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@?y  bpeed  control  switch  device. 
©  A  speed  control  switch  device  includes  a  retractable 
trigger  and  a  swingable  reversing  lever  to  control  the  power 
to,  the  speed  of,  and  the  direction  of  rotation  of  a  motor  in  a 
hand-held  electric  tool,  such  as  a  drill.  A  single  printed  circuit 
board  mounts  the  elements  of  the  solid  state  speed  control 
circuit  and  also  mounts  a  first  set  of  contacts,  a  second  set  of 
contacts,  and  a  resistance  strip  which  comprise  integral  parts 
of  a  reversing  switch,  an  on/off  switch,  and  a  rheostat, 
respectively. 
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hand-held  electric  tool,  such  as  a  drill.  A  single  printed  circuit 
board  mounts  the  elements  of  the  solid  state  speed  control 
circuit  and  also  mounts  a  first  set  of  contacts,  a  second  set  of 
contacts,  and  a  resistance  strip  which  comprise  integral  parts 
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B a c k g r o u n d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   speed   c o n t r o l  

s w i t c h e s   u s e d   to  a p p l y   p o w e r   to  and  c o n t r o l   t he   s p e e d  

of  an  e l e c t r i c   m o t o r .   More  s p e c i f i c a l l y ,   t he   p r e s e n t  

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

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

w e l l   as  c o n t r o l l i n g   t h e   p o w e r   and  speed   of  an  e l e c -  

t r i c   m o t o r   of  a  p o r t a b l e   e l e c t r i c   t o o l ,   such   as  a n  

e l e c t r i c   d r i l l .  

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

b e e n   known  h e r e t o f o r e .   One  s u c h   d e v i c e   is  d i s c l o s e d  

in  R o b e r t s o n   U . S .   P a t e n t   No.  3 , 5 4 3 , 1 2 0 .   Th i s   d e v i c e  

i n c l u d e s   a  p a i r   of  c o l i n e a r   r e s i s t a n c e   s t r i p s ,   e a c h  

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

to  form  a  r h e o s t a t .   The  r e s i s t a n c e   s t r i p s   a r e  

m o u n t e d   to  a  c i r c u i t   b o a r d  c o n t a i n i n g   the  c o m p o n e n t s  
of  the  s p e e d   c o n t r o l   c i r c u i t .  

A n o t h e r   t y p e   of  s p e e d   c o n t r o l   d e v i c e   i s  

d i s c l o s e d   in  O p a l e n i k   U.S .   P a t e n t   No.  3 , 4 8 4 , 6 3 2 ,  

w h e r e i n   a  t r i g g e r   s l i d e s   a  c o n t a c t   shoe  and  a  

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

r e s i s t a n c e   s t r i p ,   r e s p e c t i v e l y .   The  b r u s h   c o n t a c t  

and  r e s i s t a n c e   s t r i p   c o m p r i s e   a  p o t e n t i o r e t e r   u s e d   i n  



c o m b i n a t i o n   w i t h   an  SCR  to  c o n t r o l   t h e   speed   of  a n  

a s s o c i a t e d   e l e c t r i c   m o t o r .   The  c o n t a c t   shoe   a n d  

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

w h i c h   a c t s   as  an  o n / o f f   and  b y p a s s   s w i t c h .  

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

t h e r e w i t h   s w i t c h e s   f o r   r e v e r s i n g   the   d i r e c t i o n   o f  

r o t a t i o n   of  an  a s s o c i a t e d   e l e c t r i c   m o t o r   a r e   a l s o  

k n o w n .   By  r e v e r s i n g   t he   f l o w   of  c u r r e n t   in  t h e   f i e l d  

w i n d i n g   in  r e l a t i o n   to  t h e   a r m a t u r e   w i n d i n g   of  a n  

e l e c t r i c   m o t o r ,   t h e   d i r e c t i o n   of  r o t a t i o n   may  b e  

r e v e r s e d .   A  c o n v e n t i o n a l   d o u b l e - p o l e   d o u b l e - t h r o w  

s w i t c h   can   be  u t i l i z e d   to  p r o v i d e   s u c h   a  r e v e r s i n g  
f e a t u r e .   In  F r e n z e l   U.S .   P a t e n t   No.  3 , 2 6 0 , 8 2 7   s u c h   a  
c o n v e n t i o n a l   s w i t c h   is  u t i l i z e d   to  c o n t r o l   t h e   d i r e c -  

t i o n   of  r o t a t i o n   of  an  e l e c t r i c   m o t o r .  

A  r e v e r s i n g   s w i t c h   w h i c h   is  c o n t a i n e d   w i t h -  

in  a  t r i g g e r   h o u s i n g   is   d i s c l o s e d   in  P i b e r   U .S .   P a t -  

e n t   No.  3 , 6 3 2 ,   9 3 6 .   Th i s   r e v e r s i n g   s w i t c h   c o n s i s t s  

of  a  p a i r   of  c o n t a c t s   w h i c h   e n g a g e   a  p l u r a l i t y   o f  

c o n t a c t   s t r i p s   on  a  p r i n t e d   c i r c u i t   b o a r d .  

In  P i b e r   U.S.   P a t e n t   No.  4 , 0 9 7 , 7 0 4   an  o n /  

o f f   s w i t c h   is  d i s c l o s e d   c o n s i s t i n g   of  a  s l i d a b l e  

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

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

t h e   e l e c t r o n i c   s p e e d   c o n t r o l   c i r c u i t r y .   T h i s   p a t e n t  

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

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

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

t a c t s .  

The  p r e s e n t   i n v e n t i o n   c o n s t i t u t e s   an  i m -  

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

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

p r i n t e d   c i r c u i t   b o a r d   m o u n t i n g :   a l l   of  the  c o m -  

p o n e n t s   of  t he   s p e e d   c o n t r o l   c i r c u i t   i n c l u d i n g   a  



r e s i s t a n c e   s t r i p   e n g a g e d   by  a  w i p e r   c o n t a c t   d e f i n i n g  

a  r h e o s t a t ,   a  f i r s t   s e t   of  c o n t a c t s   i n t e g r a l   w i t h   t h e  

c i r c u i t   b o a r d   e n g a g e d   by  a  s l i d a b l e   f i r s t   c o n t a c t  

means   to  c o m p r i s e   a  r e v e r s i n g   s w i t c h ,   and  a  s e c o n d  

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

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

c o m p r i s e   an  o n / o f f   and  b y - p a s s   s w i t c h .   A  u n i q u e  
s l i d a b l e   s u p p o r t   c a r r i e s   t he   m o v a b l e   c o n t a c t s   of  t h e  

o n / o f f   and  b y - p a s s   s w i t c h ,   and  the   w i p e r   ( s h o r t i n g )  

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

c o m p r i s e   a  r h e o s t a t .  

Summary  of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d  
c o n t r o l   d e v i c e   s u i t a b l e   f o r   c o n t r o l l i n g   t he   p o w e r   t o ,  

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

e l e c t r i c   m o t o r ,   such   as  in  a  h a n d - h e l d   e l e c t r i c  

d r i l l .   A  s i n g l e   p r i n t e d   c i r c u i t   b o a r d   has  m o u n t e d  

t h e r e t o   a  f i r s t   s e t   of  c o n t a c t s ,   a  s e c o n d  s e t   of  c o n -  

t a c t s ,   and  a  r e s i s t a n c e   s t r i p   w h i c h   c o m p r i s e   i n t e g r a l  

p a r t s   of  a  r e v e r s i n g   s w i t c h ,   an  o n / o f f   s w i t c h ,   and  a  

r h e o s t a t ,   r e s p e c t i v e l y .   The  p r i n t e d   c i r c u i t   b o a r d  

a l s o   c a r r i e s   a l l   t he   c o m p o n e n t s   of  the   e l e c t r o n i c  

( s o l i d   s t a t e )   s p e e d   c o n t r o l   c i r c u i t .   A  u n i q u e   m o v -  

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

s e c o n d   s e t   o f  c o n t a c t s   to  c o m p r i s e   an  o n / o f f   s w i t c h ,  

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

r e s i s t a n c e   s t r i p   to  c o m p r i s e   a  r h e o s t a t .  

A  p r i m a r y   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

is   to  p r o v i d e   an  i m p r o v e d   s p e e d   c o n t r o l  s w i t c h   d e v i c e  

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

e l e m e n t s   of  the   speed   c o n t r o l   c i r c u i t   and  a l s o   m o u n t -  

ing  e l e m e n t s   of  t he   r e v e r s i n g   s w i t c h ,   the   o n / o f f  

s w i t c h   and  t he   r h e o s t a t   f o r   t h e   speed   c o n t r o l   c i r c u i t .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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



e x t e r n a l   c o n n e c t i o n s   to  a  common  p r i n t e d   c i r c u i t  

b o a r d   a r e   made  by  p l u g - i n   r e c e p t a c l e s   w h i c h   i n c l u d e  

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

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

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

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

p r i s i n g   a  p a r t   of  an  o n / o f f   s w i t c h   and  a  r h e o s t a t  

w h e r e i n   t h e s e   c o n t a c t s   a r e   e l e c t r i c a l l y   c o n n e c t e d .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

r e l i a b i l i t y .  

A  more   s p e c i f i c   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  s p e e d   c o n t r o l   s w i t c h   d e v i c e   w h i c h  

u t i l i z e s   p r i n t e d   c i r c u i t   b o a r d   s c r e e n   p r i n t i n g  

t e c h n i q u e s .  

A n o t h e r   s p e c i f i c   o b j e c t   o f   t h e   p r e s e n t   i n -  

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

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

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

s u c h   a  s w i t c h   and  m i n i m i z i n g   t h e   c o s t   t h e r e o f .  

