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CUTTING ASSEMRLY 

.Rackground o f  t h e  I n v e n t i o n  - 

The i n v e n t i o n  d i s c l o s e d  h e r e i n  r e s u l t e d  from a  c o n t r a c t  w i  t h  the 

U n i t e d  S ta tes  Department o f  Energy and r e l a t e s  t o  a  means f o r  c u t t i n g  a  

5 workp iece w i t h  a  l a s e r  beam. PJore p a r t i c u l a r l y .  t he  i n v e n t i o n  concerns 

a  l a s e r - t y p e  c u t t i n g  apparatus t h a t  can be c o n v e n i e n t l y  operated from a  

p o i n t  remote therefrom t o  make m u l t i p l e  c u t s  i n  d i f f e r e n t  d i r e c t i o n s  on 

a  cas i ng  h o l d i n g  a  p l u r a l i t y  o f  tubes f i l l e d  w i t h  nuc lea r  fue l  t h a t  i s  

t o  be reprocessed f o r  f u r t h e r  use. 

10 As shown i n  11. S. Pa ten t  No. 4.000.391, a  l a s e r  beam can be used t o  

s p l i t  a  cas ing  i n  which nuc lea r  r e a c t o r  fue l  elements a re  he ld .  I t  has 

been found. however, t h a t  t o  c u t  such a  cas ing  w i t h  a  l a s e r  beam 

w i t h o u t  damaging' t he  fuel  elements t h e r e i n ,  the l a s e r  beam must h a \ ~ e  a  

foca l  p o i n t  l o c a t e d  a t  a  predetermined p o s i t i o n  r e l a t i v e  t o  the sur -  

15 face of the  cas ing.  Also i n  a  l a s e r - t y p e  c u t t i n g  apparatus o f  t he  type 

d i s c l o s e d  i n  the  a fo resa id  pa ten t ,  a  gas < j e t  i s  d ischarged- toward the  

p o i n t  o f  impingement of t he  l .aser  beam on a  cas i ng  t o  a s s i s t  c u t t i n g  

and remove . d e b r i s  from t h i s  p o i n t .  I t i s  advantageous t o  r e l ease  the  

cas ing  from t h e  ,bundle of fue l  elements he ld  : t h e r e i n  by f i r s t  c u t t i n g  

20 one end of t he  cas ing  by means o f  a  c i r c u m f e r e n t i a l  c u t ,  then s l i t t i n g  
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t h e  c a s i n g  a l o n g  i t s  l e n g t h ,  and f i n a l ' l y  c u t t i n g  the  o t h e r  end of t h e  

c a s i n g  hy  ciak king a  second c i r c u ~ ~ i f e r e n t i a l  c u t .  I t i s  a l s o  

advan tageorrs t o  remove non- r e p r o c e s s i h l  e  rna t e r i a l  from t h e  b u n d l e  o f  
. . 

f u e l  e lements  h e l d  i n  a  c a s i n g  by  making c r o p p i n g  c u t s  ( i  .e., deep c u t s  

5 t h a t  p i e r c e  components he low t h e  c a s i n g  \:la1 Ya in tenance of t h e  

p r o p e r  p o s i t i o n  of a  l a s e r  beam foca l  p o i n t  and t h e  p roper  d i r e c t i o n  of 

gas , j e t  d i s c h a r g e  r e l a t i v e  t o  t h e  su r face  o f  a  c a s i n g  d u r i n g  these  

c u t t i n g  s teps  i s  n o t  p o s s i b l e  v r i  t h  p r e v i o u s l y  kn'own appara tus .  

Fu r the rmore ,  no known . l ase r -  t y p e  c u t t i n g  assembly permi t s  such c u t s  t o  

In  be made by an au tomat i c  ad,justment of components t h e r e o f  t o  d i f f e r e n t  

p o s i t i o n s  f o r  t h e  d i f f e r e n t  c u t s .  

S u m a r y  o f  the I n v e n t i o n  - 

I t  i s  t h e r e f o r e  a  broad o b j e c t  o f  t h e  i n v e n t i o n  t o  p r o v i d e  an 

improved appara tus  f o r  c u t t i n g  workp ieces  b y  means of  a  l a s e r  beam. 

1.5 A more s p e c i f i c  o b j e c t  of t h e  i n v e n t i o n  i s  t o  p r o v i d e  a  l a s e r - t y p e  

c ~ l t t i n g  assembly wh ich  can e f f e c t i v e l y  make (1) b o t h  c i r c u m f e r e n t i a l  

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

h a v i n g  a  hexagonal o r  o t h e r  c r o s s - s e c t i o n a l  shape, and ( 2 )  c r o p p i n g  

c u t s  t o  separa te  non- rep rocess i  b l  e  components such as .nozz le  hardware 

20 from t h e  f u e l  assembly o f  a  f u e l  r o d  c a s i n g .  

