
I 4. PRODUCT DESCRIPTION 

4.1 INTRODUCTION 

JK700 S e r i e s  l a s e r s  e s s e n t i a l l y  comprise t h r ee  u n i t s :  
. " ( 1  

l a s e r  head 
.@ power supply 

, T* . 
o p e r a t o r ' s  c o n t r o l  panel 

The power s u p p l y  p r o v i d e s  e l e c t r i c a l  power t o  t h e  l a s e r  head 
( p r i n c i p a l l y ,  t h e  f  l a sh l amps ) .  The l a s e r  head g e n e r a t e s  l i g h t  
ou tpu t  i n  response t o  t h e  power supply input .  
The power supply enc losure  a l s o  houses t he  cool ing system which 
provides  e s s e n t i a l  cool ing  f o r  both t h e  l a s e r  head and t h e  power 
supply 
The power supply a l s o  houses t h e  microprocessor which se rves  a s  
t h e  b r a i n  of t h e  l a s e r ,  c o n t r o l l i n g  and monitoring a l l  e s s e n t i a l  
f unc t ions .  

. r 

The c o n t r o l  panel' il the"exter tm1 means of communication wi th  the  
m i c r o p r o c e s s o r .  It e n a b l e s  t h e  o p e r a t o r ' s  demands t o  be 
t r a n s m i t t e d  t o  t h e  microprocessor which i n  tu rn ,  ensu re s  t h a t  t he  
demands a r e  c a r r i e d  ou t ,  and t h e  requi red  output  emerges from the  
l a s e r  head. 

I n  a d d i t i o n  t o -  e x e c u t i n g  t h e  o p e r a t o r ' s  d e m a n d s ,  t h e  
microprocessor  has  a S i g n i f i c a n t  r o l e  i n  monitor ing t h e  continued 
' h e a l t h '  o f  t h e  l a s e r  s y s t e m  and  a l s o ,  i n  d e t e c t i n g  and if  
necessary,  fo rb idd ing  i l l i c i t  ope ra to r  demands. Moreover, i f  a  
s y s t e m  c o n d i t i o n  s h o u l d  d e v e l o p  t h e n  t h e  m i c r o p r o c e s s o r  w i l l  
r a i s e  a w a r n i n g  on  t h e  c o n t r o l  pane l .  For more h a r m f u l  
cond i t i ons ,  t h e  microprocessor w i l l  t e rmina t e  ope ra t i on  pending 
r e c t i f i c a t i o n  of t h e  condition. 

I n  a d d i t i o n  t o  t h e  b a r k  unit8 a fully-equipped JK700 l a s e r  would 
be provided wi th  one or  more of t h e  fol lowing product op t ions :  

LD r eeona to r  opt ion8 
f i b r e - o p t i c  beam d e l i v e r y  
machining head wi th  binocular  viewer 
p roces s  l e n s  op t ions  
g a s  nozz l e  assembly 
s a f e t y  enc losu re  
p o i n t i n g  helium-neon l a s e r  
hand s h u t t e r  c o n t r o l  
remote c o n t r o l  c a p a b i l i t y  

.L 

A s  a n  a l t e r n a t i v e  t o  t h e  s t a n d a r d  b i n o c u l a r  v i e w e r ,  t h e  l a s e r  
m i g h t  be e q u i p p e d  w i t h  a  t r i n o c u l a r  v i e w e r  w i t h  t h e  f o l l o w i n g  
a d d i t i o n s :  

CCTV camera 
TV monitor  
e l e c t r o n i c  g r a t i c u l e  
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This Sec t ion  provides informat ion  on both bas i c  u n i t s  and product ..N 
I 

. . .  
opt ions .  

In  a d d i t i o n  a  s a f e t y  enc losure  can be equipped with 

workhandling t a b l e s  ( l i n e a r  and r o t a r y )  
CNC ( t o  d r i v e  the  t a b l e s  and c o n t r o l  t he  l a s e r )  
fume e x t r a c t i o n  equipment 
workpiece i l l u m i n a t i o n  ,., : ,,: .,:+., , - - 

These op t ions  a r e  a v a i l a b l e  from L,UMONICS. However they a r e  not 
descr ibed  i n  t h i s  manual. 

The e q u i p m e n t  d e s c r i b e d  s o  f a r ,  r e l i e s  on  movement of t h e  
workpiece t o  process  m u l t i p l e  po in t s  on t h e  workpiece. This  can 
p r e s e n t  p r o b l e m s  when h i g h  t h r o u g h p u t  r a t e s  a r e  r e q u i r e d  and 
e s p e c i a l l y ,  when p a r t s  a r e  complex and heavy. 

A s  an a l t e r n a t i v e  s o l u t i o n ,  mu l t ip l e  s i t e s  can o f t e n  be processed 
more s p e e d i l y  by r a p i d  d e f l e c t i o n  of  t h e  l a s e r  beam u s i n g  a  
galvanometer d e f l e c t i o n  system, a l s o  a v a i l a b l e  from LUMONICS w i t h  
manual/CNC/PLC c o n t r o l  options. 

Ga lvanomete r  d e f l e c t i o n  i s  o f t e n  r e s t r i c t e d  t o  m u l t i p l e  s i t e s  
w i t h i n  a s m a l l  a r e a  o f  a  w o r k p i e c e  w h i c h  h a s  a  s i m p l e  
c o n f i g u r a t i o n .  However f o r  more complex  p rob lems  a  MULTIFLEX 
f i b r e - o p t i c  beam d e l i v e r y  s y s t e m  c o u l d  be t h e  answer.  Up t o  4 
workpiece s i tes  can  be processed s imul taneous ly  and up t o  8 s i t e s  
can be addressed i n  r ap id  succession. Fur ther  in format ion  can be 
obta ined  from LUMONICS o f f i c e s  on both galvanometer and MULTIFLEX 
beam d e l i v e r y  s y s  tems. 

I n  t h i s  Sec t ion  t h e  fol lowing items a r e  descr ibed:  

t h e  l a s e r  head and i n t e r n a l  assemblies  
t h e  power supply  and cool ing  u n i t  
t h e  o p e r a t o r ' s  c o n t r o l  panel 
t h e  product  o p t i o n s  

, . <  I ;  ' 
7 

: 

Z I . ,  . ' . . ;., ;; - ,,,, : ! * :; ,, , : , : . : , ..,~W 
" ,  
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4.2.1 I n t r o d u c t i o n  

A g e n e r a l  v i e w  of  t h e  l a s e r  head i s  shown i n  F i g u r e  2.5A, w i t h  
l a b e l s  i d e n t i f y i n g  p r i n c i p a l  e x t e r n a l  f e a t u r e s :  

.d t h e  l a s e r  head l i d  
t w o  BET c o n t r o l s  (BET = beam e x p a n d i n g  t e l e s c o p e  o r  

upco l l ima to r )  
t h e  emiss ion  i n d i c a t o r  
t h e  machining head w i th  binocular  viewer 

F i g u r e  4.2A s h o w s  a v i e w  of t h e  f r o n t  of  t h e  l a s e r  head ,  
i d e n t i f y i n g  : 

a u x i l i a r y  powere socke t s  - , 

@ t h e  s h u t t e r  i n t e r l o c k  socke t  
@ t h e  socke t  f o r  t h e  Hand Shu t t e r  Con t ro l  
0 t h e  socke t  f o r  t h e  c o n t r o l  panel  

F i g u r e  4.2B shows  a n  i n t e r n a l  v i e w  of  t h e  l a s e r  head. Again 
p r i n c i p a l  f e a t u r e s  a r e  l a b e l l e d  

The laser head c o n t a i n s  

@ t h e  pumping chamber - 
t h e  r e s o n a t o r  o p t i c s  

@ a n  energy moni tor  
two beam-steering mi r ro r s  

@ a process  s h u t t e r  w i th  i n t e g r a l  beam dump 
@ a v a r i a b l e  magn i f i c a t i on  beam-expanding t e l e s c o p e  (BET) 
@ a s a f e t y  s h u t t e r  

Note t h a t  

- t h e  s a f e t y  s h u t t e r  is  housed i n  t h e  BET compartment 
- t h e  f r o n t  m i r r o r  a s s e m b l y ,  b o t h  s t e e r i n g  m i r r o r s ,  t h e  

energy  moni to r  and t h e  process  s h u t t e r  are a l l  l o c a t e d  i n  
t h e  s h u t t e r  compartment. 

F i g u r e  4.2B shows  t h e  v i e w  w i t h  t h e .  s h u t t e r  compa r tmen t  l i d  
removed. Normally i t  w i l l  be secured  i n  p o s i t i o n  ( 6  screws).  

The beam pa th  th rough  t h e  l a s e r  head and machining head is  shown 
s c h e m a t i c a l l y  i n  F i g u r e  4.2C. Note t h a t  i n  p r a c t i c e ,  t h e  HeNe 
(he l ium neon) laser i s  f i t t e d  below t h e  main beam path. Moreover 
t h e  'per iscope '  m i r r o r s  which i n t ro suced  t h e  H e N e  beam i n t o  t h e  
main beam path ,  a r e  i n  f a c t  i n  t h e  v e r t i c a l  plane. 

The h e a r t  of t h e  laser i s  t h e  o s c i l l a t o r ,  compr i s ing  t h e  pumping 
chamber and r e s o n a t o r  op t i c s .  The o e c i l l a t o r  gene ra t e s  a pulsed 
l a s e r  beam i n  response  t o  c u r r e n t  pu l s e s  from t h e  power supply. 
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The e n e r g y  m o n i t o r  s a m p l e s  t h e  p u l s e  e n e r g y  of  t h e  beam and ,) 
provides  a  va lue  f o r  d i s p l a y  on the  con t ro l  panel.  

The beam-steering m i r r o r s  each tu rn  t he  l a s e r  beam through 90". 
The f i r s t  m i r r o r  d i r e c t s  t h e  beam t h r o u g h  t h e  p r o c e s s  s h u t t e r ;  
t he  second mi r rd r  d i r e c t s  t h e  beam through t h e  s a f e t y  s h u t t e r  and 
BET, t o  t he  ou tput  p o r t  on t h e  f r o n t  of t he  l a s e r  head. 

JK700 S e r i e s  l a s e r s  a r e  d e s i g n e d  and b u i l t  t o  o p e r a t e  i n  h a r s h  
i n d u s t r i a l  environments. For c o n s i s  t e n t  l ong - t e rm p e r f o r m a n c e  
t h e  l a s e r  head componenfs must be kept  c l e a n  and maintained i n  a 
s t a b l e  con f igu ra t i on .  

To e n s u r e  s t a b i l i t y  t h e  l a s e r  head c o m p r i s e s  a  rugged  s i n g l e -  
p iece  aluminium c a s t i n g ,  

To e n s u r e  c l e a n l i n e s s  of  o p t i c a l  components ,  t h e  l a s e r  head i s  
s e a l e d  t o  IP55/NEMA12 s t a n d a r d s .  The l a s e r  head  h a s  a  c l o s e -  
f i t t i n g  r e in fo rced  p l a s t i c  l i d ,  secured  by fou r  sc rews  and sea t ed  
on  a  s e a l i n g  g a s k e t .  I n  a d d i t i o n  a l l  ma jo r  o p t i c a l  a s s e m b l i e s  
a r e  mounted i n  c losed  compartments and t h e  beam pa th  is t o t a l l y  
enc losed  by beam-sealing tubes  ('beam tubes ' ) .  

T r a d i t i o n a l  l a s e r  head a l ignment  procedures a r e  e l imina t ed  i n  t h e  
JK700 head by t h e  use  of 

p r e c i s i o n  machined r e f e r e n c e  f a c e s  i n  t h e  l a s e r  head f o r  
a c c u r a t e  l o c a t i o n  of a l l  o p t i c a l  assemblies  
p r e c i s i o n  machined pre-aligned cel ls  f o r  a l l  resona tor  o p t i c s  

These unique f e a t u r e s  e n a b l e  e a s y  f a s t  i n t e r c h a n g e  b e t  ween t h e  
s t a n d a r d  w e l d e r  r e s o n a t o r  and LD r e s o n a t o r s .  Only one  u s e r  
a d j u s t m e n t  i s  n e c e s s a r y  f o l l o w i n g  a  r e s o n a t o r  change  - f i n e  
t u n i n g  of  t h e  r e a r  m i r r o r  t i l t  a d j u s t m e n t  t o  o p t i m i s e  l a s e r  
ou tput .  

In te rchange  of r e sona to r s  and t h e i r  o p t i m i s a t i o n  i s  descr ibed  i n  
Sec t ion  9 of t h i s  Manual. 

I n  t h e  remainder of t h i s  sub-section, the  o p t i c a l  assembl ies  i n  
t he  l a s e r  head a r e  desc r ibed  i n  more d e t a i l .  

The pumping chamber i s  an assembly which houses t h e  l a s e r  rod and 
two l i n e a r  f l a s h l a m p a ,  one  e a c h  s i d e  of t h e  rod. The p r ime  
p u r p o s e  of  t h e  pumping chamber  is t o  c o u p l e  l i g h t  e f f i c i e n t l y  
from t h e  f lashlamps i n t o  t h e  laser rod. 

The pumping chamber  c o m p r i s e s  a  s t a i n l e s s  s t e e l  box ( ' b lock ' )  
w i t h  a  l i d  which  i s  O-r ing s e a l e d  t o  p r e v e n t  w a t e r  l e a k s .  
Cooling water  i s  pumped through t h e  chamber t o  d i s s i p a t e  waste 
hea t  which is genera ted  du r ing  e x c i t a t i o n  of t h e  l a s e r  rod. 
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The f lash lamps  comprise t h i n  walled l i n e a r  qua r t z  tubes,  sea led  
e a c h  end w i t h  m e t a l  e l e c t r o d e s  and f i l l e d  w i t h  i n e r t  g a s  - 
u s u a l l y  k ryp ton .  F l e x i b l e  i n s u l a t e d  l e a d s  e x t e n d  f rom e a c h  
e l e c t r o d e  ( ' f e r ru l e ' )  and t e rmina t e  i n  a plug. 

The l a s e r  rod is a c i r c u l a r  cy l inde r  of c r y s t a l l i n e  Nd-YAG w i t h  a 
f i n e l y  ground c y l i n d r i c a l  wa l l  and o p t i c a l l y  pol ished end f aces  
wh ich  a r e  e x t r e m e l y  f l a t  and p a r a l l e l ;  e a c h  f a c e  has  a n  a n t i -  
r e f l e c t i o n  (AR) coat ing.  The end f aces  a r e  c r i t i c a l  a r e a s  which 
should on ly  be handled by t r a ined  personnel w i t h  extreme care.  

