n g s  8 2  a n d  8 4  a s s u r e s  t h a t  t h e  g r e a t -  

e s t  p o r t i o n  o f  t h e  k i n e t i c  e n e r g y  a b s o r b e d  a n d  d i s s i p a t e d  b y  t h e  

a b s o r p t i o n   and  d i s s i p a t i o n   means  is  absorbed  and  d i s s i p a t e d   a s  

the   female   c o n t a c t   assembly  70  t r a v e l s   from  the  i n t e r m e d i a t e   l o c a -  

t i o n   t o   t h e  a d v a n c e d  l o c a t i o n  s o  t h a t  m a x i m u m  d e c e l e r a t i o n   t a k e s  



p l a c e   a f t e r   c o n t a c t   i s   made  between  female   c o n t a c t   e lement   50  a n d  

the  male  c o n t a c t   e l e m e n t .  

Under  normal  c i r c u i t   c l o s u r e   cond i t ions : ,   when  the  c i r c u i t   i s  

ene rg i zed   but   no  f a u l t   i s   p r e s e n t ,   pr imary   s h e a r a b l e   r i n g  8 0   w i l l  

not  be  shea red   from  c a r r i e r   member  40  and  se rves   as  a  s top  r i n g  

to  l i m i t   the   t r a v e l   of  female  c o n t a c t   assembly  70  only  to  t h a t  

t r a v e l   which  f a c i l i t a t e s   sw i t ch ing .   During  such  t r a v e l ,   a r c -  

quenching  gases   are   con t a ined   w i t h i n   the  bushing  i n s e r t   10  a n d  

sea l s   90,  which   a r e  c a r r i e d   by  t u b u l a r   s l eeve   5 2 ,  a r e   p r o v i d e d  

to  m a i n t a i n   such  con ta inmen t   as  the  female  c o n t a c t   assembly  7 0  

moves  fo rward .   However,  under  a  f a u l t   c l o s i n g   c o n d i t i o n ,   s e a l s  

90  pass  beyond  the   forward  end  36  of  t u b u l a r   nosep i ece   32  a n d  

open  a  pa s sage   92  t o  v e n t  p o r t s  9 4  i n  c a r r i e r  m e m b e r  4 0  t o  e n a b l e  

t h e  v e n t i n g  o f  e x c e s s i v e  a r c - q u e c h i n g  g a s e s .   Seals   90  p r o v i d e  

a n  i m p o r t a n t  f u n c t i o n  i n  t h a t  t h e y  a s s u r e  t h a t  a d e q u a t e  a r c -  

quenching  gases   w i l l   be  p r e s e n t   for   e x t i n g u i s h i n g   an  arc  d u r i n g  

d i s c o n n e c t i o n   under   ene rg i zed   c o n d i t i o n s .  

Turning  now  to  FIGS.  5  a n d  6 ,  a  f o r w a r d  p o r t i o n  o f  a n o t h e r  

female  e l e c t r i c a l   connec to r   e lement   c o n s t r u c t e d   in  a c c o r d a n c e  

w i t h  t h e  i n v e n t i o n  i s  s h o w n  i n  t h e  f o r m  o f  a  f o r w a r d  p o r t i o n  o f  

bushing  i n s e r t   1 1 0 .   Bushing  i n s e r t   110  is  s i m i l a r   to  the  a b o v e -  

d e s c r i b e d   bush ing   i n s e r t   10  in  t h a t   a  housing  112  i n c l u d e s   a n  

o u t e r  h o u s i n g   c a s i n g   114  w i t h  i n n e r  a n d  o u t e r  p o r t i o n s   116  a n d  

118  of  i n s u l a t i n g   and  conduc t ive   e l a s t o m e r i c   m a t e r i a l s ,   r e s p e c -  

t i v e l y ,   and  a  r i g i d ,   m e t a l l i c   inner   t u b u l a r   hous ing  member  120 .  

A  t u b u l a r   i n s u l a t i n g  n o s e p i e c e   132  is  t h r e a d e d   in to   housing  member 



120  and  has  a  forward  end  1 3 6 .  

A  t u b u l a r   c a r r i e r   member  140  i n c l u d e s   a  p i s t o n   146  u n i t a r y  

t h e r e w i t h  a n d   r e c e i v e d   w i t h i n   a  c y l i n d r i c a l   i nne r   s u r f a c e  1 4 8   o f  

the  hous ing   member  120.  A  female  c o n t a c t   e lement   150  is  t h r e a d e d  

i n to   the  c a r r i e r   member  140  so  t h a t   the   c a r r i e r   member  140,  t h e  

p i s t o n   146  and  the  female  c o n t a c t   e l emen t  150   a l l   are  p a r t s   of  a n  

a x i a l l y   movable  female  c o n t a c t   assembly  1 7 0 .  

A  k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n   means  i n c l u d e s  

a  s h e a r i n g   r i n g   172  a f f i x e d   to  the  i nne r   hous ing   member  120,  a s  

in  the   e a r l i e r - d e s c r i b e d   embodiment,  and   a  s top  shou lde r   176  a t  

the  fo rward   end  of  the  p i s t o n   146.  A  s h e a r a b l e   s t r u c t u r e   is   p r o -  

v ided   on  the   o u t e r   s u r f a c e   178  of  the   c a r r i e r   member  140  and,  a s  

b e f o r e ,   i n c l u d e s   a  pr imary  s h e a r a b l e   s t r u c t u r e   in  the  form  of  a  

s h e a r a b l e   r i n g   180  l o c a t e d   a d j a c e n t   the  forward  end  of  the  c a r r i e r  

member  140.  In  t h i s   i n s t a n c e ,   however,   a  secondary   s h e a r a b l e  

s t r u c t u r e   is   in  the  form  of  a  t a p e r e d   p o r t i o n   182  l o c a t e d   on  t h e  

c a r r i e r   member  140  a x i a l l y   between  the   s h e a r a b l e   r i ng   180  a n d  

stop  s h o u l d e r   176  of  p i s t o n   146.  The  t a p e r e d   p o r t i o n   182  e x t e n d s  

from  an  a x i a l l y - f o r w a r d   sma l l e r   r a d i u s   a t   183  r e a r w a r d l y   to  a n  

a x i a l l y - r e a r w a r d   l a r g e r   r a d i u s   a t   184.  Upon  forward  a x i a l   move-  

ment  of  the   female   c o n t a c t   assembly  170  f r o m  t h e   r e t r a c t e d   l o c a -  

t i o n   shown in   FIG.  5  to  the  advanced  l o c a t i o n   i l l u s t r a t e d   in  F I G .  

6 ,   s h e a r a b l e   r i n g   180  w i l l   be  engaged  by  s h e a r i n g   r i n g   172  a n d  

w i l l   be  s h e a r e d   from  c a r r i e r   member  140,  w i th   the  aid  of  n o t c h  

186  a t   r o o t   188,  and  the  t a p e r e d   p o r t i o n   182  w i l l   be  i n t e r c e p t e d  

by  the   s h e a r e d   r i n g   180,  backed-up  by  the   f i x e d   shea r ing   r i ng   1 7 2 ,  

wi th   the  r e s u l t   t h a t   m a t e r i a l   w i l l   be  shea red   from  the   c a r r i e r  



member  140,  a long  the   t a p e r e d   p o r t i o n  1 8 2 ,   a s  s h o w n  a t   189.  The 

g radua l   i n c r e a s e   in   the   energy  r e q u i r e d   to  shea r   m a t e r i a l   189 

from  the  c a r r i e r   member  140  along  the  t a p e r e d   p o r t i o n   182  t h e r e o f  

e f f e c t s   d e c e l e r a t i o n   of  the  female  c o n t a c t   assembly   170  such  t h a t  

the  female  c o n t a c t   assembly  170  w i l l   be  h a l t e d   e f f e c t i v e l y   at  t h e  

advanced  p o s i t i o n   w i t h o u t   f a i l u r e   of  the  bush ing   i n s e r t   110 .  

