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©  Dispensing  closure  (1111111). 

An  externally  mounted  integral,  self-sealing  check  valve 
dispensing  closure  for  use  in  a  fluid  product  dispenser  is 
described  which  is  formed  with  a  substantially  tubular  open 
inlet  end  and  a  normally  closed  outlet  end  of  a  resilient 
plastic  or  elastomer  having  a  durometer  in  the  range  of 
between  approximately  10  Shore  A  and  95  Shore  A  (46  Shore 
D)  and  having  a  wall  thickness  in  the  range  of  from  about  .25 
to  1.3  mm.  The  outlet  end  of  the  dispensing  closure 
converges  toward  its  closed  end  along  an  inflexed  non- 
planar  surface  to  a  normally  closed  non-linear  discharge  slit. 
The  distal  edge  of  the  inflexed  non-planar  surface  mates  with 
at  least  one  other,  oppositely  disposed  surface  of  the  closure 
to  form  the  discharge  slit,  with  these  mating  surfaces  having 
substantially  flat  lands  of  contact  along  the  slit.  The  inflexed 
non-planar  surface  forms  an  acute  angle  at  the  slit  with  any 
line  drawn  through  the  slit  parallel  to  the  central  axis  of  the 
closure  and  is  adapted  to  resiliently  deflect  outwardly  in 
response  to  the  application  of  product  pressure  from  within, 
thereby  opening  the  closure  and  permitting  product  flow 
therethrough.  Upon  release  of  product  pressure  therewithin, 
the  inverted  non-planar  surface  returns  to  its  inflexed  closed 
condition  thereby  sealing  the  closure. 



TECHNICAL  FIELD 

This  invent ion  re la tes   to  a  d ispens ing   c losure   for  use  in  a 
fluid  p roduc t   d i s p e n s e r ,   and,   more  p a r t i c u l a r l y ,   to  an  e x t e r n a l l y  
mounted,   s e l f - s e a l i n g ,   p r e s s u r e   ac tuated  c h e c k   valve  d i s p e n s i n g  
closure  for  fluid  p r o d u c t   d i s p e n s e r s .  

BACKGROUND  ART 

Discharge  c losures   and  d i spens ing   c losures   having  a  d i s -  

pensing  orifice  which  automatically  increases   in  diameter  in 

response   to  fluid  p r e s s u r e   within  are  not  new  to  the  art .   For  

example,   U.S.  Patent   591,067,  which  issued  to  David  Wallace  on  
October   5,  1897,  d isc loses   an  automatic  s iphoning  device  c o m p r i s -  

ing  a  flexible  sleeve  having  a  d i scharge   end  which  c o n c e n t r i c a l l y  

converges   and  c o n t r a c t s   to  a  small  orifice.  The  c i r cumfe rence   o f  

the  small  orifice  is  formed  or  molded  into  a  number   of  f l u t e -  

shaped  c o r r u g a t i o n s   B  which  extend  from  the  con t rac ted   o r i f i ce  

end  C  axially  toward  the  connect ing  end  D  over  a  length  o f  

several   inches.   Such  co r ruga t i ons   are  de sc r i bed   as  b e i n g  

p r e f e r a b l y   of  equal  b r e a d t h   and  depth  and  a r r a n g e d   in  c lose  

success ive   order   a round   the  c i rcumference   of  the  device.   In 

opera t ion ;   liquid  can  normal ly .   pass  t h rough   the  small  orifice  in 

the  con t rac ted   end  C  of  the  device,   and  as  the  p r e s s u r e   of  t h e  

liquid  increases   the  c o r r u g a t e d   folds  of  the  device  begin  to  

e x p a n d ,   thus  inc reas ing   the  size  of  the  orifice.  The  expansion  o f  

the  orifice  will  cont inue   under   continual  increas ing   l i q u i d - p r e s s u r e  

until  the  orifice  area  is  nearly  as  large  as  the  area  of  the  c y l i n -  
drical  portion  A  of  the  s iphoning  device.   The  c o r r u g a t e d   fo lds  

r e tu rn   to  their  original   shape  as  the  liquid  p r e s s u r e   is  d e c r e a s e d .  

A  d i spens ing   c losure   for  collapsible  type  fluid  con ta iners   i s  

disclosed  in  U.S.  Patent   2 ,937,795,   which  issued  to  P a s q u a l e  
Ciliberti   on  May  24,  1960.  A  d i spens ing   c losure   device  10  is 



descr ibed   as  including  a  conical  c losure   member  11  p rov ided   wi th  

a  p lura l i ty   of  i n t e r sec t ing   slits  14  which  serve  to  divide  the  tip  o f  

closure  member  11  into  a  p lura l i ty   of  individual   flexible  q u a d r a n t s  
15.  Closure   member  11  is  hollow,  and  increased   internal   p r e s s u r e  
of  the  con ten t s   16  the rewi th in   acts  to  force  the  q u a d r a n t s   15 

apart   t h e r e b y   permit t ing  the  d i s p e n s i n g   of  the  con ten t s   t h e r e -  

t h r o u g h .   Upon  release  of  the  in terna l   p r e s s u r e ,   the  q u a d r a n t s  
15  r e tu rn   to  their   normally  closed  p o s i t i o n .  

U.S.  Patent   4 ,109,836,   which  issued  to  Anna  Falarde  on 

August   29,  1978,  discloses  a  se l f - sea l ing   paste  d i s p e n s i n g   d e v i c e  

12  which  comprises   a  body  port ion  15  with  a  neck  port ion  20 

ex tend ing   t he re f rom  and  a  c losure  wall  21  at  its  d i s c h a r g e   e n d .  

The  c losure   wall  21  may  exist  e i ther   as  a  laterally  e x t e n d i n g   wal l ,  

as  shown  in  Figure  7,  or  as  the  end  wall  of  a  p lura l i ty   of  p a i r s  

of  walls  hel icoidally  a r r a n g e d   and  coming  t oge the r   at  their   ends  to  

form  rad ia t ing   slits  from  a  genera l ly   central   point .   The  neck  20 

of  d i s p e n s i n g   device  12  is  to  be  formed  of  a  plast ic  ma te r ia l  

having  a  s t i f fness   and  elast ici ty  p r o p o r t i o n e d   to  the  v iscosi ty   o f  

the  paste  to  be  d i spensed   such  that   internal   p r e s s u r e   within  t h e  

paste  will  p ress   the  internal  walls  of  the  paths  to  each  of  t h e  

slits  (slits  22-25)  t he reby   moving  the  walls  defining  the  p a t h  

apart   and  opening  the  slits.  Upon  release  of  such  internal   p r e s -  

sure ,   the  r e su l t ing   force  on  the  sides  of  the  paths   to  the  s l i t s  

will  also  be  re leased   and  the  slits  will  helically  r e t u r n   to  a  c l o s e d  

p o s i t i o n .  

