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Sllot peen ing  i s  a n  i ~ n p o r t ~ i n t  p o s t - f a b r i c a t i o n  p r o c e s s  a t  A l v i s .  The 
r?'tlioti+ r15etl f o r  sliot 1rec.rri ng e ~ l r ~ r ~ ~ ~ u ~  urn armour welded a s se rnh l l e s  11ave riot 
I l revloubl  y a t t ~  a c t e d  s i g n l f i c a n ~  a t t e n t i o n  i n  t h e  a r e a  of ~i i iproved 
p r o c e + s l n g  t e c l ~ i ~ ~ q ~ ~ r s .  4 f v i s  h i s  com~ilenced a  work programme u s l n g  ni i i ro-  
processor  bnseci c o n t r o l s  arril r o b o t i c s  t o  p r o v i d e  f o r  a  p r o d u c l i o r i i s e ~ l  
.iutonl,ited sys t em.  l h e  o b j e c t i v e  of t h i s  pape r  i s  t o  o u t l i n e  t he  
1 - e q u r r e ~ ~ r n t s  n e c e s s a r y  t o  c r e ~ r t e  a f a c i l i t y  f o r  t h e  automated s h o t  pe?ning 
o f  a l ~ l a ~ l i ~ t u m  alrnour p l a t e  a s s e m b l i e s .  

F i g u r e  1 View of a t y p i c a l  A l v i s  v e h i c l e  



All  h u l l s  a r e  made from Al-Zn-Mg l i g h t  armour a l l o y .  The g e n e r a l  
,nethod o f  p r o d u c t i o n  i s  t h e  manufac tu re  of a  b a s i c  h u l l  welded a s sembly  
f rom machined p l a t e .  T h i s  is s e l e c t i v e l y  shot-peened fo l lowed  by 
p a i n t i n g .  The assembly t h e n  p a s s e s  a l o n g  t h e  ' t r a c k '  t o  have a l l  o t h e r  
i t e m s  f i t t e d  e.g e n g i n e ,  g e a r b o x ,  t u r r e t ,  i n s t r u m e n t a t i o n ,  s e a t i n g  eLc. 
T h i s  i s  f o l l o w e d  by f i n a l  check ing  and p a i n t i n ;  a t  t h e  t e s t  t r a c k .  

Shot  peen ing  is  c a r r i e d  o u t  on s p e c i f i c  a r e a s  of alutniniuin ~ r i n o u r  
a s s e m b l i e s  a f t e r  welding.  

T h i s  p r o c e s s  was i n i t i a l l y  s e l e c t e d  f o r  automation due t o  the lahour 
i n t e n s i v e  n a t u r e  of t h e  work which i s  c a r r i e d  otlt i n  a h o s t i l e  
env i ronmen t .  Peening q u a l i t y  and c y c l e  t ime  depend on p r o c e s s  p a r a m e t e r s  
unde r  d i r e c t  o p e r a t o r  c o n t r o l .  A s  a  r e s u l t  t h e r e  a r e  p o t e n t i a l l y  
s i g n i f i c a n t  b e n e f i t s  t o  be g a i n e d  i n  t h e  a r e a s  of improved s t a n d a r d s  and 
r educed  p r o c e s s - t i m e / l a b o u r .  

CURRENT SITUATION 

The f a c i l i t i e s  w i t h i n  t h e  Company c o n s i s t  of two boo ths  f o r  s h o t  
peen ing  and a  t h i r d  boo th  f o r  b o t h  s h o t  peen ing  and m e t a l  s p r a y i n g .  The 
f i r s t  two have a  mu l t i -hoppe r  u n d e r f l o o r  g r a v i t y  sys tem ,Yor r e - c y c l i n g  t11e 
used s h o t .  The t t l i r d  has  t h e  l a t e s t  w a f f l e - f l o o r  pneumat ic  f u l l  r e c o v e r y  
sys t em.  A l l  t h r e e  sys t ems  were s u p p l i e d  by Vacu-Rlast Ltd .  

The c o n t r o l s  c o n s i s t  of a n  o p e r a t o r  on/oEf v a l v e  a t  t h e  n o z z l e  i n s i d e  
t h e  boo th  and e x t e r n a l l y  a  g a t e  v a l v e  c o n t r o l l i n g  t h e  mass of s h o t  w i th  a  
p r e s s u r e  v a l v e  t o  r e g u l a t e  t h e  a i r f l o w  c a r r y i n g  t h e  s h o t  t o  t h e  n o z z l e .  

F i g u r e  2 View i n s i d e  a  sho t -peen ing  boo th  



Cur ren t  Plet hod -- 

The compoi~en t s  r e q u i r i n g  peen ing  r a n g e  i n  s j z e  from s m a l l  
sub -as sembl i e s  .5m cube approx  t o  v e h i c l e  h u l l s  5.5 x 2.5 x 2.53 approx.  
Areas  n o t  t o  be peened a r e  masked o f f  u s i n g  p l a t e s  and s l a v e  b o l t s .  
Components a r e  l o a d e d  o n t o  a  p l a t f o r m  mounted on b o g i e s  which i s  t h e n  
wheeled i n t o  t h e  booth  on r a i l s .  

A l l  components a r e  p r o c e s s e d  i n  a s i m i l a r  manner r e g a r d l e s s  of s i z e .  
T l ~ e r e  a r e  no p o s i t i o n a l  a i d s  such  a s  t u r n t a b l e s  o r  m a n i p u l a t o r s  f o r  u s e  
i n s i d e  t h e  boo ths .  The o p e r a t o r  h a s  t o  p o s i t i o n  h i m s e l f  s o  t l ~ t  he  can 
p r e s e n t  t h e  i l ozz l e  a t  t h e  c o r r e c t  imp ing ing  a n g l e .  

