
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 2 6   0 6 0  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80303089.9 

©  Date  of  filing:  04.09.80 

©  Int.  CI.3:  F  02  M  51 /08  
F  16  K  3 1 / 0 6  

©  Priority:  20.09.79  GB  7932662 

©  Date  of  publication  of  application: 
01.04.81  Bulletin  81/13 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

Applicant:  LUCAS  INDUSTRIES  LIMITED 
Great  King  Street 
Birmingham,  B19  2XF(GB) 

©  Inventor:  Hill,  William  Frank 
2  Oakridge  Close 
Stafford(GB) 

©  Representative:  Carpenter,  David  et  al, 
MARKS  &  CLERK  Alpha  Tower  ATV  Centre 
Birmingham  B1  1TT(GB) 

©  Fuel  injector. 

©  A  fuel  injector  including  a  body  (11)  having  therein  a  fuel 
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spherical,  and  co-operates  with  the  internal  cylindrical  surface 
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T h i s   i n v e n t i o n   r e l a t e s   to  a  f u e l   i n j e c t o r   f o r   a n  
i n t e r n a l   c o m b u s t i o n   e n g i n e .  

In   a  p r e v i o u s l y   p r o p o s e d   f u e l   i n j e c t o r   t he   i n j e c t -  

or  body   has   t h e r e i n   a  f u e l   f l o w   p a s s a g e   t e r m i n a t i n g   at   o n e  
end  in   a  s h a p e d   o r i f i c e   t h r o u g h   w h i c h ,   in   u s e ,   f u e l   i s s u e s  

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

g i n e .   W i t h i n   t he   b o d y  t h e   f u e l   f l o w   to  t he   o r i f i c e   i s   c o n -  
t r o l l e d   by  a  v a l v e   i n c l u d i n g   a  v a l v e   c l o s u r e   member  m o v a b l e  

r e l a t i v e   to  a  v a l v e   s e a t .   Movement   of  t he   c l o s u r e   member  i n  

one  d i r e c t i o n   to  e n g a g e   t he   s e a t ,   and  t h u s   cu t   o f f   t he   f l o w  

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

m o v e m e n t   in   t he   o p p o s i t e   d i r e c t i o n   to  open  t he   v a l v e   i s   g e n -  
e r a t e d   by  e n e r g i s a t i o n   of  an  e l e c t r o m a g n e t .   In  t he   p r e v i o u s -  

ly   p r o p o s e d   i n j e c t o r   t he   c l o s u r e   member  i s   in   t he   fo rm  of  a  
c i r c u l a r   d i s c   t he   p e r i p h e r a l   edge  of  w h i c h   d e f i n e s   a  c y l i n d r -  

i c a l   s u r f a c e .   The  d i s c   i s   g u i d e d   f o r   m o v e m e n t   in   t he   d i r e c t -  

i o n   of  the   a x i s   of  s a i d   c y l i n d r i c a l   edge  s u r f a c e   by  a  c o r r e s -  

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

b o d y .  

The  u se   of  a  c l o s u r e   member   h a v i n g   a  c y l i n d r i c a l  

edge  s u r f a c e   s u p p o r t e d   as  a  s l i d i n g   f i t   in   a  c o r r e s p o n d i n g  

c y l i n d r i c a l   p a r t   of  t he   i n j e c t o r   body  g i v e s   r i s e   in   p a r t i c -  

u l a r   t o / p r o b l e m s .   F i r s t l y   i t   i s   f o u n d   to  be  d i f f i c u l t   t o  

a s s e m b l e   t h e   c l o s u r e   member  to  t h e   body  owing   to  t he   s i m i l a r -  

i t y   of  t he   d i a m e t e r s   of  t he   c l o s u r e   member  and  the   r e g i o n   o f  

the   body  w i t h i n   w h i c h   the   c l o s u r e   member  i s   r e c e i v e d ,   a n d  

s e c o n d l y   when  t he   c l o s u r e   member  i s   a s s e m b l e d   w i t h i n   the   b o d y ,  
t he   p r e s e n c e ,   in   u s e ,   of  f u e l   in   t he   b e a r i n g   d e f i n e d   by  t h e  

c y l i n d r i c a l   s u r f a c e   of  t he   c l o s u r e   member   and  the   i n t e r n a l  

c y l i n d r i c a l   s u r f a c e   of  the   body  i m p e d e s   t he   movement;  of  t h e  

c l o s u r e   member .   I t   i s   b e l i e v e d   t h a t   t h i s   l a t t e r   p r o b l e m  

r e s u l t s   f rom  " f l u i d "   or  " v i s c o u s "   d r a g   e x h i b i t e d   by  the   t h i n  

f i l m   of  f u e l   in   t he   b e a r i n g   when  s u b j e c t e d   to  s h e a r   f o r c e s  

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

I t   i s   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   an  i n -  



j e c t o r   of   t h e   k i n d   w h e r e i n   a  d i s c - l i k e   c l o s u r e   member  i s  

s l i d a b l y   r e c e i v e d   i n   t h e   i n j e c t o r   body ,   i n  w h i c h  t h e   a f o r e -  
m e n t i o n e d   p r o b l e m s   a r e   m i n i m i s e d .  

