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©  Follower  device  for  dispensing  package. 
@  A  dispenser  for  a  product  is  described  which  incorpor- 
ates  a  follower  piston  slidably  mounted  therewithin.  The 
dispenser  includes  an  axially  extending  bore  of  a  tubular 
container  body  for  housing  a  product  to  be  dispensed  and 
having  an  upper  end  from  which  the  product  is  dispensed 
and  an  open  lower  end.  The  follower  piston  is  slidably 
mounted  within  the  lower  end  of  the  bore  of  the  container 
body  to  support  the  product  thereabove.  The  piston  is 
constructed  of  resilient  material  and  comprises  a  face 
portion  adapted  to  contact  the  product  and  a  peripherally 
attached  sidewall.  The  sidewall  further  comprises  at  least 
one  integral  peripheral  contact  band  conforming  to  the 
shape  of  the  cross  section  of  the  bore,  and  is  adapted  to 
virtually  resiliently  extend  or  contract  in  response  to  axial 
forces  exerted  on  the  face  portion  with  such  change  in  length 
resulting  in  an  inversely  proportional  virtual  change  in  lateral 
dimension  of  the  peripheral  contact  band.  The  peripheral 
contact  band  is  dimensioned  to  provide  an  interference  fit 
within  the  bore  which  exerts  a  predetermined  normal  force 
against  the  inner  surfaces  of  the  bore  in  static  condition. 





TECHNICAL  FIELD 

This  invent ion   relates  to  a  d i spens ing   package  for  a  p r o d -  

uct,  and,   more  p a r t i c u l a r l y ,   to  a  d i s p e n s i n g   package  w h i c h  

includes  a  follower  piston  slidably  mounted  within  the  p a c k a g e  

des igned   to  e s t ab l i sh   a  minimum  p r e d e t e r m i n e d   amount  of  f r i c t i o n a l  

r e s i s t ance   to  axial  d isplacement   within  the  package ,   and  more  

easily  moved  u p w a r d l y   than  downwardly   by  axial  forces  t h e r e i n .  

BACKGROUND  A R T  

Much  work  has  been  d i rected  to  d i spens ing   packages   f o r  

liquids  and  o ther   f luent   masses.   Swedish  Patent  No.  197 ,618 ,  

which  issued  to  K.  H.  Lundberg   on  J a n u a r y   21,  1965,  from  a n  

appl icat ion  filed  June  21,  1961,  for  example ,   discloses  a  r e c e p t a c l e  

for  pa s t e - l i ke   or  liquid  material  compris ing  a  t r a n s p a r e n t   t u b e  

equipped   on  one  end  with  a  taper ing   flexible  hollow  head  having  a 

slit  opening  t h e r e t h r o u g h .   In  one  vers ion  of  the  r e c e p t a c l e  

desc r ibed   by  L u n d b e r g ,   the  t r a n s p a r e n t   tube  is  equipped  with  a 

p lunger   p rov ided   with  a  number  of  r i n g - s h a p e d   flanges  e x t e n d i n g  

obliquely  from  the  p lunger   in  a  backward   di rect ion  relative  to  t h e  

hollow  head.   In  use,   a  portion  of  the  hollow  head  is  m a n u a l l y  

squeezed   t o g e t h e r   t h e r e b y   reducing  the  volume  within  the  h e a d  

and  d i s c h a r g i n g   material  t h rough   the  slit.  Upon  release  of  t h e  

squeezing   force,   the  slit  closes  as  the  hollow  head  r e t u r n s   to  i t s  

original  volume,  thus   crea t ing  a  sl ight  u n d e r p r e s s u r e   within  t h e  

receptac le   and  t h e r e b y   moving  the  p lunge r   in  a  direct ion  t o w a r d  

the  hollow  h e a d .  

A  con ta ine r   adap ted   to  hold  semi-solid  or  fluent  masses  a n d  

e m b o d y i n g   d i s p e n s i n g   fea tures   for  control l ing   the  d i s cha rge   o f  

such  masses  is  d isc losed  in  U.S.  Patent   3 ,088,636,   which  i s s u e d  

to  Walter  B.  Spatz  on  May  7,  1963.  The  Spatz  '636  d i s p e n s e r  

desc r ibes   a  con ta ine r   having  a  pliant  plastic  head  capable  o f  



d e c r e a s i n g   the  effect ive  volume  within  the  c o n t a i n e r ,   a  s e l f -  

closing  d i s c h a r g e   open ing ,   and  a  one-way  follower  device .   I n -  

ward  def lect ion  of  the  pliant  head  dec reases   the  volume  within  t h e  

d i s p e n s e r   and  effects   an  opening  of  the  d i s cha rge   out le t ,   t h u s  

allowing  the  f luent   material  to  pass  t h e r e t h r o u g h .   A  o n e - w a y  
latch  mechanism  is  a t t ached   to  the  central   rear  port ion  of  t h e  

follower  and  includes  a  p lura l i ty   of  c i r cumfe ren t i a l ly   spaced  l a t ch  

f i nge r s   which  ex tend  lateral ly  in  an  outward  and  r e a rward   d i r e c -  

tion  and  funct ion  to  engage   the  inner  wall  of  the  con ta ine r   to  

p r e v e n t   r e a rward   motion  o f - the   follower  device  within  the  c o n t a i n -  

er.  Upon  release  of  the  p r e s s u r e   on  the  head,   the  lips  of  t h e  

d i s c h a r g e   outlet   are  closed  and  the  head  res i l ient ly   r e t u r n s   to  i t s  

original   c o n f i g u r a t i o n ,   thus   c rea t ing   a  partial   vacuum  within  t h e  

c o n t a i n e r   and  allowing  a tmospher i c   p r e s s u r e   to  act  on  the  o n e - w a y  
follower  device  p ress ing   it  fo rward ly   within  the  c o n t a i n e r .  

U.S.   Patent  3 ,768,705,   which  issued  to  Walter  B.  Spatz  on 

Oc tober   30,  1973,  is  also  d i rec ted   to  a  d i s p e n s e r   for  f luent   mass  

and  shows  a  one-way  follower  s l idingly  mounted  within  a  p l i a n t  

elast ic   con ta ine r   behind  the  f luent   material  conta ined  t he r e in .   A 

b u t t e r f l y   check -va lve   is  d i sposed   in  the  outlet   of  the  e l a s t i c  

c o n t a i n e r   and  opens  to  allow  d i s p e n s i n g   in  r e sponse   to  s q u e e z i n g  
of  the  conta iner   at  any  point .   S u b s e q u e n t   to  the  removal  of  a 

s q u e e z i n g   force  on  the  elast ic  c o n t a i n e r , .   the  outlet   c h e c k - v a l v e  

c loses ,   thus   p r e v e n t i n g   air  from  en te r ing   the  con ta ine r   as  t h e  

pl iant   con ta iner   walls  r e tu rn   to  their   original  pos i t ion ,   t h e r e b y  

c rea t ing   a  negat ive   p r e s s u r e   within  the  con ta ine r .   The  fo l lower  

compr i ses   a  one-way  latch  device  similar  to  that   d e s c r i b e d   in  t h e  

Spatz  '636  pa tent   having  r e a r w a r d l y   d isposed   latch  f ingers   w h i c h  

p r e v e n t   movement  of  the  follower  in  the  r e a rward   d i rec t ion .   A s  

in  Spatz  '636  ambient  air  at  a tmospher ic   p r e s s u r e   moves  t h e  

follower  forwardly   within  the  con ta ine r   as  the  resu l t   of  t h e  

vacuum  crea ted   af ter   a  d i s p e n s i n g   o p e r a t i o n .  
A  pump-ac t ion   d i spens ing   package   for  l iquids  and  p a s t e - l i k e  

p r o d u c t s   is  t augh t   in  U.S.  Patent   4 ,301,948,   which  issued  t o  



Joachim  Czech  and  Hans  S ieghar t   on  November  24,  1981.  T h i s  

d i s p e n s e r   f e a t u r e s   a  con ta iner   closed  at  its  lower  end  by  a  s l i d -  

able  piston  and  p rov ided   at  its  uppe r   end  with  a  head  m e m b e r  

which  inc ludes   a  va r i ab le -vo lume   pump  chamber .   The  p u m p  
chamber  i tself   is  isolated  from  the  bulk  of  the  p roduc t   in  t h e  

con ta iner   by  a  f i r s t   check  valve  adap t ed   to  open  only  towards   t h e  

pump  c h a m b e r ,   and  is  isolated  from  an  ex tended   outlet  p a s s a g e  
by  a  second  check   valve  adapted   to  open  only  towards  the  o u t l e t .  

Exter ior   manual  p r e s s u r e   exer ted   on  the  pump  head  piston  d e -  

c reases   the  volume  in  the  pump  chamber   and  forces  p r o d u c t  

t h rough   the  second  check  valve  and  out le t ,   t he reby   d i s p e n s i n g   a 

portion  of  the  p r o d u c t .   Upon  removal  of  said  force,  the  p u m p  
chamber  r e t u r n s   to  its  original  volume  t he reby   crea t ing  a  p a r t i a l  

vacuum  within  the  pump  chamber  and  caus ing  the  second  c h e c k  

valve  to  close  and  the  first   check  valve  to  open,  thus  p e r m i t t i n g  

p roduc t   from  the  conta iner   to  en ter   the  pump  chamber   and  r e -  

place  the  mass  of  p roduc t   which  had  been  d i s p e n s e d .  

Despi te   all  of  the  prior  work  done  in  this  area,   as  e v i d e n c e d  

by  the  a b o v e - c i t e d   pa ten t s ,   there  remain  problems  of  c o m p l e x i t y  

of  the  d i s p e n s e r s ,   assembly  of  the  p a r t s ,   rel iabil i ty  of  f u n c t i o n ,  

and  exces s ive   cost .   The  packages   of  the  prior  art  r equ i r e   c o m -  

plex  va lv ing  s t r u c t u r e s ,   a n d / o r   m u l t i - p a r t   follower  d e v i c e s ,  

and /o r   c o r r e s p o n d i n g l y   complex  assembly   ppe ra t i ons ,   and  still  a r e  

not  always  rel iable   in  opera t ion .   Such  shor tcomings   resu l t   in 

d i s p e n s e r s   which  are  messy,   i n c o n v e n i e n t ,   and  e x p e n s i v e .  

DISCLOSURE  OF  THE  INVENTION 

It  is  an  object   of  this  invent ion   to  obviate  the  a b o v e -  

desc r ibed   p r o b l e m s .  

It  is  an  object   of  the  p r e s e n t   invention  to  provide   a n  

economical  and  rel iable  d i spens ing   package   r equ i r ing   a  minimum  o f  

par ts   and  a s sembly   o p e r a t i o n s .  

It  is  a n o t h e r   object  of  the  p r e s e n t   invent ion  to  provide   a 

manually  o p e r a t e d   e l e v a t o r - t y p e   piston  for  p roduc t s   i n c l u d i n g  

solids  ( i .e .   s t ick  or  cream  d i s p e n s e r s ) .  



It  is  also  an  object  of  the  p r e s e n t   invent ion   to  provide  a n  

improved  d i s p e n s i n g   package  with  a  one -p iece   in tegra l ly   fo rmed  

follower  piston  which  can  be  funct ional ly   de s igned   in  relation  t o  

the  o ther   par t s   of  said  package  to  optimize  the  funct ional   c h a r a c -  

t e r i s t i c s   and  conven ience   t h e r e o f .  

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

a  pump  d i s p e n s i n g   package  which  f ea tu res   added  c o n v e n i e n c e  

without   added  cost  in  relation  to  o ther   conven t iona l ly   k n o w n  

d i s p e n s i n g   p a c k a g e s .  

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

there   is  p rov ided   a  d i s p e n s e r   for  a  p r o d u c t ,   where in   the  p r o d u c t  

is  housed  in  an  axially  ex tending   bore  of  a  t u b u l a r   c o n t a i n e r  

body  having  an  upper   end  from  which  the  p r o d u c t   is  d i s p e n s e d  

and  an  open  lower  end.  The  d i s p e n s e r   inc ludes   a  follower  p i s t o n  

sl idably  mounted  within  the  lower  end  of  the  t ubu la r   c o n t a i n e r  

body  to  retain  the  p roduc t   within.  The  follower  piston  c o m p r i s e s  

a  face  port ion  adap ted   to  contact  the  p roduc t   within  the  c o n t a i n e r  

body,   and  a  d e p e n d i n g   sidewall  which  is  formed  with  at  least  o n e  

integral   pe r iphe ra l   contact   band  conforming  to  the  shape  of  t h e  

cross  sect ion  of  the  bore.   The  sidewall  is  adap ted   to  v i r t u a l l y  

res i l i en t ly   longi tud ina l ly   extend  or  c o n t r a c t   in  r e sponse   to  ax ia l  

forces  e x e r t e d   on  the  face  portion  with  such  change   in  l e n g t h  

r e su l t ing   in  an  inverse ly   propor t ional   v i r tua l   change   in  l a t e ra l  

dimension  of  the  pe r iphe ra l   contact   band.   The  follower  piston  is  

hollow  with  the  in te r ior   sur faces   of  its  face  and  sidewall  e x p o s e d  

to  a tmosphe r i c   p r e s s u r e ,   and  the  contac t   band  of  the  fol lower  

piston  is  d imensioned  to  provide  an  i n t e r f e r e n c e   fit  within  t h e  

bore  of  the  con ta ine r   body  which  exe r t s   a  p r e d e t e r m i n e d   normal  

force  aga ins t   the  sidewalls  of  the  bore  when  the  follower  piston  is 

in  s ta t ic   c o n d i t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

While  the  specif icat ion  concludes   with  claims  p a r t i c u l a r l y  

point ing  out  and  d i s t inc t ly   claiming  the  p r e s e n t   inven t ion ,   it  i s  

bel ieved  that   the  same  will  be  be t t e r   u n d e r s t o o d   from  t h e  



following  d e s c r i p t i o n   Saken  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  part ial ly  exp loded   p e r s p e c t i v e   view  of  a  p r e -  
fe r red   embodiment   of  a  d i s p e n s e r   i n c o r p o r a t i n g   the  follower  d e v i c e  

of  the  p r e s e n 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  d i s p e n s e r  

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

Figure   3  is  an  en larged  ver t ica l   c r o s s - s e c t i o n a l   view  of  t h e  

d i s p e n s e r   follower  piston  of  Figure  2 ;  

F igure   4  is  a  vertical  c r o s s - s e c t i o n a l   view  of  an  a l t e r n a t e  

embodiment   of  the  follower  piston  of  the  p r e s e n t   i n v e n t i o n ;  

Figure   5  is  a  pe r spec t ive   view  inc luding  a  part ia l ly   b r o k e n  

away  section  of  yet  another   embodiment   of  the  follower  piston  o f  

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

Figure   6  is  a  part ial ly  exploded  p e r s p e c t i v e   view  of  a  s e c o n d  

p r e f e r r e d   embodiment   of  a  d i s p e n s e r   i n c o r p o r a t i n g   the  fo l lower  

device  of  the  p r e s e n t   i n v e n t i o n ;  

Figure  7 is   an  enlarged  ver t ica l   c r o s s - s e c t i o n a l   view  of  s a i d  

second  p r e f e r r e d   embodiment  of  F igure   4  taken  along  the  line  6 -6 ;  

a n d  

Figure   8  is  a  vertical  c r o s s - s e c t i o n a l   view  of  a  third  e m b o d i -  

ment  of  a  d i s p e n s e r   i ncorpora t ing   the  follower  device  of  t h e  

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Refe r r ing   now  to  the  d r a w i n g s ,   where in   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 r o u g h   3 

i l lus t ra te   in  detail  a  pump- type   package   10  which  includes  a 
con ta ine r   body  50,  a  se l f -sea l ing   d i s p e n s i n g   nozzle  30,  a  r e s i l i e n t  

top  20,  and  a  fo l lower  p i s ton   70.  The  p r o d u c t ,   not  shown,  to  b e  

d i spensed   fills  the  package  10  i n t e r i o r ,   and  can  genera l ly   be  a n y  
flowable  s u b s t a n c e   or  l i qu id .  

