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.. ... . . ... Poster Session 

AUTOMATED INSPECTION OF 
. N U C L E A R .  FUEL. PELLETS 

The development and evaluation of automated equipment for  the fabricat ion 

and inspection of nuclear fuel i s  being conducted. This equipment i s  

. being developed a s .  .~.ar.t of.  .the. .Breeder Fuel Fabrication Development - 

Program conducted a t  the Hanford Engineering Development Laboratory 

(HEDL) . 

- -  - .  . ... . .. A . major . i.nspect.ion.. operation ,in the: process i s  the gaging of fuel pel l e t s  
for dimensions (.length and diameter), surface flaws and weight. The 
system i s  modularly des,igned for  ease in maintenance to  allow fo r  the 

replacement of e n t i r e  inspection s ta t ions  without loss of production. 

. - . .... . . ... .The. pel l e t  inspection system-:i-s,dj:vjded d nto two parts :- (1 ) mechan-ica-1.- . - - -  
. . .  . .  . . 

and (2) process control and data processing. 

The mechanical portion consists of a pe l l e t  handling system; inspection 

- . . . . . . . . . - . - . 
. . -  . - stat jons.  for  measuring,l.ength.,- diameter, weight and surface fl-aws; and . 

a glovebox-1 i ke containment. 

. -  . . . .c.ontro.l.. system, :a, small: dedi,cated ,min.icomputer and a supervisory computer 
system which will  be loca ted  in a central ized control center and be 

shared with other development ac t iv i t i e s  in the Fuels and Materials 

Evaluation Laboratory (FMEL) . 

Discussion .-.--.---~-- 

The length, diameter, and surface flaw inspections u t i l i z e  laser  o p t i c a l .  

systems with sol id-s tate .  detection dev,ices. Both the diameter and length . . 

measurement s ta t ions  use 1 inear diode array sensors while the surface 

flaw s ta t ion  uses a s ingle  element detector to  distinguish between flawed 

and unflawed areas.  A s.landard caminercial ly available weight scale  i s  



used t o  s t a t i s t f c a l l y  sample p e l  l e t s  f o r  we,ight i n  o rder  t o  determine 

p e l  l e t  densi:ties.. 

Fuel pe l  l e t s  a r e  p laced i n  a  v i b r a t o r y  feed system fo r  o r i e n t a t i o n  and 

d e l i v e r y  t o  the  hand l ing  system. P e l l e t s  a re  t ranspor ted  through t h e  .' 

var ious  i n s p e c t i o n  s t a t i o n s  w i th .  a  r e c i p r o c a t i n g  overhead g r i p p e r  mechanism. 

The t r a n s p o r t  system u t i l i z e s  a  p ick-and-place ope ra t i ng  p r i n c i p a l  (zero 

v e l o c i t y  a t  each end o f  t he  hand l i ng  c y c l e )  t o  minimize wear o f  t h e  gaging 

components and damage t o  the  p e l l e t s .  

The p e l l e t  . .  gaging . system i s  c o n t r o l l e d  by a  dedicated minicomputer system. 

The c o n t r o l  system can be operated e i t h e r  thro,ugh a  l o c a l  t e l e t y p e  o r  v i a  

t h e  superv isory  computer i n  t he  c e n t r a l i z e d  process c o n t r o l  room. The 

dedicated computer system i s  used t o  c o n t r o l  t he  ope ra t i on  o f  t h e  mechani- 

c a l  handl i n g  system, synchronize data i n p u t s  and outputs  w i t h  t h e  handl i n g  

cyc le,  and s o r t  the  f u e l  p e l l e t s .  

A t t r i b u t e  data a re  t r a n s m i t t e d  t o  t h e  superv isory  computer f o r  t r e n d  

ana lys i s  and process c o n t r o l  i n fo rma t ion .  

The system i s  designed t o  min imize t h e  amount o f  hardware a c t u a l l y  i n  
.. . ..- . . . ..- - . -. containment. The laser ,  r o t a t i n g  pr ism, and o p t i c a l  d e t e c t o r  f o r  t he  -- ,-- -- . 

. . . .  . - -  .- 
I________ _ ^_____>___.__ - . - -  ..- ...- . . . - .  .- 

1  ength, diameter, and sur face f l a w  inspec t i ons  are  mounted i n  i n d i v i d u a l  

" s~-~ i t cazes"  n11t.side the  alpha containment b a r r i e r .  

Pel l e t  I nspec t i on  

P e l l e t s  a r e  d e l i v e r e d , t o  the  automated gaging systems and p laced i n  a  

v i b r a t o r y  feed ing  system. The gage i s  then a c t i v a t e d  through remote 

console commands. 

The v i b r a t o r y  feed system d e l i v e r s  the  p e l l e t s  one a t  a  t ime t o  an escape- 

ment mechanism which presents the  p e l  1  e t s  t o  the  overhead pick-and-place 

gr ippers ,  The g r i p p e r  mechanisms then t r a n s p o r t  the  i n d i v i d u a l  p e l l e t s  

through the  var ious  i nspec t i on  s t a t i o n s .  A t  each o f  the  th ree  o p t i c a l  



. i n s p e c t i o n  s t a t i o n s ,  t he  p e l l e t s  a r e  p laced on p a r a l l e l  r o l l e r s  which 

r o t a t e  t h e  p e l l e t  d u r i n g  t h e  i nspec t i on .  Th i s  i nspec t i on  data i s  analyzed. .  

t o  determine . t h e  a c c e p t a b i l i t y  of  t h e  f u e l  p e l l e t .  The f u e l  p e l l e t s  can 

then be segregated . . i n t o  one of t h r e e  . . c a t e g o r i e s :  (1) acceptable; (2)  r e j e c t -  

able;  and (3) h o l d  f o r  center less ;  gr+nding.  ~ e . i g h t  data i s  taken s t a t i s -  

t i c a l l y  f o r  e s t i m a t i n g  the  mass pe r  u n i t  l e n g t h  value f o r  t h e  f u e l ' l o t .  

Th is  i n s p e c t i o n  equipment was designed f o r  ope ra t i on  a t  a  r a t e  o f  t h ree  

p e l l e t s  per  second. The . gage . has s u c c e s s f u l l y  operated a t  a  r a t e  o f  

two per  second. New, g r i p p e r  des,igns a r e  p r e s e n t l y  being evaluated which 

should a l l o w  f o r  r e l i a b l e  ope ra t i on  a t  design speed. 

The e v o l u t i o n a r y  development o f  t he  automated f u e l  p e l l e t  i n s p e c t i o n -  

. .  . 
system has i n v o l v e d  several  . . man . . - . years  . of e f f o r t  and the  t e s t i n g  o f  f i v e  

d i f f e r e n t  eng ineer ing  prototypes.  

The experience gained from t h e  process t e s t i n g  o f  t h i s  l a t e s t  generat ion 

o f  the  automated f u e l  p e l l e t  gaging system w i l l  be used t o  design and 

b u i l d  a  p roduc t i on  u n i t  which i s  complete ly  automated and can be main- 

t a i n e d  remotely.  .. 

. . . . . . 
, _ _ _ , _ _ _ . C _  -_____ _- - -  - - ..-. --- ..---r -i - -  *-. . -. . ...- - . 
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