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FOREWORD 

This report was prevlously i s s u e d  as ORNL-TM-1628. In t h e  previous 

report i l l .us t ra t ions  and photographs were omitted. This report conta ins  

i l l u s t r a t i o n s  and photographs arid a lso process changes t h a t  IiaXJe tak.en 

place since t h e  previous report was issued. 
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FABRICATION PROCEDURES FOR MANUFACTURING HIGH FLUX 
ISOTOPE REACTOR FUEL ELEMEWS 

R. W. Knight, J. Binns,l  and G. M. Adamson, Jr. 

ABSTRACT 

A production procedure w a s  developed f o r  manufacturing 

The e n t i r e  f u e l  assembly o f  t h i s  reac tor  i s  made up of 
High Flux Isotope Reactor f u e l  assemblies. 

two f u e l  elements, each elemcrLt consis t ing of a n  annular 
a r ray  of f u e l  p la tes .  These annuli a r e  i d e n t i f i e d  a s  t h e  
inner and outer f u e l  elements. The inner element cons is t s  
of 171 i d e n t i c a l  f u e l  p la tes  and t h e  outer element cons is t s  
of 369 i d e n t i c a l  f u e l  p l a t e s  d i f f e r i n g  s l i g h t l y  from 
those in the  inner element. Both s e t s  of f u e l  p l a t e s  
contain u308 powder a s  the  f u e l  dispersed i n  an aluminurn 
powder matrix and c lad  with aluminum. Procedures f o r  
manufacture and inspection of  the elemerit are ilescribed 
and i l l u s t r a t e d .  

46 fue l  assemblies f o r  operation a t  100,000 kw. No f u e l  
element has been rejec-ced, but no f u e l  element has been 
manufactured t h a t  meets all of t h e  spec i f ica t ion  require- 
ments. 
ser ious enough t o  a f f e c t  t h e  reactor  operation. 

90$, with t h e  l a r g e s t  losses occurring i n  b l i s t e r e d  p l a t e s  
and surface damage. 

The procedures described have been used t o  manufacture 

The deviat ions t h a t  have been accepted a r e  not 

Fuel-plate recovery for 25,000 f u e l  p l a t e s  has been 

INTRODUCTION 

The High Flux Isotope Reactor has been b u i l t  and i s  being operated 

by t h e  Oak Ridge National Laboratory t o  provide research q u m t i t i e s  of 

severa l  of t h e  transplutoniurn elements. The maximum unperturbed thermal 

neutron flux i n  t h e  HFIR i s  over 5 x neutrons emv2 see-' a t  a t o t a l  

power l e v e l  of 100,000 kw and an average power density of approximately 

2000 kw/li ter.  Since these  performance c h a r a c t e r i s t i c s  represent a 

'An employee of Metals and Controls, Inc . ,  a Division of Texas 
Instruments, Inc. ,  Attleboro, Mass. 
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s ign i f i can t  extrapolat ion beyond the performance of present-generation 

research reac tors ,  ca re fu l  design and c lose  cont ro l  of t h e  f u e l  element 

f ab r i ca t ion  procedures are required. The reac tor  cons i s t s  of a cy l in -  

d r i c a l  f u e l  region surrounded by an annular cont ro l  region and a beryl-  

l iwn r e f l e c t o r ,  all of which a r e  water cooled. These components a r e  

contained within a carbon s t e e l  pressure vessel. clad. with s t a i n l e s s  

s t e e l .  

Fuel element specificaCions have been reported. * The bas ic  method 

of f ab r i ca t ing  HFIR fuel. elements was developed a t  ORLTL. The adaptation 

of these  procedures t o  a production process and. t h e  subsequent produc- 

tion of f u e l  elements w a s  subcontrac-Led t o  Metals and Controls, Inc .  

(M&c ) , NucI-ear Division of Texas Instruments Inc .  under cont rac t  

N O .  91X-70500-C. 

The purpose of t h i s  repor t  i s  t o  present the d e t a i l s  of the f a b r i -  

ca.-tion process as developed by ORNL and M&C f o r  producing H F I R  fu-el. 

elements on a pi-oduction bas i s .  No attempt w i l l  be made i n  t h i s  docu- 

ment to j u s t i f y  the  process o r  t o  d-iscuss a l t e r n a t e  procedures. Su.ch 

information w i l l  be found i n  a series of development r epor t s  t ha t  w i l l  

follow. 

dure; it i s ,  however, one t h a t  has been shown t o  be sa t i s f ac to ry  f o r  

producing these  very compl~ex f u e l  elements. 

No warranty i s  offered t h a t  t h i s  i s  t h e  only acceptab1.e proce- 

The process described has been shown t o  be acceptable by t h e  

production of 46 f u e l  assemblies. 

of t h e  specifications;  however, no devia.tioi1 o r  group of deviat ions has 

been considered ser ious  enough t o  prevent t h e  file1 elements from 

operating a:t, t h e i r  r a t ed  100,000 kw. 

s a t i s f a c t o r i l y  a t  t h i s  level.. 

None of t he  f u e l  elements hss met a l l  

TO da te  15 have been operated 

During t h e  development and ea r ly  production s tages  of -Lhe f u e l -  

element manufacture an ORNI; engineer w a s  s ta t ioned  a t  M E  as a consul- 

t a n t  and coordinator. Also, OlWI, personnel were used as troubleshooters 

and consultants.  

keep a constant check on the  manufacturing process. 

A t  present an ORNL Inspector i s  s ta t ioned  a t  M&C t o  

2G. M. Mamson, Jr., and J. R. McWherter, Specif icat ions f o r  High 
Flux Isotope Reactor Fuel Elements, IHFIR-FE-l, I Ol?NI,-TM-902 (August 1964). 
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The camplexity of t - h i s  job i s  i l l u s t r a t e d  bes t  by t h e  d i s t r i b u t i o n  

of manpower which i s  shown below: 

Task Personnel Required 

Ma nuf ac t u r  i ng 25 

Inspection 20 

Engineering 4 

Supervision of manufacturing 4 
and qual-ity cont ro l  

Production cont ro l  and 

Tota l  

scheduling 
3 

- 
56 

The value shown f o r  engineering w a s  t h a t  used on an aversge daring t h e  

period of s t a b l e  production. 

t h e  i n i t i a l  s tages  of the  contract .  

A much l a rge r  number w e r e  required during 

Reports descr ibing ORNL developments on various aspects  o f  fuel. 

elernent fabr ica t ion  a r e  i n  preparation. 

inspect ion methods has been reported.  

The development of nondestructive 

GErJERAL DESCI(IPT1ON OF FUEL ELEb.IENTS 

The e n t i r e  f u e l  assembly of t n i s  r eac to r  i s  shown i n  Fig. 1. It i s  

made up of two almninwn-base f u e l  elements shown i n  Fig. 2, each con- 

s i s t i n g  of an annular a r r ay  of f%el p la tes .  

as t h e  inner  and outer f u e l  elements. The inner  element cons is t s  of 
1 ' 7 1  i d e n t i c a l  f u e l  p l a t e s  and t h e  outer of 369 i d e n t i c a l  p l a t e s  d i f f e r ing  

s l i g h t l y  from those i n  t h e  inner  element. Both s e t s  of fue l  p l a t e s  

contain as t h e  f u e l  U38g powder dispersed i n  an aluminurn powder matrix 

and clad w i t h  aluminum. 

The annuli  are i d e n t i f i e d  

The f u e l  p l a t e s  a r e  fabr ica ted  by a conventional pictu_re-frame 

technique and are shaped i n t o  an Tnvolutc configuration to prov5.de a 

innifonn metal-to-water r a t i o  and a high r a t i o  of heat t rans€er  surface 

t o  core volunie and yet maintain a constant water-channel spacing. 

3R. W. McClung, Development of Nondestructive Tes-ting Techniques 
f o r  t h e  High Flu Isotope Reactor Fuel Element, OR?&-3870 ( A p r i l  1965) 
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I 
Fig. 1. Complete HFIR Fuel Assembly. 
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The f u e l  elements are assembled by in se r t ing  formed f u e l  p l a t e s  i n t o  

s l o t s  i n  c y l i n d r i c a l  s ide  p l a t e s .  

s ide  p l a t e s  by welds deposited i n  c i rcumferent ia l  grooves. 

t he  f u e l  p l a t e  ends, combs a r e  a t tached t o  the  p l a t e s  a t  both ends. 

adapters  a r e  required on each end of the  f u e l  assembly t o  provide loca- 

t i o n  and support of t he  f u e l  assembly within the  reac tor .  

The f u e l  p l a t e s  a re  a t tached t o  the  

To s t i f f e n  

End 

A f u e l  p l a t e  core cons t i t u t e s  a rectangular  para l le lep iped  cons is t ing  

of two mating sect ions:  

nonl inear ly  across  the  width, and ( 2  ) a complementary aluminum f i l l e r  

sect ion,  which i n  the  inner  f u e l  element contains  B4C f o r  burnable 

poison. The f u e l  and burnable poison area  dens i t i e s  (amounts per  u n i t  

a rea  of f u e l  p l a t e )  a r e  var ied  across  the  width of each p l a t e  t o  he lp  

cont ro l  t he  power d i s t r i b u t i o n .  To he lp  achieve s a t i s f a c t o r y  heat-  

removal c h a r a c t e r i s t i c s ,  t he  f u e l  and burnable poison d i s t r ibu t ions  must 

be c lose ly  cont ro l led  and a sound bond must e x i s t  a t  a l l  i n t e r f aces  
within the  p l a t e s .  I n  addi t ion  t o  cont r ibu t ing  t o  power d i s t r i b u t i o n  

cont ro l ,  the  BhC loca ted  i n  the  f i l l e r  sec t ion  of t he  inner  element f u e l  

cores  supplements t he  r e a c t i v i t y  worth of t he  reac tor  cont ro l  system. 

The high performance requirements and smaller s a f e t y  f a c t o r s  of t h i s  

r eac to r  have necess i ta ted  much t i g h t e r  dimensional and qua l i ty  spec i f ica-  

t i o n s  than a r e  required f o r  other  research r eac to r s .  This has a l s o  
required the  measuring and recording of extensive qual i ty-control  

information. 

(1) a f u e l  sect ion,  which var ies  i n  thickness  

FUTL PLATE IvIANlFACTURE 

Fuel p l a t e s  f o r  t h e  HFIR elements a r e  more complex i n  configurat ion 

and must be f ab r i ca t ed  t o  t i g h t e r  dimensional to le rances  than those f o r  

any other  research reac tor .  During fabr ica t ion ,  extreme care  must be 

used t o  maintain p l a t e  recovery a t  a t o l e r a b l e  l eve l .  

Figure 3 presents  t h e  developed fue l -p l a t e  f ab r i ca t ion  process flow 

chart .  The f u e l  por t ion  o r  core of t h e  f u e l  p l a t e s  i s  f ab r i ca t ed  by 

blending, contouring, and cold compacting appropriate  quan t i t i e s  of 

u308, aluminum, and boron carbide (inner f u e l  p l a t e  only) powders. Each 

inner  f u e l  p l a t e  contains  15.18 g 235U and 0.0164 g 'OB; each outer  f u e l  
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p l a t e  contains 18.44 g 235U. The prresszd compt-=c.ts are vacii.ilin annezled 

and then assembled i n t o  p i c tu re  frames, each of which accommodates two 

compacts. 
packages a r e  bonded by hot ro l l i ng .  M t e r  a b l i s - t e r  anneal, t h e  p l a t e s  

are c0l.d r o l l e d  t o  gage, annzaled, and Tnspected. f o r  fuel. o r i en ta t ion  

and locat ion.  The pl-ates a r e  blanked t o  f in i shed  dimensions except Yor 

the  0.025-in. rad ius  on t'ne end, which i s  then rfiachined on. The f l a t  

f u e l  pia-tes a r e  inspected f o r  rue1 or i en ta t ion  and loca t ion ,  sur face  

defects ,  f u e l  horiiogeneity, surface contarnination, and bond defec ts .  

Sample p l a t e s  are sel.ected f o r  metallogrzphic examination of cladding 

and fue l  thicknesses and bonding. I'lmchings are taken from t h e  sample 

inner  p l a t e s  for boron ana lys i s .  

invol-ute shape, picklkd., and reinspected for sirrface de fec t s  a t  f u e l  

element assembly. F l a t  f u e l  p l a t e s  are  f ab r i ca t ed  i n  accord.ance with 

M&C drawings 8-7146 and 8-7148 shown i n  Appendix A. 

then formed i n t o  involutes.  

Cover p l a t e s  are welded t o  t h e  fi-anes arid t h e  r e s u l t i n g  

The f l a t  p l a t e s  are then formed t o  t h e  

The f l a t  p l a t e s  are 

Throughout t h e  process, extreme care  must be taken to prevent 

foreign mater ia l  pickup on the  very s o f t  aluminmi f u e l  p l a t e s  and compo- 

nents, s ince  s m a l l  p i t s  and inc lus ions  a r e  a major cause of re jec t ion .  

A l l  t a b l e s  on which material i s  plaxed a r e  ei.ther covered with Formica 

and frequently and thoroughly wiped o r  covered with rubber mats t h a t  

have rubber f inge r s  to support t he  mater ia l .  The rubber mats prove very 

e f f ec t ive ,  s ince  s m a l l  chips such as occur during a deburring operation 

f a l l  down between t h e  rubber f inge r s  and thus do not come i n t o  contact 

with the  surface of t h e  material .  
Furnace temperatures a r e  c r i t i c a l  and a l l  furnaces are checked 

per iod-ical ly  f o r  conformance t o  temperature spec i f ica t ions .  The check 

includes probing of t h e  hot zone with instrumented assemblies and 

Cali-bration of a l l  temperature-indicating and -control l ing instruments. 

The spec i f ied  temperature l i m i t s  m u s t  include va r i a t ions  i n  both t h e  

control. instruments and t h e  furnaces themselves. Temperature cha r t s  are 

maintained for each furnace load and are  examined f o r  any evli-dence of 

d r i f t .  Alopendix B describes t h e  furnace maintenance and qua l i f i ca t ion  

procedures. 
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The Quality Control Group maintains cont ro l  char t s  on boron analy- 

ses, fuel  p l a t e  average a minimum cladding thicknesses,  average 

compact weight l o s s ,  and f u e l  core loca t ion .  

taken immediately whenever t h e  process begins t o  go out  of control .  I n  

the  case of acceptable q u a l i t y  l e v e l  (AQJ) inspect ions,  100% inspect ion 

i s  performed whenever t h e  p a r t i c u l a r  a t t r i b u t e  being s tudied v io l a t e s  

t h e  spec i f ica t ion .  

Corrective ac t ion  i s  

Components 

Frames and Cover P la t e s  

Typical fue l -p la te  components a r e  shown i n  Fig. 4.  The frames fo r  

both inner-  and outer-annulus f u e l  p l a t e s  a r e  

0.265 i n .  t h i c k  x 8.000 i n .  long X 6.000 in .  wide. Each frame has two 

c a v i t i e s  t o  allow hot r o l l i n g  of tandem p l a t e s  through t h e  seventh pass. 

The cavi ty  sizes a r e  2.157 t o  2.153 X 2.922 t o  2.918 i n .  f o r  t he  inner  

annulus and 2.162 t o  2.158 x 2.633 t o  2.637 i n .  f o r  t h e  outer annulus. 

The cover p l a t e s  f o r  both inner  and outer  annulus a r e  

0.1085 i n .  t h i c k  X 8.250 i n .  long X 6.000 in .  wide. 

The s tock i s  a l c l ad  type 6061-0 aluminum, ordered i n  accordance w i t h  

spec i f ica t ions  shown i n  Appendix C and supplied i n  3- X 8-ft sheets .  

-- . - .A- * I - 
Fig. 4. Components of Fuel B i l l e t  
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The picture-frame stock i s  0.350-in. - thick p l a t e  c lad on both s ides  with 

type 1100 aluminum. The cover p l a t e  stock i s  0.148-in.-thick sheet c lad 

on one s ide  with type 1100 aluminum. 

cladding layer  exceed 5.5% of t h e  t o t a l  thickness of t h e  stock. 

Specif icat ions require  t h a t  no 

The as-received sheets a r e  inspected on both surfaces f o r  b l i s t e r s  

and then sheared i n t o  3- x 4 - f t  sheets.  Each l o t  of mater ia l  i s  iden- 

t i f i e d ,  and t h i s  i d e n t i f i c a t i o n  i s  maintained throughout the process. 

The 3- x 4-f t  sheets  a r e  inspected for gage and surface imperfections. 

A l l  contaminated areas  a r e  scraped t o  remove t h e  contaminants, and any 

b l i s t e r e d  and otherwise unusable areas  a r e  c l e a r l y  marked. The p l a t e  
i s  discarded i f  it does not  y i e l d  70% usable material .  

sheared i n t o  6-in.-wide x 4-ft-long s t r i p s .  The shearing i s  done t o  

a l ign  t h e  4 - f t  length i n  t h e  d i r e c t i o n  i n  which t h e  aluminum manufacturer 

had r o l l e d  t h e  p l a t e  and a l s o  t o  provide t h e  b e s t  yield.  

The frame-stock s t r i p s  a r e  degreased and pickled by Procedure 1 of 

The sheets  a r e  

Appendix D. A maximum of 0.004 i n .  i s  removed from the  s t r i p s  during 

pickling. The pickling operation i s  omitted i f  not required by t h e  

q u a l i t y  of t h e  as-received p la te .  

cover -p la t  e s t r i p s  . 
Pickling has not been required of t h e  

The clean frame s t r i p s  a r e  cold r o l l e d  from t h e  as-received gage of 

0.350 i n .  t o  0.2645 t o  0.2655 i n .  t o  produce a c loser  cont ro l  of the  gage 

than i s  ava i lab le  commercially, and one which i s  compatible with t h e  

r o l l i n g  schedule. The r o l l i n g  i s  done on a 13- X 12-in. or a l3- X 16-in. 

m i l l  with f l a t  rolls. 

taking 12 measurements with a deep-throat micrometer, four  down each edge 

and down t h e  center  of each s t r i p .  The r o l l s  a r e  kept clean and l i g h t l y  

lubricated by Procedure 2 i n  Appendix D. 
e igh t  passes of 0.019, 0.015, 0.015, 0.013, 0.013, 0.010, 0.010, and 

about 0.005 i n .  The cover-plate s t r i p s  a r e  cold r o l l e d  t o  a gage of 

0.109 t o  0.108 i n ,  i n  the  same manner and f o r  t h e  same reasons as t h e  

p ic ture  frames. The s t r i p s  a r e  reduced i n  s ix  passes of 0.008, 0.008, 
0.008, 0.007, 0.007, and about 0.0025 i n .  A maximum camber of 0.045 i n .  

per 4 f t  i s  permitted f o r  both types of s t r i p s .  S t r i p s  a r e  wiped with 
acetone t o  remove t h e  o i l .  They are r o l l e r  leveled on a n ine- ro l l  

The m i l l  operator keeps t r a c k  of t h e  gage by 

The s t r i p s  a r e  reduced i n  e ight  
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3-in.-diam r o l l e r  l eve le r  t o  l i m i t  t h e  maximum longi tudina l  bow t o  2 in .  

f o r  t h e  full-length s t r i p  or 0.030 in .  per 8-in. length.  To prevent 

pickup of fore ign  mater ia l ,  pa r t i cu la r  care  i s  taken t o  clean t h e  r o l l e r  

l eve le r  p r io r  t o  use. 
The cover s t r i p s  a r e  sheared i n t o  8.265- t o  8.235-in. lengths  and 

t h e  frame s t r i p s  i n t o  8.50- t o  8.40-in. lengths  i n  a manner t o  give t h e  

bes t  y i e ld .  

dual cav i ty  and squared ends. 

presses. 
and each frame, and the  dies are per iodica l ly  sharpened t o  ensme  good 

cavi ty  edges. 

a r e  maintained a t  0.001 t o  0.002 in .  per s ide.  

sides of t h e  covers a r e  v i sua l ly  inspected a t  3x f o r  inclusions.  

s ions found a t  this operation a r e  usua l ly  from the  "as-received" stock. 

The frame stock i s  then  blanked and shaved t o  produce a 
Figure 5 shows t h e  dies mounted i n  t h e  

Transultex o i l 4  i s  brushed on the cu t t i ng  edges of t h e  punches 

For producing good sheared edges, punch and d i e  clearances 

The type 6061 aluminum 

Inclu- 

4 A  t r ade  name of Texaco, Inc.  I35 East 42nd St ree t ,  New York 17. 

Fig. 5. Picture-Frame Shaving D i e .  
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On t h e  a l c l ad  s ide  they a r e  more r ead i ly  de tec tab le  a f t e r  cold ro l l i ng .  

However, t h e  type 6061 aluminum s ide  must be inspected p r io r  t o  annealing, 

s ince annealing t h i s  a l l o y  r e s u l t s  i n  a d u l l  mottled surface.  

The frames a r e  placed i n  spec ia l  t o t e  racks, dipped i n  perchloro- 

ethylene t o  remove t h e  o i l ,  and annealed a t  a minimum temperature of 

500°C (932°F) f o r  2 hr t o t a l  time. They stand on end (short  dimension) 

with t h e  other ends separated by s t a i n l e s s  s t e e l  furnace racks.  The 
frames a r e  pulled out of t h e  furnace a f t e r  annealing and allowed t o  cool. 