A  uni t ized  t h r e e - l e a f l e t   hear t   valve  is  t a u g h t   in  U.S.  P a t e n t  

4 ,222,126,   which  issued  to  John  Boretos   et  al.  on  Sep tember   16,  

1980.  The  t r i - l ea f l e t   heart   valve  10  comprises   a  rigid  frame  12 

covered  with  a  one-p iece   membrane  14  forming  the  th ree   l ea f l e t s  

14a,  14b  and  14c  which  are  bonded  to  the  frame  12  to  form  a n  

integral  uni t .   Membrane  14  is  also  p rov ided   with  a  th ickened   l ip 
18  which  forms  the  free  ends  of  the  leaflets  14a,  14b  and  14c.  

The  t h i c k e n e d   na tu re   of  lip  18  s e rves   to  increase   its  t e a r  

s t r e n g t h   and  i nc reases   the  re l iabi l i ty   and  longevi ty   of  valve  10. 



A  t r a n s i t i o n a l   area  20  in  the  upper   regions  of  frame  12  se rves   t o  

d i s t r i b u t e   f luxura l   s t r e s s   at  the  points  at  which  the  membrane  14 

is  a t t a c h e d   to  frame  12.  Addi t ional ly ,   the  r a d i a t i n g   lines  22 

cons i s t ing   of  heavier   areas  provide  s t r eng th   wi thou t   bulk  to  t h e  

valve.  As  shown  in  Figure  2,  blood  under   p r e s s u r e   forces  t h e  

valve  leaf le ts   into  an  open  positiorr.  Upon  re lease   of  such  p r e s -  

sure ,   the  valve  res i l ient ly   r e t u r n s   to  Its  normally  c losed  s t a t e .  

Despi te   all  the  prior  work  done  with  r ega rd   to  s e l f - s e a l i n g  

d i s p e n s i n g   c losures   and  the  like,  as  evidenced  by  the  a b o v e - c i t e d  

p a t e n t s ,   there   remain  problems  of  complexity  of  the  d e v i c e s ,  

complexi ty   of  the  r equ i r ed   manufac tu r ing   p r o c e d u r e s   for,  t h e  

dev ices ,   re l iabi l i ty   of  func t ion ,   and  excessive  cost .   The  v a l v i n g  

s t r u c t u r e s   of  the  prior  art  r equ i re   complex  s t r u c t u r e s ,   m u l t i - p a r t  

dev ices ,   complex  m a n u f a c t u r i n g   p rocedure s ,   and  still  are  n o t  

always  reliable  in  opera t ion .   Fu r the r ,   prior  a r t   s e l f - s e a l i n g  

d i s p e n s i n g   devices  do  not  teach  d ispensing  nozzles   which  c r e a t e  

minimal  back  p r e s s u r e   to  d i spens ing   operat ions   while  at  the  same 

time  s e r v i n g   as  an  effect ive  check  valve  to  air  e v e n   when  s u b -  

jected  to  vacuum  p r e s s u r e   from  wi th in .  

DISCLOSURE  OF  THE  INVENTION 

It  is  an  object  of  this  invention  to  obv ia te   the  a b o v e -  

d e s c r i b e d   p r o b l e m s .  

It  is  an  object  of  the  p resen t   invent ion  to  provide   a n  

improved  one-p iece   se l f - sea l ing   check  valve  d i s p e n s i n g   c l o s u r e  

which  exh ib i t s   improved  p r o d u c t   cut  off  at  the  end  of  a  d i s p e n s -  

ing  o p e r a t i o n .  
It  is  also  an  object  of  the  present   i nven t ion   to  provide  a 

check  valve  which  will  e f fec t ive ly   seal  in  the  p r e s e n c e   of  a i r  

( i . e . ,   to  the  a tmosphere   or  to  air  en t r apped   within  fluid  to  b e  

d i s p e n s e d ) .  

It  is  also  an  object  of  the  p resen t   invent ion   to  provide  a n  

improved  d i s p e n s i n g   closure  which  permits  the  e x t r u s i o n   of  l a r g e r  

volumes  per  unit  length  of  e x t r u d a t e   of  the  d i s p e n s e d   p r o d u c t  

with  clean  p roduc t   cut  off  at  the  end  of  a  d i s p e n s i n g   o p e r a t i o n .  



It  is  ano ther   object   of  the  p r e sen t   invent ion  to  provide   a n  

improved  d i spens ing   c lo su re   for  fluids  wh ich  can   maintain  a  f l u i d -  

t ight   seal  when  s u b j e c t e d   to  negat ive   p roduc t   p r e s s u r e   w i t h i n .  

It  is  still  ano the r   objec t   of  the  p r e s e n t   invent ion   to  p r o v i d e  

a  d i s p e n s i n g   c losure   and  check  valve  which  can  be  m o u n t e d  

ex t e rna l l y   on  a  d i s p e n s i n g   device  in  order   to  be t t e r   control  t h e  

mess iness   normally  a s s o c i a t e d   with  d i spens ing   d e v i c e s .  

In  acco rdance   with  one  aspect   of  the  p r e s e n t   i n v e n t i o n ,  

the re   -is  p rov ided   an  e x t e r n a l l y   mounted  i n t eg ra l ,   s e l f - s e a l i n g  
check  valve  d i s p e n s i n g   c losure   for  use  in  a  fluid  p roduc t   d i s -  

pense r   which  is  formed  of  a  resi l ient   plastic  or  e las tomer  having  a 
d u r o m e t e r   in  the  r ange   of  between  approximate ly   10  Shore  A  a n d  

95  Shore  A  (46  Shore  D)  and  having  a  wall  t h i c k n e s s   in  t h e  

range  of  from  about  .25  mm  to  about  1.3  mm  (.01  to  .05  i n c h e s ) .  