These o b j e c t s  and o t h e r  advan.tages a r e  ach ieved by p r e f e r r e d  

embodiments of t h e  i n v e n t i o n  each c o m p r i s i n g :  means f o r  s u p p o r t i n g  an 

e l o n g a t e  workp iece  ( such  as a n u c l e a r  r e a c t o r  f u e l  r o d )  f o r  r o t a t i o n  

abou t  i t s  l o n g i t u d i n a l  a x i s ;  a  s u p p o r t  t a b l e  mounted f o r  movement 

25 toward,  away f rom. and l e n g t h w i s e  o f  t h e  workp iece;  a m i r r o r  mounted on 



t h ~  s u p p o r t  t a b l e  f o r  d i r e c t i n g  a  l a s e r  b ~ a ~ n  toward t h e  workp iece :  ' a  

c a r r i e r  ~licitln ted  on the s ~ ~ p p o r t  tab1 e  bet.wce'n the  ~ n i  r r o r  and t h e  

w o r k p i w e  For  r o t a t i o n  about  t h e  p a t h  o f  t h e  l a s e r  heal11 bet.ween t h e  

m i r r o r  and workp iece:  and means ~ n o u n t e d .  on t h e  - c a r r i e r  f o r  d i r e c t i n g  a  

5 gas s t ream toward t h e  p o i n t  o f  i rnpinge~nent o f  t h e  l a s e r  beam on t h e  

workp iece .  P r o v i s i o n  i s  made fbr r e l e a s a b l y  l o c k i n g  t h e  c a r r i e r  and 

w o r k p i e c e - c o n t a c t i n q  r o l l  e r s  a s s o c i a t e d  t h e r e w i t h  i n  e i t h e r  of two 

r o L a t i o n a ?  p o s i t i o n s  re1 a t i v e  t o  the  s u p p o r t  t a b l e .  A1 so mounted on 

t h e  c a r r i e r  i s  a  s u c t i o n  d u c t  f o r  removing fumes and d e b r i s  f rom t h e  

1(! c u t t i n g  area.  I n  one embodiment o f  t h e  i n v e n t i o n ,  t h e  foca l  p o i n t  o f  

t h e  l a s e r  heam i s  m a i n t a i n e d  a t  a  p rede te rm ined  p o s i t i o n  r e l a t i v e  t o  

t h e  su r face  o f  t h e  workp iece  by  means o f  r o l l e r s  mounted on t h e  c a r r i e r  

and b i a s e d  a g a i n s t  t h e  workp iece  by s p r i n g  rneans. I n  a n o t h e r  embodi- 

ment o f  t h e  i n v e n t i o n ,  t h e  l a s e r  beam f o c a l  p o i n t  i s  m a i n t a i n e d  a t  a  

15 p rede te rm ined  p o s i t i o n  r e l a t i v e  t o  the v lo rkp iece by  probes which  a r e  

mounted on the  c a r r i e r  and which  sense t h e  p o s i t i o n  o f  t h e  workp iece  

r e l a t i v e  t o  t h e  l a t t e r  and c o n t r o l  a  d r i v e  means f o r  moving the  

c a r r i e r  and thus  %he m i r r o r  t h a t  focuses t h e  l a s e r  beam. 

n e s c r i p t i o n  o f  the Drawlrigs 

2 n F i g .  I i s  a  i s o m e t r i c  v iew i l l u s t r a t i n j  a  c u t t i n g  appara tus  i n  

wh ich  t h e  pos i  t i o n i n n  means o f  t h e  i n v e n t i o n  i s  used. 

F i g .  2 i s  a  s e c t i o n a l  v iew  of components o f  a  f i r s t  m b o d i m e n t  of 

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

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

25 assembly. 



F i g .  3 i s  an end e l e v a t i o n  o f  t.hc sa19e onbodi~nent of the 

i nven t i on ,  taken a lonq a  v e r t i c a l  p lane represented by 1  i n e  -3-3 i n  

F i g .  2 i n  the  d i r e c t i o n  i n d i c a t e d  by arrows assoc ia ted  w i t h  the l i n e .  

F i g .  4 i s  a  s e c t i o n a l  p l an  view o f  the  same anhodi~nent o f  the 

5  i n v e n t i o n ,  i l l u s t r a t i n g  t he  p o s i t i o n  of i t s  components when a  l o n g i t u -  

d i n a l  c u t  i s  be ing  made i n  the cas ing  of a  nuc lea r  fue l  r od  assembly. 