Any oven capable of maintaining a uniform 500 

i s  su i t ab le  f o r  t h i s  operation. E lec t r i c  ovens with a i r  blowers t o  c i r -  

cu l a t e  t h e  hot a i r  evenly a r e  used a t  M&C. Approximately 150 frames a r e  

annealed i n  a batch, with care  taken t o  maintain l o t  i d e n t i t y .  

covers a r e  vapor degreased with t r ich loroe thylene  and then  annealed a t  a 

minimum of 500°C (932°F) f o r  2 hr .  They stand on end (short  dimension), 

stacked i n  groups of four  with c lad  face t o  c lad  face.  

200 covers a r e  annealed i n  a batch.  

+50C (932°F) temperature 

The 

Approximately 

The completed frames and covers are inspected per MIL-STD-105D, 

1% AQ,L Level I1 f o r  t h e  following a t t r i b u t e s :  

(1) A l l  frame cavi ty  dimensions a r e  held t o  20.002 i n .  

edges and ends must be square within 0.002 i n .  t o t a l  ind ica tor  reading 

(TIR). The cavi ty  ends m u s t  be p a r a l l e l  with t h e  reference edge of t h e  

frame within 0.005 in .  TIR. A l l  a t t r i b u t e s  of t h e  c a v i t i e s  a r e  checked 

with go no-go gages. 

The cavi ty  

(2 )  
The reference edge and ends of t h e  frame must be square within 

0.005 i n .  TIR, and frame length and width a r e  held t o  k0.015 i n .  

A l l  dimensions of t h e  frame a r e  checked with d i a l  ind ica tors .  

The cover p l a t e s  a r e  t o  be held t o  k0.015 in .  i n  length, k0.020 i n .  

i n  width, and +0.0005 i n .  i n  thickness.  The ends and reference edge a r e  

t o  be square within 0.006 in .  A l l  dimensions a r e  checked with a d i a l  

ind ica tor  gage. 

(3) Thicknesses a r e  measured a t  four  corners with micrometers. 

The surface and cavi ty  edges of t h e  frames a r e  100% inspected v i s u a l l y  

f o r  laps ,  seams, b l i s t e r s ,  and poorly sheared edges. Inclusions and 

foreign contamination a r e  examined v i s u a l l y  a t  a magnification of 3x. 

Any embedded contaminants on the  frame area  t h a t  would remain on the  

. 
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f inished p l a t e  a r e  removed with a t o o l - s t e e l  scraper. 

frames a r e  wrapped i n  clean k r a f t  paper and held i n  storage. 

The inspected 

The a l c l a d  s ide  of  each cover i s  inspected for b l i s t e r s  and 100$ 

inspected a t  1oX f o r  surface imperfections i n  the  f i n a l  p l a t e  area. 

Any inclusions t h a t  may remain on the  f in i shed  p l a t e  a r e  removed with 

a t o o l - s t e e l  scraper.  The inspected covers a r e  wrapped i n  clean kraft 

paper and held i n  storage.  

Aluminum Powder 

All-coa type L O 1  powder or equiva.lent i s  purchased i n  1GO-lb drwns 

i n  accordance with t h e  spec i f ica t ion  i n  Appendix C. The as-received 

powder i s  vitcu.um annealed i n  a gas- f i red  horizontal  vacuum furnace 

equipped with an o i l  d i f fus ion  pump and a water-cooled cold zone. The 

powder i s  spread evenly t o  8 dep th  of about 1 . 5  i n .  i n  clean s t a i n l e s s  

s t e e l  t r a y s  and loaded i n t o  the cold zone of' t h e  Turnace. The furnace 

i s  punped down to a vaci.um of a t  l e a s t  1 X lo-" t o r r  (0 .1  11 Hg), and t h e  

leakage must be l e s s  than 2 X t o r r  (2 p. Hg) for a 4-niin t e s t  period 

w i t h  the pump i so la ted .  The t r a y s  a r e  then I-oaded i n t o  the hot  zone 

and kept there 5.5 hr with t h e  furnace at 500 t 10°C (932 t- 18°F). 

t h e  annea.l.i:rig cyc3.e t he  pressure must riot exceed 7 >( 

Temperni;u.re i s  cr i i ; ical  for "chis operation, since at too  high a tempera- 

t ine powder w i l l  s i n t e r  and a t  t o o  l o w  a tempera.ture t h e  water cf hydra- 

t i o n  will not, be removed. 

are renmved -to t h e  cold zone, where t h e  powder. is cooled f o r  8 hr iunder 

vacui;~~n. The temperature of t h e  cold zone i s  regulated so  tha t  t h e  powder 

is rernoved f?mi the furnace ai; a t e n p e r a t i r e  of 49 f. 1 1 ° C  (120 rtr 20°F) 

to prevent iiioisture condensation (XI exposirre t o  the  a i r .  The  .top siirface 

of t he  powder i s  scanned wtth a iiiagnet t o  remove ariy smal~l.. i r o n  p a r t i c l e s  

t h a t  miglrri; have been deposited during t h e  cycle. Care i s  talien -to !na.in- 

Lain the f"uraaei. muffle f r e e  of sca le  and contamina%ioii, The powder i s  

exmiined -for any unusual. d i sco lora t ion  01- cnk-irig. I f  acceptable, t h e  

powder i s  irmnediately placed i n  c lean stainl-ess steel containers equi :pped. 

with covers t h a t  have holes t o  equalize a i r  pressure. The s t a i n l e s s  

s t e e l  containers are placed. i n  storage c o n h i  ners, which are connected 

to a. vaeiawn mmit 'old system. A mechsni.ca3. pump maintains i;he vacuim a t  

During 

torr (0.7 p Hg). 

After tile 5.5-hr annealing cycle, Lbe t r a y s  
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about 0.05 t o  0.1. t o r r  ( 5 0  t o  100 p Hg). 

containers a r e  closed. during the  opening and evacuation of  a storage 

container and then reopened a f t e r  t h e  new container i s  evacuated. 

Safety valves a r e  incorporated i n  t h e  sys-Lem 'to prevent o i l  back- 

streaming and conrplete l o s s  of  vacuum during a power fa i lure .  

The valves on a3.1 other storage 

A 150-g sample i s  removed from each l o t  of ann-eal-ed aluminum 
powder and screened. through a s t ack  of loo-, 170-, 200-, 270-, and 

325-mesh (Tyler)  screens f o r  15 min. A Ro-Tap machine with a tapping 

ac t ion  of 140 t o  160 taps p e r  minute i s  used. The screen ana lys i s  i s  

recorded, and t h e  powder i s  accepted i f  76 t o  84% of  it i s  -325 mesh. 

Boron Carbide Powder 

While 'OB i s  specif ied as the  burnable poison, natural-boron boron 

carbide powd.er with a p a r t i c l e  s i z e  less than 44 IJ- i s  p ~ r c h a s e d . ~  The 

powder i s  screened. through a 32.5-mesh screen and i s  s tored  i n  s u i t a b l e  

containers t o  pi-otect it €rom moisture and contamination. The d e t a i l e d  

spec i f i ca t ions  a r e  presented i n  Appendix C. 

u3 OgPOWder 

The u308 i s  supplied by O W L  (see Appendix C )  and i s  a high-fired 

dead-burned oxide prepared by calcinat ion of uranyl peroxide. 

supplied, t h e  oxide i s  -170 t-325 mesh with a m a x i m u m  of 10% -325 mesh. 

The enrichment i s  a minimum of 93$, t h e  densi ty  i s  gres-Ler than 8 .2  g/cm3 

by toluene pycnometer, and t h e  surface area. i s  0.05 m2/g as measured 

by t h e  s t a t i c  krypton BET method. Abou'c 2 kg of oxide i s  supplied i n  

each container. Tine as-received oxide, when needed, i s  placed i n  a 

clean s t a i n l e s s  s t ee l  container with a gasketed locking top. J u s t  p r i o r  

t o  use, t he  container i s  placed i n  one l e g  of a 12-qt "V" blender and 

the U3O8 i s  blended a.1; 24 r p m  t o r  30 min. 

used up i n  approximately th ree  manufacturing days. The blended lJ3O8 

A s  

The u308 i n  t h e  container i s  

.-_I 

Norton Company, WorcesLer, Mass., i s  one source f o r  s a t i s f a c -  
t o r y  powder. 

6W. J. Werner and J. R. B~~rlanan, Characterization and %rodu.cti.on 
of U3O8 f o r  t h e  .- High Flux Isotope Reactor, ORNL-4052 (Apri l  1967). 
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powder i s  i d e n t i f i e d  by l o t  number and s tored  i n  a vaul t .  

a b i l i t y ,  t h e  wejghts of containers  and powder a r e  ca re fu l ly  recorded 

during these  operations. 

For account- 

Compact Fabricat ion 

Weighing and Blending 

The f u e l  p l a t e  compacts a r e  manufactured by converrtional powder 

metallurgy methods except t h a t  t h e  f u e l  sec t ion  i s  graded. A s  shown i n  

Fig. 6, each core i s  a rectangular  paral le lepiped consis t ing of two 

sect ions:  (1) a f u e l  sect ion,  varying i n  thickness across t h e  wtdth, 

and ( 2 )  a complementary aluminurn f i l l e r  sect ion,  which i n  t h e  inner  fuel 

e.I.ement contains burnable poison i n  t h e  f o m  of BQC. The f in i shed  cores 

are:  f o r  t h e  inner  annulus, 2.160 t o  2.164 in .  long X 2.925 t o  2.929 in. 

wide x 0.265 t o  0.271 in .  th ick ;  f o r  t h e  outer  annulus, 2.1635 t o  

2.1675 in .  long x 2.6335 t o  2.6435 i n .  wide X 0.265 t o  0.271 in .  th ick .  

The weight of  each mater ia l  t o  be used i n  a core i s  ca lcu la ted  from the 

i so topic  ana lys i s  of each l o t  of U3Og and B4C, so  t h a t  each inner  

compact w i l l  contain 15.18 g 235U and. 0.01CA g 'OB and each outer 

compact will contain 18.4 g 235U. 
B4C a r e  calculated and subtracted from the  f ixed volumes establ ished f o r  

t he  f u e l  and f i l l e r  port ion of t h e  compacts. 

changes are  calculated and compensated f o r  t o  e s t ab l i sh  t h e  required 

volumes of aluminum powder. The weight of aluminum powder f o r  each 

port ion of t h e  compact i s  then determined. Typical charge weights a r e  

shown below. 

The volumes occupied by u308 and 

Roll  spread and densi ty  

Furnace capacj ty  l i m i t s  each processing l o t  t o  24. compacts. 

Inner Fuel P l a t e  Outer Fuel P l a t e  
Compact, g Compact, g 

Fuel sec t ion  

1J3 0 8  
A1 

F i l l e r  sec t ion  

B4 c 
A1 

19.28 
44.59 

23.42 
35.00 

0.1188 none 
21.. 30 22.64 
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Fig. 6. K F l R  Fuel-Loading Cross Sect ion.  
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W f i c i e n t  U3Og powder plins I g excess i s  i s s t i e d  from the vault t o  

malie e i t h e r  2(+ inner  corapacts o r  21 outer compacts. 

weighed t o  0.0I-g accuracy. Before individual  fuel -section charges of- 

U30, are weighed, the  powder i s  scooped f r c n n  t h e  vau l t  container t o  t h e  

wt=sighrine; cup and poured back i n t o  t h e  vau1.t container th ree  times t o  pro- 

vide a consis tent  coating on the scoop and cup. Each u308 chsrge i s  

weighed t o  kO.01-g accuracy on a Mettler P-127 balance i n  a. dry box, 

and t h e  weight i s  recorded. 

jars t h a t  a r e  used only f o r  f u e l  charges. 

j a r  are c a r e f u l l y  cleaned t o  remove any contamination. 

a r e  heated t o  52 ? 4 ° C  (125 t 7°F) f o r  30 min p r i o r  t o  use. 

the  heating i s  completed, new clean caps a r e  threaded f i rmly on the  jars; 

o ld  caps are not reused, I f  a new j a r  i s  used, it i s  thoroughly cleaned 

and coated with alixninum powder. This dusting i s  not removed when t h e  

j a r  i s  reused. 

t h e  remaining U30g i s  returned t o  the v a u l t .  A mater ia l  balance i s  
made to ensure t h a t  a l l  U3O8 2s accounted for .  

From the  vacuum storage containers the  aluminum powder i s  screened 

The - t o t a l  issued 5 s  

The oxides are added t o  col-or-coded glass 

!The threaded sect ions of the 

The g lass  jars 

As soon as 

Af ter  a l l  charges f o r  a 24-compact l o t  have been weighed, 

and weighed i n  a humidity- and temperature-controlled weighing, blending, 

and screening room. 

i t y  and 21 t o  24°C (70 t o  7S°F).. 
two 100-mesh screens f o r  2 min on a Ko-Tap machine. Before the  aluminum 

charges a r e  weighed, scoops and weighing cups a r e  coated i n  the same 

manner as described f o r  t h e  u308 powder. Glass jars f o r  the aluminum 

f i l l e r  sect ions of the compacts a r e  prepared. i n  the  same manner as 
described. f o r  th.e U3O8 powder charge. These jars a r e  color  coded d i f f e r -  

e n t l y  f o r  ou ter  and. inner f i l l e r  sect ions.  F i l l e r - s e c t i o n  charges of 

nluniriurn powder a r e  weighed, a s  shown i n  Fig. 7, on the  same balance 

used to weigh t h e  U30g and are placed i n  t h e  pro~er1.y color-coded glass 

jars. Fuel-section charges of alulninim powder are weighed t o  i-0.01-g 

accuracy and are placed d i r e c t l y  i.n the J a r s  containing the  TJ308 f u e l  

The room i s  maintained a t  30 t o  504 m l a t i v e  humid- 

The powder i s  f i rs t  screened through 

charges. 

Tine B,,+C powder charges f o r  the  f i l l e r  sect ions of t h e  inner ecmpacts 

a r e  weighed with an a n a l y t i c a l  balance t o  -tO.OO05-g accuracy on a t a r r e d  

wei.ghj.ng paper and added t o  the  jars corvtaining t h e  imier. ~~l-wflinutn 
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A 

Fig. 7. Weighing Aluminum Powder Charge in Dry Box. 

filler-section charges. 

charge weights and residue weights are maintained to 0.02-g accuracy for 

accountability. 

Starting weights for a lot of 24 compacts less 

The fuel-section charges and the inner-filler-section charges are 

blended for 2 hr in a U. S. Stoneware (catalog Fig. 733,  Serial 

No. BB50103) oblique blender at 20 to 25 rpm. 

tiers are placed in 6-in.-diam x 10-in.-long cylindrical cans on each 
arm of the blender, shown in Fig. 8.  After blending, the jars are 

placed in handling racks, which in turn are placed on vibration-free 

tables. 

Twelve jars in three 

The powders must be compacted within 4 hr of blending. 
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Fig. 8. Blender with Fuel Charges. 

Compacting 

The compacting of these  cores  i s  unique i n  t h a t  a two-component 

core wi th  a curved i n t e r f a c e  between t h e  components i s  produced i n  a 

s ing le  cold pressing operation. The key t o  acceptable cores  l i e s  i n  

t h e  technique used t o  place t h e  powders i n  t h e  dies .  

punches a r e  conventional rectangular  powder-metallurgy components with 

t h e  clearance between them kept t o  a minimum t o  prevent escape of t he  

f i n e  aluminum powder and subsequent ga l l ing .  During f i l l i n g  they a r e  

modified by the  addi t ion  of d i e  t ops  t h a t  have an upper surface shaped 

t o  t h e  des i red  powder contour. The first d i e  t o p  has a curved surface 

f o r  t he  f u e l  contour. The second has a f l a t  upper surface for t he  

f i l l e r  but  a curved lower surface t o  T i t  on t h e  lower d i e  top. 

The d i e s  and 

Compacting i s  performed w i t h  t h e  d i e  se t ,  i nne r  die ,  and inner  die  

top, shown i n  Figs,  9 and 10. Die components a r e  conditioned between 

pressings by removing any gross pickup with a razor  blade and wiping 

with t i s s u e .  When pickup i s  severe, t h i s  procedure i s  followed by 

swabbing with caus t ic  solut ion,  wiping w i t h  water, wiping wi th  alcohol, 

coating t h e  die cavi ty  l i g h t l y  wi'ch a so lu t ion  of 10% s t e a r i c  acid and 

90% CClh,, and baking f o r  a t  l e a s t  30 min a t  49°C (120°F). The coated 

cavi ty  i s  wiped with a clean l i n t - f r e e  cloth.  Even i n  t h e  absence of 

pickup, t h i s  cleaning procedure i s  repeated weekly. 
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. 

Fig. 9. Compacting Die Co nents. From l e f t  t o  r igh t ,  bottom 
punch, t op  punch, d ie ,  fuel-sect ion d i e  top, and f i l l e r - s e c t i o n  d i e  top.  

I t A 

A 

Fig. 10. Compacting Die, Die Set, and Leveling Jack. 
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Just  before t h e  f u e l  charge i s  loaded i n t o  t h e  d i e  cavity, t h e  

f u e l  charge b o t t l e  i s  hand tumbled f o r  f i v e  t o  t e n  revolut ions t o  elimi- 

nate  any segregation t h a t  may have occurred s ince  blending. Fuel charges 

a r e  loaded i n t o  t h e  assembled d i e  with t h e  f u e l  (lower) d i e  t o p  i n  place. 

The jar  containing a f u e l  compact charge i s  emptied i n t o  t h e  d i e  t o p  

cavi ty  by pouring slowly with a minimum f a l l  t o  prevent compacting. The 

cavi ty  i s  f i l l e d  t o  t h e  contoured surface as evenly as possible.  A 

s t a i n l e s s  s t e e l  l eve l ing  t o o l  i s  used t o  smooth t h e  blend t o  t h e  same 

shape a s  t h e  contoured surface of t he  d i e  top, as shown i n  Fig. 11. The 

jack under the  lower punch i s  adjusted t o  r a i s e  or lower t h e  charge t o  

the  height j u s t  necessary t o  completely f i l l  t he  d i e  t o p  cavity.  

l eve l ing  t o o l  i s  used i n  a back-and-forward stroke. The powder i s  moved 

across  the  d i e  t o p  by gather ing it on t h e  f l a t  port ion i n  f r o n t  and then 

pushing with t h e  leve l ing  t o o l .  

tamped o r  pat ted,  because t h i s  w i l l  increase  the  dens i ty  of t h e  powder 

i n  t h i s  area and r e s u l t  i n  a l o c a l l y  higher concentration of f u e l  i n  t he  

f i n a l  p la te .  

The 

A t  no time should t h e  powder charge be 

With t h e  l eve l ing  of t h e  f u e l  por t ion  of t h e  compact complete, t h e  

d i e  t o p  for t h e  f i l l e r  port ion of t h e  compact i s  assembled upon t h e  f u e l  

port ion d i e  top. 

a r o l l i n g  down of t h e  periphery. 
opened, and approximately 20% of the  charge i s  emptied onto the  d i e  t o p  

adjacent  t o  t h e  cavi ty  edge with t h e  g r e a t e s t  depth. 

jar i s  used t o  gent ly  push t h e  emptied charge i n t o  t h e  cavi ty  i n  such a 

way t h a t  t h e  surface of t h e  f u e l  charge i s  not dis turbed by t h e  f a l l i n g  

powder. 

powder i s  pushed i n t o  t h a t  s ide  of t h e  cavi ty  or remains mounded on t h e  

d i e  top. The d i e  i s  then ro t a t ed  180" and t h e  process repeated f o r  t h e  

opposite cavi ty  edge, as shown i n  Fig. 12. The leve l ing  t o o l  i s  used 

again with the  -threaded jack t o  ad jus t  t he  l e v e l  of t he  charge t o  t h e  

top  of t he  cavity.  

The leveled f u e l  charge i s  r a i s e d  s l i g h t l y  t o  provide 

A jar containing a f i l l e r  charge i s  

The l i p  of t h e  

This procedure i s  repeated u n t i l  approximately 50 t o  60% of t h e  

The e n t i r e  charge i s  smoothly lowered i n t o  t h e  d i e  cavi ty  and t h e  

d i e  tops a r e  removed. A s l i g h t l y  tapered t o p  punch i s  i n se r t ed  with the  

tapered f ace  down i n  t h e  d i e  cav i ty  so t h a t  t h e  t h i c k  edge of t h e  punch 

i s  on t h e  same s ide  of t h e  d i e  cav i ty  as t h e  hump of t h e  fue l .  The 
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M & C Photo 69 

E 

Fig. ii. Contouring Fuel 
Section of Compact. 

I# & C Photo 6962- 

Fig. 12.  Adding F i l l e r  Section 
of Compact. 

tapered punch i s  required t o  produce a l e v e l  compact with t h e  M&C process 

and equipment. The compact i s  pressed a t  2900 p s i  t o  produce a thickness  

t h a t  i s  0.0015 in .  l e s s  than t h e  des i red  annealed compact thickness.  

The cornpacts a r e  e jec ted  and then i d e n t i f i e d  by scr ibing a number on t h e  

f i l l e r  s ide  a t  t h e  t h i n  f u e l  edge. They a r e  placed i n  a c lean s torage 

rack and s tored i n  a vacuum box a t  about 0.05 t o r r  (50 p Hg) pressure.  

Compacts a re  handled only with rubber gloves. 

This operation i s  very c r i t i c a l ,  and extensive operator qua l i f i ca -  

t i o n  i s  required.  This qua l i f i ca t ion  cons i s t s  of making aluminum 

compacts t h a t  f o r  examination a r e  separated a t  t h e  f u e l - f i l l e r  i n t e r f ace .  