The o p e r a t o r  r e q u i r e s  p r o t e c t i v e  c l o t h i n g  and an  a i r - f e d  he lme t .  
There  is a  s i g n i f i c a n t  f a t i g u e  a l lowance  w i t h  t h e  two o p e r a t o r s  p e r  boo th .  
The p r o c e s s  p a r a m e t e r s  a r e  d i r e c t l y  c o n t r o l l e d  by t h e  o p e r a t o r  w i t h  
r e f e r e n c e  t o  e s t a b l i s h e d  s t a n d a r d s .  

The o p e r a t o r s '  a h i l i r y  t o  s a t i s f a c t o r i l y  peen i s  t o t a l l y  dependent  
upon t r a i n i n g  and e x p e r i e r ~ c t t .  The r e s u l t s  of h i s  work may be checked a t  
v a r i o u s  p o s i t i o n s  u s i i ~ g  Alrnen s t r i p s .  Th i s  does  n o t ,  houeve r ,  g u a r a n t e e  
t h a t  t h e  p a r a m e t e r s  a r e  c o r t e c t  t h roughou t  t h e  p r o c e s s .  To t h i s  end t h e r e  
i s  a  t endency  t o  ove rpeen  i . e  i n c r e a s e  t h e  cove rage  r a t e .  T h i s  i s  
a c c e p t a b l e  a s  t h e r e  i s  l i t t l e  d e t r i m e n t a l  e f f e c t  due t o  an  e x c e s s i v e  
s u r f a c e  l a y e r  of compress ive  s t r e s s  once s a t u r a t i o n  h a s  been r eached  up t o  
400% c o v e r a g e  l .  Coverage i s  a  measure  of t h e  t ime  t a k e n  t o  c o m p l e t e l y  
c o v e r  t h e  s u r f a c e  s u c h  t h a t  t h e  ' d i m p l e s '  v i s i b l e  on t h e  s u r f a c e  j u s t  
o v e r l a p  when viewed a t  x10 m a g n l f i c a t i o n .  

Q u a l i t y  Requirements  -- 

XI  v i s  L t  c l ,  i n  a s s o c l  a t i o n  w i t h  MODUR o r g d n i s a t i o n s ,  s e t  t he  s t ~ n d d r i t s  
f o r  ,I V ~ L  f e t y  01 p ~ e n i n g  proccsse!, c.g  ?.hot-peening,  n e e d l e  peen ing ,  f l d i l  
ip'ieiiii~g. 1111,; 1r.d t o  t l le iirst o p e r a t i o i i a l  shu t -peen ing  tooLhs d r s ignc i i  
s p e c  I f  l c a l l y  Lor p roces s1  iig a1 tiininil~m armour welded a s s e n i ~ l j  e s  t o  be 
I i i s t a l l e d  a t  t h e  Cornpai~y. 

In-house docuinenta t ion and  E.IOI)UK s p e c i  f i c a t i o n s  providcl d e t a i l e d  
d e f i n i t i o n  of t i le s id r ida rds  w h i c l ~  inust be m a i n t a i n e d  anJ  t h e  i , u a l i t y  checks  
iised Lo v e r i f y  them. 

1,imi t a t  i o n s  

'lhe w ~ l t  i s  e x a c t i n g  a i d  c a r r i e d  o u t  i n  a p h y s i c a l l y  dem,i~lding 
env i ro iu l en t .  During peen ing  t h e  a tmosphere  is  con tamina ted  by f i n e  
~ l ~ u i ~ i r ~ i ~ t n r  and s h o t  d e b r i s .  Th i s  r e d u c e s  v i s i b i l i t y  and imakes i t  n e c e s s a r y  
t o  p r o v l d e  a  s e p a r a t e  a i r  s u p p l y  f o r  b r e a t h i n g .  The n o i s e  l e v e l  i s  
c o n s i d e r a b l e  due t o  t h e  impac t s  of t h e  s t e e l  s h o t  on t h e  alrlminium p l a t e .  

The p r o t e c t i v e  c l o t h i n g  worn i s  made frota a  rubbe r  m a t e r i a l  i n  o r d e r  
t o  w i t h s t a n d  t h e  r e f l e c t e d  s h o t .  An a i r - f e d  helmet  i n c o r p o r a t i n g  e a r -  



d e f e n d e r s  a c t s  a s  p r o t e c t i o n  a g a i n s t  s h o t  impac t s  a s  w e l l  a s  p r o v i d i n g  a  
d u s t - f r e e  a i r  supp ly .  The bulky n a t u r e  of  t h i s  a p p a r e l  r e s t r i c t s  t h e  
movements of t h e  o p e r a t o r  c o n s i d e r a b l y .  

The i n t e r f a c e  of t h e  peen ing  system w i t h  t h e  o p e r a t o r  i s  p rov ided  by a  
1 2 f t  l e n g t h  of  4" d i a  r u b b e r  hose  t o  which a  r ange  of d i f f e r e n t  n o z z l e '  
a s s e m b l i e s  can be f i t t e d  e n a b l i n g  t h e  o p e r a t o r  t o  d i r e c t  t h e  s h u t  a t  t h e  
r e q u i r e d  a r e a .  The equipment i s  p a r t i c u l a r l y  unwieldy a s  the  f l e x i b i l i t y  
of  t h e  hose  i s  r e s t r i c t e d  due t o  a i r  p r e s s u r e ,  and t h e  mass which t h e  
o p e r a t o r  h a s  t o  move i s  i u c r e a s e d  due t o  t h e  f low of s h o t  through t l ~ e  hose .  

