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©  The  method  comprises  bonding  a  backing  layer  to  the 
opposed  faces  of  a  slab  (29)  of  stone,  supporting  the  slab  (29) 
with  backing  layers  attached,  in  an  upward  position  on  its 
edge  cutting  the  slab  (29)  along  a  cutting  plane  parallel  to  and 
midway  between  the  opposed  faces  of  the  slab  to  a  depth 
which  is  about  half  the  depth  of  the  slab,  tumbling  the  slab  (29) 
on  to  its  opposite  longitudinal  edge,  and  cutting  through  the 
remainder  of  the  depth  of  the  slab  to  leave  a  lamina  of  stone 
adhered  to  each  backing  layer.  Apparatus  for  carrying  out  the 
aforesaid  method  comprises  a  saw  (1)  having  two  disc 
blades  (3,4),  a  bogie  (7)  movable  beneath  the  saw  and  having 
a  pair  of  vacuum-operated  slab-gripping  devices  (14)  each  of 
which  is  adapted  to  support  a  slab  (29)  upwardly  on  its  edge, 
and  a  second  bogie  movable  in  a  direction  transverse  to  the 
first  bogie  (7)  and  carrying  means  for  tumbling  a  slab  (29) 
supported  on  one  longitudinal  edge,  through  180°,  so  that  it 
rests  on  its  opposite  longitudinal  edge. 
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T h e   method  comprises  bonding  a  backing  layer  to  the 
opposed  faces  of  a  slab  (29)  of  stone,  supporting  the  slab  (29) 
with  backing  layers  attached,  in  an  upward  position  on  its 
edge  cutting  the  slab  (29)  along  a  cutting  plane  parallel  to  and 
midway  between  the  opposed  faces  of  the  slab  to  a  depth 
which  is about  half the  depth  of the  stab, tumbling the stab  (29) 
on  to  its  opposite  longitudinal  edge,  and  cutting  through  the 
remainder  of  the  depth  of  the  slab  to  leave  a  lamina  of  stone 
adhered  to  each  backing  layer.  Apparatus  for  carrying  out  the 
aforesaid  method  comprises  a  saw  (1)  having  two  disc 
blades  (3,4),  a  bogie  (7)  movable  beneath  the  saw  and  having 
a  pair  of  vacuum-operated  slab-gripping  devices  (14)  each  of 
which  is  adapted  to  support  a  slab  (29)  upwardly  on  its  edge, 
and  a  second  bogie  movable  in  a  direction  transverse  to  the 
first  bogie  (7)  and  carrying  means  for  tumbling  a  slab  (29) 
supported  on  one  longitudinal  edge,  through  180°,  so  that  it 
rests  on  its  opposite  longitudinal  edge. 





This  i n v e n t i o n   concerns  a  method  and  appara tus   for  the  c o n s t r u c t i o n  

of  composite  su r face   e l ements ,   such  as  t i l e s   and  p a n e l s ,   having  a 

na tu ra l   stone  f a c i n g .   Such  elements  are  in tended  for  use,  f o r  

example,  in  the  c ladding  of  wal l s .   c e i l i n g s   or  other   s u r f a c e ,   i n  

the  manufac ture   of  f u r n i t u r e ,   and  for  all  purposes  where  n a t u r a l  

stone  s u r f a c e s   are  r e q u i r e d .  

Natural  s tone ,   such  as  marble,   is  an  e x q u i s i t e   s u r f a c i n g   m a t e r i a l  

on  account   of  i t s   hardness  and  d u r a b i l i t y ,   i t s   beauty  of  s t r u c t u r e  

and  the  high  po l i sh   which  can  usua l ly   be  imparted  to  i t ,   but  i t s  

use  is  g r e a t l y   r e s t r i c t e d   by  reason  of  i ts   weight  and  expense,   s i n c e  

the  ma te r i a l   is  l i a b l e   to  f r a c t u r e   if  not  of  a  c e r t a i n   t h i c k n e s s ,  

depending  upon  the  handling  and  usage  to  which  it   may  r equ i re   to  be 

s u b j e c t e d .   These  drawbacks  are  overcome  by  the  i n v e n t i o n   the  sub-  

j e c t   of  my  U.K.  Patent   S p e c i f i c a t i o n s   Nos.  1,215,501  and  1 , 4 4 7 , 7 5 6  

which  d e s c r i b e   a  method  of  p repar ing   a  s t o n e - f a c e d   composite  s u r -  

face  element  having  a  lamina  of  stone  bonded  to  a  backing  s h e e t ,  

compris ing  a d h e s i v e l y   bonding  to  the  surface   of  a  stone  slab  a 

backing  sheet   of  l i g h t - w e i g h t   m u l t i c e l l u l a r   ma te r i a l   of  s u b s t a n t -  

i a l l y   g r e a t e r   t h i ckness   than  said  lamina,  and  t h e r e a f t e r   sawing 

off  a  po r t i on   of  said  slab  to  leave  a  thin  marble  lamina  adhe red  

to  said  sheet   of  m u l t i c e l l u l a r   m a t e r i a l .   As  the  backing  s h e e t  

suppor t s   the  iamina  when  it   is  being  cut,   the  r isk   of  c r a c k i n g  t h e  

lamina  is  reduced  and  remarkably  thin  stone  laminae  of  the  o r d e r  



of  the  order  of  between  2  and  5  mm in  t h i c k n e s s ,   may  be  o b t a i n e d .  