The separat ion i s  achieved by adding a t h i n  l aye r  of t a l c  between t h e  

f u e l  sec t ion  and t h e  f i l l e r  sect ion during compacting. 

t h i s  i n t e r f ace  provides a preliminary determination of t h e  operator’s  

capab i l i t i e s ;  a smooth continuous in t e r f ace  i s  required.  Acceptable and 

unacceptable compacts a r e  shown i n  Fig.  l3. A s m a l l  amount of ro l lup  

on t h e  edge of t h e  f u e l  sec t ion  i s  permitted. No d is rupt ion  of t h e  f u e l  

section, such a s  splashes or leve l ing- tool  marks, i s  permitted. 

An ana lys i s  of 

Vacuum Annealing 

To remove t h e  lub r i can t  entrapped during pressing and any moisture 

picked up during handling, a l l  pressed compacts a r e  vacuum annealed. 

For t h i s  operation t h e  compacts a r e  placed on clean s t a i n l e s s  s t e e l  
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a 
Fig. 13. S p l i t  Compacts I l l u s t r a t i n g  In t e r f ace  Between Fuel and 

Filler Sections.  (a)  Acceptable in t e r f ace .  (b) Result of upset or 
splash during addi t ion  of f i l l e r  char 
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screens i n  a s t a i n l e s s  s t e e l  annealing tray and then placed i n  a gas- 

f i r e d  hor izonta l  vacuum furnace equipped with a water-cooled cooling 

chamber and o i l  d i f fus ion  pumps. The tray i s  loaded i n t o  t h e  cold zone 

of t h e  furnace, and t h e  furnace i s  evacuated t o  l e s s  than 1 x t o r r  

(0 .1  p Hg). 
(2 1-1 Hg) over a 4-min t e s t  period with t h e  pumps i so la ted .  

then pushed i n t o  t h e  hot zone, where t h e  compacts a r e  annealed a t  
590 f 10°C (1094 f 18°F) for 4 hr. The pressure must stay a t  less than 

1 x t o r r  (0.1 p Hg) during t h e  4-hr cycle. The tray i s  removed t o  

t h e  cold zone and cooled for 9 hr under vacuum. Hot water i s  run 

through t h e  cooling c o i l s  f o r  t h e  las t  hour of t h e  cycle  t o  prevent 

moisture condensation on t h e  compacts when they a r e  exposed t o  air .  

annealed compacts a re  removed, inspected v isua l ly ,  f reed  from magnetic 

contamination with a magnet, and then returned t o  vacuum storage.  

pacts  must be hot bonded within f i v e  days a f t e r  vacuum anneal or they 

have t o  be reannealed. Compacts a re  handled with stainless s t e e l  tongs. 

The leakage must be maintained a t  l e s s  than 2 x t o r r  
The tray i s  

The 

Com- 

ComDact InsDecti on 

Four randomly selected compacts from each l o t  of 24 a r e  inspected 

f o r  length and width with a d i a l - ind ica to r  inspect ion gage. 

surements a r e  recorded. If a new compacting d i e  i s  being used, t h e  

f i rs t  two l o t s  of compacts a r e  inspected 100% with micrometers. 

compacts a r e  measured f o r  thickness  a t  t h e  four corners.  The thickness  

values for t h e  four  randomly se lec ted  compacts a r e  recorded. All com- 

pacts a r e  examined for surface and edge defec ts  and contamination. 

compacts a r e  weighed t o  t0.01 g and the  weights a re  recorded. Weights 

must be within t h e  specif ied l i m i t s  es tabl ished by t h e  cont ro l  char t s .  

All inspec tors  handle compacts with rubber gloves. Compacts a r e  returned 

t o  vacuum storage a f t e r  inspection. 

These mea- 

All 

All 

Fuel P l a t e  Fabricat ion 

B i l l e t  Preparation 

To provide the required dimensional cont ro l  while the cores a re  

converted i n t o  p l a t e s  and a t  the same time t o  provide complete sea l ing  
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of the fuel ,  a picture-frame r o l l i n g  technique i s  employed. The frame 

provides both l a t e r a l  support and material f o r  the edge cladding. The 

compacts and frames a re  bonded t o  the covers by hot ro l l i ng .  

P ic ture  frames and cover p l a t e s  a re  wiped with acetone and vapor 

degre 

frames and covers so t h a t  the faces  a re  not i n  t a c t  with the s t a i n l e s s  

s t e e l  rack or with o ther  pieces .  The degreasing f l u i d  is changed each 

day. Degreased p a r t s  a r e  handled with clean white cot ton canvas gloves 

and wrapped i n  clean brown paper. 

i n  t r ichloroethylene f o r  5 min. Care i s  taken i n  stacking the 

To fu r the r  c lean and t o  provide a s l i  l y  roughened surface f o r  

improved bonding, frames and covers are brushed a t  1100 rpm with s t a in -  

less s t e e l  w i r e  brushes, as shown i n  Fig. 14. New brushes a r e  degreased 

and baked a t  204 t o  288°C (400 t o  550°F) f o r  a t  l e a s t  3Q min  before use. 

Mating faces  and t s i d e  edges of t h e  comp 

d i m  0.0109-in.-wire brushes and frame cavi ty  edges a r e  brushed with 

0.010-in. -wire bru s. All  edges and faces  of t h e  frames 

Fig. 14. Wire Brushing Cover P la te .  
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and the  edges and a l c l ad  surface s ide  of t h e  c s are brushed. Frame 

faces  are brushed ac r  

cover p l a t e s  a r e  brushed i n  longi tudinal  and t r a n  

Frames and covers a re  handled with white cot ton gloves warn over poly- 

ethylene gloves. 

groups of 12 and 24, respect ively.  The covers a r e  stacked so  t h a t  t h e  

a l c l ad  s ides  face  each other.  

t h e  ends and center  and along t h e  s ides ,  

Frames and covers a r e  wrapped i n  c lean kraft paper i n  

A shr ink f i t  i s  used t o  assemble t h e  compacts i n t o  t h e  p i c tu re  

frames, i n  such a ma  r t h a t  voids a re  eliminated. Frames are placed 

i n  a rack and preheated i n  a furnace f o r  35 min a t  500°C (932°F) 

minimum.  
face  down on an aluminum pla te ,  and t h e  

on t o p  of it. A s  shown i n  Fig. 15, t h e  compacts a r e  then quickly 

i n t o  the  f r a m e  with t h e i r  i den t i f i ca t ion  numbers i n  a spec i f ied  loca t ion .  

A dummy aluminum compact i s  used whenever t h e  number of compacts i s  odd. 

The lower cover i s  placed with t h e  type 6061 aluminum s ide  

I 

A 

Fig. 15. Inse r t ion  of Fuel Compacts i n  P ic ture  Frame. 
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Tongs a r e  used t o  handle both frames and compacts. 

i s  held f i r m l y  on top  of the  assembled frame with a 1/2 X 5 X 10 in.  

aluminum plate .  
longitudinal center l i n e  of the  assembly, and the  operator exer ts  suffi- 

c ien t  pressure t o  hold compacts i n  a seated posit ion u n t i l  the  frame 

has cooled suf f ic ien t ly  t o  lock the  compact i n  place. 

have cooled, the  top  cover i s  removed and t h e  compacts a r e  checked for 

seating and orientation. 

a Vibratool. "he assembled package i s  careful ly  l ined up and placed i n  a 

vise, and the  edges a re  fusion welded by the  TIG process w i t h  a l te rna t ing  
current and argon gas shielding, as shown i n  Fig. 16. Approximately 

3 / 4  in.  from each corner of t he  b i l l e t  i s  l e f t  unwelded t o  permit escape 

The top  cover p la te  

The 10-in.-long edge of t he  p l a t e  i s  placed along t h e  

After the frames 

The top  cover i s  replaced and ident i f ied  with 

1 I 
I 

Fig. 16. Welding As sembled Fuel Package B i l l e t .  
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of any entrapped a i r .  The assemblies a re  s tored under vacuum i f  not 

bonded within 4 hr .  To assure  proper posi t ioning of t h e  cores before 

ro l l i ng ,  t h e  assemblies a r e  pressed between clean f l a t  platens a t  a 

t o t a l  load of 113 tons.  

Hot Rol l i  ng 

The assemblies a re  next hot ro l l ed  t o  convert t h e  compacts i n t o  

p l a t e s  and t o  provide a bond between t h e  cover p l a t e s  and t h e  frames or  

compacts. Hot r o l l i n g  w a s  se lec ted  as t h e  method of reduction so  a s  t o  

minimize f u e l  p a r t i c l e  f r ac tu r ing  and s t r inger ing  and t o  improve t h e  

bond qual i ty .  

forming; otherwise, a l l  hot working w a s  used. 

A minimum of 20% cold work w a s  required f o r  reproducible 

The assemblies a r e  preheated f o r  1 hr  a t  500 -lo +50C (927 rt 13°F) i n  

an e l e c t r i c  oven with a hot -a i r  c i r cu la t ion  blower. Temperature i s  

c r i t i c a l .  Lower temperatures r e s u l t  i n  nonbonding and higher temperatures 

r e s u l t  i n  l e s s  s t a b l e  cont ro l  of f u e l  width. A 13- X 16-in. hot r o l l i n g  

m i l l  employing f l a t  r o l l s  i s  used f o r  bonding. A r o l l  guide i s  used a t  

t he  entrance s ide  of t h e  m i l l .  The heated r o l l s  a r e  kept c lean and 

lubr ica ted  using Procedure 2 i n  Appendix D. 
Before any p l a t e  i s  ro l led ,  t h e  r o l l s  a r e  heated t o  a t  least 5 4 ° C  

(130°F) t o  ensure s t a b l e  r o l l i n g  conditions f o r  t h e  e n t i r e  batch. 

t h e  r o l l s  have cooled, they a r e  surface conditioned by r o l l i n g  s ix  
5- in .  -wide x 12-in. -long x 1/2-in. - th ick  pieces of type 6061 aluminum 

p la t e  t h a t  have been preheated t o  500 

These rol l -condi t ioning blanks a r e  r o l l e d  t o  e s s e n t i a l l y  t h e  same sched- 

u l e  a s  t h e  f u e l  b i l l e t s  (see below). 

0.021 i n .  by taking reductions t o  give gages of 0.052, 0.043, 0.036, 

0.030, 0.025, and 0.021 i n .  The blanks a r e  heated 5 min a t  500 

between successive passes. The r o l l s  must show a coating of aluminum 

oxide t o  prevent s t i ck ing  of t h e  b i l l e t s .  

a r e  f r e e  of r o l l  defects ,  t h e  r o l l s  a r e  properly conditioned. 

If 

+50C (927 f 13°F) f o r  30 min. -10 

The blanks a re  fu r the r  reduced t o  

+ 5 o C  

I f  t h e  blanks remain f l a t  and 

The preheated p l a t e s  a r e  ro l l ed  with t h e  t o p  cover up f o r  t h e  f i rs t  

pass and then f l ipped  end f o r  end on each succeeding pass. P l a t e s  a r e  

removed from t h e  furnace and f ed  i n t o  t h e  m i l l  with tongs, as shown i n  
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Fig. 17. 
gloves and handles t h e  p l a t e s  with his gloved hand, as shown i n  Fig. 18. 
P la t e s  were marred when attempts were made t o  ca tch  them with mechanical 

The catcher wears chain mesh gloves7 over 8-oz cot ton canvas 

devices; when asbestos  gloves were used, p a r t i c l e s  f laked  off t h e  gloves 

onto t h e  p l a t e s  and were r o l l e d  i n t o  them. 

given i n  Table 1. 

minimum of f u e l  s t r inger ing .  

The hot - ro l l ing  schedule i s  
It w a s  se lec ted  t o  provide reliable bonding with a 

Tungsten-carbide-tipped hot micrometers a r e  used f o r  measuring 

After  t h e  seventh pass t h e  tandem p l a t e  thickness  a f t e r  each pass. 

p l a t e s  are sheared i n  half and about 4 in .  i s  trimmed from each end on 

a three-bladed hand shear, shown i n  Fig. 19. The t o p  of each p l a t e  i s  

stamped with t h e  p l a t e  i d e n t i f i c a t i o n  number by use of an automatic 

7The chain mesh gloves a r e  t h e  extra l a rge  s i z e  manufactured by 
Whiting and Davis Company, P la inv i l l e ,  Mass. 

M R C Phntn  7112 

Fig. 17. Entry Side of Hot-Rolling Mill, Showing Pla te  Being Fed 
Between R o l l  Guides. 
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M i% C Photo 7225 
1 

. 

Fig. 18. Catching Hot-Rolled P la te  with Chain Mesh Gloves. 

Table 1. Schedule f o r  Hot Rolling of Fuel P la tes  

Reheat Time 
(min)  

Re duct i on  Gagea 

( @  ( i n .  ) ( i n . )  
Pass (0.482 i n .  s t a r t )  

1 15  0.073 0.409 i o  
3 23 0.080 0.268 5 

0.064 0.204 5 
5 24 0.04% 0.156 5 

0.118 5 
10 
5 
5 

10 2 1 5  0.061 0.348 

4 23.5 

6 24 0.038 
7 
8 
9 12 0.0095 0.0665 

Same m i i l  s e t t i n g  as Pass 1 0  

23.5 0.028 0.090 
16  0.014 0.076 

0.0635 0 10 5 0.004 
11 

a Values a r e  f o r  r o l l i n g  temperature. 
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Fig. 19. Shearing Hot-Rolled Plates.  

. After t h e  last p l a t e  has been sheared and in se r t ed  i n t o  

t h e  furnace, t h e  p l a t e s  a r e  reheated f o r  a n  add i t iona l  10 min and r o l l e d  

t o  0.0623 t o  0.0618 in .  thickness  i n  accordance w i t h  Table 1. 

The p l a t e s  a r e  allowed t o  cool, placed i n  an aluminum degreasing 

rack, and vapor degreased with t r ich loroe thylene .  The degreased p l a t e s  

a r e  stacked on aluminum pla tens  and annealed for 2 hr a t  500 
(927 * U'F) i n  an e l e c t r i c  oven with a i r  c i r c u l a t o r .  

v i sua l ly  inspected f o r  b l i s t e r s .  

appears on any por t ion  of t he  p l a t e  t h a t  will remain a f t e r  t r i m m i n g  t o  

450C 
-10 

The p l a t e s  are 

A p l a t e  i s  scrapped i f  a b l i s t e r  

Cold Rolling 

To provide the  close cont ro l  and uniformity of thickness required 

f o r  the forming operation, the  f i n a l  p l a t e  reductions a r e  done cold. 

amount o f  co ld  work spec i f i ed  w a s  found t o  be necessary t o  provide a 

uniform condition throughout the  p l a t e  a f t e r  the  subsequent anneal. 

Smaller amounts r e su l t ed  i n  poor forming reproducibi l i ty ,  and l a r g e r  

amounts caused excessive fragmentation and s t r inge r ing  of  the  fue l .  

The 
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The p l a t e s  a r e  cold r o l l e d  with e i t h e r  a 13- X 16-in. or a 
13- X 12-in. cold r o l l i n g  m i l l  with flat-ground rolls, 

Fig. 20. The rolls a r e  

Appendix D. 

shown i n  

clean and lubr ica ted  by Procedure 2 i n  

A 6- in .  -wide x 24-in. -1 x 1/16-in.- thick Pi  

I 

type 6061 aluminum sh 

batch of f u e l  p l a t e s  i s  ro l l ed .  The blank i s  i n  

by t h e  rolls and f o r  ro l l ed - in  contami 

ness i s  extremely i m  
i n  accordance with t h e  schedule i n  Table 2, with f 

se t t ing .  

ant  i n  t h i s  operation. The p l a t e s  a r e  cold r o l l e d  

passes a t  each m i 1 1  

After each pass during t h e  r o l l i n g  

p l a t e  per l o t  i s  measured with a 
t h e  fue l ,  and t h e  average i s  used as t h e  p l a t e  gage. The 

three measurements a re  not permitted t o  d i f f e r  more than 0. 

each other .  

i s  0.010 in .  
The maximum p l a t e  camber permitted on completion of r o l l i n g  
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Table 2. Schedule f o r  Cold Rolling of Fuel P l a t e s  

Reduction 

($) ( in .  ) 
Gage 
( i n .  ) Passes 

1-4 5.6 0.0035 0.0595 
5-8 3.5 0.0020 0.0575 
9-12 3.5 0.0020 0.0555 
13-16 3.5 0.0020 0.0535 
17-20 2 .8  0.0015 0.0520 
2 1-24 1.9 0.0010 0.0510 
25-28 1.9 0.0010 0.0500 

The p l a t e s  a re  vapor degreased with t r ichloroethylene while held i n  

aluminum racks.  The degreased p l a t e s  a re  f l a t t e n  annealed i n  t w o  s tacks 

o f  60 p l a t e s  each between 1 l /4- in . - th ick  aluminum pla tens  f o r  4 h r  a t  

500 +50C (927 f l3"F)  i n  an e l e c t r i c  oven with an a i r  c i r cu la to r .  To 

obtain the  "0" condition, the p l a t e s  a re  furnace cooled t o  100°C (212°F) 

a t  a maximum r a t e  of 27°C (48°F) per hour. 

temperature outs ide o f  the  furnace before the p la tens  a re  removed. 

-10 

The p l a t e s  a re  cooled t o  room 

Fluoroscopy 

The f u e l  p l a t e s  a re  prepared f o r  subsequent blanking and homogeneity 

scanning operations by punching alignment holes .  

posit ioning, t he  f u e l  ou t l i ne  of t h e  p l a t e  i s  revealed by fluoroscopy. 

A Norelco MG 150 x-ray uni t ,  shown i n  Fig. 21, i s  used as t h e  power 

source. Se t t ings  f o r  t h i s  u n i t  a r e  135 f. 5 kv and 12 f l m a .  Clear 

p l a s t i c  templates with platinum boundary wires, shown i n  Fig. 22, are 

placed under t h e  p l a t e .  

a ry  i s  b e s t  centered between g r i d  w i r e s  i n  t h e  template. 

a r e  segmented t o  improve f u e l  ou t l i ne  reso lu t ion .  Three holes and one 

s l o t  are then punched i n  t h e  p l a t e  with t h e  use of a spec ia l ly  designed 

f ix tu re .  The p l a t e  i s  rechecked f o r  proper f u e l  loca t ion  before t h e  

punches a r e  re leased and t h e  p l a t e  i s  removed from t h e  fluoroscope f i x -  

t u r e .  Small inner  holes serve a s  loca t ing  holes f o r  t h e  homogeneity 

scanning operation, and an outer hole and s l o t  serve a s  loca t ing  holes 

To permit proper 

The u n i t  i s  then turned on, and t h e  f u e l  bound- 

The g r i d  wires 
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M & C Photo 7128 

-~ ._. - 

Fig. 21. Fluoroscope Equipment. 
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Si  zing 

The f u e l  p l a t e s  a r e  blanked t o  s i z e  with a 150-ton pre 
The d i e  faces  ha t y p i c a l  blanking d i e  i s  shown i n  Fig. 23. 

port ions t o  permit reduced contact of p l a t e  t o  d i e  and thus reduce t h e  

p o s s i b i l i t i e s  of a fore ign  p a r t i c l e  being embedded i n  the  f u e l  p l a t e .  

The p l a t e s  a r e  cleaned thoroughly and examined under low m 
s before  blanking. After blanking, t h e  p l a t e s  a r e  t r ans -  

f e r r e d  f rom wooden boxes wi th  in te r leaved  p 
containing p l a s t i c  i n s e r t s  t o  keep the  p l a t e s  separated, as shown i n  

Fig. 24. 
The holes, edges, and ends of t h e  p l a t e  a r e  deburred with a sharp 

Black Diamond s p e c i a l  crosscut  f i l e .  The in .  l e s  a r e  chamfered 0. 

maximum with a sharp 7/32- t o  1/4-in.-diam d r i l l .  The radius  on the  
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Fig. 24. 
f o r  U s e  i n  t h e  Box. 

Fuel Plates i n  Carrying Box and Spare Set  of Separators 

top edge of t h e  p l a t e  i s  machined and deburred. 

u a l l y  clamped f i rmly i n  a s t e e l  f i x t u r e  and machined with a contoured 

high- speed c u t t e r .  

Each p l a t e  i s  individ- 

The p l a t e s  a r e  f luoroscopical ly  inspected f o r  proper f u e l  l oca t ion  

by t h e  same technique employed i n  the  punching operation, except t h a t  

t h r e e  guide p i n s  a r e  in se r t ed  i n  t h e  template. 

t ioned aga ins t  t h e  guide p ins .  

account. 

designated for radiography. 

The p l a t e s  a r e  posi-  

If the re  i s  a doubt a s  t o  the  acceptance of  a p l a t e ,  it i s  

Pa ra l l ax  correct ions a r e  taken i n t o  



P l a t e  Inspection 

A t  t h i s  po in t  i n  the  process, extensive inspection starts. P l a t e s  

must be handled very carefu l ly  from t h i s  s tep on throughout t h e  r e s t  of 

the  process t o  prevent bowing or kinking. All operators a r e  ins t ruc ted  

on wa;ys t o  p ick  up and l8y  down p l a t e s  t o  prevent them from sagging. 

The f l a t  p l a t e s  a r e  inspected v i s u a l l y  for b l i s t e r s  and surface damage 

before and a f t e r  each operation by t h e  operators, as shown i n  Fig. 25. 

The hump Location i s  usual ly  performed before fluoroscopy and s i z i n g .  

Hwn-r, Location 

The p l a t e s  a r e  checked f o r  f u e l  hump or ien ta t ion  by means of a 

FM-100 Magnatest conductivity meter, shown i n  Fig. 26. Calibration i s  

checked a t  l e a s t  once an hour. 

with t h e  unnumbered ( f u e l )  s ide  showing t h e  lower conductivity reading. 
The numbered s i d e  of t h e  p l a t e  i s  t ransversely scanned, and the  "fuel  

hump" i s  located by t h e  lowest conductivity reading; it should be dis-  

placed toward the  operator with t h e  number t o  the  r i g h t  of t h e  operator. 