P r e f e r a b l y ,   a  s l i g h t   undercu t   is  p rov ided   at  196,  be tween  

the  s h e a r a b l e   r i n g   180  and  the  stop  shou lde r   176  so  as  to  f a c i l i t a t e  

the  ven t ing   of  e x c e s s i v e   a r c - q u e n c h i n g   gases  t h rough   vent   po r t s   194 

and  passage   192  a f t e r   s e a l s   190  pass   beyond  the  forward  end  136  o f  

t u b u l a r   nosep iece   1 3 2 .  

FIG.  7  i l l u s t r a t e s   f ragmented   p o r t i o n s   of  ano the r   b u s h i n g  

i n s e r t   210  c o n s t r u c t e d   in  accordance   with  the  i n v e n t i o n .   The 

most  forward  p o r t i o n   of  bushing  i n s e r t   210,  which  is  not  i l l u s -  

t r a t e d   in  FIG.  7,  may  be  c o n s t r u c t e d   e s s e n t i a l l y   the  same  as  t h e  

forward  p o r t i o n   of  the  bushing  i n s e r t s   10  and 110  d e s c r i b e d   a b o v e .  

T h e  a r r a n g e m e n t  w h e r e i n  a  h o u s i n g  2 1 2  i n c l u d e s  a n  o u t e r  h o u s i n g  

cas ing   214  of  e l a s t o m e r i c   m a t e r i a l s   and  a  r i g i d ,   m e t a l l i c ,   e l e c -  

t r i c a l l y   conduc t ive   i nne r   housing  member  220  h a v i n g  a   forward  e n d  

222  and  a  rearward   end  224  wi th   a  t h readed   a p e r t u r e   226  at   t h e  

rea rward   end  224  is   the   same  as  t h a t   of  e i t h e r   bushing  i n s e r t   10 

or  bushing  i n s e r t   110.  In  t h i s   i n s t a n c e ,   however,   the  t h r e a d e d  

stud  228  which  is  r e c e i v e d   w i th in   th readed   a p e z t u r e   226  is  a  p a r t  

of  a  m e t a l l i c ,   e l e c t r i c a l l y   conduc t ive   e x t e n s i o n   230  which,  i n  

a d d i t i o n   to  p r o v i d i n g   a  f u r t h e r   t h readed   a p e r t u r e   232  at   the  r e m o t e  

end  234  t h e r e o f   for   a t t a c h m e n t   to  a  high  v o l t a g e   c i r c u i t ,   such  a s  



t he   t e r m i n a l   o f  a   t r a n s f o r m e r   (not  shown),  i n c l u d e s   k i n e t i c  e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  as   f o l l o w s .  

Between  the  t h readed   stud  228  and  the  t h r e a d e d   a p e r t u r e   2 3 2 ,  

e x t e n s i o n   230  i n c l u d e s   an  a x i a l l y - e x t e n d i n g   p o r t i o n   in  t he   form  o f  

neck  236  p r o v i d e d   w i t h  a   p r e d e t e r m i n e d   t r a n s v e r s e   c r o s s - s e c t i o n a l  

a r e a ,   as  a t   238,  which  w i l l   enable   neck  236  to  become  p e r m a n e n t l y  

deformed  t h r o u g h  a x i a l   e l o n g a t i o n   in  r e sponse   to  an  a x i a l l y   d i r e c t -  

ed  f o r c e   of   s u f f i c i e n t   magni tude  a p p l i e d   to  neck  236.  As  i n  

the   e a r l i e r - d e s c r i b e d   embodiments,   bushing   i n s e r t   210  i n c l u d e s   a  

c a r r i e r   member  240  having  a  p i s t o n   246  r e c e i v e d   w i t h i n   the  i n n e r  

s u r f a c e   248  of  inner   hous ing  member  220.  The  c a r r i e r   member  240 

is   movable   w i t h i n   the  inner   hous ing   member  220  between  a  r e t r a c t e d  

l o c a t i o n ,   whe re in   the  p i s t o n   246  is   a t   the  r ea rward   end  224  of  t h e  

i n n e r   hous ing   member  220,  and  an  advanced  l o c a t i o n ,   where in   t h e  

c a r r i e r   member  24Q,  and  the  female  o o n t a c t   assembly  270  of  w h i c h  

c a r r i e r   member  240  is  a  p a r t ,   is  l o c a t e d   a d j a c e n t   the  f o r w a r d  

end  222  of   the   inner   hous ing  member  220  wi th   a  s top  s h o u l d e r   276 

on  the   p i s t o n   246  coupled  wi th   a  s top   r i n g   272  a f f i x e d   to  t h e  

i n n e r   hous ing   member  220  to  c o n f i n e   the  c a r r i e r   member  240  w i t h i n  

the   i n n e r   hous ing   member  2 2 0 .  

Should  the   k i n e t i c   energy  of  the.  female  c o n t a c t   assembly  270 

be  g r e a t   enough  t o   cause  p o t e n t i a l   damage  to  the  bushing   i n s e r t  

210  once  f u r t h e r   movement  of  the   female  c o n t a c t   assembly  270  w i t h -  

in  t he   i n n e r   hous ing  member  220  is   c o n s t r a i n e d   by  the  a f o r e s a i d  

c o u p l i n g  o f  t h e   s top  shou lde r   276  wi th   the  stop  r i n g   272  of  t h e  

i n n e r   hous ing   member  220,  a t   l e a s t   sane  of  the   k i n e t i c   energy  w i l l  

be  a b s o r b e d   and  d i s s i p a t e d   by  the  e l o n g a t i o n   and  p e r m a n e n t  



deformat ion .   of  neck 236  of  e x t e n s i o n   230,  as  shown  e x a g g e r a t e d  

in   phantom  a t  2 8 0   f o r  i l l u s t r a t i v e   p u r p o s e .  T h u s ,   the   p r e -  

c r o s s - s e c t i o n a l   a rea   a t   238  is  chosen,   a long  w i t h   t h e  

a p p r o p r i a t e   a x i a l   l eng th   of  neck  236,  so  t h a t   enough  of  t h e  

k i n e t i c  e n e r g y  o f  t h e  f e m a l e  c o n t a c t  a s s e m b l y  2 7 0  w i l l  b e  

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

coup l ing   of  stop  shou lde r   276  with  s top  r ing   272  to  p r e c l u d e   a  

c a t a s t r a p h i c  f a i l u r e  i n  t h e  b u s h i n g  i n s e r t  2 1 0 .  

Turning  now  to  FIG.  8,  ye t   ano the r   embodiment  of   t h e  

i n v e n t i o n   is  i l l u s t r a t e d   in  the  form  of  bushing  i n s e r t   3 1 0 .  

Bushing  i n s e r t  3 1 0   a l so   is  s i m i l a r   to  the  e a r l i e r - d e s c r i b e d  

e m b o d i m e n t  i n   t h a t   a  housing  312  i n c l u d e s   an  o u t e r   h o u s i n g  

cas ing   314  of  e l a s t o m e r i c   m a t e r i a l s   and  a  r i g i d ,   m e t a l l i c ,  

e l e c t r i c a l l y   conduc t ive   inner   hous ing  member  320L  which   e x t e n d s  

l o n g i t u d i n a l l y   between  a  forward  end  322  and  a  r e a rward   end  324 

w i t h i n   ou t e r   housing  cas ing   314.  The  c o n s t r u c t i o n   of  i n n e r  

housing  member  320  d i f f e r s ,   h o w e v e r ,  f r o m  t h a t  o f  t h e  c o r r e s p o n d -  

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

e x t e n s i o n . 3 3 0   is  u n i t a r y   with  the  inner   housing  member  320  a t   t h e  

rea rward   end  324.  A  b l i n d   hole  332  is  l oca t ed   in  the  e x t e n s i o n   3 3 0 ,  

a  p o r t i o n   of  which  is  t h r eaded   a t   334  f o r  a t t a c h m e n t   to  a  h i g h  

v o l t a g e   c i r c u i t .   Bl ind  hole  332  extends   fo rward  beyond   t h e  

t h r e a d e d   p o r t i o n   334  to  e s t a b l i s h   a  t u b u l a r   neck  336  in  t h e  

e x t e n s i o n   330  between  the  rea rward   end  324  of  the  i nne r   h o u s i n g  

member  320  and  the  t h r e a d e d   p o r t i o n   334.  T u b u l a r  n e c k   336  i s  

p rov ided   with  a  c a r e f u l l y   chosen  p r ede t e rmined   c r o s s - s e c t i o n a l   a r e a ,  



as  a t   338,  a long   w i t h   the.  a p p r o p r i a t e   a x i a l   l e n g t h ,   for   p u r p o s e s  

w h i c h  w i l l   b e  m o r e   f u l l y   d e s c r i b e d   b e l o w .  