The  con ta ine r   body  50  is  c o n s t r u c t e d   of  any  s u b s t a n t i a l l y  

rigid  material  (such  as  metal,  p a p e r b o a r d ,   p las t ic ,   or  compos i t e  

s t r u c t u r e s   combining  two  or  more  of  these  materials)   a n d  



compr ises   a  t u b u l a r   portion  51  open  at  both  ends  with  an  u p p e r  

r ecessed   e x t e r i o r   portion  52  having  a  s n a p - f i t m e n t   groove  54 

formed  t h e r e i n .   The  t ubu la r   port ion  51  p r e f e r a b l y   has  a  c i r c u l a r  

axial  bore  t h e r e t h r o u g h ,   but  the  inner  cross   section  of  such  b o r e  

can  be  of  any  des i red   shape  (such  as  s q u a r e ,   r e c t a n g u l a r ,   o r  

oval) .   A-  c i r cu l a r   bore  is  p r e f e r r e d ,   however ,   because  it  is 

d i f f icul t   to  e s t ab l i sh   a  seal  a round  a  piston  having  a  d i f f e r e n t  

c o n f i g u r a t i o n .  

While  abso lu te   r igidi ty   of  t ubu la r   port ion  51  is  not  e s s e n t i a l ,  

s u b s t a n t i a l   r ig id i ty   is  p r e f e r r e d   because   the  volume  of  f l u i d  

p r o d u c t   d i s p e n s e d   from  the  package  will  be  affected  dur ing   a n y  

p a r t i c u l a r   d i s p e n s i n g   operat ion  by  changes   of  volume  permi t ted   b y  

n o n - r i g i d   s t r u c t u r e s   and,  moreover ,   r igidi ty  helps  insure   s u b -  

s tan t ia l ly   parallel   inner  wall  su r faces   for  p rope r   sealing  with  t h e  

follower  piston  70,  which  will  be  d i s cus sed   in  g r e a t e r   de t a i l  

below.  Plastic  ( e . g . ,   p o l y p r o p y l e n e ,   po lyac ry lon i t r i l e ,   or  p o l y -  

e thy lene   t e r e p h t h a l a t e )   is  a  p r e f e r r e d   material  for  t ubu la r   p o r t i o n  

51  as  it  p rov ides   exped iency   and  ease  in  the  m a n u f a c t u r i n g  

p r o c e s s .  
Formed  about   the  bottom  outer   p e r i p h e r y   of  con ta iner   b o d y  

50  is  an  in tegra l   base  60  e x t e n d i n g   downward ly   and  o u t w a r d l y  

from  the  outer   su r f aces   of  t ubu l a r   port ion  51,  the  lower  d i s t a l  

su r f aces   of  which  are  coplanar   with  a n d   ou tward ly   spaced  f r o m  

the  lowermost   end  of  tubu la r   port ion  51.  

Resi l ient   top  20  is  p r e f e r a b l y   c o n s t r u c t e d   of  a  r e s i l i e n t  

material  ( e . g .   p o l y p r o p y l e n e ,   po lye thy lene   t e r e p h t h a l a t e ,   p o l y -  

a c r y l o n i t r i l e ,   e l a s tomers ,   cr  polymer  compos i t e s ) ,   and  has  a 

r ounded   top  sect ion  21  with  a  smooth  outer   f inish.   Rounded  t o p  
section  21  is  p r e f e r a b l y   formed  with  a  t h i c k n e s s   in  the  range  o f  

a p p r o x i m a t e l y   .43-.51  mm  ( .017- .020   inches)  and  with  a  radius   o f  

c u r v a t u r e   of  approx imate ly   50  mm  (2.0  inches)   when  used  with  a  

c o n t a i n e r   body  50  having  an  outside  d iameter   of  a p p r o x i m a t e l y  

41.3  mm  (1.625  inches ) .   Actual  t h i c k n e s s e s   may  vary  w i d e l y ,  

howeve r ,   d e p e n d i n g   on  fac tors   such  as  mater ials   used,   c o n t a i n e r  



d iame te r ,   etc.  Depending  from  the  outer   p e r i p h e r y   of  top  s e c t i o n  

21  is  sk i r t   22  having  a  s n a p - f i t m e n t   rib  25  formed  about  its  lower  

inner   p e r i p h e r y .   The  d e p e n d i n g   sk i r t   22  and  its  s n a p - f i t m e n t   r i b  

25  are  sized  so  as  to  permit   the  res i l ien t   top  20  to  be  s n a p p e d  

into  locking  relation  with  the  r e ce s sed   port ion  52  and  its  s n a p -  
f i tment   groove  5 4 .  A s   will  be  seen,   the  seal  along  the  c o n n e c t i o n  

of  r es i l i en t   top  20  and  con ta ine r   body  50  should  be  s u b s t a n t i a l l y  

f l u i d - t i g h t   at  the  d i s p e n s e r   ope ra t ing   p r e s s u r e s   for  p roper   o p e r a -  
tion  of  the  subjec t   d i spens ing   package .   The  desc r ibed   s n a p / l o c k  

connec t ion   a r r a n g e m e n t   is  shown  only  as  an  example,   as  the  c o n -  

t a iner   body  50  and  res i l ient   top  20  can  be  molded  as  one  p i e c e ,  

obv ia t ing   the  need  for  such  a  s e a t ,   or  a t t ached   by  a  p le thora   o f  

a l t e r n a t i v e   methods  such  as  by  t h r e a d s ,   sp in -we ld ing   or  a d h e -  

s i v e s .  

A  d i spens ing   passageway   23  is  formed  t h r o u g h   the  d e p e n d i n g  

sk i r t   22  and  ex tends   radially  ou tward ly   t h r o u g h   the  in ter ior   o f  

t u b u l a r   p r o t u b e r a n c e   28.  C i r c u m s c r i b i n g   and  radially  s p a c e d  

from  the  outer   sur faces   of  p r o t u b e r a n c e   28  is  an  o u t w a r d l y  

e x t e n d i n g   c i r cumsc r ib ing   re ta in ing   wall  26.  Both  the  p r o t u -  
b e r a n c e   28  and  the  c i r c u m s c r i b i n g   re ta in ing  wall  26  are  c o n c e n -  

t r ica l ly   al igned  about  a  common  cent ra l   axis  which  is  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  centra l   axis  of  con ta iner   body  50.  T u b u l a r  

p r o t u b e r a n c e   28  and  the  c i r c u m s c r i b i n g   re ta in ing  wall  26  are  c o n -  

nec ted   at  their   proximal  ends  by  the  outlet   base  ring  24.  F o r m e d  

about   the  inner  p e r i p h e r y   of  the  distal  edge  of  the  re ta in ing   wall 

26  is  r e t en t ion   rib  27,  which  e x t e n d s   inwardly  towards   the  o u t e r  

s u r f a c e   of  p r o t u b e r a n c e   28.  

The  se l f - sea l ing   nozzle  30  can  comprise  any  check  v a l v e  

which  permits   ex t rus ion   of  p r o d u c t   ou tward ly   under   p r e s s u r e   a n d  

p r o v i d e s   for  clean  cu t -o f f   and  sealing  on  release  of  p r e s s u r e .  
The  p a r t i c u l a r   embodiment  shown  is  p r e f e r a b l y   injection  molded  o f  

sil icone  r u b b e r   ( e .g .   S i l a s t i c  R   MDX  4-4526  available  from  Dow- 

Corn ing   of  Midland,  Michigan) ,   a l t hough   a  wide  var ie ty   of  m a -  

ter ia ls   and  forming  p r o c e d u r e s   can  be  used.   The  nozzle  30  is 



shown  in  Figure   1  as  compris ing  four  leaves  or  flutes  31,  

however ,   it  is  contempla ted   that  a l t e r n a t e   nozzles  with  v a r y i n g  

s t r u c t u r e s   and  number   of  leaves  can  be  success fu l ly   utilized  t o  

provide   a  check  valve  and  a  s e l f - s ea l i ng   closure  for  the  d i s -  

pensing  package .   As  can  best  be  seen  in  the  c r o s s - s e c t i o n a l  

view  of  Figure  2,  the  nozzle  30  in t e r io r   is  formed  with  a  g e n e r a l l y  

cyl indr ica l   open  inlet  end  32  and  an  out le t   end  which  t e r m i n a t e s  

in  i n t e r c o n n e c t i n g   closed  slits  33  i n t e rmed ia t e   the  individual  f l u t e s  

31.  Nozzle  30  is  p re fe rab ly   formed  with  wall  t h i cknes se s   o f  

approx ima te ly   .76  mm  (.03  inches)  in   its  cyl indrical   open  end  32 

and  .51  mm  (.02  inches)  in  its  f lutes   31.  An  a t tachment   f l a n g e  

34  is  in tegra l ly   formed  at  the  bottom  edge  of  open  end  32  a n d  

ex tends   o u t w a r d l y   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  t h e  

central   axis  of  nozzle  30.  It  is  p r e f e r r e d   that   nozzle  30  b e  

molded  with  the  flutes  31  closed  at  the i r   distal  end,   and  t h e r e -  

after   cu t t ing   the  slits  33  as  des i red   to  insure   that  such  slits  33 

will  have  the  capabi l i ty   to  fully  close.  The  ability  to  close  is 

important   because   nozzle  30  must  be  capable   of  p r e v e n t i n g   flow  o f  

fluid  into  the  d i s p e n s e r   p a c k a g e .  

Nozzle  30  is  mounted  onto  d i s p e n s i n g   package  10  by  t e l e -  

scoping  its  cy l indr ica l   open  end  32  over   p r o t u b e r a n c e   28,  and  is 

posi t ively   held  in  place  by  a   r e t a in ing   ring  40  which  slides  o v e r  

the  ex t e r io r   of  nozzle  30  and  is  s n a p p e d   past  the  i n w a r d l y  

ex t end ing   r e t en t i on   rib  27  of  the  r e ta in ing   wall  26.  R e t a i n i n g  

ring  40  is  p r e f e r a b l y   made  of  p o l y p r o p y l e n e   or  po lye thy l ene ,   b u t  

can  be  made  of  any  relatively  rigid  material .   The  dimensions  o f  

sealing  ring  40  and  the  location  of  the  rib  27  are  such  as  t o  

insure   that   upon  its  application  the  sealing  ring  40  will  be  b i a s e d  

aga ins t   f lange  34,  t he reby   e s t ab l i sh ing   a  t ight   seal  of  flange  34 

agains t   the  out le t   base  ring  24.  The  manner  of  a t t achmen t   o f  

nozzle  30  to  the  package  is  not  c r i t i ca l ,   however ,   and  can  b e  

accomplished  by  a  var ie ty   of  ways  known  or  conceivable  by  t h o s e  

skilled  in  the  a r t ,   such  as  by  a d h e s i v e s ,   sp in -we ld ing ,   or  o t h e r  

mechanical   a r r a n g e m e n t s .   It  might  also  be  desi rable   to-  a t t a c h  



nozzle  30  in t e rna l ly   ad jacent   the  d i s c h a r g e   p a s s a g e w a y   ( e . g .  

within  an  e x t e n d e d   out let   c h a n n e l ) .  