The p r o c e s s  depends on t h e  o p e r a t o r  f o r  m a i n t a i n i n g  t h e  s t a n d a r d  of  
t h e  p r o c e s s  a s  sample Almen s t r i p s  a r e  o n l y  a p p l i e d  t o  one p l a c e  on one 
component p e r  s h i f t .  This  is an  a r e a  where au tomat ion  of t h e  p r o c e s s  w i l l  
have  a  major  e f f e c t .  B e t t e r  c o n t r o l  o v e r  t h e  p r o c e s s  pa ramete r s  w i l l  l e a d  
co more c o n s i s t e n t  q u a l i t y  and r e p e a t a b i l i t y .  

PROPOSALS FOR AUTOMATION 

Choice of  Components 

The components r e q u i r i n g  peen ing  may be d i v i d e d  i n t o  t h r e e  t y p e s :  
sub-assembl i e s ;  t u r r e t s  ; v e h i c l e  h u l l s .  As p a r t  of t h e  A l v i s  , b b o t i c  
Development Programme it i s  i n t e n d e d  t o  work on t h e s e  i n  t h e  o r d e r  s t a t e d .  
The Company i n t e n d s  t h a t  t h i s  t echno logy  be a v a i l a b l e  on t h e  l a t e s t  Stormer  
f a m i l y  of v e h i c l e s .  T h e r e f o r e ,  i t  is i n t e n d e d  t o  s t a r t  w i th  t h e s e ,  t h e n  
a p p l y  t h e  t echno logy  t o  new p r o d u c t s  and f i n a l l y  t o  t h e  l o n g s t a n d i n g  
Scorp ion  f a m i l y  of v e h i c l e s .  

There  a r e  no p a r t i c u l a r  advan tages  t o  be ga ined  from choos ing  any one 
o f  t h e  t h r e e  t y p e s  of component. However, t h e r e  a r e  o b v i o u s l y  g r e a t e r  
cyc le - t ime  s a v i n g s  t h e  l o n g e r  t h e  o r i g i n a l  cyc le - t imes  and t h e s e  a r e  
u s u a l l y  r e l a t e d  t o  t h e  s i z e  of t h e  component. T h e r e f o r e ,  t h e  o v e r a l l  
o b j e c t i v e  i s  f o r  a  p r o d u c t i o n  i n s t a l l a t i o n  t o  p r o c e s s  v e h i c l e  h u l l s  i n  
o r d e r  t o  o b t a i n  t h e  maximum b e n e f i t s  from au tomat ion .  

Nozzle N a n l p u l a t o r  (Robo t )  S p e c i f i c a t i o n  

a .  Number of  Axes 
For t h i s  a p p l i c a t i o n  t h e  n o z z l e  m a n i p u l a t o r  must be c a p a b l e  of a c c e s s i n g  
e x t e r n a l  and i n t e r n a l  f e a t u r e s  of t h e  h u l l .  T h i s  means t h a t  a  mininlum of 
f i v e  a x e s  would be r e q u i r e d  i n  o r d e r  t o  s i m p l i f y  t h e  programming and 
m i n i m i ~ e  t h e  component man ipu la t ion .  The use  of s i x  axes  is  no t  c o n s i d e r ~ b d  
t o  make a s i g n i f i c a n t  d i f  f e r e u c e  i n  t h i s  c a s e  a s  some means of m a i i  p u l  c i t l i i g  

t h e  coiilponents would be n e c e s s a r y  due t o  t h e i r  s i z e .  

b. C o n f i g u r a t i o n  
Th i s  f e a t u r e  i s  l i n k e d  t o  t h e  number of a x e s  as i t  would a f f e c t  t h e  
m a n i p u l a t o r ' s  a b i l i t y  t o  r e a c h  t h e  a r e a s  s p e c i f l e d .  The a r e a s  t o  be peened 
would be moved i n t o  r ange  u s i n g  a  component m a n i p u l a t o r .  It is  c o n s i d e r e d  
t h a t  an  arm and elbow t y p e  would p rov ide  t h e  b e s t  a r t i c u l a t i o n  f o r  i t s  s i r e  
and t h e F e f o r e  s i m p l i f y  t h e  progranuning t a s k .  

A  g a n t r y  mounted system was c o n s i d e r e d  bu t  was r e j e c t e d  on t h e  grounds t h a t  
i t  would be d i f f i c u l t  t o  p r o t e c t ,  i n s t a l l a t i o n  i n  t h e  e x i s t i n g  f a c i l i t i e s  



would be p r o b l e m a t i c  due t o  f l o o r  l o ~ d  l i m i t a t i o n s  and component 
manipulation would s t i l l  iw ~ e q u i r e d  making t h e  o v e r a l i  sys t em c o s t l y .  

c .  l \ jpr  o f  D r i v e  
T h i s  f e d t u r e  i s  i m p o r t a n t  a s  t h e  a b i l i t y  t o  f u n c t i o n  1.11 a  d u s t  i l l l e d  
environinent  i s  paramount .  h l e c t r i c  d r i v e s  a r e  c o n s i d z r e d  t h e  most s u i t a b l e  
p r o v i d i n g  p r o t e c t i o n  a g a i n s t  t h e  i n g r e s s  of s h o t  and d e b r i s  cou ld  be 
a r l ~ i e v e d  t l ~ r o u g h  s t i roud ing ,  improved s e a l s ,  o r  a  cornbindt ion of both .  

d.  Type of C o n t r o l  
P o i n t - t o - p n i n t  r o n t r o l  would make t h e  peen ing  of 3 -d imrns iona l  f e a t u r e s  
t i l l  i i c u l t .  Cont l nuous ~ J ~ I L I I  s y s  tenis would he t h e  b e s t  c h o i c e ,  i ~ a r t i c n l a r l y  
a s  t h e r e  a r e  some r e p e t l t i v e  c i r c u l a r  f e a t u r e s  on e v e r y  h u l l .  T h i s  would 
a l s o  s i r : lp l i fy  t h e  p r o g r a m m ~ ~ i g  t a s k  drirl hence r educe  t h e  imemory 
r e q ~ t i r e a i c n t s .  