F i g .  5  i s  a  s e c t i o n a l  v iew c f  colnponents o f  the same m b o d i ~ n e n t  o f  

t h e  i n v e n t i o n ,  taken a long a ' v e r t i c a l  p lane represented by l i n e  5-5 i n  

F i g .  4 i n  the  d i r e c t i o n  i n d i c a t e d  by arrows assoc ia ted  w i t h  t he  l i n e .  

In F i g .  6 i s  a  de ta i l .ed  p l an  view o f  components o f  the  same 

embodiment. 

F i g .  7 i s  a  s i de  e l e v a t i o n  of a  second &hodiment o f  the 

i n v e n t i o n .  

D e t a i l e d  D e s c r i p t i o n  o f  P r e f e r r e d  
Embodiments o f  t h e  I n v e n t i o n  

I n  F i g .  1, re fe rence  number 10 general  l y  .des igna tes  an e l  ongate 

c a s i n g  hav ing a  hexagonal c ross -  s e c t i o n a l  shape and c o n t a i n i n g  a  

p l  u r a l  i t y  of tubes  ( n o t  il l u s t r a t e d )  f i l l e d  c.ri t h  spent nuc lea r  r e a c t o r  

f u e l .  The cas ing  may be from r e a c t o r s ' o f  d i f f e r e n t  types, such as 

20 p ressu r i zed  water r e a c t o r s  o r  a  1  i q u i d  metal  f a s t  breeder  r e a c t o r .  

Each end o f  cas ing  10 i s  r o t a t a b l y  supported on the  curved upper sur-  

face of  a s tanch ion  ( o n l y  one o f  which i s  i l l u s t r a t e d  and des ignated by 

r e fe rence  number 12 i n  F igs .  1 and 2 ) .  A l a s e r  heam focus ing  assembly 

t h a t  w i l l  he descr ibed  i n  d e t a i l  h e r e i n a f t e r  i s  supported ad jacen t  

25 c a s i n g  10 on a  suppor t  t a b l e  which i s  g e n e r a l l y  des ignated by re ference 

number 38 i n  F ig .  I and which i s  movable i n  t h ree  o r thogona l  d i r e c t i o n s  
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by a strpport  sys tern gencra l  l y  des ignated ,hy r e fe rence  number 16.  More 

spec i  f i c a l  l y  . sclpport tab! F, 38 (which w i  11 be descr ibed  i n  g r e a t e r  

d e t a i l  h e r e i n a f t e r )  i s  movable toward and away from cas ing  10 a long  a  

h o r i z o n t a l  a x i s  perpendic111'a.r t o  the l o n g i t u d i n a l  a x i s  of the  cas ing  

5 ( t h e  X -ax i s ) ,  up and down a long a  v e r t i c a l  a x i s  ( t h e  Y -ax i s ) ,  and back 

and f o r t h  a long an a x i s  which i s  p a r a l l e l  w i t h  t he  l o n g i t u d i n a l  a x i s  of 

t h e  cas ing  ( t h e  Z -ax i s ) .  

Suppor t  system 1.6 compr ises a  p a i r  of h o r i z o n t a l  suppor t  r a i l s  

18a, 18b r e s p e c t i v e l y  mounted on' channels 20a. 2nb o f  a  f i x e d l y  pos i -  

10 t i o n e d  tab!e, t he  l o n g i t u d i n a l  axes 0.f the r a i l s  and channels be ing  

p a r a l l e l  w i t h  the  l o n g i t u d i n a l  a x i s  of casi,ng 1.0. Sl i d a b l y  mounted on 

r a i l s  !$a, 18b and movable l o n g i  t u d i n a l l y  t h e r e o f  by  a . l e a d  screw 22 i s  

a  main sup'port b l ock  2A which has a  v e r t i c a l  p l a t e  26 f i x e d l y  a t tached  

t o ,  and ex tend ing  upward?y from, the clpper surface thereo f .  A p a i r  o f  

15 v e r t i c a l  suppor t  r a i l s  2Ra. 1 8 h  are  secured t o  p l a t e  26 i n  spaced r e l a -  

t i o n  t o  each o t h e r ,  and a  f i r s t  suppor t  t a h l e  3C1 i s  s l i d a b l y  mounted on 

these r a i l s  and moved l o n g i t u d i n a l l y  t h e r e o f  by a  l ead  screw 32 tu rned  

by a  d r i v e  motor  3 4  suppor ted on the  upper end o f  p l a t e  26. Another 

p a i r  of h o r i z o n t a l  r a i l s  36a, 36b a re  mounted on suppor t  p l a t e  30  i n  

2n v e r t i c a l  l y  spaced re1 a t i o n  t o  each, and the  aforementioned suppor t  

t a h l e  38 i z  r no~~n ted  on these r a i l s  by means of s l i d e  b l ocks  t h a t  a re  

a t t ached  t o  the r e a r  z i d e  o f  the  t a h l e  and t h e r e f o r e  a re  h idden i n  F i g .  