I n  o r d e r  t o  improve  ' c o u p l i n g  of l i g h t  f rom t h e  l amps  i n t o  t h e  
rod, t h e  pumping chamber incorpora tes  two p r o f i l e d  whi te  ceramic 
p l a t e s  - one  a t t a c h e d  t o  t h e  l i d ,  t h e  o t h e r  t o  t h e  b l o c k  - s u c h  
t h a t  when the  pumping chamber is  assembled, t h e  two p l a t e s  mate 
t o  form a c losed  chamber ( 'close-coupled cavity'). 

To improve cool ing  e f f i c i e n c y ,  t h e  l a s e r  rod i s  housed i n s i d e  a  
b o r o s i l i c a t e  g l a s s  (Pyrex) f lowtube which a l s o  p r o t e c t s  t he  rod 
f r o m  h a r m f u l  U V  w a v e l e n g t h s  i n  t h e  l amp  l i g h t .  Coo l ing  w a t e r  
e n t e r s  t h e  f lowtube  from t h e  bottom of t h e  pumping block v i a  t he  
f l owtube  manifold which suppor t s  both t he  f lowtube and t h e  l a s e r  
rod. Af t e r  p a s s i n g  o v e r  t h e  rod  a t  h i g h  v e l o c i t y ,  t h e  c o o l i n g  
w a t e r  v e n t s  i n t o  t h e  pumping chamber  v i a  a  s econd  f l o w t u b e  
m a n i f o l d .  I t  t h e n  f l o w s  t h r o u g h  t h e  chamber  i n  t h e  r e v e r s e  
d i r e c t i o n ,  cool ing  t h e  lamps before  escaping  from a second p o r t  
i n  t h e  base of t h e  block,. A fine-mesh wire gauze is f i t t e d  j u s t  
i n s i d e  t h e  coolan t  e x i t  p o r t  t o  t r a p  g l a s s  f ragments  which can  be 
gene ra t ed  when a  f lash lamp occas iona ly  breaks. 

The l a s e r  rod  i s  s u p p o r t e d  i n  t h e  f l o w t u b e  m a n i f o l d s  by O-ring 
s e a l s  which a r e  maintained under compression by two 'rod pusher 
tubes '  which extend from t h e  o u t e r  f a c e s  of t h e  pumping chamber 
w h e r e  t h e y  a r e  s e c u r e d ,  a g a i n  w i t h  O-ring s e a l s .  The p u s h e r  
t ubes  t h e r e f o r e  provide a  water-free passage by which l i g h t  can 
p a s s  f r e e l y  t h r o u g h  t h e  l a s e r  rod. T h i s  method of moun t ing  
convenien t ly  exposes t h e  l a s e r  rod end f a c e s  f o r  i n s p e c t i o n  and 
c l ean ing  when t h e  rod pusher tubes a r e  removed. 

Removal of t he  rod pusher tubes r e q u i r e s  removal of 
t h e  pumping chamber  f rom t h e  l a s e r  head. THESE 
PROCEDURES SHOULD ONLY BE CARRIED OUT BY AUTHORISED 
TRAINED PERSONNEL. 

beneath t h e  pumping chamber is a  subp la t e  where s e r v i c e s  from the  
power supply  cab ine t  - lamp l e a d s  and w a t e r  p i p e s  - t e r m i n a t e .  
Two coo l ing  water  p ipes  t e rmina t e  on a manifold block beneath t h e  
s u b p l a t e .  Wa te r  p a s s e s  t h r o u g h  t h e  m a n i f o l d  v i a  t h e  s u b p l a t e  
i n t o  t h e  e n t r y  p o r t  of t h e  pumping chamber block. O-rings s e a l  
each i n t e r f a c e .  

I s s u e  5 



Four lamp power l e a d s  t e rmina t e  below the  subp la t e  on in su l a t ed  
lead-throughs which extend up i n t o  t h e  pumping chamber v i a  the 
s u b p l a t e .  An O-r ing s e a l  a round  e a c h  l e a d - t h r o u g h  p r e v e n t s  
c o o l a n t  e s c a p e  a t  t h e  b l o c k - s u b p l a t e  i n t e r f a c e .  Each l e a d -  
through t e rmina t e s  i n  a  socke t  which mates w i th  t h e  plugs on the  
f l a s h l a m p  l e a d s .  PTFE ( T e f l o n )  p i l l a r s  i n  t h e  b l o c k  and i n  t h e  
l i d ,  l o c a t e  and main ta in  t he  f lash lamps  assembl ies  i n  t h e  c o r r e c t  
a x i a l  and t r a n s v e r s e  pos i t ions .  

The pumping chamber  b l o c k  i s  s e c u r e d  t o  t h e  s u b p l a t e  by s i x  
r e c e s s e d  M4 s c r e w s .  The combined b l o c k - s u b p l a t e  a s s e m b l y  i s  
secured  i n  t he  l a s e r  head by t h r e e  recessed M4 screws  loca t ed  i n  
i n s u l a t e d  bushes which extend through the  block and the  subplate .  
The b l o c k  i s  m a i n t a i n e d  a t  t h e  c o r r e c t  h e i g h t  i n  t h e  l a s e r  head 
by mounting i t  on t h r e e  r e in fo rced  p l a s t i c  space r s  which s i t  on 
machined pads i n  t h e  l a s e r  head, l o c a t e  on the  i n s u l a t e d  bushes 
and b e a r  d i r e c t l y  on  t h e  bo t tom of  t h e  block.  The s p a c e r s  a r e  
held c a p t i v e  by O-rings which a r e  t rapped between t h e  block and 
t h e  subp la t e .  

Acces s  t o  t h e  t h r e e  f i x i n g  s c r e w s  i s  g a i n e d  by r emov ing  
i n s u l a t i n g  p l u g s  which  have t h r e a d e d  i n s e r t s  t o  f a c i l i t a t e  
removal .  The p l u g s  have  O-ring s e a l s  t o  p r e v e n t  t h e  i n g r e s s  of  
coo l ing  water.  

To e n s u r e  c o r r e c t  l a t e r a l  l o c a t i o n  o f  t h e  pumping chamber ,  two 
machined r e f e r e n c e  f aces  a r e  provided on the  v e r t i c a l  w a l l  of t he  
l a s e r  head c a s t i n g ,  ad j acen t  t o  t he  pumping chamber. P rec i s ion  
r e in fo rced  p l a s t i c  space r s  a r e  t r a p p e d  a g a i n s t  t h e s e  r e f e r e n c e  
f a c e s  by a  s h e e t  o f  p o l y c a r b o n a t e  i n s u l a t i o n  wh ich  i s  mounted 
b e t w e e n  t h e  v e r t i c a l  w a l l  and t h e  pumping chamber.  To e n s u r e  
c o r r e c t  l a t e ra l  post ioning,  t he  pumping chamber should be pressed 
h a r d  a g a i n s t  t h e  e x p o s e d  f a c e s  o f  t h e  s p a c e r s ,  p r i o r  t o  
t i g h t e n i n g  t h e  t h r e e  screws which s e c u r e  t h e  chamber i n  t h e  l a s e r  
head. 

The pumping chamber  l i d  i s  s e c u r e d  t o  t h e  b l o c k  by e i g h t  M4 
screws. On top  of t h e  l i d  i s  a  water  connector  w i t h  a  s m a l l  bore 
p i p e  w h i c h  p r o v i d e s  a s u p p l y  of  c o o l a n t  t o  t h e  p r o c e s s  s h u t t e r  
beam dump and t h e  water cooled block f o r  LD o p t i c s  (See Sec t ion  
4.2.6 and  4.2.3-B r e s p e c t i v e l y ) .  

Mounted i n  t h e  l a s e r  head b e n e a t h  t h e  pumping chamber  i s  t h e  
f l a sh l amp  t r i g g e r  t ransformer.  Lamp ' s immer ing '  ( S e c t i o n  4.3.2) 
i s  i n i t i a t e d  by p u l s i n g  t h e  t r i g g e r  t ransformer . .  T h i s  c a u s e s  a  
s p a r k  t o  jump f r o m  a n  e l e c t r o d e  on  t o p  of t h e  t r a n s f o r m e r  t o  a  
machined  pad on  t h e  bo t tom of t h e  s u b p l a t e ,  t h u s  r a i s i n g  t h e  
e n t i r e  pumping chamber  m o m e n t a r i l y  t o  a b o u t  25kV p o t e n t i a l .  
Accordingly, f o r  e l e c t r i c a l  s a f e t y  an  i n t e r locked  i n s u l a t e d  cover 
is f i t t e d  over  t h e  chamber. 
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WARNING 
The pumping chamber  i s  l i a b l e  t o  f l o a t  up t o  a  h i g h  
vo l t age  a t  t imes  o t h e r  than  lamp t r igger ing .  NEVER 
OPERATE THE LASER WITH THE PROTECTIVE COVER REMOVED 
AND THE INTEKLOCKS OVERRIDDEN. 

To exclude d u s t  and thus  keep t h e  l a s e r  rod f a c e s  c l ean ,  t h e  beam 
pa th  between the  pumping chamber and the  nearby c a s t i n g  wa l l s  i s  
e n c l o s e d  u s i n g  s h o r t  PTFE ( T e f l o n )  beam tubes .  These  t u b e s  a r e  
i n s e r t e d  i n t o  t h e  rod  pushe r  t u b e s  p r i o r  t o  i n s t a l l i n g  t h e  
pumping chamber  i n  t h e  l a s e r  head. S u b s e q u e n t l y  t h e  t u b e s  a r e  
w i t h d r a w n  s o  a s  t o  engage  i n  a l u m i n i u m  i n s e r t s  i n  t h e  c a s t i n g  
w a l l s .  I n  a d d i t i o n  t o  p r o t e c t i n g  t h e  l a s e r  r o d ,  t h e  beam t u b e s  
a r e  n e c e s s a r y  t o  s a t i s f y  s a f e t y  r e q u i r e m e n t s  f o r  a  g a p - f r e e  
p r o t e c t i v e  housing which prevents  human access  t o  l a s e r  r a d i a t i o n  
( S e c t i o n  8.8). 

WARNING 
THE LASER MUST NOT BE OPERATED I F  BEAM TUBES 
ARE ABSENT, DAMAGED OR NOT PROPERLY I N  POSITION. 

4.2.3 Beaonator Optica 

A Standard Resonator 

The phys i ca l  l ayout  of components i n  t he  l a s e r  head i s  shown i n  
~ i ~ u r e  4.2B. The e q u i v a l e n t  s c h e m a t i c  showing  t h e  beam p a t h  
through t h e  component u n i t s ,  appears  i n  Figure 4.2C. 

The c o n v e n t i o n a l  s t a n d a r d  r e s o n a t o r  c o n s i s t s  of  two m i r r o r s  
p o s i t i o n e d  o n  e a c h  s i d e  of t h e  l a s e r  rod. ( F i g u r e s  4.2D, 4.2E) 
The r e a r  m i r r o r  M 1 ,  i s  a  t o t a l  r e f l e c t o r ,  housed i n  a n  o p t i c a l  
assembly provided w i t h  two t i l t  c o n t r o l s  (knobs), top  and s ide.  
The f r o n t  m i r r o r  M2 i s  a  p a r t i a l l y  r e f l e c t i n g  m i r r o r  t h r o u g h  
which  t h e  o u t p u t  beam emerges.  The f r o n t  m i r r o r  i s  housed  i n  a  
p r e c i s i o n  machined s i lver -co loured  c e l l .  

Both t h e  f r o n t  and r e a r  mi r ro r  cells a r e  f i r m l y  secured a g a i n s t  
p r e c i s i o n  machined  r e f e r e n c e  f a c e s  on  t h e  l a s e r  head by s p r i n g  
c l i p s .  By v i r t u e  of  t h e  p r e c i s i o n  mach in ing  of t h e  r e f e r e n c e  
f a c e s  and  t h e  m i r r o r  c e l l s ,  t h e  m i r r o r s  a r e  e s s e n t i a l l y  p r e -  
a l i g n e d .  A f t e r  t h e  c e l l s  have  been  c l i p p e d  i n  p o s i t i o n  and t h e  
l a m p s  a r e  e n e r g i s e d ,  l a s e r  o u t p u t  i s  u s u a l l y  a c h i e v e d  
i m m e d i a t e l y .  O p t i m i s a t i o n  of  l a s e r  o u t p u t  t h e n  r e q u i r e s  o n l y  
mi r ro r  ad jus tmen t s  of t h e  r e a r  m i r r o r  t i l t  con t ro l s .  

The s t a n d a r d  r e s o n a t o r  g i v e s  t h e  h i g h e a t  o u t p u t  power and i s  
i n v a r i a b l y  u s e d  f o r  w e l d i n g  - a n  a p p l i c a t i o n  where  h i g h  mean 
power i s  g e n e r a l l y  more i m p o r t a n t  t h a n  s m a l l  we ld  s i z e .  T h i s  
r e s o n a t o r  i s  t h e r e f o r e  a l s o  r e f e r r e d  t o  a s  t h e  'we lde r '  o r  
'welder r e sona to r ' .  
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B. LD Resonator Options '-1 
A p p l i c a t i o n s  s u c h  a s  c u t t i n g  and h o l e  d r i l l i n g  r e q u i r e  t h e  
workpiece m a t e r i a l  t o  be heated t o  a  higher  temperature than f o r  
welding. Such a p p l i c a t i o n s  bene f i t  from a higher  beam i n t e n s i t y  
a t  t he  workpieca. I n t e n s i t y  i s  a  term which i n d i c a t e s  t h e  amount 
of p u l s e  e n e r g y  p e r  m i l l i s e c o n d  which i s  d e l i v e r e d  o n t o  each  
s q u a r e  m i l l l i m e t r e  ( i n c h )  of workp iece  w i t h i n  t h e  beam focus.  
Thus one of t h e  p r i n c i p a l  methods of i nc reas ing  i n t e n s i t y  i s  t o  
reduce t h e  d i ame te r  of the  beam focus ('spot-size'). One method 
of r e d u c i n g  s p o t  s i z e  i s  t o  u s e  a  s h o r t  f o c a l  l e n g t h  p r o c e s s  
lens.  However a  second, more potent  method is  t o  reconf igure  the  
l a s e r  r e sona to r  t o  achieve  lower beam divergence. 