A  f u e l   i n j e c t o r   a c c o r d i n g   to  t he   i n v e n t i o n   i n c l u d e s   a  

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

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

g u i d e d   by  an  i n t e r n a l   c i r c u l a r   c y l i n d r i c a l   s u r f a c e   of  t h e  

b o d y   f o r   m o v e m e n t   r e l a t i v e   to  t he   body   in  a  d i r e c t i o n   p a r a l l -  
e l   to  t h e   a x i s   of  s a i d   c y l i n d r i c a l   s u r f a c e ,   b e t w e e n   a  c l o s e d  

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

p r e v e n t   f u e l   f l o w i n g   t h r o u g h   s a i d   p a t h ,   and  an  open   p o s i t i o n  
w h e r e i n   t h e n e m b e r   i s   s p a c e d  f r o m   s a i d   s e a t   to  p e r m i t   f u e l  

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

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

s u r f a c e ,   b e i n g   so  s h a p e d  t h a t   c o n s i d e r i n g   the   member   a n d  

s a i d   c y l i n d r i c a l   s u r f a c e  i n   a x i a l - s e c t i o n   (as   o p p o s e d   t o  

c r o s s - s e c t i o n )   t he   p e r i p h e r a l   edge  of  the   member   i n c l u d e s   a  

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

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

t h e r e t o ,   t h e   p e r i p h e r a l   s u r f a c e   of  t he   c l o s u r e   member   t h u s  

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

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

s u r f a c e .  

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

s a i d   c l o s u r e   member   is   p a r t - s p h e r i c a l .  

P r e f e r a b l y  t h e   who le   of  the   p e r i p h e r a l   s u r f a c e   of   s a i d  

c l o s u r e   member   i s   p a r t - s p h e r i c a l .  

D e s i r a b l y   t h e   c e n t r e   of  c u r v a t u r e   of  s a i d   p a r t   s p h e r i c a l  

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

of  t h e   r e g i o n   of  t he   c l o s u r e   member  b o u n d e d   by  s a i d   p a r t -  

s p h e r i c a l   s u r f a c e .  

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

p a r t   of  an  i n j e c t o r   in   a c c o r d a n c e   w i t h   one  e x a m p l e  o f   t h e  

p r e s   t  i n v e n t i o n .  



R e f e r r i n g   to  the   d r a w i n g   the  i n j e c t o r   i n c l u d e s   a  m u l -  

t i - p a r t   body  11  i n c l u d i n g   a  ma in   body  12,  an  a n n u l a r   b e a r -  

i n g   p l a t e   13,  and  a  n o z z l e   a s s e m b l y   14.  A  f u e l   f l o w   p a t h  

15  e x t e n d s   t h r o u g h   the   body   11  f rom  an  i n l e t   u n i o n   ( n o t  

shown)   to  an  o u t l e t   o r i f i c e   16  d e f i n e d   by  the   n o z z l e   a s s e m b l y  
14.  The  b e a r i n g   p l a t e   13  i s   i n t e r p o s e d   b e t w e e n   the   n o z z l e  

a s s e m b l y   14  and  the   ma in   body   p a r t   12,  and  the   p o r t i o n   o f  

the   f u e l   f l o w   p a t h   15  d e f i n e d   w i t h i n   the   ma in   body   p a r t   1 2  

c o m m u n i c a t e s   w i t h   the   o r i f i c e   l6  by  way  of  the   c e n t r a l  

a p e r t u r e   of  the   a n n u l a r   b e a r i n g   p l a t e   13.  H o w e v e r ,   w i t h i n  

t he   c e n t r a l   a p e r t u r e   of  t he   b e a r i n g   p l a t e   13  i s   s u p p o r t e d   a  

c i r c u l a r ,   d i s c - l i k e   v a l v e   c l o s u r e   member  1 7 .  