In  c a r r y i n g   out  the  a f o r e s a i d   method  a  l a rge   block  of  stone  i s  

f i r s t   cut  into  a number  of  s labs  which  are  of  the  order  of 20  t o  

25  mm  in  t h i cknes s .   The  s labs  are  dried  and  a  l i g h t - w e i g h t   back ing  

shee t   is  bonded  to  each  of  the  two  oppos i t e   faces   of  the  s lab.   The 

s lab  is  then  sawn  in  two  along  a  c u t t i n g   plane  s u b s t a n t i a l l y   p a r a l l e l  

to  and  midway  between  said  faces  to  leave  a  th in   lamina  of  s t o n e  

a t t a c h e d   to  each  backing  shee t .   In  my  B r i t i s h   Pa tent   S p e c i f i c a t i o n  

No.  1 ,560,800  I  have  desc r ibed   a  method  and  appa ra tus   for  r i g i d l y  

s u p p o r t i n g   the  slab  during  the  sawing  o p e r a t i o n   wi thout   exe r t ing   i n -  

wardly  d i r e c t e d   p re s su re   on  the  p a r t l y - c u t   stone  layers   or  on  t h e  

saw.  This  method  comprises  the  s teps  o f :  

i)  c u t t i n g   a  block  of  na tu ra l   facing  stone  into  a  number  of  s l a b s ,  

two  oppos i t e   faces  of  which  are  s u b s t a n t i a l l y   p a r a l l e l   and  each  of  which 

has  a  t h i ckness   g r e a t e r   than  twice  the  t h i c k n e s s   of  the  des i red   l a m i n a ;  

i i )   applying  and  bonding  to  each  of  the  two  opposed  faces  of  each  s t o n e  

s lab   a  backing  sheet  compris ing  a  core  of  l i g h t - w e i g h t   sheet  m a t e r i a l  

w h i c h  i s   r e s i s t a n t   to  compressive  forces   in  a  d i r e c t i o n   s u b s t a n t i a l l y  

normal  to  the  plane  of  the  s h e e t ;  

i i i )   p o s i t i o n i n g   each  s lab ,   with  the  backing  shee ts   a t tached  to  the  oppo-  

s i t e   faces  t h e r e o f ,   between  o p p o s i t e l y   a r ranged   vacuum-operated  s u c t i o n  

c u p s ;  

iv)  applying  suc t ion   to  the  cups  to  hold  the  slab  r i g i d l y   in  p o s i t i o n  

t h e r e b e t w e e n ;  

v)  sawing  the  slab  in  two  along  a  c u t t i n g   plane  s u b s t a n t i a l l y   p a r a l l e l  

to  and  midway  between  said  faces  to  leave  a  thin  stone  lamina  adhered  t o  

each  said  backing  shee t ,   and  during  the  sawing  s teps   ma in ta in ing   the  s u c -  

t ion   to  i n h i b i t   r e l a t i v e   movement  of  the  p a r t l y - c u t   stone  l a y e r s .  

The  appara tus   for  r i g i d l y   suppor t ing   t h e  s l a b   during  the  sawing  o p e r a t i o n  

comprises   f i r s t   g r ipp ing   means  in  the  fo rm  of  a t  l e a s t   one  f i r s t   vacuum- 

ope ra t ed   suct ion  cup,  second  gr ipp ing   means  in  the  form  of  at  l e a s t   a 

second  vacuum-operated  suc t ion   cup  d isposed  in  opposed   spaced  r e l a t i o n  

to  said  f i r s t   suc t ion   cup,  such  tha t   a  stone  slab  may  be  p o s i t i o n e d   be-  

tween  said  suc t ion   cups,  means  for  applying  suc t ion   to  each  of  the  cups 
such  t ha t   said  f i r s t   cup  is  adapted  to  grip  one  face  of  the  slab  w h i l e  

the  second  suc t ion   cup  is  adapted  to  grip  the  oppos i te   face  of  the  s l a b .  



When  c u t t i n g   the  marble  laminae  it  is  advantageous   to  use  a  saw  having 

a  disc  blade  r a t he r   than  a  band  saw.  The  d i s a d v a n t a g e   of  the  disc  b l ade  

saw  is  tha t   the  d iameter   o f  t h e   blade  must  he  kept  small  as  o t h e r w i s e  

the  unsuppor t ed   pe r iphe ra l   edge  of  the  blade  v i b r a t e s   during  c u t t i n g  

which  tends  to  leave  wavy  p a t t e r n s   on  the  cut  su r face   of  the  s t o n e .  

N e l e s s ,   1  have  found  that   by  using  the  vacuum  gr ipp ing   device  r e -  

f e r r e d  t o   above,  I  can  obtain  c o n s i d e r a b l e   accuracy  in  c u t t i n g   even  when 

using  a  r e l a t i v e l y   large  blade  e.g.   of  a  d iameter   of  the  order  of  2.5  m. 

However,  even  with  a  blade  of  th is   d iameter   the  width  of  the  stone  panel  

produced  is  l imi t ed   to  about  1.0  m  ( i . e .   to  less  than  the  radius   of  t h e  

saw  b l ade ) .   Fur thermore ,   a  d i s c   blade  having  a  d iameter   of  2.5  m  i s  

r e l a t i v e l y   th ick   and  so  due  to  the  width  of  the  kerf  i t   is  necessary   t o  

s t a r t   with  a  stone  slab  of  a  t h i cknes s   of  23  mm  in s t ead   of  the  s t a n d a r d  

sawm  s lab  of  a  t h i cknes s   of  20  mm  which  is  r e a d i l y   a v a i l a b l e .   F u r t h e r ,  

t he re   is  a  consumer  demand  for  s t o n e - f a c e d   panels  of  a  size  of  2.0  m x 

1.25  m. 