L o c a t e d  w i t h i n   t h e   inner   hous ing  member  32Q  i s   a  c a r r i e r  

member  340  having   a  p i s t o n   346  movable  w i t h i n   the  inner   h o u s i n g  

member  320  such  t h a t   the   c a r r i e r   member  340  w i l l   move  a x i a l l y   b e -  

tween  a  r e t r a c t e d   l o c a t i o n ,   i l l u s t r a t e d   in  f u l l   l i n e s ,   and  an  a d -  

vanced  l o c a t i o n ,   i l l u s t r a t e d   in  phantom,  in much  the  same  m a n n e r  

a s  s e t   f o r t h   in  c o n n e c t i o n   with  the  a b o v e - d e s c r i b e d   embodiments .  

C a r r i e r   member  340  and  p i s t o n   346  t h e r e o f   a re   p a r t s   of  a  f e m a l e  

c o n t a c t   assembly   370  s i m i l a r   to  the  c o r r e s p o n d i n g   female  c o n t a c t  

a s s e m b l i e s   of  the   above  bushing  i n s e r t s   10,  110  and 210.   A  s t o p  

member  in  the  form  of  s top   r ing   372  is  a f f i x e d   to  the  i n n e x  

hous ing   member  320  and  a  stop  shou lde r   374  is  l o c a t e d   on  p i s t o n  

346 .  

When  the  female   c o n t a c t   assembly  370  moves  forward  i n  r e -  

sponse  to  the  p r e s s u r e   of  a r c - q u e n c h i n g   gases   g e n e r a t e d   upon  f a u l t  

c l o s u r e ,   the   female   c o n t a c t   assembly  370  w i l l   be  a c c e l e r a t e d   to  a  

high  speed  and  the   s top   shou lde r   374  w i l l   engage  the  s t o p  r i n g   3 7 2 .  

In  o r d e r   to  d e c e l e r a t e   the  female  c o n t a c t   assembly  370  a n d  b r i n g  

i t   to  a  h a l t   w i t h o u t   a  c a t a s t r o p h i c   f a i l u r e   in  the  bushing  i n s e r t ,  

a x i a l   fo rward   movement  of  the  female  c o n t a c t   assembly  370  s u b s e -  

quent   to  impact   r e s u l t i n g   f r o m  c o u p l i n g   of   the  stop  shoulder   374 

wi th   s top   r i n g   372  i s   t r a n s m i t t e d   to  t u b u l a r   neck  336  of  r e a r w a r d  

e x t e n s i o n   330  which   w i l l   e l o n g a t e ,   as  shown  e x a g g e r a t e d   in  phan tom 

a t  3 8 0 ,   in  r e s p o n s e   to  the  a x i a l   fo rce   e x e r t e d   over  the  c r o s s -  

s e c t i o n a l   a rea   a t   338.  The  permanent  d e f o r m a t i o n   of  t u b u l a r   n e c k  



336  thus   s e r v e s   to  absorb   and  d i s s i p a t e   a   s u f f i c i e n t   amount  o f  

the  k i n e t i c   energy  of  f emale   c o n t a c t   assembly  370  to  p r e c l u d e  

f a i l u r e   of  the  bushing  i n s e r t   10,  as  well  as  f a i l u r e   of  the  c o n n e c -  

t i o n ,   at   t h readed   p o r t i o n   334,  wi th   the  high  v o l t a g e   c i r c u i t .  

The  t u b u l a r   neck  336  p r o v i d e s   the  advantage   of  making  a v a i l a b l e  

h ighe r   t o r s i o n a l   s t r e n g t h   for   the  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l  

a rea   338  when  the  bushing   i n s e r t   10  is   assembled  wi th   the  t e r m i n a l  

of  the  high  v o l t a g e   c i r c u i t .  

I t   is  n o t e d  t h a t   the  a b s o r p t i o n   and  d i s s i p a t i o n   o f   k i n e t i c  

energy  of  the  moving  female  c o n t a c t   assembly  is  a ccompl i shed   i n  

each  of  the  a b o v e - d e s c r i b e d   embodiments  e i t h e r   through,  means  o f  

a  m a t e r i a l   shea r ing   a r r angement   or  through  means  of  a  m a t e r i a l  

d e f o r m a t i o n   a r rangement   or  a  combina t ion   of  bo th   means.   T h u s ,  

bushing   i n s e r t s   10  and  110  may  i n c l u d e   a  pe rmanen t ly   d e f o r m a b l e  

neck  236  in  the  r e s p e c t i v e   e x t e n s i o n s   30  and  130  to  s u p p l e m e n t  

the  m a t e r i a l   shea r ing   a r r angemen t s   of  those   bushing  i n s e r t s   i n  

a b s o r b i n g   and  d i s s i p a t i n g   k i n e t i c   energy,   but  need  not  i n c l u d e  

such  a  supplementary   k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n  

means.  On  the  o the r   hand,  the  pe rmanent ly   deformable   neck  236 

of  bushing  i n s e r t   210  may  be  employed  as  the  sole   k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   m e a n s  i n   bushing  i n s e r t   210  or  may  b e  

supp lemented  by   the  m a t e r i a l   s h e a r i n g   means  d i s c l o s e d   in  c o n n e c t i o n  

wi th   the  d e s c r i p t i o n   of  bushing  i n s e r t s   10  and  110.  L ikewise ,   t h e  

t u b u l a r   neck  336 of   r ea rward   e x t e n s i o n   330  in  bushing  i n s e r t   310 

may  serve  as  the  sole   means  f o r   abso rb ing   and  d i s s i p a t i n g   k i n e t i c  

energy  or  may  be  supplemented   by  the  m a t e r i a l   s h e a r i n g   means  d i s -  

c l o sed   in  the  e a r l i e r - d e s c r i b e d   embodiments .  



I t   i s   to  be  u n d e r s t o o d   t h a t   the  above  d e t a i l e d   d e s c r i p t i o n  

of  embodiments  of  the   i n v e n t i o n   are  p rov ided   by  way  of  e x a m p l e  

on ly .   Var ious   d e t a i l s   of  des ign   and  c o n s t r u c t i o n  m a y   be  m o d i f i e d  

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

as  s e t   f o r t h   in  the  appended  c l a i m s .  



1.  In  an  e l e c t r i c a l   c o n n e c t o r   of  the  type  i n  w h i c h   a  

c o n t a c t   e lement   assembly  is  movable  w i t h i n   t h e   e l e c t r i c a l   c o n n e c t -  

or  f r an   a  f i r s t   p o s i t i o n   to  a  second  p o s i t i o n   to  a c c e l e r a t e   a  

f i r s t   o o n t a c t   e lement   for   r ap id   movement  toward  engagement  w i t h .  

a  complementary  second  c o n t a c t   e lement   b rough t   toward  s e p a r a b l e  

engagement  wi th   the  f i r s t   c o n t a c t   e lement   w i t h i n   the  e l e c t r i c a l  

connec to r   to  complete   an  e n e r g i z e d   high  v o l t a g e   c i r c u i t ,   t h e  

improvement  compr i s ing :   k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n  

means  a s s o c i a t e d   with  the  e l e c t r i c a l   c o n n e c t o r   for   g r a d u a l l y   a b -  

sorb ing   and  d i s s i p a t i n g   at  l e a s t   a p p o r t i o n   of  the  k i n e t i c   e n e r g y  

impar ted   to  the  c o n t a c t   e lement   assembly  as  a  r e s u l t   of  s u c h  

a c c e l e r a t i o n   as  the  c o n t a c t   e lement   assembly  moves  from  the  f i r s t  

p o s i t i o n   toward  the  second  p o s i t i o n   so  as  s u b s e q u e n t l y   to  d e c e l e r -  

ate   the  c o n t a c t   element  assembly  and  t h e r e b y   f a c i l i t a t e   b r i n g i n g  

the  c o n t a c t   e lement   assembly  to  a  h a l t   subsequen t   to  the  e n g a g e -  

ment  of  the  f i r s t   and  second  c o n t a c t   e l e m e n t s .  