The  c losure   includes  a  s u b s t a n t i a l l y   tubula r   open  inlet  end  and  a 

normally  closed  outlet   end .   The  outlet  end  c o n v e r g e s   from  a 

s u b s t a n t i a l l y   t ubu l a r   shape   along  at  least  one  inflexed  n o n - p l a n a r  

su r face   which  mates  along  its  distal  edge  with  at  least  one  o t h e r ,  

oppos i te ly   d isposed  s u r f a c e   of  the  closure  to  form  a  n o n - l i n e a r  

d i s c h a r g e   slit.  The  inf lexed  non-p lana r   sur face   conve rges   t o w a r d  

the  normally  closed  d i s c h a r g e   slit  in  such  a  manner   as  to  form  a n  

acute   angle  at  the  slit  with  any  line  drawn  t h r o u g h   the  s l i t  

parallel   to  the  cent ra l   axis  of  the  nozzle  and  m a t e s   with  the  o t h e r  

oppos i te ly   d i sposed   s u r f a c e   along  subs t an t i a l l y   flat  lands  o f  

contac t   along  the  l ength   of  the  slit.  The  inflexed  n o n - p l a n a r  

su r f ace   is  adapted   to  res i l i en t ly   deflect  ou tward ly   in  r e sponse   t o  

the  appl icat ion  of  p r o d u c t   p r e s s u r e   from  within  the  c l o s u r e ,  

t h e r e b y   opening  the  c l o s u r e   and  allowing  p r o d u c t   to  be  d i s p e n s e d  

t h e r e t h r o u g h .   Upon  r e l ease   of  p roduc t   p r e s s u r e   t h e r e w i t h i n ,   t h e  

inflexed  n o n - p l a n a r   s u r f a c e   resi l ient ly  r e t u r n s   to  its  c l o s e d  

condi t ion  t h e r e b y   seal ing  the  c l o s u r e .  

BRIEF  DESCRIPTIONS  OF  THE  DRAWINGS 

While  the  spec i f i ca t i on   concludes  with  claims  p a r t i c u l a r l y  

point ing  out  and  d i s t i n c t l y   claiming  the  p r e s e n t   inven t ion ,   it  is 



believed  that   the  same  will  be  b e t t e r   unde r s tood   from  the  fol low- 

ing  de sc r ip t i on   taken  in  con junc t ion   with  the  a c c o m p a n y i n g  

d rawings   in  w h i c h :  

Figure   1  is  a  p e r s p e c t i v e   view  of  one  embodiment   of  t h e  

closure  of  the  p resen t   i n v e n t i o n ;  

Figure   2  is  a  vertical  c r o s s - s e c t i o n a l   view  of  the  closure  o f  

Figure  1  taken  along  line  2-2  of  Figure   1; 

F igure   3  is  a  pe r spec t ive   view  of  the  embodiment   of  Figure  1 

in  a  par t ia l ly   opened  c o n d i t i o n ;  

Figure   4  is  a  partially  exp loded   pe r spec t i ve   view  depict ing  a 
method  for  a t taching  the  c losure   of  Figure  1  to  a  d i s p e n s i n g  

p a c k a g e ;  

F igure   5  is  a  p e r s p e c t i v e   view  of  a  second  embodiment   of  t h e  

c losure   of  the  p resen t   i n v e n t i o n ;  

Figure   6  is  a  plan  view  of  the  closure  of  Figure   5  v iewed  

along  the  l ine -o f - s igh t   A-A  of  F igure   5; 

Figure   7  is  a  c ro s s - s ec t i ona l   view  of  the  c losure   of  Figure  5 

taken  along  the  line  7-7  of  F igure   6; 

Figure   8  is  a  p e r s p e c t i v e   view  of  the  c losure   of  Figure  5 

shown  in  a  part ial ly  opened  c o n d i t i o n ;  

Figure   9  is  a  pe r spec t ive   view  of  a  p r e f e r r e d   embodiment  o f  

the  c losure   of  the  p resen t   i n v e n t i o n ;  

Figure   10  is  a  plan  view  of  the  closure  of  Figure   9  v iewed 

along  the  l i ne -o f - s igh t   B-B  of  F igure   9;  a n d  

Figure   11  is  a  c r o s s - s e c t i o n a l   view  of  the  c losure   of  Figure  9 

taken  along  the  line  11-11  of  F igure   10. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Refe r r ing   now  to  the  d r a w i n g s ,   wherein  like  numerals   i n d i -  

cate  the  same  elements  t h r o u g h o u t   the  views,  F igures   1  t h rough   4 

i l lus t ra te   the  setf-seal ing  check  valve  d i spens ing   c losure   10  which  

is  p r e f e r a b l y   molded  of  silicone  r u b b e r   ( e .g .   S i las t ic(TM)  MDX 

4-4526  available  from  Dow-Corn ing   of  Midland,  M i c h i g a n ) ,  

a l though   a  wide  variety  of  mater ia l s   ( e . g . ,   any  res i l ien t   plastic  o r  

e las tomer   s u c h  a s   silicone  r u b b e r   or  p las t i c ized   po lyv iny l  



ch lor ide)   and  molding  p r o c e d u r e s   can  be  used.   As  will  be  s e e n  

in  g r e a t e r   detail  below,  to  operate   p rope r ly ,   the  check  v a l v e  

d i s p e n s i n g   nozzle  10  must   be  res i l ient ly   flexible  enough  to  r e a d i l y  

open  in  response   to  i n c r e a s e d   p r e s s u r e   within  a  p roduc t   d i s -  

p e n s e r ,   while  at  the  same  time  exhibi t ing   suf f ic ien t   r igidity  t o  

maintain  its  gene ra l   confo rmat ion   a n d   t o  r e t u r n   to  its  d o s e d  

condi t ion  upon  release  of  p r o d u c t   p r e s s u r e   t he r ewi th in .   It  h a s  

been  found  that  r e s i l i e n t   plast ics   or  e las tomers   having  a 

d u r o m e t e r   in  the  range  of  between  approx imate ly   10  Shore  A  a n d  

95  Shore  A  (46  Shore  D)  and  having  a  wall  t h ickness   in  t h e  

range   of  from  about  .25  mm  to  1.3  mm  (.01  to  .05  inches)  p r o v i d e  

such  des i red   c h a r a c t e r i s t i c s .   Accord ing ly ,   it  can  be  seen  t h a t  

s t i f fe r   materials  would  n e c e s s a r i l y   have  to  be  t h inne r   to  main ta in  

the  r equ i r ed   resi l ient   f l ex ib i l i ty .   Check  valves  exhibi t ing  wall 

t h i c k n e s s e s   of  less  than  .25  mm  general ly   do  not  provide  s u f f i -  

cient  r ig idi ty   to  maintain  the i r   general   conformation  as  is  r e q u i r e d  

for  p rope r   opera t ion .   Such  th inner   walls  would  n e c e s s i t a t e  

addi t ional   suppor t   s t r u c t u r e ,   t he reby   u n n e c e s s a r i l y   adding  com-  

plexi ty   and  cost  to  the  c l o s u r e .  