It  is  thus  an  ob jec t   of  the  inven t ion   to  provide  a  method  and  a p p a r a t u s  

whereby  s tone  panels  can  be  cut  a c c u r a t e l y   to  a  width  of  up  to  1.25  m 

using  a  disc  saw  and  with  a  minimum  of  k e r f .  

According  to  the  p r e sen t   invent ion   a  method  of  manufac tur ing   compos i te  

s u r f a c e   e lements   having  a  lamina  of  stone  bonded  to  a  backing  l a y e r  

comprises   the  s teps  o f :  

i)  app ly ing   and  bonding  to  each  of  the  two  opposed  faces  of  a  s tone  

slab  a  backing  layer   comprising  a  core  of  l i g h t - w e i g h t   ma te r ia l   which 

is  r e s i s t a n t   to  compressive  forces   in  a  d i r e c t i o n   s u b s t a n t i a l l y   normal 

to  the  plane  of  the  l a y e r ;  

i i )   g r ipp ing   the  s lab ,   with  backing  layers   a t t a c h e d ,   by  means  of  a 

s l a b - g r i p p i n g   d e v i c e ;  

i i i )   p r e s e n t i n g   one  l o n g i t u d i n a l   edge  of  the  slab  to  a  disc  saw  and  saw- 

ing  the  slab  along  a  cu t t ing   plane  s u b s t a n t i a l l y   p a r a l l e l   to  and  midway 

between  the  a f o r e s a i d   opposed  faces  of  the  slab  to  a  depth  which  i s  

a p p r o x i m a t e l y   half   the  depth  of  the  slab;  and 

(iv)  p r e s e n t i n g   the  opposi te   l o n g i t u d i n a l   edge  of  the  slab  to  a  disc  saw, 

g r ipp ing   the  slab  as  in  step  i i ) ,   and  sawing  along  the  same  cu t t ing   p l ane  



as  in  step  i i i )   through  the  remainder   of  the  depth  of  the  slab  t h e r e b y  

sawing  the  slab  in  two  to  leave  a  thin  stone  lamina  adhered  to  each  o f  

the  backing  l a y e r s .  

In  a  p r e f e r r e d   embodiment,  the  slab  in  step  i i )   is  stood  on  i t s   l o n g i -  

tudina l   edge  and  between  oppos i t e   p o s i t i o n e d   vacuum-operated  s u c t i o n  

cups  and  suc t ion   is  appl ied   to  the  cups  to  hold  the  slab  r i g i d l y   i n  

p o s i t i o n   the rebe tween ;   the  suc t ion   being  main ta ined   during  the  sawing  

s teps   so  as  to  i n h i b i t   r e l a t i v e   movement  of  the  p a r t l y - c u t   stone  l a y e r s .  

P r e f e r a b l y ,   a f t e r   the  f i r s t   cut  is  made  in  the  slab  in  step  i i i )   the  s l a b  

is  tumbled  through  1800  to  p r e s e n t   the  oppos i t e   l o n g i t u d i n a l   edge  of  t h e  

slab  to  the  saw. 

The  inven t ion   inc ludes   appa ra tu s   for  c a r ry ing   out  the  method  d e s c r i b e d  

above,  compris ing  a  saw  having  at  l e a s t   one  disc  blade  adapted  to  cut  i n  

a  v e r t i c a l   plane,   a  bogie  for  conveying  a  stone  slab  beneath  the  saw 

blade,   at  l e a s t   one  vacuum-gr ipping   device   mounted  on  said  bogie  and 

adapted  to  r i g i d l y   hold  the  slab  upwardly  on  i t s   l o n g i t u d i n a l   edge,  and 

means  for  t a b l i n g   the  p a r t l y - c u t   slab  on  to  i ts   opposi te   l o n g i t u d i n a l  

edge  a f t e r   the  f i r s t   pass  through  the  saw. 

In  a  p r e f e r r e d   embodiment  the  saw  i nc ludes   two  s p a c e d - a p a r t   p a r a l l e l   saw 

blades  and  the  bogie  has  mounted  t he reon   a  pa i r   of  vacuum-gripping  d e -  

vices  each  of  which  comprises  a  f i r s t   g r ipp ing   means  in  the  form  of  a t  

l e a s t   one  f i r s t   vacuum-operated  s u c t i o n   cup,  second  gripping  means  i n  

the  form  of  at  l e a s t   a  second  vacuum-opera ted   suc t ion   cup  d isposed  i n  

opposed  spaced  r e l a t i o n   to  said  f i r s t   s u c t i o n   cup,  such  that   a  s t o n e  

slab  may  be  p o s i t i o n e d   between  said  suc t i on   cups,  means  for  a p p l y i n g  

suc t ion   to  each  of  the  cups  such  t h a t   said  f i r s t   cup  is  adapted  to  g r i p  

one  face  of  the  slab  while  the  second  suc t ion   cup  is  adapted  to  g r i p  

the  oppos i te   face  of  the  s l a b .  