2.  The  i n v e n t i o n   of  c la im  1  where in   the  f i r s t   c o n t a c t  

element  w i l l   engage  the  second  c o n t a c t   e lement   at  a  t h i r d   p o s i t i o n  

of  the  c o n t a c t   element  a s sanb ly   i n t e r m e d i a t e   the  f i r s t   p o s i t i o n  

and  the  second  p o s i t i o n ,   and  the  k i n e t i c   energy  a b s o r p t i o n   a n d  

d i s s i p a t i o n   means  is  l o c a t e d   r e l a t i v e   to  the  f i r s t   and  s e c o n d  

con t ac t   e lements   such  t h a t   the  g r e a t e s t   p o r t i o n   of  the  k i n e t i c  

energy  is  absorbed  and  d i s s i p a t e d   dur ing   movement  of  the  c o n t a c t  

element  assembly  from  the  i n t e r m e d i a t e   t h i r d   p o s i t i o n   toward  t h e  

second  p o s i t i o n .  



3.  The.  i n v e n t i o n   of  c la im  1  f u r t h e r   c o m p r i s i n g ;  

an  a x i a l l y   e x t e n d i n g   t u b u l a r   h o u s i n g  m e m b e r  w i t h i n   t h e  

e l e c t r i c a l   c o n n e c t o r ;  

a  c a r r i e r   member  c a r r y i n g   the  f i r s t   c o n t a c t   element  and  

movable  a x i a l l y   w i t h i n   the  t u b u l a r   hous ing  member  between  a  f i r s t  

l o c a t i o n ,   c o r r e s p o n d i n g   to  the  f i r s t   p o s i t i o n   of  the  c o n t a c t   e l e -  

ment  assembly ,   and  a  second  l o c a t i o n ,   c o r r e s p o n d i n g   to  the  s econd  

p o s i t i o n   of  the  c o n t a c t   e lement   a s s e m b l y ;  

a  s top   member  f i x e d   in  the  t u b u l a r   hous ing  member;  a n d  

a  s top  s h o u l d e r   on  the  c a r r i e r   member  spaced  a  f i r s t  

a x i a l   d i s t a n c e   f r o m  t h e   s top   member  when  the  c a r r i e r   member  is  i n  

the  f i r s t   l o c a t i o n ;  

the  k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n   means 

f u r t h e r   i n c l u d i n g   s h e a r a b l e   means  on  the  c a r r i e r   member  a n d  

l o c a t e d   between  the  s top  member  and  the  stop  shou lde r   in  p o s i t i o n  

to  be  engaged  by  the  s top  s h o u l d e r   upon  a x i a l   movement  of  t h e  

c a r r i e r   member  from  the  f i r s t   l o c a t i o n   to  the  second  l o c a t i o n   f o r  

s h e a r i n g   in  r e sponse   to  such  engagement  w i th   the  stop  member  so  

as  to  absorb   and  d i s s i p a t e   k i n e t i c   energy  as  the  c a r r i e r   member 

moves  a x i a l l y  f r o m   the  f i r s t   l o c a t i o n   to  the  second  l o c a t i o n ,  

whereby  the  c a r r i e r   member  w i l l   a r r i v e   at   the  second  l o c a t i o n  

wi th   k i n e t i c   energy  d i m i n i s h e d   by  the  amount  absorbed   and  d i s s i -  

p a t e d   by  s h e a r i n g   of  the  s h e a r a b l e   m e a n s .  

4.  The  i n v e n t i o n   of  c la im  3  where in   the  s h e a r a b l e   means 

i n c l u d e s   at   l e a s t   one  s h e a r a b l e   member  i n t e g r a l   with  the  c a r r i e r  

member  between  the  s top  member  and  the  stop  shou lde r   and  c a p a b l e  



of  being  shea red   t h e r e f r o m   in  r e sponse   to  engagement  with  t h e  

s top  member  du r ing   a x i a l   movement  of  the   c a r r i e r   member  from  t h e  

f i r s t   l o c a t i o n   to  the  second  l o c a t i o n .  

5.  The  i n v e n t i o n   of  claim  3  where in   the  s h e a r a b l e   m e a n s  

i n c l u d e s   a  t a p e r e d   p o r t i o n   l o c a t e d   on  the  c a r r i e r   member  so  a s  

to  be  capab le   of  being  sheared  from  the  c a r r i e r   member  b y  m e a n s  

of  the  s top  member  as  the  c a r r i e r   member  is   moved  a x i a l l y   f r o m  

the  f i r s t   l o c a t i o n   to  the  second  l o c a t i o n .  

6.  The  i n v e n t i o n   of  claim  3  where in   the  s h e a r a b l e   means  

i n c l u d e s :  

a  p r imary   s h e a r a b l e   member  i n t e g r a l   wi th .  the   c a r r i e r  

member  between  the  s top  member  and  the  s top   s h o u l d e r   and  c a p a b l e  

of  being  shea red   t h e r e f r o m   in  r e sponse   to  engagement  w i t h .  t h e  

s top  member  dur ing   a x i a l   movement  of  the   c a r r i e r   member  from  t h e  

f i r s t   l o c a t i o n   to  the  second  l o c a t i o n ;   a n d  

a  secondary   shea rab le   s t r u c t u r e   between  the  p r i m a r y  

s h e a r a b l e   member  and  the  stop  shou lde r ,   the   secondary   s h e a r a b l e  

s t r u c t u r e   being  capable   of  being  sheared   from  the   c a r r i e r   member 

in  r e sponse   to  engagement  with  the  shea red   pr imary   s h e a r a b l e   mem- 

ber  dur ing   a x i a l   movement  of  the  c a r r i e r   member  from  the  f i r s t  

l o c a t i o n   to  the  second  l o c a t i o n .  

7.  The  i n v e n t i o n   of  claim  6  where in   the  secondary   s h e a r a b l e  

s t r u c t u r e   i n c l u d e s   a  p l u r a l i t y   of  s h e a r a b l e   secondary   manbers  l o -  

ca ted   on  the  c a r r i e r   member  so  as  to  be  capab le   of  being  s h e a r e d  

from  the  c a r r i e r   member  by  means  of  the  s top  member  as  t h e  c a r r i e r  

member  is  moved  a x i a l l y   from  the  f i r s t   l o c a t i o n   to  the  second  l o -  

c a t i o n .  