I .  Tab le  38 comprises a  r e c t a n g u l a r  p o r t i o n  39 and two arms 40. 41 

which p r o j e c t  h o r i z o n t a l l y  f rom the  s i d e  o f  sa i d  p o r t i o n  3 9  remote f rom 

25 cas ing  10 and which a re  spaced apa r t  from each o t h e r  i n  t h e  v e r t i c a l  

d i r e c t i o n .  A p o r t i o n  o f  arm 4 1  i s  broken away i n  F ig .  I so t h a t  p a r t s  

desc r i bed  h e r e i n a f t e r  can he seen. Table  38 i s  moved along r a i l s  36a, 



35h. hy a  d r i v e  ~gechanisrn co lnpr i s inq :  a  c y l i n d e r  4 2  t h a t  extends 

throtrqh an aper t t r re  i n  a  l u g  4-3 a t t a c h ~ t l  t o  the f r e e  ~ n d  o f  am1 ?.I :  a  

rarn ? A  (scle F ig .  6 )  morrnted i n  c y l  i n d e r  a 2  f o r  ~novernent a x i a l  l y  

' thereo f :  a  d r i v e  motor n-5 a t t ached  t o  c y l  i n d e r  42 and t a b l e  30 and 

5 operab le  t o  ~sove ram ?.4 a x i a l  l y  i n  the  c y l  i nde r ;  a  l ong  b o l t  46 t h e  

threaded end' of which extends i n t o  a  h o l e  i n  the  f r e e  end o f  ram 4 A  and 

the  o t h e r  end of which i s  s l i d a b l y  disposed i n  an ape r t u re  i n  a  l u g  4-7 

a t tached  .to the r e a r  s i de  of t a b l e  38; and a  h e l i c a l  sp r i ng  A 8  disposed 

around the shank o f  b o l t  fi6 and compress ib le  between l u g  47 and a  n u t  49  

111 on the threaded end of b o l t  46.  I t w i l l  be recognized t h a t  t a b l e  38 

can be moved i n  e i t h e r  d i r e c t i o n  a long r a i l s  36a, 3 6 b .  by o p e r a t i n g  

motor  'J-5 t o  move cam 44 a x i a l  l y  i n  c y l  i n d e r  42 ,. and t h a t  the  arrange- 

ment of b o l t  a 6 ,  l u g  47, spr ing, '48 and nu t  a 9  pe rm i t s  t a b l e  38 t o  move 

r e l a t i v e  t o  and independent l y  of ram 44 hecause the  s p r i n g  can be 

15 compressed hetween l u g  47 and nu t  A 9  when the  l u g  s l i d e s  on t h e  b o l t  

toward the  nut .  A 1  i n e a r  v a r i a b l e  d i f f e r e n t i a l  t ransformer  54 i s  

mounted on t a b l e  311 t o  measure the r e l a t i v e  d isp lacement  between t a b l e s  

30 and 38. Th i s  r e l a t i v e  t a b l e  measurement can be used t o  vary  t h e  

1  dser  power ou tpu t  and/or tab1 e  speed. 

2 0  J n F i g . 1 ,  a l a s e r b e a m t r a v e l l i n g  i n a d i r e c t i o n p a r a l l e l  w i t h  - 

t he  l o n g i t u d i n a l  a x i s  of cas i ng  10 i s  represented by broken l i n e  56 .  A 

m i r r o r  58 mounted i n  a  U-shaped mount 60 at tached  t o  the upper end of 

p l a t e  36 d e f l e c t s  t h i s  beam downwardly a long path 6 2 Q t o  a  second m i r r o r  

64 mounted i n  another It-shaped mount 66  a t tached  t o  t a b l e  30. From 

25 ml ' r ror  64 t h e  beam i s  r e f l e c t e d  a long  a  h o r i z o n t a l  path  68 t o  a  t h i r d  

m i r r o r  70 mounted on an L-shaped mourit 7 2  a t tached  t o  suppor t  t a b l e  38. 