The  o u t l e t   end  of  the   p o r t i o n   of  t he   f u e l   f l o w   p a t h  

w i t h i n   t he   ma in   body  p a r t   12  i s   d e f i n e d   by  an  a n n u l a r   a p e r -  
t u r e   18  w h i c h   i s   a l i g n e d   w i t h   the   c e n t r a l   a p e r t u r e   of  t h e  

p l a t e   13.  The  o r i f i c e   16  of  the   n o z z l e   a s s e m b l y   14  i s   d i s -  

p o s e d   on  t he   a x i s   of  the   i n j e c t o r ,   and  s u r r o u n d i n g   the   o r i -  

f i c e   16  i s   a  r a i s e d   v a l v e   s e a t   19  a g a i n s t   w h i c h   the   c l o s u r e  

member  17  i s   u r g e d   by  a  c o m p r e s s i o n   s p r i n g   21.  The  v a l v e  

c l o s u r e   member  17  i s   f o r m e d   w i t h   a  c i r c u l a r   row  of  t h r o u g h  

b o r e s   22  w h i c h   c o m m u n i c a t e   a t   one  end  w i t h   the   a n n u l a r   o u t l e t  

18  of  the   ma in   body  p a r t   12.  The  c i r c u l a r   row  of  t h r o u g h  

b o r e s   22  l i e s   r a d i a l l y   o u t w a r d l y   f rom  the   v a l v e   s e a t   19,  a n d  

t h u s   when  the   c e n t r a l   s o l i d   p a r t   of  the   c l o s u r e   member  17  e n -  

g a g e s   the   v a l v e   s e a t   19  t h e n   f l o w   of  f u e l   f rom  the   b o r e s   22  

to  the   o r i f i c e   16  i s   p r e v e n t e d .   H o w e v e r ,   when  the   c l o s u r e  

member   17  i s   r a i s e d   f rom  the  v a l v e   s e a t   19  f u e l   can  f l o w  

from  the   o u t l e t   18  of  the   ma in   body  p a r t   12,  t h r o u g h   t h e  

b o r e s   22,  b e t w e e n   the   l o w e r   f a c e   of  the   c l o s u r e   member  17  a n d  

the   s e a t   19,  and  t h r o u g h   the   o r i f i c e   16  i n t o   t he   i n l e t   t r a c t  

of  the   i n t e r n a l   c o m b u s t i o n   e n g i n e   u t i l i z i n g   the   i n j e c t o r .  

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

s u r e   member  17  and  the   s e a t   19  is   c l o s e d   by  the   a c t i o n   of  t h e  

s p r i n g   21  w h i c h   u r g e s   the   c l o s u r e   member  17  f i r m l y   a g a i n s t  

the   s e a t   19.  The  v a l v e   i s   o p e n e d   by  e n e r g i s a t i o n   of  an  e l e c -  

t r o m a g n e t   the   f i x e d   i n n e r   p o l e   of  wh ich   is   d e f i n e d   by  a  c e n -  

t r a l l y   d i s p o s e d   hollow  s p i g o t   12a  of  the  main   body  p a r t   1 2 , a n d  



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

b e r   17.   As  w i l l   be  a p p a r e n t   f r o m  t h e   d r a w i n g   t h e   s p r i n g   2 1  

i s   h o u s e d   w i t h i n   t he   h o l l o w   s p i g o t   12a .   The  e l e c t r o m a g n e t  

w i n d i n g   ( w h i c h   i s   n o t   shown  in   t he   d r a w i n g )  e n c i r c l e s   t h e  

s p i g o t   l 2 â , a n d   when  t h e   w i n d i n g   i s  e n e r g i s e d  t h e   c l o s u r e  

member   17  w h i c h   i s   f o r m e d   f r o m   f e r r o - m a g n e t i c   m a t e r i a l ,   i s  

moved  t o w a r d s   t he   l o w e r   end  of   t he   s p i g o t  1 2 a   a g a i n s t   t h e  

a c t i o n   of   t h e   s p r i n g   21  to  o p e n   t he   v a l v e .  

