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Method  and  apparatus  for  use  in  making  a  sand  mold. 
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The  removal  of  a  deep  bore  pattern  (14)  from  a  sand 
mold  is  facilitated  by  exerting  a  force  on  the  sand  (12)  within 
the  bore  (16)  to  break  the  bond  between  the  sand  and  the 
internal  surface  of  the  pattern.  The  pattern  (14)  is  supported 
on  a  pattern  plate  (18)  having  an  aperture  (20)  in  line  with 
the  bore  (16).  A  stripper  block  (22)  is  slidably  received  in  the 
aperture  and  can  extend  into  the  bore.  A  fixed  back  plate 
(24)  is  supported  on  the  pattern  plate,  and  a  compression 
spring  (26)  is  positioned  between  the  stripper  block  (22)  and 
the  back  plate  (24).  As  sand  is  packed  into  the  mold,  and 
hence  the  bore,  under  pressure,  the  stripper  block  is  forced 
out  of  the  bore  against  the  spring.  When  the  pressure  is 
removed  to  allow  the  pattern  to  be  withdrawn,  the  spring 
exerts  a  force  on  the  stripper  block  causing  it  to  move  back 
to  its  initial  position,  thus  breaking  the  sand  free  from  the 
inside  surface  of  the  deep  bore. 



This  i n v e n t i o n   r e l a t e s   to  a  method and  appa ra tu s   for  use  i n  

making  a  sand  mold .  

Green  sand  molding  is  a  p rocess   where in   a  p a t t e r n   can  be 

formed  in  a  sand  mold  wi thout   the  n e c e s s i t y   of  hea t ing   or  c h e m i -  

c a l l y   t r e a t i n g   the  sand  in  order   to  form  the  p a t t e r n .   This  type  of  

molding  process   encounte rs   d i f f i c u l t y   in  deep  bore  p a t t e r n s ,   p a r -  

t i c u l a r l y   for  example  with  p a t t e r n s   where in   the  he igh t   of  a  bore  i s  

g r e a t e r   t h a n  i t s   width.   Often,   when  such  bores  are  p r e s e n t ,   t h e  

sand  tends  to  break  off  on  the  i n s ide   of  the  bore  as  the  p a t t e r n   i s  

removed.  In  order  to  a l l e v i a t e   t h i s   problem,  foundry  people  have  

e i t h e r   i n s e r t e d   a  preformed  core  into  the  p a t t e r n   where  t h e y  

d e s i r e d   to  form  a  bore,  or  have  had  to  add  a d d i t i o n a l   d r a f t   which  

caused  e x c e s s i v e   machining.   Both  of  these   a l t e r n a t i v e s   proved  t o  

be  expens ive   and  r equ i r ed   a  g rea t   deal  of  t i m e .  

Many  p r io r   p roposa l s   have  been  made  to  remove  the  f i n i s h e d  

c a s t i n g   from  sand  molds,  for  example  using  v i b r a t o r y   methods  (as  i n  

US-PS  1 ,704 ,100 )   or  methods  i n v o l v i n g   a  s u f f i c i e n t l y   s t rong  l o n g i -  

t u d i n a l   force   on  the  c a s t i n g   (as  in  US-PS  1 , 9 6 0 , 3 6 6 ) .   When 

removing  a  c a s t i ng   from  the  mold  damage  to  the  sand  mold  is  of  no 

impor t ance ,   and  indeed  f r e q u e n t l y   occurs .   However,  when  removing  a 

p a t t e r n   piece  from  the  mold,  i t   is  i m p o r t a n t   tha t   the  sand  mold 

remains  i n t a c t   so  that   a  good  c a s t i n g   can  be  formed.  Thus  t h e s e  

known  methods  of  removing  the  c a s t i n g   are  u n s u i t a b l e   for  removal  of  

the  p a t t e r n   piece  from  the  mold  be fore   the  mold  is  put  to  u s e .  