Two a l t e r n a t i v e  low divergence conf igu ra t ions  - t h e  LD1 and LD2 
r e s o n a t o r s  - a r e  a v a i l a b l e  f o r  b o t h  JK701 and  JK702 l a s e r s .  
L a s e r s  p r o v i d e d  w i t h  t h e  LD o p t i o n  k i t s  a r e  d e s i g n a t e d  by a  
s u f f i x  LD i n  t h e  model number (e.g. JK7OlLD). 

The t 'h ree  r e s o n a t o r  c o n f i g u r a t i o n s  - w e l d e r ,  LDl and  LD2 - a r e  
shown s c h e m a t i c a l l y  i n  Figures  4.2D and 4.2E r e s p e c t i v e l y  f o r  t he  
JK701 and  JK702. E q u i v a l e n t  p h y s i c a l  l a y o u t s  a r e  shown i n  
F igures  4.2F and 4.2G respec t ive ly .  

The LD k i t  con ta ins  components f o r  both LD1 and LD2 re sona to r s  a s  
fo l lows  ."?) 

one l e n s  assembly f o r  each resonator  
a  number of metal  beam tubes 
a  number of PTFE (Teflon)  adaptors  
e x t r a  s p r i n g  c l i p s  and f i x i n g  screws 
an e x t r a  output  mir ror  assembly (b lack)  

The r e s o n a t o r  component  a s s e m b l i e s  a r e  co lou r -coded  f o r  e a s y  
i d e n t i f i c a t i o n .  

A s tudy  of t h e  diagrams w i l l  show tha t :  

t h e  LD r e sona to r s  use  a  black output  m i r r o r  assembly whereas 
t h e  s t anda rd  m i r r o r  c e l l  is silver 
t h e  s t anda rd  rear mi r ro r  assembly M 1  is a l s o  used f o r  t he  LD 
r e s o n a t o r s  
t o  accommodate changes  of  p o s i t i o n ,  t h e  f i x i n g  c l i p  f o r  M1 
must be r epos i t i oned  f o r  each resonator  
a n  e x t r a  c l i p  i s  r e q u i r e d  f o r  t h e  l e n s  a s s e m b l y  of an  LD 
r e s o n a t o r ,  p o s i t i o n e d  a c c o r d i n g  t o  t h e  - p a r t i c u l a r  L D  
con f igu ra t ion .  

Components  i n  t h e  r e a r  p a r t  of t h e  r e s o n a t o r  f i t  c l o s e l y  
t o g e t h e r ,  w i t h  PTFE a d a p t o r s  be tween them, t o  f o r m  a t o t a l l y  
enclosed beam path. . . A *  

, -  
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The c o m p l e t e  a s s e m b l y  and a l i g n m e n t  p rocedure  i s  d e s c r i b e d  i n  
S e c t i o n  9. To a c c e s s  t h e  f r o n t  m i r r o r  a s s e m b l y ,  t h e  s h u t t e r  
compartment l i d  must be removed. 

NOTE - Lens u n i t s  i n  LD r e s o n a t o r s  r e q u i r e  c o o l i n g .  A wa te r - coo led  
block i s  provided f o r  t h i s  purpose. When a lens  u n i t  is i n  use, 
t h e  b l o c k  i s  f i x e d  on t h e  l e n s  u n i t .  When no l e n s  u n i t  i s  
p re sen t  the block i s  'parked' on a  parking bracket. 

NOTE - LD u n i t s  a r e  . s u p p l i e d  i n  a  s t o r a g e  c a s e  and e a c h  component 
a s s e m b l y  i s  f i t t e d  w i t h  d u s t  c a p s  t o  e n s u r e  c l e a n l i n e s s  of t h e  
i n t e r n a l  o p t i c s .  

It is.ESSENTIAL a lways-  

t o  f i t  t he  d u s t  caps when u n i t s  a r e  not i n  use 
t o  ensure d u s t  caps a r e  kept  c l ean  
t o  r e t u r n  u n i t s  t o  the  s to rage  case  when not i n  use 
t o  ensure t h a t  i n t e r n a l  o p t i c s  i n  each u n i t  a r e  c l ean  before 
a  u n i t  i s  put i n t o  s e rv i ce  

WARNING 
FAILURE TO KEEP RESONATOR OPTICS CLEAN WILL REDUCE 
COMPONENT LIFE. THE WARRANTY DOES NOT COVER DAMAGE 
CAUSED BY NEGLIGENCE 

L 

Reference t o  Sec t ion  3.4 (Output Spec i f i ca t ions )  w i l l  show t h a t  
ou tput  power f o r  s tandard  resonators  is quoted as extending from 
z e r o  up t o  a  l i m i t  v a l u e  f o r  e a c h  l a s e r  whereas ,  f o r  t h e  LD 
re sona to r s ,  a s i n g l e  output  value i s  quoted. 

The reason  f o r  t h i s  is  t h a t  LD re sona to r s  a r e  'tuned resonators '  
( S e e  A p p e n d i x  2A o f  S e c t i o n  2 )  w i t h  a  f i x e d  i n p u t  p o w e r  
requirement.  The output  reaches the  s p e c i f i e d  ou tpu t  va lue  a t  a  
s p e c i f i c  mean i n p u t  v a l u e  (See F i g u r e s  4.2D, 4.2E). A t  g r e a t e r  
and l e s s e r  mean inpu t  powers, t h e  power output  d imin i shes  very 
q u i c k l y  t o  a low l e v e l .  Thus LD r e s o n a t o r s  must be o p e r a t e d  a t  
cons t an t  mean i n p u t  power. LD r e sona to r s  a r e  not t h e r e f o r e  s u i t e d  
t o  low power o p e r a t i o n  and i n t e r m i t t e n t  lamp e x c i t a t i o n .  If 
n e c e s s a r y  i n t e r m i t t e n t  o u t p u t  c a n  be a c h i e v e d  by u s e  of t h e  
process  s h u t t e r .  
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Beam S t e e r i n g  Mir rors  

I n  o r d e r  t o  f i t  a l l  t h e  components  i n t o  t h e  compact  l a s e r  head ,  
t h e  beam p a t h  ( F i g u r e s  4.2BS 4.2C) i s  f o l d e d  u s i n g  two bean-  
s t e e r i n g  m i r r o r s ,  M3 and M4. M3 i s  a d j a c e n t  t o  t h e  f r o n t  
r e sona to r  mir ror ;  M4 i s  ad j acen t  t o  t he  BET. 

M3 i s  a  p a r t i a l l y  r e f l e c t i n g  m i r r o r  which r e f l e c t s  most  o f  t h e  
beam towards M4. The t r a n s m i t t e d  po r t i on  of the ou tput  beam is 
used t o  measure t h e  energy i n  t h e  beam. Correspondingly, M4 i s  a  
t o t a l  r e f l e c t o r  y h i c h  d i r e c t $  t h e  beam v i a  t h e  BET and s a f e t y  
s h u t t e r .  - .  ! L,4.  + : 

Both m i r r o r s  a r e  mounted i n  s t a b l e  pre-aligned mounts which a l low 
e a s y  r e p l a c e m e n t  when r e q u i r e d ,  w i t h o u t  t h e  need  f o r  f u r t h e r  
a l i g n m e n t .  Each mount i s  f a c t o r y  se t  s o  a s  t o  d i r e c t  t h e  l a s e r  
beam a long  the  o p t i c a l  a x i s  through t h e  BET, ou t  of t h e  e x i t  po r t  
on t h e  l a s e r  f r o n t  p l a t e .  

Each m i r r o r  h a s  a n  i n t e g r a l  m e t a l  b a c k i n g  p l a t e  and  i s  h e l d  i n  
p o s i t i o n  a g a i n s t  a  machined r e f e r ence  f a c e  on i t s  mount, by two 
s p r i n g  c l i p s .  M4 has  a  s o l i d  b a c k i n g  p l a t e ;  M3 h a s  a n  a p e r t u r e  
I n  t h e  b a c k i n g  p l a t e  t o  a l l o w  p a s s a g e  of t h e  t r a n s m i t t e d  beam. 
Each m i r r o r  i s  r e t a i n e d  l a t e r a l l y  by two p r o t r u d i n g  p i n s  and  
v e r t i c a l l y ,  by a  p l a t e  s e c u r e d  t o  t h e  t o p  of t h e  mount ( 2  
screws) .  

4.2.5 Energy Monitor 

The energy monitor u n i t  is  mounted ad j acen t  t o  t h e  f i r s t  s t e e r i n g  
m i r r o r  u n i t  M 3  ( F i g u r e s  4.2B, 4.2C). The measu remen t  i s  
p e r f o r m e d  by a  s i l i c o n  p h o t o d i o d e  wh ich  m o n i t o r s  t h e  beam 
t r a n s m i t t e d  by M3. Because t h e  p h o t o d i o d e  r e q u i r e s  r e l a t i v e l y  
l i t t l e  l i g h t ,  t h e  t r a n s m i t t e d  beam i s  a t t e n u a t e d  by upward 
r e f l e c t i o n  o f f  a  low r e f l e c t i v i t y  g l a s s  p l a t e .  The beam i s  
f u r t h e r  a t t enua t ed  by passage through a  ceramic d i f f u s e r  d i s c  and 
two f i l t e r s  before  i t  reaches  t h e  photodiode. 

The p h o t o d i o d e  i s  mounted i n  a  s m a l l  oven  t o  m a i n t a i n  i t s  
t e m p e r a t u r e  (and t h u s ,  i t s  c a l i b r a t i o n )  c o n s t a n t .  The d i o d e  
p h o t o c u r r e n t  i s  a m p l i f i e d  i n  a  c i r c u i t  l o c a t e d  b e h i n d  t h e  r e a r  
p l a t e  o f  t h e  l a s e r  head ,  t o  g i v e  a  s i g n a l  which  i s  p r o p o r t i o n a l  
t o  t h e  p u l s e  p e a k  p o w e r .  T h i s  s i g n a l  i s  s a m p l e d  by t h e  
microprocessor  f o r  every p u l s e  up t o  20Hz r e p e t i t i o n  r a t e ,  and a t  
50mS i n t e r v a l s ,  f o r  h igher  pu l se  ra tes .  

The s e n s i t i v i t y  of the  monitor  c i r c u i t  i s  f a c t o r y  c a l i b r a t e d  so  
t h a t  t h e  va lue  d i sp layed  on t h e  c o n t r o l  panel  is t h e  pu l se  energy 
of t h e  ou tpu t  beam. The microprocessor  computes t h e  mean output  
power ,  u s i n g  i t s  knowledge  of  t h e  p u l s e - r a t e .  The d i s p l a y e d  
va lues  a r e  t h e  average of t h e  l a s t  two sampled pulses.  

The ENERGY key on t h e  c o n t r o l  p a n e l  i s  used  t o  d i s p l a y  t h e  
c u r r e n t  va lues  of pu l se  energy and mean power. Refer t o  Sec t ions  
5.2.7, 5.4 and 5.5.2. 
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4.2.6 Process Shutter 

The process  s h u t t e r  u n i t  is loca t ed  between s t e e r i n g  m i r r o r s  M3 
and M4. (F igu re  4.2B) The purpose of t he  process  s h u t t e r  is t o  
i n t e r c e p t  t he  l a s e r  beam when output  i s  not requi red  and the  
f  lashlamps a r e  energised.  

I n  this s t a t e ,  t he  s h u t t e r  i s '  'c l .osedt ;  correspondingly when 
ou tpu t  is r equ i r ed ,  the  s h u t t e r  i s  'open'. 

The s h u t t e r  u n i t  comprises a  mir ror  mounted on a  f a s t  r o t a r y  
s o l e n o i d ,  a  w a t e r  c o o l e d  'beam dump' and  a  number of s a f e t y  
components. The mir ror  - a t o t a l  r e f l e c t o r  - is mounted on a  
metal b racke t  on the  so lenoid  s h a f t .  When power i s  a p p l i e d  t o  
the so l eno id  c o i l ,  the  mi r ro r  is r o t a t e d  ou t  of the  beam - t h e  
'open' p o s i t i o n .  Conversely when t h e  so l eno id  is  de-energised,  
the mi r ro r  i s  r o t a t e d  by the  so l eno id  r e t u r n  s p r i n g  i n t o  t h e  pa th  
of t h e  l a s e r  beam. I n  t h i s  ' c l o s e d '  p o s i t i o n ,  t h e  beam i s  
r e f l e c t e d  down i n t o  the  beam dump. 

The beam dump comprises a  wa te r - f i l l ed  metal  c e l l ,  wi th  an  AR- 
coated g l a s s  en t rance  window. The l a s e r  beam passes  through the  
window i n t o  t h e  c e l l  where t h e  energy is absorbed by t h e  metal 
wal l s .  The abso rp t ion  process  is  a s s i s t e d  by a  metal p i n  l o c a t e d  
i n  t h e  r e a r  of t h e  dump. The c e l l  i s  cooled by flowing coolan t  
der ived  from the  water  connector on t h e  pumping chamber l i d .  

To p r o t e c t  a g a i n s t  s h u t t e r  malfunct ion,  t h e  s h u t t e r  u n i t  con ta in s  
a  number of s a f e t y  f ea tu re s .  Two p o s i t i o n  s enso r s  a r e  l o c a t e d  
above the  open and c losed  p o s i t i o n s  of t he  s h u t t e r  mir ror .  An 
a s s o c i a t e d  f a i l u r e  de, tect ion c i r c u i t  compares t he  l a s t  s h u t t e r  
demand w i t h  t h e  i n d i c a t i o n s  p r o v i d e d  by t h e  s e n s o r s .  T h i s  
e l i m i n a t e s  t h e  p o s s i b i l i t y  of t h e  l a s e r  o p e r a t i n g  w i t h  t h e  
s h u t t e r  s t a l l e d . i n  mid-travel.  

Moreover, a  thermal  fuse  is mounted d i r e c t l y  above t h e  s h u t t e r  
mi r ro r  t o  ensu re  e a r l y  d e t e c t i o n ,  i f  t h e  s h u t t e r  mi r ro r  should 
f a i l .  Consequent hea t ing  of t he  mi r ro r  mount w i l l  open-c i rcu i t  
t h e  f u s e .  Both  t h e  t h e r m a l  f u s e  and t h e  p o s i t i o n  f a i l u r e  
d e t e c t i o n  c i r c u i t  a r e  l i n k e d  i n t o  t h e  main l a s e r  i n t e r l o c k  
c i r c u i t  t h r o u g h  t h e  f a i l u r e - d e t e c t i o n  c i r c u i t  i n  t h e  r e a r  
compartment of t h e  head. Thus, t h e  l a s e r  would be immediately 
de-energised i f  a  problem were t o  occur  i n  t h e  process  s h u t t e r .  