The  w a l l   23  of   t h e   c e n t r a l   a p e r t u r e  i n   t h e   p l a t e  

13  i s   c y l i n d r i c a l ,   and  i s   of   c i r c u l a r  c r o s s - s e c t i o n ,   t h e   a x i s  

of  t h e   c y l i n d r i c a l   s u r f a c e   23  b e i n g   c o i n c i d e n t   w i t h   t h e   a x i s  

of   t h e   s p i g o t   12a .   The  p e r i p h e r a l ,   o u t e r   s u r f a c e   2 4  o f   t h e  

c l o s u r e   member   17,  f o r   w h i c h   t h e   s u r f a c e   23  c o n s t i t u t e s   a  

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

c o i n c i d e n t   w i t h  t h e   c e n t r e   p o i n t   of   t he   c l o s u r e   m e m b e r .   T h u s  

t h e   r e g i o n   of   t he   c l o s u r e   member   17  of  g r e a t e s t   d i a m e t e r   i s  

on  t h e   m e d i a n   p l a n e   of   t h e   c l o s u r e   member   17  and  makes   s u b -  

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

member   1 7 ,  w i t h   t h e  s u r f a c e   23.  W h e n  c o n s i d e r e d   i n   a x i a l  

s e c t i o n ,   ( a s   shown  in   t h e   d r a w i n g )   t he   p e r i p h e r a l   edge   of  t h e  

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

a x i a l   s e c t i o n   o f  t h e   c y l i n d r i c a l   s u r f a c e   23  i s   t a n g e n t i a l  

t h e r e t o .   I t   s h o u l d   be  n o t e d   t h a t   in   t h e   i n t e r e s t s   o f  c l a r i t y  

no  c o n t a c t   i s   shown  in   t h e   d r a w i n g   b e t w e e n   t he   s u r f a c e   24  a n d  

t he   s u r f a c e   23.  In  p r a c t i c e   h o w e v e r   b e a r i n g  c o n t a c t   c a n  

o c c u r   and  by  v i r t u e   o f  t h e   c u r v e d   n a t u r e   of  t h e   s u r f a c e   2 4  

the   c o n t a c t   b e t w e e n   t h e   s u r f a c e   24  and  t h e   s u r f a c e   23  i s  

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

w i l l   be  r e c o g n i s e d   t h e r e f o r e   t h a t   on  e i t h e r   s i d e   of   t he   l i n e  

of  c o n t a c t   b e t w e e n   t h e   s u r f a c e   24  a n d  t h e   s u r f a c e   23  t h e  

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

b e t w e e n   t h e   s u r f a c e s   23  a n d  2 4 .   T h i s  c l e a r a n c e  f a c i l i t a t e s  

i n s e r t i o n   of  t he   c l o s u r e   member   1 7  i n t o   t h e   a p e r t u r e   o f  t h e  

b e a r i n g   p l a t e   13  d u r i n g   a s s e m b l y   of  t h e  i n j e c t o r ,   and  a l s o  

m i n i m i z e s   t h e   " f l u i d "   or  " v i s c o u s "   d r a g   o n  t h e   c l o s u r e   m e m b e r  

17  r e s u l t i n g   f rom  t h e   p r e s e n c e   of  l i q u i d   f u e l  i n   t he   b e a r i n g  



d e f i n e d   b e t w e e n   t h e   c l o s u r e   member  17  and  t he   b e a r i n g   p l a t e  

13,  by  c o m p a r i s o n   w i t h   t he   d r a g   w h i c h   w o u l d   be  e x h i b i t e d   b y  

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

of  t h e   c l o s u r e   member   17  were   c y l i n d r i c a l   and  a  s l i d i n g   f i t  

in   t h e   b e a r i n g   p l a t e   1 3 .  

W h i l e   i t   i s   p r e f e r a b l e   f o r   t he   s u r f a c e   24  of  t h e  

c l o s u r e   member   17  to  be  p a r t   s p h e r i c a l ,   h a v i n g   i t s   c e n t r e   o f  

c u r v a t u r e   c o i n c i d e n t   w i t h   t h e   c e n t r e   of  t h e   c l o s u r e   member  1 7 ,  

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

f a c e   24  i s   p a r t   s p h e r i c a l ,   and  i t   i s   n o t   e s s e n t i a l   t h a t   e v e n  

i f   t h e   s u r f a c e   24  i s   p a r t   s p h e r i c a l   t h e n   i t s   c e n t r e   of  c u r v -  