e .  A c c u r a c y / R e p e a t a b i l i t y  
T h i s  i s  n o t  c r i t i c a l  f o r  t h i s  a p p l i c a t i o n  a s  t h e  c u r r e n t  manual p o s i t i o n i n g  
i s  actcqnate i . e  p l u s  o r  minus l31nm. 

f .  Load C,lpdci t y  
'I'II~. a r t u a l  l o a d  t h a t  would be e x e r t e d  i s  d i f f i c u l t  t o  d e t e r m i n e  a s  i t  would 
be ,i Lunc t ion  of t h e  noLzle  r e a c t i o n ,  t h e  peen ing  hose  mass ,  t o o l i n g  mass 

t h e  c o n s t r a i n t  of dny e x t e r n a l  s h r o u d i n g .  'J'he f i r s t  I tem has  been  
r n e ~ s u r e d  a t  &kg ,  t h e  r ema inde r  a r e  e s t i m a t e d  a t  30kg t o t a l .  T h e r e f o r e ,  t h e  
r eq l i i r ed  c a p a c i t y  i s  50kg i n  o r d e r  t o  g i v e  a  marg in  of s a f e t y .  

g .  Memory CapacLty 
'Illis i s  d i f f i c u l t  t o  a s c e r t a i l l  clt t h i s  s t a g e  bu t  a s  a ~ilinli~iurn 500 p o s i t i o n s  
would be  s p e c i f i e d ,  Th i s  shou ld  a l l o w  f o r  s e v e r a l  d i f f e r e n t  programnes t o  
be s t o r e d  s i m u l t m e o u s l y .  Tn a d d i t i o n ,  t h e r e  shou ld  be p r o v i s i o n  f o r  
c.xtendlng t h i s  by sorile mass s t o r a g e  d e v i c e  i . e  f l o p p y  d i s k  u n i t .  

h. Progrmiining Plett~od 
Ptanual t e a c h i n g  by p h y s i c a l l y  inoving t h e  r o b o t  i n t o  t h e  r e q u i r e d  p o s i t i o n  
i s  n o t  c o n s i d e r e d  p r a c t i c a l  due t o  t h e  s i z e  of b o t h  the3 r o b o t  and ~ h e  
corr~ponent.  Remote t e a c h i n g  v i a  a  pendan t  would be t h e  p r e f e r r e d  o p t i o n .  
Illiis would be  p a r t i c u l a r l y  u s e f u l  d u r i n g  e d i t i n g .  O f f - l i n e  programming 
would be a  f u t u r e  o p t i o n  which cou ld  be c a r r i e d  o u t  a s  a  c o n t i n u a t i o n  of 
t h e  c o ~ ~ l p u t e r  g r a p h i c  s i ~ n u l a t i o n  work. 

j .  Cc,nt rol  of E x t e r n a l  Axes 
tl means (JE c o n t r o l l i n g  t h e  h u l l  m a n i p u l a t o r  may be r e q u i r e d  s o  t h a t  t h e  
u o z t l e  movements can  be i n t e g r a t e d  w i t h  t h e  m a n i p u l a t o r  movements. 
I n L t i a l  l y ,  i t  is i n t e n d e d  t o  keep t h e  m a n i p u l a t i o n  s i m p l e  an3 t h e r e f o r e  
independen t  of the r o b o t ,  However, t h i s  o p t i o n  must be a v a i l a b l e .  

k. Env i ronmen ta l  P r o t e c t i o n  
T h i s  i s  an  i m p o r t a n t  r e q u i r e m e n t  a s  t h e  r o b o t  would be s u b j e c t e d  t o  both  
d e b r i s  i n  t h e  a tnwsphe re  and r ebound ing  s h o t .  The s e a l s  on t h e  d r i v e s  



must be dus tp roof  a s  a  minimum requirement .  
s h o t  w i l l  be provided by an e x t e r n a l  shroud 

P r o t e c t i o n  from rebounding 
of rubber  m a t e r i a l .  

S u p p l i e r  Appra i sa l  - 

During t h i s  phase of t h e  p r o j e c t  a c o n s i d e r a b l e  amount of t ime was 
s p e n t  d i s c u s s i n g  our  requ i rements  w i t h  s u p p l i e r s .  The fo l lowing  f a c t o r s  
were t a k e n  i n t o  c o n s i d e r a t i o n  dur ing  t h e  a p p r a i s a l :  

a. Product  F e a t u r e s  
This  should be t aken  a s  an o v e r a l l  assessment  of each company's a b i l i t y  t o  
meet t h e  s p e c i f i c a t i o n .  I n  p a r t i c u l a r  t h e  a t t i t u d e s  of the  s u p p l i e r s  t o  
t h e  problem of p r o t e c t i o n .  

b. Experience 
This r e f l e c t s  t h e  l e v e l  of exper ience  t h e  s u p p l i e r s  have had i n  t h e  
i n s t a l l a t i o n  of robo t  systems i n t o  s i m i l a r  p rocess  type a r e a s .  

c. De l ive ry  
This  i s  r e l a t i v e l y  unimportant  p rov id ing  t h a t  d e l i v e r y  d a t e s  a r e  met.. 

d. P r i c e  
The p r i c e s  were v i r t u a l l y  i d e n t i c a l .  

/ 

e.  Appl ica t ion  Support 
This  was cons idered  an impor tan t  f a c t o r .  I n  p a r t i c u l a r ,  t h e  a b i l i t y  of 
ASEAIESAB t o  p rov ide  suppor t  f o r  both peening and welding a p p l i c a t i o n s  from 
s e p a r a t e  s o u r c e s  was cons idered  t o  be an advantage.  

f . F u r t h e r  Requirements 
This  r e f e r s  t o  t h e  welding a p p l i c a t i o n  and t h e  r e s u l t s  r e f l e c t  t h e  
assessments  of t h e  company's a b i l i t i e s .  