8.  The  i n v e n t i o n   of  c la im  6  where in   the.  secondary   s h e a r a b l e  

s t r u c t u r e   i n c l u d e s   a  t a p e r e d   p o r t i o n   l o c a t e d   on  the  c a r r i e r   member 

so  as  to  be  capab le   of  being  sheared   from  the  c a r r i e r  m e m b e r   by  

means  of  the  s top  member  as  the  c a r r i e r   member  i s   moved  a x i a l l y  

from  the  f i r s t   l o c a t i o n   to  the  second  l o c a t i o n  

9.  The  i n v e n t i o n   of  c la im  3  w h e r e i n :  

the   t u b u l a r   hous ing   member  is  g e n e r a l l y   c y l i n d r i c a l  

and  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l   i n t e r n a l   s u r f a c e ;  

the  c a r r i e r   mender  is  g e n e r a l l y   t u b u l a r   and  i n c l u d e s  

a  fo rward   end  and  a  r e a r w a r d   e n d ;  

the  f i r s t   c o n t a c t   e lement   i n c l u d e s   a  female   c o n t a c t  

a d j a c e n t   the  forward  end  of  the  c a r r i e r   member;  

a  p i s t o n   i n t e g r a l   with  the  c a r r i e r   member  a d j a c e n t   t h e  

r e a r w a r d   end  t h e r e o f   is   f i t t e d   in to   the  i n t e r n a l   s u r f a c e   of  t h e  

t u b u l a r   hous ing   member  for   a x i a l   s l i d i n g   movement  t h e r e i n ;  

the  s h e a r a b l e   means  i nc ludes   a  s h e a r a b l e   s t r u c t u r e  

l o c a t e d   on  the  t u b u l a r   c a r r i e r   member  a x i a l l y   forward   of  t h e  

p i s t o n   for   a x i a l   movement  a long  a  pa th   of  t r a v e l   in  r e s p o n s e  

to  a x i a l   movement  of  the   p i s t o n   w i t h i n   the  i n t e r n a l   s u r f a c e   o f  

the   t u b u l a r   hous ing  member,  the  s h e a r a b l e   s t r u c t u r e   e x t e n d i n g  

r a d i a l l y   toward  the  t u b u l a r   hous ing  member;  a n d  

the  s top  member  i n c l u d e s   a  s h e a r i n g   r i n g   l o c a t e d   o n  

the   t u b u l a r   hous ing  member  and  p r o j e c t i n g   r a d i a l l y   in to   t h e  

pa th   of  t r a v e l   fo l lowed   by  the  s h e a r a b l e   s t r u c t u r e   as  the  t u b u l a r  

c a r r i e r   member  moves  a x i a l l y   from  the  f i r s t   l o c a t i o n   t d  t h e   s econd  

l o c a t i o n .  



10.  The  i n v e n t i o n   of  c laim  9  wherein  the  s h e a r a b l e   s t r u c t u r e  

i n c l u d e s   at  l e a s t   one  s h e a r a b l e   r i ng   on  the  t u b u l a r   c a r r i e r   member 

and  p r o j e c t i n g   r a d i a l l y   toward  the  t u b u l a r   housing  member. 

11.  The  i n v e n t i o n   of  claim  9  or  10  wherein  the  s h e a r a b l e  

s t r u c t u r e   i nc ludes   an  a x i a l l y   t a p e r e d   p o r t i o n   on  the  t u b u l a r  

c a r r i e r   member  forward  of  the  p i s t o n ,   the  t a p e r e d   p o r t i o n   t a p e r i n g  

from  an  a x i a l l y - f o r w a r d   s m a l l e r   r a d i u s   toward  an  a x i a l l y - r e a r w a r d  

l a r g e r   r a d i u s .  

12.  The  i n v e n t i o n   of  c la im  9  wherein  the  s h e a r a b l e  

s t r u c t u r e   inc ludes   a  p l u r a l i t y   of  s h e a r a b l e   r i n g s   on  t h e  

t u b u l a r   c a r r i e r   member,  each  spaced  a x i a l l y   from  ano the r   a n d  

each  p r o j e c t i n g   r a d i a l l y   toward  the   t u b u l a r   hous ing   member. 

13.  The  i n v e n t i o n   of  c la im  3  where in   the  k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  f u r t h e r   i n c l u d e s   a x i a l l y  

deformable   means  i n t e g r a l   with  the  t u b u l a r   hous ing   member  f o r  

being  permanent ly   deformed  a x i a l l y   to  permi t   f u r t h e r   movement 

of  the  c a r r i e r   member  a x i a l l y   in  r e sponse   to  coup l ing   of  t h e  

s top  shoulder   for   movement  with  the  stop  member  toward  t h e  

f i r s t   l o c a t i o n   so  as  to  absorb   and  d i s s i p a t e   k i n e t i c   e n e r g y  

as  the  c a r r i e r   member  moves  to  the  second  l o c a t i o n   s u b s e q u e n t  

to  sa id   coupl ing  of  the   s top  shou lde r   with  the  stop  member.  

14.  The  i n v e n t i o n   of  c la im  13  wherein  the  a x i a l l y   d e f o r m a b l e  

means  i nc ludes   an  a x i a l l y - e x t e n d i n g   neck  of  pe rmanent ly   d e f o r m a b l e  

m a t e r i a l   of  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   area   and  a x i a l   l e n g t h  

i n t e g r a l   with  the  t u b u l a r   housing  m m b e r .  



15.  The  i n v e n t i o n   of  c l a i m  9   where in   the  k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  f u r t h e r   i n c l u d e s   a x i a l l y   d e f o r m -  

ab le   means  i n t e g r a l   w i th   the  t u b u l a r   hous ing  member  for  b e i n g  

pe rmanen t l y   deformed  a x i a l l y   to  p e r m i t   f u r t h e r   movement  of  t h e  

c a r r i e r   member  a x i a l l y   in  r e s p o n s e   to  coupl ing   of  the  s t o p  

s h o u l d e r   fo r   movement  with  the  s top   member  toward  the  f i r s t   l o c a -  

t i o n   so  as  to  abso rb   and  d i s s i p a t e   k i n e t i c   e n e r g y  a s   the  c a r r i e r  

member  moves  to  the   s e c o n d  l o c a t i o n   subsequen t   to  said  c o u p l i n g  

of  the  s top   s h o u l d e r   wi th   the  s top   member; 

the   t u b u l a r   hous ing   member  has  a  forward  end  c o r r e s -  

ponding  to  the   fo rward   end  of  the  c a r r i e r   member  and  a  r e a r w a r d  

end  c o r r e s p o n d i n g   to  the  r e a r w a r d   end  of  the  c a r r i e r   member;  a n d  

the   a x i a l l y   de fo rmab le   means  is  l o c a t e d   a d j a c e n t   t h e  

r ea rward   end  of  the   t u b u l a r   hous ing   member .  

16.  The  i n v e n t i o n   of  c la im  15  where in   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   a  neck  of  pe rmanen t ly   de fo rmab le   m a t e r i a l   i n t e g r a l  

wi th   the  t u b u l a r   hous ing   member  and  ex t end ing   a x i a l l y   r e a r w a r d l y  

beyond  the   i n t e r n a l   s u r f a c e   of  the   t u b u l a r   housing  member,  t h e  

neck  having  a  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   area  and  ax i a l   l e n g t h  

and  be ing   c a p a b l e   of  e l o n g a t i o n   to  absorb   and  d i s s i p a t e   k i n e t i c  

energy  as  t h e  c a r r i e r   member  moves  to  the  second  l o c a t i o n   s u b s e -  

quent   to  s a id   c o u p l i n g   of  the  s t o p   shou lde r   with  the  stop  member .  

17.  The  i n v e n t i o n   of  c la im  1  f u r t h e r   c o m p r i s i n g :  

an  a x i a l l y   e x t e n d i n g   t u b u l a r   housing  member  w i t h i n   t h e  

e l e c t r i c a l   c o n n e c t o r ;  

a  c a r r i e r   member  c a r r y i n g   the  f i r s t   con t ac t   e lement   a n d  

movable  a x i a l l y   w i t h i n   the  t u b u l a r   housing  member  between  a  f i r s t  

l o c a t i o n ,   c o r r e s p o n d i n g   to  the  f i r s t   p o s i t i o n   of  the  c o n t a c t   e l e -  



ment  assembly,   and  a  second  l o c a t i o n ,   c o r r e s p o n d i n g   to  t h e  

second  p o s i t i o n   of  the  c o n t a c t   e lement   a s s e m b l y ;  

a  s top  member  f i x e d   in  the  t u b u l a r   hous ing   member;  a n d  

a  s top  s h o u l d e r   on  the  c a r r i e r   member  spaced  a  f i r s t  

a x i a l   d i s t a n c e   from  the  s top  member  when  the  c a r r i e r   member  i s  

in  the  f i r s t   l o c a t i o n ;  

the  k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n   means  

f u r t h e r   i n c l u d i n g   a x i a l l y   de fo rmable   means  i n t e g r a l   wi th   t h e  

t u b u l a r   hous ing   member  for   be ing   permanent ly   deformed  a x i a l l y  

to  pe rmi t   movement  of  the   c a r r i e r   member  a x i a l l y   in  r e s p o n s e  

to  coupl ing   of  the  s top  s h o u l d e r   for   movement  w i t h   the  s t o p  

member  toward  the  f i r s t   l o c a t i o n   so  as  to  absorb   and  d i s s i p a t e  

k i n e t i c   energy  as  the  c a r r i e r   member  moves  to  the  second  l o c a -  

t i o n   subsequen t   to  sa id   c o u p l i n g   of  the  stop  s h o u l d e r   with  t h e  

s top  member.  