F Y l i  r r o r  7P r e f l e c t s  the beam a long pa th  74 t o  a  f o u r t h  m i r r o r  76 mounted 

o n a n o t h e r  L-shaped mount 7 8  a l s o  a t tached  t o  t a b l e  338. The beam i s  

f i n a l l y  re. f lec, ted by m i r r o r  76 toward cas ing  10 a l ong  path 80,  and t h i s  

m i r r o r  a1 so focuses the beam a t  a  foca l  p o i n t  ad jacen t  the  srrr face of 

5 t h e  cas ing.  

As i l l u s t r a t e d  i n  F ig .  2 ,  t he  r e f l e c t e d  p o r t i o n  o f ' l a s e r  beam 56 

which t r a v e l s  a long path 80 passes c o a x i a l l y  through a  tube g e n e r a l l y  

des igna ted  by r e fe rence  number 82. One end o f  t l ~ b e  82 i s  f i t t e d  w i t h i n  

a  second tube 84 mounted i n  a  suppor t  means 86 which i s  a t tached t o  the 

10 p o r t i o n  o f  suppor t  t a b l e  38 n e x t  t o  cas ing  10. Set screws 88a, 88b 

extend throuqh aper tu res  i n  suppor t  means 85 and tube 54 and i n t o  s l o t s  

' 90a, 90b formed i n  tube 82, the reby  p e r n i t t i n g  ad jus tmen t . o f  the pos i -  

t i o n  o f  tube 82 r e l a t i v e  t o  t a b l e  38. Tube 82  i nc l udes  a f l a n g e  

92 hav ing  four c y l i n d r i c a l  ho les  ( o n l y  two o f  which a re  i l l u s t r a t e d )  

15 formed a t  P O 0  spac ing i n  t he  su r f ace  thereof  which faces cas ing  10,  and 

t h e  housings 96 o f  s p r i n g - b i  ased p lungers  9F! a re  r e s p e c t i v e l y  threaded 

i n t o  these ho les.  A b e a r i n g  100 hav ing  a  s p h e r i c a l l y  curved o u t e r  sur-  

f a c e  i s  mounted on the  reduced d iamete r  end 102 o f  tube 82 which pro- 

j e c t s  from f l ange  17 toward u s i n g  10. The spher i ca l  bear inn  race  104, . '  

29 m a t i n g l y  engages t he  o u t e r  su r f ace  of bear ing  100 and f i t s  w i t h i n  a  

coun te rbo re  formed' i n  a  r i n g  106, t h e  hea r i ng  race  be ing he ld  i n  the  

coun te rbo re  by a  r e t a i n i n g  r i n g  108 a t tached  t o  r i n g  106 by screws. A 

. p l u r a l  i ty o f  inden ts  110 a r e  spaced 90" a p a r t  from one another  c i rcurnferen-  . 

t i a l  l y  on the. face  o f  r i n g  106 n e x t  t o  f l ange  C)2 o f  tube 82,  and the  

25 .ends of t he  sp r i ng  b iased /p lungers  98 a r e  r e s p e c t i v e l y  p o s i t i o n e d  i n  

d i f f e r e n t  ones o f  these i nden t s  depending upon the r o t a t i o n a l  p o s i t i o n  
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o f  r i n g  1.06 re1  a t i v e  t o  tuhe 82. A p l u r a l  i t y  of p i ns  112 a r e  a1 so 

f i x e d  i n  ho les spaced apa r t  from one another  c i r c u m f e r e n t i a l  l y  of 

t he  face o f  r i n g  106 n e x t  to  f lange 92 and p r o j e c t  from these ho les  

i n t o  engagement w i t h  t he  f l ange .  Ring 106 c o n s t i t u t e s  a  r o t a t a b l e  

5  . c a r r i e r  means f o r  co~rlpoilents t h a t  w i l l  p r e s e n t l y  be descr ibed .  

As can bes t  be seen i n  F i g .  3, a  suppor t  means 114 formed o f  sheet 

meta l  i s  a t tached t o  and p r o j e c t s  r a d i a l l y  outward from the  o u t e r  sur-  

f a c e ' o f  r i n g  1n6. A c o n d u i t  ,116 i s  connected t o  the s i lppor t  means and extends 

there f rom t o  a  p o i n t  ad jacen t  t he  f oca l  p o i n t ,  117 (see F i g .  2 )  o f  the l a s e r  

1C! beam d i r e c t e d  aga ins t  workpiece 10,  t he  o t h e r  end o f  t he  c o n d u i t  be ing  

connected by a  coup1 i n g  118 (see F igs.  2 and 4 )  . t o  a  s u i t a b l e  source 

f o r  supp ly ing  a i r  o r  o t h e r  gas t o  the c o n d u i t  under .p ressure .  .As can 

a l s o  be seen i n  F ig .  3, t he  s i d e  of a  s u c t i o n  duc t  123 which con f ron t s  

c a s i n g  10 has a  s l o t  126 formed t h e r e i n  t o  pe rm i t  t he  a forement ioned 