A n o t h e r  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

e c o n o m i c a l   to  m a n u f a c t u r e   and  may  be  s u b s t a n t i a l l y  

a s s e m b l e d   u s i n g   a u t o m a t e d   m e a n s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g u r e   1  i s   a  l e f t - s i d e   e l e v a t i o n a l   v i e w   o f  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  r e a r   e l e v a t i o n a l   v i e w   of  t h e  

e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   3  i s   a  top   v i e w   i l l u s t r a t i n g   t h e   t w o  

p o s i t i o n s   of  t he   r e v e r s i n g   l e v e r ;  

F i g u r e   4  i s   a  r i g h t - s i d e   e l e v a t i o n a l   s i d e  

v i e w   of  t h e   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  



F i g u r e   5  i s   a  f r o n t   v i e w   of  the   s p e e d   c o n -  

t r o l   s w i t c h   d e v i c e   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   6  i s   an  e n l a r g e d   p a r t i a l   r e a r   v i e w  

i l l u s t r a t i n g   t h e   r e v e r s i n g   l e v e r   in  an  i n t e r m e d i a t e  

p o s i t i o n ;  

F i g u r e   7  is   a  r i g h t - s i d e   e l e v a t i o n a l   v i e w  

i l l u s t r a t i n g   t h e   c o v e r   r e m o v e d   from  the   ma in   c a s i n g  
and  t u r n e d   o v e r   t h e r e b y   d i s p l a y i n g   t he   i n t e r n a l  

c o m p o n e n t s ;  

F i g u r e   8  i s   a  s i d e   v i e w   of  the  m o v a b l e   c o n -  

t a c t o r   s u p p o r t ;  

F i g u r e   9  is   a  top   v i e w   of  t he   c o n t a c t o r  

s u p p o r t ;  

F i g u r e   10  i s   a  h o r i z o n t a l   c r o s s - s e c t i o n a l  

v i e w   t a k e n   a l o n g   l i n e   10 -10   of  F i g u r e   1  i l l u s t r a t i n g  

t h e   t r i g g e r   m e c h a n i s m   f u l l y   e x t e n d e d ;  

F i g u r e   11  i s   s i m i l a r   to  F i g u r e   10  e x c e p t  
t h a t   t h e   t r i g g e r   m e c h a n i s m   is  i l l u s t r a t e d   in  a n  

i n t e r m e d i a t e   r e t r a c t e d   p o s i t i o n ;  

F i g u r e   12  i s   a  p a r t i a l   h o r i z o n t a l   c r o s s -  

s e c t i o n a l   v i e w   t a k e n   a b o u t   l i n e   1 2 - 1 2   of  F i g u r e   1 ,  

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

to  p r o v i d e   r o t a t i o n   of  t h e   m o t o r   in  t he   f o r w a r d  

d i r e c t i o n ;  

F i g u r e   13  i s   s i m i l a r   to  F i g u r e   12  e x c e p t  
t h a t   t h e   b r i d g i n g   c o n t a c t s   a r e   shown  in  an  a l t e r n a t e  

p o s i t i o n   c o r r e s p o n d i n g   to  r e v e r s e d   r o t a t i o n   of  t h e  

e l e c t r i c   m o t o r ;  

F i g u r e   14  is   a  v e r t i c a l   c r o s s - s e c t i o n a l  

v i e w   t a k e n   a b o u t   l i n e   1 4 - 1 4   of  F i g u r e   1 ;  

F i g u r e   15  is   a  f r a g m e n t a r y ,   h o r i z o n t a l  

c r o s s - s e c t i o n a l   v i e w   i l l u s t r a t i n g   t he   c o n n e c t i o n   o f  

a  w i r e   to  t h e   p r i n t e d   c i r c u i t   b o a r d ;  

F i g u r e   16  i l l u s t r a t e s   the  c o m p o n e n t   s i d e   o f  

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

e l e c t r i c   m o t o r   and  power   s o u r c e   shown  s c h e m a t i c a l l y ;  



F i g u r e   17  i s   a  s c h e m a t i c   d i a g r a m   of  t h e  

e l e c t r i c a l   c i r c u i t r y   of  one  e m b o d i m e n t   of  t he   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   18  i s   an  e x p l o d e d ,   i s o m e t r i c   v i e w   o f  

t h e   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   19  is   an  e x p l o d e d ,   i s o m e t r i c   v i e w  

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

c a s i n g   c o v e r .  

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t  

R e f e r r i n g   p a r t i c u l a r l y   to  F i g u r e s   1-6  a n d  

18,  t he   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   shown  f o r  

p u r p o s e s   of  i l l u s t r a t i o n   i n c l u d e s   a  c a s i n g   30  and   a  

c a s i n g   32.  C a s i n g   30  h a s   b o s s e s   31  r e c e i v e d   in  h o l e s  

32a  in  r e s i l i e n t   s i d e   f l a n g e s   32b  of  c a s i n g   c o v e r   3 2  

p e r m i t t i n g   t h e   c a s i n g   and  c o v e r   to  s n a p - l o c k   t o -  

g e t h e r .   C a s i n g   30,  c o v e r   32,  and  a  t r i g g e r   34  a r e  

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

c o n d u c t   e l e c t r i c i t y ,   i . e .   an  i n s u l a t i n g   m a t e r i a l ,  

s u c h   as  p l a s t i c .   O p e n i n g s   33  in   c o v e r   32  a l l o w  

c o n n e c t i o n   of  t h e   p r e s e n t   d e v i c e   to  an  a s s o c i a t e d  

e l e c t r i c   m o t o r   and  p o w e r   s o u r c e   by  w i r e s   i n s e r t e d  

t h e r e t h r o u g h   as  w i l l   be  e x p l a i n e d   b e l o w .  

T r i g g e r   34  c o n t a i n s   a  k n u r l e d   knob  38  w h i c h  

v a r i e s   t h e   p e r m i s s i b l e   s t r o k e   of  t h e   t r i g g e r   a l l o w i n g  

r e p e t i t i v e   o p e r a t i o n   a t   a  p r e d e t e r m i n e d   s p e e d .   P u s h  

b u t t o n   36  p r o v i d e s   a  m e a n s   f o r   l o c k i n g   the   t r i g g e r  

m e c h a n i s m   w h i l e   in  a  r e t r a c t e d   p o s i t i o n .   A  s p r i n g   39  

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

o f f   p o s i t i o n ,   i . e .   to  t h e   p o s i t i o n   whe re   no  p o w e r   i s  

a p p l i e d   to  an  a s s o c i a t e d   e l e c t r i c   m o t o r   ( n o t   s h o w n ) .  

A l t h o u g h   t he   p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d   w i t h   a  

t r i g g e r   m e c h a n i s m   c a p a b l e   of  h a v i n g   an  a d j u s t a b l e  

s t r o k e ,   t h i s   p a r t i c u l a r   t y p e   of  t r i g g e r   m e c h a n i s m   i s  

n o t   a  n e c e s s a r y   p a r t   of  t h e   p r e s e n t   i n v e n t i o n .  

C o m p l e t e   d e t a i l s   of  s u c h   a  m e c h a n i s m   a r e   d i s c l o s e d   i n  



F r e n z e l   U.S .   P a t e n t   Re.  2 6 , 7 8 1 ,   e n t i t l e d   " T r i g g e r  

A c t u a t e d   S w i t c h   D e v i c e " ,   w h i c h   is  a s s i g n e d   to  t h e  

a s s i g n e e   of  t he   p r e s e n t   i n v e n t i o n .  

A  m a n u a l l y   o p e r a t e d   member   such   as  l e v e r   4 0  

e n a b l e s   t he   u s e r   to  r e v e r s e   the   d i r e c t i o n   of  t h e  

e l e c t r i c   m o t o r   by  m o v i n g   the   l e v e r   f rom  the   p o s i t i o n  

i l l u s t r a t e d   in  s o l i d   l i n e s   to  t he   p h a n t o m   p o s i t i o n ,  

as  shown  in  F i g u r e   3.  An  o p e n i n g   42  in   l e v e r   40  

r e c e i v e s   a  c y l i n d r i c a l   p i n   43  e x t e n d i n g   f rom  c a s i n g  

30;  t h i s   p i n   a c t s   as  a  p i v o t   p o i n t   f o r   t he   r e v e r s i n g  

l e v e r .   As  b e s t   s e e n   in   F i g u r e s   2,  6  and  18,  the   r e a r  

p o r t i o n   of  l e v e r   40  c o n t a i n s   a  p r o t r u s i o n   44  wh ich   i s  

n o r m a l l y   s e a t e d   in  c a s i n g   r e c e s s   46  or  r e c e s s   48,  d e -  

p e n d i n g   upon   the   p o s i t i o n   of  t h e   l e v e r .   Th i s   p r o t r u -  
s i o n   and  t he   r e c e s s e s   f u n c t i o n   as  a  d e t e n t   f o r   l e v e r  

40.   In  F i g u r e   6,  l e v e r   40  i s   shown  in  an  i n t e r m e d i -  

a t e   p o s i t i o n   as  t he   l e v e r   is  b e i n g   moved  b e t w e e n   i t s  

f o r w a r d   and  r e v e r s e   p o s i t i o n s ;   i t   is   n o t e d   t h a t   p r o -  
t r u s i o n   44  r i d e s   upon   s u r f a c e   47  b e t w e e n   r e c e s s e s   46  

and  48  u n t i l   l e v e r  4 0   r e a c h e s   i t s   f i n a l   l e f t   of  r i g h t  

p o s i t i o n .  

A  p i n   52  m o u n t e d   on  b l o c k   60  ( F i g u r e   18)  i s  

d i s p o s e d   w i t h i n   U - s h a p e d   r e c e s s   50  in   l e v e r   4 0 .  

B l o c k   60  i s   r e s t r i c t e d   to  b a c k   and  f o r t h   m o v e m e n t  

w i t h i n   c o m p a r t m e n t   3 0 a .   S i n c e   p i n   52  i s   f r e e   to  m o v e  

w i t h i n   U - s h a p e d   r e c e s s   50,  t he   a r c u a t e   m o v e m e n t   o f  

l e v e r   40  i s   t r a n s l a t e d   i n t o   b a c k   and  f o r t h   m o t i o n   o f  

b l o c k   60.  The  p o s i t i o n   of  b l o c k   60  d e t e r m i n e s   t h e  

d i r e c t i o n   of  r o t a t i o n   of  t h e   e l e c t r i c   m o t o r   as  w i l l  

be  e x p l a i n e d   b e l o w .  

S p e c i f i c a l l y   r e f e r r i n g   to  F i g u r e s   3  and  1 8 ,  

l e v e r   40  c o n t a i n s   p i n   54  w h i c h   f u n c t i o n s   as  a  s t o p   t o  

p r e v e n t   r e v e r s a l   of  t h e   d i r e c t i o n   of  r o t a t i o n   of  t h e  

e l e c t r i c   m o t o r   w h i l e   t h e   m o t o r   is  in  o p e r a t i o n .   The  

f r o n t   p o r t i o n   of  t r i g g e r   34  c o n t a i n s   a  l o n g i t u d i n a l  



r e c e s s   or  o p e n i n g   56  w h i c h   i s   d i v i d e d   i n t o   h a l v e s   b y  

c e n t e r   r i d g e   p a r t i t i o n   58.  P in   54  i s   r e c e i v e d   w i t h i n  

e i t h e r   h a l f   of  r e c e s s   56  as  t he   t r i g g e r   m e c h a n i s m   i s  

r e t r a c t e d   d u r i n g   o p e r a t o n   of  t he   m o t o r .   H o w e v e r ,  

r i d g e   p a r t i t i o n   58  w i l l   p r e v e n t   l e v e r   40  f r o m   b e i n g  

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

t e r f e r e n c e   b e t w e e n   p i n   54  and  r i d g e   p a r t i t i o n   5 8 .  

W i t h   t r i g g e r   f u l l y   e x t e n d e d   ( o f f   p o s i t i o n ) ,   r i d g e   5 8  

s t o p s   s h o r t   of  p i n   54  a l l o w i n g   t h e   p o s i t i o n   of  l e v e r  

40  to  be  c h a n g e d   t h e r e b y   c h a n g i n g   t h e   d i r e c t i o n   o f  

r o t a t i o n   of  t h e   e l e c t r i c   n o t o r .  