Access  t o  t h e  s h u t t e r  i s  g a i n e d  by removing t h e  s h u t t e r  
compartment l i d .  

'm 

Shutter Controle 

The s h u t t e r  c o n t r o l s  - OPEN, CLOSE and MULTI SHOT ( i . e .  s i n g l e  
pu lse)  - a r e  l oca t ed  on the  c o n t r o l  panel.  For more in format ion ,  
r e f e r  t o  Sec t ion  5.2.6 ( l o c a t i o n  and ope ra t i on )  and Sec t ion  5.4.1 
(Mul t ipu lse  Count). 

I s s u e  6 



A s  an a l t e r n a t i v e  t o  t he  con t ro l  pane l ,  t h e  process s h u t t e r  can 
be c o n t r o l l e d  us ing  an op t iona l  Hand S h u t t e r  Control (Sec t ion  

J 

4.5.6) o r  i t  can be put under remote c o n t r o l  (Sect ion 5.4 and 7 ) .  

A CLOSE command o r i g i n a t i n g  from e i t h e r  t he  con t ro l  panel  o r  t h e  
Hand Shu t t e r  C o n t r o l  w i l l  c l o se  t h e  S h u t t e r ,  provided i t  has been 
put under l o c a l  c o n t r o l  v i a  t he  Remote Cont ro l  Number. 

However OPEN and MULTI SHOT commands can only be rece ived  from 
the  s e l e c t e d  c o n t r o l  models ta t ion - 

remote c o n t r o l ,  i f  the  s h u t t e r  has  been put under remote 
c o n t r o l  (Sec t ion  5.4). 
Hand S h u t t e r  Cont ro l  i f  connected; under these  circumstances 
t h e  Hand Cont ro l  ove r r ides  t h e  c o n t r o l  panel. 

NOTE : Before moving t h e  s h u t t e r  mir ror  i n  response t o  a  command, t h e  
microprocessor  ensu re s  t h a t  a  l a s e r  pu l se  w i l l  not co inc ide  w i th  
movement of t h e  s h u t t e r  mirror .  I f  necessary  the  time i n t e r v a l  
between l a s e r  pu l se s  w i l l  be extended t o  25mS, t he  t ime r equ i r ed  
f o r  a  s h u t t e r  ope ra t i on .  

SAFETY WARNING 
A MULTI SHOT command w i l l  only r e s u l t  i n  t h e  i s s u e  of 
1  pu l se  i f  t h e  Mult ipulse  Count has been set t o  1. 
Otherwise a  number of pu lses  w i l l  be i s sued  equal  t o  
t h e  va lue  set f o r  t he  Mult ipulse  Count. 

4.2.7 Beam Expanding Telescope(BET, Upcollimator) 

The beam expanding t e l e scope  is housed i n  a  c losed compartment - 
a box wi th  a  l i d  - l oca t ed  ad jacent  t o  t h e  second s t e e r i n g  m i r r o r  
M4 on the  ou tput  beam path.  

A s  t he  name imp l i e s ,  t h e  purpose of t h e  BET is t o  i n c r e a s e  t h e  
diameter  of t he  beam, because t h i s  has t h e  e f f e c t  of reducing 
beam divergence  a n d . t h e r e f o r e ,  spo t - s ize  a t  t h e  workpiece. 

NOTE : - Beam diameter  x beam divergence = a c o n s t a n t  ( a t  f i x e d  ou tpu t  
power). I 4 ~ ~ 3  1 ~ ~ ~ 3 2 ~ ; ~  r n :  : )F, b .: - 

I 

A second f u n c t i o n  of t h e  BET i s  t o  compensate f o r  d i f f e r e n c e s  i n  
t h e  f o c a l  l e n g t h  of t h e  process  l e n s  f o r  v i s i b l e  l i g h t  and l i g h t  
a t  t he  l a s e r  wavelength. A minor c o r r e c t i o n  t o  t he  s e t t i n g  of 
t h e  BET w i l l  e n s u r e  t h a t  t h e  l a s e r  beam f o c u s  c a n  be made 
co inc ident  with t h e  v i s u a l  focus seen  through t h e  viewing o p t i c s .  

The BET i s  shown schema t i ca l l y  i n  F igure  4.2H, with t h e  BET l i d  
removed. The BET inco rpo ra t e s  t h r e e  l enses .  The l a s e r  beam 
passes  i n  t u r n ,  through: 

a  nega t ive  i npu t  l e n s  which d iverges  t h e  beam 
a p o s i t i v e  l e n s  ( t h e  Ra t io  l e n s )  which converges t h e  beam 
another  nega t ive  l e n s  ( t h e  Focus l e n s )  which can be used t o  

4-14 r eco l l ima te  (make p a r a l l e l )  t h e  ou tput  beam. I s s u e  6 



The i n p u t  l e n s  i s  f i x e d  i n  t h e  i n p u t  w a l l  of t h e  BET compartment. 
C o r r e s p o n d i n g l y  t h e  R a t i o  and t h e  Focus  l e n s e s  a r e  s e c u r e d  i n  
mounts  w h i c h  c a n  s l i d e  a l o n g  p a r a l l e l  b a r s .  Lead s c r e w s  w i t h  
n u t s  connected t o  t h e  s l i d i n g  mounts, p rov ide  t h e  means t o  move 
t h e  R a t i o  and Focus l enses .  Moreover t h e s e  l e n s  motions can be 
c o n t r o l l e d  u s i n g  k n o b s  on  t o p  o f  t h e  l a s e r  head  ( F i g u r e  2.5A). 
These c o n t r o l s  a r e  connected t o  t h e  r e s p e c t i v e  BET l e a d  s c r e w s  by 
a  combina t ion  of l i n k a g e s  and gearwheels .  

The c o n t r o l  knobs a r e  a p p r o p r i a t e l y  l a b e l l e d  RATIO and FOCUS. 

I n f o r m a t i o n  d e t a i l i n g  how t o  s e t  t h e  FOCUS and RATIO c o n t r o l s  i s  
g i v e n  i n  S e c t i o n  6.7. The p r i m a r y  a d j u s t m e n t  i s  t h e  RATIO 
c o n t r o l .  The FOCUS c o n t r o l  i s  s e t  t o  r e c o l l i m a t e  t h e  beam 
f o l l o w i n g  c h a n g e  o f  FOCUS s e t t i n g .  Thus  t h e  s e t t i n g s  o f  e a c h  
c o n t r o l  a r e  r e l a t e d .  

C o n t r o l  s e t t i n g s  a l s o  have t o  be set a c c o r d i n g  t o  t h e  l a s e r  mean 
o u t p u t  power. S e c t i o n  6.7 i n c l u d e s  comprehensive  graphs  ( F i g u r e s  
6.7A, 6.7B) s h o w i n g  how t o  s e t  t h e  c o n t r o l s  a c c o r d i n g  t o  o u t p u t  
power and d e s i r e d  beam s i z e .  

1 
NOTE : T h e r e  i s  a  p o s s i b i l i t y  o f  f o c u s s i n g  t h e  l a s e r  beam o n t o  t h e  

o p t i c a l  components i n  t h e  viewing o p t i c s ,  w i t h  consequent r i s k  of 
c o m p o n e n t  damage  i f  t h e  BET l e n s e s  a r e  n o t  s e t  p r o p e r l y  and  
e s p e c i a l l y ,  i f  t h e  BET c o n t r o l s  a r e  a d j u s t e d  i n  t u r n ,  w i t h  t h e  
p r o c e s s  s h u t t e r  open and l a s e r  o p e r a t i n g .  

UARNING 
NEVER CHANGE THE BET CONTROL SETTINGS WITH THE 
SHUTTER OPEN AND NEVER LOOK INTO THE EYEPIECES OF THE 
VIEWING OPTICS UNDER THESE CIRCUMSTANCES. 
ALWAYS CLOSE THE (PROCESS) SHUTTER BEFORE ADJUSTING 
BET CONTROLS. 
ALWAYS SET THE BET CONTROLS AS INDICATED I N  FIGURES 
6.7A, 6.7B. 

Also housed i n  t h e  BET compartment i s  t h e  s a f e t y  s h u t t e r .  

On JK700 S e r i e s  l a s e r s  t h e  p r o t e c t i v e  h o u s i n g  c o m p r i s e s  t h e  
v a r i o u s  beam t u b e s  between o p t i c a l  u n i t s  and t h e  housings  of t h e  
u n i t s .  

To comple te  t h e  p r o t e c t i v e  housing, a  f i n a l  beam tube  is f i t t e d  
b e t w e e n  t h e  BET h o u s i n g  a n d  t h e  i n s i d e  f a c e  o f  t h e  l a s e r  head 
f r o n t  p l a t e .  The beam tube  is  s e a l e d  by O-rings on to  s p i g o t s  on 
t h e  BET and t h e  f r o n t  p l a t e .  The procedure  f o r  removing t h e  beam 
t u b e  i s  d e s c r i b e d  i n  S e c t i o n  8.6.11 ( A l i g n m e n t  HeNe P e r i s c o p e  
Assembly). 
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To prevent  the  ing res s  of contaminat ion i n t o  the  l a s e r  head v i a  
the  f i n a l  beam tube,  an a n t i - r e f l e c t i o n - c o a t e d  window ( t h e  BET 
Sea l ing  Window) is  mounted on the  i n s i d e  f ace  of the  e x i t  p l a t e  
of the  BET housing. To remove the window f o r  maintenance, r e f e r  
t o  Sec t ion  8.6.2H (BET Seg$$ng Window). 

* 
4.2.8 Sa fe ty  S h u t t e r  

The s a f e t y  s h u t t e r  a s s e m b l y  i s  mounted on t h e  u n d e r s i d e  of  t h e  
BET compartment l i d .  It s a t i s f i e s  t he  requirements  of the  s a f e t y  
a u t h o r i t i e s  f o r  a  'beam a t t e n u a t o r '  - a  means of  p h y s i c a l l y  
blocking l a s e r  output. 

The s h u t t e r  c o m p r i s e s  a  r o b u s t  m e t a l  b l a d e ,  r i g i d l y  mounted on 
the  s h a f t  of a  45' r o t a r y  solenoid. When.power i s  appl ied  t o  t he  
s o l e n o i d  c o i l ,  t h e  b l a d e  is r o t a t e d  o u t  of  t h e  l a s e r  beam p a t h  
( s h u t t e r  'open'). However when the so lenoid  is de-energised the 
blade is r o t a t e d  f u l l y  i n t o  t h e  beam path by t h e  so lenoid  r e t u r n  
sp r ing ,  thus s topping  the  l a s e r  beam ( s h u t t e r  'closed'). 

Normally, when t h e  s a f e t y  s h u t t e r  i s  closed,  t h e  l a s e r  beam does 
n o t  r e a c h  t h e  s a f e t y  s h u t t e r  b e c a u s e  c o n t r o l  c i r c u i t r y  e n s u r e s  
c l o s u r e  of  t h e  p r o c e s s  s h u t t e r  whenever  t h e  s a f e t y  s h u t t e r  is 
c l o s e d .  However i f ,  a s  a  r e s u l t  of  m a l f u n c t i o n  o f  t h e  p r o c e s s  
s h u t t e r ,  t h e  l a s e r  beam d i d  r e a c h  t h e  s a f e t y  s h u t t e r  t h e n ,  t h e  
beam would be r e f l e c t e d  o f f  t h e  s h u t t e r  blade onto  a  ceramic beam 
s t o p  and a  t h e r m a l  f u s e ,  t h u s  c a u s i n g  t h e  t h e r m a l  f u s e  t o  f a i l .  
S i n c e  t h e  t h e r m a l  f u s e  i s  l i n k e d  i n t o  t h e  main  l a s e r  i n t e r l o c k  
c h a i n ,  t h i s  would t e r m i n a t e  l a s e r  o p e r a t i o n .  C l o s u r e  o f  t h e  
s a f e t y  s h u t t e r  is confirmed by a  p o s i t i o n  sensor.  

Closure of t he  s a f e t y  s h u t t e r  is i n i t i a t e d  by open-circui t ing t h e  
S h u t t e r  I n t e r l o c k  te rmina ls ,  loca ted  on 

s o c k e t  SK A301 ( t e r m i n a l s  A, B) a t  t h e  b o t t o m  f r o n t  of  t h e  
l a s e r  head (Figure 4.28); OR 
t e r m i n a l  b l o c k  TB 801 ( t e r m i n a l s  9, 1 0 )  i n  t h e  T e r m i n a t i o n  
Chamber i n  t he  power supply enc losure  (Figure 4.3E) 

The S h u t t e r  I n t e r l o c k  f a c i l i t y  w i l l  normally be used f o r  s a f e t y  
s i t u a t i o n s  where personnel  must not  be exposed t o  l a s e r  r a d i a t i o n  
y e t  i t  would be inconvenient  t o  te rmina te  l a s e r  operat ion.  

Typica l ly  t he  Shu t t e r  I n t e r l o c k  w i l l  be used 

w i t h  an i n t e r l o c k  s w i t c h  on the  work a r e a  access  door, when 
t h e  l a s e r  is used without  a  Class  l ( 1 )  s a f e t y  enc losure  
t o  i n t e r l o c k  t h e  a c c e s s  d o o r s  on  a  C l a s s  l ( 1 )  s a f e t y  
enc losu re t  
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4.2.9 Laser  Head E l e c t r o n i c s  

Loca t ed  beh ind  t h e  main p a n e l  on t h e  back  of t h e  l a s e r  head a r e  
t h e  fo l lowing  e l e c t r o n i c  c i r c u i t s :  

f l ash lamp (low vol tage)  t r i g g e r  c i r c u i t r y  
process  s h u t t e r  d r i v e  c i r c u i t r y  

.e process  s h u t t e r  f a i l u r e  d e t e c t i o n  c i r c u i t r y  
s a f e t y  s h u t t e r  d r i v e  and p o s i t i o n  d e t e c t i o n  c i r c u i t r y  
energy  monitor pre-amplif ier  
i n t e r l o c k  c i r c u i t r y  

F l a s h l a m p  power l e a d s  f rom t h e  power s u p p l y  v i a  t h e  c o n d u i t  
( u m b i l i c a l )  a l s o  te rmina te  a t  t h i s  l oca t ion .  