Se l f - sea l ing   d i s p e n s i n g   c losure  10  includes  a  s u b s t a n t i a l l y  

t u b u l a r   open  inlet  end  30  and  a  normally  closed  outlet  end  31.  

An  a t t achmen t   flange  34  is  in tegra l ly   formed  about   the  p e r i p h e r y  

of  open  end  30  and  e x t e n d s   ou twardly   in  a  plane  s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to  the  c en t r a l   axis  of  closure  10. 

Outlet   end  31  c o n v e r g e s   from  a  s u b s t a n t i a l l y   tubular   s h a p e  

toward   its  closed  end  a long  the  inflexed  n o n - p l a n a r   surface   20  to  

the  normally  closed  n o n - l i n e a r   d i scha rge   slit  33.  The  distal  e d g e  

of  inf lexed  n o n - p l a n a r   s u r f a c e   20  mates  with  the  lower  t u b u l a r -  

shaped   surface   32  along  the  cu rved   d i scha rge   slit  33.  The  l a n d s  

of  con tac t   35  (seen  bes t   in  Figure  2)  between  the  inflexed  n o n -  

p lanar   sur face   20  and  the  opposi te ly   d i sposed   tubu la r   s h a p e d  

s u r f a c e   32  are  s u b s t a n t i a l l y   flat  and  have  a  width  ( m e a s u r e d  

along  the  central   l ong i t ud ina l   axis  of  c losure  10)  of  p r e f e r a b l y  

a p p r o x i m a t e l y   .66  mm  ( .026  inches)   in  a  c losure   having  an  i n s i d e  



d iamete r   of  its  t ubu l a r   inlet  end  30  of  app rox ima te ly   8  mm  ( . 315  

i n c h e s ) .   lnf lexed  non -p l ana r   su r face   20  is  formed  in  an  i n c l i n e d  

r e l a t i o n s h i p   re la t ive   to  the  central   longi tudinal   axis  of  c losure   10 

and  forms  an  acute  angle  at  slit  33  with  any  line  drawn  t h r o u g h  

slit  33  parallel  to  the  central   axis  of  the  c losu re .   As  will  be  s e e n  
in  g r e a t e r   detail  below,  this  angu la r   r e l a t ionsh ip   i m p o r t a n t l y  

a u g m e n t s   the  abili ty  of  closure  10  to  per form  as  a  s e l f - s e a l i n g  

check  valve  by  permit t ing  the  nozzle  to  maintain  an  e f fec t ive   s e a l .  

Closure  10  is  p r e fe rab ly   formed  of  silicone  with  a  d u r o m e t e r  

of  35  Shore  A  with  a  wall  t h i ckness   of  app rox ima te ly   .76  mm  ( . 0 3  

inches)   in  its  cyl indr ical   open  end  30  and  approx imate ly   .51  mm 

(0.02  inches)  in  its  inflexed  n o n - p l a n a r   su r face   20.  The  d i s t a l  

edges   of  inflexed  surface   20  and  the  lower  t ubu l a r   shaped  s u r f a c e  

32  are  a t t e n u a t e d   in  the  immediate  vicini ty  of  slit  33  to  p e r m i t  

the i r   su r faces   to  mate  along  the  s u b s t a n t i a l l y   flat  lands  of  c o n t a c t  

35,  as  shown  in  Figure  2.  In  a  p r e f e r r e d   execut ion  of  c l o s u r e  

10,  such  a t t enua t ion   resul ts   in  a  wall  t h i c k n e s s   at  the  distal  e d g e  

of  inflexed  sur face   20  of  app rox ima te ly   .076  mm  (.003  i n c h e s )  

when  inflexed  sur face   20  forms  a  forty  five  degree  angle  at  s l i t  

33,  as  desc r ibed   above,   and  the  lands  of  contac t   35  have  a  w i d t h  

of  app rox ima te ly   .66  mm  (.026  i n c h e s ) ,   as  de sc r ibed   in  g r e a t e r  
detail  below.  It  has  been  found  that   such  flat  lands  of  contac t   a t  

the  d i s c h a r g e   slit  insure  a  reliable  seal  of  c losure   10  along  d i s -  

c h a r g e   slit  33  and  provide  the  c losure   the  ability  to  e f f e c t i v e l y  

seal  a  con ta iner   at  an  a i r / p r o d u c t   in te r face   ( i . e . ,   c losure   10  c a n  

e f fec t ive ly   seal  a  conta iner   and  act  as  a  c h e c k - v a l v e   to  isolate  t h e  

con ta ined   p r o d u c t   from  ambient  air  s u b s e q u e n t   a  d i s p e n s i n g  

o p e r a t i o n ) .  

Closure  check  valve  10  is  to  be  mounted  ex te rna l ly   onto  a 

d i s p e n s i n g   package ,   such  as,  for  example ,   in  place  of  the  d i s -  

pens ing   out lets   and  check -va lves   of  the  d i s p e n s e r s   d isc losed  in 

U.S.   Patent   3 ,088,636  which  issued  to  Spatz  on  May  7,  1963,  o r  

U.S.   4,154,371  which  issued  to  Kolarzinski   et  al.  on  May  15,  

1979,  or  U.S.  4,301,948  which  issued  to  Czech  et  al.  on 



November  24,  1981.  Such  ex t e rna l   mounting  s i tuates   the  c l o s u r e  

of  a  d i spens ing   system  at  the  ou te rmos t   point ,   t he reby   r e d u c i n g  

mess iness   by  providing  posi t ive   p r o d u c t   cu t -o f f   after  d i s p e n s i n g  

o p e r a t i o n s .   Such  posi t ive  p r o d u c t   cu t -o f f   also  makes  the  c l o s u r e s  

des i r ab le   a l t e rna t ives   for  o ther   c losure   devices  in  appl icat ions  n o t  

r equ i r i ng   a  check  valve  ( e . g . ,   col lapsible  tubes   containing  p r o d -  

ucts  such  as  pas tes ,   gels ,   creams  and  the  like).  An  example  o f  

a  means  for  a t taching   c losure   10  to  a  d i spens ing   package  is  

i l l u s t r a t ed   in  Figure  4.  The  cyl indr ica l   open  end  30  of  closure  10 