When necessary, t h e  p l a t e  i s  reinscr ibed t o  show t h e  correct  f u e l  orien- 

t a t i o n .  The f u e l  contour of t h e  outer f u e l  p l a t e  i s  s u f f i c i e n t l y  asym- 

metric t o  allow easy i d e n t i f i c a t i o n  of t h e  reference edge. However, t h e  

f u e l  contour of t h e  inner  f u e l  p l a t e  i s  close t o  symmetric and t h e  

reference edge i s  d i f f i c u l t  t o  ident i fy .  On r a r e  occasions the  f u e l  

hump cannot be located on t h e  inner annulus f u e l  p l a t e  by t h e  conductiv- 

i t y  probe. When t h i s  occurs a Vidigage, using a 4-  t o  $-Me o s c i l l a t o r  

and 9-Me transducer, i s  used t o  determine t h e  f u e l  hump. 

i s  t ransversely scanned with t h e  use of a water coupling, and t h e  area 

with t h e  maximum reading i s  t h e  f u e l  hump. 

Both s ides  a r e  checked f o r  conductivity, 

The f u e l  p l a t e  

Radiography 

Three p l a t e s  from each l o t  of 24 a r e  randomly selected f o r  radiog- 

raphy, i n  addi t ion t o  any p l a t e s  designated for radiography from the 

~ ~- ~~ 

'Magnaf lux  Corporation, 7300 W. Lawrence Avenue, Chicago. 
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i o n  of Cold-Rolled Fuel Plate, Showing Use 
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Fig. 26. Equipment f o r  Determining Fuel Hump Or ien ta t ion .  

f i n a l  fluoroscopic inspection. 

Norelco MC 300 >x-ray u n i t  i n  a lead-l ined room. 

is 54 in .  

t o  0.010 in .  back lead. 

th ick  pieces  of aluminum a t  opposite corners of the f i lm.  Each f i l m  i s  
iden t i f i ed  by p l a t e  nurdber, date,  and operation number. The p l a t e s  a r e  

radiographed a t  100 +_ 20 kv and 10 ma  f o r  a time t h a t  produces a f i lm 

densi ty  of 2.0 t o  3.0 over the  cladding a t  t he  ends of  the  p l a t e .  

2-T holes (0,020 in .  d i m )  of the penetrameters must be v i s ib l e .  

Radiographic equipment cons is t s  of a 

The f i lm foca l  distance 

Kodak "Type M" film i s  placed i n  a hard cas se t t e  with 0.005 
Number 25A penetrametersg a r e  placed on 0.050-in.- 

The 

The f u e l  p l a t e  radiographs a r e  inspected f o r  fuel core locat ion.  

Film shrinkage and para l lax  correct ions a r e  made for t h i s  inspection by 

sectioning a radiographed f u e l  p l a t e  and ac tua l ly  measuring the widths 

of the  cladding a t  the edges and ends with a toolmaker's microscope. 

The radiograph i s  then measured, and the  difference i n  the measured 

dimensions and the  radiograph dimensions i s  the b i a s .  

b i a s  was calculated from the angle subtended from the x-ray source. 

The cladding widths a r e  checked f o r  acceptance by go no-go templates 

by use of scribed limits on a radiograph segment t h a t  f i t s  the  end 

cladding configuration. Unless a l l  areas  of the  f u e l  p l a t e  meet the 

requirements of the specif icat ion,  the  l o t  of p l a t e s  i s  rejected and 

A s  a check, the  

~~ 

'Penetrameter i den t i f i ca t ion  number 25 f o r  aluminum i n  accordance 
w i t h  MIL-STD-27U (Ships) (Mar. 11, 1965). 
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a l l  p l a t e s  must be radiographed and inspected. The m i n i m u m  top end 

cladding and bottom end cladding widths a r e  measured t o  the  nearest  

0.005 i n .  with d iv iders  and a sca l e  and recorded. 

widths a r e  measured t o  the  nearest  0.005 in .  and recorded for loca t ions  

3 in .  from each f u e l  end and a t  t h e  center  of t he  f u e l  length.  

The t w o  edge cladding 

Homogeneity 

The p l a t e s  a r e  scanned for determination of uranium inhomogeneity 

by an ORNL-supplied x-ray scanner,1° shown i n  Fig. 27. 

system measures t h e  i n t e n s i t y  of an x-ray beam transmit ted through t h e  

p l a t e  and, by comparing t h i s  s igna l  i n t e n s i t y  t o  t h a t  obtained from 

known x-ray a t tenuat ion  standards, provides a measure of uranium concen- 

t r a t i o n .  The condenser c i r c u i t  i s  designed such t h a t  an instantaneous 

but continuing change of +15$ from nominal w i l l  reach an average value 

of +lo'$ i n  approximately 1/2 i n .  of t r a v e l  when a 5/64-in.-diam beam i s  

used with a scan speed of approximately 240 in./min. 

i s  scanned longi tudina l ly  with t ransverse  indexing t h a t  provides a scan 

width overlap of approximately 1/64 i n .  

The scanner 

The e n t i r e  p l a t e  

''E. E. Foster ,  S. D. Snyder, and R. W. McClung, Continuous Scanning 
X-Ray Attenuation Technique f o r  Determining Fuel Inhomogeneities i n  
Dispersion Core Fuel Plates ,  ORNL-3737 (January 1965). 

~~ 

Fig. 27. X-Ray Homogeneity Scanner. 
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Three aluminum standards (+12, -12, +27%), shown i n  Fig. 28, a r e  

h end of t h e  p l a t e  holder with t h e  f u e l  plake i n  t h e  center .  

The standards a r e  contoured t o  have a varying cross  sec t ion  t h i c  

t h a t  i s  equivalent i n  x-ray at tenuat ion t o  t 
uranium loading across  a t ransverse  sec t ion  of a f u e l  p la te .  

i s  used for each l imi t ing  inspect ion value of f u e l  concentration. 

produced by t h e  varying 

One standard 

As  t h e  

ards  a r e  scanned, t h e  e l e c t r i c a l  s igna ls  t h a t  represent  t h e  x-ray 

a t tenuat ion  a r e  stored. 

a t tenuat ion  of t h e  p l a t e  i s  compared t o  t h e  a t tenuat ions  of t h e  standards. 

A l l  p l a t e s  a re  scanned a t  240 in./min with t h e  following sta 
3-27s spot and +12$ average. If a s igna l  i s  received t h a t  exceeds t h e  

standard s ignal ,  t h e  machine c i r c u i t r y  i s  t r ipped  and p r i n t s  out on a 

char t  t h e  loca t ion  of t h e  f u e l  l i m i t  v io la t ion .  

spot v io la t ion ,  green age violat ion,  purple ink  a -12% 

A s  each t r ave r se  i s  made over a fuel p la te ,  t h e  

Red ink  s i  

e violat ion,  and b lue  ink  an i n d i  

zone of t h e  p l a t e .  A l l  p l a t e s  t h a t  are re j ec t ed  f o r  +27$ indica t ions  are 
ed a t  240 in./min w i t h  +30$ spot and *lo$ average standards. I n  

addition, t h e  t r ack  t h a t  shows t h e  +27$ ind ica t ion  and t h e  two adjacent 

ks  a r e  scanned a t  64 in./min with a s t r i p  char t  recorder t h a t  records 

t h e  a c t u a l  instantaneous s igna ls .  Those p l a t e s  with t h e  first run ind i -  

cat ions of +12$ average or +lo$ average are rescanned at  64 in./min with 

t h e  same standards used as i n  t h e  previous run. A s t r i p  char t  and t h e  

I 

Fig. 28. X-Ray Homogeneity Standards. Top: aluminum and aluminum- 
uranium standards. Bottom: spot and average aluminum standards. 
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ink  char t  a r e  obtained f o r  these  reruns.  

ca l ib ra t ed  aga ins t  a series of aluminum and uranium-aluminum standards, 

shown i n  Fig. 28. This ca l ib ra t ion  checks whether t h e  a t tenuat ion  of 

x rays  i n  t h e  aluminum and i n  t h e  aluminum-uranium samples i s  maintaining 
a constant r a t i o  t o  each other.  Before each p l a t e  i s  run, t h e  machine i s  

ca l ib ra t ed  f o r  voltage d r i f t  against  a t o o l - s t e e l  standard. The s t r i p  

char t  i s  adjusted t o  record predetermined values f o r  two s e t t i n g s  on t h e  

t o o l - s t e e l  standard, chosen t o  cover t h e  f u l l - s c a l e  range. The machine 

i s  checked f o r  " t r igger"  response t o  assure  r e j e c t  l e v e l s  per spec i f ied  

accuracy before the  s t a r t  of each s h i f t  and a f t e r  every 15 p la t e s  by 

scanning an aluminum standard p l a t e .  The aluminum standard p l a t e  i s  

designed t o  t r i g g e r  l o c a l  and average v io la t ions  a t  known locat ions.  

Once a week, t h e  machine i s  

Ultrasonic  InsDec t i o n  

The e n t i r e  surfaces  of t h e  p l a t e s  a r e  inspected u l t r a son ica l ly  f o r  

bond defects .  An Immerscope, reflectoscope, o r  equivalent piece of 

equipment i s  used with l i th ium s u l f a t e  o r  ceramic transducers operating 

a t  5 Mc. 

scans i s  0.050 in . ,  and through transmission i s  employed with water 

couplants. The equipment i s  ca l ib ra t ed  aga ins t  a standard defect ive 

plate a t  the  beginning of each s h i f t  or a f t e r  the  equipment has been 

i d l e  for more than 4 hr .  

p l a t e  t h a t  has seven flat-bottom holes d r i l l e d  t o  a depth of about 

0.010 i n .  (cladding-to-fuel i n t e r f a c e ) .  These holes a r e  f i l l e d  with 

Armstrong epoxy A-12 or Apiezon wax. 

each s ide  of t h e  p l a t e ,  a r e  d r i l l e d  over the  f u e l  por t ion  of  the  p l a t e .  

Two holes, one on each s ide  of t h e  p la te ,  a r e  located over t h e  "hump" 

region of t h e  p l a t e .  Three holes, 1/8, 3/32, and 1/16 in .  i n  diameter, 

a r e  located on t h e  end-cladding port ion of t h e  f u e l  p la te .  

i s  ca l ib ra t ed  such t h a t  two l i n e s  on e l e c t r o s t a t i c  recording paper a r e  

broken by t h e  1/16-in.-diam holes  over t he  f u e l  por t ion  and by t h e  

1/8-in.-diam hole over t h e  cladding por t ion .  Cal ibrat ion end tabs  a re  

fabr ica ted  i n  the  same manner as the  standard p l a t e .  The end tabs  a re  

run with each f u e l  p l a t e .  I f  t h e  ca l ib ra t ion  end tabs  do not break two 

l i n e s ,  t he  equipment i s  reca l ibra ted .  Figure 29 shows a t y p i c a l  scan of 

a defec t ive  p la te .  

The beam s i z e  on the  f u e l  p l a t e  i s  0.100 i n . ,  t h e  index between 

The standard p l a t e  i s  a normal production 

Four 1/16-in.-diam holes,  two on 

The equipment 
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Fig. 29. Ultrasonic Scan of Defective HFIR Fuel Plate .  The broken 
l i n e s  i n  t h e  center  of t he  instrument record show the  presence of an 
unbonded area i n  t h e  f u e l  p l a t e .  

Alpha Count 

The f i rs t  two p la t e s  f rom each l o t  of 24 a r e  alpha counted with an 

M&C Mark 1 dual-chamber alpha counter, shown i n  Fig. 30, t o  ensure t h a t  

during manipulation t h e  f u e l  p l a t e s  have not picked up surface contamin- 

a t ion  or been heated t o  a temperature s u f f i c i e n t  t o  permit uranium t o  
d i f fuse  t o  t h e  surface.  The maximum surface contamination allowed i s  

t h e  equivalent of 5 pg 235U per square foot  of surface area.  

u n i t  i s  a gas proport ional  dual  chamber with removable l-mg/cm2 alumi- 

nized Mylar-covered face  p l a t e s .  

37 1/4 X 6 1/4 i n .  

a timer, a high-voltage power supply, and a meter. The equipment i s  

ca l ibra ted  every 2 h r  against  NBS standard sources No. 7 (428 d m i n  k 2%)  

and No.  2 (825 d m i n  2 2 % ) .  A 20-min background count i s  taken. Each 

p l a t e  i s  ind iv idua l ly  counted f o r  20 min and t h e  background count i s  sub- 

t r a c t e d  from t h e  recorded counts. The average counting r a t e s  a r e  

recorded and compared against  previously calculated t a b l e s  t h a t  l i s t  

equivalent 23 5~ concentrations i n  micrograms per square foot  f o r  counting 

r a t e s  i n  counts per minute. 

The Mark 1 

The ac t ive  area of each chamber i s  

The e lec t ronic  console cons is t s  of a pulse counter, 
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t4 b C Photo i 
~ 

'308 

Fig. 30. Alpha Counting Equipment. 

If one l o t  of p l a t e s  i s  r e j ec t ed  f o r  an excessive alpha count, the  

p l a t e  thicknesses of  two randomly se lec ted  p l a t e s  a r e  measured a t  nine 

loca t ions  and recorded. 

son ica l ly  i n  cold deionized water f o r  1 min, r insed  i n  hot  water, dried, 

vapor degreased f o r  3 min, soaked i n  50% EN03-50$ water for 1.5 min, 

r insed  i n  cold water, r insed i n  hot  water, and dr ied.  

p l a t e s  a r e  re inspected fo r  p l a t e  thickness  a t  the  sitme nine locat ions.  

The l o t  of p l a t e s  i s  accepted if the  difference i n  average p l a t e  thick- 

ness before and a f t e r  c leaning does not exceed 0.0003 in .  and i f  the  

o r i g i n a l  two p l a t e s  and two add i t iona l  p l a t e s  have acceptable alpha counts 

The e n t i r e  l o t  of p l a t e s  i s  cleaned ultra- 

The two sample 
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Dimensional Inspection 

The f u e l  p l a t e s  a r e  inspected dimensionally and f o r  surface defec ts  

i n  accordance with drawings 8-7146 and 8-7148 i n  Appendix A. Each f u e l  

p l a t e  i s  inspected v i sua l ly  f o r  proper i d e n t i f i c a t i o n  number, proper 

loca t ion  of i d e n t i f i c a t i o n  number, end radius,  and surface condition 

including presence of b l i s t e r s .  

depths of questionable surface defec ts .  

A depth microscope i s  used t o  determine 

Three p l a t e s  from each l o t  a r e  inspected f o r  length a t  two locat ions,  

width a t  th ree  locat ions,  camber, end squareness, edge paral le l ism,  and 

edge s t ra ightness .  One p l a t e  from each l o t  i s  inspected a t  both ends 

€or dis tance  from t h e  center  l i n e  of t h e  0.125-in.-diam holes t o  t h e  

reference edge of t h e  f u e l  p l a t e .  Three p l a t e s  are inspected f o r  th ick-  

ness t o  t h e  nearest  0.0001 in .  a t  nine loca t ions  per p l a t e  with spec ia l ly  

made 3-in.-deep t h r o a t  micrometers with nonrotating spindles  having 

chamfered edges. The nonrotating spindle  i s  necessary t o  prevent cu t t ing  

of t h e  f u e l  p la tes .  All of these  dimensions a r e  recorded. 

A l l  p l a t e s  a r e  inspected f o r  thickness a t  t h r e e  loca t ions  along t h e  

p l a t e  longi tudina l  center  l i n e .  The th ree  measurements must be within 

the  drawing thickness tolerance,  and t h e  d i f fe rence  o r  range between the  

measurements cannot exceed 0.0006 i n .  f o r  any p l a t e .  

Destructive Examination 

One f u e l  p l a t e  from each quant i ty  s u f f i c i e n t  for one f u e l  element 

i s  selected f o r  des t ruc t ive  t e s t i n g  of cladding dimensions, f u e l  locat ion,  

and bonding. The p l a t e  i s  scr ibed i n  accordance with sectioning diagrams, 

and an  i d e n t i t y  i s  Vibratooled on each sect ion.  The samples a r e  sheared 

and punched from t h e  f u e l  p l a t e .  

The metallographic samples a r e  deburred, and the  thickness of each 

piece i s  measured and recorded. To permit anodizing, each sample i s  

mounted between backup s t r i p s  of aluminum with su i t ab le  screws and nuts.  

The assembly i s  rough ground t o  remove evidence of shearing and i s  

mounted i n  Quick-Mount. The samples a r e  prepared f o r  examination by 

grinding through 600-grit  paper, pol ishing w i t h  600-grit  aluminum oxide 

powder on A. Buehler b i l l i a r d  cloth,  polishing with 6-p diamond on 



From t h e  iune:r* plates,  1/2-in. -dimfi boron sam-ples zre seI.ectetl 

accordin;;.; to an es-Lab11 shed. p a t t e r n ,  punched, and arialy-zed for 'iota1 

boron content .  Each sample r111~s.t; be w i t h i n  l i m i t s  est&l.i.shed- by control 

c l inr t s .  P-n ORrJIJ procedure ent i t led  "'Deterrtiinat;ic3n of Boron in Pmchj.ngs 

fr'lsrri I P T X  Fuel Plates," dated Decembex- 1.1., 1.963, by W. 13. Iaing hnd 

R. Phi lpot l "  i.s used  for* the analysis. Essentially, the pu.nchings 8.r~ 

dissolved i n  KN03-HCI solution; t h e  B4C is separated by f i l t r a t i o ? i  a-nd 

then so lub i l i zed  by carbonate Tusion. The boron is sepa.rated frwn 

"Un.published procedure uvai lable  f r o m  W. R. Lairig, Anal.ytica.2. 
Chemistry D i v i s i o n ,  ORIIL. 
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i n t e r f e r i n g  elements by ion  exchange12 and determined by a potentiometric 

manni t 01- sodium hydroxide t i t r a t i o n .  l3 

Pla t  e Fortnri.-ng 

Fuel p l a t e s  t h a t  survive t h e  rigorous t e s t i n g  program descrLbed 

above a r e  cold formed int,o t h e  desired. involute shape by a modified. 

marforming technique. A mnle d i e  pushes t h e  p l a t e  i n t o  a par tTal ly  

contained Elastacast o r  rubber, as  shown i n  Fig. 31. R 150-ton press 

'orake i s  used with a fixed-stroke se t t i ng .  The , p r e s s  gap i s  set, so 

that. when t h e  press  i s  cycled t h e  punch fo rces  the  f u e l  p l a t e  into t he  

elastomzr su f f i c i en t ly  t o  cause t h e  fue l  p l a t e  t o  wrap around the  punch. 

The punch contour i s  designed t o  accommodatc s u f f i c i e n t  f u e l  p l a t e  

springback t o  produce t h e  presci-ibed involute shape. The punches a r e  

made according t o  t h e  criterei-a g i v e n  i n  Table 3. 

A 0.250-in. fl .at  extending toward t h e  center  of t h e  base c i r c l e  i s  

added t o  the above involute forms, wi-th t h e  f l a t  ro t a t ed  5' f o r  Lhe 

inner  punch. The fo-rming medium coi is is ts  of t w o  pi.eces of medium-grade 

(90A durometer) Elastacast14 o r  equivalent material .  
2 1./4 in .  and l / 4  jn. t h i c k  aiid I-ocated such t h a t  t h e  1/4-ins piece i s  i n  

contac-t wi.t 'n t h e  f u e l  p la te .  Before the  p l a t e  i s  placed i n  t h e  forming 

d ie ,  t h e  Elas tacas t ,  forming punch, and p l a t e  are  thoroughly cleaned t o  

prevent embossj.ng of the p l ~ a t e  by foreign material.,  Every s i x t h  p l a t e  

is t r i a l  f i t t e d .  between assembled f u e l  element s ide  p l a t e s  t o  assure 

proper f i t  of t he  f u e l  p l a t e  with t h e  s l o t  angles of the  side p la tes .  

The t r i a l  f i t t i r i g  i s  necessary because t h e  involute  inspect ion does not 

measure t h e  shape of t h e  p l a t e  edges. The inner  edge of t he  p l a t e  may 

The two pieces are 

12F. M. Hill, "ion Exchange Separation of Boron from Other Elements," 
Method No. 1. 00701 (R. 6-16-63), ORNL Master Analytical  Manual, TID-7015, 
Suppl. 7 (March 1.965). 

13F. M. Hill, "Boron (Borate), Potentiometric Mannitol-Sodiim 
Hydroxide T i t r s t i o n  Method," Method Nos. 1 211220 and 9 00711220 
(R. 5-15-63), ORNL Master Analytical  Manual, TID-7015, Suppl. 7 
(March 1965).  

.-.-- 

14b1anufactured by Acushnet Process Company, New Bedf ord, Mass. 
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M & C Photo 7183 

Fig. 31. Involute Forming of a Fuel Plate with a 150-Ton Press. 
(a) End view showing d i e  contour. (b) Front v i e w  showing formed plate.  
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Table 3. C r i t e r i a  f o r  Shapes of Forming Punches 

Radius of Base Radius of 
Rota t i  on Base Aide f o r  Type of f o r  Ci rc le  

Fuel P l a t e  Punch Form (deg 1 Fuel P la t e  Form 
( in .  ) ( in .  ) 

Inner 1.9375 15.477 2.721 

Outer 3.6875 37.767 5.875 

have a s l i g h t  va r i a t ion  i n  angle when t h e  p l a t e  i s  sh i f t ed  i n  t h e  forming 

d i e  t o  produce t h e  same involute  inspect ion readings as described below. 