15 1  aser  beam and qas d ischarged from condui t 116 t o  impinge on t he  

cas ing .  4 second c o n d u i t  128 connects  a t  one of i t s  ends w i t h  t he  end 

o f  s u c t i o n  duc t  122 remote from the  d ischarge  end o f  c o n d u i t  116, and 

t h e  o t h e r  end o f  t h i s  c o n d u i t  128 i s  connected t o  suppor t  means 114 and 

an a s p i r a t o r  pump ( n o t  i l l u s t r a t e d ) .  For  a  purpose t h a t  w i l l  be 

20 exp la i ned  h e r e i n a f t e r ,  a  l e v e r  arm 130 i s  f i x e d  t o  and extends r a d i a l l y  

outward from the  pe r i phe ry  o f  r i n g  106. P e s p e c t i v e l y  d isposed on oppo- 

s i t e  s ides  o f  the  a i r  i n l e t  end of s u c t i o n  duc t  122 and p r o j e c t i n g  from 

r e t a i n i n g  r i n g  ,108 toward cas ing  10 a r e  two suppor t  arms 132a, 132b 

( s e e  F ig .  5 ) .  These arms a re  p rov ided  a t  one end w i t h  suppor t  f langes 

25 134a, 134b fastened t o  r e t a i n i n g  r i n g 1 0 8  b y  screws which pass through 



d p e r t ~ c r e s  i n  t h a t  r i n g  and i n t o  ho les  i n  r i n g  106. Guide r o l l e r s  136a. 

136b a r e  r e s p e c t i v e l y  niotrnted on the  f r e e  ends o f  s l ~ p p o r t  arms 132a. 

13i lh f o r  r o t a t i o n  about an a x i s  137 wh ich  i n t e r s e c t s  and i s  perpen- 

d i c u l a r  t o  the  l o n g i t u d i n a l  a x i s  13!! o f  tube 82. Ry r o t a t i n g  r i n g  106 . 

5 hy  means o f  l e v e r  arm 1.30 (as desc r ibed  h e r e i n a f t e r ) ,  t h e  r o t a t i o n a l  

a x i s  137 o f  r o l l e r s  136a. 136b can be ~noved t o  a  d i f f e r e n t  p o s i t i o n  

r e l a t i v e  t o  c a s i n g  10. 

F i g .  7 i l l . u s t r a t e s  a second embodiment of the  i n v e n t i o n  which 

d i f f e r s  from t h e  above-descr ibed embodiment o n l y .  i n  t h a t  suppor t  arms 

19 132a. 132b. gu ide  r o l l e r s  136a, 136b. l u g  47 ,  and s p r i n g  a8 a r e  

rep1 aced by sensors 138a, 138b and an assoc ia ted  d r i v e  mechanism (wh ich  

w i l l  he desc r ibed  h e r e i n a f t e r )  as t h e  means f o r  m a i n t a i n i n g  t a b l e  38 

(and components mounted the reon)  i n  a  predetermined p o s i t i o n  re1 a t i v e  

t o  c a s i n g  l n .  More p a r t i c u l a r l y ,  i n  t h e  second embodiment o f  t h e  

15 i n v e n t i o n .  each of the  sensors 138a. 138b comprises a  l i n e a r  v a r i a b l e  

d i f f e r e n t i a l  t rans fo rmer  t ype  probe hav ing a  r o d  140a, 140b which pro-  

j e c t s  from a  tubu1a.r hous ing 142a. 142b and i s  movable a x i a l l y  

t h e r e o f .  Housings 142.a, 142b a r e  r e s p e c t i v e l y  secured w i t h i n  a p e r t u r e s  

i n  b r a c k c t s  144a.  144G d l t a c h e d  t o  the  r e t a i n i n g  r i n g  108 p r e v i o u s l y  

20 desc r ibed  i n  connec t ion  w i t h  t h e  f i r s t  embodiment of t h e  i n v e n t i o n .  