One  embodiment  of  appa ra tus   for  use  in  c a r ry ing   out  the  method  of  t h e  

inven t ion   is  i l l u s t r a t e d   in  the  accompanying  drawings,   w h e r e i n :  

Figure  1  is  a  schematic   side  e l e v a t i o n   of  the  a p p a r a t u s ;  

Figure  2  is  an  end  e l e v a t i o n   in  the  d i r e c t i o n   of  the  arrow  C  of  Figure  1; 



Figures   3 a   3b  and  3c  are  e l e v a t i o n s   of  a  tumbling  device  in  the  d i r e c t -  

ion  of  the  arrow  E  of  F i g u r e  1 ;  

Figure  4  is  an  end  e l e v a t i o n   of  a  conveyor  shown  in  the  d i r e c t i o n   of  t h e  

arrow  A  of  Figure  1;  

Figure  5  i s   a  side  e l e v a t i o n   of  a  vacuum-gr ipping  d e v i c e ;  

Figure  6  i s  a   f ron t   e l e v a t i o n   of  the  device  of  Figure  5;  and 

Figure  7  is  a  m o d i f i c a t i o n   of  the  device  of  Figure  1. 

Refe r r ing   to  the  d rawings ,   the  appara tus   comprises  a  saw  1  mounted  on  a 

gantry  2.  The  saw  inc ludes   two  s p a c e d - a p a r t   p a r a l l e l   disc  blades  3,  4 

which  are  mounted  for  r o t a t i o n   in  a  v e r t i c a l   plane.   The  disc  blades  3,  4 

are  powered  by  e l e c t r i c   motors  5,  6,  r e s p e c t i v e l y ,   mounted  on  top  of  t h e  

g a n t r y  2 .   The  blades  3,  4  are  capable  of  being  lowered  downwardly  of  t h e  

gantry  by  h y d r a u l i c   or  e l e c t r i c   means  to  the  p o s i t i o n   shown  by  broken 

l ines   in  Figure  1.  The  depth  of  cut  of  each  blade  is  s l i g h t l y   in  exce s s  

of  600  mm. 

A  bogie  7  is  mounted  on  r a i l s   8  which  extend  beneath  the  gantry  2  and  run  

in  the  same  d i r e c t i o n   as  the  d i r e c t i o n   of  cut  of  the  saw  1.  The  bogie  7 

is  movable  a long  the  r a i l s   8  by  means  of  a  motor  and  rack  device  which  e n -  

gages  with  the  unde r s ide   of  the  bogie.  The  speed  of  t ravel   of  the  bog ie  

is  c o n t r o l l e d   to  give  optimum  sawing  c o n d i t i o n s   depending  on  the  type  o f  

stone  to  be  c u t .  

The  bogie  7  c a r r i e s   a  pair   of  vacuum-gripping  devices  14  which  are  p a r a l -  

lel  to  each  o ther   and  spaced  apar t   from  each  other  a  d i s t ance   equal  to  t h e  

spacing  of  the  blades  3,  4.  One  of  the  vacuum-gripping  devices  is  shown 

in  more  de t a i l   in  F igures   5  and  6  and  comprises  an  upr igh t   frame  member 

51  suppor ted   on  a  stand  52.  The  frame  member  51  is  provided  with  t h r e e  

t u b u l a r   suppor ts   53,  which  are  arranged  v e r t i c a l l y   in  the  frame  member  and 

are  p a r a l l e l   to  each  o ther .   A  vacuum-operated  suc t ion   cup  54  is  mounted 

on  each  support.  53  and  is  movable  v e r t i c a l l y   along  the  suppor t .   A  clamp 

member  55  is  provided  on  each  suc t ion   cup  54  to  lock  the  suc t ion   cup  i n  

p o s i t i o n   at  a  des i r ed   l o c a t i o n   on  the  support   53.  A  t i l t i n g   arm  56  i s  

p i v o t a l l y   connected  by  a  pivot  57  on  the  stand  52  at  a  p o s i t i o n   o p p o s i t e  

to,  but  spaced  from,  the  frame  member  51.  The  t i l t i n g   arm  56  is  p r o v i d e d  



with  a  clamp  member  58  which  serves   to  lock  the  arm  in  a  d e s i r e d  p o s i -  

t ion .   A  t u b u l a r   suppor t   59  is  h inged ly   c o r r e c t e d   to  the  end  of  t h e  

t i l t i n g   arm  by  means  of  a  pivot   60.  The  pivot  60  is  p rovided   w i t h  

clamp  member  61  by  means  of  which  the  t u b u l a r   suppor t   59  can  be  locked  

r e l a t i v e   to  the  arm  56.  A  vacuum-opera ted   suc t ion   cup  54a  is  mounted 

on  the  suppor t   59  and  is  movable  v e r t i c a l l y   along  the  s u p p o r t .   The 

cup  54a  can  be  locked  in  p o s i t i o n   at  a  des i red   l o c a t i o n   by  means  of  a 

clamp  member  62.  The  suc t ion   cups  54  and  54a  are  connected  by  s u i t a b l e  

tubing  63  to  a  vacuum  pump  64.  