Now  r e f e r r i n g   in  p a r t i c u l a r   to  F i g u r e   1 8 ,  

c a s i n g   30  i s   c o m p r i s e d   of  t h r e e   c o m p a r t m e n t s :   t h e  

u p p e r   c o m p a r t m e n t   3 0 a ,   a l r e a d y   m e n t i o n e d ,   a  m i d d l e  

c o m p a r t m e n t   30b  and  a  l o w e r   c o m p a r t m e n t   30c .   B l o c k  

60  i s   d i s p o s e d   w i t h i n   u p p e r   c o m p a r t m e n t   30a  f o r  

s l i d i n g   m o v e m e n t   a b o u t   an  a x i s   p a r a l l e l   to  t h e   a x i s  

o f   m o v e m e n t   of  t r i g g e r   34.  B r i d g i n g   c o n t a c t s   62  a n d  

64  a r e   c a r r i e d   by  r e c e s s e s   70  and  72  of  b l o c k   60  a n d  

a r e   s p r i n g - l o a d e d   by  s p r i n g s   66  and  68,  r e s p e c t i v e l y ,  

so  as  to  be  c o n s t a n t l y   u r g e d   o u t w a r d l y   of  t h e   b l o c k .  

C o m p a r t m e n t   30b  s l i d a b l y   r e c e i v e s   t h e   r e a r  

p o r t i o n   of  t r i g g e r   34  a l l o w i n g   t h e   t r i g g e r   to  be  r e -  

c i p r o c a t e d   t h e r e i n .   Two  o p p o s i n g   r i d g e s   30d  ( o n l y  

one   is   s e e n   in  F i g u r e   18)  of  c o m p a r t m e n t   30b  s e r v e   a s  

g u i d e s   f o r   t h e   t r i g g e r .   S p r i n g   39  c o n s t a n t l y   u r g e s  
t h e   t r i g g e r   f o r w a r d   f rom  the   r e a r   w a l l   30e  of  c o m -  

p a r t m e n t   3 0 b .  

A  c o n t a c t o r   s u p p o r t   74  i s   c a r r i e d   by  t h e  

r e a r   p o r t i o n   of  t r i g g e r   34.  A  r e s i l i e n t   m e a n s ,   i . e .  

s p r i n g   76,  h a v i n g   one  end  d i s p o s e d   w i t h i n   o p e n i n g   78  

o f   t h e   t r i g g e r   and  t h e   o t h e r   end  r e c e i v i n g   a  p i n   8 0  

o f   c o n t a c t o r   s u p p o r t   74,  s e r v e s   c o n s t a n t l y   to  u r g e  
t h e   c o n t a c t o r   s u p p o r t   away  f rom  w a l l   34a  of  t h e   t r i g -  

g e r .   F l a n g e   82  of  c o n t a c t o r   s u p p o r t   74  i s   r e c e i v e d  



w i t h i n   a  g e n e r a l l y   r e c t a n g u l a r   r e c e s s   84  of  t h e  

t r i g g e r .   C o n t a c t o r   s u p p o r t   74  c o n t a i n s   a  f o r w a r d  

c o n t a c t   7 4 a ,   and  r e a r w a r d   c o n t a c t s   74b  and  74c .   C o n -  

t a c t s   74a  and  74b  c o o p e r a t e   w i t h   c e r t a i n   e l e m e n t s   o f  

a  p r i n t e d   c i r c u i t   b o a r d   84  to  c o m p r i s e   o n / o f f   s w i t c h  

105  shown  s c h e m a t i c a l l y   in  F i g u r e   17.  A  w i p e r   c o n -  

t a c t   means   s u c h   as  c o n t a c t   74c  c o o p e r a t e s   w i t h   a  r e -  

s i s t a n c e   s t r i p   106  c a r r i e d   by  p r i n t e d   c i r c u i t   b o a r d  

84  to   c o m p r i s e   a  r h e o s t a t   107,  a l s o   shown  s c h e m a t i -  

c a l l y   in  F i g u r e   17.  F u r t h e r   d e t a i l s   of  o p e r a t i o n  

c o n c e r n i n g   c o n t a c t s   of  c o n t a c t o r   s u p p o r t   74  a r e  

p r o v i d e d   b e l o w .  

Face   86  of  c i r c u i t   b o a r d   84  ( F i g u r e   18)  i s  

b l a n k ,   t h a t   i s ,   i t   c a r r i e s   no  c o m p o n e n t s .   The  o p p o -  
s i t e   f a c e   88  of  t he   c i r c u i t   b o a r d   c a r r i e s   the   e l e c -  

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

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

3 0 c .   Face   88  a b u t s   e d g e s   of  c a s i n g   30  so  as  to  s u b -  

s t a n t i a l l y   e n c l o s e   c o m p a r t m e n t s   3 0 a - 3 0 c .   The  c i r c u i t  

b o a r d   is   c a p t i v a t e d   b e t w e e n   c a s i n g   30  and  c o v e r   3 2 ,  

as   i n d i c a t e d   in  F i g u r e s  1 8   and  19.  C i r c u i t   b o a r d   8 4  

f i t s   w i t h i n   c o v e r   32,  as  i n d i c a t e d   in  F i g u r e s   18  a n d  

19.   C i r c u i t   b o a r d   84  f i t s   w i t h i n   c o v e r   32  so  t h a t  

f a c e   86  i s   in  s u b s t a n t i a l   c o - e x t e n s i v e   e n g a g e m e n t  

w i t h   f a c e   32c  of  t h i s   c a s i n g   s e c t i o n .  

Now  r e f e r r i n g   to  F i g u r e   7,  t h e   c o v e r   3 2  

c o n t a i n i n g   c i r c u i t   b o a r d   84  is   shown  r o t a t e d   180°  f o r  

p u r p o s e s   of  i l l u s t r a t i o n .   B r i d g i n g   c o n t a c t s   62,  6 4  

and  c o n t a c t s   7 4 a - 7 4 c   a r e   d i s p o s e d   w i t h i n   c o m p a r t m e n t s  

30a   and  30b  r e s p e c t i v e l y   fo r   e n g a g e m e n t   w i t h   p r i n t e d  

c i r c u i t   b o a r d   e l e m e n t s .   B r i d g i n g   c o n t a c t s   62  and  6 4  

c o o p e r a t e   w i t h   c o n t a c t s   90,  92,  94,   96  and  98  of  t h e  

p r i n t e d   c i r c u i t   b o a r d   84  to  c o m p r i s e   r e v e r s i n g   s w i t c h  

99  shown  s c h e m a t i c a l l y   in  F i g u r e   17.  Wi th   r e s p e c t   t o  



c o n t a c t o r   s u p p o r t   74,  c o n t a c t   74b  c o o p e r a t e s   w i t h  

c o n t a c t   s t r i p   100  and  c o n t a c t   74a  c o o p e r a t e s   w i t h  

c o n t a c t   s t r i p s   102  and  104  to  c o m p r i s e   o n / o f f   s w i t c h  

1 0 5 .   C o n t a c t   74c  c o o p e r a t e s   w i t h   r e s i s t a n c e   s t r i p  

106  to  c o m p r i s e   r h e o s t a t   1 0 7 .  

The  c o n t a c t o r   s u p p o r t   74,  i l l u s t r a t e d   i n  

d e t a i l   in  F i g u r e s   8  and  9,  is  made  f r o m   an  e l e c t r i c a l  

c o n d u c t i n g   m a t e r i a l .   P in   80  and  c o n t a c t s   7 4 a - 7 4 c   m a y  
b e   e i t h e r   s t a m p e d   f rom  s u p p o r t   74  o r   may  be  a t t a c h e d  

to   t h e   s u p p o r t   by  c o n v e n t i o n a l   m e a n s .   C o n t a c t s   7 4 a ,  

74b  and  74c  a l l   e x t e n d   f rom  the   same  g e n e r a l l y   p l a n a r  

f a c e   of  c o n t a c t o r   s u p p o r t   74  and  h a v e   g e n e r a l l y   c o n -  

v e x   e n d s   to  f a c i l i t a t e   s l i d i n g   e n g a g e m e n t   w i t h   t h e i r  

r e s p e c t i v e   e l e m e n t s   on  p r i n t e d   c i r c u i t   b o a r d   84.   C o n -  

t a c t s   7 4 a ,   74b  and  74c  a r e   a l l   e l e c t r i c a l l y   c o n n e c t e d  

b y   s u p p o r t   74  w h e r e b y   e a c h   of  t h e s e   c o n t a c t s   i s   e l e c -  

t r i c a l l y   common  w i t h   e a c h   of  t he   o t h e r   c o n t a c t s .  

T h e r e f o r e ,   t h e   same  p o t e n t i a l   w i l l   a p p e a r   a t   e a c h   o f  

t h e s e   c o n t a c t s .  

F i g u r e   16  i l l u s t r a t e s   f a c e   88  of  p r i n t e d  

c i r c u i t   b o a r d   84  w i t h   t he   e l e c t r o n i c   c o m p o n e n t s   c o m -  

p r i s i n g   t he   e l e c t r i c   s p e e d   c o n t r o l   c i r c u i t   m o u n t e d  

t h e r e t o .   P r i n t e d   c i r c u i t   b o a r d   84  c o m p r i s e s   a  s u b -  

s t r a t e   made  of  a  s u i t a b l e   i n s u l a t i n g   m a t e r i a l   u p o n  
w h i c h   c o n d u c t i v e   " i n k "   is  d e p o s i t e d ,   p r e f e r a b l y   u s i n g  

a  s c r e e n   p r i n t i n g   t e c h n i q u e   w e l l   known  in  t h e   a r t .  

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

b e a r i n g   p a s t e   w h i c h ,   a f t e r   s c r e e n   p r i n t e d   on  to  t h e  

s u b s t r a t e ,   is  h e a t e d   in  an  oven  c a u s i n g   t he   i n k   t o  

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

c r o s s h a t c h e d   p o r t i o n   in  F i g u r e   16.  Such  c o n d u c t o r s  

a r e   u s e d   to  i n t e r c o n n e c t   e l e c t r o n i c   s p e e d   c i r c u i t  

c o m p o n e n t s   and  a r e   u s e d   as  c o n t a c t s   90,  92,  94,  96  

and  98  w h i c h   c o m p r i s e   p a r t   of  r e v e r s i n g   s w i t c h   9 9 .  



T h u s ,   c o n t a c t s   9 0 - 9 8   and  the   p r i n t e d   c i r c u i t   b o a r d  

c o n d u c t o r s   c an   be  f o r m e d   in  a  s i n g l e   s t e p .   C o n t a c t  

s t r i p s   100,   102  and  104  a r e   p r e f e r a b l y   f o r m e d   o f  

c o p p e r   s t r i p s   a t t a c h e d   to  the   s u b s t r a t e   of  t h e  

p r i n t e d   c i r c u i t   b o a r d   by  c o n v e n t i o n a l   m e a n s .   C o p p e r  

s t r i p s ,   or  o t h e r   s u i t a b l e   c o n d u c t i v e   m a t e r i a l ,   a r e  

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

j e c t e d   to  g r e a t e r   m e c h a n i c a l   and  e l e c t r i c a l   w e a r   t h a n  

" i n k "   c o n t a c t s   9 0 - 9 8 .  