is  t e lescoped   over  the  p r o t u b e r a n c e   88  formed  on  d i s p e n s i n g  

package   80  and  c i r c u m s c r i b i n g   the  outlet   passageway  83,  and  is 

pos i t ive ly   held  in  place  by  a  r e ta in ing   ring  90  which  slides  o v e r  

the  ex te r io r   of  c losure  10  and  is  snapped   passed  the  i n w a r d l y  

e x t e n d i n g   re tent ion  rib  87  formed  on  the  inner  sur faces   of  t h e  

re ta in ing   wall  86.  Reta ining  ring  90  is  p r e fe rab ly   made  of  p o l y -  

p r o p y l e n e .   or  p o l y e t h y l e n e ,   but  can  be  made  of  any  r e l a t i v e l y  

rigid  material .   The  d imensions   of  re ta in ing  ring  90  in  t h e  

location  of  the  rib  87  are  such  as  to  insure  that   upon  its  a p p l i c a -  

tion  the  ring  90  will  be  biased  agains t   flange  34,  t h e r e b y  

e s t ab l i sh ing   a  t ight  seal  of  flange  34  agains t   the  outlet  base  r i n g  

84  of  d i spens ing   package   80.  The  manner  of  a t tachment   o f  

c losure   10  to  the  package   is  not  c r i t ica l ,   however ,   and  can  b e  

accompl ished  by  a  va r i e ty   of  ways  k n o w n ' o r   conceivable  by  t h o s e  

skilled  in  the  ar t ,   such  as  by  a d h e s i v e s ,   heat  sealing,  or  o t h e r  

mechanical   a r r a n g e m e n t s .  
D u r i n g  a  c h s p e r i s i n g  o p e r a t i o n ,   p roduc t   p r e s s u r e   within  t h e  

d i s p e n s e r   is  built  up  e i the r   manually  or  by  p r e s s u r e   v a r y i n g  

means  on  the  d i s p e n s e r .   Such  p r o d u c t   p r e s s u r e   exer t s   i n c r e a s -  

ing  ou tward   normal  forces  aga ins t   the  inner  sur faces   of  closure  10 

as  the  p r e s s u r e   builds  within  t h e  d i s p e n s e r .   The  rising  p r e s s u r e  

res i l i en t ly   pushes   ou tward ly   from  within  c losure   10  and  d e f l e c t s  

or  deforms  inflexed  n o n - p l a n a r   su r face   20  ou tward ly ,   t h e r e b y  

opening   closure  10  and  pe rmi t t i ng   flow  of  p roduc t   t h e r e t h r o u g h .  
Closure   10  is  shown  in  F igure   3  in  a  par t ia l ly   opened  c o n d i t i o n .  



The  p r e s s u r e   r e q u i r e d   to  initiate  d i spens ing   t h r o u g h   c losure  10 

can  be  p r e d e t e r m i n e d   and  controlled  by  v a r y i n g   the  ma te r i a l  

c h a r a c t e r i s t i c s   of  c losure   10  ( e . g . ,   a  closure  formed  of  material  o f  

higher   d u r o m e t e r   or  f lexural   modulus  would  r equ i r e   more  p r e s s u r e  

to  def lec t   o u t w a r d l y   the  inflexed  surface   20),  and  by  va ry ing   t h e  

wall  t h i c k n e s s e s   a n d / o r   the  diameter  thereof   while  taking  i n to  

cons ide ra t i on   the  v iscosi ty   of  the  p roduc t   to  be  d i s p e n s e d  

( p r o d u c t   having   lower  viscosi ty  will  gene ra l l y   r equ i re   l e s s  

p r e s s u r e   to  d i s p e n s e ) .   As  an  example,   in  a  p r e f e r r e d  

embodiment   of  the  closure  shown  in  Figure  1  having  an  i n s i d e  

diameter   of  open  end  30  of  approximate ly   8  mm.  (.315  i n c h e s ) ,  

wall  t h i c k n e s s e s   as  desc r ibed   above,   a  duromete r   of  a p p r o x i m a t e l y  

35  Shore   A,  a  d i spens ing   passageway  83  having  a  d iameter   o f  

6.4  mm  ( a p p r o x i m a t e l y   .25  inches) ,   with  inf lexed  n o n - p l a n a r  

surface   20  forming  an  angle  of  approx imate ly   for ty   five  d e g r e e s  

(45°)  at  slit  33  with  any  line  drawn  th rough   slit  33  parallel  to  t h e  

central   axis  of  the  c losure ,   and  used  with  a  fluid  p roduc t   o f  

300,000  cp  (Brookf ie ld)   v iscos i ty ,   the  d i s p e n s i n g   p r e s s u r e   a t  

which  the re   is  apprec iab le   p roduc t   flow  is  a p p r o x i m a t e l y  

0.10  kg/cm2  [1.5  lbs.  per  square   inch  ( p s i g ) ] .   In  this  e x a m p l e ,  

if  a  p r o d u c t   flow  rate  of  approximate ly   1.45  to  2.9  cc / sec .   is 

de s i r ed ,   a  d i s p e n s i n g   p r e s s u r e   of  approx imate ly   0.14  k g / c m   [ 2 . 0  

Ibs.  per  s q u a r e   inch  (ps ig) ]   would  be  r e q u i r e d .  

The  c l o s u r e s   of  the  p resen t   invention  e x h i b i t   low  b a c k  

p r e s s u r e   to  p r o d u c t   d i spens ing   not  only  because   of  the  r e s i l i e n t l y  

flexible  material   p r o p e r t i e s ,   but  also  because  of  the  n o n - p l a n a r  

overall  conformat ion   of  their   d i scharge   slits.  As  can  be  seen  in 

Figure  3,  def lec t ion   of  non -p l ana r   surface  20  does  not  r e q u i r e  

flexing  of  the  end  points  21  of  d i scha rge   slit  33.  Likewise,   a 

c o r r e s p o n d i n g   r e l a t ionsh ip   can  be  seen  by  the  n o n - f l e x u r e   of  e n d  

points  121  in  Figure  8 .   Closures  with  linear  d i s c h a r g e   s l i t s  

( e . g . ,   common  duckbil l   c losures)   genera l ly   exh ib i t   g r e a t e r   b a c k  

p r e s s u r e s   b e c a u s e   the  end  points  of  their  slits  must  be  d e f l e c t e d  

inwardly  to  allow  opening  of  the  slits.  Because  such  d e f o r m a t i o n  



of  end  points  is  not  r equ i red   in  the  c losures   of  the  p r e s e n t  

invent ion ,   p r e s s u r e   r equ i red   to  open  the  subject   c losures   can  b e  

min imized .  