A  tumbling  device  15  is  p o s i t i o n e d   r ea rward ly   of  the  r a i l s   8.  The  tumb- 

ling  device  15  is  in  the  form  of  a  bogie  which  t r a v e l s   on  r a i l s   16  which 

run  t r a n s v e r s e l y   of  the  rearward  end  of  the  r a i l s   8.  As  shown  in  F i g u r e s  

3a,  3b  and  3c  the  tumbling  device   15  comprises  a  body  p o r t i o n   17  in  which 

are  formed  two  p a r a l l e l   channe l - shaped   bear ings   18  and  19.  The  b e a r i n g s  

18  and  19  l ie   in  a  h o r i z o n t a l   plane.   The  tumbling  device   15  c a r r i e s   a 

frame  20.  The  frame  20  is  adapted  to  r ece ive   and  suppor t   a  slab  o f  

stone  with  backings  a t t a c h e d ,   and  is  provided  with  r o l l e r s   21  which,  i n  

the  p o s i t i o n   of  the  frame  as  shown  in  Figure  3a  or  3c,  extend  v e r t i c a l l y  

of  the  inner  wall  of  the  frame.  The  frame  is  also  provided  at  i t s   t o p  

and  bottom  edges  with  s h o r t e r   r o l l e r s   22,  the  axes  of  r o t a t i o n   of  which 

are  in  a  plane  normal  to  the  axes  of  r o t a t i o n   of  the  r o l l e r s   21.  Thus ,  

when  the  frame  is  in  the  p o s i t i o n   shown  in  Figure  3a  or  3c,  the  r o l l e r s  

22  extend  h o r i z o n t a l l y   of  the  frame.  The  frame  20  is  provided  with  a 

pai r   of  axles  23  and  24.  When  the  frame  is  in  the  v e r t i c a l   p o s i t i o n  

shown  in  Figure  3a,  the  axle  23  engages  in  the  channel  bear ing  19. 

However,  as  shown  in  Figure  3b,  the  frame  20  can  be  t i l t e d   into  a  h o r i -  

zontal   p o s i t i o n   in  which  i t   l i e s   on  top  of  the  body  p o r t i o n   17,  i n  

which  case  the  axle  23  remains  in  l o c a t i o n   within  the  channel  b e a r i n g  

19,  while  the  axle  24  is  loca ted   in  the  channel  bearing  18.  The  f rame 

20  can  then  be  tumbled  into  the  v e r t i c a l   p o s i t i o n   shown  in  Figure  3c  by 

d i sengag ing   the  axle  23  from  the  channel  bearing  19  and  p ivo t ing   t h e  

frame  about  the  axle  24  and  bear ing  18.  

In  ca r ry ing   o u t  t h e   method  of  the  inven t ion   using  the  appa ra tu s   d e s c r i b e d  

above,  a  block  of  s tone ,   which  may  be  marble,   g r a n i t e   or  onyx  for  example ,  



is  cut  into  a  number of  s labs  each  of  which  has  a  th ickness   g r e a t e r   t han  

twice  the  t h i ckness   of  the  des i r ed   stone  lamina  of  the  composite  s u r f a c e  

e l e m e n t .  

Before  bonding  the  backing  sheet   t h e r e t o ,   the  stone  slabs  are  d r i e d ,  

e i t h e r   by  leaving  them  for  a  per iod  in  racks  to  dry  n a t u r a l l y ,   or  by 

means  of  force  drying.   When  the  slabs  are  p e r f e c t l y   dry  the  l i g h t - w e i g h t  

backing  is  a t tached  to  the  opposed  faces  of  each  s lab ,   e.g.  by  means  o f  

an  epoxy  res in .   The  backing  p r e f e r a b l y   comprises  a  l i g h t - w e i g h t   c o r e  

m a t e r i a l ,   e.g.  a  m u l t i c e l l u l a r   metal  core,   which  has  a  skin  of  sheet   ma t -  

e r ia l   of  g r e a t e r   t e n s i l e   s t r e n g t h   than  the  backing  sheet  bonded  to  a t  

l e a s t   that   sur face   of  t h e  c o r e   remote  from  the  sur face   to  which  the  s t o n e  

is  a t t a ched .   P r e f e r a b l y ,   however,  both  su r faces   of  the  core  are  r e i n -  

forced  with  a  sk in   of  sheet   m a t e r i a l .   The  r e i n f o r c i n g   skins  may  be 

a t t a ched   t o  t h e   core  before  or  a f t e r   the  sawing  step  but  are  p r e f e r a b l y  

a t t ached   before .   S u i t a b l y ,   the  r e i n f o r c i n g   skins  each  comprises  a  woven 

glass   f i b r e   mat  which  is  p r e - i m p r e g n a t e d   with  an  epoxy  res in   which  is  n o t  

f u l l y   cured.  The  mat  is  then  appl ied   to  each  of  the  opposed  sur faces   o f  

the  core  mate r ia l   and  is  cured  in  p o s i t i o n .   In  an  a l t e r n a t i v e   method,  a 

block  of  stone  is  cut  into  a  p l u r a l i t y   of  s labs  as  descr ibed   above,  e . g .  

by  means  of  a  gang  saw.  A  p l a s t i c s   ma te r i a l   such  as,  for  example  a 

foamed  p l a s t i c s   m a t e r i a l   is  i n j e c t e d   into  the  cuts  formed  between  t h e  

s l abs .   When  the  p l a s t i c s   ma te r i a l   has  hardened  the  slabs  are  s e p a r a t e d  

by  cu t t i ng   through  the  hardened  layer   of  p l a s t i c s   by  means  of  a  hot  w i r e  

or  the  l ike  to  leave  a  layer   of  p l a s t i c s   mate r ia l   adhered  to  each  oppo- 

s i t e   gace  of  each  s lab .   If  necessa ry   this   layer  can  be  s t r eng thened   by 

the  a p p l i c a t i o n   of  a  r e i n f o r c i n g   skin  as  desc r ibed   above .  