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

c u i t   b o a r d   84  a r e   shown  in  F i g u r e   16  in  s c h e m a t i c  

f o r m .   An  e l e c t r i c   m o t o r   ( n o t   shown)  has  i t s   a r m a t u r e  

w i n d i n g   108  and  f i e l d   w i n d i n g   110  e a c h   c o n n e c t e d   by  a  

p a i r   of  w i r e s   to  c o n d u c t o r s   on  p r i n t e d   c i r c u i t   b o a r d  

84  as  s h o w n .   S i m i l a r l y ,   c o m m e r c i a l l y   a v a i l a b l e   1 1 0  

VAC  l i n e   p o w e r   is  shown  c o n n e c t e d   by  a  p a i r   of  w i r e s  

to  t he   p r i n t e d   c i r c u i t   b o a r d   c o n d u c t o r s   a t   p o i n t s   a s  

i l l u s t r a t e d .   E l e c t r o n i c   c i r c u i t   c o m p o n e n t s   1 1 8 - 1 2 0 ,  

and  124  a r e   d e s c r i b e d   b e l o w   w i t h   r e s p e c t   to  t h e i r  

s c h e m a t i c   r e p r e s e n t a t i o n s   in  F i g u r e   1 7 .  

F i g u r e   17  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   o f  

t h e   c o m p o n e n t s   c o n s t i t u t i n g   the   speed   c o n t r o l   s w i t c h  

d e v i c e   of  t h e   p r e s e n t   i n v e n t i o n   i n c l u d i n g   r e v e r s i n g  

s w i t c h   99,  t r i g g e r   a c t i v a t e d   o n / o f f   s w i t c h   1 0 5 ,  

r h e o s t a t   107 ,   and  e l e c t r o n i c   c o m p o n e n t s   u t i l i z e d   in  a  

c o n v e n t i o n a l   s p e e d   c o n t r o l   c i r c u i t .   An  e l e c t r i c  

m o t o r   ( n o t   shown)   has   a r m a t u r e   w i n d i n g   108  and  a  

f i e l d   w i n d i n g   110.   One  s i d e   of  the   a r m a t u r e   w i n d i n g  

108  is  c o n n e c t e d   to  one  s i d e   of  the   120  VAC  l i n e   b y  

w i r e s   114  and  115.   The  o t h e r   s i d e   of  a r m a t u r e   w i n d -  

ing   108  is   c o n n e c t e d   by  w i r e   113  to  a  p r i n t e d   c i r c u i t  

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

as  c o n t a c t s   90  and  98.  The  f i e l d   w i n d i n g   110  o f  

e l e c t r i c   m o t o r   is  c o n n e c t e d   by  w i r e   111  to  p r i n t e d  



c i r c u i t   b o a r d   c o n d u c t o r   97  of  w h i c h   c o n t a c t   96  i s   a  

p a r t .   The  o t h e r   s i d e   of  t h e   f i e l d   w i d i n g   i s   c o n n e c -  

t e d   by  w i r e   112  to  a  c o n d u c t o r   of  w h i c h   c o n t a c t   92  i s  

a  p a r t .   B r i d g i n g   c o n t a c t s   62  and  64  a r e   shown  s c h e -  

m a t i c a l l y   in  F i g u r e   17  as  c o n t a c t s   62'   and  64 '   r e -  

s p e c t i v e l y .   ( N u m e r a l s   h a v i n g   p r i m e s   in  F i g u r e   17 

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

n a t e d   by  c o r r e s p o n d i n g   n u m e r a l s   shown  in  o t h e r  

f i g u r e s . )  

For  p u r p o s e s   of  e x p l a i n i n g   t he   o p e r a t i o n   o f  

r e v e r s i n g   s w i t c h   99,  a s s u m e   t h a t   c u r r e n t   i s   f l o w i n g  

f r o m   t h e   120  VAC  l i n e   i n t o   w i r e   115  and  r e t u r n i n g   b y  

w i r e   116.   F u r t h e r ,   f o r   p u r p o s e s   of  e x p l a n a t i o n ,  

a s s u m e   t h a t   c o n t a c t   s t r i p s   100  and  104  a r e   c o n n e c t e d  

as  is   t h e   c a s e   f o r   f u l l   p o w e r   ( b y p a s s )   o p e r a t i o n .   As 

shown  in  F i g u r e   17,  r e v e r s i n g   s w i t c h   99  c o n n e c t s   c o n -  

t a c t s   90  and  92  by  b r i d g i n g   c o n t a c t   64 '   and  c o n n e c t s  

c o n t a c t s   94  and  96  by  b r i d g i n g   c o n t a c t   6 2 ' .   A c c o r d -  

i n g l y ,   c u r r e n t   w i l l   f l o w   t h r o u g h   the   f o l l o w i n g   p a t h :  

w i r e   115 ,   w i r e   114,  a r m a t u r e   w i n d i n g   108,  w i r e   1 1 3 ,  

c o n t a c t   90,  b r i d g i n g   c o n t a c t   6 4 ' ,   c o n t a c t   92,  w i r e  

112,   f i e l d   w i n d i n g   110 ,   w i r e   111,   c o n t a c t   96,  b r i d g -  

i ng   c o n t a c t   6 2 ' ,   c o n t a c t   94,  s t r i p   c o n t a c t   100,  s t r i p  

c o n t a c t   104  and  f i n a l l y   r e t u r n i n g   by  w i r e   116.   F r o m  

t h i s   d e s c r i p t i o n   of  t h e   p a t h   of  c u r r e n t   f l o w ,   i t   i s  

o b v i o u s   t h a t   c u r r e n t   f l o w s   t h r o u g h   f i e l d   w i n d i n g   1 0 0  

f r o m   l e f t   to  r i g h t .   The  b l o c k   60  c a r r y i n g   b r i d g i n g  

c o n t a c t s   62  and  64  i s   shown  s c h e m a t i c a l l y   by  a  d o t t e d  

l i n e   60 '   c o n n e c t i n g   c o n t a c t s   62 '   and  6 4 ' .  

hnen   l e v e r   40  of  r e v e r s i n g   s w i t c h   99  i s  

moved  to  i t s   a l t e r n a t e   p o s i t i o n ,   b r i d g i n g   c o n t a c t s  

62'   and  64'   w i l l   e a c h   m o v e ,   f rom  l e f t   to  r i g h t ,   a  

d i s t a n c e   c o r r e s p o n d i n g   to  t he   d i s t a n c e   s e p a r a t i n g  

c o n t a c t   90  f rom  c o n t a c t   92.  T h u s ,   b r i d g i n g   c o n t a c t  



64 '   w i l l   c o n n e c t   c o n t a c t s   92,  94  and  b r i d g i n g   c o n t a c t  

62 '   w i t h   c o n n e c t   c o n t a c t s   96,  98.  W i t h   t h e   r e v e r s i n g  

s w i t c h   99  in  t he   a l t e r n a t e   p o s i t i o n ,   t he   c u r r e n t   f l o w  

p a t h   w i l l   be  as  f o l l o w s :   w i r e   115,  w i r e   114,  a r m a -  

t u r e   w i n d i n g   108,   w i r e   113,  c o n t a c t   98,   b r i d g i n g   c o n -  

t a c t   6 2 ' ,   c o n t a c t   96,  w i r e   111,  f i e l d   w i n d i n g   1 1 0 ,  

w i r e   112 ,   c o n t a c t   92,  b r i d g i n g   c o n t a c t   6 4 ' ,   c o n t a c t  

94,   s t r i p   c o n t a c t s   100  and  104  and  f i n a l l y   r e t u r n i n g  

t h r o u g h   w i r e   116.   C u r r e n t   f l o w s   t h r o u g h   a r m a t u r e  

w i n d i n g   108  in   t he   same  d i r e c t i o n   as  p r e v i o u s l y   b u t  

f l o w s   t h r o u g h   the   f i e l d   w i n d i n g   110  i n   t h e   o p p o s i t e  

d i r e c t i o n .   T h i s   c h a n g e   in  p o l a r i t y   of  c u r r e n t   f l o w -  

i n g   t h r o u g h   t he   f i e l d   w i n d i n g   110  w i l l   c a u s e   t h e  

e l e c t r i c   m o t o r   to  r o t a t e   in  t he   o p p o s i t e   d i r e c t i o n .  

As  shown  in  F i g u r e   17,  t h e   o n / o f f   s w i t c h  

105  c o m p r i s e s   c o n t a c t o r   s u p p o r t   74 '   h a v i n g   c o n t a c t s  

7 4 a '   and  7 4 b ' ,   a n d  c o n t a c t   s t r i p s   100 ,   102  and  1 0 4 .  

The  s p e c i f i c   o n / o f f   s w i t c h   d i s c l o s e d   h e r e i n   has   t h r e e  

d i f f e r e n t   e l e c t r i c a l   c o n d i t i o n s :   OFF,  ON,  and  BYPASS.  

In  t h e   OFF  c o n d i t i o n ,   an  open  c i r c u i t   in  s e r i e s   w i t h  

t h e   e l e c t r i c   m o t o r   p r e v e n t s   any  c u r r e n t   f l o w ;   t h i s  

o c c u r s   w i t h   t h e  t r i g g e r   f u l l y   e x t e n d e d   as  u r g e d   b y  

s p r i n g   39.   In  t he   ON  c o n d i t i o n ,   t h e   c i r c u i t   to  t h e  

m o t o r   i s   c l o s e d   and  t he   c u r r e n t   f l o w s   t h r o u g h   t h e  

m o t o r   as  r e g u l a t e d   by  the   e l e c t r o n i c   s p e e d   c o n t r o l  

c i r c u i t .   T h i s   ON  c o n d i t i o n   is  b r o u g h t   a b o u t   when  t h e  

t r i g g e r   is  l o c a t e d   i n t e r m e d i a t e   i t s   f u l l y   e x t e n d e d  

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

m o t o r   i n c r e a s i n g   w i t h   i n c r e a s i n g   t r i g g e r   r e t r a c t i o n .  

In  t h e   BYPASS  c o n d i t i o n ,   t he   e l e c t r o n i c   s p e e d   c o n t r o l  

c i r c u i t   is  b y p a s s e d   or  s h o r t e d   t h u s   p l a c i n g   120  VAC 

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

maximum  m o t o r   s p e e d .   The  BYPASS  c o n d i t i o n   c o r r e s -  

p o n d s   w i t h   t he   t r i g g e r   in  i t s   f u l l y   r e t r a c t e d   p o s i -  

t i o n .   Of  c o u r s e ,   t he   BYPASS  f e a t u r e   c o u l d   be  o m i t t e d  

i f   n o t   d e s i r e d .  