To summarise t h e  f i n d i n g s  : 
ASEA/ESAB a r e  t h e  p r e f e r r e d  cho ice  a s  t h e y  could f u l l y  meet tlle 

s p e c i f i c a t i o n  and o f f e r  t h e  b e s t  suppor t  f o r  both peening and welding 
a p p l i c a t i o n s .  The p r o v i s i o n  of an  ASEA lRb60 t o  an e x i s r i n g  foundry 
s t a n d a r d  could g i v e  b a s i c  d u s t  p r o t e c t i o n .  From t h i s  base ASEA were 
c o n f i d e n t  t h a t  f u l l  s h o t  p r o t e c t i o n  could be developed a t  low c o s t .  By 
u s i n g  t h e  ASEA r o b o t ,  a p p l i c a t i o n s  suppor t  would be a v a i l a b l e  from ASFA f o r  
t h e  s h o t  peening and ESAR f o r  r h e  welding. An ASEA Llib60 r o b o t  i s  shown i n  
F igure  4. 

Hul l  Manipulator  P.equired F e a t u r e s  

a. A b i l i t y  t o  f i t  i n t o  e x i s t i n g  f a c i l i t i e s .  
b. A b i l i t y  t o  wi ths tand  env i ronmenta l  c o n d i t i o n s .  
c .  A b i l i t y  t o  l i n k  w i t h  robo t  c o n t r o l  system. 
d. Load c a p a b i l i t y  10,000kg minimum. 
e .  C a p a b i l i t y  t o  a d j u s t  t o  d i f f e r e n t  h u l l  s i z e s .  
f .  Accuracy +/- 13nml (0.5in) .  

A d e c i s i o n  on t h e  s p e c i f i c a t i o n  of t h i s  equipment and i t s  s u p p l i e r  
w i l l  be made a f t e r  a  computer s i m u l a t i o n  has  been completed. 



Corirputer Gcaphic  S i m u l a t i o n  

1l1l s work i s  beirlg c'lrL 1~xJ o11t i n  c o l ~ j u n c t i o n  w i t h  IBM Warwick u s i n g  
CATLA anti CA1)AM s o f t w a r e .  A  copy of t h e  3D w i r e  frdme model is shown i n  
F i g u r e  3.  T h i s  was c o n s t r u c t e d  a t  an e a r l i e r  s t a g e  when a  C o m p u t e r v i s ~ o n  
sys t em was b e i n g  used  a t  Warwick U n i v e r s i t y .  The f o l l o w i n g  work i s  b e i n g  
c a r r i e d  o u t  u s i n g  t h e  model of an  ASEA TRb60 a v a i l a b l e  on t h e  1841 sysrem:  

a.  E v a l u a t i o n  of r e a c h  and c o l l i s i o n  d e t e c t i o n .  
b. A l t e r n a t i v e  l a y o u t s  and methods of m a n i p u l a t i o n .  
c .  Nozzle geometry  w i l l  be a n a l y s e d  f o r  t h e  a l t e r n a t i v e s  i n  b. 
d .  P r o c e s s  t i m e s  w i l l  be a s s e s s e d .  
e .  Cost  e s  t i n a t e s  of a l t e r n a t i v e  methods  of m a n i p u l a t i o n .  

l n e  o v e r a l l  b e n e f i t s  of t l ie s i m u l a t i o n  work w i l l  be a  b e t t e r  p l anned  
i n s  t a l l a t  i o n ,  u i  t h  i ~ ~ i p r o v e d  t o o l i n g  and m a n i p u l a t i o n  me tho& a t  reduced 
c o s t .  The l e a d  t i m e s  t o  i n t r o d u c e  t h e  comple t e  sys t em w i l l  a l s o  be 
r educed .  The prograraning t a s k  shou ld  be  e a s i e r  due  t o  t h e  v i s u a l i s a t i o n  sf 
t h e  sys t em i n  o p e r a t i o n .  There  i s  a l s o  t h e  p o s s l b l l i t y  of o f f - l i n e  
p rog r smning  i n  t h e  f u t u r e .  

'liiis work w i l l  e n a b l e  a  c o n f i d e n t  app roach  t o  be made t o  t h e  o v e r a l l  
p r o j e c t  by d e t e r m i n i n g  tlte l e v e l  of a c c e s s i b i l i t y  of t h e  chosen r o b o t  p r i o r  
t o  I n s t , i l l a t i o n  j n  p r o d u c t i o n .  The o b j e c t i v e  a t  t l ie o u t s e t  is  t o  
n o t l o n a l l y  peen 90X of  t h e  a r e a s  r e q u i r e d  f o r  t h e  major  o p e r a t i o n s .  
T h e r e f o r e  i t  shoulcl be p o s s i b l e  t o  g e a r  t h e  m a n i p u l a t i o n  c o s t s  t o  s u i t  t h e  
o v e r a l l  b e n e f i t s  a n t i c i p a t e d  f rom t h e  p r o d u c t i o n  sys t em by a l t e r i n g  t h e  
s o p h i s t i c a t i o n  of t h e  sys t em a c c o r d i n g l y .  