18.  The  i n v e n t i o n   of  claim 17  wherein   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   an  a x i a l l y - e x t e n d i n g   neck  of  p e r m a n e n t l y   d e f o r m -  

able material of predetermined cross-sectional area and axial 

l e n g t h  i n t e g r a l   w i t h  t h e   t u b u l a r   housing  member.  

19.  The  i n v e n t i o n   of  c la im  17  w h e r e i n :  

the  t u b u l a r   hous ing   member  is  g e n e r a l l y   c y l i n d r i c a l  

and  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l   i n t e r n a l   s u r f a c e ;  

the  c a r r i e r   member  is  g e n e r a l l y   t u b u l a r   and  i n c l u d e s   a  

forward  end  and  a  r ea rward   e n d ;  

the  f i r s t   c o n t a c t   e lement   i nc ludes   a  female  c o n t a c t  

a d j a c e n t   the  forward  end  of  the  c a r r i e r   member; 



a  p i s t o n   i n t e g r a l   with.  t he   c a r r i e r   member  a d j a c e n t   t h e  

r ea rward   end  t h e r e o f   i s   f i t t e d   in to   the  i n t e r n a l   su r f ace   of  t h e  

t u b u l a r   h o u s i n g   member  for   a x i a l   s l i d i n g   movement  t h e r e i n ;  

the  t u b u l a r   housing  member  has  a  forward  end  c o r r e s -  

p o n d i n g  t o   t he   fo rward   end  of  the  c a r r i e r   member  and  a  r e a r w a r d  

end  c o r r e s p o n d i n g   to  the  r ea rward   end  of  the  c a r r i e r   member;  a n d  

the  a x i a l l y   de formable   m e a n s  i s   l o c a t e d   a d j a c e n t   t h e  

r ea rward   end  of  t he   t u b u l a r   housing  m e m b e r .  

20.  The  i n v e n t i o n   of  c la im  19  whe re in   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   a  neck  of  pe rmanen t ly   de fo rmab le   m a t e r i a l   i n t e g r a l  

wi th   the   t u b u l a r   hous ing   member  and  e x t e n d i n g   a x i a l l y   r e a r w a r d l y  

beyond  the   i n t e r n a l   s u r f a c e   of  the  t u b u l a r   hous ing  member,  t h e  

neck  hav ing   a  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   area   and  a x i a l   l e n g t h  

and  be ing   c a p a b l e   of  e l o n g a t i o n   to  abso rb   and  d i s s i p a t e   k i n e t i c  

energy  as  the  c a r r i e r   member  moves  to  the   second  l o c a t i o n   s u b s e -  

quent   to  s a i d   c o u p l i n g   of  the  s top  s h o u l d e r   with  the  s top  member.  

21.  The  i n v e n t i o n   of  c la im  5,  6,  7,  8,  9,  13,  15,  17  or  19  

where in   the   f i r s t   c o n t a c t   e lement   w i l l   engage  the   second  c o n t a c t  

e lement   a t   a  t h i r d   p o s i t i o n   of  the   c o n t a c t   e lement   assembly  i n t e r -  

media te   the  f i r s t   p o s i t i o n   and  the  second  p o s i t i o n ,   and  t h e  

k i n e t i c   energy   a b s o r p t i o n   and  d i s s i p a t i o n   means  is  l o c a t e d   r e l a t i v e  

to  the  f i r s t   and  second  c o n t a c t   e l ements   such  t h a t   the  g r e a t e s t  

p o r t i o n   of  the   k i n e t i c   energy  is  absorbed   and  d i s s i p a t e d   d u r i n g  

movement  of  t he   c o n t a c t   e lement   assembly  from  the  i n t e r m e d i a t e  

t h i r d   p o s i t i o n   toward  the  second  p o s i t i o n .  

22.  A  f emale   e l e c t r i c a l   c o n n e c t o r   for   use  in  s e p a r a b l y   c o n n e c t -  

ing  a  male  c o n t a c t   e lement   with  an  e n e r g i z e d   high  v o l t a g e   c i r c u i t ,  

s a id   c o n n e c t o r   c o m p r i s i n g   a  r i g i d   c o n d u c t i v e   housing  having  a  f i r s t  



end  adap ted   tQ  rece ive .   sa id   male  c o n t a c t   e lement ,   a  second  e n d  

adapted   to  be  s u b s t a n t i a l l y   c lo sed   and  an  i n t e r n a l   wall   s u r f a c e  

p r o v i d i n g   an  a x i a l l y   e x t e n d i n g   opening  t h e r e b e t w e e n ,   an  e l o n g a t e  

female  c o n t a c t   assembly  i n c l u d i n g   a  t u b u l a r   p i s t o n   of  c o n d u c t i v e  

m a t e r i a l   w i t h i n   and  in  e l e c t r i c a l l y   conduc t ive   r e l a t i o n s h i p   w i t h  

sa id   hous ing  and  a x i a l l y   movable  between  a  f i r s t   p o s i t i o n   w h e r e i n  

sa id   p i s t o n   is  maximally  spaced  from  sa id   f i r s t   hous ing   end  a n d  

a  second  p o s i t i o n   wherein   sa id   p i s t o n   is  min imal ly   spaced  f r o m  

sa id   f i r s t   hous ing  end,  s a id   p i s t o n   p r o v i d i n g   sa id   c o n n e c t o r  

with  a  chamber  a d j a c e n t   sa id   second  housing  end,  and  f e m a l e  

c o n t a c t   means  for   engaging  sa id   male  c o n t a c t   e lement ,   s a i d  

female  c o n t a c t   means  being  c a r r i e d   by  and  movable  wi th   and  i n  

e l e c t r i c a l l y   conduc t ive   r e l a t i o n s h i p   wi th .  sa id   p i s t o n ,   s a i d  

female  c o n t a c t   assembly  being  c o n f i g u r e d   to  t r a n s m i t   to  s a i d  

chamber  a r c - q u e n c h i n g   gas  which  is  g e n e r a t e d   in  r e s p o n s e   to  a n  

arc  being  s t r u c k   between  sa id   male  c o n t a c t   e lement   and  s a i d  

female  c o n t a c t   means  as  sa id   male  c o n t a c t   e lement   a p p r o a c h e s  

sa id   female  c o n t a c t   means  so  as  to  a c c e l e r a t e   the  f e m a l e  

c o n t a c t   means  for   r ap id   movement  toward  the  male  c o n t a c t  

e l emen t ,   sa id   connec to r   f u r t h e r   compr i s ing   k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  a s s o c i a t e d   with  the  h o u s i n g  

and  the  female  c o n t a c t   means  for   g r a d u a l l y   a b s o r b i n g   a n d  

d i s s i p a t i n g   at  l e a s t   a  p o r t i o n   of  the  k i n e t i c   energy  i m p a r t e d  

to  the  female  c o n t a c t   means  as  a  r e s u l t   of  such  a c c e l e r a t i o n   a s  

the  p i s t o n   moves  from  the  f i r s t   p o s i t i o n   to  the  second  p o s i t i o n  

so  as  s u b s e q u e n t l y   to  d e c e l e r a t e   the  female  c o n t a c t   means  a n d  

the reby   f a c i l i t a t e   b r i n g i n g   the  female  c o n t a c t   means  to  a  h a l t  



s u b s e q u e n t   to  engagement   of  the  female  c o n t a c t   means  with.  t h e  

ma le   c o n t a c t   e l e m e n t .  