R e f e r r i n g   to  F i g u r e   17,  in  t he   OFF  p o s i t i o n  

of  t he   t r i g g e r ,   o n l y   c o n t a c t   7 4 a '   of  the   c o n t a c t s  

c a r r i e d   by  c o n t a c t o r   s u p p o r t   74 '   makes   c o n t a c t   w i t h  

i t s   r e s p e c t i v e   e n g a g e m e n t   m e m b e r ,   c o n t a c t   s t r i p   1 0 2 .  

In  t he   ON  p o s i t i o n ,   c o n t a c t   74b '   makes   c o n t a c t   w i t h  

s t r i p   c o n t a c t   100,  c o n t a c t   7 4 a '   m a i n t a i n s   c o n t a c t  

w i t h   s t r i p   c o n t a c t   102 ,   and  c o n t a c t   74c '   makes   c o n -  

t a c t   w i t h   r e s i s t a n c e   s t r i p   106  d e p i c t e d   as  r e s i s t o r  

1 0 6 ' .   In  t h i s   c o n d i t i o n ,   c o n t a c t o r   s u p p o r t   74 '   a n d  

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

b e t w e e n   s t r i p   c o n t a c t s   100  and  102  w i t h   r e s i s t o r  

1 0 6 ' .   C u r r e n t   f l o w i n g   a t   t h i s   t i m e   mus t   f l o w   t h r o u g h  

t h e   a r m a t u r e   and  f i e l d   w i n d i n g s   of  the   e l e c t r i c   m o t o r  

to  c o n t a c t o r   s t r i p s   100  and  102  and  r e t u r n   t h r o u g h  

t h e   e l e c t r o n i c   s p e e d   c o n t r o l   c i r c u i t   to  s t r i p   c o n t a c -  

t o r   104  and  w i r e   1 1 6 .  

The  s p e c i f i c   e l e c t r o n i c   s p e e d   c o n t r o l   c i r -  

c u i t   shown  in  F i g u r e   17  c o n s i s t s   of  a  s o l i d   s t a t e  

s w i t c h i n g   d e v i c e ,   s u c h   as  SCR  118,  a  p o t e n t i o m e t e r  

107  c o m p r i s e d   of  r e s i s t o r   1 0 6 '   and  s h o r t i n g   c o n t a c t  

7 4 c ' ,   a  f i x e d   r e s i s t a n c e   1 2 0 ' ,   a  t r i m   r e s i s t o r   1 2 2 '  

and  a  c a p a c i t o r   1 2 4 ' .   W h i l e   s w i t c h   105  is  in  t h e   ON 

p o s i t i o n ,   the   f l o w   of  c u r r e n t ,   and  h e n c e   power   to  t h e  

m o t o r ,   is  c o n t r o l l e d   by  SCR  118.   The  v o l t a g e   a t   t h e  

g a t e   119 '   of  t he   SCR  c o n t r o l s   t h e   SCR  and  is  d e t e r -  

m i n e d   by  t h e   e q u i v a l e n t   RC  t i m e   c o n s t a n t   d e t e r m i n e d  

by  c a p a c i t o r   124 '   and  t h e   e q u i v a l e n t   r e s i s t a n c e   o f  

r e s i s t o r s   1 2 0 ' ,   122 '   and  p o t e n t i o m e t e r   107  of  w h i c h  

r e s i s t o r   106 '   is  a  p a r t .   R e s i s t a n c e   s t r i p   106  ( s e e  

F i g u r e   16)  has   a  v a l u e   of  r e s i s t a n c e   wh ich   is  p r o p o r -  
t i o n a l   to  t he   e f f e c t i v e   l e n g t h   of  the   r e s i s t a n c e  

s t r i p .   As  t r i g g e r   34 '   is  r e t r a c t e d ,   s h o r t i n g   c o n t a c t  

7 4 c ' ,   w h i c h   c o n n e c t s   r e s i s t o r   106 '   w i t h   c o n t a c t  

s t r i p s   100  and  102,   s l i d e s   a l o n g   106 '   r e d u c i n g   t h e  

e f f e c t i v e   l e n g t h ,   and  h e n c e   r e s i s t a n c e ,   of  r e s i s t a n c e  

s t r i p   1 0 6 .  



R e t r a c t i n g   the   t r i g g e r   34'   r e d u c e s   t h e   RC 

t i m e   c o n s t a n t   c a u s i n g   SCR  118  to  c o n d u c t   e a r l i e r  

d u r i n g   t h e   AC  v o l t a g e   c y c l e   t h e r e b y   a l l o w i n g   a  l a r g e r  

a v e r a g e   c u r r e n t   to  f l o w   t h r o u g h   a r m a t u r e   w i n d i n g   1 0 8  

and  f i e l d   w i n d i n g   110  of  the   e l e c t r i c   m o t o r ,   i n c r e a s -  

ing   t h e   m o t o r   s p e e d .   F u r t h e r   r e t r a c t i n g   of  t r i g g e r  

34'   c a u s e s   t h e   m o t o r   speed   to  c o n t i n u a l l y   i n c r e a s e  

u n t i l   c o n t a c t   7 4 a '   makes   i n i t i a l   c o n t a c t   w i t h   c o n t a c t  

s t r i p   104 .   At  t h i s   t i m e ,   c o n t a c t   74b '   i s   s t i l l   i n  

c o n t a c t   w i t h   c o n t a c t   s t r i p   100,  t h e r e b y   e f f e c t i v e l y  

b y p a s i n g   t h e   s p e e d   c o n t r o l   c i r c u i t .   In  t h i s   c o n d i -  

t i o n ,   f u l l   l i n e   v o l t a g e   f rom  the   120  VAC  p o w e r   s o u r c e  

is   p l a c e d   d i r e c t l y   a c r o s s   t he   e l e c t r i c   m o t o r   a l l o w i n g  
t h e   e l e c t r i c   m o t o r   to  r e a c h   i t s   maximum  s p e e d .   F u r -  

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

Gawron  U.S .   P a a t e n t   No.  3 , 2 0 9 , 2 2 8   w h i c h   i s   a s s i g n e d  

to  t he   a s s i g n e e   of  t he   p r e s e n t   i n v e n t i o n .  

Upon  a  g r a d u a l   r e l e a s e   of  t r i g g e r   3 4 ' ,   c o n -  

t a c t   7 4 a '   s l i d e s   f rom  c o n t a c t   s t r i p   104  to   s t o p   1 0 2 .  

When  c o n t a c t   7 4 a '   c e a s e s   m a k i n g   c o n t a c t   w i t h   c o n t r a c t  

s t r i p   104 ,   t h e   e l e c t r i c   m o t o r   w i l l   once   a g a i n   be  s u b -  

j e c t   to  t h e   c o n t r o l   of  SCR  118,  w h i c h   is  in  t u r n   c o n -  

t r o l l e d   by  t h e   p o s i t i o n   of  c o n t a c t   74c '   in  r e l a t i o n  

to  r e s i s t o r   1 0 6 ' .   As  t r i g g e r   34'   r e a c h e s   i t s   f u l l y  

e x t e n d e d   (OFF)  p o s i t i o n ,   c o n t a c t o r   s u p p o r t   74'   p i v o t s  

so  as  to   r e m o v e   c o n t a c t   74b'   and  74c '   f r o m   e n g a g e m e n t  

w i t h   c o n t a c t   s t r i p   100  and  r e s i s t o r   1 0 6 ' ,   r e s p e c t i v e -  

l y .   The  p h y s i c a l   a s p e c t s   of  r e v e r s i n g   s w i t c h   99,  o n /  

o f f   s w i t c h   105,   and  r h e o s t a t   107  a r e   e x p l a i n e d   b e l o w .  

Now  r e f e r r i n g   to  F i g u r e   10,  o n / o f f   s w i t c h  

105  is  i l l u s t r a t e d   in  the   OFF  p o s i t i o n ;   t h i s   c o n d i -  

t i o n   o c c u r s   when  t h e   t r i g g e r   34  is   f u l l y   o u t w a r d l y  

e x t e n d e d .   T h i s   p o s i t i o n   of  t he   t r i g g e r  i s   m a i n t a i n e d  

by  f o r c e   e x e r t e d   by  s p r i n g   39  a c t i n g   a g a i n s t   t he   r e a r  

w a l l   30e  of  c a s i n g   3 0  w h i c h   has   a  p r o t r u s i o n   a r o u n d  



w h i c h   one   end  of  s p r i n g   39  is   s e a t e d .   F r o n t   s u r f a c e  

34b  and  r e a r w a r d   s u r f a c e   34c  of  t r i g g e r   34  d e f i n e   t h e  

f o r w a r d   and  r e a r w a r d   e x t e n t   r e s p e c t i v e l y   of  r e c e s s   8 4  

in  w h i c h   is   d i s p o s e d   f l a n g e   82  of  c o n t a c t o r   s u p p o r t  

74.  The  r e a r w a r d   f a c e   of  f l a n g e   82  a b u t s   s u r f a c e   3 4 c  

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

f l a n g e   82  a b u t s   i n s i d e   w a l l   32c  of  c o v e r   32.  A  f o r c e  

due  to  c o m p r e s s e d   s p r i n g   39  i s   e x e r t e d   a g a i n s t   t h e  

r e a r w a r d   f a c e   of  f l a n g e   82  c a u s i n g   t he   c o n t a c t   c a r r y -  

ing   p o r t i o n   of  c o n t a c t o r   s u p p o r t   74  to  p i v o t   a b o u t  

c o n t a c t   74a   as  t he   f o r w a r d   f a c e   of  f l a n g e   82  c o n t a c t s  

i n s i d e   w a l l   3 2 c .   The  f o r c e   e x e r t e d   by  s p r i n g   3 9  

o v e r c o m e s   t h e   f o r c e   e x e r t e d   by  s p r i n g   76  w h i c h   u r g e s  
t h e   c o n t a c t   c a r r y i n g   p o r t i o n   of  t he   c o n t a c t o r   s u p p o r t  

74  t o w a r d s   p r i n t e d   c i r c u i t   b o a r d   84.  ( C o n t a c t   s t r i p s  

100,   102  and  104  a r e   shown  in  F i g u r e   10  as  h a v i n g   a n  

e x a g g e r a t e d   t h i c k n e s s   f o r  p u r p o s e s   of  i l l u s t r a t i o n . )  

C o n t a c t   74a  i s   i l l u s t r a t e d   as  m a k i n g   c o n t a c t   w i t h  

c o n t a c t   s t r i p   102  w h i l e   c o n t a c t   74b  is  p i v o t e d   a w a y  
f rom  e n g a g e m e n t   w i t h   c o n t a c t   s t r i p   100.  C o n t a c t   7 4 b  

and  c o n t a c t   74c  q u i c k l y   e n g a g e   and  d i s e n g a g e   t h e i r  

r e s p e c t i v e   e l e m e n t s   on  p r i n t e d   c i r c u i t   b o a r d   84  d u e  

to  t he   p i v o t i n g   a c t i o n   of  c o n t a c t o r   s u p p o r t   74  a b o u t  

c o n t a c t   7 4 a ;   t h i s   f e a t u r e   m i n i m i z e s   a r c i n g   d u r i n g  

i n i t i a t i o n   and  t e r m i n a t i o n   of  p o w e r   to  t h e   m o t o r .  