A  one -p iece   follower  piston  70  p r e f e r a b l y   made  of  p o l y -  

p ropy lene   or  p o l y e t h y l e n e   (a l though  any  res i l ien t   material  will 

suff ice)   is  s l id ingly   mounted  within  the  con ta ine r   body  51  o f  

d i spens ing   package   10,  as  shown  in  Figure  2.  In  the  e m b o d i m e n t  

shown,   piston  70  exh ib i t s   a  convex  face  76  in tegra l ly   a t t a c h e d  

about  its  lower  ou te r   p e r i p h e r y   to  a  d e p e n d i n g   sidewall  i n c l u d i n g  

the  t h in -wa l l ed ,   be l lows- l ike   concavi t ies   or  c o r r u g a t e d   s e g m e n t s  
73.  The  convex  face  76  can  have  a  radius   of  c u r v a t u r e   of  a b o u t  

38  mm  (1.5  inches)   for  use  in  conta iner   body  50  having  an  i n s i d e  

diameter   of  a p p r o x i m a t e l y   41.3  mm  (1.625  i n c h e s ) ,   however ,   a s  

will  be  shown,  the  c u r v a t u r e   of  face  76  is  sub jec t   to  mod i f i ca t ion  

in  any  pa r t i cu l a r   e x e c u t i o n .   Each  individual   concav i ty   (or  b e l -  

lows)  73  is  made  up  of  one  upwardly   facing  f r u s t o - c o n i c a l l y  

shaped  wall  section  74  and  one  downwardly   facing  f r u s t o - c o n i c a l l y  

shaped  wall  sect ion  75,  said  sections  being  h inged ly   connec ted   a t  

their   i n t e r sec t ion   72.  The  individual  concavi t ies   73  are  c o n n e c t e d  

to  one  ano ther   at  their   upper   and  lower  ex t remes   by  i n t e g r a l  

contact   bands  78,  and  the  uppermos t   bellows  is  similarly  c o n -  

nected  to  the  lower  outer   p e r i p h e r y   of  the  piston  face  76  along  a 

s epa ra t e   p e r i p h e r a l   contact   band  78.  As  can  be  seen  in  t h e  

c r o s s - s e c t i o n a l   view  of  Figure  3,  piston  70  is  hollow  and  the  i n n e r  

su r faces   of  pis ton  face  76  and  the  d e p e n d i n g   sidewall  and  i t s  

concavi t ies   73  are  exposed   to  ambient  air  as  a  resu l t   of  the  o p e n  
bottom  of  piston  70 .  

The  term  "be l lows- l ike"   is  used  herein  to  connote  any  t h i n -  

walled  c o r r u g a t e d   or  accord ion- l ike   s t r u c t u r e   in tegra l ly   formed  a s  

part   of  the  c o n t i n u o u s   sidewall  of  a  p i s ton ,   which  takes  t h e  

s t r u c t u r a l   form  of  a  res i l ient   p e r i p h e r a l ,   r e e n t r a n t   section  of  t h e  

sidewall  and  pe rmi t s   the  piston  sidewall  to  long i tud ina l ly   e x t e n d  

or  con t r ac t   in  r e s p o n s e   to  axial  p r e s s u r e   forces   exe r t ed   on  t h e  

piston  face,  with  such  change  in  length  r e su l t i ng   in  i n v e r s e l y  

propor t iona l   change   in  lateral  dimension  of  at  least  one  p e r i p h e r a l  



contac t   band  formed  in  the  s idewall .   For  example,   the  r e s i l i e n t  

concav i t i e s   73  of  piston  70  permit   piston  70  to  be  l o n g i t u d i n a l l y  

c o m p r e s s e d   in  response   to  downward   p r e s s u r e   exer ted   on  p i s t o n  

face  76  and,   in  an  u n r e s t r i c t e d   e n v i r o n m e n t ,   t h i s   r e su l t s   in  a 

p r o p o r t i o n a l   expans ion   of  the  outer   d iameters   of  contact   bands   78.  

Piston  70  is  hollow  and  its  open  bottom  permits  the  l o n g i t u d i n a l  

e x t e n s i o n   or  cont rac t ion   of  the  piston  sidewall  without   i n t e r -  

f e rence   of  air  which  might  o the rwise   be  t r apped   within  the  p i s t o n  

( i .e .   axial  forces  act  upon  the  opposing  sur faces   of  piston  f a ce  

7 6 ) .  

A  piston  exhibi t ing  a  bel lows- l ike   concavi ty   with  only  a  

single  p e r i p h e r a l   contact   band  is  i l lus t ra ted   by  piston  170  in  t h e  

cross  sect ional   view  of  Figure  4.  Piston  170  includes  a  s u b -  

s t an t i a l ly   rigid  piston  face  176,  a  depend ing   sidewall  183,  a  

f r ic t ion  ring  181,  and  a  pe r iphe ra l   contact   band  178  formed  in  t h e  

s idewall ,   in termedia te   face  176  and  friction  ring  181.  The  c o n v e x  

conformat ion   of  sidewall  183  c rea tes   the  res i l ient ,   r e e n t r a n t  

sec t ions   173  which  permit  the  piston  sidewall  183  to  l o n g i t u d i n a l l y  

ex tend   or  con t rac t   in  an  u n r e s t r i c t e d   env i ronmen t ,   with  s u c h  

change   in  length  resul t ing   in  inverse ly   propor t ional   change   in 

lateral  dimension  of  the  pe r iphe ra l   contact   band  178.  F r i c t i o n  

ring  181  e s tab l i shes   a  p r e d e t e r m i n e d   amount  of  f r i c t i o n a l  

r e s i s t a n c e   to  movement  of  piston  170  within  the  bore  of  a  d i s p -  

ense r   to  allow  axial  forces  to  act  upon  piston  face  176,  t h e r e b y  

long i tud ina l ly   ex tend ing   or  c o n t r a c t i n g   the  piston  sidewall  183  ( a s  

will  be  d i s c u s s e d   in  more  detail  below).  Any  means  for  e s t a b l i s h -  

ing  a  p r e d e t e r m i n e d   normal  force  aga ins t   the  inner  s u r f a c e s   o f  

t u b u l a r   port ion  51  ( i .e.   fr ict ional   r es i s tance   to  movement)   c o u l d  

be  i n c o r p o r a t e d   in  place  of  fr ict ion  ring  181.  Piston  170  a l so  

d e m o n s t r a t e s   that  the  pe r iphe ra l   contact   bands  of  p is tons   made  in 

a c c o r d a n c e   with  the  p r e s e n t   invent ion   need  not  exhibi t   s t r u c t u r a l  

c h a r a c t e r i s t i c s   ident i f iably  s epa rab le   from  the  sidewall  s t r u c t u r e  

i tself ,   as  the  contact   bands  178  of  piston  170  are  def ined  as  t h e  

radial ly  l a rges t   cont inuous   dimension  of  sidewall  183.  It  m a y   b e  



p r e f e r r e d   in  s o m e  e x e c u t i o n s   to  form  contact   band  178  of  p i s t o n  

170  as  an  ou tward ly   e x t e n d i n g   r ib- l ike   s t r u c t u r e   (not  shown)  to  

improve  its  sealing  capabi l i t ies   with  the  inner  su r f aces   of  the  b o r e  

of  a  d i s p e n s e r .  

Refe r r ing   again  to  F igu re s   1-3,  the  pe r iphera l   con tac t   b a n d s  

78  of  piston  70  conform  to  the  shape  of  the  inner  cross  sect ion  o f  

t u b u l a r   portion  51,  and  are  dimensioned  to  p rov ide   a n  

i n t e r f e r e n c e   fit  within  t u b u l a r   port ion  51  which  e x e r t s   a 

p r e d e t e r m i n e d   normal  force  aga in s t   the  inner  su r f aces   of  the  b o r e  

t h e r e b y   e s t ab l i sh ing   a  p r e d e t e r m i n e d   amount  of  f r i c t i o n a l  

r e s i s t a n c e   to  both  upward   and  downward  d i sp lacement   of  t h e  

piston  70  within  the  c o n t a i n e r   body  50.  Because  actual  l a t e r a l  

expans ion   of  the  contac t   bands   78  is  p r e v e n t e d   by  the  s u b s t a n -  

tially  rigid  inner  wall  s u r f a c e s   of  the  bore  of  t ubu la r   por t ion   51 , 

axial  compress ive   force  ( such   as  caused  by  p r e s s u r e   applied  to  

the  upper   sur face   of  face  port ion  76)  is  t r a n s m i t t e d   to  t h e  

be l lows- l ike   concavi t ies   73  and  c o n v e r t e d   into  i nc reased   no rma l  

force  of  contact   bands  78  p r e s s i n g   aga ins t   the  inner  wall  s u r f a c e s  

of  t u b u l a r   portion  51,  t h e r e b y   inc reas ing   the  fr ict ional  r e s i s t a n c e  

of  piston  70  to  downward  d i sp lacemen t   within  con ta ine r   body  50.  

C o r r e s p o n d i n g l y ,   an  axial  e x t e n s i v e   force  applied  to  piston  70 

(such  as  caused  by  p r e s s u r e   act ing  in  the  lower  su r f ace   of  f ace  

port ion  76)  would  p roduce   or  tend  to  .produce   a  p r o p o r t i o n a l  

dec rea se   of  the  outer   d i ame te r s   of  contact   bands   78,  t h e r e b y  

r educ ing   the  normal  force  e x e r t e d   by  contact   bands   78  a g a i n s t  

the  t ubu la r   portion  51  and  c o r r e s p o n d i n g l y   reduc ing   the  f r i c t i o n a l  

r e s i s t a n c e   of  piston  70  to  upward   d i s p l a c e m e n t .  

Al though  the  bel lows- l ike   concavi t ies   73  of  piston  70  s h o w n  

in  F igures   2,  3,  7  and  8  exhib i t   a  saw-tooth   or  s q u a r e l y - d e f i n e d  

conformat ion ,   other   be l lows- l ike   con f igu ra t i ons   can  also  be  u t i -  

lized.  For  example,   the  bel lows- l ike   concavi t ies   73  could  b e  

formed  with  rounded   i n t e r s e c t i o n s   72  and /o r   rounded   c o n t a c t  

bands   78  as  opposed  to  the  sha rp   con f igu ra t ions   shown.   Such  a 



rounded   contact   band  is  i l lus t ra ted   at  178  of  the  piston  170  s h o w n  

in  Figure  4. 

The  operat ional   funct ion   of  piston  170  of  Figure  4  c o r -  

r e s p o n d s   to  that  d e s c r i b e d   above  with  r e spec t   to  piston  70.  T h e  

fr ict ion  ring  181  and  the  contac t   band  178  of  piston  170  c o n f o r m  

to  the  shape  of  the  inner   cross  section  of  a  d i s p e n s e r   bore,   s u c h  

as  t u b u l a r   port ion  51,  and  are  dimensioned  to  provide  an  i n t e r -  

fe rence   fit  within  t u b u l a r   portion  51  to  e s t ab l i sh   normal  f o r c e s  

aga ins t   the  inner  s u r f a c e s   the reof ,   t h e r e b y   c rea t ing   a  p r e -  
de t e rmined   amount  of  fr ict ional   r e s i s t ance   to  both  upward  a n d  

downward   d i sp lacement   of  piston  170  the rewi th in   --  a  f u n c t i o n  

c o r r e s p o n d i n g   to  that   of  contact   bands  78  of  piston  70.  T h e  

outer   p e r i p h e r y   180  of  piston  face  176  may  also  be  d imensioned  t o  

e s t ab l i sh   a  seal  a n d / o r   a  p r e d e t e r m i n e d   amount  of  f r i c t i o n a l  

r e s i s t ance   to  axial  d i sp lacemen t   with  the  inner  sur faces   of  t u b u l a r  

port ion  51.  Axial  compres s ive   force  exer ted   on  the  upper   s u r f a c e  

of  piston  face  176  is  t r a n s m i t t e d   to  the  bel lows-l ike  c o n c a v i t i e s  

173  formed  in  sidewall  183,  and  because   friction  ring  181 

fr ic t ional ly  res i s t s   downward   d i sp lacement ,   such  t r a n s m i t t e d  

forces  tend  to  collapse  the  th in-wal led   sidewall  183  o u t w a r d l y ,  

r e su l t ing   in  an  i nc reased   radial  dimension  of  contact   band  178.  

Because  the  t ubu la r   por t ion  51  p r e v e n t s   any  actual  r a d i a l  

dimensional  e x p a n s i o n ,   such  dimensional .   change   is  v i r tual   a n d  

actual ly  resul ts   in  inc rease   normal  force  of  contact   band  178 

aga ins t   the  inner  wall  s u r f a c e s   of  t ubu la r   portion  51,  t h e r e b y  

inc reas ing   the  fr ict ional   r e s i s t ance   of  piston  170  to  d o w n w a r d  

d i sp lacement .   C o r r e s p o n d i n g l y ,   an  axial  ex t ens ive   force  a p p l i e d  

to  piston  170  would  tend  to  longi tudinal ly   ex tend  sidewall  183 

tend ing   to  reduce  the  radial  dimensions  of  contact   band  178 

t h e r e b y   reducing   the  normal  forces  and  the  resu l t ing   f r i c t i o n a l  

r e s i s t a n c e   to  upward   d i sp lacement   of  piston  170. 

The  overall  length  of  follower  piston  70  of  Figure  3  d e p e n d s  

at  least  in  par t   on  the  size  and  number   of  individual  c o n c a v i t i e s  

73  p r e s e n t .   An  individual   concavi ty   73  is  de sc r ibed   by  i t s  



included  angle  77  and  its  pitch  H,  as  shown  in  Figure  3 .  

Included  angle  77  f r t h e r   comprises   a  downward   facing  angle  a 

and  an  upward   facing  angle  B.  P re fe r ab ly   angle  77  is  in  t h e  

range  of  from  about   30°  to  about  1200  and  the  angles  a  and  β  a r e  

approx imate ly   equal .   The  pitch  H  is  the  d i s tance   m e a s u r e d  

between  the  c e n t e r s   of  two  succes s ive   contact   bands  78,  a s  

indicated  in  F igure   3.  As  will  be  d e s c r i b e d   in  more  detail  l a t e r ,  

the  fr ict ional  r e s i s t a n c e   to  d i sp lacement   of  the  follower  piston  70 

can  be  var ied  to  suit  any  pa r t i cu la r   funct ional   need  by  c h a n g i n g  

the  included  angle  77  of  some  or  all  of  the  individual   c o n c a v i t i e s  

73  in  a  p a r t i c u l a r   p is ton .   The  pitch  H  can  also  be  ad jus ted   in  a 

par t i cu la r   execu t ion   to  vary  the  overall   length  of  the  piston  70 ,  

however ,   t e c h n i q u e s   of  molding  the  piston  may  limit  how  far  p i t c h  

H  may  be  r educed   (with  any  p a r t i c u l a r   sidewall  t h i ckness   of  a 

piston)  while  mainta in ing   good  s t r u c t u r a l   defini t ion  of  the  i n d i -  

vidual  bellows  or  c o n c a v i t i e s .  