I n  f a c t  t h i s  compartfnent con ta in s  no use r  c o n t r o l s  and access  i s  
not  r equ i r ed  f o r  r o u t i n e  maintenance. 

For e l e c t r i c a l  s a f e t y  t h e  r e a r  panel is  in t e r locked  by two s e r i e s  
connected microswitches;  removal of t h e  panel  d i s a b l e s  t h e  power 
supply  

I n  a d d i t i o n  t o  t h e s e  f a c i l i t i e s ,  l oca t ed  beneath pumping chamber 
assembly is  a  t r i g g e r  t ransformer  which genera tes  h igh  vo l t age  
s p i k e s  ( 20kV) necessary  t o  t r i g g e r  t h e  f  lashlamps (See Sec t ion  
4.3). 

r , . .  , . .  
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4 . 3  POWER SUPPLY 

4.3 .1  Introduction 

Largest of t he  th ree  u n i t s  which comprise the  l a s e r ,  i s  the power 
supply enc losure ,  a  rugged e n v i r o n m e n t a l l y  s e a l e d  u n i t  ( F i g u r e  
4 . 3 A )  mounted on heavy duty cas to r s .  

The power supply enc losure  h ~ p s e s  

- 7 ,  . 
the l a s e r  power supply 
the  cool ing  system 
the microprocessor system 

The power supply provides the  s e r v i c e s  required f o r  opera t ion  of 
t h e  l a s e r .  High power e l e c t r o n i c  c i r c u i t s  c o n t r o l  e l e c t r i c a l  
energy t o  the  f lashlamps.  

The cooling system disposes  of waste heat from the l a s e r  head and 
t h e  power s u p p l y  e n c l o s u r e .  The c o o l i n g  s y s t e m  c o m p r i s e s  two 
u n i t s :  

the A i r  Cooler Module which cools  t he  power supply enclosure.  
The Water Cooler Module which cools  components i n  the  l a s e r  
head 

') 

M a n u a l  a n d  r e m o t e  o p e r a t i o n  o f  t h e  c o m p l e t e  s y s t e m  i s  
a c c o m p l i s h e d  by t h e  m i c r o p r o c e s s o r  s y s t e m  which c o n t r o l s  and 
m o n i t o r s  t h e  power e l e c t r o n i c s ,  c o o l i n g  s y s t e m  and l a s e r  head 
funct ions .  

EXTERNAL FUTURES 

N o t a b l e  f e a t u r e s  on t h e  e x t e r i o r  of t h e  power s u p p l y  e n c l o s u r e  
(F igure  4 . 3 A )  a r e  

two access  doors - 1 and 2 
t he  mains power Disconnect switch 
the  access  panel f o r  t h e  Termination Chamber 
t h e  d a t a  p l a t e  

Access Doors 

Access i n t o  t h e  power supply enclosure proper f o r  maintenance and 
s e r v i c e  i s  g a i n e d  v i a  t h e  t w o  a c c e s s  d o o r s .  They  a r e  
m e c h a n i c a l l y  i n t e r l o c k e d  w i t h  t h e  power D i s c o n n e c t  s w i t c h  and 
cannot normally be opened when the swi t ch  is  ON. Conversely when 
t h e  d o o r s  a r e  open,  t h e  Di sconnec t  s w i t c h  c a n n o t  n o r m a l l y  be 
t u r n e d  ON. However a  s p e c i a l  i n t e r l o c k  o v e r r i d e  f a c i l i t y  i s  
provided f o r  s e r v i c e  use only, which enables  power t o  be switched 
on wi th  t h e  access  doors  open. 
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Each door has a  lock loca t ed  i n  the door handle under a s l ide-up 
cover .  To un lock  a  d o o r ,  t h e  key i s  t u r n e d  a p p r o x i m a t e l y  30 
d e g r e e s  i n  e i t h e r  d i r e c t i o n ;  t h i s  un locks  t h e  h a n d l e  which 
a u t o m a t i c a l l y  s p r i n g s  up r eady  f o r  use. The h a n d l e  i s  t h e n  
t u r n e d  130 d e g r e e s  c l o c k w i s e  t o  open t h e  door.  The l e f t  hand 
door (Door 2 )  cannot be opened unless  Door 1 i s  open. 

For  added  s e c u r i t y  t h e  d o o r s  can  a l s o  be padlocked .  A pocke t  
i n s i d e  Door 2 conta ins  t he  system c i r c u i t  and wir ing diagrams. 

Disconnect Swltch 

The D i s c o n n e c t  s w i t c h  i s  O N  (I)  when t h e  h a n d l e  i s  i n  t h e  upper  
p o s i t i o n ;  t h e n  t h e  h a n d l e  a p p e a r s  red.  C o r r e s p o n d i n g l y ,  i n  t h e  
OFF ( 0 )  p o s i t i o n ,  t h e  h a n d l e  a p p e a r s  black.  The Di sconnec t  
s w i t c h  can  be padlocked i n  the  OFF pos i t i on  - an e s s e n t i a l  s a f e t y  
p recau t ion  when working on p o t e n t i a l l y  l i v e  ('hot') components. 

System Data P l a t e  

The s y s t e m  d a t a  p l a t e  i s  f i x e d  t o  t h e  bot tom c o r n e r  of  t h e  
Terminat ion Chamber access  panel. A t y p i c a l  d a t a  p l a t e  is  shown 
i n  Figure 4.3B. A d u p l i c a t e  d a t a  p l a t e  i s  f i t t e d  i n s i d e  Door 1. 

NOTE - Some o f  t h e  d a t a ,  p a r t i c u l a r l y  t h e  S e r i a l  No., w i l l  be r e q u i r e d  
when o rde r ing  s p a r e  p a r t s  o r  reques t ing  s e r v i c e  a s s i s t ance .  

Modules 

The power supply i s  completely modular i n  construct ion.  Figure 
4.3C shows a b l o c k  d i a g r a m  of t h e  power s u p p l y  showing t h e  
p r i n c i p a l  modules and interconnect ions.  Figure 4.3D shows a  view 
i n s i d e  t h e  f r o n t  of t h e  power s u p p l y  c a b i n e t  i n d i c a t i n g  module 
loca t ions .  

The i n c o m i n g C 3 - p h a s e  e l e c t r i c a l  supply  (Figure 4.3C) passes v i a  
t h e  D i s c o n n e c t  s w i t c h  t o  t h e  Power D i s t r i b u t i o n  Module which 
c o n t a i n s  t h e  s y s t e m  f u s e s  and a u x i l i a r y  power suppl ies .  Power 
f o r  t h e  two f lashlamps passes  through i d e n t i c a l  but independent 
sets of power modules, each s e t  compris-ing 

a t ransformer module 
a  swi tch ing  module , 

an  output  module 

The coo l ing  system modules a r e  locatGd i n  the  bottom of the power 
s u p p l y  e n c l o s u r e  - t h e  A i r  C o o l e r  Module i n  Bay 2 ,  t h e  Water  
Cooler Module i n  Bay 1. The coo le r  modules a r e  i s o l a t e d  from the  
e l e c t r o n i c s  modules  by a  b a f f l e .  Coo l ing  a i r  f r o m  t h e  ACM i s  
c a r r i e d  by d u e t s  behind  t h e  e l e c t r o n i c  modules. A f t e r  p a s s i n g  
through the  modules, t he  c i r c u l a t i n g  a i r  r e tu rns  t o  t h e  ACM v i a  
t h e  b a f f l e .  
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- 
Terminat ion Chamber 'l 

Removal ,of t h e  r i g h t  s i d e  panel of the  power supply enc losure  (6 
screws)  g i v e s  a c c e s s  t o  the Terminat ion Chamber, where incoming 
s e r v i c e s  (power ,  w a t e r )  a r r i v e  and o u t g o i n g  c o n n e c t i o n s  t o  t h e  
l a s e r  head, c o q t r o l  panel  and a n c i l l a r y  equipment depart .  Access 
t o  t h e  T e r m i n a t i o n  Chamber i s  n o r m a l l y  r e q u i r e d  o n l y  f o r  
i n s t a l l a t i o n .  For  f u r t h e r  i n f o r m a t i o n  on i n s t a l l a t i o n  and  
c o m m i s s i o n i n g ,  c o n t a c t  your  n e a r e s t  LUMONICS o f f  i c e  o r  a g e n t  
(Sec t ion  8.13), o r  r e f e r  t o  t h e  a p p r o p r i a t e  I n s t a l l a t i o n  Manual. 

F i g u r e  4 .3E  shows a v i ew  i n s i d e  t h e  power s u p p l y  T e r m i n a t i o n  
Chamber. P h y s i c a l  f e a t u r e s  i n c l u d e :  

the  Disconnect sw i t ch  
t h e  I n t e r f a c e  Termination Panel 
t he  Lamp Cable Termination Panel 
t he  Conduit Gland P l a t e  
t he  Coolant Connections Compartment 

A l l  e x t e r n a l  connec t ions  t e r m i n a t e  i n  t h e  T e r m i n a t i o n  Chamber. 
E l e c t r i c a l  c o n n e c t i o n s  have t o  p a s s  t h r o u g h  t h e  Condu i t  Gland 
P l a t e ;  t h i s  i s  one  of  t h e  s e a l e d  p a n e l s  of t h e  power s u p p l y  
enc losure .  

The incoming mains power lead  passes  through the  Conduit Gland 
P l a t e  and t e rmina t e s  on the  Disconnect switch. 

The l a s e r  head  i s  c o n n e c t e d  t o  t h e  power s u p p l y  by a f l e x i b l e  
c o n d u i t ,  c o n t a i n i n g  t h e  power and c o n t r o l  l e a d s ,  and  a h o s e  
a s s e m b l y  - one  s u p p l y ,  two r e t u r n  h o s e s  - which  c a r r y  p r i m a r y  
cool ing  water. The hoses  t e rmina t e  v i a  a s e a l e d  bulkhead i n  t h e  
Coolant Connection Compartment i n  t h e  bottom of t h e  Terminat ion 
Chamber. The e x t e r n a l  cool ing  water  supply  is  a l s o  connected t o  
t h e  A i r  Cooler Module and Water  C o o l e r  Module,  i n  t h e  C o o l a n t  
Connection Compartment. ' 

Cables from t h e  laser head condvi t  t e r m i n a t e  i n  t h e  s e a l e d  a r e a  
on 

the  Lamp Cable Termination Panel 
t h e  I n t e r f a c e  Terminatiop Pauel + _ , 

e a r t h  t e r m i n a l s  

The o p e r a t o r ' s  c o n t r o l  p a n e l  i s  f i t t e d  w i t h  a 2.5m (8f  t )  l o n g  
f l e x i b l e  condui t  and plug. - .  

It can be connected e i t h e r  

a )  t o  a s o c k e t  (SK A302) on  t h e  b o t t o m  f r o n t  of t h e  l a s e r  head  
( F i g u r e  4.2A); o r  

b) t o  a socke t  on t h e  I n t e r f a c e  Termination Panel (SK 806) 

I n  c a s e  ( a ) ,  t h e  c o n t r o l  p a n e l  i s  c o n n e c t e d  t o  SK 806 v i a  a l e a d  
which runs through t h e  l a s e r  head condui t .  
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In  case  (b),  t h e  c o n t r o l  panel plug i s  connected i n t o  a  socke t  on 
t h e  Condu i t  Gland p l a t e  and a  l e a d  a t t a c h e d  t o  t h e  s o c k e t ,  i s  
plugged i n t o  SK806. 

In  a d d i t i o n  t o  " t h e  c o n t r o l  panel,  o the r  e x t e r n a l  connect ions f o r  
i n t e r l o c k i n g  and o p t i o n a l  Remote C o n t r o l  t e r m i n a t e  on t h e  
I n t e r f a c e  T e r m i n a t i o n  Panel .  T h i s  i s  t h e  i n t e r f a c e  w i t h  t h e  
m i c r o p r o c e s s o r  c o n t r o l  module which  i n  t u r n ,  c o n t r o l s  a l l  t h e  
modules i n  t he  power supply cab ine t  except  t h e  Air Cooler Module. 

Any unused ho le s  i n  t h e  Conduit Gland P l a t e  must be f i t t e d  w i t h  
p l a s t i c  c a p s  ( s u p p l i e d ) ,  t o  c o m p l e t e  t h e  s e a l i n g  of t h e  power 
supply 

4.3-2 Power E l e c t r o n i c s  

The power e l e c t r o n i c s  comprises t h e  Power D i s t r i b u t i o n  Module and 
two i d e n t i c a l  sets of power modules, each supplying power t o  one 
flashlamp. 

Each set comprises 

a  Transformer Module 
a  Switching Module 
an Output Module 

The Power D i s t r i b u t i o n  Module p r o v i d e s  f o r  v a r i o u s  i n t e r n a l  
a u x i l i a r y  power s u p p l i e s ,  and mains power f o r  accessory  socke t s  
on t h e  f r o n t  of  t h e  l a s e r  head ( F i g u r e  4.2A) and a l s o  i n  t h e  
T e r m i n a t i o n  Chamber. It a l s o  h o u s e s  c o n t r o l  g e a r  f o r  t h e  
c i r c u l a t i n g  pump i n  t h e  Water Cooler Module. 

There a r e  s e p a r a t e  ve r s ions  of t h e  Power D i s t r i b u t i o n  Module f o r  
50Hz and 6OHz s u p p l y  f r e q u e n c i e s .  The 60Hz v e r s i o n  h a s  a n  
a d d i t i o n a l  t r a n s £  o r m e r  and e x t r a  f u s e s  t o  accommodate  t h e  
e x t e n d e d  r a n g e  o f  s u p p l y  v o l t a g e s  found  i n  6OHz t e r r i t o r i e s .  
Otherwise t h e  two ve r s ions  a r e  s i m i l a r .  

Figure 4.3F i s  a  block diagram showing one s e t  of power modules. 
The Transformer Module comprises a  3-phase power t ransformer  and 
r e c t i f i e r  p r o d u c i n g  a  nomina l  420 v o l t  d.c. s u p p l y  ( t h e  'd.c. 
l i nk ' ) .  R e s i s t o r s  be tween  t h e  t r a n s f o r m e r  and t h e  r e c t i f i e r  
l i m i t  t h e  i n r u s h  c u r r e n t  i n t o  t h e  r e s e r v o i r  c a p a c i t o r s  when the  
power c o n t a c t o r  i s  closed. 