This va r i a t ion  i n  angle on t h e  inner  edge of t h e  f u e l  p l a t e s  i s  caused by 

t h e  high var ia t ion  i n  curvature across  t h e  forming d i e  punch i n  t h e  

neighborhood of t h e  inner  edge and t h e  need f o r  l a t e r a l  adjustment t o  

compensate f o r  va r i a t ions  i n  formabil i ty  between d i f f e r e n t  l o t s  of p la tes .  

The l a t e r a l  adjustment a f f e c t s  t h e  inner  edge of t h e  f u e l  p l a t e  i n  two 

ways: it s h i f t s  t h e  f u e l  p l a t e  l a t e r a l l y  i n  t h e  area of g rea t e s t  curva- 

t u r e  va r i a t ion  causing an angle d i f f e r e n t  from t h e  desired angle and t h e  
elastomer pushes t h e  f u e l  p l a t e  i n t o  t h e  punch a t  a d i f f e r e n t  r a d i a l  

posit ion,  causing a d i f f e ren t  springback when t h e  p l a t e  i s  released. 

A s  t h e  p l a t e s  are formed, they a r e  inspected f o r  involute  shape 

with an involute  gage, as shown i n  Fig. 32. The d i a l  ind ica tors  of t h e  

gage a r e  ca l ib ra t ed  on involute  standards a t  t h e  ends of t he  gage. 

Inner f u e l  p l a t e s  a r e  measured a t  four  loca t ions  across  the  width and a t  

seven loca t ions  along the length.  

three loca t ions  across  the width and a t  seven loca t ions  along t h e  length. 

A l l  measurements a r e  recorded. Each p l a t e  must be formed with a l l  dimen- 
s ions within 0.015 i n .  of the  t r u e  involute shape and with the  individual  

reading within 0.008 in .  of the  process nominal f o r  t h a t  locat ion.  

Outer fue l  p l a t e s  a r e  measured a t  

Occasional l o t s  of f u e l  p l a t e s  do not form the same a s  the  bulk of 

t he  f u e l  p l a t e  l o t s .  

deviat ion shown i n  the  inspect ion measurements. To cor rec t  t h i s  condi- 

t i on ,  t he  loca t ion  of t he  p l a t e  i s  sh i f t ed  i n  the  forming d i e  t o  produce 

the  same involute  readings on a l l  f u e l  p l a t e s .  Adjustments i n  the  p l a t e  

When these  l o t s  occur, they a re  detected by the  
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A 

A 

Fig. 32. Inspecting Involute  Shape of Inner Fuel P1aT;e. 

s tops i n  forming d i e  a r e  provi d t o  permit these  

ments are made by moving the f u e l  p l a t e  back from t he  f r o n t  edge of the  

forming punch when t h e  f u e l  p l a t e  i s  overforming and vice versa.  

p l a t e s  are inspected f o r  proper or ien  

t h a t  t h e  i d e n t i f i c a t i o n  n er i s  on the  convex surface o f  the  p l a t e .  

The p l a t e s  a r e  i n s  

from each end and a t  t he  center .  All measurements a r e  recorded and 

ion by assuring 

c ted  f o r  chord width a t  th ree  1 t ions ,  1/2 i n .  

a i n s t  cont ro l  limits es tab l i shed  f o r  t he  process. Each f u e l  

p l a t e  i s  inspected f o r  surface defects .  
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FUEL EI;EMENT MANUFACTURE 

The f a c t  t h a t  an e n t i r e  HFIR core assembly contains only two f u e l  

elements means t h a t  each element contains many more f u e l  p l a t e s  than i s  
customary i n  more conventional r eac to r s .  Therefore, a severe economic 

penal ty  occurs if an element i s  r e j ec t ed  f o r  any cause. 

r e p a i r  i s  very d i f f i c u l t  and fraught with t h e  danger of only making 

th ings  worse. 

r e l i a b i l i t y  a s  t h e  major c r i t e r i o n .  

duced t o  da t e  have met a l l  of t h e  spec i f ica t ions ;  however, r e j ec t ions  

t h a t  have occurred have been random and of such a nature t h a t  they have 

not been considered harmful t o  t h e  reac tor  operation. The f i n a n c i a l  

burden of t h i s  type f u e l  element requi res  t h a t  extreme care  be taken i n  

a l l  phases of manufacture by extremely competent operators .  

I n  addi t ion,  

The assembly techniques have therefore  been se lec ted  with 

None of t h e  46 f u e l  elements pro- 

Whenever possible  in-process inspect ion has been incorporated r a the r  

than waiting on a f i n a l  inspection; such a f i n a l  inspect ion is ,  however, 

a l s o  specif ied.  The f u e l  elements a r e  fabr ica ted  i n  accordance with M8cC 

drawings 8-7213 and 8-7214, shown i n  Appendix A. The f u e l  element fab-  

r i c a t i o n  process flow char t  i s  shown i n  Fig. 33. Cyl indrical  inner  and 

outer  s ide  p l a t e s  a r e  machined from extruded type 6061 aluminum tubing 

i n  t h e  T6511temper. Weld grooves a re  turned on one s ide  of each tube 

and s l o t s  a r e  mil led on t h e  other .  The f u e l  p l a t e s  a r e  then assembled 

by being s l i d  i n t o  t h e  s l o t s  of t h e  s ide  p l a t e s .  Dimensional cont ro l  i s  

aided by Teflon inser ted  between t h e  f u e l  p l a t e s  i n  t h e  channels. 

f u e l  p l a t e s  a r e  attached t o  t h e  s ide  p l a t e s  by MIG (metal i n e r t  gas)  

welding with type 4043 aluminum f i l l e r  wire. The outs ide tube of t h e  

f u e l  element i s  shrunk a t  t h e  ends t o  compensate f o r  t h e  r e l a t i v e l y  

smaller amount of weld shrinkage the re  than a t  t he  middle of t h e  element. 

Similarly,  t h e  ins ide  tube of t h e  outer  f u e l  element i s  expanded a t  t h e  

ends a s  required.  

channel spacing. 

aluminum sheet a r e  i n s t a l l e d  and welded a t  t h e  top  and bottom of t h e  f u e l  

element. Adapters of type 6061 aluminum tubing a r e  welded t o  t h e  element 

by the  MIG process with t y p e  4043 aluminum f i l l e r  w i r e .  The f u e l  elements 

a r e  f i n a l  machined, engraved, inspected i n  t h e  r e s t r a ined  and unrestrained 

conditions,  cleaned, and prepared f o r  shipment. 

The 

The f u e l  element i s  inspected f o r  weld qua l i t y  and f o r  

Combs t h a t  a r e  fabr ica ted  from type 6061, T6 temper, 
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Because of t h e  c lose  tolerances,  t h e  l a rge  dimensions, and t h e  

l a rge  thermal expansion coef i"ici.ent of aluminiun, t h e  machinist must com- 

pensatje f o r  teiiiperzture va r i s t i ons .  

20°C (68 rt_ 1°F) ,  and a l l  f i n a l  ir ispections a r e  done a t  t h i s  temperature. 

Most of t h e  machi-ning operations are perforfiled i n  an air-conditioned 

room maintained a t  20°C. 

All dimensions are referenced t o  

Carbide c u t t e r s  a r e  used f o r  machining operations All components 

a re  machined with Tr i rn ,15  l ub r i can t  f r ee  of chlorine, sul~fur, and phos- 

phoriis. 

t h e  occasional use of isopropyl or  e t h y l  alcohol on fi .nish cu t s .  The 

alcohol iinproves t h e  s ixface  f i n i s h .  

After assembly, t h e  fuel. elements a re  machined dry except €or  

Turning and si-milar opera-Lions are performed a t  aboiit 200 rprn f o r  

inner f u e l  elements and a t  about 150 rpm f o r  outer fuel elements. Zess 

cha t t e r  occurs f o r  t h e  smaller diameter components and permits t h e  

higher speeds. Feed. r a t e s  a re  about 0.008 i n .  per revolu~t ion  for 

roughing cu t s  and 0.003 i n .  per  revolut ion f o r  f i n i s h  cu ts .  Roughing 

cu ts  are about 0.050 i n .  and f i n i s h  cu t s  are 0.005 t o  0.010 i n .  All. 

weld grooves are machined i n  two cu t s  with formed c u t t e r s .  S l o t t i n g  

i s  performed i n  one cut with a formed c u t t e r  t u rn ing  a'i about 700 rpm. 

Tne feed ra'ie f o r  s l o t t i n g  i s  about 15 in*/miti .  

two cu t s  w i t h  formed cu-Lters turning a t  900 rpm. 

comb s l o t t i n g  i s  about 2.5 in./min. 

Combs are  slotted i n  

The feed r a t e  f o r  

Elements are transported on c r i t i c a l l y  safe c a r t s  (Fig. 34.) from 

one operation t o  another. A t a l l  wooden post i s  mounted within a s l o t  

i n  t h e  base. ?'he p o s t  can s h i r t  inward o r  oul;ward and thus  p i e r f l i t  t he  

placement of an inner  o r  an outer assembly, bu t  not both at t h e  same 

t i m e  . 

The elements a r e  removed from a s t a t i o n  and placed on t h e  c a r t  by 

the  l i f t i n g  f i x t u r e s  (Fig. 3 4 ) .  The f i x t u r e s  r o t a t e  so t h a t  t h e  assembly 

may be picked up and l e t  down 3.n e i t h e r  t h e  v e r t i c a l  or  horizontal  posi- 

t i o n .  The hinged f i x t u r e s  are rubber l i ned  t o  prevent surface da.mage Lo 

- 
15Tr im Mist coolant concentrate, a product of Master Chemical Corp. 

501 West BroadwaS, Perrysburg, Ohio. 
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n t .  To prevent on t h e  element by t h e  rubber, t h e  

f in i shed  assembli 

gripped with t h e  f i x t u r e .  

nust  be wrapped with clean c lo th  before they a r e  

Component s 

Side P la tes  

The four  cy l ind r i ca l  s i  p l a t e s  a r e  shown i n  Fig. 3 5 .  They 

be i d e n t i f i e d  i n  t h e  t e x t  t h a t  follows by the  numbers l i s t e d  i n  Table 4. 

P 

. 35. Side P la tes  1 Through 4 t 
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Table 4.  Side P l a t e  Designations 

Number Description 

1 Inner s ide  p l a t e  - inner element 

2 Outer s i d e  p l a t e  - inner  element 

3 Inner s ide  p l a t e  - outer element 

4 Outer s ide  p l a t e  - outer element 

Type 6061 aluminum tubes i n  t h e  T6511temper condition a r e  used as 

t h e  s t a r t i n g  material. 
i t y  f o r  t h e  f in i shed  s i d e  plate .  

s t re tch .  The tubes a r e  ordered t o  spec i f ica t ions  shown i n  Appendix C. 

Note t h a t  lower impurity l e v e l s  a r e  specif ied f o r  t h e  s ide p l a t e  4 

mater ia l  than f o r  t h e  other s ide-plate  mater ia ls .  

This temper provides maximum dimensional s t a b i l -  
This i s  a T6 condition with a 1 . 5  t o  3% 

The s l o t  dimensions and locat ions are determined by t h e  following 

cr i ter ia :  
p l a t e  s h a l l  be a minimum of 0.045 i n .  from e i t h e r  s ide plate ,  as measured 

r a d i a l l y  from t h e  fuel-element center  l ine ;  ( 2 )  s u f f i c i e n t  aluminum must 

be present t o  remove heat during welding; and (3) t h e  f u e l  p la tes  s h a l l  

assemble r e a d i l y  i n  t h e  s ide  p la tes .  The l a t t e r  requirement i s  de te r -  

mined from chord and o f f s e t  da ta  obtained from formed f u e l  p l a t e s  and 

v e r i f i e d  by t r i a l  f i t t i n g  of f u e l  p l a t e s .  

dis tance between t h e  two edges of t h e  formed p la te .  Offset i s  defined 

as t h e  perpendicular dis tance of one edge of a formed p l a t e  from the  

opposite edge of t h e  p la te .  

weld-groove diameters a r e  based on the  requirement t h a t  t h e  f u e l  p l a t e s  

s h a l l  protrude a minimum of 0.015 i n .  i n t o  t h e  weld grooves of the  inner 

s ide  p l a t e  and a m i n i m u m  of 0.035 i n .  i n t o  t h e  weld groove of t h e  outer 

s ide  p l a t e  i n  t h e  as-assembled element. The t h r e e  addi t ional  grooves i n  

t h e  s ide  p l a t e s  a r e  wall-thickness-assurance grooves and are machined so  

t h a t  a maximum depth of 0.015 i n .  w i l l  extend i n t o  t h e  f i n a l  s ide-p la te  

thickness.  The f i n a l  element w a l l  thickness i s  calculated from t h e  

f i n a l  wall-assurance-groove depth on the  f inished element and t h e  i n i t i a l  

wall-assurance-groove depth on t h e  f in i shed  s i d e  p la te .  

(1) t h e  nearest  approach of t h e  f u e l  mater ia l  i n  t h e  f u e l  

A chord i s  defined as t h e  

To provide r e l i a b l e  p l a t e  attachment, t h e  
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Machining. - The as-received tubes a r e  sawed t o  28-in. lengths  as 

required and mounted i n  a la the ,  as shown i n  Fig. 36. One i s  faced 
and t h e  in s ide  edge i s  chamfered 45O X 0.25 i n .  

on b u l l  cen ters  and t h e  outside surfaces  a r e  rough turned up t o  a steady 

rest. A t  t h i s  po ers are 5 529 0.010 i n .  f o r  

side p l a t e  I, 10. ? 0.010 i n .  f o r  p l a t e  2, 11.890 k 0.010 i n .  f o r  

p l a t e  3, and 17.610 ? 0.010 i n .  f o r  p l a t e  4.  

end f o r  end and t h e  in s ide  edge i s  chamfe 

are machined t o  26.630 * 0.030 i n .  i n  length t o  complete t h e  rough 

machining opera t i  on. 

The tubes a r e  m 

The tubes are then  turned 

45" x 0.25 i n .  The tubes 

-4- %- M & C Photo 6993 

c- 

Pig. 36. Rough Machining of Side Plate .  

The outs ide surfaces  of s ide  pla 1 and 3 a r e  t u n e d  t o  5.501 to 

5.500 in .  and 11.800 t o  11.799 in .  i n  diameter, respect ively,  and are 
shrunk i n t o  rest  ning tubes w i t h  about 0.003 i n .  i n t e r f e r  

p l a t e s  a r e  packed i n  dry i c e  t o  accomplish t h e  shrink f i t .  The 

s ide  p l a t e s  and r e s t r a in ing  tubes are remounted on t h e  la the ,  t h e  in s ide  

i s  bored t o  f i n a l  dime 

grooves a r e  machined with form cu t t e r s ,  n i n  Fig. 37. 
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k& C Photo 7171 
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The ins ides  of s ide  p l a t e s  2 and 4 a r e  bored t o  9.920 k 0.010 i n .  

and 16.470 * 0.010 in .  i n  diameter, respect ively.  They a r e  then bored 

on each end t o  f i t  Lc-in.-long Plexiglas  plugs, which a r e  9.950 and 

16.500 in .  i n  di t e r ,  respect ively.  The Plexiglas  plugs a r e  shr ink 

f i t t e d  i n t o  t h e  tube ends. The outs ide surfaces  of t h e  sMe  p la t e s  a r e  

turned t o  f i n a l  dimensions and t h e  24 weld grooves and 3 wall-assurance 

grooves are machined with fom cu t t e r s .  A stepped c u t t e r  i s  used f o r  

roughing and a f in i shed  form c u t t e r  i s  used t o  f i n a l  machine the  w e l d  

grooves. Every s ide  p l a t e  is i d e n t i f i e d  by Vibratooling an i d e n t i f i c a t i o n  

number between one end and the  f i r s t  weld groove. T h i s  end i s  then 

ca l l ed  t h e  t o p  end of the  s ide  p la te .  h s ide  p l a t e  i s  inspected 

dimensionally f o r  concentr ic i ty ,  diameter, weld grooves, and w a l l -  
assurance grooves. Concentricity (TIR) i s  measured a t  t h e  27 weld- and 

urance-groove loca t ions  and r e  rded. It i s  measured with 

spect  t o  t h e  i n s i d e  surface for s ide  p l a t e s  1 and 3 and outs ide surface 

f o r  p l a t e s  2 and 4. Minimum and maximum diameter measurements a r e  
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rded f o r  t h e  27 weld- and wall-assurance-groove locat ions.  Also, 

outside and in s ide  diameters a r e  measured a t  t h r e e  locat ions.  Weld and 

wall-assurance grooves a re  a l s o  measured for locat ion,  width, and angle. 

Side p l a t e s  1 and 3 a r e  r oved from the  r e s t r a in ing  tubes by 

packing them ins ide  with dry ice .  

d re l s ,  which cons is t  of two Plexiglas  plugs, one mounted on 

a 3- in .  -diam s t e e l  shaft. 

The outs ide of each s ide  p l a t e  i s  turned t o  f i n a l  diameter. 

The side p la t e s  a r e  mounted on man- 

The adapter s l d e r s  a r e  turned on a la the.  

The Plexiglas  plugs a r e  removed from side p l a t e s  2 and 4.  The con- 

c e n t r i c i t y  of t he  plug inner  bore t o  t he  outer surface on each end i s  

must be within 0.002 i n .  TIR. Each s ide  p l a t e  i s  shr ink 

o a s l o t t i n g  r e s t r a in ing  tube (Fig. 38) and bored t o  f i n a l  

e r  . 

t 

s, 2 ning 
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Every s ide  p l a t e  is  inspected f o r  concentr ic i ty ,  diameter, and 

adapter shoulder dimensions. 

recorded a t  both adapter shoulder loca t ions  with respec t  t o  t h e  in s ide  

surface on s ide  p l a t e s  2 and 4 and t h e  outs ide surface on s ide  p l a t e s  

1 and 3 .  

f o r  both adapters f o r  t h ree  loca t ions .  

lengths  a r e  measured and recorded. 

Concentricity (TIR) i s  measured and 

Minimum and maximum ins ide  and outs ide diameters a re  recorded 

Side p l a t e  and both shoulder 

S lo t t i ng .  - The s i d e  p l a t e s  a r e  then  ready f o r  s l o t t i n g .  This 
operat ion i s  performed with formed c u t t e r s .  

i s  mechanically aligned and o p t i c a l l y  checked, as shown i n  Fig. 39, t o  
The pos i t i on  of t h e  c u t t e r s  

M & C Photo 6946 

Fig. 39. Optical  Inspect ion of S lo t t i ng  Cutter Alignment f o r  Side 
P la t e  3. 

s a t i s f y  t h e  s l o t  coordinates. Each s l o t  i s  indexed by holes machined i n  
t h e  r e s t r a i n i n g  tubes f o r  s i d e  p l a t e s  2 and 4 and by holes  machined i n  a 

concent r ica l ly  mounted template for p l a t e s  1 and 3. The t o t a l  number 
of holes  i s  equal t o  one-third t h e  number of s lo t s ,  and th ree  indexing 
p in  loca t ions  a r e  provided f o r  each hole. 

on a r i s e  and f a l l  mi l l i ng  machine with r o t a t i n g  f ixed-posi t ion cu t t e r s ,  
Side p l a t e s  1 and 3 a r e  s lo t t ed  
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as shown i n  Fig. 40. 

bed mil l ing machine w i t h  r o t a t i n g  fixed-posit ion cu t te rs ,  as shown i n  

Fig. 41. 
land between t h e  first and las t  s l o t  a t  the  bottom end of each s i d e  plate .  

Plates  2 and 4 are s l o t t e d  on a modified horizontal-  

For i d e n t i f i c a t i o n ,  a 45' X 1/16-in.-d notch i s  f i l e d  on t h e  

Three locat ions on eight  equally 

dinates ,  s t ra ightness ,  and width. All measurem s a r e  recorded- 

between the  Last and f i r s t  s l o t s  

second slots a r e  inspected. A l l  s l o t s  are v isua l ly  inspected. 

The mandrels res t ra in ing  tubes a r e  removed from t h e  s ide  p la tes .  

The s i d e  p l a t e s  a r e  a i r  dr ied and wiped with alcohol.  

a r e  deburred and chips are removed from t h e  s ide  plates .  

a r e  vapor degreased i n  t r ichloroethylene.  

All weld grooves 

The s ide  p l a t e s  

-3 

7 

Fig. 40. s l o t t i n g  of Side P la te  3. 
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Fig. 41. S lo t t ing  of Side P la te  2. 

Inspection. -The reference surface f o r  a l l  diametral  dimensions on 

t h e  s ide  p l a t e s  i s  t h e  adapter shoulder. 

sion of the  s ide p l a t e s  a t  both ends, provides a convenient reference. 

After s ide  p l a t e s  2 and 4 have been removed from t h e  r e s t r a in ing  tubes 

and 1 and 3 from the  mandrels, concen t r i c i t i e s  of t he  inner sur 
s ide  p l a t e s  1 and 3 and the  outer surfaces  of p l a t e s  2 and 4 a r e  taken 

with reference t o  t h e  adapter shoulder. These dimensions a r e  recorded 

i n  t he  flowsheets and used f o r  reference during f inalmachining.  

s ide  p l a t e s  a r e  inspected f o r  burrs, chips, and physical damage. Groove 

depths and s ide-p la te  wal l  thicknesses a r e  measured and recorded a t  

12 equally spaced s l o t  locat ions f o r  t h e  three  wall-assurance grooves and 

w e l d  grooves 2, 12, and 23. P la te  protruslon i s  measured at the  same 

12 s l o t  locat ions f o r  t he  same three  weld grooves. 

determined 'by in se r t ing  a 0.055-in. - thick "Jo" block i n  t h e  s l o t s  and 

measuring t h e  height of t h i s  "dummy" p la t e  above t h e  bottom of the  weld 

groove w i t h  a spec ia l  d i a l  ind ica tor .  

p l a t e  protrusion and s ide-p la te  thickness a t  t h e  wall-assurance grooves 

a r e  l i s t e d  i n  Table 5. 