23.  The  i n v e n t i o n   of  c la im  22  wherein   the  female  c o n t a c t  

means  w i l l   engage  the   male  c o n t a c t   e lement   a t   a  t h i r d   p o s i t i o n  

of  the   p i s t o n   i n t e r m e d i a t e   the  f i r s t   p o s i t i o n   and  the  s e c o n d  

p o s i t i o n ,   and  the  k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n  

means  i s   l o c a t e d   r e l a t i v e   to  the  female  c o n t a c t   means  and  t h e  

male  c o n t a c t   e l emen t   such  t h a t   the  g r e a t e s t   p r o t i o n   of  the  k i n e t i c  

ene rgy   is  absorbed   and  d i s s i p a t e d   dur ing   movement  of  the   p i s t o n  

from  the  i n t e r m e d i a t e   t h i r d   p o s i t i o n   toward  the  second  p o s i t i o n .  

24.  The  i n v e n t i o n   of  c la im  22  f u r t h e r   c o m p r i s i n g :  

a  s top   member  f i x e d   in  the  h o u s i n g ;   a n d  

a  s top   s h o u l d e r   on  the  female  c o n t a c t   assembly  s p a c e d  

a x i a l l y   from  the  s top   member  when  the  p i s t o n   is  in  the  f i r s t  

p o s i t i o n ;  

the  k i n e t i c   ene rgy   a b s o r p t i o n   and  d i s s i p a t i o n   means  

f u r t h e r   i n c l u d i n g   s h e a r a b l e   means  on  the  female  c o n t a c t   a s s e m b l y ,  

be tween   the  s top   member  and  the   stop  s h o u l d e r   and  in  p o s i t i o n   t o  

b e  e n g a g e d   by  the   s top   s h o u l d e r   upon  a x i a l   movement  of  the  p i s t o n  

from  the   f i r s t   p o s i t i o n   to  the  second  p o s i t i o n ,   for   s h e a r i n g   i n  

r e s p o n s e   to  such  engagement   wi th   the  s top  s h o u l d e r   to  absorb   a n d  

d i s s i p a t e   k i n e t i c   e n e r g y  a s   the  p i s t o n   moves  from  the  f i r s t   p o s i -  

t i o n   to  the  second  p o s i t i o n ,   w h e r e b y  t h e   p i s t o n   w i l l   a r r i v e   a t  

t he   second  p o s i t i o n   wi th   the   k i n e t i c   e n e r g y  o f   the   female  c o n t a c t  

assembly   d i m i n i s h e d   by  the   amount  absorbed  and  d i s s i p a t e d   b y  

s h e a r i n g   of  the   s h e a r a b l e   m e a n s .  



25.  The  i n v e n t i o n   of  c laim  24  w h e r e i n   the.  s h e a r a b l e   means  

i n c l u d e s   at   l e a s t   one  s h e a r a b l e   member  i n t e g r a l   w i t h   the  f e m a l e  

c o n t a c t   assembly  between  the  s top  member  and  the  stop  s h o u l d e r  

and  capab le   of  being  shea red   t h e r e f r o m   in  r e s p o n s e   to  engagemen t  

wi th   the  s top  member  du r ing   a x i a l   movement  of  the  p i s t o n   from  t h e  

f i r s t   p o s i t i o n   to  the  second  p o s i t i o n .  

26.  The  i n v e n t i o n   of  c laim  24  where in   the  s h e a r a b l e   means 

i n c l u d e s   a  t a p e r e d   p o r t i o n   l o c a t e d   on  the  female  c o n t a c t   a s s e m b l y  

so  as  to  be  capable   of  being  sheared   from  the  female  c o n t a c t  

assembly  by  means  of  the  s top  member  as  the  p i s t o n   is  moved 

a x i a l l y   from  t h e  f i r s t   p o s i t i o n   to  the  second  p o s i t i o n .  

27.  The  i n v e n t i o n   of  c laim  24  where in   the  s h e a r a b l e   means  

i n c l u d e s :  

a  pr imary   s h e a r a b l e   m e m b e r  i n t e g r a l  w i t h  t h e   f e m a l e  c o n -  

t a c t   assembly  between  the  s top  member  and  the  s top  shoulder   a n d  

capable   of  being  shea red   t h e r e f r o m   in  r e s p o n s e   to  engagement  w i t h  

the  stop  member  dur ing   a x i a l   movement  of  the   p i s t o n   from  the  f i r s t  

p o s i t i o n   to  the  second  p o s i t i o n ;   a n d  

a  secondary  s h e a r a b l e   s t r u c t u r e   between  the  p r i m a r y  

s h e a r a b l e   member  and  the  s top  s h o u l d e r ,   the   secondary   s h e a r a b l e  

s t r u c t u r e   being  capab le   of  being  sheared   from  the  female  c o n t a c t  

assembly  in  r e sponse   to  engagement  with  the   shea red   p r i m a r y  

s h e a r a b l e   member  dur ing   a x i a l   movement  of  the  p i s t o n   from  t h e  

f i r s t   p o s i t i o n   to  the  second  p o s i t i o n .  

28.  The  i n v e n t i o n   of  c laim  27  where in   the  secondary  s h e a r a b l e  

s t r u c t u r e   i nc ludes   a  p l u r a l i t y   of  s h e a r a b l e   secondary   members 



l o c a t e d   on  the  female  c o n t a c t   assembly  so  as  to  be  capab le   o f  

be ing   s h e a r e d   from  the   female  c o n t a c t   assembly  by  means  of  t h e  

s t o p   member  as  the  p i s t o n   is  moved  a x i a l l y   from  the  f i r s t   p o s i t i o n  

to  t he   second  p o s i t i o n .  

29.  The  i n v e n t i o n   of  c la im  27  where in   the  secondary   s h e a r a b l e  

s t r u c t u r e   i n c l u d e s   a  t a p e r e d   p o r t i o n   l o c a t e d   on  the  female  c o n t a c t  

a s semb ly   so  as  to  be  capab le   o f  b e i n g   sheared   from  the  female  c o n -  

t a c t   a s sembly   by  means  of  the   s top   member  as  the  p i s t o n   is  moved 

a x i a l l y   from  the  f i r s t   p o s i t i o n  t o   the  second  p o s i t i o n .  

30.  The  i n v e n t i o n   of  c la im  24  w h e r e i n :  

the   s h e a r a b l e   means  i n c l u d e s   a  s h e a r a b l e   s t r u c t u r e  

l o c a t e d   on  the  female  c o n t a c t   assembly  a x i a l l y   forward   of  t h e  

p i s t o n   fo r   a x i a l   movement  a long  a  pa th   of  t r a v e l   in  r e sponse   t o  

a x i a l   movement  of  the   p i s t o n   w i t h i n   the  hous ing ,   the   s h e a r a b l e  

s t r u c t u r e  e x t e n d i n g   r a d i a l l y   toward  the  i n t e r n a l   wal l   s u r f a c e   o f  

the   h o u s i n g ;   a n d  

the   stop  member  i n c l u d e s   a  s h e a r i n g   r i n g   l o c a t e d   in  t h e  

h o u s i n g   and  p r o j e c t i n g   r a d i a l l y   i n to   the  pa th   of  t r a v e l   f o l l o w e d  

by  the   s h e a r a b l e   s t r u c t u r e   as  the   p i s t o n   moves  a x i a l l y   from  t h e  

f i r s t   p o s i t i o n   to  the  second  p o s i t i o n .  

31.  The  i n v e n t i o n   of  c la im  30  where in   the  s h e a r a b l e   s t r u c t u r e  

i n c l u d e s   a t   l e a s t   one  s h e a r a b l e   r i ng   on  the  female  c o n t a c t   a s s e m b l y  

and  p r o j e c t i n g   r a d i a l l y   toward  the  i n t e r n a l   wal l   s u r f a c e   of  t h e  

h o u s i n g .  