A  stone  slab. 29  with  the  backings  a t t ached   is  p o s i t i o n e d   on  a  conveyor  30 

which  includes   a  p l u r a l i t y   of  h o r i z o n t a l l y   disposed  r o l l e r s   31.  The  tum- 

bling  device  15  is  p o s i t i o n e d   at  the  end  of  the  conveyor  30  with  t h e  

frame  20  disposed  in  the  h o r i z o n t a l   p o s i t i o n .   When  in  this  pos i t i on   t h e  

r o l l e r s   21  of  the  frame  are  at  the  same  height   as  the  r o l l e r s   31  of  t h e  

conveyor  30  and  the  stone  slab  can  c o n v e n i e n t l y   be  ro l l ed   on  to  the  r o l l -  

ers  21.  When  the  stone  slab  is  in  p o s i t i o n   in  the  frame  20,  the  f r a m e  i s  

tumbled  into  one  of  i ts   v e r t i c a l   p o s i t i o n s   e.g.   as  shown  in  Figure  3a. 

The  lower  l o n g i t u d i n a l   edge  of  the  stone  slab  29  then  res t s   on  the  r o l l e r s  

22  and  is  r e t a ined   in  the  frame  20-by  f langes   25.  



The  tumbling  device  15  is  then  moved  along  the  r a i l s   16  un t i l   the  s t o n e  

slab  29  is  a l igned  with  r o l l e r s   28  of  one  of  the  two  v a c u u m - g r i p p i n g  

devices   14  on  the  bogie  7.  The  s lab  2.9  is  then  r o l l e d   on  to  the  r o l l e r s  

28  of  the  vacuum-gr ipping  device   and  is  pos i t i oned   on  i t s   edge  in  an  up- 

r i g h t   p o s i t i o n   between  the  frame  member  51  and  the  t i l t i n g   arm  56.  The 

t i l t i n g   arm  56  and  suppor t   59  are  then  t i l t e d   r e l a t i v e   to  each  o t h e r  

unt i l   the  suc t ion   cup  54a  is  p a r a l l e l   to  and  in  con tac t   with  the  o u t e r  

su r f ace   of  the  s lab.   The  clamp  members  55,  58,  61  and  62  are  t h e n  

locked  and  suc t ion   is  app l i ed   to  the  cups  54  and  54a  to  hold  the  s t o n e  

slab  29  r i g i d l y   in  p o s i t i o n .   The  func t ion   of  the  vacuum  cups  54,  5La 

i s  t o   hold  the  s lab  r i g i d l y   during  sawing  without   applying  any  s u b s t a n t -  

ial  i n w a r d l y - d i r e c t e d   or  o u t w a r d l y - d i r e c t e d   p r e s s u r e ,   Thus,  i t   is  im- 

po r t an t   to  ensure ,   when  apply ing   and  locking  the  cups  54a  in  p o s i t i o n  

a g a i n s t   the  s lab ,   tha t   i t   is  not  pressed   too  t i g h t l y   inwards.   This  can 

be  avoided  by  using  the  m o d i f i c a t i o n   shown  in  Figure  7.  In  th i s   modi-  

f i c a t i o n   the  clamp  member  58  is  d i spensed   with.  Ins tead   the  t i l t i n g  

arm  56  is  provided  with  a  nut  66  or  the  l ike ,   which  is  welded  or  o t h e r -  

wise  secured  to  the  arm  56.  The  nut  66  r e c e i v e s ,   in  screw  engagement ,  

a  th readed   rod  67  which,  when  the  arm  is  pos i t i oned   as  shown  in  F i g u r e  

7,  r e s t s   a g a i n s t   a  stop  68.  Thus  the  maximum  inward  t i l t   of  the  arm 

56  can  be  p rede te rmined   by  s u i t a b l y   a d j u s t i n g   the  p r o j e c t i n g   length  o f  -  

the  rod  67.  The  rod  67  can  be  secured  in  a  des i red   p o s i t i o n   by  means 

of  a  lock  nut  69.  

The  bogie  7  is  then  moved  beneath  the  saw  1  and  the  blade  3  is  lowered 

to  cut  to  the  maximum  depth  of  the  blade  but  approx imate ly   hal f   t h e  

depth  of  the  slab  29  as  shown  to  the  l e f thand   side  of  Figure  2  or,  as  

shown  in  broken  l i n e s ,   in  F igure   1.  When  sawing  has  been  c o m p l e t e d ,  

the  slab  is  then  r o l l e d   out  of  the  vacuum-gripping  device  and  into  t h e  

frame  20  of  the  tumbling  device   15.  The  slab  is  then  tumbled,  t h rough  
180°,  over  on  to  the  oppos i t e   s ide  of  the  tumbling  device  15  by  f o l l o w -  

ing  the  sequence  shown  in  F igures   3a,  3b  and  3c,  and  is  p o s i t i o n e d   i n  

the  second  vacuum-gr ipping  device   so  tha t   now  the  uncut  l o n g i t u d i n a l  

edge  of  the  slab  is  fac ing   upwardly.   A  second  slab  is  p o s i t i o n e d   in  

the  f i r s t   vacuum-gr ipping  device   and  the  sawing  procedure   is  r e p e a t e d .  