As  d e s c r i b e d   above,   when  the  p r e s s u r e   within  the  d i s p e n s -  

ing  package  r e aches   the  r equ i red   d i spens ing   p r e s s u r e ,   p r o d u c t  

will  be  d i s p e n s e d   at  the  des i red   rate  of  flow  and  such  d i s p e n s i n g  

will  continue  until  the  p r e s s u r e   in  the  d i spense r   falls  below  t h a t  

r equ i red   p r e s s u r e .   Upon  release  of  the  force  caus ing   t h e  

increased   p r e s s u r e   within  the  d i s p e n s e r ,   p r e s s u r e   in  the  d i s -  

pense r   will  begin  to  drop.   When  such  internal   p r e s s u r e  

app roaches   a t m o s p h e r i c   p r e s s u r e ,   c losure   10  will  r es i l i en t ly   t e n d  

to  close  due  to  the  elastic  memory  of  its  material .   F u r t h e r  

reduct ion   of  p r e s s u r e   within  the  d i s p e n s e r   below  a t m o s p h e r i c  

p r e s s u r e   will  cause   such  ambient  p r e s s u r e   to  act  upon  t h e  

ex te r io r   su r f aces   of  c losure  10,  f u r t h e r   closing  and  seal ing  t h e  

slit  33  in  a  s u b s t a n t i a l l y   f l u i d - t i g h t   condition.  The  c losure   10 

can  the re fore   be  succes s fu l l y   utilized  as  a  check  valve  aga in s t   t h e  

flow  of  fluids  ( inc lud ing   air)  into  a  d i s p e n s e r .  
In  a  p r e f e r r e d   execut ion  of  the  closure  10,  the  flat  lands  o f  

contact   35  have  a  width  of  app rox ima te ly   .66  mm  (.026  i n c h e s ) ,  

measured   in  a  d i rec t ion   parallel  to  the  central   axis  of  c losure   10.  

It  has  been  found  that   a l though  the  land  width  can  be  as  small  a s  

approximate ly   .2  mm  (.008  i nches ) ,   a  be t te r   seal  aga ins t   t h e  

inflow  of  fluids  t h r o u g h   the  slit  33  is  achieved  by  lands  of  c o n -  

tact  35  being  wider  than  such  minimum  value.  Because   t h e  

c losures   of  the  p r e s e n t   invent ion  must  exhibi t   a  cer ta in   d e g r e e   o f  

so f tness   so  as  to  be  flexible  as  well  as  res i l ient ,   it  is  c o n c e i v a b l e  

that   a  negat ive   p r e s s u r e   within  the  sealed  closure  could  cause   t h e  

outlet   end  31  to  collapse  inward ly .   It  has  been  o b s e r v e d   t h a t  

wider  lands  of  con tac t   augment   the  c losure ' s   r e s i s t ance   to  s u c h  

back  p r e s s u r e ,   and  will  be t te r   res i s t   the  t endency   to  c o l l a p s e  

under   negat ive   p r e s s u r e .   T h e r e f o r e ,   while  the  width  of  lands  35 

can  be  widely  va r i ed   without   s ign i f i can t   de te r io ra t ion   of  the  c h e c k  

valve  capabi l i t ies   of  c losure   10,  the  p r e f e r r e d   range  for  the  w i d t h  



of  lands  35  is  between  approximate ly   0.5  and  1.0  mm  ( . 0 2 - . 0 4  

i n c h e s ) .   It  has  also  been  found  that  to  insure   the  capabil i ty  of 

slit  33  to  fully  close,  it  is  p r e f e r r ed   that  c l o su re   10  be  molded 

wi thout   slit  33,  and  t h e r e a f t e r   cutt ing  slit  33  while  c losure  10  is 

in  an  u n s t r e s s e d   condi t ion.   Cutt ing  slit  33  in  this  manner   forms 

the  flat  -lands  of  contact   35  which  permit  slit  33  to  exactly  close 

w h e n e v e r   c losure   10  is  u n s t r e s s e d - - m a k i n g   c l o s u r e   10  a  v e r y  
e f fec t ive   self  sealing  o u t l e t .  

F i g u r e s   5  t h rough   8  i l lus t ra te   an  a l t e rna te   embodiment   of  t h e  

sub jec t   check  valve  d i spens ing   closure  of  the  c u r r e n t   i n v e n t i o n .  

P a r t i c u l a r l y ,   Figures   5  t h r o u g h   8  i l lustrate  check   valve  d i s p e n s -  

ing  c losure   100  compris ing  a  general ly   cy l indr ica l   open  inlet  e n d  

130  and  an  outlet  end  131  which  terminates   at  a  normally  c losed 

n o n - l i n e a r   d i s cha rge   slit  133.  An  a t tachment   f lange  134  c o r r e -  

spond ing   to  the  a t t achmen t   flange  34  of  the  f i r s t   d e s c r i b e d  

c losure   10.  is  in tegral ly   formed  about  the  bottom  pe r iphe ra l   e d g e  

of  open  end  130.  Outlet  end  131  converges   toward   its  closed  e n d  

along  th ree   inflexed  n o n - p l a n a r   surfaces  120  which  are  equa l ly  

spaced  about   the  central  axis  of  closure  100.  Inf lexed   n o n - p l a n a r  

s u r f a c e s   120  co r r e spond   to  the  inflexed  sur face   20  of  closure  10, 

h o w e v e r ,   the  su r faces   120  each  include  a  c en t r a l l y   located  g r o o v e  
122  which  causes   each  inflexed  non-p lanar   s u r f a c e   120  to  a s s u m e  

a  more  angu l a r   overall  conformation  ( i . e . ,   a  m u l t i p l a n a r   s u r f a c e ) .  

The  more  angu la r   shape  of  the  inflexed  s u r f a c e s   120  fac i l i t a tes  

the  close  mating  of  the  distal  edges  of   s u r f a c e s   120  along  a 

normally  closed  d i scha rge   slit  133.  It  can  be  seen  that  while 

po r t ions   of  sur face   120  can  be  planar ,   the  overa l l   surface  120 

must  be  n o n - p l a n a r   to  maintain  the  a d v a n t a g e s   of  the  c l o s u r e s  

d e s c r i b e d   here in .   Likewise  port ions  of  d i s c h a r g e   slit  133  can  b e  

l inear;   however ,   overal l ,   the  d i scharge   slit  must  be  non- l inear   in 

c o n f o r m a t i o n .  