This  i n v e n t i o n   p rov ides   an  improved  method  and  appa ra tu s   f o r  

us ing  in  making  a  sand  mold,  and  is  de f ined   in  i t s   va r ious   a s p e c t s  

in  the  claims  be low.  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   in  more  d e t a i l   by  way  of  

example,   with  r e f e r e n c e   to  the  drawings ,   in  wh ich :  

Fig  1  is  a  side  view  of  one  embodiment  of  the  appa ra tu s   of  

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

Fig  2  is  a  top  view  of  Fig  1  along  l i ne   2--2;   and 

Fig  3  is  a  s i d e  v i e w   of  a  second  embodiment  of  th is   i n v e n -  

t i o n .  

In  use  the  molding  sand  is  p r e s s u r e   packed  into  the  mold,  

about  the  p a t t e r n   and  into  the  bore.   The  p r e s s u r e   both  compacts  



the  sand  around  and  w i t h i n   the  p a t t e r n   and  causes  the  f i r s t   member 

to  be  dep res sed   a g a i n s t   the  compress ion  means.  Subsequen t ly   t h e  

p r e s s u r e   is  r e l e a s e d   and  the  p a t t e r n   p l a t e   is  removed.  When  t h e  

p r e s s u r e   is  r e l e a s e d   the  compress ion  means  fo rces   the  f i r s t   member 

up  into  the  bore  to  break  the  sand  f ree   from  the  deep  bore  p a t t e r n  

to  a  s u f f i c i e n t   ex t en t   to  f a c i l i t a t e   removal  of  the  p a t t e r n .  

R e f e r r i n g   to  Figs  1  and  2,  an  appa ra tu s   10  is  shown  f o r  

b reak ing   sand  12  f r ee   from  a  p a t t e r n   14  having  a  deep  bore  16.  The 

deep  bore  16  can  have  almost  any  shape  but  most  commonly  w i l l   be  a 

t u b u l a r   s t r u c t u r e   where in   the  he igh t   of  the  bore  is  g r e a t e r   t h a n  

the  w i d t h .  

For  purposes   of  d i s c u s s i o n   only  and  not  by  way  of  l i m i t a -  

t i o n ,   the  a p p a r a t u s   10  w i l l   be  exp la ined   as  being  p o s i t i o n e d   in  t h e  

h o r i z o n t a l   plane  with  movement  in  the  v e r t i c a l   p lane,   as  i l l u s t r a t e d .  

The  a p p a r a t u s   10  is  a t t a c h e d   to  a  p a t t e r n   p l a t e   18  wh ich  

con t a in s   an  a p e r t u r e   20  which  shares  the  same  c e n t r a l   axis  as  t h a t  

of  the  deep  bore  16.  P r e f e r a b l y ,   the  a p e r t u r e   20  is  of  the  same 

shape  and  has  the  same  c r o s s - s e c t i o n a l   dimensions  as  the  deep  bore  16.  

The  a p p a r a t u s   10  i nc ludes   a  f i r s t   movable  member  22,  a  

second  f ixed   member  24,  and  compress ion  means  26.  The  f i r s t   member 

or  s t r i p p e r   block  22,  is  p o s i t i o n e d   w i th in   the  a p e r t u r e   20  of  t h e  

p a t t e r n   p l a t e   18  and  p a r t i a l l y   extends  into  the  opening  of  the  deep 

bore  16.  The  exact   amount  tha t   the  f i r s t   member  22  ex tends   i n t o  

the  deep  bore  16  w i l l   depend  upon  the  t r a v e l   d i s t a n c e   needed  t o  

break  the  sand  12  f ree   from  the  i n s ide   su r f ace   of  the  deep  bore  16 .  

The  f i r s t   member  22  has  a  top  su r face   28  and  a  bottom  su r f ace   3 0 .  