The  piston  70  is  formed  as  shown  with  four  complete  i n d i -  

vidual  concavi t ies   73,  having  an  included  angle  77  of  about  6 0 ° ,  

with  a  and  6  each  being  about  30°.  It  has  been  found  that   a 

pitch  of  at  least  about  3.2  mm  (.125  inches)  is  p r e f e r r e d   t o  

obtain  good  def in i t ion   of  the  individual   concavi t ies   73  in  an  e x t r u -  

sion  blow-molding  forming  p rocess .   While  a  smaller  pitch  H  c a n  

be  success fu l ly   formed,   a  pitch  smaller  than  about  4.5  mm  t e n d s  

to  negat ive ly   affect   the  total  var iab i l i ty   in  lateral  d imensions   o f  

concavi t ies   73  and ,   t hus ,   negat ive ly   affect   piston  p e r f o r m a n c e .  

It  is  p r e f e r r e d   that   pitch  H  equal  at  least  10%  of  the  o u t s i d e  

diameter  of  p is ton  70.  It  has  also  been  found  n e c e s s a r y   for  t h e  

piston  70  to  be  of  suf f ic ien t   length  to  res is t   axial  m i s a l i g n m e n t  

within  the  c o n t a i n e r   dur ing   its  operab le   life.  What  is  s u f f i c i e n t ,  

of  course ,   will  va ry   with  the  d iameter   of  the  package .   F o r  

example,   if  the  inner   diameter   or  bore  of  t ubu l a r   portion  51  o f  

the  de sc r ibed   embodiment   is  app rox ima te ly   41.3  mm  ( 1 . 6 2 5  

inches ) ,   it  has  been  found  that  an  approx ima te   length  L  of  p i s t o n  

contact   ( l eng th   L  is  measured  between  the  uppe rmos t   a n d  



lowermost  con tac t   bands  78,  as  shown  in  Figure  3)  of  at  l e a s t  

12.7  mm  (0.5  inches)   is  p r e f e r r e d   to  p r e v e n t   axial  misal ignment   o f  

the  pis ton  70  within  the  con ta ine r .   A  piston  having  an  i n c l u d e d  

angle  77  of  60°,  with  a  and  6  each  being  equal  to  30°,  a n d  

having  a  pi tch  of  4.5  mm  (.175  i nches ) ,   r equ i r e s   a p p r o x i m a t e l y  

three   bellows  73  to  obtain  a  length  of  12.7  mm  (0.5  i n c h e s ) .  

Likewise,   piston  170,  as  i l lus t ra ted   in  Figure  4,  should  also  be  o f  

su f f ic ien t   length   to  resis t   axial  misal ignment   within  the  c o n t a i n e r .  

The  overal l   length  of  piston  170  is  de te rmined   most  impor tan t ly   b y  

the  l ength   of  the  convex  sidewall  183,  and  a  piston  length  L'  o f  

at  least  12.7  mm  (0.5  inches)  is  p r e f e r r e d   for  use  within  a 

t ubu l a r   bore  51  having  an  inside  diameter   of  approx imate ly   4 1 . 3  

mm  (1.625  i n c h e s ) .  

P is tons   70  and  170  can  be  made  of  a  wide  range  of  r e s i l i e n t  

mater ials   ( e . g . ,   polymers  having  a  f lexural   modulus  in  the  r a n g e  
of  700  to  28,000  Kg/cm2  or  10,000  to  400,000  psi)  e x h i b i t i n g  

s t r e n g t h   which  is  capable  of  maintaining  subs t an t i a l   s t a b i l i t y  

under   s u c c e s s i v e   loaded  and  unloaded  condi t ions   over  e x t e n d e d  

per iods   of  time.  Thermoplas t ic   mater ials   are  p r e f e r r e d   for  t h e i r  

lower  cost  and  ease  of  f o r m i n g .  

In  o r d e r   to  es tabl ish   a  p r e d e t e r m i n e d   amount  of  f r i c t i o n a l  

r e s i s t a n c e   of  piston  70  to  both  upward   and  downward  d i s p l a c e m e n t  

within  c o n t a i n e r   body  50,  piston  70  is  p r e f e r a b l y   formed  with  a n  

outs ide   d iameter   of  its  contact   bands   78  approx ima te ly   .25  mm 

(.010  inches)   larger   than  the  inside  diameter   (bore)   of  t h e  

t ubu la r   por t ion   51.  Such  in ten t iona l ly   overs ized   d i m e n s i o n s  

provide   an  i n t e r f e r e n c e   fit  which  develops   in ternal   forces  w i t h i n  

the  r e s i l i en t   piston  70  having  a  p r e d e t e r m i n e d   component   a c t i n g  

normal  to  the  bore  of  the  t ubu l a r   portion  51  along  the  c o n t a c t  

bands  78,  t h e r e b y   e s tab l i sh ing   a  p r e d e t e r m i n e d   fr ict ional   r e s i s -  

tance  to  d i sp l acemen t .   The  p r e d e t e r m i n e d   minimum  f r i c t i o n a l  

r e s i s t a n c e   to  d isp lacement   of  said  piston  70  also  can  be  m e a s u r -  

ably  con t ro l l ed   by  pa ramete r s   o ther   than  va ry ing   the  amount  o f  

e n g i n e e r e d   i n t e r f e r e n c e   between  the  pa r t s .   For  example ,   v a r y i n g  



piston  material ,   r ial   so f tness   ( d u r o m e t e r )   and  wall  t h i c k n e s s  

also  affect  f r ic t ional   e s i s t a n c e   to  d i sp lacemen t .   Because  e a c h  

contact   band  78  adds  an  increment   of  fr ict ional  r e s i s t ance   to  t h e  

total  fr ict ional  r e s i s t ance   of  piston  70,  the  number   of  c o n t a c t  

bands  78  is  also  a  fac tor .   The  cor rec t   number   of  contact   b a n d s  

can  vary  widely  d e p e n d i n g   on  the  pa r t i cu l a r   frictional  r e q u i r e -  

ments  for  p roper   d i s p e n s i n g   operat ion  of  the  r equ i red   p a c k a g e ,  

( i . e . ,   the  piston  must  w i th s t and   downward  d i spens ing   p r e s s u r e  
without  s u b s t a n t i a l   downward   d i sp lacement ,   yet  allow  a t m o s p h e r i c  

p r e s s u r e   to  move  it  fo rward   following  such  d i spens ing   o p e r a t i o n )  

and  sealing  r e q u i r e m e n t s   within  the  package.   While  any  p a r t i -  

cular  piston  must  have  at  least  one  contact   band  78,  a  p l u r a l i t y  

of  contact   bands   78  ( e .g .   th ree   or  four)  is  p r e f e r r e d   to  e s t a b l i s h  

suf f ic ient   friction  and  r e d u n d a n t   seals  within  a  broad  spec t rum  o f  

p a c k a g e s .  

C o r r e s p o n d i n g   i n t e r f e r e n c e   fits  of  fr ict ion  ring  181,  c o n t a c t  

band  178,  and  the  outer   p e r i p h e r y   180  of  piston  face  176  wi th in  

t ubu la r   portion  51  can'  likewise  be  utilized  to  es tab l i sh   the  p r e -  
de te rmined   amount  of  frictional  r e s i s t ance   to  axial  d isp lacement   o f  

piston  170  within  conta iner   body  50.  In  a  p r e f e r r e d   e m b o d i m e n t ,  

friction  ring  181  and  contac t   band  178  are  formed  with  an  o u t s i d e  

diameter   approx ima te ly   0.38  mm  (.015  inches)   larger   than  t h e  

inside  diameter   of  tubu la r   portion  51,  while  the  outer   p e r i p h e r y  

180  of  piston  face  176  is  formed  approx ima te ly   0.13  mm  ( . 005  

inches)  l a r g e r .  

Figure  5  i l lus t ra tes   yet  ano ther   embodiment  of  a  piston  made 

in  accordance   with  the  t each ings   of  the  p r e s e n t   i n v e n t i o n .  

Pa r t i cu l a r ly ,   piston  270  i l lu s t r a t e s   that  the  p e r i p h e r a l l y   a t t a c h e d  

sidewall  of  a  piston  made  in  accordance   with  the  p r e s e n t   i n v e n t i o n  

need  not  necessa r i ly   be  formed  with  a  t h in -wa l l ed ,   r e e n t r a n t ,  

bel lows-l ike  concavi ty   formed  t h e r e a b o u t   in  o rder   to  be  capable  o f  

v i r tua l ly   res i l ient ly   longi tudina l ly   ex t end ing   or  con t rac t ing   in 

r e sponse   to  axial  forces  exe r t ed   on  its  face  por t ion ,   with  s u c h  

change  in  length  r esu l t ing   in  an  inverse ly   p ropor t iona l   v i r t u a l  



change   in  lateral  dimension  of  its  pe r iphera l   contact   band.   It  is 

con templa t ed   that  the  sidewall  of  a  piston  made in   accordance   w i t h  

the  p r e s e n t   invent ion  can  comprise  any  s t r u c t u r e   having  at  l e a s t  

one  in tegra l   pe r iphera l   contact   band  which  conforms  to  the  s h a p e  

of  the  cross   section  of  the  bore  and  which  is  adap ted   to  e x h i b i t  

the  d e s c r i b e d   longi tudinal   and  lateral  dimensional  changes   in 

r e sponse   to  axial  forces  exe r t ed   on  the  face  portion  of  the  p i s t o n .  

Follower  piston  270  can  be  formed  of  any  res i l ient   m a t e r i a l ,  

as  d e s c r i b e d   with  r e spec t   to  piston  70,  and  comprises   t h e  

re la t ive ly   thin  but  rigid  flat  face  276,  a  depend ing   sidewall  283,  

and  f r ic t ion  ring  281.  Depending   sidewall  283  is  formed  of  f o u r  

i n t e r c o n n e c t e d   helical  s t r ips   278  depend ing   from  the  lower  o u t e r  

p e r i p h e r y   of  face  276  "and  a t t ached   at  their   lower  por t ions   to  t h e  

uppe r   outer   p e r i p h e r y   of  fr ict ion  ring  281.  The  piston  of  F i g u r e  

5  f e a t u r e s   two  r i g h t - h a n d e d   and  two  l e f t -handed   helical  s t r i p s  

278,  each  making  one  complete  helical  revolut ion  as  it  spirals   f rom 

face  276  to  friction  281.  Helical  s t r ips   278  form  a  c r i s s c r o s s i n g  

a r r a n g e m e n t   and  are  connec ted   to  one  another   at  their   ' i n t e r -  

sect ions   285,  resul t ing  in  a  web- l ike   or  pe r fo ra t ed   c o n t i n u o u s  

s t r u c t u r e   making  up  sidewall  283.  Helical  s t r ips   278  also  f u n c t i o n  

as  p e r i p h e r a l   contact   bands  which  conform  to  the  shape  of  t h e  

cross  section  of  the  bore  of  a  d i s p e n s e r ,   and  are  p r e f e r a b l y  

d imens ioned   to  provide  an  i n t e r f e r e n c e   fit  within  the  bore  w h i c h  

exe r t s   a  p r e d e t e r m i n e d   normal  force  aga ins t   the  inner  su r faces   o f  

the  bore  in  stat ic  condi t ion.   Frict ion  ring  281  is  also  d i m e n s i o n e d  

to  e s t a b l i s h   a  p r e d e t e r m i n e d   amount  of  frictional  r e s i s t ance   t o  

movement  of  piston  270  within  the  bore  of  a  d i s p e n s e r   to  allow 

axial  forces   to  act  upon  the  piston  face  276,  t h e r e b y  

long i tud ina l ly   ex tend ing   or  c o n t r a c t i n g   the  piston  sidewall  283. 

Outer   p e r i p h e r y   280  of  piston  276  is  likewise  d imensioned  t o  

e s t ab l i sh   a  p r e d e t e r m i n e d   normal  force  aga ins t   the  inner  s u r f a c e s  

of  the  d i s p e n s e r   bore,  and  also  e s t ab l i she s   a  seal  with  the  b o r e  

to  re ta in   p roduc t   t h e r e a b o v e .  



The  fr ict ional   r e s i s t a n c e   to  movement  e s t a b l i s h e d   by  f r i c t i o n  

ring  281  allows  axial  forces  acting  upon  piston  face  276  to  l o n g i -  

tud ina l ly   ex tend   or  c o n t r a c t   sidewall  283.  The  indiv idual   hel ical  

s t r ips   278  na tu ra l ly   tend  to  expand  laterally  when  c o m p r e s s e d  

long i tud ina l ly ,   and  i nve r se ly   cont rac t   laterally  upon  l o n g i t u d i n a l  

e x t e n s i o n .   The  i n t e r c o n n e c t i o n   of  a  pair  of  oppos i te ly   d i s p o s e d  

( i .e .   one  l e f t - h a n d e d   and  one  r i g h t - h a n d e d )   helical  s t r ips   278 

insu res   such  lateral  dimension  change  in  r e sponse   to  l o n g i t u d i n a l  

s t r e s s   by  p r e v e n t i n g   the  individual   s t r ips   from  twis t ing   (as  t h e y  

would  do  in  an  u n r e s t r a i n e d   envi ronment   to  relieve  such  l ong i -  

tudinal   s t r e s s ) .   While  it  has  been  found  that   at  least  two 

opposi te ly   d isposed   helical  s t r ips   278  appears   to  be  p r e f e r r e d   to  

p r e v e n t   such  twis t ing  ac t ion,   it  is  contemplated  that   any  n u m b e r  

of  helical  s t r ips   278  could  be  success fu l ly   u t i l ized,   and  that   t h e i r  

i n t e r c o n n e c t i n g   p a t t e r n ,   spac ing ,   e t c . ,   could  be  var ied   a s  

d e s i r e d .  

Piston  270  i l l u s t r a t e s   that  a  pe r iphe ra l ly   a t t a c h e d   s idewal l  

adap ted   to  v i r tua l ly   res i l ien t ly   longi tudinal ly  ex tend   or  con t r ac t   in 

r e sponse   to  axial  forces  exe r t ed   on  the  face  port ion  of  a  p i s t o n  

made  in  acco rdance   with  the  p r e sen t   invent ion ,   with  such  c h a n g e  

in  length  r esu l t ing   in  an  inverse ly   propor t ional   change   in  l a t e ra l  

dimension  of  the  p e r i p h e r a l   contact   b a n d ( s ) ,   can  be  formed  in  a 

va r ie ty   of  ways.  One  way  of  forming  a  sidewall ,   exh ib i t i ng   s u c h  

c h a r a c t e r i s t i c s   is  to  p e r f o r a t e   a  cyl indrical   t u b e - l i k e   sidewall  in 

such  a  pa t t e rn   ( e . g .   such  as  to  form  the  he l i ca l /d i amond   p a t t e r n  

shown  in  Figure  5)  as  to  impart  the  desired  func t iona l   c h a r a c t e r -  

i s t i c s .  