F i g u r e  3 3D Wire f r ame  model of a  t y p i c a l  A l v i s  v e h i c l e  



Tool ing  

There  a r e  two a r e a s  t h a t  w i l l  r e q i l i r e  s p c c l f i c  t o o l i n g  t o  ]>I? dcsi>;r~c.rl 
and m a n u f a c ~ u r e d .  F i r s t l y ,  tlle pcen lng  n o z z l e  a n d  Feed hose  m u q t  be 
a t t a c h e d  t o  t h e  r o b o t  arm. TIiis shou ld  be f a i r l y  s t r a i g h t f o r w a r d  a s  Lhis  
a p p l i c a t i o n  i s  s i m i l a r  t o  t h e  w e l l  e s t a b l i s h e d  a t t a c h m e n t  of we ld ing  
t o r c h e s  and a s s o c i a t e d  wi re  f e e d  u n i t s  t o  r o b o t s .  Second ly ,  t h e  v a r i o d  
h u l l s  must be acco~mmoda t ed  by t h e  m a n i p u l a t o r .  The t o o l i n g  r e q u i r e m e n t s  
w i l l  n o t  be known u n t i l  a f t e r  t h e  computer  s i m u l a t i o n  h a s  been conclrlded. 
Whatever t h e  c o n f i g u r a t i o n  of t h e  m a n i p u l a t o r  t h e  t o o l i n g  is l i k e l y  t o  be 
e x p e n s i v e  due t o  t h e  s i z e  and we igh t  of t h e  v e h i c l e  h u l l s .  

Shot  Peening Equipment 

The e x i s t i n g  Vacu-Blast Waf f l e  F loo r  B l a s t  Room used f o r  m e t a l  
s p r a y i n g  and s h o t  peen ing  i s  of a  s u i t a b l e  s p e c i f i c a t i o n  f o r  u se  as a 
development  u n i t .  

A s e p a r a t e  u n i t  s p e c i f i c a l l y  f o r  c a r r y i n g  o u t  t h e  v a l i d a t i o n  work was 
c o n s i d e r e d .  Th i s  o p t i o n  was d i s c o u n t e d  f o r  a  number of r e a s o n s :  c o s t ;  
f l o o r s p a c e ;  n o t  f u l l y  r e p r e s e n t a t i v e  of p r o d u c t i o n  system.  The l a t t e r  is 
an  i m p o r t a n t  f a c t o r  and r e f l e c t s  t h e  e m p i r i c a l  n a t u r e  of t h e  p r o c e s s .  T n  
e f f e c t  each  sys t em i s  un ique  a s  t h e  p r o c e s s  is  dependent  upon t h e  i - l o w  of  
a i r  t h rough  t h e  boo th .  

Revised c a l i b r a t i o n  p r o c e d u r e s  w i l l  need t o  be e s t a b l i s h e d  t o  meet t h e  
r e q u i r e m e n t s  of t h e  v a r i o u s  i n s p e c t i o n  a u t h o r i t i e s  conce rned .  

Proposed Development T r i a l s  

The t r i a l s  w i l l  be c a r r i e d  o u t  i n  two phases .  The f i r s t  w i l l  be aimed 
a t  v a l i d a t i o n  of t h e  p r o c e s s  and w i l l  I n v o l v e  t h e  p r o c e s s i n g  of t e s t  p i e c e s  
w i t h  Almen s t r i p s  whjch w i l l  t h e n  undergo s t r e s s  a n a l y s i s  t o  e n a b l c  t h e  
p r o c e s s  t o  be  approved t o  t h e  same s t a n d a r d s  a s  have been u s e d  i n  p r e v i o u s  
v a l i d a t i o n  e x e r c i s e s .  

The second phase  w i l l  be t h e  w r i t i n g  of programmes t o  c a r r y  o u t  Lhe 
s a t i s f a c t o r y  peen ing  of sub -as sembl i e s ,  t u r r e t s  and h u l l s ,  t h e  l a t t e r  b e i n g  
c a r r i e d  o u t  i n  t h e  mod i f i ed  p r o d u c t i o n  f a c i l i t y .  

While  t h e  development  u n i t  is i n  usc  l i m i t e d  t r i a l s  w i l l  be c n r r i ~ ~ d  
o u t  on m e t a l  s p r a y i n g  and we ld ing .  ' h i s  work w i l l  be s c h e d u l e d  i n t o  t h e  
i n e v i t a b l e  gaps  t h a t  w i l l  a r i s e  i n  t h e  majn programme of work. 

F i g u r e  4 A  View of r o b o t  peen ing  



k'igure 4 8  View of robut  welding 

Tota l  F a c i l i  t v  Sot.ci f  i c < l t i o n  

a .  Shot bl,-lst booth equipped t o  the  b a s i c  s p e c i f i c a t i o n  f o r  m e t a l l i c  
a b ~ a s i v e  media. Acldi t i o n a l  f e a t u r e s  requ i red  a r e :  Process  c o n t r o l s  f o r  
s h o t  Inass flow capab le  of i n t e g r a t i o n  with the robot  c o n t r o l l e r ;  Armoured 
i;l,1.;'7 vic.winl: por t - ,  ,lnd i~rrpruvt~J intern-11 l i g h t i n g ;  S i f e t y  i n t e r l o c k s  on 
' I  11 t I < ) o t - 5 .  

c .  I l u l l  manipula Lor mounted on bogies  capab le  of accommodating the  
p r t sc r l t  and i t t t t t r e  rdnge of v c h i  c l e  h r ~ l l s .  Cont ro l s  must h e  i n t e g r a t e d  
i n ~ o  I llc: rohoL c u n t ~ - o l l e r .  

(1. ' l i ~ r r e t  manipu la to r  to  the  same s p e c i f i c a t i o n  as i n  c. 

The s p e c i f i c a t i o n  above i s  f o r  a t o t a l l y  new f a c i l i t y .  