The  top  s u r f a c e   28  p rov ides   a  base  for  the  sand  12  while   the  bo t tom 

s u r f a c e   30  abu t s   a g a i n s t   the  compress ion  means  26.  The  c o m p r e s s i o n  

means  26,  shown  as  a  coi l   sp r ing ,   is  p o s i t i o n e d   between  the  f i r s t  

member  22  and  the  second  member  24  and  serves  to  y i e l d a b l y   r e s i s t  

the  downward  movement  of  the  f i r s t   member  22.  The  fo rce   r e q u i r e d  

to  compact  the  sand  12  in to   the  deep  bore  16  is  s u f f i c i e n t   t o  

compress  the  compress ion   means  26.  P r e f e r a b l y ,   the  top  su r f ace   28 

of  the  f i r s t   member  22  w i l l   be  f lush   with  the  top  s u r f a c e   of  t h e  

p a t t e r n   p l a t e   18  when  the  bottom  su r face   30  c o n t a c t s   the  s econd  

member  2 4 .  

The  second  member  24  is  a t t a c h e d   to  the  p a t t e r n   p l a t e   18  by 

suppor t   means  32,  of  which  two  are  shown  and  serve  to  hold  t h e  



second  member  24  away  from  the  f i r s t   member  22.  These  s u p p o r t  

means  32  can  be  bo l t s   or  studs  which  are  screwed  i n t o  t h e   p a t t e r n  

p l a t e   18 .  

Turning  to  Fig  3,  a  second  embodiment  is  dep i c t ed   showing 

the  a p p a r a t u s   10  comprised  of  s eve ra l   a d d i t i o n a l   e l e m e n t s .   In  t h i s  

view,  the  p a t t e r n   14  is  s ecu re ly   a t t a ched   to  the  p a t t e r n   p l a t e   18 

by  machine  screws  19,  of  which  one  is  shown.  The  a p p a r a t u s   10  i s  

aga in   a t t a c h e d   t o  t h e   unde r s ide   of  the  p a t t e r n   p l a t e   18  in  a l i g n -  

ment  with  the  a p e r t u r e   2 0 .  T h e   appa ra tu s   10  is  comprised  of  a  

s t r i p p e r   block  40  having  a  top   su r face   42  and  a  bottom  su r f ace   4 4 .  

At tached   to  the  bottom  su r f ace   44  by  screws  46  and  a  pin  48  is  a  

s t r i p   p l a t e   50.  The  s t r i p   p l a t e   50  has  a  l a r g e r   c r o s s - s e c t i o n a l  

d i ame te r   than  the  s t r i p p e r   block  40  and  con ta ins   a  number  of  a p e r -  

t u r e s   52  l o c a t e d   near  i t s   outer   p e r i p h e r y .   The  p u r p o s e  o f   t h e s e  

a p e r t u r e s   52  w i l l   be  exp la ined   s h o r t l y .  

P o s i t i o n e d   below  the  s t r i p   p l a t e   50  is  a  back  p l a t e   54  which  

has  a  stop  block  5 6  f a s t e n e d   to  i t   by  a  bolt   58.  The  back  p l a t e   54 

is  a p p r o x i m a t e l y   the  same  s ize  as  the  s t r i p   p l a t e   50  and  also  c o n -  

t a i n s   a  s i m i l a r   number  of  a p e r t u r e s   60  l o c a t e d   near  i t s   o u t e r  

p e r i p h e r y .   The  a p e r t u r e s   60  are  in  a l ignment   with  the  a p e r t u r e s  
52.  Pass ing   through  each  pai r   of  c o r r e s p o n d i n g   a p e r t u r e s   52  and  60 

is  a  suppor t   means  in  the  form  of  a  machine  bolt   62.  The  s u p p o r t  

means  62  serve   to  u n i t e   the  s t r i p   p l a t e   50  and  the  back  p l a t e   54  t o  

the  p a t t e r n   p l a t e   18  while   a l lowing  ax ia l  movement   of  the  s t r i p  

p l a t e   50  in  the  v e r t i c a l   p l a n e .  