The  package  10  is  p r e f e r a b l y   initially  par t ia l ly   assembled   in 

the  manner  d e s c r i b e d ,   omitting  the  follower  p is ton.   The  p a r t i a l l y  

assembled  package   10  is  then  inver ted   and  bot tom-f i l led   w i th  

p r o d u c t ,   leaving  su f f i c i en t   unfilled  space  in  the  open  end  of  t h e  

bore  of  con ta iner   body  50  for  piston  70  (or  piston  170,  p i s t o n  

270,  or  any  other   piston  made  in  accordance   with  the  p r e s e n t  

invent ion)   to  t h e r e a f t e r   be  inser ted   within  con t a ine r   body  50. 



Following  inse r t ion   of  piston  70,  a  con ta iner   bottom  cover  ( n o t  

shown)  might  be  placed  over  the  open  e n d  u i   con ta ine r   body  50 

for  a e s t h e t i c   r ea sons ,   however ,   such  a  cover  must  not  p r e v e n t  

the  m a i n t a n e n c e   of  ambient  air  p r e s s u r e   within  the  hollow  r e a r  

port ion  of  piston  70  which  could  i n t e r f e r e   with  the  opera t ion   o f  

package   10.  The  method  of  filling  package  10  is  not  c r i t ica l ,   a n d  

any  a p p r o p r i a t e   process   can  be  u t i l i z e d .  

In  o p e r a t i o n ,   the  rounded   section  21  of  res i l ient   top  20  is 

manuatly  d e p r e s s e d ,   t he reby   d e c r e a s i n g   the  volume  within  t h e  

d i s p e n s i n g   package   and  resu l t ing   in  a  p r e s s u r e   rise  in  the  p r o -  
duct  t h e r e i n .   P re s su re   changes   within  the  d i s p e n s i n g   p a c k a g e  

are  t r a n s f e r r e d   th rough   the  mass  of  fluid  p r o d u c t   housed  t h e r e i n  

and  e x e r t e d   on  the  piston  face  76.  The  force  g e n e r a t e d   by  t h e  

p r e s s u r e   e x e r t e d   upon  face  76  is  t r a n s f e r r e d   t h e r e t h r o u g h   to  t h e  

a p p e n d e d   sidewall  and  because   piston  70  has  been  des igned   to  

exhibi t   a  cer ta in   minimum  fr ict ional   r e s i s t ance   to  backward   d i s -  

placement   within  the  d i spens ing   package ,   the  force  t ends   to  

v i r tua l ly   compress   the  c o r r u g a t e d   segments   ( concav i t i e s )   73 

t he r ebe low .   The  term  "vir tual"   is  used  herein  to  s ignify  that   t h e  

var ious   pa r t s   of  piston  70,  which  when  loaded  or  un loaded  in  a n  

u n r e s t r i c t e d   env i ronment   would  ac tual ly   compress   or  e x p a n d ,  

exhibi t   only  minuscule   compress ion   or  expans ion   in  the  p h y s i c a l l y  

r e s t r i c t e d   env i ronmen t   of  con ta ine r   body  50.  Virtual  e x p a n s i o n  

or  c o m p r e s s i o n ,   t he r e fo re ,   is  used  to  desc r ibe   what  is  in  r e a l i t y  

the  t r a n s f e r   of  loads  and  forces  by  the  s t r u c t u r e   of  piston  70 .  

It  is  o b s e r v e d   that  the  sidewalls   of  the  pis tons  d e s c r i b e d  

above  inc lude  s t r u c t u r a l   elements  ( e .g .   concavi t ies   73,  or  he l ica l  

s t r ips   278)  which  are  non-para l l e l   to  a  longi tudinal   axis  of  t h e  

piston  and  which  deflect  long i tud ina l ly   in  r e sponse   to  axial  f o r c e s  

imposed  t h e r e o n ,   with  such  def lect ion  tending  to  cause  i n v e r s e l y  

p r o p o r t i o n a l   lateral  dimensional  changes   in  such  s i d e w a l l s .  

Virtual  axial  compress ion  of  c o r r u g a t e d   segments   ( concav i t i e s )   73 

causes  piston  70  sidewall  to  v i r tua l ly   expand  its  lateral  d i m e n s i o n  

at  con tac t   bands  78.  Due  to  its  convex  n a t u r e ,  



piston  face  76  augments   the  p i s ton ' s   v i r tual   lateral  d i m e n s i o n  

growth   in  r esponse   to  the  increased   p r e s s u r e   in  the  p roduc t   b y  

itself  tending  to  radially  expand  its  e f fec t ive   d iameter .   P i s ton  

face  76,  however,,  is  p r e fe rab ly   a  s u b s t a n t i a l l y   rigid  s t r u c t u r e  

because   to  the  ex ten t   it  deforms  upon  loading,   it  will  reduce   t h e  

volume  d i s p e n s e d .   One  way  of  insur ing   s u b s t a n t i a l   r ig idi ty   o f  

face  76  is  to  increase   the  t h i ckness   of  its  s t r u c t u r e .   In  a  p r e -  
f e r red   execu t ion ,   the  wall  t h i ckness   of  face  76  is  a p p r o x i m a t e l y  

1.65  mm  (.065  i nches ) ,   while  the  a p p e n d e d   sidewall  and  t h e  

bellows  (concavi t ies )   73  have  a  wall  t h i c k n e s s   of  a p p r o x i m a t e l y  

.64  mm  (.025  inches ) .   C o r r e s p o n d i n g   wall  t h i c k n e s s e s   can  b e  

succes s fu l l y   utilized  in  the  face  176  and  sidewall  183  of  p i s t o n  

170. 

The  t endency   of  piston  70  to  expand   its  lateral  dimension  in 

r e sponse   to  inc reased   p r e s s u r e   within  the  d i s p e n s i n g   package  10 

resu l t s   in  grea t ly   increased   normal  forces  e x e r t e d   by  the  p i s t o n  

along  its  contact   bands  78  agains t   the  inner  s u r f a c e s   of  the  b o r e  

of  t ubu la r   portion  51  and  p ropor t iona l ly   inc reased   piston  70 

r e s i s t ance   to  r ea rward   d isp lacement   within  the  d i spens ing   p a c k a g e  

10.  Such  increased   r e s i s t ance   to  d i sp lacement   allows  the  p r e s s u r e  

to  increase   within  the  d i spens ing   package   as  the  res i l ient   top  20 

is  f u r t h e r   d e p r e s s e d .   Internal   p r e s s u r e   inc reases   until  i t  

exceeds   the  t h r e sho ld   p r e s s u r e   r equ i r ed   .to  commence  d i s p e n s i n g  

t h r o u g h   nozzle  30.  In  the  desc r ibed   embodiment ,   such  t h r e s h o l d  

p r e s s u r e   will  be  the  sum  of  the  p r e s s u r e   drop  r equ i red   t o  

e x t r u d e   the  fluid  p roduc t   housed  in  the  con ta ine r   t h r o u g h   t h e  

re la t ively   small  pa s sageway   23  (which  in  a  p r e f e r r e d   e m b o d i m e n t  

is  approx imate ly   6.4  mm  or  .25  inches  in  d i a m e t e r ) ,   plus  t h e  

p r e s s u r e   r equ i red   to  open  the  flutes  31  of  nozzle  30,  plus  t h e  

p r e s s u r e   r equ i red   to  push  said  p r o d u c t   t h r o u g h   the  flutes  31 

once  opened.   The  d i spens ing   p r e s s u r e   for  any  p a r t i c u l a r  

d i spens ing   package  can  t he re fo re   be  p r e d e t e r m i n e d   and  c o n t r o l l e d  

by  vary ing   the  d i spens ing   passageway   size  a n d / o r   the  f u n c t i o n a l  

p rope r t i e s   of  the  nozzle,  while  taking  into  cons ide ra t ion   t h e  



viscos i ty   of  the  p roduc t   to  be  d i s p e n s e d .   The  d i s p e n s i n g  

p r e s s u r e   r equ i r ed   in  the  de sc r i bed   embodiment  is  a p p r o x i m a t e l y  

0.11  K g / c m   [1.5  pounds  per  squa re   inch  (ps ig) ]   when  a  f l u id  

p roduc t   of  300,000  cp  (Brookf ie ld)   v i scos i ty   is  housed  t h e r e i n .  

When  the  p r e s s u r e   within  the  d i s p e n s i n g   package  10  r e a c h e s  

the  t h r e s h o l d   d i spens ing   p r e s s u r e   at  the  d i spens ing   p a s s a g e w a y  

23,  p r o d u c t   will  be  d i spensed   and  such  d i spens ing   will  c o n t i n u e  

until  t h e   p r e s s u r e   in  the  d i s p e n s e r   falls  below  that  t h r e s h o l d  

p r e s s u r e .   Upon  release  of  the  force  d e p r e s s i n g   top  20,  p r e s s u r e  
within  the  d i spens ing   package  begins   to  drop  as  the  res i l ient   t o p  

20  r e t u r n s   toward  its  original  posi t ion.   When  such  i n t e r n a l  

p r e s s u r e   a p p r o a c h e s   a tmospher ic   p r e s s u r e ,   the  nozzle  30  will  t e n d  

to  res i l i en t ly   close  due  to  the  elastic  memory  of  its  material .   A s  

the  res i l i en t   top  20  cont inues   to  move  toward  its  original  p o s i t i o n ,  

a  partial   vacuum  is  e s t ab l i shed   within  the  d i spens ing   package  10.  

Such  nega t ive   p r e s s u r e   causes   a tmosphe r i c   p r e s s u r e   to  act  u p o n  
the  ex t e r io r   sur faces   of  the  leaves  31  of  nozzle  30,  sealing  t h e  

slits  33  and  thus  closing  the  nozzle  in  a  subs t an t i a l l y   f l u i d - t i g h t  

condi t ion.   The  partial  vacuum  within  the  package  10,  t h e r e f o r e ,  

obtains  no  subs tan t ia l   relief  t h r o u g h   the  nozzle  30  or  t h rough   t h e  

seals  c rea ted   between  the  contac t   bands   78  and  the  inner  wall 

su r faces   of  tubu la r   portion  51,  which  are  capable  of  p r e v e n t i n g  

the  en t ry   of  ambient  air  into  the  d i spens ing   package .   In  a 

p r e f e r r e d   embodiment,   the  .25  mm  (.010  inches)  of  i n t e r f e r e n c e  

fit  be tween  the  piston  70  and  the  inner  diameter   of  tubu la r   p o r -  
tion  51  insures   an  adequa te   r e d u n d a n t   seal  with  the  five  (5)  

contact   bands   78.  Other  means  of  p rov id ing   a  f lu id - t igh t   seal  o f  

said  piston  70  within  the  con ta ine r   body  50  could  be  e q u a l l y  

succes s fu l l y   e m p l o y e d .  

The  imbalance  of  p r e s s u r e   which  acts  upon  the  piston  f a ce  

76  ( i .e .   the  vacuum  acting  on  the  uppe r   sur face   and  a t m o s p h e r i c  

p r e s s u r e   on  the  lower  su r face )   imposes  an  effect ive  upward   f o r c e  

t h e r e o n ,   v i r tua l ly   s t r e t ch ing   (or  inc reas ing   pitch  H )   the  s u c -  

cessive  individual   c o r r u g a t e d   segments   73  in  an  upward  d i r e c t i o n ,  



t h e r e b y   t end ing   to  dec rease   the  effect ive  d iameter   of  such  i n d i -  

vidual  c o r r u g a t e d   segments   73  and  of  the  piston  70.  This  t e n -  

dency  lessens  the  normal  force  exe r t ed   by  the  c o r r u g a t e d   s e g -  
ments  73  at  the i r   con tac t   bands  78  aga ins t   the  bore  of  the  t u b u l a r  

port ion  51,  which  p ropor t iona l ly   dec reases   the  p is ton ' s   f r i c t i o n a l  

r e s i s t ance   to  movement   within  the  d i spens ing   package   and  f ac i l i -  

tates  its  upward   d i sp lacement   t he re in .   Piston  70  is  d i s p l a c e d  

upward ly   a  d i s t ance   genera l ly   c o r r e s p o n d i n g   to  the  amount  o f  

fluid  p r o d u c t   d i s p e n s e d ,   acting  to  relieve  the  partial   v a c u u m  

crea ted   by  the  r e cove ry   of  resi l ient   top  20,  at  which  point  e q u i l -  

ibrium  is  r eached   by  achieving  a  rough  balance  involving  t h e  

opposing  p r e s s u r e s   and  the  sys tem's   r e s i s t a n c e   to  f u r t h e r   p i s t o n  

movement.   The  d i s p e n s i n g   package  10  is  now  ready  for  a n o t h e r  

d i spens ing   o p e r a t i o n .  

The  opera t ion   of  d i spens ing   package  10  in  conjunct ion  w i th  

piston  170  (or  piston  270)  would  be  s u b s t a n t i a l l y   identical  to  t h a t  

de sc r ibed   above  with  r egard   to  piston  70,  with  axial  p r e s s u r e  
forces  acting  on  piston  face  176  (or  face  276)  and  being  t r a n s -  

fe r red   into  v i r tua l   lateral  dimensional  expans ion   or  cont rac t ion   o f  

contact   band  178  (or  helical  s t r ips   278).  The  fr ict ional   r e s i s t a n c e  

e s t ab l i shed   by  fr ict ion  ring  181  of  piston  170  (or  similarly  r i n g  

281  of  piston  270),  however ,   will  remain  s u b s t a n t i a l l y   c o n s t a n t  

t h r o u g h o u t   ope ra t ion   of  the  d i s p e n s e r .  