A t  t he  end of t h e  s t a r t -up  sequence these  r e s i s t o r s  a r e  sho r t ed  
ou t  by t h e  bypass contactor .  

& 
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A h igh  v o l t a g e  power t r a n s i s t o r  connec t s  t h e  r e s e r v o i r  c a p a c i t o r s  1 
t o  t h e  f  lashlamp. The t r a n s i s t o r  i s  r e p e a t e d l y  s w i t c h e d  on and 
o f f  many t i m e s  a t  h igh  f requency  d u r i n g  each l a s e r  p u l s e  by i t s  
c o n t r o l  c i r c u i t  s o  a s  t o  m a i n t a i n  t h e  average f l a s h l a m p  c u r r e n t  
a t  t h e  d e s i r e d  value. The mean c u r r e n t  is  c o n t i n u o u s l y  v a r i a b l e  
up t o  300 amps.. An o u t p u t  f i l t e r  c i r c u i t  between t h e  t r a n s i s t o r  
and t h e  f l a s h l a m p  m i n i m i s e s  v a r i a t i o n s  i n  c u r r e n t  caused by t h e  
s w i t c h i n g  a c t i o n ,  , I 

Normally f l a s h l a m p s  have h i g h  impedance and a 420V supp ly  w i l l  
be i n a d e q u a t e  t o  s w i t c h  t h e  lamps t o  a  low impedance s t a t e .  This  
i s  a c h i e v e d  by a p p l y i n g  a  h i g h  v o l t a g e  ' t r i g g e r  p u l s e '  t o  
' t r i g g e r '  t h e  l a m p s ;  t h i s  b r e a k s  down t h e  g a s  i n  t h e  f l a s h l a m p ,  
c a u s i n g  a  s p a r k  t o  jump between t h e  lamp e l e c t r o d e s .  The t r i g g e r  
p u l s e  t h u s  l o w e r s  t h e  l a m p  i m p e d a n c e  t o  a p o i n t  w h e r e  t h e  d.c. 
l i n k  v o l t a g e  i s  a d e q u a t e  t o  p a s s  s i g n i f i c a n t  c u r r e n t .  To 
e l i m i n a t e  t h e  need t o  t r i g g e r  t h e  lamps b e f o r e  e v e r y  p u l s e ,  they 
a r e  m a i n t a i n e d  i n  a permanent low impedance s t a t e  a f t e r  i n i t i a l  
t r i g g e r i n g ,  by p a s s i n g  low l e v e l  ('simmer') c u r r e n t  con t inuoua ly  
th rough  e a c h  lamp. The s i m m e r  c u r r e n t  is s u p p l i e d  by a s e p a r a t e  
simmer s u p p l y  i n  t h e  Output Module. 
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4 .3 .3  Con t ro l  E l e c t r o n i c s  

The c o n t r o l  e l e c t r o n i c s  c o m p r i s e  t h e  M i c r o p r o c e s s o r  C o n t r o l  
Module and  I n t e r f a c e  T e r m i n a t i o n  P a n e l  ( F i g u r e  4.3H). The 
M i c r o p r o c e s s o r  C o n t r o l  Module r e c e i v e s  commands f rom t h e  
o p e r a t o r ' s  c o n t r o l  panel  and o p t i o n a l l y ,  a  remote CNC system o r  
c o m p u t e r ,  and  c o n t r o l s  t h e  power  e l e c t r o n i c s  m o d u l e s ,  Wate r  
C o o l e r  Module  and l a s e r  head. S a f e t y  c r i t i c a l  c i r c u i t s  a r e  
f u n c t i o n a l l y  independent of t he  m'icroprocessor bu t  a r e  monitored 
a l o n g  w i t h  a l l  o t h e r  m a j o r  s y s t e m  f u n c t i o n s ,  e n a b l i n g  
a b n o r m a l i t i e s  and f a u l t s  t o  be d e t e c t e d  and diagnosed. 

A b l o c k  d i a g r a m  of  t h e  c o n t r o l  e l e c t r o n i c s  i s  shown i n  F i g u r e  
4.3G. The Microprocessor  Control  Module comprises  a  motherboard,  
t h r o u g h  w h i c h  a l l  e x t e r n a l  c o n n e c t i o n s  a r e  made and  which  
i n t e r c o n n e c t s  a  number of p r i n t e d  c i r c u i t  b o a r d s  v i a  t h e  
microprocessor  1 / 0  bus. 

n i c r o p r o c e s s o r  Board 

The microprocessor  board c o n t a i n s  

t h e  microprocessor  c h i p  
0 an EPROM c h i p  s t o r i n g  t h e  c o n t r o l  programme 

a  RAM c h i p  s t o r i n g  ope ra t i ng  parameters  and o t h e r  v a r i a b l e s  

When t h e  s y s t e m  i s  s w i t c h e d  o f f ,  t h e  c o n t e n t s  of  t h e  RAM a r e  
p r e s e r v e d  by a  s p e c i a l  b a t t e r y  s y s t e m  t h a t  h a s  a  10 y e a r  l i f e .  
Also on t h i s  board is a  Watchdog c i r c u i t  which moni to rs  o p e r a t i o n  
of t h e  microprocessor  system and d i s a b l e s  t h e  l a s e r  sys tem i n  t h e  
even t  of a fau l t .  

Laser I n t e r f a c e  Board 

The l a s e r  i n t e r f a c e  boa rd  p r i n c i p a l l y  c o m p r i s e s  m o n i t o r i n g ,  
c o n t r o l ,  p u l s e  g e n e r a t i o n  and laser p r o t e c t i o n  func t ions .  Under 
m i c r o p r o c e s s o r  c o n t r o l  t h e  p u l s e  g e n e r a t i o n  c i r c u i t  a l l o w s  
c o n t r o l  of t h e  f l a sh l amp  c u r r e n t  (Height), d u r a t i o n  (Width) and 
f requency  (Rate). The pu l s e  Height can  even be changed dur ing  a  
pu l s e ,  g i v i n g  t h e  JK700 its unique p u l s e  shaping c a p a b i l i t y .  The 
laser p r o t e c t i o n  c i r c u i t  moni tors  c r i t i c a l  vo l t age ,  c u r r e n t  and 
power l e v e l s  i n  t h e  power e l e c t r o n i c s  and f l a sh l amp  c i r c u i t s ,  t o  
p rov ide  a v e r y  h igh  degree of p r o t e c t i o n  a g a i n s t  misuse ,  f a u l t s  
and f l a sh l amp  f a i l u r e s .  

Remote C o n t r o l  Interface Board 

The o p t i o n a l  Remote C o n t r o l  1nte; face  boa rd  i s  r e q u i r e d  t o  
c o n t r o l  t h e  l a s e r  from a CNC system o r  e x t e r n a l  c o n t r o l  device .  
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I n t e r f a c e  T e d n a t i o n  Pane l  

A l l  s i g n a l  and i n t e r f a c e  connect ions  e x t e r n a l  t o  t h e  power supply  
a r e  made v i a  t h e  I n t e r f a c e  T e r m i n a t i o n  P a n e l  l o c a t e d  i n  t h e .  
T e r m i n a t i o n  Chamber ( F i g u r e  4.3E). The I n t e r f a c e  T e r m i n a t i o n  
Panel  i s  shown ;ln F igu re  4.3H. 

P r i n c i p a l  f e a t u r e s  i n c l u d e  , 

a  group of f i v e  BNC t ype  socke t s  
a  group of seven  D-type socke t s  
a  group of s i n g l e  phase  mains supp ly  s o c k e t s  SK 807 
a  QM connec tor  SK 808 
a screw t e r m i n a l  b lock  TB 804 

F u r t h e r  d e t a i l s  a r e  a s  f o l l o i e :  . . 

SK 8201 Shape I / P  (Not normally used)  
SK 8202 Sync O/P (Output)  
SK 8203 T r i g  I / P  
SK 8204 Laser  O/P 
SK 8205 Curren t  O/P 

T h e s e  s o c k e t s  p r o v i d e  f o r  t h e  c o n n e c t i o n  o f  i n s t r u m e n t s  - f o r  
example,  an  o s c i l l o s q o p e ,  o r  a - f r equency  c o u n t e r  - t o  moni to r  and 
test t h e  system, 

Use of a n  o s c i l l o s c o p e  t o  monitor t h e  laser pu lse ,  is  d e s c r i b e d  
i n  Appendix 5A. 

PL 800 Remote Meter 
SK 801 S h u t t e r  Con t ro l  
SK 802 Laser  Head 
SK 803 RS232 I n t e r f a c e  
PL 804 CNC Parameter  
PL 805 CNC Func t i on  
SK 806 Con t ro l  Pane l  

These  c o n n e c t o r s  a r e  u s e d  f o r  s i g n a l s  t o  t h e  o p e r a t o r s  c o n t r o l  
pane l  and laser head, remote  c o n t r o l  i n t e r f a c e s ,  remote s h u t t e r  
c o n t r o l  and energy mon i to r  meter  (PL 800). 

rd) .dd. ,x> :Id .. , . c c  ! . , > , A  : . . -. . 
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These accessory supply sockets  a r e  f o r  powering equipment such a s  
a w o r k p i e c e  i l l u m i n a t o r  used i n  c o n j u n c t i o n  w i t h  t h e  l a s e r  
system. On standard 50Hz supply systems, t he  accessory supply is  
240 v o l t s  a.c. and t h e r e  a r e  3 s t a n d a r d  European CEE 1 7  s o c k e t s .  
On s t a n d a r d  60Hz s u p p l y  s y s t e m s ,  t h e  a c c e s s o r y  s u p p l y  i s  120 
v o l t s  a.c. and t h e r e  a r e  2 s t a n d a r d  North American NEMA 5-12 
grounding sockets.  The accessory supply sockets  a r e  dupl ica ted  
on the  l a s e r  head. In  a l l  cases the t o t a l  accessory supply r a t i n g  
i s  240VA. 

This QM Connector supp l i e s  switched mains power t o  the l a s e r  head 
f o r  t h e  O p t i o n a l  HeNe l a s e r .  The s u p p l y  i s  s w i t c h e d  v i a  t h e  
OPTICS and SET keys on the  con t ro l  panel (Sect ion 5.2.7) 

This  connector a l s o  supp l i e s  power t o  the  accessory power sockets  
on the  f r o n t  of t h e  l a s e r  head. 

Terminals C ,. . 

I n t e r l o c k  1 ) Remote I n t e r l o c k  Connectors; 
I n t e r l o c k  2 ) Laser d isabled  when open c i r c u i t  
Gate - s w i t c h i n g  modules d i s a b l e d  when open 

c i r c u i t  
Not a l l o c a t e d  
Shu t t e r  In t e r lock  
I n t e r l o c k  Relay 
) Addit ional  

Emission Indica tor  
) outputs  

For  f u r t h e r  ' d e t a i l s  on i n t e r f a c i n g  t o  t h e  JK701 and JK702, 
c o n t a c t  your  LUMONICS o f f i c e  o r  a g e n t  

4.3.4 Cooling System 
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The c o o l i n g  s y s t e m  c o m p r i s e s  t h e  A i r  C o o l e r  Module, which  
c o n t r o l s  the cool ing  a i r  wi th in  the  power supply enclosure,  and 
the  Water Cooler Module, which c o n t r o l s  the  cooling water  t o  the 
L a s e r  Head. Both t r a n s f e r  w a s t e  h e a t  t o  t h e  e x t e r n a l  c o o l i n g  
water  supply. A schematic  diagram of the cooling system i s  shown 
i n  F i g u r e  4.31. .. 



Air Cooler Module -') 

The A i r  C o o l e r  Module c o m p r i s e s  a  p o w e r f u l  t a n g e n t i a l  f a n ,  a  
t he rmos ta t i c  water  valve and an air- to-water  hea t  exchanger. The 
f an  ope ra t e s  cont inuously,  c i r c u l a t i n g  cool ing  a i r  t o  the  power 
modules  v i a  d u c t s .  The a i r  r e t u r n s  t o  t h e  f a n  v i a  t h e  h e a t  
exchange r  which  t r a n s f e r s  t h e  w a s t e  h e a t  t o  t h e  c o o l i n g  wa te r .  
The w a t e r  f l o w  r a t e  i s  a u t o m a t i c a l l y  r e g u l a t e d  by t h e  
t h e r m o s t a t i c  v a l v e ,  t o  m a i n t a i n  t h e  r e t u r n  a i r  a t  c o n s t a n t  
temperature.  , , . .  

. . ' . i ! '  .;,, 

Water Cooler Module 

The Water Cooler Module p r i m a r i l y  coo l s  t h e  f lash lamps  and l a s e r  
rod i n  t h e  pumping chamber. It  a l s o  c o o l s  t h e  p r o c e s s  s h u t t e r  
beam dump and  w a t e r  b l o c k  f o r  LD r e s o n a t o r  l e n s  u n i t s .  

The Water Cooler Module mainly comprises: 

a  c i r c u l a t i n g  pump 
a  rechargeable  de- ioniser  u n i t  
a  f i l t e r  u n i t  wi th  rep laceable  f i l t e r  
a  water-to-water hea t  exchanger 
a  t he rmos ta t i c  water va lve  
a  r e s e r v o i r  t ank  

The pump c i r c u l a t e s  de ionised  water from t h e  r e s e r v o i r  tank  t o  
the  l a s e r  head v i a  the  connecting hose. The ma jo r i t y  of t h e  f low 
r e t u r n s  t o  t h e  r e s e r v o i r  tank v i a  an  e l e c t r o n i c  f low senso r  and 
t h e  h e a t  exchange r .  A s m a l l  p r o p o r t i o n  r e t u r n s  v i a  a  s e p a r a t e  
loop which i s  der ived  from t h e  top of the  pumping chamber. This  
arrangement a l s o  au toma t i ca l ly  ensures  t h a t  a i r  i s  c l ea red  from 
the  pumping chamber a f t e r ,  f o r  example, changing flashlamps. 

The h e a t  exchanger t r a n s f e r s  waste hea t  t o  t h e  e x t e r n a l  cool ing  
w a t e r  s u p p l y .  The  f l o w  o f  e x t e r n a l  c o o l i n g  w a t e r  i s  
a u t o m a t i c a l l y  c o n t r o l l e d  by t h e  t h e r m o s t a t i c  valve, In  a d d i t i o n  
t o  t h e  f low seneor ,  t he  l a s e r  coolant  c i r c u i t  a l s o  inco rpora t e s  
an e l e c t r o n i c  tempera ture  sensor ,  an overtemperature s w i t c h  and a  
coolant  l e v e l  f l o a t  switch. =g;m. 