A  c o l l a r   64  is  c o n c e n t r i c a l l y   p o s i t i o n e d   around  each  s u p p o r t  

means  62  between  the  p a t t e r n   p l a t e   18  and  the  s t r i p   p l a t e   5 0 .  

These  c o l l a r s   64  l i m i t   the  upward  t r a v e l   of  the  s t r i p   p l a t e   5 0 .  

Also  c o n c e n t r i c a l l y   p o s i t i o n e d   about  each  of  the  suppor t   means  6 2 ,  

between  the  s t r i p   p l a t e   50  and  the  back  p l a t e   54,  is  c o m p r e s s i o n  

means  66,  such  as   a  p l u r a l i t y   of  coi l   sp r ings   of  equal  c o m p r e s s i v e  

s t r e n g t h s .   The  compress ion  means  66  serve  to  y i e l d a b l y   r e s i s t   t h e  

downward  movement  of  the  s t r i p p e r   block  40  as  the  sand 12  is  com- 

pac ted   and  p ressed   i n t o  t h e   deep  bore  16  of  the  p a t t e r n   14.  The 

compress ion   means  66  are  des igned  to  be  g r a d u a l l y   compressed  by  t h e  

a p p l i e d   force  on  the  sand  12  u n t i l   the  s t r i p   p l a t e   50  c o n t a c t s   t h e  

stop  block  56.  The  stop  block  56  w i l l   p revent   f u r t h e r   downward 

movement  of  the  s t r i p   p l a t e   50.  A f t e r  t h e   app l i ed   p r e s s u r e   on  t h e  



sand  12  is  r e l e a s e d   and  the  p a t t e r n   p l a t e   18  is  being  s e p a r a t e d  

from  the  mold,  the  compression  means  66  w i l l   urge  the  s t r i p p e r  

block  40  via   s t r i p   p l a t e   50  back  to  i t s   i n i t i a l   p o s i t i o n .   T h i s  

upward  movement  of  the  s t r i p p e r   block  40  w i l l   break  the  bond  b e t -  

ween  the  i n s i d e   su r face   of  the  p a t t e r n   14  and  the  sand  12  t h e r e b y  

a l lowing   the  p a t t e r n   14  to  be  f u l l y   withdrawn  l eav ing   a  p e r f e c t  

i m p r e s s i o n .  

O p e r a t i o n  

The  method  for  making  a  green  sand  mold  using  a  p a t t e r n  

having  a  deep  bore  w i l l   now  be  e x p l a i n e d .   In  the  molding  o p e r a -  
t i o n ,   the  p a t t e r n   14  is  f i r s t   mounted  onto  the  p a t t e r n   p l a t e   18.  A 

f l a s k   box,  which  is  a  f o u r - s i d e d   frame,  is  p laced  on  top  of  t h e  

p a t t e r n   p l a t e   18  and  fu l ly   enc loses   the  p a t t e r n   14.  The  sand  12,  

p r e f e r a b l y   green  sand,  is  i n t r o d u c e d   into  the  f l a s k   box.  This  sand  

12  can  be  v i b r a t e d   or  j o l t e d   along  with  the  f l a sk   box  and/or   p a t -  
t e rn   p l a t e   in  order  to  assure   tha t   a l l   c a v i t i e s   and  c r e v i c e s   g e t  
f i l l e d .   The  green  sand  12  is  such  that   i t   does  not  have  to  be 

hea ted   or  chemica l ly   t r e a t e d   in  order  to  set  but  i n s t e a d   is  formed 

about  the  p a t t e r n   14  by  p r e s s u r e   a lone .   T h e r e f o r e ,   p r e s s u r e   i s  

a p p l i e d   to  the  top  sur face   of  the  sand  12  and  t h i s   p r e s s u r e   f o r c e s  

the  sand  12  downward  into  and  around  the  p a t t e r n   14,  i n c l u d i n g   i n t o  

the  deep  bore  16 .  