Figures   6  and  7  i l lus t ra te   an  a l t e rna t e   and  equally  p r e f e r r e d  

embodiment  of  the  subjec t   d i spens ing   p a c k a g e .   P a r t i c u l a r l y ,  

those  d rawings   i l lus t ra te   a  d i spens ing   package   100  comprising  t h e  

con ta iner   body  150  for  housing  a  mass  of  fluid  p roduc t   to  b e  

d i s p e n s e d ,   a  res i l ient   d i spens ing   top  120,  a  se l f - sea l ing   d i s p e n s -  

ing  nozzle  30,  a  follower  piston  70'  and  an  ove rcap   65.  As  w i t h  

d i spens ing   package   10,  pis tons  70,  170  or  270  can  be  r e a d i l y  

s u b s t i t u t e d   for  piston  70'  with  equal  success   in  package   100.  A s  

is  a p p a r e n t   from  the  d r a w i n g s ,   con ta iner   body  150  is  s u b s t a n t i a l l y  

similar  to  con ta ine r   body  50  as  de sc r ibed   above.   The  t u b u l a r  

portion  151,  r eces sed   port ion  152,  s n a p - f i t m e n t   groove  154,  a n d  



base  160  c o r r e s p o n d   exact ly   to  par ts   51,  52,  54  and  60,  r e s p e c t -  

ively,  of  the  f i rs t   d e sc r i bed   embodiment.   A  suppo r t   wall  155 

ex tends   inwardly  from  the  upper   inner  su r faces   of  the  bore  o f  

tubu la r   portion  151  and  part ial ly   closes  the  uppermos t   end  o f  

conta iner   body  150.  A  p lura l i ty   of  piston  stops  161  are  i n t e g r a l l y  

formed  in  spaced  relation  about  the  lowermost  inner  p e r i p h e r y   o f  

conta iner   body  150,  and  comprise  genera l ly   r e c t a n g u l a r   p r o t u b e r -  

ances  ex tend ing   inwardly  a  re lat ively  short   dis tance  toward.   t h e  

central   axis  of  con ta ine r   body  150.  Piston  stops  161  are  s h o w n  

simply  as  an  example  of  means  for  initially  insur ing   the  r e t e n t i o n  

of  piston  70'  within  the  conta iner   body  150  dur ing   shipping  a n d  

initial  use.  Similar  means  could  also  be  i ncorpora ted   into  t h e  

d i spens ing   package  10  as  desc r ibed   above.   Overcap  65  is  o f  

genera l ly   cup- l ike   shape  and  comprises   a  subs t an t i a l l y   flat  c i r -  

cular  top  portion  67,  a  depend ing   sidewall  68,  and  s n a p - f i t m e n t  

groove  66  formed  about  the  lower  inner  p e r i p h e r y   of  sidewall  63.  

The  res i l ient   d i s p e n s i n g   top  120  is  an  integral   s t r u c t u r e   a n d  

comprises   a  rigid  but ton   top  121,  a  depend ing   cyl indrical   b u t t o n  

wall  191,  rounded  base  191a,  concent r ic   d iaphragm  192,  a  s u b -  

s tant ia l ly   rigid  shou lde r   area  193,  and  the  rigid  skir t   122. 

Dispens ing   top  120  is  p r e f e r a b l y   molded  of  resi l ient   material  ( e . g .  

p o l y p r o p y l e n e ,   po lye thy lene   t e r e p h t h a l a t e ,   p o l y a c r y l o n i t r i l e ,  

e las tomers ,   or  polymer  composites)   having  a  t h i ckness   of  b e t w e e n  

.38  and  .51  mm  ( . 015- .020   inches)  in  its  concen t r i c   d i a p h r a g m  

192,  and  sl ightly  th icker   in  the  balance  of  its  s t r u c t u r e .   T h e  

th ickened   areas  are  des igned   to  remain  subs t an t i a l l y   r i g i d  

t h r o u g h o u t   a  d i s p e n s i n g   operat ion  while  the  t h inne r   d i a p h r a g m  
192  deflects   t h e r e b y   varying-  the  volume  of  package  100.  A s  

shown  in  Figure  7,  s n a p - f i t m e n t   rib  125  is  formed  on  the  lower  

inner  p e r i p h e r y   of  depend ing   skir t   122  to  form  a  f l u id - t i gh t   s n a p  
fitment  with  uppe r   r ecessed   port ion  152  and  the  s n a p - f i t m e n t  

groove  154  of  con ta ine r   body  150.  This  s n a p - f i t m e n t   a r r a n g e -  
ment,  as  well  as  the  c o r r e s p o n d i n g   a r r a n g e m e n t   desc r ibed   in  t h e  

first  embodiment  above,   are  provided  only  as  examples  as  o t h e r  



connec t ing   means  could  a l t e rna t ive ly   be  u t i l ized ,   or  the  r e s i l i e n t  

d i s p e n s i n g   top  120  and  container   body  150  could  be  u n i t a r i l y  

molded,  thus  obv ia t ing   a  need  for  connect ion   m e a n s .  

A  d i s p e n s i n g   passageway   123  is  formed  t h r o u g h   the  c y l i n -  

drical  but ton  wall  191  and  comprises  an  ou tward ly   e x t e n d i n g  

t ubu l a r   section  128,  a  c i rcumscr ib ing   re ta in ing   wall  126,  and  a 

re ten t ion   rib  127  ex t end ing   inwardly  about   the  inner  su r faces   o f  

the  re ta in ing   wall  126.  Again,  such  a r r a n g e m e n t   is  provided  a s  

an  example  for  mounting  the  d i spens ing   nozzle  30  onto  d i s p e n s i n g  

package   100,  howeve r ,   many  other  methods   for  such  a t t a c h m e n t  

are  available  or  conceivable   by  one  skilled  in  the  art .   T h e  

se l f - sea l ing   nozzle  30  is  identical  to  nozzle  30  as  desc r ibed   in  t h e  

p rev ious   embodiment   a b o v e .  

Piston  70'  is  essent ia l ly   identical  to  piston  70  as  d e s c r i b e d  

above,   except   that  the  face  portion  of  piston  70'  has  been  modi-  

fied  to  nest  with  the  conformation  of  the  inner   sur faces   of  t h e  

upper   por t ions   of  package  100.  A  s u b s t a n t i a l l y   c i rcular   d i s k  

portion  91  having  a  f rus to-conica l   upper   face  92  ex t ends   u p w a r d l y  

from  the  piston  face  76'  and  is  a t t ached   t he re to   about  its  lower  

outer   p e r i p h e r y .   Extending  upwardly   from  the  central   area  o f  

flat  portion  92  is  the  p r o t u b e r a n c e   93  having  a  flat  top  s u r f a c e  

94.  The  disk  su r face   91  is  dimensioned  to  slide  past  the  i n n e r  

su r f aces   of  the  s u p p o r t   wall  155  and  ailow  piston  70'  to  move 

upward ly   within  con ta ine r   body  150  until  the  pis ton  face  76'  mee t s  

the  lower  s u r f a c e s   of  suppor t   wall  155.  P r o t u b e r a n c e   93  will 

likewise  te lescope   upward ly   within  d i s p e n s i n g   top  120  and  i n s u r e  

that   most  of  the  conta ined  product   will  be  d i s p e n s e d .   Modifying 
piston  faces  in  this  manner  is  one  way  of  minimizing  p r o d u c t  

waste  in  p roduc t   d i s p e n s e r s .  

S n a p - f i t m e n t   rib  129a  ex tending   o u t w a r d l y   from  the  p e r i -  

phery   of  sk i r t   122,  and  stop  flange  129b  similarly  ex tend ing   f rom 

the  outer   distal  edge  of  skir t   122  are  inc luded  as  an  example  o f  

means  for  a t t ach ing   overcap   65  to  the  d i s p e n s i n g   package  100. 

S n a p - f i t m e n t   groove  66  of  overcap  65  lockingly  i n t e rac t s   with  r i b  



129a  when  overcap  65  is  te lescoped  over  d i s p e n s i n g   top  120  in to  

closed  p o s i t i o n .  

The  operat ion  of  d i s p e n s i n g   package  100  is  identical  to  t h a t  

d e s c r i b e d   above  with  r ega rd   to  the  d i spens ing   system  10,  wi th  

the  except ion   of  the  manner   in  which  the  volume  of  the  p a c k a g e  

is  to  be  var ied .   The  res i l ient   top  20  of  d i s p e n s i n g   package  10 

and  the  resi l ient   d i s p e n s i n g   top  120  of  d i s p e n s i n g   package  100  a r e  

p rov ided   only  as  examples   of  means  for  va ry ing   the  volume  of  t h e  

subjec t   d i spens ing   package .   It  is  con templa ted   that  many  
a l t e r n a t e   s t r u c t u r e s   for  accomplishing  such  volume  variat ion  a r e  

available  or  conce ivable   by  those  skilled  in  the  art .   P a r t i c u l a r  

execu t ions   of  such  volume  vary ing   means  can  be  des igned  to  

optimize  the  r equ i r ed   force  and /o r   s t roke  length   neces sa ry   to  

provide   a  p r e d e t e r m i n e d   amount  of  volume  va r iance   within  a 

specific  d i s p e n s e r .   For  example,   such  means  might  be  d e s i g n e d  

to  r equ i r e   a  re la t ively   large  amount  of  axial  d i sp lacement   ( s t r o k e  

length)   of  a  re la t ive ly   small  surface   area  to  provide  a  p r e -  
de te rmined   volume  var iance   while  r equ i r ing   re la t ively   less  axial  

force  to  p roduce   the  r equ i red   d i spens ing   p r e s s u r e .   T h i s  

a d v a n t a g e   can  facil i tate  the  d i s p e n s e r ' s   use  by  small  c h i l d r e n .  

The  volume  va ry ing   means  can  t he re fo re   be  a  valuable   tool  in 

optimizing  the  funct ional   c h a r a c t e r i s t i c s   of  a  d i s p e n s i n g   p a c k a g e  

to  c o r r e s p o n d   to  customized  usage  a n d / o r   conven ience   c o n s i d e r -  

a t i o n s .  

Again,   package   100  is  p r e f e r a b l y   par t ia l ly   assembled  w i t h o u t  

piston  70'  (or  70,  or  170,  or  270,  e tc . )   for  bottom  filling  t h e  

p roduc t   as  de sc r i bed   above  with  r egard   to  package   10.  Following 

such  bottom  filling,  piston  70'  is  inse r ted   into  con ta iner   body  150 

such  that   the  lowermost  contac t   band  78  (or  if  piston  170  is  u s e d ,  

the  fr iction  ring  181)  is  snapped   past  the  piston  stops  161.  In 

ope ra t i on ,   downward   manual  force  is  imposed  upon  the  button  t o p  

121  t h e r e b y   axially  d e p r e s s i n g   said  but ton  top  121  and  the  r i g i d  

cyl indr ica l   but ton  wall  191  and  causing  inward  deflect ion  of  t h e  

concen t r i c   d i aph ragm  192,  as  indicated  by  the  dotted  lines  o f  



Figure  7.  Such  axial  d isp lacement   of  the  resi l ient   top  120  r e s u l t s  

in  a  volume  r educ t ion   within  the  d i spens ing   system  100  a n d  

causes  p r e s s u r e   within  said  system  to  rise.  As  d e s c r i b e d   in 

relation  to  the  f irst   embodiment ,   the  follower  piston  70'  r e s i s t s  

r ea rward   d i sp l acemen t   in  response   to  such  rising  p r e s s u r e   a n d  

fluid  p r o d u c t   will  be  d i spensed   t h r o u g h   the  d i spens ing   p a s s a g e -  

way  123  when  the  internal   p r e s s u r e   reaches  the  n e c e s s a r y   l eve l .  

It  has  been  found  that  in  some  des igns   of  the  volume  v a r y i n g  

means,   such  as  the  resi l ient   d i spens ing   top  120,  excess ive   d o w n -  

ward  force  imposed  thereon  can  cause  i r r eve r s ib l e   deformat ion  o f  

said  means.   For  example,   excess ive   downward  force  upon  t h e  

but ton  top  121  of  the  embodiment  100  might  cause  excess ive   s t r a i n  

or  c a t a s t r o p h i c   fai lure  at  the  rounded   base  191a  of  the  wall  191  o r  

in  the  v ic in i ty   of  the  per iphera l   shou lder   193,  which  could  r e n d e r  

the  ent i re   d i s p e n s i n g   system  inoperab le .   One  way  to  p r e v e n t  

such  fai lure  is  to  design  into  the  d i spens ing   system  means  f o r  

posi t ively  limiting  the  axial  travel  of  the  volume  va ry ing   m e a n s .  

An  example  of  such  a  positive  limitation  means  is  i l l u s t r a t ed   in 

Figure  7,  which  shows  the  suppo r t   wall  155.  Proper   p o s i t i o n i n g  

of  such  limitation  means  can  also  serve  to  meter  individual   d o s e s  

d i spensed   in  s ingle  d i spens ing   o p e r a t i o n s .  

It  has  been  found  that  pistons  can  be  des igned   to  exhib i t   a  
des i red   deg ree   of  p re fe ren t i a l   r e s i s t ance   to  axial  d i sp lacemen t   in 

ei ther   an  upward   or  downward  d i rec t ion .   In  the  e m b o d i m e n t s  

desc r ibed   above ,   piston  70  f ea tu res   a  s t r u c t u r e   of  i n t e r c o n n e c t e d  

c o r r u g a t e d   concavi t i es   or  bellows  73  which  tend  to  increase   s a i d  

pis ton 's   r e s i s t a n c e   to  downward  d i sp lacement   in  r e s p o n s e   t o  

increased   p r e s s u r e   within  the  d i spens ing   package  -and  which  t e n d  

to  dec rea se   said  p is ton ' s   r e s i s t ance   to  upward  d i sp l acemen t   in 

response   to  vacuum  (or  negat ive  p r e s s u r e )   within  the  p a c k a g e .  