R e f e r  t o  S e c t i o n  8.3 f o r  f u r t h e t d e t a i l s  and f o r  m a i n t e n a n c e  
procedures. Note t h a t  t he  r e s e r v o i r  tank i e  .provided wi th  a  s i g h t  
t u b e  ( F i g u r e  8.3A) t o  e n a b l e  a q u i c k  check  of t h e  c o o l a n t  l e v e l .  
The Water Cooler Module .. i s  , accessed by the  r i g h t  hand door of t h e  
power , supply, enc losure .  ,., , :- : irLBi- ;C  .:. . ki ; ci .,: ,: -i ::a:'. ., 

.i " . . ,  ..... 
, , t . . r -  :#*uyi'?. r . 2  
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4.4 CONTROL PAN-EL 

The o p e r a t o r ' s  c o n t r o l  p a n e l  i s  shown i n  F i g u r e  4 . 4 A .  I t  
compr i ses  a s e a l e d  membrane pane l  w i t h  23  i n t e g r a l  keyswi tches ,  
g r o u p e d  a c c o r d i n g  t o  f u n c t i o n ,  a n  80 c h a r a c t e r  a l p h a n u m e r i c  
l i q u i d  c r y s t a l  d i s p l a y  w i t h  b a c k l i g h t ,  l i g h t  e m i t t i n g  d i o d e  (LED) 
i n d i c a t o r  l a m p s ,  a  5 p o s i t i o n  k e y  c o n t r o l  and  a n  EMERGENCY OFF 
push bu t ton .  

The  k e y  c o n t r o l '  h a s  2 OFF a n d  3 O N  p o s i t i o n s  
c o r r e s p o n d i n g  t o  t h e  3 c o P o u r  c o d e d  k e y s  s u p p l i e d .  R e f e r  t o  
S e c t i o n  5 f o r  more d e t a i l s .  

The c o n t r o l  p a n e l  i s '  s u p p l i e d  ' i n  a  moulded e n c l o s u r e  f o r  mounting 
o n  a  d e s k  o r  bench. By r e v e r s i n g  t h e  r e a r  c o v e r ,  t h e  p a n e l  c a n  
be  mounted o n  a  v e r t i c a l  s u r f a c e  s u c h  a s  a  m a c h i n e  e n c l o s u r e .  
A l t e r n a t i v e l y ,  t h e  p a n e l  may be removed f r o m  t h e  moulded 
e n c l o s u r e  a n d  b u i l t  i n t o  a  m a c h i n e  c o n t r o l  s t a t i o n ,  p e n d a n t  o r  
p e d e s t a l .  

The c o n t r o l  p a n e l  i s  c o n n e c t e d  t o  e i t h e r  t h e  power  s u p p l y  o r  
l a s e r  head by a f l e x i b l e  c o n d u i t ,  which is  f i t t e d  w i t h  d e t a c h a b l e  
c o n n e c t o r s  a t  bo th  ends  and i s  a v a i l a b l e  i n  v a r i o u s  l e n g t h s  up t o  
30 m e t r e s  (100 f t ) .  
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4.5 ADDITIONAL OPTIONS 
I 

4.5.1 Po in t ing  hel iur-neon ( H e N e )  laser 

A p o i n t i n g  HeNe is  a v a i l a b l e ,  comprising: 
II 

a  2mW helium-neon l a s e r ,  mounted i n  an alignment assembly 
HeNe power supply  with ' i n t e g r a l  f i x i n g  p l a t e  
beam-insertion per i scope  assembly 

The H e N e  a s s e m b l y  i s  s e c u r e d  on pads  i n  t h e  b o t t o m  o f  t h e  l a s e r  
head ,  d i r e c t l y  be low t h e  l o n g  beam t u b e  which  e x t e n d s  f rom t h e  
BET compartment t o  t h e  l a s e r  head f r o n t  p l a t e  (Figure 4.5A). 

The HeNe power s u p p l y  f i t s  i n  a  r e c e s s e d  c a v i t y  i n  t h e  c a s t i n g  
w a l l  a d j a c e n t  t o  t h e  g a s  l a s e r ,  and i s  s e c u r e d  i n  p l a c e  by i t s  
f i x i n g  p l a t e .  Mains power f o r  t he  gas  l a s e r  i s  a v a i l a b l e  nearby 
on a  s o c k e t  on  a  f l y i n g  l e a d .  The HeNe c a n  be  s w i t c h e d  o n / o f f  
us ing  t h e  OPTICS and SET keys on the  c o n t r o l  panel.  

The H e N e  beam p a s s e s  u n d e r  t h e  BET compar tmen t  i n  t h e  o p p o s i t e  
d i r e c t i o n  t o  t h e  Nd-YAG beam; i t  i s  d i r e c t e d  up i n t o  t h e  ma in  
l a s e r  beam p a t h  by t h e  p e r i s c o p e ,  a n  o p t i c a l  a s s e m b l y  l o c a t e d  
between t h e  BET compartment and the  s h u t t e r  compartment. 

The HeNe beam is  a d j u s t e d  t o  be concen t r i c  w i t h  t h e  pulsed l a s e r  
beam, us ing  f o u r  a d j u s t i n g  screws on t h e  HeNe a l ignment  assembly 
( F i g u r e  4.5B). A t  e a c h  end of t h e  l a s e r  t u b e  t h e r e  a r e  two 
a d j u s t i n g  sc rews  which enable  h o r i z o n t a l  and v e r t i c a l  movement of 
t h e  l a s e r  head. 

Because  t h e  HeNe beam i s  i n j e c t e d  i n t o  t h e  Nd-YAG beam p a t h  
downstream from t h e  process  s h u t t e r ,  t he  HeNe beam i s  a v a i l a b l e  
a t  t h e  o u t p u t  when t h e  p r o c e s s  s h u t t e r  i s  c l o s e d .  However t h e  
p e r i s c o p e  i s  u p s t r e a m  o f  t h e  s a f e t y  s h u t t e r  s o  t h a t  when t h e  
S h u t t e r  I n t e r l o c k  i s  o p e n - c i r c u i t  (e.g. s a f e t y  e n c l o s u r e  d o o r s  
open) then ,  t h e  HeNe beam w i l l  be blocked. 

Note t h a t  t he  HeNe beam i s  a v a i l a b l e  whenever t he  c o n t r o l  panel  
is powered up and t h e  keyswitch enabled. 
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4.5.2 Hachining Head 

The machining head assembly is mounted on t h e  f r o n t  of t he  l a s e r  
head v i a  an i n t e r f a c e  block - t h e  'machining head boss ' .  

A s t a n d a r d  machining head comprises 

t h e  machining head 
'a a b inocu l a r  viewer 

a p roce s s  l e n s  assembly 

A schemat ic  of a s t anda rd  viewer is  shown i n  Figure  2.5B. 

I n  t h e  upper p a r t  of t h e  machining head block is  loca t ed  a gimbal  
mount w h i c h  c a r r i e s  a 45' beam s t e e r i n g  m i r r o r  ( t h e  'mach in ing  
m i r r o r ' ) .  I n  t h e  l o w e r  p a r t  o f  t h e  b l o c k ,  t h e r e  i s  t h e  ' l e n s  
t u b e '  w h i c h  h o u s e s  t h e  p r o c e s s  ( f o c u s )  l e n s .  The m a c h i n i n g  
m i r r o r  d e f l e c t s  t h e  l a s e r  beam v e r t i c a l l y  down t o w a r d s  t h e  
p r o c e s s  l e n s  w h i c h  t h e n  c o n v e r g e s  t h e  beam t o  a f o c u s ,  w i t h  a 
' s p o t - s i z e '  ( f o c u s  d i a m e t e r )  n o r m a l l y  less  t h a n  l m m  (0.040 
i n c h e s ) .  The l e n s  t u b e  i s  h e l d  i n  t w i n  p r e - l o a d e d  l i n e a r  
b e a r i n g s  w h i c h  p e r m i t  p r e c i s e  l i n e a r  m o t i o n  w i t h i n  t h e  b lock .  
The p o s i t i o n  of  t h e  l e n s  t u b e  c a n  be a d j u s t e d  by a m i c r o m e t e r  
Fine-Focus c o n t  r o l e  

Clamped b e n e a t h  t h e  p r o c e s s  l e n s  i s  t h e  ' p r o t e c t i o n  s l i d e '  - a 
s a c r i f i c i a l  g l a s s  s l i d e  which s t o p s  d e b r i s  (ho t  spa rk s  and fume) 
gene ra t ed  by t h e  machining process  from contamina t ing  t h e  lens.  
The s l i d e  i s  made o f  s p e c i a l  i r o n - f  ree w a t e r  w h i t e  g l a s s .  I f  
n o r m a l  g l a s s  i s  u sed  i t  i s  l i k e l y  t o  c r a c k  o r  melt b e c a u s e  o f  
i m p u r i t i e s  which absorb  t h e  l a s e r  beam. 

The machining m i r r o r  i s  a t o t a l  r e f l e c t o r  a t  t h e  l a s e r  wavelength 
b u t  i t  h a s  q u i t e  h i g h  t r a n s m i s s i o n  a t  v i s i b l e  w a v e l e n g t h s ,  
s u f f i c i e n t  t o  pe rmi t  v iewing of t h e  workpiece u s ing  an  i n f i n i t y -  
c o r r e c t e d  b i n o c u l a r  v i e w e r .  I n f i n i t y  c o r r e c t i o n  a l l o w s  t h e  
workpiece t o  be l o c a t e d  c o n s i s t e n t l y  a t  t h e  same d i s t a n c e  from 
t h e  p r o c e s s  l e n s ,  i r r e s p e c t i v e  of t h e  a x i a l  p o s i t i o n  of t h e  l e n s .  

The ' i n f i n i t y  c o r r e c t i o n '  l e n s  is l o c a t e d  i n  a c e l l  i n  t h e  bottom 
end  o f  t h e  v i e w e r  head. (See  F i g u r e  2.5B). A l s o  mounted i n  t h i s  
c e l l  is  a g r een  s a f e t y  f i l t e r  which absorbs  any l a s e r  r a d i a t i o n  
which p a s s e s  through t h e  machining mirror .  

A t a r g e t  g r a t i c u l e  i s  f i t t e d  i n  one  of t h e  b i n o c u l a r  e y e p i e c e  
t u b e s ,  t o  e n a b l e  t h e  l a s e r  f o c u s  t o  be  t a r g e t e d  on  s p e c i f i c  
w o r k p i e c e  l o c a t i o n s .  The b i n o c u l a r  e y e p i e c e s  have  i n d i v i d u a l  
f o c u s  a d j u s t m e n t  t o  a ccommoda t e  " v a r i a t i o n s  i n  o p e r a t o r s '  
e y e s i g h t .  

A range of p roce s s  l e n s e s  i s  a v a i l a b l e  w i t h  f o c a l  l e n g t h s  ranging 
from 50 t o  300mm (2 t o  12 inches) ;  80mm (3.2 inches )  is probably 
t h e  m o s t  commonly u s e d ,  f o l l o w e d  by 120mm (4.8 i n c h e s ) .  More 
i n f o r m a t i o n  on choosing t h e  p rocess  l e n s  i s  g iven  i n  Sec t i on  6.8, 
p a r t i c u l a r l y  S e c t i o n  6.8.5. 
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For i n f o r m a t i o n  on t h e  a l i g n m e n t  of t h e  mach in ing  head and 1 
viewing o p t i c s ,  r e f e r  t o  Sec t ion  9.4. 

4.5.3 Closed circuit TV viewing (WTV) 
I 

A s  an a l t e r n a t i v e  t o  d i r e c t  viewing, the  workpiece can be viewed 
using a  CCTV opt ion  comprising usua l ly  

a  ' t r i n o c u l a r '  viewing head .  
an image r e l a y  u n i t  
a  CCTV camera and TV monitor 
an e l e c t r o n i c  g r a t i c u l e  genera tor  

A schematic d iagraq  of a  CCTV syetem is  shown i n  Figure 4.5C. 

The t r i n o c u l a r  head i s  s i m i l a r  t o  t h e  b i n o c u l a r  head b u t  i t  h a s  
a n  e x t e n s i o n  t u b e  on which  t o  mount t h e  TV camera. The 
t r i n o c u l a r  head a l l o w s  t h e  o p t i o n  of CCTV v i e w i n g  o r  d i r e c t  
viewing, w i t h  quick  changeover, s imply by r o t a t i n g  t h e  eyepiece 
assembly through 45' about t he  main view axis .  

When s e t  f o r  d i r e c t  viewing, t h e  co r r ec t ion  l e n s  and t h e  process  
l e n s  t oge the r  form an image of the  workpiece a t  t he  f o c a l  plane 
of t he  eyepieces ,  where t h e  g r a t i c u l e  is  located.  

When s e t  f o r  CCTV v i e w i n g  t h e  workp iece  image i s  now formed 
1 

i n s i d e  t h e  t o p  of  t h e  t r i n o c u l a r  head e x t e n s i o n  tube.  The 
o p t i c a l  a r r a n g e m e n t  i s  shown i n  F i g u r e  4.5D. I n  o r d e r  t o  make 
t h e  image  a c c e s s i b l e ,  i t  i s  t r a n s f e r r e d  o u t s i d e  t h e  e x t e n s i o n  
t u b e  by a  p a i r  of  1 : l  image  r e l a y  l e n s e s ,  mounted i n  a  c e l l  i n  
t h e  Image Relay Unit. The cel l  is  secured i n  p o s i t i o n  a x i a l l y  by 
a  s c r e w  which  p a s s e s  t h r o u g h  a n  a x i a l  s l o t  i n  t h e  w a l l  of t h e  
l e n s  unit .  

The CCTV camera has a threaded nosepiece and mounts on a  threaded 
s p i g o t  on t o p  of  t h e  Image Re lay  Unit.  The camera  i s  l o c k e d  i n  
p o s i t i o n  ueing a  l a r g e  lockring.  This arrangement a l l ows  a  s m a l l  
v a r i a t i o n  i n  the  a x i a l  l o c a t i o n  of t h e  TV camera. 