With  the  appa ra tu s   10  in  ax i a l   a l ignment   with  the  a p e r t u r e  
20  of  the  p a t t e r n   p l a t e   18,  the  app l i ed   force   on  the  sand  12  w i l l  

depress   the  f i r s t   member  22  a g a i n s t   the  second  member  24.  T h i s  

a c t i o n   w i l l   compress  the  compress ion   means  26.  The  amount  of  

p r e s s u r e   r e q u i r e d   to  depress   the  f i r s t   member  22  downward  to  a  

poin t   where  the  top  su r face   28  is  f l u sh   with  the  top  su r f ace   of  t h e  

p a t t e r n   p l a t e   18  w i l l   depend  upon  a  v a r i e t y   of  f a c t o r s .   Such  f a c -  

tors   i n c l u d e :   the  type  of  sand,  the  compos i t ion   of  the  sand,  t h e  

s i ze   of  the  p a t t e r n ,   the  s ize  of  the  deep  bore,  the  type  of  e q u i p -  

ment  the  sand  mold  is  being  formed  on,  and  the  shape  of  the  deep 

bore.   Normal ly ,   on  a  c o n v e n t i o n a l   green  sand  molding  machine,  t h e  

a p p l i e d   p r e s s u r e   is  between  800  and  2000  psi   (about  5500  and  14000 

kPa),   p r e f e r a b l y   between  1000  and  1500  (about  7000  and  10000  k P a )  

and  most  p r e f e r a b l y   1350  psi   (about  9300  k P a ) .  

A f t e r   the  sand  12  has  set  about  the  p a t t e r n   14,  the  a p p l i e d  

p r e s s u r e   is  removed  and  the  f l a sk   box  is  s t r i p p e d   from  the  p a t t e r n  



14.  As  th i s   occurs ,   the  f i r s t   member  22  is  s i m u l t a n e o u s l y   f o r c e d  

back  to  i t s   i n i t i a l   p o s i t i o n   by  the  compress ion   means  26.  Th i s  

a c t i o n   breaks  the  sand  12  f ree   from  the  i n s ide   su r f ace   of  the  p a t -  

t e rn   14  the reby   a l lowing  the  p a t t e r n   14  to  be  f u l l y   removed  from 

the  sand  mold  wi thout   having  the  sand  12  shear   off  w i t h i n   the  deep 

bore  16.  The  p a t t e r n   14,  the  p a t t e r n   p l a t e   18  and  the  a p p a r a t u s  

10,  a l l   t h r ee   being  permanent ly   connected  t o g e t h e r ,   are  then  r eady  

to  be  used  over  a g a i n .  

The  sand  mold  which  has  jus t   been  formed,  is  then  r o t a t e d  

180  degrees   and  is  f i l l e d   with  molten  m a t e r i a l ,   for  example  m e t a l .  

This  molten  m a t e r i a l   wi l l   f i l l   the  impre s s ion   l e f t   in  the  sand  12 

made  by  the  p a t t e r n   14.  The  cast   mold  is  then  cooled  and  the  sand 

12  is  broken  away  leaving   the  f i n i s h e d   c a s t i n g .  

To  a s s i s t   in  b reaking   the  sand  12  f ree   from  the  inner   s u r -  

face  of  the  p a t t e r n   14,  a  s l i g h t   t apered   d r a f t   can  be  used.  Th i s  

t a p e r e d   d r a f t ,   shown  on  the  inner   wall  of  the  p a t t e r n   14  in  Fig  1 ,  

should  be  about  one  degree  and  p r e f e r a b l y   about  one  half   of  a 

degree .   It  should  be  noted  tha t   the  i n s e r t i o n   of  th is   s l i g h t   d r a f t  

may  r e q u i r e   ex t ra   machining  of  the  f i n i s h e d   c a s t i ng   if  c l o s e  

t o l e r a n c e s   are  c r u c i a l   to  the  f i n i s h e d   p r o d u c t .  