At p r e s e n t ,  i t  i s  in tended  t h a t  fo l lowing  development of the  p r ~ l t e s s  
the  system be i n c u r p o r a t e d  inLo the  e x i s t i n g  p roduc t ion  facilities which 



have a  g r a v i t y  t y p e  of s h o t  r ecovery  system i n s t e a d  of t h e  ' w a f  flc-f Loor' 
t ype .  T h i s ,  however, w i l l  n o t  cause  any s i g n i f i c a n t  problems dt; t l w  t y o e  
of f l o o r  does  no t  a f f e c t  t h e  p r o c e s s .  TLle 

c a n  be applLed t o  t h e  e x i s t i n g  booth.  See 
of  t h e  l i k e l y  p r o d u c t i o n  f a c i l i t y .  

FIRST 
,LOOR-hm/ 

'I'enlgaLe peenlng c o n t r o l  s y b  tein 
F i g u r e  5 f o r  a  schemat i c  l a y o u t  

PEENING BOOTH 

l j j jY  
CONTROL 
CABINET 

1 7 - 1  

LOAD 

UNLOAD 

IRB6012 ROBOT HEAD & TAILSTOCK 
MANIPULATOR 

SHOT PEENING 
EQUIPMENT SITED 
ON GROUND FLOOR 

F i g u r e  5 Schematic  diagram of p r o d u c t i o n  u n i t  

L i m i t a t i o n s  o f  t h e  Proposed F a c i l i t y  

The main l i m i t a t i o n  would be t h e  con t inued  requ i remen t  f o r  an  o p e r a t o r  
t o  m o n i t o r  t h e  p r o c e s s .  I n  t h e  e v e n t  of a  m a l f u n c t i o n  t h e  s h o t  s t r e a m  
cou ld  c a u s e  c o n s i d e r a b l e  damage i n  a  s h o r t  space  of t ime.  The o p e r a t o r  
would s t i l l  be r e q u i r e d  t o  peen a r e a s  n o t  a c c e s s i b l e  t o  t h e  r o b o t  and a l s o  
t o  r e t r i e v e  s h o t  n o t  r ecovered  a u t o m a t i c a l l y .  The l a t t e r  i s  c a r r i e d  o u t  
u s i n g  a vacuum sys tem and i t  may be p o s s i b l e  t o  automate  t h i s  i n  t h e  
f u t u r e .  However, t h i s  w i l l  be dependent  upon t h e  r e g u l a r i t y  of s h o t  
d i s t r i b u t i o n  i n  t h e  h u l l  a f t e r  peening.  

I n c r e a s e d  ma in tenance  would be r e q u i r e d  w i t h  a  g r e a t e r  b i a s  towards  
e l e c t r o n i c s .  The sys t ems  would be more s o p h i s t i c a t e d  and r e q u i r e  more 
r o u t i n e  ma in tenance .  The c u r r e n t  e l e c t r o - m e c h a n i c a l  equipment has  I t - t l e  
p r e v e n t a t i v e  ma in tenance  and g e n e r a l l y  h a s  work c a r r i e d  o u t  a s  a  r e s u l t  of 
a  breakdown. This  change i s  i n  keep ing  w i t h  t h e  ma in tenance  t a s k  
d e v e l o p i n g  w i t h  t h e  i n c r e a s e  i n  CNC machine t o o l s  and would n o t  be a  l a r g e  
a d d i t i o n  t o  t h e  a c t i v i t y .  

G r e a t e r  p r o d u c t i o n  e n g i n e e r i n g  s u p p o r t  would be n e c e s s a r y  due t o  t h e  
i n c r e a s e d  s o p h i s t i c a t i o n  of  t h e  equ ipment ,  i n  t e rms  of programming, 
c a l i b r a t i o n ,  t o o l i n g  and s e t t i n g - u p .  



' I l r c s  e c o ~ l o i ~ i l c  j u s t  1 f  l r i i t  i t ) ~ ~  of c;ucti 11 p r o j e c t  is v e r y  coinplex: Jue t o  
t h e  In-house develol~mcl i t  work n e c e s s d r y .  The s c a l e  of Lhe b e n e f i t s  w i l l  
n o t  be known a c c u r a t e l y  u n t i l  a f t e r  t h e  development  phase .  S i m i l a r l y  t h e  
f i n a l  c o s t  of t h e  p r o d u c t i o n  sys t em is no t  known a t  t h i s  s t a g e .  ?Ire a r e a s  
where s a v i n g s  w i l l  a c c r u e  a r e  summarised below: 

a .  Manpower 
Due t o  the l l o s t i l e  working env i ronmen t  t h e  c u r r e n t  method has  a  100% 
f a t i g u e  a l l o w a n c e  i . e  two o p e r a t o r s  p e r  boo th .  With au toma t ion  on1 y one 
man would be r e q u i r e d  t o  work, o u t s i d e  t h e  boo th ,  f o r  t h a t  p o r t i o n  of t h e  
work s u c c e s s f u l l y  automated.  

b. Cycle  Time Reduc t ion  
The c y c l e  t ime  f u r  t h e  major  peen ing  o p e r a t i o n  i s  a s i g n i f i c a n t  number of 
h o u r s ,  e x c l u d i n g  nlasking aud p r e p a r a t i o n .  It is hoped t o  a c h i e v e  a  
r e d u c t i o n  o f  30%. Th i s  shou ld  be p o s s i b l e  due t o  e l i m i n a t i o n  of changeover  
t i m e ,  c o n s i s t e n t  o p e r a t i o n  a t  maximum s p e e d s ,  no t lme  l o s t  i n  r e p o s i t i o n i n g  
due  t o  a  progra~~imecl c y c l e  and a r e d u c t i o n  i n  t ime  l o s t  due t o  ' ove r  
p e e n i n g ' .  L a b o u r  w i l l  s i i l l  be r e q u i r e d  t o  c a r r y  o u t  any r ema in ing  
l ~ e e n i  11g. 

c .  Risk 
A ma jo r  f a c t o r  which h a s  reduced t h e  ' r i s k '  l e v e l  of t h e  p r o j e c t  i s  a 
s u c c e s s f u l  a p p l l c a t i o a  t o  t h e  Department of Trade and I n d u s t r y  f o r  g r a n t  
a i d .  T h i s  w i l l  amount t o  20X of  t o t a l  p r o j e c t  c o s t s .  