This surface, being an exten- 

A l l  

P la te  protrusion i s  

The dimensional requirements 09 
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Table 5 .  Dimensional Requirements i n  S lo t ted  Side P la tes  

Minimum Wall Assurance 
Groove Wall Thickness, i n .  Side P l a t e  P la t e  Protrusion, i n .  

1 0.027 t o  0.033 0.033 

2 0.043 t o  0.049 0.090 

3 0.027 t o  0.033 0.092 

4 0.043 t o  0.049 0.113 

Combs 

Type 6061-T6 aluminum p la t e  1/16 i n .  thick,  i n  accordance with t h e  

spec i f ica t ion  i n  Appendix C, i s  used as comb mater ia l .  Combs a r e  machined 

i n  s t r a i g h t  segments and then curved t o  t h e  appropriate  r a d i i  p r i o r  t o  

being assembled t o  t h e  f u e l  elements. 

of combs located a t  t h e  bottom and two s e t s  a t  t h e  top.  

Each f u e l  element has th ree  s e t s  

S t r ip s  a r e  sheared t o  0.325 t o  0.350 i n .  wide and t o  t h e  appropriate 

length from t h e  as-received p l a t e  stock. About 50 s t r i p s  a r e  clamped 

between 2- in . - thick aluminum pla tes ,  gang mil led on a Bridgeport mi l l i ng  

machine t o  produce a reference edge, and then gang milled t o  width. Then 

63 s l o t s  a r e  gang milled i n  t h e  s t r i p s  on a hor izonta l  mi l l ing  machine, 

a s  shown i n  Fig. 42. The comb t e e t h  a r e  hand f i l e d  t o  produce t h e  

required chamfer, and t h e  combs a r e  deburred and vapor degreased i n  
t r ichloroethylene.  One comb from each group i s  inspected f o r  s l o t  angle, 

s l o t  width, and proper indexing. 

remainder of t h e  drawing requirements. 

All combs a r e  inspected f o r  t h e  

Adapters 

Adapters a r e  rough machined from extruded type 6061 aluminum tubing 

of T6511temper, a s  spec i f ied  i n  Appendix C. The adapters a re  f i n a l  

machined i n  conjunction with t h e  f u e l  element t o  ensure proper mating of 

components. Note t h a t  t h e  impurity l e v e l s  of t h e  tubing f o r  t h e  two 

outer adapters of t h e  outer  f u e l  elements a r e  spec i f ied  a t  a lower l e v e l  

than t h e  impurity l e v e l s  f o r  t h e  other  tubing. The tubes a r e  sawed o r  

turned t o  rough length.  The outs ide i s  turned, one end i s  faced, t h e  
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Fig. 42 .  Comb Machining. 

i n s ide  i s  turned, and the  other end i s  then faced t o  length. The 

rough-machined adapters a r e  returned t o  storage. 

Circular Weld-Test Specimens 

Circular  weld- tes t  assemblies a r e  fabr ica ted  along w i t h  t h e  f u e l  

elements a s  an e s s e n t i a l  qua l i t y  cont ro l  measure. 

half  sec t ions  of s ide p l a t e s  i n  which diminutive dummy aluminum p la t e s  

a r e  inser ted .  

p l a t e s  a r e  held i n  place by the  half  sec t ion  of s ide  p l a t e  and a s l o t t e d  

heavy aluminum f i x t u r e .  The f i x t u r e  i s  intended t o  simulate the  heat 

s ink of a f u l l - s i z e  element. 

They cons is t  of short  

Three t e n s i l e  p l a t e s  a r e  included i n  each assembly. The 

Component Fabricat ion 

Weld-test r i n g  s i d e  p l a t e s  are fabr ica ted  from corresponding s ide  

p la tes ;  t h a t  is, weld- tes t  r i ng  l i s  f ab r i ca t ed  from s ide  p l a t e  1, e tc .  

Rejected s ide  p l a t e s  a r e  used whenever possible .  

on a l a t h e  and cu t  off  with a 0.125-in.-thick cutoff t o o l  i n  accordance 

A s ide  p l a t e  i s  mounted 
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with the  drawing. The r ings  a r e  inspected f o r  length and sawed i n t o  t w o  

half  r ings.  A l l  edges and s l o t s  a r e  deburred. An i d e n t i f i c a t i o n  number 

i s  Vibratooled on each t e s t  r i ng .  The t e s t  r ings  a r e  vapor degreased i n  
t r ich loroe thylene .  

Weld-test p l a t e s  a r e  blanked from the  s ide  s t r i p s  sheared from t h e  

skeleton p l a t e  scrap remaining from t h e  f u e l  p l a t e  blanking operation. 

Weld-tensile p l a t e s  a r e  sheared t o  2 x 1 7/8 in .  from t h e  s ide  s t r i p s  

and then machined. 

degreased with t r ichloroethylene.  Representative samples of t h e  weld- 

t e s t  p l a t e s  a r e  inspected f o r  width. 

inspected f o r  f l a t n e s s .  

t he  drawing requirements. 

The pieces a r e  deburred with a f i l e  and vapor 

The weld-test  p l a t e s  a re  v i sua l ly  

All t h e  weld- tensi le  p l a t e s  a r e  inspected t o  

Assembly 

The c i r c u l a r  weld-test  components a re  prepared f o r  assembly shor t ly  

before a f u e l  element i s  t o  be welded. 

p la tes ,  and weld- tensi le  p l a t e s  a r e  degreased, pickled, and r insed 

according t o  Procedure 1 i n  Appendix D. A maximum of 0.0004 i n .  of 

mater ia l  i s  removed i n  pickling. 

cons is t s  of assembling a pa i r  of weld-test  r ings  with associated compo- 

nents, as  shown i n  Fig. 43. Short pieces of about 0.047-in. - th ick  

Teflon a r e  inser ted  between t h e  f u e l  p l a t e s  t o  wedge and lock t h e  p l a t e s  

i n  t h e  cor rec t  posi t ions.  

The weld-test  r ings,  weld-test  

The f u e l  element weld-test  assembly 

Welding and Evaluation 

While t h e  f u e l  element i s  baking out i n  preparat ion for welding, 

(see below) t h e  c i r c u l a r  weld-test  assembly i s  mounted on the  t a i l s t o c k  

r ing  of t h e  assembled element, a l s o  shown i n  Fig. 43, and preheated t o  

49°C (120°F) with a forced hot -a i r  dryer.  

i s  welded by use of t h e  same parameters as those t o  be used on t h e  f u e l  

element. The test-weld f i x t u r e  i s  removed from t h e  t a i l s t o c k  and t h e  

t e s t  assembly i s  allowed to cool- 

The c i r c u l a r  weld-test  assembly 

The face  and root  of each weld segment a re  inspected v isua l ly .  

The face of t he  weld i s  inspected for cracks, i r r e g u l a r  bead contour, 

oxidation, terminal  c r a t e r s ,  voids and porosity,  amount of f i l l ,  and 
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Fig. 43. Outer Fuel Element Circular  Weld-Test Assembly Ready for 
Welding . 

undercut. 

c r a t e r  area.  

half  t h e  amount shown on t h e  ASME Boiler  and Pressure Vessel Code, 

Section VIII, Appendix IV, "Porosity Charts of P la t e  l/4 i n .  
Size Assorted." The r 
r e j ec t ed  by comparison aga ins t  a v i s u a l  weld standard. 

weld i s  inspected f o r  excess sag or w 

oxidation, and weld dropthrough. 

as determined v isua l ly .  

Any cracks are cause f o r  r e j ec t ion  except on t h e  terminal  

Porosi ty  o r  voids on t h e  exposed surface cannot exceed 

or Less and 

The root  of each 

e of the  s ide  p la te ,  gross 

Weld dropthrough cannot exceed 0.010 in .  

The force  required t o  b r  t h e  c i r c u l a r  weld- p l a t e s  i s  recorded 

The weld-tensile p l a t e  i s  pinned between two f la t  p la tes ,  which i n  t u r n  

are at tached t o  a hydraul ical ly  operated mechanism, as shown i n  Fig. 44. 
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Fig. 44. Tensi le  Testing of Circular Weld-Test Tensi le  Plate .  

ure i s  increased, tension i s  placed on t h e  t e n s i l e  weld p l a t e  

sure i s  indicated on t h e  gage. The amount of pressure ind i -  

cated before f a i l u r e  of t h e  t l e  i s  shown by a s t a t i c  ind ica tor  

on t h e  gage. The corresponding hydraulic pr w e  applied i s  preca l i -  

brated on a Tinius Olson t e  . The pressure i s  converted t o  

A previous method of d ermining t e n s i l e  s t r e  

u n t i l  t h e  t e n s i l e  l e  broke. The minimum 

efore breaking i s  110 lb. 
element i s  welded, t h e  c i r c u l a r  t es t  a ly i s  

remounted on t h e  t a i l s t o c k  ring. 

49°C (120°F), and t h e  "after" segments are welded i n  t h e  s 
a s  t h e  "before" segments. 

t h e  t e n s i l e  samples a r e  pulled i n  t h e  s 
segments. If one of t h e  weld- tensi le  p out of i t s  s l o t  

before the  minimum s t rength  i s  reached, t w o  ad 

The tes t  assembly i s  preheated t o  

The "after" weld segments a r e  inspected and 

ner as f o r  t h e  "before" 

ded and t e s t e d .  This i s  done t o  determine t h e  worth of 

n t  and a l s o  t o  determine whet t h e  welding machine i s  funct ion 

The c i r cu la r  weld-test  segments machined a t  t h e  w e l d  center 

t o  expose t h e  longi tudinal  c r  s of t h e  weld b 
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polished and etched t o  show weld attachment, a s  shown i n  Fig. 45. Each 
segment i s  inspected f o r  p l a t e  a t  i n  accordance with the  follow- 

c r i t e r i a .  Aminimum of 95s of the  p l a t e s  s h a l l  be welded t o  t he  s ide  

p l a t e  across the  e n t i r e  thickness of t h e  f u e l  plate;  t h e  other 5% s h a l l  

be joined f o r  a t  l e a s t  75$ of the  thickness of t h e  fuel pla te .  

unwelded f u e l  p l a t e  i s  allowed i f  it occurs i n  the  s ta r t -over lap  area of 
t he  weld. The segments a r e  inspected f o r  weld overpenetration; t he  weld 

metal cannot penetrate  more than 0.010 i n .  below t 

t he  s ide  p la te .  

t he  rue1 p l a t e  s ide  of the  s ide  p la te .  A minimum of 0.250, 0.294, 0.290, 

and 0.294 in .  i s  required fo r  s ide p l a t e s  1, 2, 3, and 4,  respectively.  

One 

fue l -p la te  s ide  of 

The amount of weld f i l l  of t he  groove i s  measured from 



70 

Fuel  Element Fabricat ion 

A s  semblv 

Before assembly and a f t e r  a l l  other  operat ions have been completed, 

components a r e  prepared f o r  assembly. A l l  components must be cleaned 

and t h e  oxide must be removed from both s ide  p l a t e s  and f u e l  p l a t e s  t o  

assure  t h a t  t h e  highest  q u a l i t y  of weld possible  i s  obtained. I n  con- 

junct ion with these  operations the  f u e l  p l a t e s  a r e  again inspected f o r  

d i r t  and fore ign  ma te r i a l  t h a t  may have been missed i n  previous 

inspect ions.  

Side p l a t e s  a r e  cleaned by Procedure 1 i n  Appendix D. To speed up 

fue l -p l a t e  cleaning, p l a t e s  a r e  racked i n  groups of 12 .  Teflon spacers 

a t  t h e  end of t h e  s t a i n l e s s  s t e e l  rack prevent t h e  p l a t e s  from ro ta t ing  

and touching. The p l a t e s  a r e  u l t r a son ica l ly  cleaned f o r  l m i n  i n  cold 

deionized water, r insed  i n  hot water, and then cleaned by Procedure 1. 

A maximum of 0.0004 i n .  i s  removed i n  pickl ing.  

The cleaned f u e l  p l a t e s  a r e  removed from the  rack one a t  a t i m e  and 

examined a t  3x magnification f o r  d i r t  and fore ign  inclusions.  Surface 

contaminants a r e  removed by a s t e e l  scraper,  and t h e  scraped area  i s  

blended with a f i n e  grade of aluminum wool, rubbed i n  a longi tudina l  

d i r e c t i o n  with only s u f f i c i e n t  pressure t o  burnish t h e  surface.  P l a t e s  

w i t h  removed inc lus ions  a r e  re inspected f o r  depth of p i t s  where inclusions 

had been removed. 

The procedure f o r  assembling t h e  f u e l  p l a t e s  with t h e  s ide  p l a t e s  

has been developed so  t h a t  i t s  ca re fu l  r e p e t i t i o n  by plant  operators  

leads t o  f u e l  elements of cons is ten t  qua l i t y .  

A headstock mounting r i n g  i s  mounted on t o p  of a Syntron v ibra tor ,  

which i s  lagged t o  a f i r m  base.  The v ib ra to r  helps  sea t  t h e  p l a t e s  

during assembly. The inner  s ide  p l a t e  i s  s e t  on t h e  headstock mounting 

r ing  with t h e  t o p  end up. One f u e l  p l a t e  i s  in se r t ed  i n t o  a s l o t  on t h e  

inner  s ide  p l a t e  and bottomed on t h e  f u e l  p l a t e  stop. The d is tance  from 

t h e  end of t h e  s l o t  t o  t h e  p l a t e  i s  measured with a depth micrometer. 

It should be 0.215 f 0.010 i n .  f o r  s ide  p l a t e  1 and 0.225 5 0.010 in .  

f o r  s ide  p l a t e  3. If t h e  depth i s  wrong, t h e  s ide  p l a t e  or f u e l  p l a t e  

s top  i s  shimmed a s  necessary. The inner  s ide  p l a t e  i s  then secured t o  t h e  



mounting r ing  with s e t  screws. The f u e l  p l a t e  i s  removed and the outer  

s ide  p l a t e  i s  placed on t h e  mounting r ing,  top end up. The two s ide  

p l a t e s  a r e  or iented so  t h a t  t h e  number 1 slots on each s ide  p l a t e  a r e  

aligned. The rimber 1 s l o t  i s  defined a s  t h e  s3.oi; adjacent $0 t h e  

beveled land i n  a counterclockwise d i rec t ion .  A s t a i n l e s s  s t e e l  strap 

i s  placed between the bottom weld groove and t h e  headstock and t ightened 

with sn a i rp lane  clamp. The outer  s ide  p l a t e  i s  ro t a t ed  i n  small incre-  

ments by tapping t h e  clamp. A f u e l  p l a t e  i s  inser ted  in t h e  reference 

slots, and t h e  outer  s ide  p l a t e  i s  ro t a t ed  u n t i l  the f u e l  p l a t e  s l i d e s  

e a s i l y  i n  t h e  s l o t s  bu t  has a rninirn-m (from 0 t o  0.005 i n . )  amount of 

s ide  play. The d is tance  from t h e  end of t h e  s l o t  t o  t h e  f u e l  p l a t e  for 

t h e  outer s ide  p l a t e  i s  measured with a depth micrometer. It; should be 

0.287 -t 0.010 i n .  f o r  s ide  p l a t e  2 arid 0.295 i: 0.010 in. for s ide  p l a t e  4.  

If necessary, t h e  s ide  p l a t e  i s  shimmed t o  obtain t h e  above dimensions. 

The top ends of both s ide  p l a t e s  should be even wi th in  20.020 in .  

Plexiglas  segments a r e  in se r t ed  a t  t h e  t o p  ends of t h e  s ide  p l a t e s  

t o  hold t h e  s ide  p l a t e s  concentric during i n i t i a l  p l a t e  assembly. Fuel 

p l a t e s  are i n se r t ed  so t h a t ,  including t h e  f u e l  p l a t e  i n  t h e  reference 

s l o t ,  a t  least one s l o t  i n  each quadrant or 120" sec tor  i s  occupied. 

This should ve r i fy  t h a t  t h e  o r i en ta t ion  of s ide  p l a t e s  permits maximum 

p l a t e  protrusion 

down t h e  slots. 

s l o t s  and on t h e  

ga l l ing .  

Fuel plates 

l e a s t  t e n  p l a t e s  

i n t o  t h e  grooves cons is ten t  with not forcing t h e  p l a t e s  

Isopropyl or e thy l  a lcohol  i s  used l i b e r a l l y  i n  t h e  

edges of' t h e  r u e 1  p la t e s  as a lubr icant  t o  prevent 

a r e  inser ted  with i d e n t i f i c a t i o n  numbers up. Unt i l  a t  
a r e  i n  each of t h e  th ree  or  fou r  sec tors ,  p l a t e s  are 

d i s t r i b u t e d  equally among t h e  sec tors  t o  ensure a concentric assembkj, 

as shown i n  Fig. 46. The remainder of t h e  f u e l  p l a t e s  i s  then in se r t ed  

i n  any convenient sequence (Fig. 4 7 ) .  The loca t ion  of each p l a t e  i s  

recorded. Location i s  determined by counting s l o t s  sequent ia l ly  from 

t h e  number 1 slot i n  a counterclockwise d i rec t ion .  To f a c i l i t a t e  t h e  

assembly process, a template i s  mounted on t h e  ins ide  of t h e  inner  s ide  

p l a t e  and i s  nmbered t o  ident i fy  %he slots. 

The d is tances  from t h e  ends of the s l o t s  i n  the side p l a t e s  t o  the 
Seating of t h e  f u e l  p l a t e s  i n  t h e  s l o t s  and Puel p l a t e s  a r e  rechecked. 
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M & C Photo 7182 

Fig. 46. I n i t i a l  Assembly of Fuel Element. 
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spacing of t h e  f u e l  p l a t e s  a r e  inspected v isua l ly .  

t ioned as required.  

poor channel spacing even a f t e r  reposi t ioning,  it i s  scrapped. A random 

e f o r  agreement of f u e l - p l a t e  loca t ions  i n  the  assembly with 

P la t e s  a r e  reposi-  

If a p a r t i c u l a r  p l a t e  r e s u l t s  i n  poor sea t ing  or 

recorded fue l -p l a t e  l o c a t i  

The outer  s i d e  p l a t e  i s  ro t a t ed  as much as possible  i n  a d i r e c t i o n  

t o  improve p l a t e  sea t ing  by tapping t h e  clamp on t h e  s t a i n l e s s  s t e e l  

s t rap .  To help e s t a b l i s h  proper channel spacing d minimize changes 

during welding, Teflon s t r i p s  a r e  then in se r t ed  i n t o  t h e  channels, as 
shown i n  Fig. 48. The Teflon s t r i p s  a r e  25 i n .  long and 0.200 i n .  nar- 

rower than  the  channel w i d t h .  The s t r i p s  are varied i n  thickness  a t  

1/4-in. i n t e r v a l s  across  t h e i r  width; a t h i n  sec t ion  i s  0.030 i n .  and a 
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Fig. 48. Inse r t ing  Pelion spacers i n  the Oesence of an Inspector.  
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th i ck  sec t ion  i s  0.048 t o  0.049 i n .  f o r  t h e  outer  element and 0.0475 t o  

0.0485 i n .  fo r  t h e  inner  element. These sec t ions  run t h e  f u l l  length of 

t h e  s t r i p .  The t o p  end of t h e  s t r i p  i s  cut  t o  give a 1/2- X 1/2-in. t a b  

on one corner and t h e  bottom end has 1/2 i n .  X 45' removed from each cor- 

ner. The s t r i p s  are ordered 0 . 0 0 1 t o  0.003 i n .  oversize and r o l l e d  t o  

gage. 
along i t s  length.  

ness t o  t h e  nearest  0.0005 in .  i s  stamped on t h e  s t r i p  1 in .  from t h e  

pointed end. 

pointed end down. It i s  in se r t ed  by working i n  a clockwise d i r ec t ion  f o r  

t h e  outer  element and i n  a counterclockwise d i r ec t ion  f o r  t he  inner  e l e -  

ment. This tends t o  sea t  t h e  f u e l  p l a t e s  and prevent t h e  channels from 

closing a s  t h e  i n s e r t i o n  of s t r i p s  progresses. S t ee l  shims were used 

i n i t i a l l y  t o  center  t h e  Teflon s t r i p s  i n  t h e  channels. When t h e  shims 

were used, t h e  Teflon s t r i p s  were narrower than t h e  newer ones. 

a r e  now usua l ly  in se r t ed  without t h e  a id  of shims or guides and a r e  

centered v isua l ly .  During assembly, a lead sh ie ld  i s  placed around t h e  

element t o  prevent prolonged exposure of t h e  operators t o  gamma rad ia t ion .  

Each r o l l e d  s t r i p  i s  measured f o r  thickness  a t  t h ree  locat ions 

The measurements a r e  averaged, and t h e  average thick-  

Lubricated with alcohol,  t h e  Teflon i s  in se r t ed  with t h e  

S t r i p s  

A t a i l s t o c k  mounting r ing  i s  i n s t a l l e d  and locked only t o  t h e  outer  

s ide  p l a t e  by t igh ten ing  set screws. The t a i l s t o c k  mounting r ing  has a 

spring-loaded pusher t o  maintain a s m a l l  amount of pressure on t h e  fue l -  

p l a t e  ends t o  help prevent t h e  p l a t e s  from s l id ing  i n  t h e  s l o t s ,  a s  they 

could otherwise do during handling, heating, and welding. 