The  system  i l l u s t r a t e d   f a c i l i t a t e s   in  the  removal  of  a  p a t -  

t e rn   from  a  sand  mold,  p a r t i c u l a r l y   a  deep  bore  p a t t e r n   from  a  

green  sand  mold  and  has  a  number  of  advan tages .   These  inc lude   a  

r e d u c t i o n   in  the  amount  of  d ra f t   r equ i r ed   on  the  i n s ide   of  a  deep 

bore,   and  the  a b i l i t y   to  form  deep  pockets   in  the  cope  half   of 

molds  where  cores  cannot  be  used.  The  system  f u r t h e r m o r e   can  p r o -  
vide  both  a  time  and  cost  saving  over  the  c o n v e n t i o n a l   me thod .  

It  w i l l   be  a p p r e c i a t e d   that   many  m o d i f i c a t i o n s   can  be  made 

to  the  s p e c i f i c   examples  i l l u s t r a t e d .  



1.  A  method  of  making  a  sand  mold  using  a  p a t t e r n   having  a  

bore,   p a r t i c u l a r l y   a  deep  bore,  the  method  compris ing   at  l e a s t   t h e  

s t eps   of  f i rming  sand  about  the  p a t t e r n   and  into  the  bore,   and 

removing  the  p a t t e r n   from  the  sand,  and  where in   a  force   is  e x e r t e d  

on  the  sand  w i th in   the  bore  to  at  l e a s t   a s s i s t   in  b reaking   sand 

f r ee   from  the  p a t t e r n   to  f a c i l i a t e   removal  of  the  p a t t e r n .  

2.  A  method  accord ing   to  claim  1,  in  which  the  bore  has  a  

movable  member  p o s i t i o n e d   at  the  bottom  of  the  bore,  and  the  s a i d  

fo rce   is  exe r t ed   on  the   sand  w i th in   the  bore  by  moving  the  movable 

member  in to   the  b o r e .  

3.  A  method  accord ing   to  claim  2,  in  which  the  movable  member 

is  r e s i l i e n t l y   loaded  so  as  to  be  biased  towards  the  b o r e .  

4.  A  method  accord ing   to  claim  3,  in  which  the  p r e s s u r e   a p p l i e d  

to  the  sand  during  the  f i rming  step  is  s u f f i c i e n t   to  d i s p l a c e   t h e  

movable  member  outwardly  of  the  bore  a g a i n s t   i t s   r e s i l i e n t   l o a d i n g .  

5.  A  method  accord ing   to  claim  3  or  4,  in  which  the  r e s i l i e n t  

load ing   is  s u f f i c i e n t   to  bias  the  movable  member  to  a  p o s i t i o n  

where  i t   en te r s   the  b o r e .  

6.  A  method  accord ing   to  claim  3 ,  4   or  5,  in  which  the  e x t e n t  

of  the  movement  of  the  movable  member  a g a i n s t   the  r e s i l i e n t   l o a d i n g  

is  l i m i t e d   by  a  s t o p .  

7.  A method  accord ing   to  any  p receding   claim,  in  which  the  p a t -  

t e rn   is  suppor ted   on  a  p a t t e r n   p l a t e   having  an  a p e r t u r e   t h e r e i n  

a r r anged   in  l ine   with  the  b o r e .  

8.  A method  a c c o r d i n g  t o   any  p receding   claim,  in  which  the  b o r e  

has  a  g r e a t e r   depth  than  w i d t h .  



9.  A  method  acco rd ing   to  any  p reced ing   claim,  in  which  the  sand 

is  green  s a n d .  