A work programme h a s  been drawn up t o  cove r  t h e  p e r i o d  from r a i s i n g  
t h e  i n i t i a l  c a p i t a l  expenditure p r o p o s a l s  t o  f u r t h e r  development  a f t e r  t i ie 
s y s t e ~ n  has  been s u c c e s s f u l l y  i n s t a l l e d  i n  p r o d u c t i o n .  From t h i s  programme 
a network a n a l y s i s  has  been c a r r i e d  o u t  u s l n g  PERT s o f t w a r ?  on an  ACT 
S l  r i u s  m l c r o c o ~ a p u t e r  t o  d e t e r m i n e  t h e  ' c r i t i c a l  ' e v e n t s .  T h i s  sys t em i s  
b e i n g  used  a s  a  p r o j e c t  rnamgement t o o l  t o  mon i to r  t h e  p r o j e c t .  

During t h e  l i f e  of t h e  p r o j e c t  r e g u l a r  c o n s u l t a t i o n s  a r e  p l anned  t o  
i n fo rm t h e  r e l e v a n t  peop le  of t h e  p r o g r e s s  of t h e  p ro j ecL  and a n y  e f f e c t s  
I t  ni.iy have 3 11 tltcair a r e a  i .e  protlri - t  i o n  c o n t r o l ,  t r a d e s  un ions ,  a r s i g n ,  
production engineering, s u p e r v i s i o l l ,  e t c .  

A f u t u r e  p r o j e c t  re1 a t e d  t o  ' o t  peen ing  i s  t h e  d r v  lormen? . f  metal 
s p r i y i ~ ,  . For  t lir., o p e r ~ t  Ion thi ~ , , ~ , i e  f d c i l i t i e s  woulc) t n p '  ) r \  I .  Ilr 
t h i s  p ~ o ; e s s  t h e  to t c i l  s u r r a c e  a r e a  of t h e  v e h i c l e  r e q u i i e s  s p r ~ 3 , i n g  
t h 2 r e f o r e  Ltie b e u e f i t s  would be g r e a t e r .  

C u r r e n t  methods used f o r  s h o t  peen ing  r e q u i r e  an  o p e r a t o r  t o  c a r r y  o u t  
dcmal~dirlg t a s k s  i n  a  h a r s h  environment  w h i l s t  m a i n t a i n i n g  a d e q u a t e  q u a l i t y  
s t a n d a r d s .  The e x i s t i n g  f a t i g u e  a l lowance  d o u b l e s  t h e  c o s t  of t h i s  
o p e r a t i o n .  

?'he u s e  of Nmen s t r i p s  t o  c o n t r o l  t h e  p r o c e s s  does  n o t  gnarant i?e  t h a t  
t h e  p a r a m e t e r s  a r e  m a i n t a i n e d  th roughou t  a n  o p e r a t i o n .  T h i s  l e a d s  t o  



e x c e s s i v e  p r o c e s s  t imes  i n  o r d e r  t o  e n s u r e  t h a t  q u a l i t y  s t a n d a r d s  a r e  
m a i n t a i n e d .  

Automation of t h e  s h o t  peen ing  of v e h i c l e  h u l l s  w i l l  he irnplcrncnted a t  
A l v i s  Ltd. The f o l l o w i n g  a r e  r e q u i r e d :  

l 

a .  A  n o z z l e  m a n i p u l a t o r  based on a  5 a x i s  'arm and elbow'  t y p e  r o b o t  
p r o t e c t e d  a g a i n s t  t h e  environment  i . e  an ASEA IiZb60/2. 

b. Component n l an ipu la to r s  p r o t e c t e d  a g a f n s t  Lhe environment .  
i 

c.  A  s h o t  peen ing  boo th  ( e x i s t i n g ) .  
d. A  mic ro -p rocesso r  c o n t r o l l e d  s h o t  peen ing  system.  
e .  V a l i d a t i o n  of t h e  new p r o c e s s  t o  meet q u a l i t y  r e q u i r e m e n t s .  
f .  O v e r a l l  i n t e g r a t i o n  of t h e  v a r i o u s  c o n t r o l  systems.  

The r e s u l t  of t h i s  work w i l l  be a  un ique  sys t em p r o v i d i n g  c o n t r o l  o v e r  
t h e  f o l l o w i n g  peen ing  pa ramete r s  d u r i n g  p r o c e s s i n g :  Nozzle s t and-o f f  
d i s t a n c e ;  Impinging a n g l e ;  Time of exposure ;  Shot  mass flow. 

The l i m i t a t i o n s  of t h e  sys t em a r e  t h a t  an o p e r a t o r  w i l l  s t i l l  be 
r e q u i r e d  t o  moni to r  t h e  p r o c e s s  and peen a r e a s  n o t  a c c e s s i b l e  t o  t h e  r o b o t  
n o z z l e  m a n i p u l a t o r .  I n c r e a s e d  ma in tenance  and p r o d u c t i o n  e n g i n e e r i n g  
s u p p o r t  would be n e c e s s a r y  due t o  t h e  g r e a t e r  s o p h i s t i c a t i o n  of t h e  
s y s  tems. 

The b e n e f i t s  a r e  reduced manufac tu r ing  c o s t s ,  b e t t e r  workLng 
c o n d i t i o n s  and an  improved s t a n d a r d  of peening.  I n  a d d i t i o n ,  t h e r e  would 
be i n v e n t o r y  s a v i n g s  dependent  on o u t p u t  l e v e l s  i n  t h e  f i r s t  y e a r  of 
p r o d u c t i o n  o p e r a t i o n .  
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