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. . .  

The development of reirok6ly operated and maintained process equipment 

. . .  f o r  ' the fabricat ion and inspection of 'pel l e t  fue l  is being conducted. 

. . . . . .    his process i s  of i n t e r e s t  s i n c e  i t  'produce's fuel, t h a t  is 1  icensable. 

This equi pzent will, be in s t a l  led a n d t e s t e d  i n  t h e  High performance .', . . ,  
. . . . .  

Fuel ~ a b o r a t o r j  (HPFL), which is  to  be constructed a t   anf ford, : - i  . . .  ' :  : : . 
' 

blashington, eli t h  operation presently scheduled f o r  t h e  mid-1980's. ' 

' 

. . .  
. . . . 

Discussion . . .  

The ceranic 1  ine u n i t  operations (shown i n  Figure 1 )  a re  u s e d t o .  f ab r i ca t e  

fuel pins from oxide po:.~ders. The process i s  equal ly  appl icable  fo r  

carbide fugl p e l l e t  fabricat ion.  Within t h e  ceramic l ine ,  t h e  powders 

a r e  blended producing a  mixed oxide powder, binder i s  added f o r  compac- 

t ion ,  the powder i s  pressed in to  pel 1 e t s ,  . t he  p e l l e t s  a r e  s in t e red  and 

each pel l e t  i s  inspected f o r  qual i ty .  The acceptable  p e l l e t s  and additional 

pin components a r e  loaded i n t o  cladding tubes and t h e  f ina l  end cap welded 
. : .. . . . .  . . .  . . .  . . 

t o  produce a  fuel pin.  . . . . .  
. . 

. . . . .  . . . . 
. . . . . . . . . .  . . . . .  

The ceranic l i n e  has several o f f l ine  operatibns that  a r e  used t o  recondi- 
. . 

t ion p o ~ d e r  o r  pel l e t s  t h a t  do not meet material ' s p e c i f i c a t i o n s .  These ' . 

operations include calcining ( to  expel vo la t i l e s )  ,. center1 e s s  grinding . . .  

of pel ' lets ( to  conform t o  diameter specif icat ions) ,  offgassing of pe l l e t s ,  

adjustment of oxygen-to-metal r a t i o  of pe l le t s ,  and dry scrap  recycle. 

The conventional, process equipment (or  appropriate a1 t e rna t ives )  used 
. 

\ . . 
for  the ceramic p e l l e t  fuel u n i t  operati'ot-sare being autorrtated and 

designzd to  be maintained remotely. . . 

The fuel fabricat ion equipment will  have i ts  own prirnary cuniainnient 

sys'te.ril even though .the equipment will  be in s t a l l ed  i n  a shielded f a c i l i t y  
, . . ' .  . . 
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w i t h  no manned access. This i s  t o  contro'l ' the spec ia l  nuclear mater ials  

(SNM) and t o  simp1 i fy decontamination operations. . , .., 
' , -. , ' ' . . . . 

. . 
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. . .  ._ . . 
Each ' u n i t  process features  nodular  d e s i g n :  fo r  e a s e  of maintenance. ~ o d " ~ ~ ~ '  .' . . , . . ' .  

' can be reiilo\,&J o r  replaced remotely with the use' of e i t h e r  master-slave o r  
. . .  . 1 ' .  _: 

electro-mechani ta l '  manipulators. . . . . . . . . . .  . . <  .. 
. . . .  . . .  . . 

. . . ' .  
. . 

The equ.ipment i s  being designed t o  connect/disconnect t o  building serv ices  

such as  pokier, process gases, cool ing water, e t c - ,  automatically when' i t  
. . 

is s e t  i n to  place o r  removed. GIhere possible, d r i v e  motors, mechanical', ..' 

adjustments and e lec t ronic  sensors a r e  located o u t s i d e  of the primary ,.' .. ' 

. , .  
. . . . . . .  . . . . 

I . . .  , , . . .  . " . . .  . . . . 
Co"C':""r."' . . > . . 

. . . . . .  . . . . . . 
. . . .  . . .  . . . . 

Each uni t  operation ,vi 11 be' operated and control i ed  b y  a 'dediratDt4 : .' ., . . 

. . . . . . .  . . . . 
I . . .  , , . . .  . " . . . .  . . . . 

. . . . .  containment. ' . . . . . . .  : . . . . . . . .  . . . .  . . . .  . . . . . . .  . . 
. . .  . . . . . . . .  . . . . . . . . .  . 3 . .  . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . .  . . . . .  . . . . .  . . 

. . . .  . . .  
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. . . . 
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Each uni t operation ,vi 11 be' operated and control l ed  b y  a 'dedicated . . .. . : ;' ., . . . . 
. . . . . .  , . .  

. . . . . .  . . , . 
. . . . . . .  . . . . .  . . . . .  . . . .  stand-alone co~troller: .  . . . . . . . . .  . ,  . . .- . . .. . . . . . . .  . . . . .  . . . .  . . 

. . , . . .  . . 
. . . . . . . .  . . . .  . . .  . . .  , . . _ . .  . . . . . . . . . . . . .  

. . 
: . _  . . . . .  . . . . . .  . . . .  . . . . .  1n.strume'rita'tion and Control System - '  . . : .  . . . . .  . . . . .  