Now  r e f e r r i n g   to  F i g u r e   11,  t r i g g e r   34  i s  

shown  in  an  i n t e r m e d i a t e   r e t r a c t e d   (ON)  p o s i t i o n   a s  

i n d i c a t e d   by  t h e   a r r o w .   The  f o r c e   e x e r t e d   upon   c o n -  

t a c t o r   s u p p o r t   74  by  s p r i n g   76  m a i n t a i n s   c o n t a c t   7 4 a  

and  c o n t a c t   74b  in  f i r m   e n g a g e m e n t   w i t h   c o n t a c t  

s t r i p s   102  and  100,  r e s p e c t i v e l y .   A l t h o u g h   n o t   s e e n  

in  F i g u r e   11,  c o n t a c t   74c  is  s i m u l t a n e o u s l y   e n g a g i n g  

r e s i s t a n c e   s t r i p   106.  The  d i s t a n c e   b e t w e e n   f o r w a r d  

s u r f a c e   34b  and  r e a r w a r d   s u r f a c e   34c  of  r e c e s s   84  i s  

s u f f i c i e n t   to  a c c o m m o d a t e   t he   a n g u l a r l y   d i s p o s e d  



f l a n g e   82  a l l o w i n g   t h e   c o n t a c t   c a r r y i n g   p o r t i o n   o f  

c o n t a c t o r   s u p p o r t   74  t o   r e m a i n   in  p a r a l l e l   r e l a t i o n -  

s h i p   w i t h   p r i n t e d   c i r c u i t   b o a r d   84.  As  t r i g g e r   34  i s  

moved  r e a r w a r d l y ,   as  i n d i c a t e d   by  the   a r r o w ,   c o n -  

t a c t o r   s u p p o r t   74  is  u r g e d   r e a r w a r d l y   due  to  f o r c e  

e x e r t e d   upon  the   f r o n t   f a c e   of  f l a n g e   82  by  the  a b u t -  

t i n g   f o r w a r d   s u r f a c e   3 4 b .   The  c o n t a c t s   c a r r i e d   b y  

c o n t a c t o r   s u p p o r t   74  s l i d e   a l o n g   t h e i r   r e s p e c t i v e  

e l e m e n t s .   S i n c e   c o n t a c t   74a  is  e n g a g i n g   c o n t a c t  

s t r i p   102,   as  i l l u s t r a t e d   in  F i g u r e   11,  the   speed   o f  

t h e   e l e c t r i c   m o t o r   w i l l   be  c o n t r o l l e d   by  the   s p e e d  

c o n t r o l   c i r c u i t .  

As  t r i g g e r   m e c h a n i s m   34  is   c o n t i n u e d   to  b e  

r e t r a c t e d ,   c o n t a c t   74a   w i l l   e n g a g e   c o n t a c t   s t r i p   1 0 4 .  

The  e n g a g e m e n t   of  c o n t a c t   74a  w i t h   c o n t a c t   s t r i p   1 0 4  

w i l l   o c c u r   j u s t   p r i o r   to   or   s i m u l t a n e o u s l y   w i t h   t h e  

maximum  p e r m i t t e d   t r a v e l   of  t h e   t r i g g e r .   W h i l e   c o n -  

t a c t   74a  e n g a g e s   c o n t a c t   s t r i p   104,   t he   e l e c t r o n i c  

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

is   a p p l i e d   to  the   e l e c t r i c   m o t o r .  

F i g u r e s   12  and   13  b e s t   i l l u s t r a t e   t h e  

b r i d g i n g   a c t i o n   of  r e v e r s i n g   s w i t c h   99.  Now  r e f e r -  

r i n g   s p e c i f i c a l l y   to  F i g u r e   12,  b r i d g i n g   c o n t a c t s   62  

and  64  c a r r i e d   by  b l o c k   60  a r e   shown  u r g e d   a g a i n s t  

p r i n t e d   c i r c u i t - b o a r d   84  by  s p r i n g s   66  and  68  r e s p e c -  

t i v e l y .   The  c o r n e r s   of   b r i d g i n g   c o n t a c t s   62  and  64  

a d j a c e n t   p r i n t e d   c i r c u i t   b o a r d   84  a r e   r o u n d e d   t o  

f a c i l i t a t e   s l i d i n g   of  t h e   b r i d g i n g   c o n t a c t s   a l o n g   t h e  

m a t i n g   f i x e d   c o n t a c t s   of   c i r c u i t   b o a r d   84.  B r i d g i n g  

c o n t a c t   62  e l e c t r i c a l l y   c o n n e c t s   c o n t a c t s   94  and  96 

w h i l e   s i m u l t a n e o u s l y   b r i d g i n g   c o n t a c t   64  c o n n e c t s  

c o n t a c t s   90  and  92.  T h i s   c o r r e s p o n d s   w i t h   t he   e l e c -  

t r i c a l   c o n n e c t i o n s   i n d i c a t e d   s c h e m a t i c a l l y   in  F i g u r e  

17.  B l o c k   60  a b u t s   p a r t i t i o n   w a l l   138  of  c a s i n g   3 0 .  

F i g u r e   13  s h o w s   t he   r e v e r s i n g   s w i t c h   99  i n  



i t s   a l t e r n a t e   p o s i t i o n .   In  t h i s   a l t e r n a t e   p o s i t i o n ,  

b r i d g i n g   c o n t a c t   62  c o n n e c t s   c o n t a c t s   96  and  98  w h i l e  

b r i d g i n g   c o n t a c t   64  c o n n e c t s   c o n t a c t s   92  and  94.  T h e  

p u r p o s e   of  t h e   a l t e r n a t e   i n t e r c o n n e c t i o n   is   to  r e -  

v e r s e   t he   f l o w   of  c u r r e n t   t h r o u g h   f i e l d   w i n d i n g   1 0 0  

of  t he   e l e c t r i c  m o t o r   t h e r e b y   c h a n g i n g   the  d i r e c t i o n  

of   r o t a t i o n .   B l o c k   60  now  a b u t s   p a r t i t i o n   w a l l   1 3 6  

of   c a s i n g   3 0 .  

The  c r o s s - s e c t i o n a l   v i e w   in  F i g u r e   14  d i s -  

c l o s e s   c o n t a c t s   7 4 a ,   74b  and  74c  of  c o n t a c t o r   s u p p o r t  

74  e n g a g i n g   c o n t a c t   s t r i p s   102,  100,  and  r e s i s t a n c e  

s t r i p   106  r e s p e c t i v e l y .   (The  t h i c k n e s s   of  c o n t a c t  

s t r i p s   100  and  102  a r e   shown  e x a g g e r a t e d   to  i l l u s -  

t r a t e   t h a t   t h e s e   s t r i p s   a r e   t h i c k e r   t h a n   r e s i s t a n c e  

s t r i p   1 0 6 . )   C o n t a c t   74c  p r o t r u d e s   f u r t h e r   f r o m   s u p -  

p o r t   74  t h a n   t h e   o t h e r   c o n t a c t s   in  o r d e r   to  c o m p e n -  

s a t e   f o r   t h e   d i f f e r e n c e   in  t h i c k n e s s   b e t w e e n   r e s i s -  

t a n c e   s t r i p   106  and  c o n t a c t   s t r i p s   100  and  1 0 2 .  

A c c o r d i n g l y ,   t h e   c o n t a c t   c a r r y i n g   p o r t i o n   of  c o n t a c -  

t o r   74  r e m a i n s   in  p a r a l l e l   r e l a t i o n s h i p   w i t h   p r i n t e d  

c i r c u i t   b o a r d   84  in   t he   ON  and  BYPASS  p o s i t i o n s   o f  

t h e   t r i g g e r .  

The  r e t e n t i o n   means   u t i l i z e d   f o r   c o n n e c t i n g  

e x t e r n a l   w i r i n g   to  t he   p r i n t e d   c i r c u i t   b o a r d   84  i s  

i l l u s t r a t e d   in  F i g u r e s   12,  13  a n d  1 5 ;   i t   w i l l   b e  

u n d e r s t o o d   t h a t   t h e   c o n s t r u c t i o n   shown  in  t h e s e   t w o  

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

to  t he   t r i g g e r   s p e e d   c o n t r o l   s w i t c h   of  the   p r e s e n t  

i n v e n t i o n .   R e f e r r i n g   m o m e n t a r i l y   to  F i g u r e   16,  i t   i s  

s e e n   t h a t   s i x   i n s u l a t e d   e x t e r n a l   w i r e s   1 1 1 - 1 1 6   a r e  

c o n n e c t e d   w i t h   p r i n t e d   c i r c u i t   b o a r d   84  in  o r d e r   t o  

make  c o n n e c t i o n s   w i t h   f i e l d   w i n d i n g   110,  a r m a t u r e  

w i n d i n g   108,   and  t h e   110  VAC  power   l i n e .  

R e t u r n i n g   to  F i g u r e s   12,  13  and  15,  an  i n -  

t e r n a l   c a s i n g   w a l l   m e m b e r ,   g e n e r a l l y   d e s i g n a t e d   1 3 2 ,  



h a s   f i r s t   and  s e c o n d   p o r t i o n s   133  and  134  r e s p e c -  

t i v e l y   j o i n i n g   the   r e a r   w a l l   30e  and  a  p a r t i t i o n a l  

w a l l   136.   The  w a l l   p o r t i o n   133  c o o p e r a t e s   w i t h   t h e  

r e a r   w a l l   30e  to  fo rm  a  V - s h a p e d   f o r m a t i o n   or  p o c k e t  

135.  A  r e s i l i e n t   s t r i p   130  is   h e l d   a t   one  of  i t s  

e n d s   in  t h e   p o c k e t   135  by  f r i c t i o n a l   e n g a g e m e n t ;   t h e  

o t h e r   end  of  t h i s   t r i p   is  h e l d   in  y i e l d a b l e   e n g a g e -  
m e n t   w i t h   c o n t a c t   e l e m e n t s   on  p r i n t e d   c i r c u i t   b o a r d  

84.   Each  s t r i p   130  i s   d i s p o s e d   b e h i n d   an  a s s o c i a t e d  

o p e n i n g   33  in   t he   c a s i n g .  