Fovement o f  e i t h e r  r o d  140a, 1.40b r e l a t i v e  t o  i t s  housing 142a, 142b 

genera tes  an ana log e l e c t r i c  s i g n a l  t h a t  c o n t r o l s  t h e  motor  o f  t h e  t ype  

mounted on suppor t  t a b l e  30 i n  F i g .  1 and des ignated by r e f e r e n c e  

number 45  t h e r e i n .  The second embodiment o f  t h e  i n v e n t i o n  i n c l u d e s  a  

25 gas d i s c h a r g i n g  c o n d u i t  116 '  and a s u c t i o n  d u c t  122 '  which r e s p e c t i v e l y  

cor respond w i t h  c o n d u i t  116 and s u c t i o n  d u c t  122 o f  t h e  embodiment 

i l l u s t r a t e d  i n  F igs .  1-5. 
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Ope ra t i on  o f  t h e  P r e f e r r e d  Embodiment o f  t h e  I n v e n t i o n  

I n  F i g .  2 ,  the d i r e c t i o n  of r o t a t i o n  of cas ing  10 about i t s  l o n g i -  

t u d i n a l  a x i s  when a  c i r c u ~ i i f e r e n t i a l  c u t  i s  b e i n g  made i n  the cas ing  by 

t h e  f i r s t - d e s c r i b e d  embodiment o f  t he  i n v e n t i o n  i s  shown by an arrow 

5 above t he  cas ing.  Dur ing  t h i s  c i r c u m f e r e n t i a l  c u t t i n g  ope ra t i on ,  the  

suppor t  b lock  ila i l l u s t r a t e d  i n  F i g .  1 i s  f i xed  i n  p o s i t i o n  ad jacen t  

one end o f  cas ing  10. A i r  o r  oxyqen i s  d ischarged from c o n d u i t  116 

toward the f oca l  p o i n t  117 o f  t he  descr ibed  l a s e r  beam d u r i n g  a  c u t t i n g  

o p e r a t i o n ,  i n  accordance w i t h  known procedure f o r  l a s e r  c u t t i n g .  A i r  

10 i s  a l s o  drawn i n t o  s u c t i o n  duc t  122 d u r i n g  a  c u t t i n g  o p e r a t i o n  by t he  

a s p i r a t o r  pump connected t o  c o n d u i t  128, thus removing fumes and 

d e b r i s  produced by n ~ e l  t i n g  o f  cas i ng  10. As the hexagonal cas ing,  10 

r o t a t e s  about i t s  l o n g i t u d i n a l  a x i s ,  suppor t  t a b l e  38 moves toward and 

away from t h i s  a x i s  a long  the X-ax is  o f  the c u t t i n g  assembly w h i l e  

15 r o l l e r s  136a.. 136b are ma in ta ined  i n  engagement w i t h  the  s ides  o f  the  

cas ing  by s p r i n g  A8 which r e s i l  i e n t l y  b iases  suppor t  t a b l e  38 toward 

t h e  cas ing.  Hence m i r r o r  7 6  c a r r i e d  by suppor t  t a b l e  38 i s  ma in ta ined  

a t  cons tan t  d i s t a n c e  from cas ing  1.0, which o f  course keeps t he  focal  

p o i n t  11.7 o f  the  beam a t  t he  same pos.it.iur1 r e l a t i v e  t o  the su r f ace  o f  

20 t h e  cas ing.  The d i s t ance  o f  the  end' o f  c o n d u i t  116 from the  su r f ace  

o f  cas i ng  10 i s  l i k e w i s e  ma in ta ined  cons tan t .  

. A f t e r  a  c u t  has been made around cas ing  l n  a t  .one end thereo f ,  

r o t a t i o n  of cas ing  10 i s  stopped a t  a  pos i t i , on  which p laces t h e  s i de  148 

o f  the  cas ing  nex t  t o  the  c u t t i n g  assembly i n  a  v e r t i c a l  p o s i t i o n .  

25 Lever  arm 130 i s  then r o t a t e d  90" by engagement w i t h  any s u i t a b l e  means 



ope rab le  from the  e x t e r i o r  o f  a  holrsing i n  which the  r a d i a t i o n -  

e m i t t i n g  cas inq  1.0 and the descr ibed  c u t t i n g  assernhly a re  h e l d  f o r  the  

p r d t e c t i o n  o f  workers. Th i s  r o t a t i o n  o f  l e v e r  arm 130 t u r n s  r i n g  106 

and t he  components mounted thereon aborrt t he  l o n g i  tuc l ina l  a x i s  139 of 

5 t i h e  82 from the  p o s i t i o n  i l l u s t r a t e d  i n  F ig .  1 t o  the  p o s i t i o n  

i l l u s t r a t e d  i n  F igs .  4 and 5 .  Idh i le  cas i ng  10 i s  h e l d  i n  f i x e d  pos i -  

t i o n  on s tanchions 12, l ead  screw 22 i s  nex t  r o t a t e d  i n  t he  d i r e c t i o n  

t h a t  moves suppor t  b lock  24 a long  r a i l s  18a, 18b toward the oppos i t e  

end o f  cas i ng  10, d u r i n g  which movement gu ide r o l l e r s  136a. 136b f o l l o w  