The  blade  4  now.completes  the  c u t t i n g   of  the  f i r s t   s lab  into  two  s e p a r -  
ate  composite  su r face   e lements   while  the  second  slab  is  p a r t l y   cut.   I t  

will  be  a p p r e c i a t e d   tha t   the  s ide  of  the  f i r s t   slab  which  abu t ted   t h e  



f ixed   frame  when  p o s i t i o n e d   in  the  l e f t h a n d   vacuum-gr ipping   device ,   as 

viewed  in  Figure  2,  abuts  the  f ixed  frame  51  of  the  other  vacuum- 

g r i p p i n g   device  when  located  in  tha t   device  during  the  second  c u t t i n g  

s t ep .   This  r e s u l t s   in  the  e l i m i n a t i o n   of  any  r idge  on  the  j o i n t   of  t h e  

two  cuts  if  there  is  a  v a r i a t i o n   from  normal  of  the  t h i ckness   of  t h e  

s tone  s l a b .  

The  cut  s e c t i o n s   comprising  the  composite  s t o n e - f a c e d   elements  can  t hen  

be  removed  d i r e c t l y   from  the  side  of  the  bogie  7  by  opening  the  clamps 

and  t i l t i n g   back  the  arm  56  and  support   59.  

The  blades  3,  4  of  the  saw  can  be  e i t h e r   1600  mm  or  1700  mm  in  d i a m e t e r  

and  t h e r e f o r e   can  be  t h inne r   than  the  l a r g e r   ( i . e .   2.5  m  d iameter)   d i s c  

saw  and  so  leave  amole  t h i ckness   of  stone  on  the  cut  laminae  to  g r i n d  

and  po l i sh   to  give  a  f i n i s h e d   lamina  t h i c k n e s s   of  3  to  4  mm  from  an  o r i -  

ginal  20  mm  th ick   s l a b .  



1.  A  method  of  manufac tur ing   composite   s u r f a c e   elements  having  a 

lamina  of  stone  bonded  to  a  backing  l aye r   compris ing  the  steps  o f :  

i)  applying  and  bonding  to  each  of  the  two  opposed  faces  of  a  s t o n e  

s lab  (29)  a  backing  layer   comprising  a  core  of  l i g h t - w e i g h t   m a t e r i a l  

which  is  r e s i s t a n t   to  compressive  f o r ce s   in  a  d i r e c t i o n   s u b s t a n t i a l l y  

normal  to  the  plane  of  the  l a y e r ;  

i i )   g r ipp ing   the  s lab ,   with  backing  l aye r s   a t t a c h e d ,   by  means  of  a  s l a b -  

g r i p p i n g   device  ( 1 4 ) ;  

i i i )   p r e s e n t i n g   one  l o n g i t u d i n a l   edge  of  the  slab  to  a  disc  saw  (1)  and 

sawing  the  slab  along  a  cu t t ing   plane  s u b s t a n t i a l l y   p a r a l l e l   to  and  mid-  

way  between  the  a f o r e s a i d   opposed  faces   of  the  slab  (29)  to  a  depth  which 

is  app rox ima te ly   half   the  depth  of  the  s lab  (29);   and 

iv)  p r e s e n t i n g   the  oppos i te   l o n g i t u d i n a l   edge  of  the  slab  to  a  disc  saw 

(1),   g r ipp ing   the  slab  as  in  step  i i ) ,   and  sawing  along  the  same  c u t t i n g  

plane   as  in  step  i i i )   through  the  remainder   of  the  depth  of  the  s l a b  

t he r eby   sawing  the  slab  in  two  to  leave  a  th in   stone  lamina  adhered  t o  

each  of  the  backing  l a y e r s .  

2.  A  method  according  to  claim  1,  wherein  a f t e r   the  f i r s t   cut  is  made 

in  the  s lab  in  step  i i i )   the  slab  is  tumbled  through  approximate ly   1 8 0 °  

to  p r e sen t   the  oppos i t e   l o n g i t u d i n a l   edge  of  the  slab  to  the  saw. 

3.  A  method  according  to  claim  1,  wherein  in  step  i i )   the  slab  (29)  i s  

stood  on  one  of  i t s   l o n g i t u d i n a l   edges  between  p o s i t i o n e d   vacuum-ope ra t ed  

s u c t i o n   cups  (54,  54a)  and  suc t ion   is  a p p l i e d   to  the  cups  to  hold  t he  

s lab  (29)  r i g i d l y   in  p o s i t i o n   t h e r e b e t w e e n ,   the  suc t ion   being  m a i n t a i n e d  

dur ing  the  sawing  steps  so  as  to  i n h i b i t   r e l a t i v e   movement  of  the  p a r t l y -  

cut  stone  l a y e r s .  

4.  Apparatus  for  use  in  ca r ry ing   out  the  method  of  claim  1,  c o m p r i s i n g  

a  s t o n e - c u t t i n g   saw  (1)  having  at  l e a s t   one  disc  blade  (3,  4)  adapted  t o  

cut  in  a  v e r t i c a l   p lane,   conveyor  means  (7)  for  conveying  a  stone  s l a b  

(29)  beneath  the  saw  blade  (3,  4),  a t  l e a s t   one  slab  gr ipping  device  (14)  

mounted  on  said  conveyor  means  (7)  and  adapted  to  support   the  slab  (29)  

upwardly  on  one .  l ong i t ud ina l   edge  of  the  s l ab ,   and  means  (15)  for  t umb l -  

ing  the  p a r t l y - c u t   slab  on  to  i ts   oppos i t e   l o n g i t u d i n a l   edge  a f t e r   a 

f i r s t   pass  through  the  saw  ( 1 ) .  