A  l e n g t h   of  the  i n s u l a t i n g   c o v e r   is   r e m o v e d  

f r o m   the   ends   of  e a c h   of  the   s i x   l e a d   w i r e s   e x p o s i n g  

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

The  ends   of  t h e s e   w i r e s   a r e   i n s e r t e d   t h r o u g h   t h e i r  

r e s p e c t i v e   o p e n i n g s   33  in  c o v e r   32  w h i c h   a r e   a d j a c e n t  

p o i n t s   on  p r i n t e d   c i r c u i t   b o a r d   c o n d u c t o r s   i n d i c a t e d  

in  F i g u r e   16.  In  t h e   s p e c i f i c   e x a m p l e   of  one  of  t h e  

s i x   c o n n e c t i o n s ,   as  shown  in  F i g u r e   15,  end  111a  o f  

w i r e   111  i s   i n s e r t e d   i n t o   o p e n i n g   33.  The  end  o f  

s t r i p   130  a d j a c e n t   c i r c u i t   b o a r d   84  is   f l e x e d   or  b e n t  

i n w a r d l y   by  end  111a  a l l o w i n g   t h e   same  to  s l i d e   b e -  

t w e e n   c o n d u c t o r   97  and  the   end  of  t he   s t r i p .   S t r i p  

130  i s   s u f f i c i e n t l y   r e s i l i e n t   so  as  to  m a i n t a i n   s u b -  

s t a n t i a l   p r e s s u r e   a g a i n s t   w i r e   end  1 1 1 a ,   t h e r e b y  

e n s u r i n g   good  e l e c t r i c a l   c o n t a c t .   S t r i p   130  a l s o   h a s  

s u f f i c i e n t   s t i f f n e s s   to  p r e v e n t   w i r e   111  f r o m   b e i n g  

r e m o v e d   f rom  o p e n i n g   33  u n l e s s   an  e x t r a o r d i n a r y   p u l l -  

ing   f o r c e   is  a p p l i e d   to  the   w i r e .   I t   w i l l   be  n o t e d  

t h a t   i n n e r   p a r t i t i o n   136  f u n c t i o n s   as  a  s t o p   to  p r e -  
v e n t   end  111a  f rom  b e i n g   i n s e r t e d   b e y o n d   t h a t   p a r t i -  

t i o n .  

I t   is  n o t e d   t h a t   the   mass   of  t he   c o n t a c t o r  

s u p p o r t   74  i s   r a t h e r   s u b s t a n t i a l   c o m p a r e d   to  t h e  

a g g r e g a t e   m a s s e s   of  t he   c o n t a c t s   7 4 a ,   74b  and  7 4 c .  

The  mass   of  t he   c o n t a c t o r   s u p p o r t   c o o p e r a t e s   w i t h   t h e  



s p r i n g   c o n s t a n t   of  t h e   s p r i n g   76  to  m i n i m i z e   t h e  

p o s s i b i l i t y   of  c o n t a c t   b o u n c e   b e t w e e n   t h e   c o n t a c t  

7 4 a ,   74b  and  74c  and  the   a s s o c i a t e d   c o n t a c t   s t r i p s   o n -  

t h e   p r i n t e d   c i r c u i t   b o a r d .   Th i s   f e a t u r e   is  p a r t i c u -  

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

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

t h e   i m p a c t   t y p e ,   as  s u c h   a  t o o l   is  s u b j e c t e d   t o  

r a t h e r   s e v e r e   v i b r a t i o n .   The  c o n t a c t o r   s u p p o r t   a l s o  

s e r v e s   as  a  h e a t   s i n k   t h e r e b y   c o n d u c t i n g  h e a t   a w a y  
f r o m   i t s   a s s o c i a t e d   c o n t a c t s .  

From  t he   f o r e g o i n g ,   i t   w i l l   be  a p p a r e n t  
t h a t   t h i s   i n v e n t i o n   p r o v i d e s   a  s p e e d   c o n t r o l   s w i t c h  

d e v i c e   h a v i n g   a  r e v e r s i n g   s w i t c h ,   o n / o f f   s w i t c h ,   a n d  

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

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

m o u n t s   t h e   s p e e d   c o n t r o l   c i r c u i t   e l e m e n t s .   A  u n i q u e  

s l i d a b l e   s u p p o r t   c a r r i e s   a  p l u r a l i t y   of  c o n t a c t s ,  
e a c h   e l e c t r i c a l l y   common  w i t h   e a c h   o t h e r ,   w h i c h   c o m -  

p r i s e   m o v a b l e   c o n t a c t s   of  t h e   o n / o f f   s w i t c h   and  a  

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

s t r i p   to  c o m p r i s e   a  r h e o s t a t .   The  d e v i c e   of  t h e  

p r e s e n t   i n v e n t i o n   r e q u i r e s   a  m i n i m a l   n u m b e r   of  c o m -  

p o n e n t   p a r t s   m a k i n g   t he   d e v i c e   e c o n o m i c a l   to  m a n u -  

f a c t u r e   and  e n h a n c i n g   r e l i a b i l i t y .  

W h i l e   i t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d  

in   t h e   a r t   t h a t   t he   p r e f e r r e d   e m b o d i m e n t   of  t he   p r e -  
s e n t   i n v e n t i o n   h e r e t o f o r e   d e s c r i b e d   and  i l l u s t r a t e d  

may  be   m o d i f i e d   and  c h a n g e d   in  v a r i o u s   w a y s ,   i t   is  t o  

be  u n d e r s t o o d   t h a t   t he   i n v e n t i o n   is  n o t   i n t e n d e d   t o  

be  c o n f i n e d   to  t he   p a r t i c u l a r   e m b o d i m e n t   d i s c l o s e d  

h e r e i n   b u t   is  l i m i t e d   in  s c o p e   o n l y   by  t h e   a p p e n d e d  

c l a i m s .  



1.  In  a  s p e e d  c o n t r o l   s w i t c h   d e v i c e   f o r   a  

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

a  r e v e r s i b l e   e l e c t r i c   m o t o r ,  t h e   s w i t c h  d e v i c e   i n -  

c l u d i n g   a  c a s i n g   e n c l o s i n g   the   c o m p o n e n t s   of  a  s o l i d  

s t a t e   s p e e d   c o n t r o l   c i r c u i t   and  m o u n t i n g   a  t r i g g e r  
f o r   a c t u a t i n g   an  o n / o f f   s w i t c h   and  f o r   c o n t r o l l i n g  
s u c h  c i r c u i t   in  r e s p o n s e   to  t he   amoun t   o f  t r i g g e r  

m o v e m e n t   t h e r e b y   t o  v a r y   t h e   s p e e d   of  t he   a s s o c i a t e d  

m o t o r ,   t he   c a s i n g   a l s o   c o n t a i n i n g   a  r e v e r s i n g   s w i t c h  

and  m o u n t i n g   a  m a n u a l l y   o p e r a t e d  m e m b e r   m o v a b l e   b e -  

t w e e n   two  p o s i t i o n s   to  c o n t r o l  t h e  d i r e c t i o n   of  r o t a -  

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

m e n t   c o m p r i s i n g :  

(a)  a  p r i n t e d   c i r c u i t  b o a r d   in  t he   c a s i n g  

and  m o u n t i n g ,  

( i )   t he   c o m p o n e n t s   of  s a i d   s p e e d   c o n t r o l  

c i r c u i t   i n c l u d i n g   a  r e s i s t a n c e   s t r i p ,  

( i i )   a  f i r s t   s e t   of  c o n t a c t s ,   a n d  

( i i i )   a  s e c o n d   s e t   of  c o n t a c t s ;  

(b)  f i r s t   c o n t a c t   means   m o u n t e d   w i t h i n  

s a i d   c a s i n g   a d j a c e n t   s a i d   f i r s t   s e t  o f   c o n t a c t s   f o r  

m o v e m e n t   b a c k   and  f o r t h   f o r  a l t e r n a t e l y   b r i d g i n g   c e r -  

t a i n   o n e s   of   the   c o n t a c t s   of  s a i d  f i r s t  s e t   of  c o n -  

t a c t s   so  as  t o  e s t a b l i s h   f o r w a r d   and  r e v e r s e   c i r c u i t  

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

w i t h   s a i d   f i r s t   c o n t a c t   m e a n s   f o r   m o v i n g   the   same  b e -  

t w e e n   two  p o s i t i o n s  c o r r e s p o n d i n g   w i t h  s a i d   two  p o s i -  

t i o n s   of  s a i d   member ,   s a i d   f i r s t   s e t   o f  c o n t a c t s  

a l o n g   w i t h   s a i d   f i r s t   c o n t a c t   means   d e f i n i n g   s a i d  

r e v e r s i n g   s w i t c h ;  

(c)  w i p e r   c o n t a c t   means   w i t h i n   s a i d   c a s i n g  

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

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

s t r i p   d u r i n g  m o v e m e n t   of  t h e   t r i g g e r   t h e r e b y   d e f i n i n g  

a  r h e o s t a t   f o r   c o n t r o l l i n g   s a i d   s o l i d   s t a t e   c i r c u i t ;  

a n d  



( d )   s e c o n d   c o n t a c t   means   in  s a i d   c a s i n g  

and  c o n n e c t e d   to  s a i d   t r i g g e r   f o r   m o v e m e n t   t h e r e w i t h ,  

w h i c h   s e c o n d   c o n t a c t   means   e n g a g e   s a i d   s e c o n d   s e t   o f  

c o n t a c t s   d u r i n g   m o v e m e n t   of  the   t r i g g e r   t h e r e b y   d e -  

f i n i n g   s a i d   o n / o f f   s w i t c h .  

2.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

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

r e v e r s i n g   c o n t a c t s   c a r r i e d   by  a  b l o c k   of  n o n - c o n d u c -  

t i v e   m a t e r i a l .  

3.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

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

c i r c u i t   a r e   in  e n g a g e m e n t   w i t h   s a i d   p r i n t e d   c i r c u i t  

b o a r d .  

4.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

w h e r e i n   s a i d   r e s i s t a n c e   s t r i p   and  t h e   f i r s t   s e t   o f  

c o n t a c t s   a r e   p r i n t e d   on  the   p r i n t e d   c i r c u i t   b o a r d .  

5.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

w h e r e i n   s a i d   r e s i s t a n c e   s t r i p ,   t h e   f i r s t   s e t   of  c o n -  

t a c t s   and  t h e   s e c o n d   s e t   of  c o n t a c t s   a r e   a l l   i n t e -  

g r a l l y   m o u n t e d   on  t he   same  f a c e   of  t he   p r i n t e d   c i r -  

c u i t   b o a r d .  

6.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

w h e r e i n   s a i d   w i p e r   c o n t a c t   means   and  s a i d   s e c o n d   c o n -  

t a c t   m e a n s   a r e   m o u n t e d   on  a  common  m o v a b l e   c o n t a c t o r  

s u p p o r t .  

7.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   6 

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

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

w i p e r   c o n t a c t   m e a n s   and  s a i d   s e c o n d   c o n t a c t   m e a n s .  

8.   The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   1 

w h e r e i n   t h e   c a s i n g   has   at  l e a s t   two  c o m p a r t m e n t s   d e -  

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

ing  s a i d   f i r s t   c o n t a c t   means   a l i g n e d   so  as  to  e n g a g e  
s a i d   f i r s t   s e t   of  c o n t a c t s ,   and  a  s e c o n d   c o m p a r t m e n t  

h a v i n g   the   w i p e r   c o n t a c t   means   and  the   s e c o n d   c o n t a c t  



m e a n s   d i s p o s e d   t h e r e i n   f o r   e n g a g e m e n t   w i t h   t he   r e -  

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

r e s p e c t i v e l y .  