10.  A  method  accord ing   to  any  p reced ing   claim,  in  which  in  t h e  

f i rming   step  the  sand  is  s u b j e c t e d   to  an  app l ied   p r e s su re   in  t h e  

range  800  to  2000  psi   ( a p p r o x i m a t e l y   5500  to  14000  kPa)  and  p r e -  

f e r a b l y   in  the  range  1000  to  1500  psi   ( app rox ima te ly   7000  to  10000 

k P a ) .  

11.  Appara tus   for  use  in  making  a  sand  mold  compris ing  a  p a t t e r n  

p l a t e   for  s u p p o r t i n g   one  s u r f a c e   of  the  mold  and  having  at  l e a s t  

one  a p e r t u r e   a r ranged   in  l ine   with  the  p o s i t i o n   of  a  bore  in  a  p a t -  

t e rn   (14),   and  i n c l u d i n g   f r e e i n g   means  for  at  l e a s t   a s s i s t i n g   i n  

break ing   sand  f ree   from  a  p a t t e r n   used  to  form  the  mold  to  f a c i l i -  

t a t e   removal  of  the  p a t t e r n ,   the  f r e e i n g   means  compris ing  a  f i r s t  

member  (22)  movably  p o s i t i o n e d   in  the  bore,  a  second  member  (24)  

suppor ted   in  a  s p a c e d - a p a r t   r e l a t i o n s h i p   to  the  p a t t e r n   p l a t e   (18)  

and  compress ion   means  (26)  p o s i t i o n e d   between  the  f i r s t   and  second  

members  for  y i e l d a b l y   r e s i s t i n g   movement  of  the  f i r s t   member 

towards  the  second  member. 

12.  Appara tus   accord ing   to  claim  11,  in  which  the  f i r s t   member 

is  s l i d a b l y   d isposed   w i t h i n   both  the  bore  (16)  and  the  a p e r t u r e  

( 2 0 ) .  

13.  Appara tus   accord ing   to  claim  11  or  12,  in  which  the  second  

member  (24)  is  provided  with  a  stop  block  for  l i m i t i n g   movement  of 

the  f i r s t   member  a g a i n s t   the  compress ion   means.  

14.  Appara tus   accord ing   to  any  of  claims  11  to  13,  in  which  t h e  

f i r s t   member  (22)  has  an  i n i t i a l   p o s i t i o n   in  which  it   e x t e n d s  

beyond  the  p a t t e r n   p l a t e   (18)  into  the  bore  ( 1 6 ) .  

15.  Appara tus   accord ing   to  any  of  claims  11  to  14,  in  which  t h e  

compress ion   means  comprises  one  or  more  coi l   spr ings   (26;  6 6 ) .  



16.  Appara tus   accord ing   to  claim  15,  in  which  the re   are  a  

p l u r a l i t y   of  co i l   spr ings   (66)  of  equal  compress ive   s t r e n g t h .  

17.  Appara tus   accord ing   to  claim  15  or  16,  in  which  the  s e c o n d  

member  (24)  is  suppor ted   by  a  p l u r a l i t y   of  suppor t   members  ( 62 )  

a r r anged   around  i t s   p e r i p h e r y ,   the  f i r s t   member  has  a  c o r r e s p o n d i n g  

p l u r a l i t y   of  a p e r t u r e s   (52)  around  i t s   pe r iphe ry   through  which  t h e  

suppor t   members  pass ,   and  the  co i l   spr ings   (66)  are  c a r r i e d   by  t h e  

suppor t   members.  

18.  Appara tus   accord ing   to  claim  17,  i n c l u d i n g   c o l l a r   members 

(64)  on  the  suppor t   members  to  l imi t   movement  of  the  f i r s t   member 

into  the  b o r e .  

19.  Appara tus   accord ing   to  any  of  claims  11  to  18,  in  which  a  

p a t t e r n   (14)  is  p h y s i c a l l y   a t t a ched   (19)  to  the  p a t t e r n   p l a t e   ( 1 8 ) .  
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