A long bar  wrench, made with two plugs t h a t  f i t  i n t o  t h e  holes i n  

t h e  t o p  surface of t h e  t a i l s t o c k  mounting r ing,  i s  then used t o  r o t a t e  

t he  outer  s ide  p l a t e  with respect  t o  t h e  inner  s ide  p l a t e  i n  a d i r ec t ion  

t h a t  seats t h e  f u e l  p l a t e s .  

a r e  held f i rmly  i n  pos i t ion  during ro t a t ion  t o  prevent them from l i f t i n g  

off t h e  s ide  p l a t e s .  This i s  accomplished by a la rge  bo l t ,  which goes 

through t h e  center  of t h e  assembly and i s  threaded on both ends t o  

accommodate washers and nuts, which bear aga ins t  t h e  r ings.  After ro t a -  

t i on ,  t h e  t a i l s t o c k  r ing  i s  now locked t o  t h e  inner  s ide  p l a t e  with s e t  

screws and t h e  headstock r i n g  i s  locked t o  t h e  outer s ide  p l a t e  w i t h  s e t  

screws. The headstock and t a i l s t o c k  r ings  are checked f o r  cocking and 

t h e  f u e l  p l a t e s  a r e  v i sua l ly  checked f o r  sea t ing  before  t h e  assembly i s  

released f o r  fue l -p l a t e  protrusion measurements. 

The t a i l s t o c k  and headstock mounting r ings  
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e protrusion i s  measured wi th  a d i a l  ind ica tor  by determining 

the  height of t h e  f u e l  p l a t e  above t h e  b o t t  of t h e  w e l d  groove, as 

n i n  Fig. 49. Pla t e  protrusion i 

f o r  each f u e l  p l a t e  i n  t h e  center  and two outer w e l d  groo 

surements a r e  recorded for every 20th p l a t e .  

a r e  0.015 i n .  minimum for t h e  inner  s ide  p l a t e  and 0.035 i n .  minimum f o r  

t h e  outer  s ide  p l a t e .  The outer  and inner  diameters of 

elements a r e  ured a t  16 1 (32 measurements) 

0 both side p l a t e s  i s  me 

P la t e  protrusion l i m i t s  

FLg. 43. Inspector Measuring Fuel-Plate Protrusion. 



The loca t ions  a r e  concentrated on t h e  ends and center  of t h e  f u e l  element. 

The d is tance  between t h e  inner  and outer  surfaces  a t  s ix  loca t ions  a t  each 

end i s  measured and recorded. These l a t t e r  measurements must be within 

a spread of 0.010 i n .  

The s i d e  p l a t e s  are pinned t o  t h e  mounting r ings  t o  help prevent 

r o t a t i o n  of t h e  s ide  p l a t e  with respec t  t o  t h e  mounting r ings  during 

welding. 

p l a t e  t o  a depth of about 3/8 in .  

r ings .  

f l u sh  with t h e  mounting-ring surfaces .  

Three equally spaced 1/8-in. - d i m  holes a r e  d r i l l e d  i n  each s ide  

P i l o t  holes are located i n  t h e  mounting 

Then 1/8-in.-diam roll pins a r e  dr iven i n t o  t h e  p l a t e s  and seated 

An i d e n t i t y  number i s  Vibratooled on t h e  fue l  element between t h e  

t o p  end and f irst  weld groove on t h e  outer  s ide  p la te .  

The assembly i s  then mounted on t h e  welding la the ,  as shown i n  
Fig. 50. It i s  l i f t e d  and placed i n  pos i t ion  with an overhead crane with 

nylon s t r a p s  and a spreader bar .  

t o  a Micarta d r ive  p la te ,  backed up by a copper grounding r ing .  

grounding s t r aps  connect t h e  mounting r i n g  and copper r ing .  Micarta 

prevents grounding through t h e  b a l l  bearings of t h e  ro t a t ing  mechanism. 

Brushes of 93% Ag-?$ graphi te  a r e  held f i rmly against  t h e  copper r ing.  

The grounding system i s  completed by connecting t h e  brushes t o  a pipe 

buried severa l  f e e t  i n  t h e  ground and t o  t h e  ground i n  t h e  welding 

machine. 

The headstock mounting r ing  i s  bol ted 

Copper 

The d r ive  p l a t e  i s  mounted i n  b a l l  bearing races, which i n  t u r n  a r e  

mounted i n  t h e  l a t h e  headstock cast ing.  Atiming b e l t  connects t h e  d r ive  

p l a t e  with t h e  gear d r ive  of a 1/2-hp dc r eve r s ib l e  servomotor f i t t e d  

with a tachometer. 

servo system. The system i s  geared t o  provide continuous adjustment of 

t h e  fuel-element r o t a t i o n  speed from 12 t o  35 rph. 

reproduce a given r o t a t i o n  within 1%. 

set and then  sloped t o  a new prese t  speed a f t e r  t h e  welding a r c  i s  

s t ruck.  The r o t a t i o n a l  speed i s  again sloped t o  a f i n a l  prese t  speed 

after a weld sequence s top  cycle  i s  i n i t i a t e d .  Both slope r a t e s  a r e  

ad jus t  able .  

The motor has a proport ional  and i n t e g r a l  feedback 

The equipment must 
I n i t i a l  r o t a t i o n a l  speed i s  pre- 
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M 6 C Pnoto 7179 

Fig. 50. Outer Fuel Element w i t h  Circular  Weld-Test Assembly. 

The t a i l s t o c k  mounting r i n g  i s  p l  d on a steady r e s t  f i t t ed  with 

r o l l e r s  t o  permit r o t a t i o n  t h e  assembly. The height of t h e  r o l l e r s  

i s  ad jus tab le  t o  permit l e v e l  m ing  of t h e  f u e l  element. The s t  
rest s l i d e s  along t h e  ways of t h e  l a t h e  and i s  locked i n  a pos i t ion  t o  

r o t a t i o n  of t h e  a s  n t  i s  checked f o r  

l eve l .  A d i a l  i nd ica to r  i s  p l  t h e  inner  welding torch,  and while 
i s  ro t a t ing ,  its i n s ide  surface i s  indicated a t  both ends t n  

e s t a b l i s h  a o reference.  A maximum ind ica t ion  of 50.0075 i n .  f rom 
t h e  zero reference i s  permitted . The f u e l  p l a t e s  a r e  eked v i sua l ly  

f o r  proper s e a t i  i ng  r ings  a r e  checked t o  be sure t h a t  they 

Four 500-w quartz hea ters  a r e  placed i i d e  t h e  f u e l  e l  

a r e  connected t o  a t r a t u r e  con t ro l l e r  and t o  a t i m e r  t h a t  permits 
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from 0 t o  100% duty cycle.  The element i s  ro t a t ed  slowly a t  1 t o  2 rpm, 

heated t o  104 t o  127°C (220 t o  260°F), and maintained a t  temperature f o r  

a t  l e a s t  4 hr t o  dr ive  off  w a t e r  and alcohol.  Temperature readings a r e  

fed  t o  t h e  con t ro l l e r  from a s l i d i n g  thermocouple, which i s  held f i rmly 

aga ins t  t h e  outs ide surface of t h e  f u e l  element. Temperature i s  a l s o  

per iodica l ly  checked with a hand pyrometer. The f u e l  element i s  cooled 

down t o  49°C (120°F) pr io r  t o  welding. 

"before" segments of t h e  c i r c u l a r  weld-test  assembly a r e  welded and 

evaluated a s  described above. 

During t h e  baking-out cycle,  t h e  

After t h e  assembled f u e l  element has cooled down t G  120°F frm t h e  

baking operation, t h e  depth of t h e  spring-loaded pressure r ing  t o  t h e  

f u e l  p l a t e s  i s  measured i n  severa l  loca t ions  t o  ensure t h a t  t h e  f u e l  

p l a t e s  d id  not s l i d e  i n  t h e  s ide-p la te  s l o t s  during t h e  expansion and 

contract ion of t h e  f u e l  element. 

more than 0.020 in .  

The depth measurements cannot vary by 

Welding i s  performed with a 400-amp 3-phase fu l l -wave-rec t i f ie r  

Sciaky16 welder, a s  shown i n  Fig. 51. 
(MIG) welding i n  t h e  constant-current,  constant-voltage, and constant-  

wire-feed modes. 

p l a t e s  t o  t h e  s ide  p l a t e s .  F i l l e r  wire i s  0.030-in. type 4043 aluminum 

purchased t o  a spec i f ica t ion  given i n  Appendix C. Separate torches a r e  

used on t h e  inner  and outer  s ide  p l a t e s .  The inner  to rch  was designed 

a t  ORNL and i s  mounted on t h e  ways of t h e  l a t h e  f o r  hor izonta l  motion. 

A screw d r ive  i s  a l s o  provided t o  r a i s e  and lower t h e  torch.  The outer  

to rch  i s  mounted on a side-beam car r iage  f o r  hor izonta l  motion. The 

mounting i s  s lo t t ed ,  s o  t h e  torch  can be v e r t i c a l l y  and angularly 

adjusted by loosening wing nuts, posi t ioning as desired,  and t igh ten ing  

t h e  nuts.  

It i s  capable of metal  i n e r t  gas 

The constant-current mode i s  used f o r  welding t h e  f u e l  

Each torch  has a separate  wire-feed supply. The w i r e  i s  pulled 

through a Nylaflow l i n e r  i n  t h e  b a r r e l  of t h e  inner  to rch  and i s  dr iven 

a t  r i g h t  angles by a wide V-grooved r o l l  and i d l e r  roll assembly through 

t h e  nozzle and copper guide tube. The wire f o r  t h e  outer  to rch  i s  fed  

v e r t i c a l l y  from a Sciaky "U"-drive r o l l  and i d l e r  r o l l  assembly through 

16Product of Sciaky Bros., Inc. ,  4915 W. 67th S t . ,  Chicago 38. 
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a Teflon l i n e r ,  t h e  nozzle, and t h e  copper guide tube. The copper guide 

tubes17 a r e  Linde type 12N27. 

1/6-hp de r eve r s ib l e  servomotors equipped with tachometers and proport ional  

and i n t e g r a l  feedback systems. 

The r o l l e r  assemblies a re  powered by 

Wire-feed speeds a re  ad jus tab le  continuously from 1 t o  1000 in./min. 

Allowable wire-feed va r i a t ion  i s  k14& from a given se t t i ng .  

t h e  work very slowly when t h e  weld cycle i s  s t a r t e d  and u n t i l  t h e  a rc  

s t r i k e s .  The wire then a t t a i n s  an i n i t i a l  p rese t  speed i n  a maximum time 

of 5 cycles or 0.08 see. The i n i t i a l  p rese t  value of wire feed i s  sloped 

t o  t h e  run prese t  speed a f t e r  t h e  a rc  i s  struck. The slope r a t e  and time 

a r e  ad jus tab le .  

speed a f t e r  t h e  weld-sequence s t o 9  cycle i s  i n i t i a t e d .  

Wire approaches 

An ad jus tab le  slope r a t e  i s  provided f o r  t h e  wire-feed 

See Appendix E. 

Argon i s  used as t h e  shielding gas. hgOn and helium flowmeters 

were provided with t h e  equipment and t h e  flow r a t e  i s  control led by s tan-  

dard regula tors .  

gas f o r  each weld cycle .  Current i s  prese t  i n  t h e  constant-current mode 

of operation. Provision i s  made f o r  i n i t i a l  p rese t  current ,  f o r  an 

ad jus tab le  s lope r a t e  t o  a d i f f e ren t  prese t  current ,  and f o r  an ad jus t -  

able  decay r a t e  a f t e r  t h e  weld sequence s top cycle i s  i n i t i a t e d .  

Currently, vol tage and wire-feed speed a re  continuously monitored. 

Current and vol tage a r e  recorded on char t s .  

a t  least once every four  weeks. P r io r  t o  welding each element, t h e  

operator checks current  and r o t a t i o n a l  and wire-feed speeds. If t h e  

ammeter shows a d i f fe rence  of more than  2 amp from t h e  prese t  current 

O r  i f  t h e  wire feed for both torches i s  more than 3$ off t h e  prese t  

w i r e  feed, t h e  equipment i s  completely reca l ibra ted .  The wire-feed 

speed i s  adjusted as  required t o  be within 1% of t h e  spec i f ied  speed. 

Voltmeters must agree within 0.5 v of previous voltmeter readings for 

a given set of weld parameters or t h e  machine i s  reca l ibra ted .  

Timers permit a given pre- and postflow of shielding 

The machine i s  ca l ib ra t ed  

Table 6 and Appendix E give t h e  weld parameters f o r  a t taching t h e  

f u e l  p l a t e s  t o  t h e  s ide  p l a t e s .  

I n i t i a l  current ,  wire-feed, and ro t a t ion  values and i n i t i a l  slope 

r a t e s  a r e  se lec ted  t o  provide starts t h a t  ensure good p l a t e  attachment 

17Linde Company, Division of Union Carbide Corp., 30 East 42nd St . ,  
New York 17. 
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Table 6. Run Weld Parameters f o r  Fuel Plate  Attachmenta 

Side P la te  

1 2 3 4 
Parameter 

Voltage, v 
Argon gas flow, cfh 
Nozzle diameter, i n .  
Nozzle height, i n .  
Guide tube extension, i n  
Torch angle t o  work 

surface, deg. 

~~ 

18-20 19-2 1 18-19 19-2 1 
45 45 45 45 
5/8 3/4 5/8 3/4 
1/4 1/4 1/4 1/4 
0-1/16 0-1/ 16 0-l/ 16 0-1/16 
90 87.5 i n  90 90 

di rec t ion  
of ro ta t ion  

a Current i s  adjusted as necessary t o  maintain reference a r c  voltage. 

without overpenetration and with a smooth t r a n s i t i o n  from t h e  s tar t  of 

t h e  weld bead t o  the  normal weld bead. Similarly, t h e  f i n a l  parameter 

values and slope r a t e s  a r e  selected t o  provide a smooth t r a n s i t i o n  from 

t h e  weld s tar t  t o  t h e  overlap without cold shuts and without t h e  a r c  

snuffing out. 

A l l  elements a r e  adjusted t o  a temperature of 49 t o  57°C 

(120 t o  135°F) before each seam i s  welded. 

i s  cooled or heated as needed. 

a r e  centered i n  t h e  nozzle and cause t h e  f i l l e r  wire t o  point i n  t h e  

d i rec t ion  of r o t a t i o n  a t  t h e  angle given i n  Table 6. To minimize weld 

overpenetration, the  d i rec t ion  of r o t a t i o n  i s  chosen such t h a t  t h e  edge 

of t h e  f u e l  p l a t e  approaches t h e  a r c  f o r  t h e  outer s ide-plate  weldments. 

Either d i rec t ion  of ro ta t ion  i s  s a t i s f a c t o r y  f o r  the  inner  s ide-plate  

welds, s ince t h e  f u e l  p l a t e  approaches t h e  s ide p l a t e  a t  about 90". The 

torch  nozzle i s  oriented so t h a t  t h e  wire feeds i n t o  t h e  middle of t h e  

s e a m .  Mirrors a r e  used t o . h e l p  posi t ion t h e  torch cor rec t ly  f o r  t h e  

inner s ide-plate  welds. The operator carefu l ly  watches the  weld bead 

during welding and maintains it centered i n  the  weld groove by s h i f t i n g  

t h e  welding torch  l e f t  or r i g h t  as required. The weld beads must be f l a t  

t o  s l i g h t l y  convex, and t h e  voltage i s  adjusted within t h e  specif ied 

range t o  ensure proper bead contour. Only one pass i s  used per seam t o  . 

m i n i m i z e  d i s t o r t i o n  and shrinkage. 

Between seams t h e  f u e l  element 

The guide tubes a r e  oriented so  t h a t  they 
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If the a r c  snuffs  ou-t-during t h e  weld cycle, a r e s t a r t  i s  made i n  

t h e  same manner as a normal. s tart  except t h a t  t h e  .torch i s  positioned 

on t h e  welded seam about 1 in .  back from t h e  end of t h e  weld and t h e  

a r c  i s  s t ruck without ro ta t ion .  Rotation a t  normal run speed i s  s t a r t e d  

as  soon as t h e  welding a r c  s t r i k e s .  Other defec ts  a r e  repaired by 

procedures s p e c i f i c a l l y  qua l i f ied  f o r  t h e  type of defect.  

Fuel.-plate protrusj-on measurements are made and recorded as welding 

progresses. M i n i m u m  protrusion i s  0.025 i n .  f o r  the  outer s ide  p l a t e  

and 0.010 i.n. f o r  t h e  inner  s i d e  p la te .  

sequence. 

remounted and t h e  "after" segments a r e  welded and evaluated as described 

above. 

Table 7 gives t h e  welding 

After t h e  l a s t  seam i s  welded, t h e  c i r c u l a r  t e s t  assembly i s  

The welded f u e l  element i s  removed f r o m  t h e  l a t h e  and allowed t o  

cool i n  the v e r t i c a l  posi t ion t o  room temperature. 

a r e  removed. Weld s p l a t t e r  i s  sanded or  fil.ed .Crom tile i n s i d e  and outside 

surfaces.  Particu1.a-r care  i s  taken t o  remove t h e  weld s p l a t t e r  from the  

ends of t h e  element back t o  t h e  f i rs t  few weld grooves. 

The mounting r ings  

Diameter Correction 

The niaximim and minimum ins ide  diameters of the outer f u e l  element 

a r e  measured with i n s i d e  micrometers ax1 recorded for locat ions between 

t h e  t o p  end and weld groove 

of adjacent grooves 1-2, 2-3, 4-5, 6-7, 10-11, 12-13, 14-15? 18-19, 

20-21, 22-23, and 23-24.. 

t h e  bottom and groove 24, and t h e  p a i r s  

To ensu-re t h a t  t h e  wall thickness i s  not  violated during f i n a l  

niacliining, tine i n s i d e  of t h e  outer fuel. element i s  mechanically expanded 

a t  i-00~11 temperature t o  a m i n i m u m  diametey of 11.030 in .  

i s  necessary t o  cor rec t  f o r  weld shrinkage. An expaision t o o l  i s  

inser ted  iriside -the fuel. element a t  each end and positioned i n  t h e  area 

of g r e a t e s t  shrinkage. They a r e  t h e n  tightened. u n t i l  -the i.nside diametei- 

i s  expanded t o  approximately 11.035 i n .  These expansion t o o l s  are l e f t  

i n  the e1.ernen.t during a subsequent shrinking and stress re l iev ing  opera- 

t ion ,  which s t a b i l i z e s  the  element at the new diam3ter. Generally only 

t h e  ends of t h e  element Yeyuli-e thris expansion; however, if other areas 

require  it t h e  expanding t o o l s  are reposit ioned and the  operation i s  

This expansion 
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Table ‘7. Sequences for  Welding Fuel Plates to Side Plates 

Inner Fuel Elemeni; Outer Fuel Elkrnen’~ 

Side Seam Side Seam 
- -- Weld 

--- ._.I- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
3.1- 
12 
13 
1.4 
1.5 
1.6 
17 
18 
19 
20 
21 
22 
23 
2 A 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3% 
39 
40 
l+ 1 
42 
43 
44 
45 
4 6 
47 
48 

Inner 
Outer 
Inner 
Inner 
inner 
Outer 
outer 
O x t  e r  
Outer 
Outer 
01.t e r  
Outer 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Ou-her 
Outer 
Out ex- 
0it e r  
Outer 
Outer 
Inner 
Inner 
Inner 
Inner 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Oui; e r  
Outer 
outer. 
Outer 
Liner  
Inner 
bier 
inner 

I 

13 (mriddle ) 
13 (middle) 
7.2 
14 
11 
12 
14 
11 
15 
1- 0 
16 
9 

1.5 
10 
16 
9 
17 

8 
17 

8 
18 
7 

19 
6 
18 
7 

19 
6 

20 
5 

21 
4 

22 
3 

20 
5 

21. 
4 

22 
3 

23 
2 

24 
1 

23 
2 

24 
1 

Inner 
Outer 
Out E?% 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Inner 
Inner 
Outer 
Outer 
Outer 
Outer 
Out el- 
Outer 
Outer 
OuLer 
irui e r  
Inner 
Inner 
Outer 
Outer 
Outer 
Out e r 
outer 
OVL e% 
out, er 
Outer 
Inner 
Inner 
Lmer 
Inner 
Inrier 
Inner 
Inner 
lnner 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 
Inner 

-. 

13 (middle) 
13 (middJ.e) 
12 
1.4 
1.1 
15 
10 
1.6 

9 
12 
14 
8 
17 
7 

1-8 
6 
19 

5 
20 
11 
15 
10 
4 

2 7. 
3 

22 
2 

23 
1 

2 4 
9 
1.6 
8 

1’1 
7 
1% 

6 
19 

5 
20 
4 
21 

3 
22 

2 
23 
1. 

24 
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repeated. 

loca t ions  measured before  expansion and recorded. 