5.  Apparatus   accord ing   to  claim  4,  wherein  the  tumbling  means  (15)  com- 

p r i s e s   a  body  p o r t i o n   (17)  having  two  s p a c e d - a p a r t   p a r a l l e l   c h a n n e l - s h a p e d  

bear ings   (18.  19)  lying  in  a  s u b s t a n t i a l l y   hor i zon ta l   plane,   a  frame  (20)  

which  is  adapted  to  r ece ive   and  suppor t   a  slab  (29)  of  stone  and  which  i s  

provided  with  a  pa i r   of  s p a c e d - a p a r t   p a r a l l e l   axles  (23,  24)  which  a r e  

adapted  to  engage  with  said  c h a n n e l - s h a p e d   bear ings  ( 1 8 ,  1 9 ) ,   the  a r r a n g e -  

ment  being  such  tha t   the  frame  (20)  may  be  pivoted  from  a  f i r s t   p o s i t i o n  

in  which  i t   is  d i sposed   in  a  s u b s t a n t i a l l y   v e r t i c a l   plane  on  one  side  o f  

said  body  po r t i on   with  one  of  said  axles  (23)  located  in  one  of  s a i d  

channe l - shaped   bea r ings   (19),   through  approx imate ly   90°  about   said  b e a r i n g  

(19),   to  a  p o s i t i o n   in  which  the  frame  (20)  is  disposed  h o r i z o n t a l l y   on 

said  body  por t ion   (17)  with  an  axle  engaged  in  each  of  said  c h a n n e l - s h a p e d  

bea r ings ,   the  frame  then  being  p i v o t a b l e   about  said  other  c h a n n e l - s h a p e d  

bearing  (20)  through  a  f u r t h e r   9 0 °  u n t i l   it  is  again  disposed  in  a  s u b s t a n -  

t i a l l y   v e r t i c a l   plane  on  the  oppos i t e   side  of  the  body  por t ion   ( 1 7 ) .  

5.  Apparatus  accord ing   to  claim  5,  wherein  the  frame  (20)  is  p r o v i d e d  

with  at  l e a s t   one  r o l l e r   (21)  which  extends  v e r t i c a l l y   of  the  frame  (20)  

and  i s   adapted  to  engage  with  a  face  of  the  stone  slab  (29)  suppor ted  in  

the  frame  (20),   and  the  frame,  a d j a c e n t   top  and  bottom  por t ions   t h e r e o f ,   i s  

provided  with  r o l l e r s   (22)  having  axes  of  r o t a t i o n   which  are  normal  to  t h e  

axes  of  r o t a t i o n   of  said  v e r t i c a l   r o l l e r   (21)  and  which  are  adapted  t o  e n -  

gage  with  oppos i t e   edge  p o r t i o n s   of  said  slab  of  s t o n e .  

7.  Apparatus  accord ing   to  claim  4,  wherein  the  conveyor  means  c o m p r i s e s  

a  f i r s t   bogie  (7)  mounted  for  t r ave l   on  f i r s t   r a i l s   (8)  which  extend  i n  

the  d i r e c t i o n   of  cut  of  the  saw  and  run  beneath  the  saw,  and  the  t u m b l i n g  

means  (15)  is  mounted  on  a  second  bogie  mounted  for  t rvael   on  second  r a i l s  

(16)  which  are  d i sposed   r ea rward ly   of  and  extend  t r a n s v e r s e l y   of  the  r e a r -  

ward  ends  of  the  f i r s t   r a i l s .  

8.  Apparatus  accord ing   to  claim  7,  wherein  the  saw  (1)  has  two  s p a c e d -  

apar t   p a r a l l e l   saw  blades  ( 3 ,  4 ) ,   and  the  f i r s t   bogie  (7)  c a r r i e s   two 

slab  g r ipp ing   devices   (14)  which  a r e  a r r a n g e d   p a r a l l e l   to  each  other   and 

are  spaced  apar t   from  each  other   a  d i s t a n c e   equal  to  the  spacing  of  t h e  

saw  blades  ( 3 ,  4 ) .  



9.  Apparatus  a cco rd ing   to  claim  8,  wherein  each  slab  g r ipp ing   d e v i c e  

(14)  comprises  a  f i r s t   g r i p p i n g   means  in  the  form  of  at  l e a s t   one  f i r s t  

vacuum-operated  s u c t i o n   cup,  (54)  second  g r ipp ing   means  in  the  form  o f  

at  l e a s t   a  second  vacuum-ope ra t ed   suc t ion   cup  (54a)  d i sposed   in  opposed  

spaced  r e l a t i o n   to  sa id   f i r s t   suc t ion   cup  such  tha t   a  stone  slab  may  be 

p o s i t i o n e d   between  sa id   s u c t i o n   cups,  means  (64)  for  applying  suc t i on   t o  

each  of  the  cups  such  t h a t   said  f i r s t   cup  (54)  is  adapted  to  gr ip  one 

face  of  the  s lab  while  the  second  suc t ion   cup  (54a)  is  adapted  to  g r i p  

the  opposi te   face  of  the  s l a b .  
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