10 any change i n  p o s i t i o n  o f  t he  con tac ted  s i de  o f  the  cas ing .  A f t e r  t he  

l a s e r  beam has s l i t  cas ing  10 a long  i t s  l e n g t h  on t h r e e  faces 120" apa r t ,  

l e v e r  arm 130 i s  contacted by another  means t h a t  r o t a t e s  i t  and r i n g  

I n 6  hack t o  the p o s i t i o n  i l l u s t r a t e d  i n  F ig .  1, whereupon a  second c i r -  

cumfe ren t i a l  c u t  can be made i n  the  cas ing.  

15 .It w i l l  be recognized t h a t  when r i n g  106 i s  r o t a t e d  the  p l  ung,ers 

98 s l i d e  ou t  of t he  i nden t s  110 o f  r i n g  106 i n  which they  a re  pos i -  

t i o n e d  i n  F i g .  2 and s l i d e  a long the ad jacen t  face  o f  t he  r i n g  u n t i l  

t hey  snap i n t o  inden ts  90" f rom the  de ten t s  i n  which t he  p lungers  ,were 
' 

i n 1  t i a  l l y  pos i t i oned .  Thus p l  ungers 98 serve as a  means f o r  r e1  easably  

2n l o c k i n g  . r i n g  106 i n  a  f i r s t  p o s i t i o n  wherein c o n d u i t  116 and s u c t i o n  

d u c t  122 a r e  p r o p e r l y  a l i gned  f o r  c i r c u m f e r e n t i a l  c u t t i n g  o f  cas i ng  10 

and a  second p o s i t i o n  wherein the same components a re  p r o p e r l y  a1 igned 

f o r  l o n g i t u d i n a l  c u t t i n 9  o f  the  cas ing.  

When the second embodiment o f  t he  i n v e n t i o n  i l l u s t r a t e d  i n  F i g .  7 

25 i s  used f o r  c u t t i n g  cas ing  10, r o t a t i o n  o f  t he  cas ing  about i t s  

l o n g i t u d i n a l  a x i s  o r  a  c u r v a t u r e  o f  t he  cas ing  a lonq i t s  l o n g i t ~ l d i n a l  

.\ P 



  xis 141 1 o b v i o u s l y  tend t o  change the d i s t a n c e  between t h e  su r face  o f  

t h e  c a s i n g  and m i r r b r  76 .  However, when the  s u r f a c e  o f  c a s i n q  1fl  moves 

toward o r  away from t h e  c a s i n g  a x i s  rep resen ted  hy p o i n t  150 i n  F i g .  7 ,  

one o r  b o t h  of t h e . p l u n g e r s  l./lna. laOb w i l l  be moved r e l a t i v e  t o  

5 hous ings  142a. SnZb, t h e r e b y  g e n e r a t i n g  an e l e c t r i c  s i g n a l  t h a t  causes 

m o t o r  A 5  t o  t r a n s l a t e  ram 4 A  and suppor t  t a b l e  38 connected t h e r e t o  i n  

t h e  d i r e c t i o n  of movement o f  the  p l u n g e r  o r  p lungers  t o  m a i n t a i n  a  

c o n s t a n t  spac ing between t h e  sur face c a s i n g  10 and m i r r o r  76 .  



CUTTING ASSEMBLY 

Abstract o f  the n i s c l o s u r e  ,. 

A c u t t i n g  apparatus i n c l u d e s  a suppor t  t a b l e  mounted f o r  mo\~ernent 

5 toward and away from a  workp iece and c a r r y i n g  a  m i r r o r  which d i r e c t s ,  a  

c u t t i n g  l a s e r  heam onto the workpiece. A c a r r i e r  i s  r o t a t a b l y  

and p i v o t a l l y  mounted on t he  suppor t  t a b l e  between the m i r r o r  and work- 

p i e c e  and suppor ts  a  c o n d u i t  d i s c h a r g i n g  gas toward the p o i n t  o f  

impingement of the  l a s c r  heam an the wur-kpiece. ?deans a re  p rov ided  f o r  

10 r o t a t i n g  thrl c a r r i e r  r e l a t i v e  t o  the suppor.L t ab l e  t o  p lace  the  gas 

d i s c h a r g i n g  c o n d u i t  i n  the  proper  p o s i t i o n s  f o r  c u t s  made i n  d i f f e r e n t  

d i r e c t i o n s  on t he  workpiece. 
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