Piston  70,  as  d e s c r i b e d ,   t he r e fo re   will  show  a  p r e f e r e n c e   t o  

upward  axial  movement .   The  magni tude   and  c h a r a c t e r   of  a 

p is ton ' s   p r e f e r e n c e   may  be  ad jus ted   in  several   ways,  for  e x a m p l e  

vary ing   the  inc luded   angle  77  a n d / o r   the  individual   angles   a  a n d  



S.  While  the  p r e f e r r e d   range  for  included  angle  77  is  b e t w e e n  

30°  and  120°,  t h e o r e t i c a l l y   the  included  angle  of  any  p a r t i c u l a r  

bellows  73  could  range  from  0°  to  180°.  It  has  been  f o u n d ,  

however ,   that  with  large  angles  there   is  little  t endency   for  l a t e r a l  

dimensional   e x p a n s i o n   of  the  individual  bellows  with  vir tual   ax ia l  

compress ion   t h e r e o f   and,   t he r e fo re ,   little  r e su l t ing   p r e f e r e n t i a l  

fr ict ional   r e s i s t a n c e   to  d i sp lacement .   When  angles  a  and /o r   β  a r e  

nea re r   the  minimum  value  of  0°  (for  example  15°),  a  b e l l o w s -  

col lapsing  force  will  resu l t   in  a  very  limited  degree   of  v i r t u a l  

lateral  dimensional   expans ion   of  the  individual   bellows,  but  h i g h e r  

normal  forces  e x e r t e d   aga ins t   the  inner  con ta ine r   walls,  r e s u l t i n g  

in  a  piston  with  less  lateral  dimensional  va r iab i l i ty   and  h i g h e r  

fr ict ional   r e s i s t a n c e   to  d isplacement   under   load.  Inc reas ing   t h e  

size  of  the  angles   resu l t s   in  more  lateral ly  va r i an t   p i s t o n  

d iameters   ( i . e . ,   more  to le ran t   to  a  des igned   i n t e r f e r e n c e   b e t w e e n  

the  piston  and  the  inner  wall  sur faces   of  a  con ta iner   in  spite  o f  

con ta ine r   inner   d imension  d i f f e r e n c e s ) ,   but  less  p r e f e r e n t i a l  

fr ict ional   r e s i s t a n c e   ( i . e . ,   less  increase  in  the  normal  f o r c e s  

exe r t ed   agains t   the  inner  conta iner   walls  for  a  given  load  on  t h e  

piston)  to  d i s p l a c e m e n t .   Once  included  angle  77  is  i n c r e a s e d  

beyond  120°,  h o w e v e r ,   both  tolerance  and  p re fe ren t i a l   f r i c t i o n a l  

r e s i s t ance   begin  to  dec rease .   Included  angles  of  i n d i v i d u a l  

bellows  may  t h e r e f o r e   be  adjus ted   to  c rea te   a  follower  p i s t o n  

having  a  des i r ed   la t i tude  of  i n t e r f e rence   within  a  c o n t a i n e r ,   e x a c t  

optimal  t o l e r ance ,   and  frictional  r e s i s t ance   for  any  i n d i v i d u a l  

d i spens ing   package .   Grea te r   piston  to lerance   can  be  very  b e n e -  

ficial  in  compensa t ing   for  manufac tu r ing   va r i a t ions   of  c o n t a i n e r  

and  piston  d imens ions   common  to  high  speed  m a s s - p r o d u c t i o n  

s i tua t ions .   T h e r e f o r e ,   the  t r a d e - o f f   of  less  p r e f e r en t i a l   f r i c t i o n a l  

r e s i s t ance   for  g r e a t e r   piston  to lerance  can  be  balanced  as  t h e  

c i r c u m s t a n c e s   d i c t a t e .   Al though  the  angles  a  and  β   are  d e s c r i b e d  

in  the  embodiments   as  being  approx imate ly   equal ,   this  need  n o t  

be  the  case.  It  has  been  found  that  only  one  of  the  angles  a  o r  

0  must  be  small  ( e .g .   15°)  to  a c h i e v e  



higher   p r e f e r e n t i a l   r e s i s t ance   unde r   load,  while  the  o ther   a n g l e  

can  be  large.   Such  a  combinat ion  could  be  useful  in  f a c i l i t a t i n g  

the  molding  p r o c e d u r e s   of  a  piston  having  small  pitch  and  a  small 

angle  a  or  B,  as  less  in t r i ca te   mold  conformat ions   would  be  

r e q u i r e d .  

In  the  embodiments   d e s c r i b e d ,   the  piston  face  76  is  s h o w n  

having  a  convex  surface   with  a  p r e f e r r e d   radius  of  c u r v a t u r e   o f  

about  38  mm  (1.50  inches)  and  being  located  adjacent   the  u p p e r -  
most  bellows  73.  Another   way  in  which  piston  pe r fo rmance   may 
be  tuned   to  a  pa r t i cu la r   d i s p e n s i n g   need  is  by  vary ing   the  s h a p e  

and  location  of  the  face  76.  For  example ,   a  flat  piston  face  cou ld  

be  hor izon ta l ly   affixed  cen t ra l ly   within  a  bellows  p is ton ,   l e av ing  

both  ends  of  said  piston  open.   Such  a  piston  would  have  no 

p r e f e r e n c e   to  d isp lacement   within  a  package .   Slight  p r e f e r e n c e   to  

d i sp lacemen t   in  the  upward  d i rec t ion   could  be  accompl ished  by  

locating  said  flat  piston  face  closer  to  the  upper   end  of  s a id  

pis ton.   If  piston  face  76,  as  d e s c r i b e d   here in ,   were  u p w a r d l y  

concave  as  opposed  to  convex ,   ins tead   of  augment ing   the  t e n -  

dency  of  the  uppermos t   bellows  to  v i r tua l ly   radially  expand   in 

r e sponse   to  downward  p r e s s u r e ,   it  would  tend  to  radially  e x p a n d  

in  r e s p o n s e   to  upward  p r e s s u r e ,   t h e r e b y   s l ight ly  i n c r e a s i n g  

fr ict ional   r e s i s t ance   to  upward   d i sp lacemen t   and  improving  t h e  

seal  at  the  uppe rmos t   contac t   band  78  of  the  p is ton.   Such  a 

concave  shape  might  be  des i r ab le   to  insure   a i r - t i g h t   seals  o f  

conta ined   fluid  p roduc t s   which  are  sens i t ive   to  air.  Likewise  w i th  

other   p is tons   made  in  acco rdance   with  this  d i s c lo su re ,   the  p i s t o n  

face  can  assume  a  var ie ty   of  shapes   and  t h i c k n e s s e s   accord ing   t o  

specific  funct ional   c h a r a c t e r i s t i c s   de s i r ed .   For  example ,   a n  

upward ly   convex  face  176  of  piston  170  might  p r e f e r a b l y   be  o f  

t h inne r   t h i c k n e s s   so  that  it  can  more  easily  v i r tua l ly   r a d i a l l y  

expand   in  r e sponse   to  downward   axial  p r e s s u r e ,   t h e r e b y  

augmen t ing   the  seal  between  the  ou te r   p e r i p h e r y   180  and  t h e  

inner  s u r f a c e s   of  tubu la r   port ion  51.  Piston  faces  can  be  c o r r -  

e s p o n d i n g l y   shaped  with  va r ious   concave  or  convex  d i ame te r s ,   o r  

with  mixed  combinat ions  of  flat,   concave  and  c o n v e x  



conformat ions   to  prec ise ly   control   piston  pe r fo rmance   c h a r a c t e r i s -  

t ics.   C u s t o m - s h a p e d   piston  faces  can  also  be  ut i l ized  to  allow  t h e  

piston  to  nest  with  the  conformat ion  of  the  uppe r   por t ions   of  a 

pump  d i s p e n s e r   to  insure   that   subs t an t i a l l y   all  the  c o n t a i n e d  

p r o d u c t   will  be  d i s p e n s e d ,   t h e r e b y   reduc ing   p r o d u c t   waste  ( e . g .  

piston  70'  of  Figure  7 ) .  

It  has  also  been  found  that  to  p r u d e n t l y   match  the  p r e -  
de t e rmined   frictional  r e s i s t a n c e   of  the  piston  within  the  c o n t a i n e r ,  

the  volume  (and  p r e s s u r e )   va ry ing   capabi l i t ies   of  the  volume 

va ry ing   means,  the  piston  face  conf igura t ion   and  the  p r e s s u r e  

r e q u i r e m e n t s   for  d i s p e n s i n g ,   the  v iscosi ty   and  lubr ic i ty   of  t h e  

fluid  p r o d u c t   to  be  d i s p e n s e d   must  be  c o n s i d e r e d .   Viscosity  c a n  

s u b s t a n t i a l l y   affect  the  p r e s s u r e   drop  across   the  d i s p e n s i n g  

condui t   and  may  also  be  key  in  de te rmin ing   the  number   and  t y p e  

of  seal ing  means  r equ i red   for  said  piston  to  e f fec t ive ly   o p e r a t e  
and  p ro tec t   said  fluid  within  the  d i spens ing   package .   F o r  

example ,   an  upwardly   concave  piston  face  76  would  probably   b e  

des i r ab l e   to  insure  a  f l u i d - t i g h t   seal  of  fluid  p r o d u c t s   sensi t ive   to  

air  which  have  relat ively  low  v i scos i t i es ,   w h e r e a s ,   an  u p w a r d l y  

convex  or  flat  face  might  be  suf f ic ien t   with  a  fluid  of  r e l a t i v e l y  

high  v i scos i ty .   It  has  been  o b s e r v e d   that  h igher   v i scos i ty   f l u ids  

tend  to  augment   the  rel iabi l i ty   of  the  piston  seals .   Lubr ic i ty   of  a 

con ta ined   fluid  and  the  i nhe ren t   coeff icient   of  f r ict ion  of  t h e  

p a r t i c u l a r   materials  chosen  for  the  follower  pis ton  and  the  c o n -  

ta iner   body  logically  tend  to  have  a  d i rect   effect   on  f r i c t i on  

values   within  the  d i spens ing   sys tem,   and  such  e f fec ts   must  b e  

c o n s i d e r e d   in  the  design  r e q u i r e m e n t s   of  each  pa r t i cu l a r   e x e -  

c u t i o n .  

P i s tons ,   as  de sc r i bed   he re in ,   also  have  appl icabi l i ty   a s  

follower  devices  in  any  p roduc t   d i s p e n s e r   which  houses  t h e  

p r o d u c t   in  an  axially  e x t e n d i n g   bore  wherein  the  piston  can  b e  

s l idably   mounted.   For  example ,   piston  70  could  be  utilized  in  a 

solid  p r o d u c t   d i s p e n s e r ,   as  i l l u s t r a t ed   in  the  c r o s s - s e c t i o n a l   v iew 

of  F igure   8,  wherein  piston  70  is  slidably  mounted  in  the  lower  



end  of  the  axial  bore  of  the  d i s p e n s e r   1000  s u p p o r t i n g   the  so l id  

p r o d u c t   P  t h e r e a b o v e ,   and  wherein  piston  70  is  to  be  m a n u a l l y  

pushed   u p w a r d l y   within  the  axial  bore  to  d i spense   the  p r o d u c t .  

D i spense r   1000  is  shown  with  cyl indr ical   conformat ion ,   a l t h o u g h  

var ious   shapes   of  the  outer   and  inner  sur faces   could  be  u t i l i z e d .  

D i s p e n s e r   1000  is  also  shown  with  a  snap-on  cap  1065  in  c l o s e d  

posi t ion;   howeve r ,   cap  1065  is  shown  only  as  an  example  o f  

c losure   means  for  such  a  d i s p e n s e r .   This  d i s p e n s e r   e x e c u t i o n  

would  be  especia l ly   a d v a n t a g e o u s   for  use  with  solid  p r o d u c t s   s u c h  

as  st ick  type  d e o d o r a n t s   which  are  to  be  rubbed  onto  axi l la  

s u r f a c e s ,   in  use,   because   piston  70  would  res is t   b a c k w a r d  

d i sp l acemen t   within  the  axial  bore  in  response   to  the  axia l  

compres s ive   force  c rea ted   by  such  rubbing  dur ing  the  d i s p e n s i n g  

o p e r a t i o n .  

Var ious   modif icat ions  and  uses  of  the  desc r ibed   inven t ion   in 

addi t ion  to  those  d i scussed   above  will  be  appa ren t   to  those  sk i l l ed  

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

should  be  cons ide red   in  terms  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  

opera t ion   d e s c r i b e d   and  shown  in  the  specif icat ion  and  d r a w i n g s .  



1.  In  a  d i s p e n s e r   for  a  p roduc t ,   wherein  the  p roduc t   is  h o u s e d  

in  an  axially  e x t e n d i n g   bore  of  a  t ubu la r   con t a ine r   body  h a v i n g  

an  uppe r   end  from  which  p roduc t   is  d i s p e n s e d   and  an  open  lower  

end,  a  follower  piston  slidably  mounted  within  said  lower  end  o f  

the  bore  of  said  body  to  suppor t   said  p r o d u c t   t h e r e a b o v e ,   s a i d  

piston  being  c o n s t r u c t e d   of  resi l ient   material  and  comprising  a 

face  port ion  adap ted   to  contact   the  p roduc t   and  a  p e r i p h e r a l l y  
a t t ached   sidewall  which  has  at  least  one  integral   p e r i p h e r a l  

contact   band  conforming  to  the  shape  of  the  cross   section  of  s a i d  

bore ,   said  sidewall  being  adapted   to  v i r tua l ly   r e s i l i e n t l y  

longi tudina l ly   ex tend   or  cont rac t   in  r e sponse   to  axial  f o r c e s  

exe r t ed   on  said  face  portion  with  such  change   in  length  r e s u l t i n g  
in  an  inverse ly   propor t ional   virtual  change  in  lateral  dimension  o f  

said  pe r iphe ra l   contact   band,   said  piston  being  hollow  with  t h e  

in ter ior   su r faces   of  said  face  and  said  sidewall  exposed  to  

a tmospher i c   p r e s s u r e ,   and  said  contact   band  dimensioned  to  

provide   an  i n t e r f e r e n c e   fit  within  the  bore  which  exer t s   a 

p r e d e t e r m i n e d   normal  force  agains t   the  inner   su r faces   of  s a i d  

bore  in  static  c o n d i t i o n .  

2.  The  follower  piston  of  claim  1,  wherein  said  sidewall  f u r t h e r  

comprises   at  least  one  th in-wal led ,   r e e n t r a n t ,   be l l ows - l i ke  

concavi ty   formed  t h e r e a b o u t .  