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

c l o s u r e   member .   Fo r   e x a m p l e ,   i t   w o u l d   be  p o s s i b l e   to  p r o d u c e  

t h e   c l o s u r e   member   17  h a v i n g   t h e   s u r f a c e   24  p a r t   s p h e r i c a l ,  

bu t   w i t h   t he   c e n t r e   of  c u r v a t u r e   of  t he   s u r f a c e   24  c o i n c i d e n t  

w i t h   t he   c e n t r e   of  one  or  o t h e r   of  t he   a x i a l   end  f a c e s   of  t h e  

c l o s u r e   member  17.  In   s u c h   an  a r r a n g e m e n t   of  c o u r s e   t he   r e g -  
i o n   of  g r e a t e s t   d i a m e t e r   of  t he   c l o s u r e   member   wou ld   be  a t  

one  or  o t h e r   of  t he   a x i a l   ends   of  t he   c l o s u r e   member ,   and  a l l  

of  t h e   c l e a r a n c e   b e t w e e n   t h e   s u r f a c e   24  and  t h e   s u r f a c e   23  

w o u l d   be  to  one  s i d e   of  t he   p e r i p h e r a l   l i n e   of  c o n t a c t   b e t w e e n  

t he   s u r f a c e   24  and  the   s u r f a c e   23.  E q u a l l y   of  c o u r s e   t h e  

s u r f a c e   24  may  i f   d e s i r e d   by  p a r t   e l i p s o i d a l   or  t he   l i k e  

r a t h e r   t h a n   p a r t   s p h e r i c a l .   N e v e r t h e l e s s ,   i t   i s   p r e f e r a b l e  

f o r   t he   s u r f a c e   24  to  be  p a r t   s p h e r i c a l   h a v i n g   i t s   c e n t r e   o f  

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

member  so  t h a t   m i s a l i g n m e n t   of  t he   c l o s u r e   member  w i t h i n   t h e  

p l a t e   13  can  be  a c c o m m o d a t e d   in   u s e .   I t   w i l l   be  r e c o g n i s e d  
t h a t   in   s u c h   an  a r r a n g e m e n t   t he   c l o s u r e   member  and  p l a t e   1 3  

w i l l   a c t   in   t he   m a n n e r   of  a  b a l l   and  cup  j o i n t   and  the   e f f e c t s  

of  any  m i s a l i g n m e n t   w i l l   be  m i n i m a l .  



1.  A  f u e l   i n j e c t o r   i n c l u d i n g   a  b o d y   h a v i n g   t h e r e i n   a  
f u e l   f l o w   p a t h ,   a  v a l v e   in   s a i d   f u e l   f l o w   p a t h ,   s a i d   v a l v e  

i n c l u d i n g   a  d i s c - l i k e   c l o s u r e   member   g u i d e d   by  an  i n t e r n a l  

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

r e l a t i v e   to  t he   body   i n   a  d i r e c t i o n   p a r a l l e l   to  t he   a x i s  o f  

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

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

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

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

p a t h   c h a r a c t e r i z e d   i n   t h a t   t h e   p e r i p h e r a l   s u r f a c e   24  o f  

s a i d   c l o s u r e   member   17,  w h i c h   c o - o p e r a t e s   w i t h   s a i d   i n t e r n a l  

c y l i n d r i c a l   s u r f a c e   23,   b e i n g  s o   s h a p e d  t h a t   c o n s i d e r i n g  

t h e   member   17  and   s a i d   c y l i n d r i c a l   s u r f a c e   23  i n   a x i a l  

s e c t i o n   t he   p e r i p h e r a l   edge   o f  s a i d   member   17  i n c l u d e s  a  

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

t h e   a x i a l   s e c t i o n   of   s a i d   c y l i n d r i c a l  s u r f a c e   23  t a n g e n t i a l  

t h e r e t o ,   t he   p e r i p h e r a l   s u r f a c e   24  of   t h e   member   17  t h u s  

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

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

s u r f a c e   2 3 .  

2.  An  i n j e c t o r   as  c l a i m e d   i n   c l a i m   1  c h a r a c t e r i z e d   i n  

t h a t   s a i d   r e g i o n   of   t h e   p e r i p h e r a l   s u r f a c e   24  of  t h e  

member   17  i s   p a r t - s p h e r i c a l .  

3.  An  i n j e c t o r   as  c l a i m e d   in   c l a i m   2  c h a r a c t e r i z e d   i n  

t h a t   t h e   w h o l e   of  t h e   p e r i p h e r a l  s u r f a c e   23  of  the   m e m b e r  

17  i s   p a r t - s p h e r i c a l .  

4 .  A n   i n j e c t o r   as  c l a i m e d   i n   c l a i m   2  or  c l a i m  3   w h e r e i n  

t h e   c e n t r e   of  c u r v a t u r e   of  s a i d   p a r t   s p h e r i c a l   s u r f a c e   2 4  

of   t he   member   17  c o i n c i d e s   w i t h   t h e   c e n t r e   p o i n t   of  t he   r e g i o n  

of  t h e   member   17  b o u n d e d   by  s a i d   p a r t   s p h e r i c a l   s u r f a c e   2 4 .  
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