C o r r e s p o n d i n g   to  c losure   10,  closure  100  is  p r e f e r a b l y  

formed  with  wall  t h i c k n e s s e s   of  approximate ly   .76  mm  (.03  i nches )  

in  its  cy l indr ica l   open  end  130  and  .5  mm  (.02  inches)  in  i ts  



inflexed  n o n - p l a n a r   su r faces   120.  Also  c o r r e s p o n d i n g   to  c l o s u r e  

10,  as  d e s c r i b e d   above,   the  distal  ends  of  the  n o n - p l a n a r   s u r -  

faces  120  can  be  a t t e n u a t e d   in  the  immediate  v ic in i ty   of  the  s l i t  

133  to  fac i l i t a te   the  e s t a b l i s h m e n t   of  the  flat  lands  of  contact   135, 

as  can  be  seen  best  in  Figure   7.  It  is  also  a p p a r e n t   in  Figure  7 

that  the  dis ta l   ends  of  the  lands  of  contact  135  are  s q u a r e d   off  a s  

opposed  to  being  t apered   to  a  point.   Because  it  is  p r e f e r r e d   to  

mold  the  c lo su res   of  the  p r e s e n t   invention  in  a  closed  cond i t i on  

and  t h e r e a f t e r   to  cut  the  non- l inea r   d ischarge   slit  133  as  d e s i r e d ,  

it  has  been  found  that   the  squared   off  tip  fac i l i ta tes   the  s l i t -  

cu t t ing   p r o c e s s   and  allows  be t t e r   control  of  r e s u l t i n g   slit  c o n f o r -  

mation.  Also  as  de sc r ibed   with  regard  to  c losure   10  above,   e a c h  

of  the  in f l exed   n o n - p l a n a r   su r faces   120  of  the  c losure   100  c o n -  

verge  t o w a r d   the  closed  end,   and  each  forms  an  acute   angle  a t  

the  slit  133  with  any  line  drawn  through  slit  133  parallel   to  t h e  

central   axis   of  closure  100.  By  es tabl ish ing  an  acute   angle  wi th  

the  n o n - l i n e a r   d i scha rge   slit,  inflexed  n o n - p l a n a r   su r f aces   120 

tend  to  maintain  their  normally  closed  position  more  e f f e c t i v e l y ,  

especia l ly   when  subjec ted   to  a  vacuum  p r e s s u r e   from  w i t h i n .  

It  has  been  found  that  by  forming  the  inf lexed  n o n - p l a n a r  

su r faces   of  a  check  valve  d i spens ing   closure  as  d e s c r i b e d   h e r e i n  

in  such  a  way  that  each  forms  an  acute  angle  with  any  line  d r a w n  

t h r o u g h   its  non - l inea r   d i s c h a r g e   slit  parallel  to  the  cent ra l   axis  o f  

the  c l o s u r e ,   such  a  c losure   will  tend  to  r e t u r n   to  its  normal ly  

closed  cond i t ion   when  p r o d u c t   p r e s s u r e   within  is  r e leased   and  will 

s u c c e s s f u l l y   maintain  t ha t   closed  position  while  r e s i s t i ng   an  e x -  

ternal  co l l aps ing   force  caused   by  a tmospher ic   p r e s s u r e   when  s a id  

p roduc t   p r e s s u r e   within  the  c losure   is  reduced  below  a t m o s p h e r i c .  

Extremely   good  p roduc t   cut  off  and  check  valve  opera t ion   is 

achieved  when  such  geometr ica l ly   a r r anged   inf lexed  n o n - p l a n a r  

su r faces   are  combined  in  a  c losure   exhibi t ing  s u b s t a n t i a l l y   f l a t  

lands  of  c o n t a c t   at  its  n o n - l i n e a r   d ischarge   s l i t .  

C l o s u r e   100  is  to  be  mounted  external ly   on  a  d i s p e n s e r   in 

the  same  manne r   as  d e s c r i b e d   above  with  r ega rd   to  c losure  10. 



The  opera t ion   of  closure  100  also  c o r r e s p o n d s   to  the  operat ion  o f  

c lo su re   10,  as  de sc r ibed   above.   Inc reased   p r o d u c t   p r e s s u r e  
within  nozzle  100  exe r t s   ou tward   forces  normal  to  the  i n n e r  

s u r f a c e s   of  inflexed  n o n - p l a n a r   sur faces   120.  When  the  p r o d u c t  

p r e s s u r e   reaches  a  cer ta in   r equ i r ed   d i s p e n s i n g   p r e s s u r e ,   s u c h  

p r e s s u r e   forces  the  inflexed  n o n - p l a n a r   s u r f a c e s   120  to  r e s i l i en t l y  

flex  ou tward ly   and  to  even tua l ly   deform  su f f i c i en t l y   to  fully  o p e n  
c losu re   100  (as  shown  in  Figure  8)  permit t ing  p r o d u c t   flow  t h e r e -  

t h r o u g h   at  a  desired  rate  of  flow.  Upon  re lease   of  the  p r o d u c t  

p r e s s u r e   t he rewi th in ,   the  inflexed  n o n - p l a n a r   s u r f a c e s   120  r e s i l -  

iently  r e tu rn   to  their  original  inflexed  posi t ions   t h e r e b y   sea l ing  

c losu re   100. 