3.  The  follower  piston  of  claim  2,  f u r t h e r   comprising  a 

depend ing   fr ict ion  ring  which  e s t ab l i shes   a  p r e d e t e r m i n e d  

fr ict ional   r e s i s t ance   to  d isplacement   of  said  piston  within  s a i d  

bore  in  static  condi t ion ,   and  wherein  said  bel lows- l ike   c o n c a v i t y  

comprises   an  ou tward ly   convex  con t inuous   depend ing   s idewal l ,  

said  sidewall  being  a t tached  about  its  uppe r   p e r i p h e r y   to  s a i d  

face  port ion  and  about  its  lower  p e r i p h e r y   to  said  friction  r i n g  

and  having  a  pe r iphera l   contact   band  formed  in te rmedia te   s a i d  

face  port ion  and  said  friction  r i n g .  



4.  The  follower  piston  of  claim  3,  wherein  said  contact   band  is 

located  at  the  radially  largest   con t inuous   outside  dimension  of  s a i d  

ou tward ly   convex  s idewal l .  

5.  In  a  d i s p e n s e r   for  a  p r o d u c t ,   wherein  the  product   is  h o u s e d  

in  an  axially  ex tend ing   bore  of  a  t ubu la r   conta iner   body  h a v i n g  

an  upper   end  from  which  p roduc t   is  d i spensed   and  an  open  lower  

end,  a  follower  piston  slidably  mounted  within  said  lower  end  o f  

the  bore  of  said  body  to  suppor t   said  product   t h e r e a b o v e ,   s a i d  

piston  being  c o n s t r u c t e d   of  res i l ient   material  and  compris ing  a 

face  port ion  adapted   to  contact   the  p roduc t   and  a  p e r i p h e r a l l y  

a t tached   sidewall ,   the  inter ior   su r f aces   of  said  face  and  s a i d  

sidewall  being  exposed  to  ambient  air,   said  sidewall  being  f o r m e d  

with  at  least  one  th in-wal led ,   r e e n t r a n t ,   bellows-like  c o n c a v i t y  

t h e r e a b o u t ,   the  upper   and  lower  ex t remes   of  said  concavi ty   e a c h  

being  connec ted   to  an  integral   pe r iphe ra l   contact   band  c o n f o r m i n g  

to  the  shape  of  the  cross  section  of  the  bore,   said  contact   b a n d s  

being  d imensioned  to  provide  an  i n t e r f e r ence   fit  within  the  b o r e  

which  exe r t s   a  p r ede t e rmined   normal  force  against   the  i n n e r  

sur faces   of  said  bore  in  static  c o n d i t i o n .  

6.  The  follower  piston  of  claim  5,  wherein  said  sidewall  is 

formed  with  a  p lura l i ty   of  said  t h in -wa l l ed ;   r e e n t r a n t ,   b e l l o w s - l i k e  

concavi t ies   in tegra l ly   connected   in  seriatim  by  per iphera l   c o n t a c t  

bands  at  their   upper   and  lower  ex t remes   the reby   forming  a 

th in-wal led   accord ion- l ike   s t r u c t u r e   which  resi l ient ly  permits   s a i d  

depend ing   sidewall  to  be  v i r tua l ly   longi tudinal ly   s t ra ined   by  ax ia l  

forces ,   said  vir tual   longitudinal   s t ra in   resul t ing   in  i n v e r s e l y  

propor t iona l   vir tual   radial  dimensional  s train  of  said  p e r i p h e r a l  

contact   b a n d s .  



7.  The  follower  piston  of  claim  1,  f u r t h e r   comprising  a 

depend ing   fr ict ion  ring  dimensioned  to  provide   an  i n t e r f e rence   f i t  

within  said  bore  which  exer ts   a  p r e d e t e r m i n e d   normal  f o r c e  

against   the  inner  su r faces   of  said  bore  in  static  condit ion,   a n d  

wherein  said  sidewall  f u r t h e r   comprises   at  least  two  o p p o s i t e l y  

disposed  helical  s t r ips   depending   from  the  lower  p e r i p h e r y   of  s a i d  

face  port ion  and  a t tached   at  their  lower  ends  to  the  upper   p e r i -  

phery  of  said  fr ict ion  r ing,   said  helical  s t r ips   conforming  to  t h e  

shape  of  the  cross   section  of  said  bore  t h e r e b y   es tabl i sh ing   a t  

least  two  pe r iphe ra l   contact   b a n d s .  

B.  The  follower  piston  of  claim  7  ,   wherein   there   are  two  

r i g h t - h a n d e d   and  two  l e f t -handed   helical  s t r ips   depending   f rom 

the  lower  p e r i p h e r y   of  said  face  port ion  and  a t tached  at  t h e i r  

lower  ends   to  the  upper   pe r iphe ry   of  said  friction  r ing,   each  o f  

said  helical  s t r ips   formed  as  one  full  helical  revolut ion ,   s a i d  

helical  s t r ips   being  connected  to  one  ano the r   at  their   hel ical  

i n t e r s e c t i o n s   t h e r e b y   forming  a  p e r f o r a t e d   s i dewa l l .  

9.  I n  a   p u m p - t y p e   d i spense r   for  a  fluid  p roduc t ,   wherein  t h e  

p roduc t   is  housed  in  an  axially  e x t e n d i n g   bore  of  a  t u b u l a r  

con ta ine r   body  having  an  upper  end  which  communicates  with  a  

d i s c h a r g e   pa s sageway   and  an  open  lower  end,   a  follower  p i s t o n  

slidably  mounted  within  the  bore  of  said  body  and  sealing  t h e  

same  aga ins t   escape  of  product   from  said  lower  end,   said  p i s t o n  

being  c o n s t r u c t e d   of  resilient  material  and  comprising  a  f a c e  

port ion  adap ted   to  contact   t he   p r o d u c t   and  a  p e r i p h e r a l l y  
a t t ached   sidewall ,   said  sidewall  f u r t h e r   compris ing  at  least  o n e  

integral   pe r iphe ra l   contact   band  conforming  to  the  shape  of  t h e  

cross  sect ion  of  said  bore,  and  being  adap ted   to  v i r t u a l l y  

res i l ien t ly   longi tudinal ly   extend  or  c o n t r a c t   in  response   to  ax i a l  

forces ,   exe r t ed   on  said  face  portion  with  such  change  in  l e n g t h  

re su l t ing   in  inverse ly   proport ional   v i r tua l   change  in  l a t e r a l  

dimension  of  said  per iphera l   contact   band ,   said  piston  b e i n g  



hollow  and  the  interior  su r faces   of  said  face  and  said  s idewall  
being  exposed   to  a tmospher ic   p r e s s u r e ,   said  contact   band  b e i n g  
d imens ioned   to  provide  an  i n t e r f e r ence   fit  within  the  bore  wh ich  
e x e r t s   a  p r e d e t e r m i n e d   normal  force  agains t   the  inner  su r f aces   o f  
said  bore  in  static  condi t ion,   whereby   appl icat ion  of  p u m p i n g  
p r e s s u r e   to  said  p roduc t   increases   said  normal  force  to  p r e v e n t  
movement   of  said  piston  toward  the  open  end  of  the  bore  a n d  
r e d u c t i o n   of  p r e s s u r e   within  the  p roduc t   to  below  a t m o s p h e r i c  
r e d u c e s   said  normal  force  and  permits  ambient  air  p r e s s u r e   to 
move  said  piston  toward  the  upper   end  of  the  bore  until  e q u i l i b -  
rium  is  r e a c h e d .  

10.  The  follower  piston  of  claim  9 ,  wherein  said  sidewall  f u r t h e r  
compr i ses   at  least  one  th in -wa l l ed ,   r e e n t r a n t ,   b e l l o w s - l i k e  
concav i ty   formed  t h e r e a b o u t .  

11.  The  follower  piston  of  claim  9  ,   f u r t h e r   compris ing   a 

d e p e n d i n g   friction  ring  which  e s t ab l i shes   a  p r e d e t e r m i n e d   f r i c -  

tional  r e s i s t a n c e   to  d isp lacement   of  said  piston  within  said  bore  in 

s ta t ic   cond i t ion ,   and  wherein  said  bel lows-l ike  concav i ty   c o m p r i s e s  

an  o u t w a r d l y   convex  cont inuous   depend ing   sidewall ,   said  s idewal l  

being  a t t ached   about  its  upper   p e r i p h e r y   to  said  face  port ion  a n d  

about   its  lower  pe r iphe ry   to  said  friction  ring  and  having  a 

p e r i p h e r a l   contact   band  formed  in termedia te   said  face  port ion  a n d  

said  f r ic t ion  r i n g .  

12.  The  follower  piston  of  claim  9  ,  f u r t h e r   compr is ing   a 

d e p e n d i n g   friction  ring  dimensioned  to  provide  an  i n t e r f e r e n c e   f i t  

within  said  bore  which  exe r t s   a  p r e d e t e r m i n e d   normal  f o r c e  

aga ins t   the  inner  sur faces   of  said  bore  in  static  condi t ion ,   a n d  

where in   said  sidewall  f u r t h e r   comprises  at  least  two  o p p o s i t e l y  

d i sposed   helical  s t r ips   depend ing   from  the  lower  p e r i p h e r y   of  s a id  

face  port ion  and  a t tached  at  their  lower  ends  to  the  uppe r   p e r i -  

phe ry   of  said  friction  ring,  said  helical  s t r ips   conforming  to  t h e  

shape  of  the  cross  section  of  said  bore  t he r eby   e s t ab l i sh ing   a t  

least  two  pe r iphera l   contact   b a n d s .  



13.  In  a  pump- type   d i s p e n s e r   for  a  fluid  p r o d u c t ,   wherein  t h e  

p r o d u c t   is  housed  in  an  axially  e x t e n d i n g   bore  of  a  t u b u l a r  

c o n t a i n e r   body  having  an  upper   end  which  communicates   with  a 

d i s c h a r g e   passageway  and  an  open  lower  end,  a  follower  p i s t o n  

s l idably   mounted  within  the  bore  of  said  body  and  sealing  t h e  

same  aga ins t   escape  of  p roduc t   from  said  lower  end,   said  p i s t o n  

being  c o n s t r u c t e d   of  resi l ient   material  and  compris ing  a  f a ce  

por t ion   adap ted   to  contact   the  p roduc t   and  a  p e r i p h e r a l l y  

a t t a c h e d   sidewall ,   said  piston  being  hollow  and  the  i n t e r i o r  

s u r f a c e s   of  said  face  and  said  sidewall  being  exposed  to  a m b i e n t  

air ,   said  sidewall  being  formed  with  at  least  one  t h i n - w a l l e d ,  

r e e n t r a n t ,   bellows-like  concavi ty   t h e r e a b o u t ,   the  upper   and  lower  

e x t r e m e s   of  said  concavity  each  being  connected   to  an  i n t e g r a l  

p e r i p h e r a l   contact   band  conforming  to  the  shape  of  the  c r o s s  

sect ion  of  the  bore,  said  contact   bands  being  dimensioned  t o  

p rov ide   an  i n t e r f e rence   fit  within  the  bore  which  exe r t s   a  p r e -  
d e t e r m i n e d   normal  force  agains t   the  inner  su r f aces   of  said  bore  in 

s ta t ic   condi t ion ,   whereby  applicat ion  of  pumping  p r e s s u r e   to  s a i d  

p r o d u c t   inc reases   said  normal  force  to  p r even t   movement  of  s a i d  

piston  toward  the  open  end  of  the  bore  and  reduct ion   of  p r e s s u r e  
within  the  p roduc t   to  below  a tmospher ic   reduces   said  normal  f o r c e  

and  permits   ambient  air  p r e s s u r e   to  move  said  piston  toward  t h e  

u p p e r   end  of  the  bore  until  equi l ibr ium  is  r e a c h e d .  

14.  The  follower  piston  of  claim  13,  wherein  said  p e r i p h e r a l l y  

a t t a c h e d   sidewall  is  formed  with  a  p lura l i ty   of  said  t h i n - w a l l e d ,  

r e e n t r a n t ,   bellows-like  concavi t ies   in tegra l ly   connected   by  s a i d  

con tac t   bands   at  their  upper   and  lower  ex t remes   t he r eby   fo rming  

a  t h in -wa l l ed   accordion- l ike   s t r u c t u r e   which  res i l ient ly   p e r m i t s  

said  sidewall  to  be  vir tual ly   longi tudinal ly   s t ra ined   by  said  p u m p -  

ing  p r e s s u r e ,   said  virtual  longitudinal   s t ra in  resu l t ing   in  i n -  

ve r se ly   propor t ional   virtual  lateral  dimensional  s t rain  of  s a id  

p e r i p h e r a l   contact   bands ,   whereby  vir tual   lateral  expans ion   o f  

said  contac t   bands  resul ts   in  increased   normal  force  exe r t ed   b y  

said  contac t   bands  against   the  inner  su r faces   of  said  bore ,   a n d  

v i r tua l   lateral  compression  of  said  contact   bands  resu l t s   in 

d e c r e a s e d   normal  force  exer ted   t h e r e b y .  



15.  The  follower  piston  of  claims  4,  6  or  14  wherein  the  p r o d u c t -  
con tac t ing   side  of  said  face  por t ion  is  c o n v e x .  

16.  The  follower  piston  of  c laims  4,  6  or  14  wherein  the  p r o d u c t -  
con t ac t i ng   side  of  said  face  port ion  is  c o n c a v e .  

17.  The  follower  p i s t o n   of  claims  4,  6  or  14  wherein  the  p r o d u c t -  
con t ac t i ng   side  of  said  face  por t ion   is  f l a t .  

18.  The  follower  piston  of  c laims  15,  16  or  17  wherein  said  face  p o r t i o n  
is  connec t ed   about   its  outer  p e r i p h e r y   to  the  upper   ex t reme   of  t h e  

u p p e r m o s t   be l lows- l ike   concavi ty   by  the  uppe rmos t   in tegra l   p e r i -  
phera l   contac t   b a n d .  

19.  The  follower  piston  of  c laims  6  or  14  wherein  said  r e e n t r a n t ,  
be l lows- l ike   concavi t ies   have  inc luded  angles  of  between  about   30° 
and  about   120° .  

20.  The  follower  piston  of  claim  19,  wherein  s a i d  r e e n t r a n t ,  
be l lows- l ike   concavi t ies   each  have  a  pitch  of  at  least  about   3.2  mm 
(.125  i n c h e s ) .  
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