By appropr i a t e  adjuetment  of t he  pos i t i on  of t he  image r e l a y  l e n s  
c e l l ,  t h e  r e l a y e d  w o r k p i e c e  image i s  formed on t h e  photo-  
s e n s i t i v e  s u r f a c e  of  t h e  TV camera  t u b e ,  and t h u s ,  o n t o  t h e  TV 
monitor. r A - .  u t  b * C "  

There is an opt ion  t o  f i t  an  o p t i c a l  g r a t i c u l e  a t  t h e  image plane 
i n s i d e  the  t r i n o c u l a r  ex t ens ion  tube. Usually however t h e  system 
i s  f i t t e d  w i t h  a n  e l e c t r o n i c  g r a t i c u l e .  I n  t h i s  c a s e  t h e  TV 
camera  s i g n a l  i s  f e d  t o  t h e  TV m o n i t o r  v i a  t h e  e l e c t r o n i c  
g r a t i c u l e  g e n e r a t o r ,  which  s u p e r i m p o s e s  t h e  g r a t i c u l e  on t h e  
monitor screen. The g r a t i c u l e  enables  the  l a s e r  beam focus t o  be 
t a r g e t e d  o n  s p e c i f i c  w o r k p i e c e  l o c a t i o n s .  To f a c i l i t a t e  
a l ignment  of t he  g r a t i c u l e  t o  t h e  l a s e r  beam, the  g r a t i c u l e  can 
be s h i f t e d  v e r t i c a l l y  and h o r i z o n t a l l y  on t h e  TV m o n i t o r  u s i n g  
c o n t r o l s  on the  g r a t i c u l e  generator.  
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CCTV viewing  can be provided a s  the,  s o l e  op t i on ,  wi thout  d i r e c t  
v iewing.  I n  t h i s  case  t h e r e  i s  no viewing head. I n s t ead  the  CCTV 
c a m e r a  i s  mounted on  t h e  m a c h i n i n g  head  v i a  an  i n t e r f a c e  u n i t  
which houses a  t e l epho to  l e n s  assembly (TLA). Together w i t h  t h e  
p rocess  l e n s ,  t he  TLA forms an image of t h e  workpiece d i r e c t l y  on 
t h e  TV c a m e r a  p h o t o s u r f a c e .  I n  t h i s  c a s e  o n l y  t h e  e l e c t r o n i c  
g r a t i c u l e  o p t i o n  i s  ava i l ab l e .  

The TLA l e n s e s  a r e  mounted i n  a  c e l l  which i s  secured  i n  p o s i t i o n  
by a  s c r e w ,  v i a  a  s l o t  i n  t h e  w a l l  of  t h e  i n t e r f a c e  u n i t .  The 
image of t h e  workpiece i s  focussed on t h e  TV camera by ad jus tment  
of  t h e  a x i a l  p o s i t i o n  of t h e  TLA cel l .  

CCTV w i l l  t y p i c a l l y  be s e l e c t e d  i n  t h e  fo l l owing  s i t u a t i o n s :  

where t h e r e  is an  o v e r r i d i n g  concern about  eye s a f e t y  
t o  avo id  eye  s t r a i n  where prolonged viewing is  r equ i r ed  
when t h e  machining head is i n a c c e s s i b l e  

. when t h e  machining head i s  i n  c o n t i n u a l  motion 
where t h e  laser is l o c a t e d  i n  a n  a r e a  which p r e s e n t s  a  s a f e t y  
hazard  

F o r  more  i n f o r m a t i o n  on  s e t t i n g  up and  a l i g n i n g  CCTV s y s t e m s ,  
r e f e r  t o  S e c t i o n  9 . 5 .  

Gas nozzle assembly 

I n  c u t t i n g  and d r i l l i n g  a p p l i c a t i o n s ,  s u b s t a n t i a l  b e n e f i t s  can be 
d e r i v e d  by u s i n g  a c o a x i a l  g a s  j e t  ( u s u a l l y  oxygen,  s o m e t i m e s  
compressed a i r )  i n  con junc t ion  w i t h  a focussed  l a s e r  beam. The 
p r i n c i p a l  e f f e c t s  of t h e  ga s  j e t  a r e  

t o  promote a n  exothermic r e a c t i o n  
t o  b low m o l t e n  m a t e r i a l  o u t  o f  t h e  h o l e  o r  s l o t ,  t h u s  
reduc ing  t h e  r e c a s t  l a y e r  t h i cknes s  

A g a s  nozz l e  assembly i s  a v a i l a b l e  which f i t s  d i r e c t l y  i n t o  t h e  
l e n s  tube  of  t h e  machining head, r e p l a c i n g  t h e  u sua l  p rocess  l e n s  
c e l l  and p r o t e c t i o n  s l i d e .  A s e c t i o n a l  s chema t i c  of t h e  nozz le  
assembly is shown i n  F igure  4 .33 .  

The p r o c e s s  l e n s ,  a p o s i t i v e  l e n s  o f  80mm (3.2 i n c h e s )  f o c a l  
l e n g t h  l o c a t e d  i n  t h e  upper  p o r t i o n  of t h e  assembly,  a c t s  a s  t h e  
e n t r a n c e  window f o r  wha t  i s  b a s i c a l l y  a p r e s s u r i s e d  g a s  c e l l .  
The n o z z l e  assembly  is e s s e n t i a l l y  of c o n i c a l  shape. P r e s su r i s ed  
g a s  is  i n t roduced  i n t o  t h e  nozz le  immedia te ly  below t h e  p rocess  
l e n s  a n d  e s c a p e s  t h r o u g h  a l m m  (0.0,40 i n c h )  d i a m e t e r  n o z z l e  t i p  
a t  t h e  bottom of  t h e  assembly. 
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CCTV viewing can be provided a s  the,. s o l e  opt ion,  without d i r e c t  
viewing. In  t h i s  case the re  is  no viewing head. Instead the CCTV 
camera  i s  mounted on t h e  machin ing  head v i a  an i n t e r f a c e  u n i t  
which houses a  te lephoto lens  assembly (TLA). Together wi th  the 
process l ens ,  the TLA forms an image of the  workpiece d i r e c t l y  on 
t h e  TV camera  p h o t o s u r f a c e .  I n  t h i s  c a s e  o n l y  t h e  e l e c t r o n i c  
g r a t i c u l e  opt ion  is avai lable .  

The TLA lenses  a r e  mounted i n  a  c e l l  which is  secured i n  pos i t i on  
by a  s c r e w ,  v i a  a  s l o t  i n  t h e  w a l l  of t h e  i n t e r f a c e  u n i t .  The 
image of t he  workpiece i s  focussed on the  TV camera by adjustment 
of the  a x i a l  pos i t i on  of the  TLA c e l l .  

CCTV w i l l  t y p i c a l l y  be se l ec t ed  i n  the  fol lowing s i t u a t i o n s :  

where t h e r e  is  an overr id ing  concern about eye s a f e t y  
t o  avoid eye s t r a i n  where prolonged viewing is required 
when the  machining head is inaccess ib l e  

. when t h e  machining head is i n  cont inual  motion 
where the  l a s e r  is loca ted  i n  an  a rea  which presents  a  s a f e t y  
hazard 

For  more i n f o r m a t i o n  on  s e t t i n g  up and a l i g n i n g  CCTV s y s t e m s ,  
r e f e r  t o  Sec t ion  9.5. 

4.5.4 Gas nozzle aasembly 

I n  c u t t i n g  and d r i l l i n g  app l i ca t ions ,  s u b s t a n t i a l  bene f i t s  can be 
d e r i v e d  by u s i n g  a  c o a x i a l  g a s  j e t  ( u s u a l l y  oxygen, somet imes  
compressed a i r )  i n  conjunct ion wi th  a focussed l a s e r  beam. The 
p r i n c i p a l  e f f e c t s  of t he  gas j e t  a r e  

t o  promote an exothermic r eac t ion  
t o  blow mol t en  m a t e r i a l  o u t  of t h e  h o l e  o r  s l o t ,  t h u s  
reducing t h e  r e c a s t  l a y e r  th ickness  

A gas  nozzle assembly is a v a i l a b l e  which f i t s  d i r e c t l y  i n t o  the  
l e n s  tube of t he  machining head, rep lac ing  the  usual  process lens  
c e l l  and p ro tec t ion  s l ide .  A s e c t i o n a l  schematic  of t he  nozzle 
assembly is shown i n  Figure 4.33. 

The p r o c e s s  l e n s ,  a p o s i t i v e  l e n s  of 80mm (3.2 i n c h e s )  f o c a l  
l eng th  loca ted  i n  the  upper por t ion  of t h e  assembly, a c t s  a s  t he  
e n t r a n c e  window f o r  what  i e  b a s i c a l l y  a  p r e s s u r i s e d  g a s  c e l l .  
The nozzle assembly is e s s e n t i a l l y  of con ica l  shape. Pressurised 
gas  is introduced i n t o  the  nozzle immediately below the  process 
l e n s  and e s c a p e s  t h r o u g h  a l m m  (0.0,40 i n c h )  d i a m e t e r  n o z z l e  t i p  
a t  t he  bottom of the  assembly. 

r r  
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To prevent  contaminat ion reaching  the  process  l e n s ,  a  c i r c u l a r  
p r o t e c t i o n  s l i d e  is- loca t ed  midway down t h e  nozz le  assembly. The 

I 

p r o t e c t i o n  s l i d e  is made of water-white i ron - f r ee  g l a s s  t o  avoid 
c rack ing/mel t ing  by t h e  l a s e r  beam. The s l i d e  is loca t ed  on a  
s p e c i a l l y - p r o f i l e d  s e a t i n g  which al lows t h e  gas  t o  pass through 
t o  t h e  nozz la .  . ,: < "  

The lower p o r t i o n  of t h e  nozz le  assembly i s  secured  t o  t he  upper 
p o r t i o n ,  by t h r e e  s c r e w s  v i a  o v e r s i z e  c l e a r a n c e  h o l e s  which  
permit a  l i m i t e d  range of l a t e r a l  adjustment ,  s u f f i c i e n t  f o r  t h e  
nozz le  t i p  t o  be set c o n c e n t r i c  wi th  the  focussed beam. 

The nozz le  i t s e l f  can be of e i t h e r  PTFE (Tef lon)  o r  copper and 
screws i n t o  t h e  bottom pf t h e  nozzle  assembly. 

4.5.5 Safety Enclosure 

The s t a n d a r d  Sa fe ty  Enclosure i s  a  p r o f i l e d  r e c t a n g u l a r  meta l  
c a b i n e t  wi th  two shaped s l i d i n g  doors which form t h e  top  and I 

I 
f r o n t  of t he  cab ine t .  I n  i t s  usua l  format ,  t h e  S a f e t y  Enclosure 
is mounted on the  t a b l e  of a d r i l l  s t and  and t h e  l a s e r  i s  mounted I 

; 

on a  p l a t fo rm on top  of t h e  v e r t i c a l  p i l l a r  of t h e  s tand.  I n  I 

o r d e r  t o  d i r e c t  t h e  beam s a f e l y  f rom t h e  l a s e r  i n t o  t h e  ; 

Enclosure ,  i t  is  e s s e n t i a l  f o r  a  machining head t o  be f i t t e d  t o  
t h e  l a s e r .  The l e n s  tube on t h e  machining head pas se s  through a  
c i r c u l a r  a p e r t u r e  formed by semi-circular  cu tou t s  i n  t h e  mating 
edges of t h e  Enclosure doors. 1 

To enable  process ing  ope ra t i ons  t o  be observed,  a  viewing window 
- - 

is f i t t e d  i n  each door.' ' ' . 
8 .  

The S a f e t y  Enclosure . c o n v e r t s  a  JK700 S e r i e s  l a s e r  t o  a  Class  
1  ( I )  p roduct ,  by v i r t u e  of :  

over lapping  j o i n t s  between t h e  doors ,  and between t h e  doors  
and a d j  acen t  pane ls  
l i g h t  b a f f l e  p l a t e s  a t t a c h e d  t o  the  machining head l e n s  tube  
s a f e t y  f i l t e r  i n  t h e  viewing windows 
h i g h  i n t e g r i t y ,  s a f e t y  i n t e r l o c k  s w i t c h e s  f i t t e d  t o  e a c h  
s l i d i n g  door ' ' 
a  grommeted i n t e r f a c e  p l a t e  i n  t h e  back of t h e  Enclosure 
which a l lows  a u x i l i a r y  s e r v i c e s  (power, ga s )  t o  e n t e r  t h e  
Enclosure  without  escape  of l i g h t  

4.5.6 Band Shutter Control 

A s  an a l t e r n a t i v e  t o  t h e  c o n t r o l  pane l ,  a  Hand S h u t t e r  Control  
(F igu re  4.5F) is a v a i l a b l e  with a  c o i l e d  4.5m ( 1 5 f t )  long l e a d  
which p lugs  i n t o  a socke t  on t h e  bottom f r o n t  of t h e  l a s e r  head 
(F igu re  4.2A). 
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The hand c o n t r o l  has  

a  w h i t e  MULTI SHOT b u t t o n  
a  g r e e n  s h u t t e r  OPEN b u t t o n  
a  r ed  s h u t t e r  CLOSE b u t t o n  
an  amber e m i s s i o n  i n d i c a t o r  lamp 

NOTE The e m i s s i o n  i n d i c a t o r  i s  r e q u i r e d  by t h e  s a f e t y  a u t h o r i t i e s  t o  
i n d i ' c a t e  t h a t  t h e  l a s e r  i s  i n  a  s t a t e  w h e r e  l a s e r  o u t p u t  i s  
p o s s i b l e .  I n  a c c o r d a n c e  w i t h  CDRH requ i rement s  t h e  e m i s s i o n  
i n d i c a t o r  l i g h t s  up 10 s e c o n d s  b e f o r e  l a s e r  o p e r a t i o n  i s  
p o s s i b l e .  

I n  o r d e r  t o  e n a b l e  t h e  s h u t t e r  c o n t r o l  t o  b e  p a r k e d  i n  a  
c o n v e n i e n t  l o c a t i o n ,  a  barbed pad h a s  been a p p l i e d  t o  t h e  back of 
t h e  s h u t t e r  c o n t r o l  box. A ma t ing  barbed s e l f - a d h e s i v e  pad is 
a l s o  p r o v i d e d  f o r  t h e  u s e r  t o  a p p l y  a t  t h e  chosen p a r k i n g  s i te .  
Then, t o  p a r k  t h e  s h u t t e r  c o n t r o l ,  p r e s s  i t  o n t o  t h e  p a r k i n g  pad; 
and t o  r e l e a s e ,  p u l l  t h e  c o n t r o l  o f f  t h e  p a r k i n g  pad. 

, , 
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