. . .  . .  ., . . 

The Instrumentation and Control System (ICS), provides central  ized super- 
. . vision of the uni t  operations via t h e i r  dedicated c o n t r o j l e r s  and w i l l  . . . . ' 

eventually ;oordinate a1 1 a c t i v i t i e s  to  form an in t eg ra t ed  functional 

process. The ICS i s  responsi bl e f o r  data acqu i s i t i on ,  data recordi'ng, 

data  ana lys is ,  real-time control,  accountabi l i ty  repor t ing ,  and comnuni- 

ca t ion  w i t h  other control centers.  , : . . .  . . .  
a .  . . .  . . 

Since each u n i t  oberatibn i s  a stand-alone e n t i t y ,  i t  can' function ' :  
awtonomousl'y when adequate input and output mater ia l s  a r e  provided. ., 

Each u n i t  operation wi 11 contain a .  dedicated e l e c t r o n i c s  con t ro l l e r  . !.. 

t o   oni it or the  sensor i n p u t s ,  perform analysis ,  and output con t ro l '  . . . . 
. . . . 

s ignals  t o  the  process. . . 

The dedicated controll .&r is programable so t h a t  var ious co.ntt-01 algor- 

i t h m s  can be ixpleaented. In addition, t h e  programable cont ro l le rs  

w i l l  use special  rout ines  to  ca l ib ra t e  and t e s t  u n i t  components. 

 he ICS will  send control parameters and command* t o  the u n i t  operations 

t o  d i r e c t  fuel f ab r i c i t i on  a c t i v i t i e s .  The u n i t  operat ions '  cont ro l le rs  

~ 1 i f 1  return s t a t u s  infornation and sensor data to  inforin the control 

center  of operational condi t ions so t h a t  addi t ional  comands o r  feedback 

cont ro ls  may be applied as required. 
,/ . . . .  



  he. equipment f o r  remote ' f ab r i ca t i on  o f  pe l  l e t  fuels is i n  ' ~ a r i o u s  s t a g e s  . .: 
. . . . 

o f  design,  t e s t i n g  and evaluation.  A p e l l e t  gaging systeiil s p e c i f i c a l l y  . >  , '  : 
. . . .  . . 

designed t o  b'e maintained remotely has been demonstrated and is cu r r en t l y  . . . . .  I . . . . .  
be ing  in te r faced  with a programmable electro-mechanical manipbla'tor to':."{.<: r::. . ' .  

. . ., . . . , ,  . - . . 
d e ~ o n s t r a t b  corcpletely automatic and remote disasseni6ly . . .  -and reassembly :' . 1 ,  . . .  

. . . . .  . . .  . . . . _  . . . . . .  . . . . - .  . . . 
. . . . . .  .. . . , .  . . . . . . . . . . . .  : . . . .  . . . . . . . . . .  of  t h e  inspect ion uni t . .  . . . . _ . _., . . . . . ..;. . . . . , . . . . . .  . . . - . . .  . . . . .  . . .  . . .  . . .  . '. . . . . .  . . . . . . .  . . .,. . . . *  . . . . . . . . . . . . .  ' .. ,. . I '  

. . .  
. . 

. . . .  : .  . 

i i j '  ' .  ,. Pulsed magnetic welding of f u e l  rod end ' c l b s u i e i  have, been demonstrated. 
. . 

The s o l i d - s t a t e  welding technique a l lows t h e  u s e . o f  u1,trasonics f o r  weld.':.'. . , . , 
. . .  

inspect ion i n  place  of t r a d i t i o n a l  x-radiography. ' This  . . he1 ding and inspec- : , : ,  . . 

t i o n  method provides an a t t r a c t i v e  a1 t e r n a t i v e  f o r  remote fuei f ab r i ca t i on .  " ' 

. . . . . .  . . . . . .  . . .  _ .  - .  . <_: . .  - .  . 
. . . . . .  .. - . . . .  . . .  *. .. : .. 

A new batch s i n t e r i n g  furnace concept ba sed  upon ae ibspac4  technology i s ' :  '..' '. ',:- 

being developed. ('): The furnace will have;fi& t o  t e n  t i n e s  t h e  through- ' , . . . . 
. . . . . . .  - 

. . put of conventional batch furnaces and is  e a s i e r  t o  maintain than the. ! .: 
. . .  . . . . .  . . . . . . . . . . . . . . . . .  horizontal  furnaces i n  use today. : . . . .  .. ... . . . . . . .  . . . . . .  . . . . . : ,  :: . ,  . '  . . . . ., .: '. 

Two high-speed. mechanical press  concepts (anvi l  and ro t a ry )  a r e  cu r r en t l y  

being evaluated f o r  remote operation and maintenance- The anv i l  press  

is e spec i a l l y  a t t r a c t i v e  f o r  remote f ab r i ca t i on  due t o  i t s  s impl ic i ty  i n  

s e t  up and d i e  change methods. 

All p e l l e t  fuel  f ab r i ca t i on  operat ions  wi l l  be developed f o r  remote opera- 

t i o n  and mainteriance and r ep re sen t a t i ve  f ab r i ca t i on  r a t e s  w i l l  be demonstrated. 
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