32.  The  i n v e n t i o n   of  c la im  30.  or  31  where in   the.  s h e a r a b l e  

s t r u c t u r e   i nc ludes   an  a x i a l l y   t a p e r e d   p o r t i o n   on  the  female  c o n -  

t a c t   assembly  forward  of  the  p i s t o n ,   the  t ape red   p o r t i o n   t a p e r i n g  

from  an  a x i a l l y - f o r w a r d   s m a l l e r   r a d i u s   toward  an  a x a i l l y - r e a r w a r d  

l a r g e r   r a d i u s .  

33.  The  i n v e n t i o n   of  c l a im  30  wherein   the  s h e a r a b l e   s t r u c t u r e  

i n c l u d e s   a  p l u r a l i t y   of  s h e a r a b l e   r i n g s   on  the  female  c o n t a c t  

assembly,   each.  spaced  a x i a l l y   from  ano the r   and  each  p r o j e c t i n g  

r a d i a l l y   toward  the  i n t e r n a l   wal l   s u r f a c e   of  t h e .  h o u s i n g .  

34.  The  i n v e n t i o n   of  c la im  24  where in   the  k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  f u r t h e r   i nc ludes   a x i a l l y   d e f o r m -  

able   means  i n t e g r a l   w i t h  t h e   hous ing   for   being  pe rmanen t ly   d e f o r m -  

ed  a x i a l l y   to  permit   f u r t h e r   movement  of  the  p i s t o n   toward  t h e  

f i r s t   p o s i t i o n   in  r e sponse   to  c o u p l i n g   of  the  s top  s h o u l d e r   w i t h  

t h e   stop  member  so  as  to  absorb   and  d i s s i p a t e   k i n e t i c   energy  a s  

t h e  p i s t o n   moves  to  the  second  p o s i t i o n   subsequen t   to  s a i d  

coup l ing   of  the  stop  s h o u l d e r   w i t h   the  s top  member.  

35.  The  i n v e n t i o n   of  c la im  34  where in   the  a x i a l l y   d e f o r m a b l e  

means  i nc ludes   an  a x i a l l y - e x t e n d i n g   neck  of  pe rmanen t ly   d e f o r m a b l e  

m a t e r i a l   of  p r ede t e rmined   c r o s s - s e c t i o n a l   area  and  a x i a l   l e n g t h  

i n t e g r a l   with  the  h o u s i n g .  

36.  The  i n v e n t i o n   of  c la im  30  where in   the  k i n e t i c   e n e r g y  

a b s o r p t i o n   and  d i s s i p a t i o n   means  f u r t h e r   i nc ludes   a x i a l l y   d e f o r m -  

able  means  i n t e g r a l   wi th   the  hous ing   for   being  pe rmanen t ly   d e -  

formed  a x i a l l y   to  permi t   f u r t h e r   movement  of  the  p i s t o n   t o w a r d  

the  f i r s t   p o s i t i o n   in  r e sponse   to  coup l ing   of  the  s top   s h o u l d e r  

with  the  stop  member  so  as  to  absorb   and  d i s s i p a t e   k i n e t i c   e n e r g y  



as  the  p i s t o n   moves  to  the  second  p o s i t i o n  s u b s e q u e n t   to  s a i d  

c o u p l i n g   of  the   s top   s h o u l d e r   w i t h   the  stop  member;  a n d  

the  a x i a l l y   de fo rmab le   means  is  l o c a t e d   a d j a c e n t   t h e  

second  end  of  the  h o u s i n g .  

37.  The  i n v e n t i o n   of  c la im  36  where in   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   a  neck  of   pe rmanen t ly   de formable   m a t e r i a l   i n t e g r a l  

wi th   the   hous ing   and  e x t e n d i n g   a x i a l l y   r e a r w a r d l y   beyond  t h e  

i n t e r n a l   wal l   s u r f a c e   of  the   hous ing ,   the  neck  having  a  p r e -  

d e t e r m i n e d   c r o s s - s e c t i o n a l   a rea   and  a x i a l   l e n g t h  a n d   being  capable   o f  

e l o n g a t i o n   to  absorb   and  d i s s i p a t e   k i n e t i c   energy   as  the  p i s t o n  

moves  to   the  second  p o s i t i o n   subsequen t   to  sa id   c o u p l i n g   of  t h e  

s top   s h o u l d e r   wi th   the   s top   member.  

38.  The  i n v e n t i o n   of  c la im  22  f u r t h e r   c o m p r i s i n g :  

a  s top   member  f i xed   in  the  t u b u l a r   hous ing   member;  a n d  

a  s top   s h o u l d e r   on  the  female  c o n t a c t   assembly  s p a c e d  

a x i a l l y   from  the  s top  member  when  the  p i s t o n   is   in  the  f i r s t  

p o s i t i o n ;  

the  k i n e t i c   energy  a b s o r p t i o n   and  d i s s i p a t i o n   means  

i n c l u d i n g   a x i a l l y   d e f o r m a b l e   means  i n t e g r a l   wi th   the  h o u s i n g  

fo r   be ing   pe rmanen t l y   deformed  ax iab ly   to  p e r m i t   f u r t h e r   move-  

ment  of  the  p i s t o n   toward  the  f i r s t   p o s i t i o n   in  r e s p o n s e   t o  

c o u p l i n g   of  the  s top   s h o u l d e r   wi th   the  stop  member  so  as  t o  

abso rb   and  d i s s i p a t e   k i n e t i c   energy  as  the  p i s t o n   moves  to  t h e  

second  p o s i t i o n   s u b s e q u e n t   to  said  coupl ing   of  the   s top  s h o u l d e r  

wi th   the   s top  member .  



39..  The  i n v e n t i o n   of  c la im  38  w h e r e i n   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   an  a x i a l l y - e x t e n d i n g   neck  of  permanent ly   d e f o r m a b l e  

m a t e r i a l   of  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   area  and  a x i a l   l e n g t h  

i n t e g r a l   wi th   the  h o u s i n g .  

40.  The  i n v e n t i o n   of  c la im  39  where in   the  a x i a l l y   d e f o r m a b l e  

means  is  l o c a t e d   a d j a c e n t   the  second  end  of  the  h o u s i n g .  

41.  The  i n v e n t i o n   of  c l a i m . 4 0   wherein   the  a x i a l l y   d e f o r m a b l e  

means  i n c l u d e s   a  neck  for   pe rmanen t ly   deformable   m a t e r i a l   i n t e g r a l  

wi th   the  hous ing   and  e x t e n d i n g   a x i a l l y   r e a r w a r d l y   beyond  the  i n t e r n a l  

wall   s u r f a c e   of  the   hous ing ,   the   neck  having  a  p r e d e t e r m i n e d   c r o s s -  

s e c t i o n a l   a rea   and  a x i a l   l e n g t h   and  being  capable   of  e l o n g a t i o n   t o  

absorb  and  d i s s i p a t e   k i n e t i c   energy  as  the  p i s t o n   moves  to  t h e  

second  p o s i t i o n   subsequen t   to  sa id   coup l ing   of  the  stop  s h o u l d e r  

with  the  s top  member.  

42.  The  i n v e n t i o n   of  c la im  26,  27,  28,  29,  30,  34,  36  ,38  o r  

40  wherein  the  female  c o n t a c t   means  w i l l   engage  the  male  c o n t a c t  

element  at   a  t h i r d   p o s i t i o n   of  the  p i s t o n   i n t e r m e d i a t e   the  f i r s t  

p o s i t i o n   and  the  second  p o s i t i o n ,   and  the  k i n e t i c   energy  a b s o r p t i o n  

and  d i s s i p a t i o n   means  is  l o c a t e d   r e l a t i v e   to  the  female  c o n t a c t  

means  and  the  male  c o n t a c t   e lement   such  t h a t   the  g r e a t e s t   p o r t i o n  

of  the  k i n e t i c   energy  is  absorbed   and  d i s s i p a t e d   during  movement 

of  the  p i s t o n   from  the  i n t e r m e d i a t e   t h i r d   p o s i t i o n   toward  t h e  

second  p o s i t i o n .  
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