9.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  1  o r  

C l a i m   8  w h e r e i n   s a i d   c a s i n g   is  c o m p r i s e d   of  two  s e c -  

t i o n s   w h i c h   snap   t o g e t h e r   to  c a p t i v a t e   the   p r i n t e d  

c i r c u i t   b o a r d   t h e r e b e t w e e n .  

10.   The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  6 

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

t r a n s m i t t e d   to  the   c o n t a c t o r   s u p p o r t .  

11.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  6 

w h e r e i n   t h e   c o n t a c t o r   s u p p o r t   is   p i v o t a l l y   c a r r i e d   b y  
t h e   t r i g g e r   and  w h e r e i n   a  p o r t i o n   of   s a i d - c o n t a c t o r  

s u p p o r t   i s   p i v o t e d   away  f rom  t h e   p r i n t e d   c i r c u i t   b o a r d  

when  t h e   t r i g g e r   is  in  i t s   f u l l y   e x t e n d e d   p o s i t i o n .  

12.  T h e  i m p r o v e m e n t   a c c o r d i n g   to  C la im  11 

w h e r e i n   s a i d   p o r t i o n   of  t he   c o n t a c t o r   s u p p o r t   w h i c h  

p i v o t s   away  f rom  the   p r i n t e d   c i r c u i t   b o a r d   c a r r i e s   a t  

l e a s t   one  c o n t a c t   of  s a i d   s e c o n d   c o n t a c t   means   t h e r e -  

by  d i s e n g a g i n g   same  f rom  the   s e c o n d   s e t   of  c o n t a c t s .  

13.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  11 

o r   C la im  12  w h e r e i n   s a i d   p o r t i o n   of  t h e   c o n t a c t o r   s u p -  

p o r t   w h i c h   p i v o t s   away  f rom  t h e   p r i n t e d   c i r c u i t   b o a r d  

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

t h e   s h o r t i n g   c o n t a c t   f rom  the   r e s i s t a n c e   s t r i p .  

14.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  1 

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

m a n u a l l y   o p e r a t e d   member  in  one  of  two  p o s i t i o n s .  

15.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  8 

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

m e a n s   f o r   g u i d i g   the   t r i g g e r   d u r i n g   r e c i p r o c a l   m o v e -  

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



16.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im   8 

w h e r e i n   s a i d   c a s i n g   is  c o m p r i s e d   of  t h r e e   c o m p a r t -  

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

s a i d   e l e c t r o n i c   c i r c u i t   m o u n t e d   to  t h e   p r i n t e d   c i r -  

c u i t   b o a r d .  

17.  In  a  s p e e d   c o n t r o l   s w i t c h   d e v i c e   f o r   a  

p o w e r   t o o l   i n c l u d i n g   an  e l e c t r i c   m o t o r ,   e l e c t r o n i c  

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

and   a  s p r i n g - l o a d e d   t r i g g e r   f o r   r e c i p r o c a l   m o v e m e n t ,  

w h e r e i n   s a i d   s w i t c h   d e v i c e   i n c l u d e s   a  r e s i s t a n c e  

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

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

f i n i n g   a  r h e o s t a t ,   and  o n / o f f   means   in   s e r i e s   w i t h  

t h e   e l e c t r i c   m o t o r   f o r   a p p l y i n g   p o w e r   to  t h e   m o t o r  

d u r i n g   r e t r a c t i o n   of  t h e   t r i g g e r   and  f o r   r e m o v i n g  

p o w e r   to  t h e   m o t o r   w i t h   the   t r i g g e r   f u l l y   e x t e n d e d ,  

s a i d   o n / o f f   means   h a v i n g   at  l e a s t   one   s l i d i n g   c o n t a c t  

f o r   e n g a g e m e n t   w i t h   a t   l e a s t   one  f i x e d   c o n t a c t ,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  

(a)   an  i n t e g r a l   s u p p o r t   m o u n t i n g   s a i d  

w i p e r   c o n t a c t   and  s a i d   s l i d i n g   c o n t a c t ,   s a i d   s u p p o r t  

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

c o n t a c t   and  s a i d   s l i d i n g   c o n t a c t ,   a n d  
.  (b)  means   r e s p o n s i v e   to  m o v e m e n t   of  t h e  

t r i g g e r   f o r   s l i d i n g   s a i d   s u p p o r t   so  t h a t   s a i d   s l i d i n g  

c o n t a c t   e n g a g e s   s a i d   f i x e d   c o n t a c t   d u r i n g   r e t r a c t i o n  

of   t h e   t r i g g e r .  

18.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im   17  

w h e r e i n   s a i d   s u p p o r t   is  made  of  m e t a l .  

19.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im   18  

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

c o m p r i s e   b o s s e s   f o r m e d   on  the   m e t a l   s u p p o r t .  

20.   The  i m p r o v e r e n t   a c c o r d i n g   to  C l a i m   17 

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

so  t h a t   s a i d   s l i d i n g   c o n t a c t   d o e s   n o t   e n g a g e   s a i d  

f i x e d   c o n t a c t   w h i l e   t he   t r i g g e r   is  f u l l y   e x t e n d e d .  



21.  In  a  speed   c o n t r o l   s w i t c h   d e v i c e   f o r   a  

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

a  r e v e r s i b l e   e l e c t r i c   m o t o r ,   t he   s w i t c h   d e v i c e   i n -  

c l u d i n g   a  c a s i n g   e n c l o s i n g   t he   c o m p o n e n t s   of  a  s o l i d  

s t a t e   s p e e d   c o n t r o l   c i r c u i t   and  m o u n t i n g   a  t r i g g e r  

f o r   a c t u a t i n g   an  o n / o f f   s w i t c h   and  f o r   c o n t r o l l i n g  

s u c h   c i r c u i t   in  r e s p o n s e   to  t he   a m o u n t   of  t r i g g e r  

m o v e m e n t   t h e r e b y   to  v a r y   the   s p e e d   of  t he   a s s o c i a t e d  

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

and  m o u n t i n g   a  m a n u a l l y   o p e r a t e d   m e m b e r  m o v a b l e   b e -  

t w e e n   two  p o s i t i o n s   to  c o n t r o l   t h e   d i r e c t i o n   of  r o t a -  

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

m e n t   c o m p r i s i n g :  

(a)  a  u n i t a r y   p r i n t e d   c i r c u i t   b o a r d   w i t h i n  

s a i d   c a s i n g ;  

(b)  a  f i r s t   and  s e c o n d   c o n t a c t   means   c o n -  

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

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

t h e r e b y ,   s a i d   f i r s t   and  s e c o n d   c o n t a c t   means   e n g a g i n g  

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

d e f i n e   t h e   s p e e d   c o n t r o l   c i r c u i t ,   t he   o n / o f f   s w i t c h  

and  t h e   r e v e r s i n g   s w i t c h ;   a n d  

(c)   c o n t a c t   e l e m e n t s   on  s a i d   c i r c u i t   b o a r d  

and  a r r a n g e d   to  be  e n g a g e d   by  c o n d u c t o r s   to  e s t a b l i s h  

e l e c t r i c a l   c o m m u n i c a t i o n   e x t e r n a l l y   of  the   c a s i n g  

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

l i n e   c u r r e n t .  

22.  The  i m p r o v e m e n t   a c c o r d i n g   to  C la im  21 

w h e r e i n   s a i d   c a s i n g   i n c l u d e s   an  a p e r t u r e   a d j a c e n t  

e a c h   of  s a i d   c o n t a c t   e l e m e n t s   f o r   r e c e i v i n g   an  e x t e r -  

n a l   c o n d u c t o r   and  a l l o w i n g   the   same  to  make  e l e c t r i -  

c a l   c o n t a c t   w i t h   the   a s s o c i a t e d   c o n t a c t   e l e m e n t .  



23.  The  i m p r o v e m e n t   a c c o r d i n g   to  Cla im  2 2  

w h e r e i n   s a i d   c a s i n g   i n c l u d e s   a  r e t e n t i o n   means   a d j a -  

c e n t   e a c h   of  s a i d   c o n t a c t   e l e m e n t s ,   such   r e t e n t i o n  

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

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

24.  In  a  s p e e d   c o n t r o l   s w i t c h   d e v i c e   f o r   a  

power   t o o l   of  t he   t y p e   i n c l u d i n g   a  h o u s i n g   e n c l o s i n g  

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

d i n g   a  c a s i n g   e n c l o s i n g   t h e   c o m p o n e n t s   of  a  s o l i d  

s t a t e   s p e e d   c o n t r o l   c i r c u i t   and  m o u n t i n g   a  t r i g g e r  
f o r   a c t u a t i n g   an  o n / o f f   s w i t c h   and  f o r   c o n t r o l l i n g  

s u c h   c i r c u i t   in  r e s p o n s e   to  t h e   a m o u n t   of  t r i g g e r  

m o v e m e n t   t h e r e b y   to  v a r y   t he   s p e e d   of  t he   a s s o c i a t e d  

m o t o r ,   t h e   i m p r o v e m e n t   c o m p r i s i n g :  

(a)  a  c o n t a c t o r   s u p p o r t   member  in  s a i d  

c a s i n g   and  c o n n e c t e d   to  s a i d   t r i g g e r   f o r   m o v e m e n t  

t h e r e b y ;  

(b)  s a i d   c o n t a c t o r   s u p p o r t   m o u n t i n g   a t  

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

r e s p e c t i v e l y   w i t h   s a i d   o n / o f f   s w i t c h   and  s a i d   s p e e d  

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

b e i n g   s u b s t a n t i a l l y   in  e x c e s s   of  t h e   a g g r e g a t e   m a s s e s  

of   s a i d   f i r s t   and  s e c o n d   c o n t a c t   e l e m e n t s ;  

(c)   t h i r d   and  f o u r t h   f i x e d   c o n t a c t s  

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

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

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

o n / o f f   s w i t c h   and  s a i d   s p e e d   c o n t r o l   c i r c u i t ,   r e s p e c -  

t i v e l y ;   a n d  

(d)  r e s i l i e n t   means   in  t he   c a s i n g   e n g a g e d  

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

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

w i t h   s a i d   t h i r d   and  f o u r t h   f i x e d   c o n t a c t s ,   the   m a s s  

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

r e s i l i e n t   means   to  m i n i m i z e   b o u n c e   of  s a i d   f i r s t   a n d  

s e c o n d   c o n t a c t   e l e m e n t s .  



25.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   2 4  

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

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

26.  The  i m p r o v e m e n t   a c c o r d i n g   to  C l a i m   2 4  

w h e r e i n   s a i d   r e s i l i e n t   means   is  d e f i n e d   by  a  s p r i n g .  
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