F igures   9  t h rough   11  show  a  p r e f e r r e d   embodiment   of  t h e  

check  valve  d i spens ing   c losure  of  the  subjec t   i nven t ion .   C l o s u r e  

200  is  c o n s t r u c t e d   in  a  manner   identical  to  tha t   d e s c r i b e d   a b o v e  

r e g a r d i n g   closure  100,  with  the  exception  that   c losure   200  com- 

p r i s e s   four  inflexed  n o n - p l a n a r   sur faces   220  equal ly  s p a c e d  

a r o u n d   the  central  axis.  A  comparison  of  F igures   9  th rough   11 

with  the  Figures  5  t h r o u g h   7  shows  that  the  only  s i g n i f i c a n t  

d i f f e r e n c e   between  the  two  embodiments   is  the  addi t ional   i n f l exed  

n o n - p l a n a r   surface  220  of  c losure   200.  Closure   200  opera tes   in  a 

manne r   identical  to  that   de sc r ibed   r e g a r d i n g   c losure  100; 

h o w e v e r ,   it  has  been  found  that   the  a d d i t i o n   of  the  f o u r t h  

inf lexed   non-p lana r   sur face   220  permits  c losure   200  to  open  to  a 

s l igh t ly   larger   diameter  than  d o e s  c l o s u r e   100,  t h e r e b y   p e r m i t t i n g  

a  g r e a t e r   volume  of  p roduc t   per  unit  length  of  e x t r u d a t e   to  flow 

t h r o u g h   the  open  c losure .   It  is  obse rved   t h a t   the  add i t iona l  

s u r f a c e   220  also  provides   a  n o n - p l a n a r   d i s p e n s i n g   slit  which  h a s  

even  more  effective  sealing  c h a r a c t e r i s t i c s   at  its  mating  s u r f a c e s  

than  the  previous ly   de sc r i bed   embodiments ,   and  t h e r e b y   ma in t a in s  

a  b e t t e r   seal  in  its  normally  closed  condi t ion .   Closure   200  h a s  

also  d e m o n s t r a t e d   a  h igher   r e s i s t ance   to  forces   t end ing   to  co l l apse  

the  out let   end  231  inwardly  when  the  c losure   is  sub jec ted   to  

n e g a t i v e   p r e s s u r e   from  w i t h i n .  



It  is  envisioned  that   any  number  of  inflexed  n o n - p l a n a r  
s u r f a c e s   can  be  i n c o r p o r a t e d   into  a  d i spens ing   c losure  made  in 

a c c o r d a n c e   with  the  c u r r e n t   d i sc losu re .   It  has  been  f o u n d ,  

h o w e v e r ,   that  c losures   compr i s ing   a  great   number   of  i n f l e x e d  

n o n - p l a n a r   sur faces   in  the i r   c o n v e r g i n g   outlet   end  tend  to  s u f f e r  

d e c r e a s e d   efficiency  in  p r o d u c t   cu t -o f f   and  posit ive  sealing  due  t o  

the  i n t e r f e r e n c e   of  such  inf lexed  non -p l ana r   su r faces   with  o n e  
a n o t h e r   dur ing  opening  and  c losing  o p e r a t i o n s .  

Various  modifications  and  uses  of  the  d e s c r i b e d   invent ion  in 

addi t ion   to  those  d i s cus sed   above   will  be  a p p a r e n t   to  those  sk i l l ed  

in  the  art .   A c c o r d i n g l y ,   the  scope  of  the  p r e sen t   i n v e n t i o n  

should  be  cons idered   in  t e rms   of  the  following  claims  and  is 

u n d e r s t o o d   not  to  be  limited  to  the  details  of  s t r u c t u r e   a n d  

o p e r a t i o n   desc r ibed   and  shown  in  the  specif icat ion  and   d r a w i n g s .  



1.  An  e x t e r n a l l y   m o u n t e d ,   i n t e g r a l ,   s e l f - s e a l i n g  

c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   f o r   use   in  a  f l u i d   p r o d u c t  

d i s p e n s e r ,   c h a r a c t e r i z e d   in  t h a t   i t   is  f o rmed   of  a  

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

r a n g e   of  b e t w e e n   10  S h o r e   A  and  95  S h o r e   A  (46  S h o r e   D) 

and  h a v i n g   a  w a l l   t h i c k n e s s   in  t he   r a n g e   of  f rom  .25mm  t o  

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

t u b u l a r   open  i n l e t   end  and  a  n o r m a l l y   c l o s e d   o u t l e t   e n d ,  

s a i d   o u t l e t   end  c o v e r g i n g   t o w a r d   i t s   c l o s e d   end  a l o n g   a t  

l e a s t   one  i n f l e x e d   n o n - p l a n a r   s u r f a c e   to  a  n o r m a l l y   c l o s e d  

n o n - l i n e a r   d i s c h a r g e   s l i t ,   t he   d i s t a l   edge  of  s a i d  

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

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

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

s u b s t a n t i a l l y   f l a t   l a n d s   of  c o n t a c t   a l o n g   s a i d   s l i t ,   s a i d  

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

s l i t   w i t h   any  l i n e   d rawn   t h r o u g h   s a i d   s l i t   p a r a l l e l   to  t h e  

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

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

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

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

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

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

2.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   o f  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   m a t i n g   s u r f a c e s   a r e  

a t t e n u a t e d   in  t h e   i m m e d i a t e   v i c i n i t y   of  s a i d   s l i t   to  a  

minimum  t h i c k n e s s   a l o n g   s a i d   l a n d s   of  c o n t a c t .  



3.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   o f  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t l e t   end  c o n v e r g e s  

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

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

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

w i t h   one  a n o t h e r   a t   t h e i r   d i s t a l   e d g e s   to  f o rm  s a i d  

d i s c h a r g e   s l i t .  

4.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   o f  

c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   s a i d   o u t l e t   end  c o n v e r g e s  

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

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

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

a n o t h e r   a t   t h e i r   d i s t a l   edges   to  fo rm  s a i d   d i s c h a r g e   s l i t .  

5.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   o f  

c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t l e t   end  c o n v e r g e s  
t o w a r d   i t s   c l o s e d   end  a l o n g   f o u r   i n f l e x e d   n o n - p l a n a r  

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

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

a n o t h e r   at   t h e i r   d i s t a l   e d g e s   to  fo rm  s a i d   d i s c h a r g e   s l i t .  

6.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g  c l o s u r e   o f  

c l a i m s   4  or  5,  c h a r a c t e r i z e d   in  t h a t   s a i d   i n f l e x e d  

n o n - p l a n a r   s u r f a c e s   a r e   a r r a n g e d   in  an  e q u a l l y   s p a c e d  

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

7.  The  s e l f - s e a l i n g   c h e c k   v a l v e   d i s p e n s i n g   c l o s u r e   o f  

c l a i m   6,  c h a r a c t e r i z e d   in  t h a t   s a i d   r e s i l i e n t   p l a s t i c   o r  

e l a s t o m e r   is   s i l i c o n e ,   s a i d   d u r o m e t e r   i s   a p p r o x i m a t e l y   35  

S h o r e   A,  and  the   w a l l   t h i c k n e s s   is   in   t h e   r a n g e   of  .45  t o  

.80   mm. 




	bibliography
	description
	claims
	drawings