The in s ide  diameter i s  measured a f t e r  expansion a t  t h e  same 
It i s  not necessary 

ds of t h e  inner  element; i t s  ins ide  diameter a f t e r  

welding i s  a t  l e a s t  4.784 i n . ,  which i s  s u f f i c i e n t  t o  ensure proper w a l l  

t h i  ckne ss . 
The outs ide  diameter of both t h e  inner  and outer  element i s  m 

e and recorded f o r  loca t ions  between t h e  t o p  end and weld 

groove 1, t h e  bottom and groove 24, and t h e  p a i r s  o f  adjacent groov 

1-2, 2-3, 5-6, 19-20, 22-23, and 23-24. The mounting rings res t ra in  
w e l d  shrinkage a t  t h e  ends o f  t h e  fuel  element. Shrinkages on t h e  out- 

are most severely r e s t r i c t e d  from t h e  ends of t h e  element t o  t h e  

first two weld grooves. 

t h e  outs ide of both ends of both inner  

element with shr ink rings i n  place i s  i n s t a l l e d  v e r t i c a l l y  i n  an oven 

Shrink r ings  shown i n  Fig. 52 a r e  i n s t a l l e d  on 

outer  f u e l  elements. An 

p" 4 

I# & C Photo 7169 

A 

Fig. 52. Shrink Rings I n s t a l l e d  on Outer Element. 
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with a hot-air  c i r c u l a t o r .  Shrinkage occurs because t h e  thermal expan- 

sion of t h e  aluminum side p l a t e s  i s  grea te r  than that of t h e  s t e e l  r ings .  

The v e r t i c a l  posi t ion during heating reduces any tendency t o  sag. 

The outer elements a r e  heated f o r  a period of 3 hr a t  177°C (350°F) 

f o r  two purposes. One i s  t o  shrink t h e  element i n  outside diameter a t  

t h e  ends. The other purpose i s  t o  p a r t i a l l y  s t r e s s  r e l i e v e  t h e  welded 

assembly t o  minimize t h e  amount of ova l i ty  t h a t  occurs during subsequent 

machining. Inner elements a r e  only heated t o  121°C (250°F) and permitted 

t o  cool as soon as t h e  temperature has been reached. 

The element i s  cooled i n  a v e r t i c a l  pos i t ion  t o  room temperature, 

and t h e  shrink r ings  a r e  removed. The outside diameter of the  element 

i s  measured a t  t h e  same locat ions measured before t h e  shrinking opera- 

t i o n .  It must be 17.415 t o  17.450 i n .  f o r  t h e  outer  f u e l  element and 

10.820 t o  10.839 i n .  f o r  t h e  inner f u e l  element t o  ensure proper s ide  

p l a t e  w a l l  thicknesses a f t e r  f i n a l  machining. 

t o  g r i p  t h e  end tabs  of t h e  Teflon and p u l l  it out of t h e  channels. 

Care must be taken not t o  damage t h e  f u e l  p l a t e  ends. 

Special  p l i e r s  a r e  used 

The face and root  of each weld segment a r e  inspected v isua l ly .  

The face of t h e  weld i s  inspected f o r  cracks, i r r e g u l a r  bead contour, 

oxidation, terminal  c ra te rs ,  voids and porosity,  amount of f i l l ,  and 
undercut. Any cracks a r e  cause f o r  r e j e c t i o n  except on t h e  terminal 

c r a t e r  area.  Porosity or voids on t h e  exposed surface cannot exceed 

half  t h e  amount shown on t h e  ASME Boiler and Pressure Vessel Code, 

Section VIII, Appendix I V ,  "Porosity Charts of P la te  l/4 i n .  or Less 

and Size Assorted." 

or re jec ted  by comparison against  a v isua l  weld standard. The root  of 

each weld i s  inspected f o r  excess sag or warpage of t h e  s i d e  plate ,  

gross oxidation, and weld dropthrough. Weld dropthrough cannot exceed 

0.010 i n .  as determined v isua l ly .  

The remainder of the  weld a t t r i b u t e s  i s  accepted 

The i n s i d e  and outside diameters of t h e  welded element a r e  measured 

a t  t h e  same 16 locat ions (32 totalmeasurements)  as f o r  t h e  as-assembled 

element and recorded. The diameters must s a t i s f y  t h e  following 

requirements: outer element I D ,  11.023 i n .  minimum; outer element OD, 

17.450 i n .  maximum; inner element I D ,  4.784 in .  minimum; inner element 

OD, 10.839 i n .  maximum. The p l a t e  ends a t  t h e  t o p  and bottom of t h e  



element a r e  inspected €or location; they must l i e  within a band 0.020 i n .  

wide at each end. 

Channel Soacing Measurement 

Tne coolant channel thickness  i s  measured contiriuous1.y along t h e  

length of every channel except f o r  1/2 i n .  st e i t h e r  end of t h e  fuzl 

p l a t e s  with t h e  apparatus shown i n  Fig. 53. The channel ihickness i s  

measured at within k0.10 i n .  of t h e  following f i v e  r a d i a l  locat ions.  

Radial  Location, i n .  

Inner f u e l  element 3.10 3.56 4.05 4.40 4.80 

Outer f u e l  element 6.20 6.64 7.22  '7.61 7.90 

The r a d i a l  d i s tances  between adjacent measurement loca t ions  must 

be w i t h i n  k0.10 i n .  of' t h e  dis tances  derived from t h e  above t ab le .  

Channel spacing i s  measured by am eddy-current probe technique 

using a pancake-type c o i l .  The spacing measurement i s  a funct ion of 

t h e  c o i l  geometry, t h e  a l loy  of t h e  f u e l  p la tes ,  and t h e  frequency of 

t h e  a l t e rna t ing  voltage fed  t o  the t e s t  c o i l .  A high-frequency 

a l t e r n s t i n g  current  i s  applied t o  t h e  t e s t  c o i l ,  which produces an 

a l t e rna t ing  magnetic f i e l d  The magnetic f i e l d  and t h e  metal surrounding 

t h e  c o i l  determine t h e  impedance of t h e  c o i l .  Variations i n  t h e  proxim- 

i t y  of t h e  metal  t o  t h e  coil. due t o  fue l -p l a t e  spacing var ia t ions  w i l l  

vary t h e  c o i l  impedance. The impedance changes a r e  then e l ec t ron ica l ly  

converted t o  an  analog voltage output, which i s  recorded on a s t r i p  

char t .  

Five such 

un i t ,  shown i n  

t racks  i n  each 

char t  recorded 

c o i l s  mounted on separate  probes and assemblecl i n t o  one 

Fig. 54, a r e  used to simultaneously measure t h e  f i v e  

channel, spaced as described above. Each probe i s  s t r i p -  

coritinuously as t h e  probes a r e  withdrawn ve r t i ca l ly .  A 

continuous s i x t h  t r a c k  i s  a l s o  recorded; it i s  an e lec t ronic  average of 

t h e  f i v e  spacing values. 

18C. V. Dodd, Design and Construction of Eddy-Current Coolant- 
Channel Spacing Probes, ORTJL-3580 (Apri l  1964). 
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Fig. 53. mannel Spacing MeasurCvlznt Equipment. 
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WM & C Photo 7166 

Fig. 54. Channel Spacing Probes f o r  Outer Fuel Element. 

The average coolant channel thickness  f o r  any individual  cross 

sec t ion  i s  spec i f ied  at 0.050 k 0.006 i n .  Each individual  coolant 

channel i s  spec i f ied  a t  0.050 f 0.010 in .  when measured a t  any po in t ,  

The f u e l  element i s  placed i n  a v e r t i c a l  pos i t i on  with t h e  bottom 

end upon a turn tab le .  The probes a re  lowered i n t o  t h e  water channel 

u n t i l  they reach 1/2 i n .  from t h e  bottom of t h e  channel. 

motor i s  reversed automatically a t  t h i s  point ,  t h e  probes a re  v e r t i -  

c a l l y  withdrawn, and t h e  recorder s t r i p  char t s  a r e  ac t iva ted .  Each 

channel i s  measured i n  t h i s  fashion by proceeding f rom channel 1 i n  

a counterclockwise d i rec t ion .  P r io r  t o  s t a r t i n g  on each element and 

a f t e r  a maximum of 25 channels have been probed, each probe i s  

r eca l ib ra t ed  against  a s t ep  gage i n  which spacings a re  var ied  from 

0.040 t o  0.060 in .  i n  0.005-in. increments. The char t  readings f o r  each 

probe must be within kO.001 i n .  of t h e  proper value, and t h e  average 

char t  reading must be within 0.0005 in .  of t h e  proper value. 

The dr ive  

I n  addi t ion  t o  reading each char t  f o r  channel spacing, t h e  

inspector  v i sua l ly  estimates t h e  ove ra l l  average thickness  of each 

channel from t h e  average char t .  These averages i n  t u r n  a r e  averaged 



90 

t o  provide an estimate of t h e  average channel spacing f o r  t he  f u e l  

element. 

Channel spacing deviations may be repaired.  First, t h e  channels 

adjacent t o  t h e  defect ive channel are backed up with Teflon spacers. 

An oversize piece of Teflon is  then drawn through t h e  channel; t h i s  

tends t o  bend t h e  offending p l a t e  i n  a d i rec t ion  t o  correct  t he  spacing. 

A s e r i e s  of Teflon pieces of various thicknesses i s  maintained f o r  t h i s  

purpose. N e x t  t h e  Teflon spacers are replaced i n  a l l  t h e  channels, t h e  

shrink r ings  a r e  replaced, and t h e  element i s  put i n  t he  furnace on end 

and s t r e s s  re l ieved a t  350'F f o r  4 hr. 

probed t o  determine t h a t  t he  channel spacing has been corrected. 

correct ion sequence i s  applied only with t h e  approval of t h e  Buyer. 

The suspect channels a r e  again 

T h i s  

Comb Attachment 

The f u e l  element i s  placed on a turn tab le  i n  preparation f o r  comb 

welding. The combs a r e  cleaned according t o  Procedure 1, Appendix D. 

The combs are inspected for cleanl iness ,  rough formed over c i r cu la r  

cross-section mandrels, and f i t t e d  t o  t h e  element w i t h  c i r c u l a r  p l a s t i c  

templates of t h e  proper diameter. The operator wears clean l i n t - f r e e  

gloves. 

formed and cut t o  make a f u l l  c i r c l e  and a r e  tapped l i gh t ly ,  a s  shown i n  

Fig. 55, u n t i l  they are evenly seated on t h e  f u e l  p la tes .  They must f i t  

t i g h t l y  t o  ensure good e l e c t r i c a l  contact f o r  welding. 

thermal contact, t he  j o i n t  between the  comb and f u e l  p l a t e  i s  Vibratooled. 

The outer  combs a r e  assembled first. The cmb  segments a r e  

To improve the  

The cordbs a r e  inspected f o r  proper loca t ion  with templates, proper 

t e e t h  alignment ( v e r t i c a l  and not bent t o  one s ide ) ,  and cleanl iness .  

The channel spacings on both s ides  of t h e  combs a r e  checked w i t h  a 
spec ia l  manual single-probe eddy-current device t o  ensure 0.040-in. 

minimum spacing. 

The cmbs  are gas tungsten-arc welded manually (Fig. 56) with 

45 t o  60 amp, 11 t o  l4 v ac, 15 cfh  argon shielding gas, 5/16-in.-ID 

nozzle, and a 3 3/32-in.-dim 1$ thor ia ted  tungsten electrode with a 
1/32-in. f l a t .  Fusion welding i s  employed, and 1/16-in.-diam 4043 alum- 

inum f i l l e r  wire is  used only when necessary t o  bridge from one p l a t e  t o  

t h e  next and t o  repair cracks. The f i l l e r  wire i s  purchased i n  accordance 
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---- 
Fig. 55. I n s t a l l i n g  Outer Comb on Outer Fuel Element. 

Fig. 56. Comb Welding. 
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with spec i f ica t ions  given i n  Appendix C. 
t he  depth of melting t o  less than l/8 in .  from t h e  p l a t e  edge. 

bead width i s  maintained as narrow a s  possible.  

Fusion i s  control led t o  keep 

The weld- 

The welds a r e  inspected f o r  t h e  following a t t r i b u t e s .  

1. Fusion. -Wetting between a t  l e a s t  one s ide  of t h e  comb and the  

f u e l  p l a t e  must occur. 

2. Penetration. - Comb t e e t h  mus t  not show more than 1/8 in .  of 

melting below t h e  end of the  f u e l  p l a t e .  

3. Oxidation. - Weld must be f r e e  of excessive oxidation. 

4 .  Cracks. -Welds must not contain cracks l a rge r  or  more numerous 

than those on a v i s u a l  weld standard, and cracks must not appear on both 

s ides  of a s ing le  tooth of a c o d  i f  they could allow t h a t  tooth t o  

f a l l  i n t o  t h e  channel. 

5.  Channel blockage. - The projected width of any comb, including 

i t s  t e e t h  and a l l  fused metal over any channel, must not be grea te r  

than 0.250 in .  f o r  bottom end combs and 0.150 i n .  f o r  top end combs. 

The widths a r e  inspected, as shown i n  Fig. 57, with a gage t h a t  has two 

p a r a l l e l  0.040-in. pins appropriately spaced; these pins  must be accepted 

i n  t he  same channel on both sides of a given comb. I f  required, excess 

metal i s  removed with a f l a t  f i l e .  Care i s  taken t o  i n s e r t  t he  f i l e  no 

more than 1/2 i n .  i n t o  t h e  channel and t o  minimize p l a t e  scratching. 

6. Location. - Combs must be located per drawing requirements. 

End Adapter Attachment 

The f u e l  element i s  next mounted i n  a l a the  t o  prepare the  ends of 

t h e  element f o r  adapter welding. 

element are faced t o  0.263 i n .  from t h e  s l o t  shoulder a t  t he  top  and 

0.388 i n .  from the  s l o t  shoulder a t  t h e  bottom, with 30" chamfers. For 

t h e  inner annulus, these dimensions a r e  reversed. 

The top  and bottom ends of the  outer 

The above machining i s  inspected f o r  compliance with t h e  appropriate 

The average ins ide  diameter of t h e  outer s ide  p l a t e  and outside d r a w i n g .  
diameter of t he  inner s ide p l a t e  a r e  inspected and recorded. Weld prep- 

a ra t ion  on t h e  rough-machined adapters are then turned per t he  appropriate 

drawings. 
t he  cmbs  and assembled t o  t h e  f u e l  element. 

The adapters a r e  cleaned and pickled i n  t h e  same manner as 

The f i t  must be t i g h t  and 
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Fig. 57. Inspect ing Welded Comb f o r  Channel Blockage. 

t h e  adapter  must be seated against  t he  f u e l  element slots. 

adapters  a r e  inspected for alignmnent, j o i n t  geometry, and c l  

The assembled 

ing i s  0.125 t o  0.145 i n .  with t h e  ap te r s  seated against  

t h e  s l o t s .  Mirrors a r e  used as necessary t o  ensure pr  

A s p e c i a l  adapter welding f i x t u r e  i s  i n s t a l l e d  on 

f u e l  element i s  mounted i n  t he  welding l a t h e  and adjusted u n t i l  t h e  T I R  

a t  t h e  t a i l s t o c k  end of t h e  l a t h e  0.025 i n .  or l ess .  The adapters  

a r e  welded (Fig, 58) i n  t h e  same manner as t h e  s ide  pla to t h e  f u e l  

p l a t e s .  Weld par t e r s  a r e  given i n  Table 8 and Appendix E; they were 

chosen t o  e f f e c t  be st  c ompr 

and adequate f i l l .  To m i n i  e d i s t o r t i o n  and shrinkage, only one weld 

pass i s  used. 
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Fig. 58. Adapter Welding on Outer Fuel Element. 

Table 8. Parameters f o r  Welding End Adapters t o  Fuel Elementsa 

Parameter 

~ ~~ 

Side P la t e  

1 2 3 4 

Voltage, v 
Argon gas flow, c fh  
Nozzle diameter, i n .  
Nozzle height, i n .  
GuTde tube extension, i n  
Torch angle t o  work 

surface, deg 

~ ~~ ~ 

18-19 18-19 18-20 18-20 
4 5  45 4 5  45 
5/8 3/4 5/8 3/4 

1/4 3/8 1/4 3/8 
/16 C-1/16 0-1/16 C-1/16 

90 87.5 i n  90 
d i  r ee t i on 
of r o t a t i o n  

a Current i s  adjusted as necessary t o  maintain voltage. 
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The completed welds a r e  inspected v i sua l ly  t o  t h e  same requi r  S 

t h e  welds of s ide  p l a t e s  t o  f u e l  p l a t e s .  They a r e  radiographed with 

a Norelco MG 300 unit located i n  a lead-l ined room and K c d a l  Type R f i lm  
i n  f l e x i b l e  cas se t t e s  with 0.005 t o  0.010 i n .  k lead. To sh ie ld  

against  back sca t t e r ing ,  a 1/16- t o  l /&- in . - th ick  sheet of lead i s  formed 

t o  f i t  t h e  ins ide  of t h e  adapter being r a d i  phed, a s  shown i n  Fig. 59. 

Fig. 59. Radiography of Outer Fuel Element Adapter 



96 

To radiograph t h e  welds i n  s i x  sect ions,  t h e  f u e l  element i s  ro t a t ed  

under t h e  f ixed x-ray tube. The welds a r e  x-rayed a t  100 k 25 kv t o  

r e s u l t  i n  a f i lm  densi ty  between 1 .5  and 3.0. 

2 i n .  back of t h e  f u e l  p l a t e s  f o r  t he  outer  adapters and 10 i n .  i n  f r o n t  

of t h e  f u e l  p l a t e s  (off  t h e  element) f o r  t h e  inner  adapters.  

f o c a l  d i s tance  i s  a t  l e a s t  36 i n .  and t h e  foca l  spot i s  about 4 m. 
Penetrameter s i z e l g  50A i s  used f o r  t h e  inner  t o p  and outer t o p  adapters  

of t h e  inner  element. 

of t h e  inner  element and a l l  t h r e e  adapters f o r  t h e  outer element. 

The x-ray tube i s  o f f s e t  

The f i lm 

Size lg  62A i s  used f o r  t he  inner  bottom adapter 

The radiographs are inspected by comparison with standard radio-  

graphs se lec ted  for each type of adapter weld. 

must be f r e e  of cracks; (2)  l o c a l  areas, 1/4 in .  or less, containing 

lack  of fusion a t  t h e  roo t  of t h e  weld a r e  acceptable for welds of s ide  

p l a t e s  2, 3, and 4 t o  adapters; (3) no lack  of fus ion  i s  permitted f o r  

t h e  weld of s ide  p l a t e  1 t o  t h e  adapter except i n  t h e  s t a r t -ove r l ap  

area; ( 4 )  welds must have acceptable starts per  standard radiographs; 

and ( 5 )  welds must have acceptable poros i ty  per standard radiographs. 

These standards are roughly equivalent t o  ASME Boiler  and Pressure Code, 
Section V I I I ,  Appendix IV,  "Porosity Charts of P l a t e  1/4 i n .  or Less 

and Size Assorted." 

I n  general ,  (1) t h e  welds 

F ina l  Machining 

To prepare t h e  elements for machining, masking tape  i s  placed over 

t h e  ends of t h e  f u e l  p l a t e s  on both ends of t h e  element; t h i s  minimizes 

t h e  opportunity for chips t o  c o l l e c t  i n  t h e  channels. 

The elements are set up on spider  a rbors  i n  a la the ;  these  a r e  

mandrels with spiders  on each end. Each spider  cons i s t s  of four c i r c u l a r  

segments t h a t  f i t  t h e  ins ide  of t h e  f u e l  element. 

at tached t o  t h e  mandrel with an ad jus tab le  screw. 

located lengthwise on t h e  arbor so t h a t  they f i t  about 1 t o  2 i n .  
ins ide  t h e  two end wall-assurance grooves on the  inner  s ide  p l a t e .  

The bes t  average center  l i n e  of t he  element i s  es tab l i shed  by adjust ing 

Each segment i s  

The spiders  a r e  

lgPenetrat ion i d e n t i f i c a t i o n  numbers f o r  aluminum i n  accordance with 
MIL-STD-271A (Ships) (Mar. 11, 1965). 
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t h e  spider  segments u n t i l  t h e  least  t o t a l  ind ica tor  r 
t t o  the  end wall-assurance grooves on the  inner  s i d e  p la te .  

The t o t a l  i nd ica to r  readings on t h e  

grooves are checked t o  be sure  t h e  r 
establ ished center  l i n e .  

and 17.197 t o  17.200 in .  i n  diameter for t h e  inner  and outer f u e l  e le-  

ment, respect ively.  

of f i n a l  dimensions, as shown i n  Fig. 60. 

ance 

wi th in  0.005 i n .  of t h e  

The outs ide i s  turned t o  10.698 t o  10.702 i n .  

The adapters a r e  rough machined t o  within 0.050 i n .  

. 

, 

Fig. 60. Rough Machining of Adapter on Inner Fuel Element. 



The element i s  removed from t h e  l a t h e  a s e t  UP on a cradle  fixture 

on a hor izonta l  boring m i l l ,  as sho-a i n  Fig. 61. The element i s  

t e r e d  by es tab l i sh ing  t h e  best average center  l i n e  w i  

t o p  and b o t t  

mum amount of face  i s  calculated by 

subt rac t ing  t h e  minimum permissible f in i shed  w a l l  thickness from the  

minimum measured s ide-p la te  t h i ck  

p l a t e  involved. The ins ide  i s  bored t o  f i n a l  d i  ion.  IsoProPYl 

or e thy l  alcohol i s  used as  a lubr icant  for t h e  f i n a l  cu ts  t o  give 

a good f i n i s h .  The wall-  urance depth requirements a re  maintained. 
The t o p  inner  ad e r  on t h e  outer e l  n t  i s  machined- only enough t o  

clean it up and make it concentric w i t h  t h e  ins ide  surface.  

f o r  t h e  p a r t i c u l a r  i n  

The ins ide  diameter i s  inspected i n  pos i t ion  on t h e  boring m i l l ,  

and ne y correct ions a re  made f o r  temperature. The element i s  

Photo 7187 

~ 

Fig. 61. Boring Ins ide  of Outer Fuel EleL-nlcnt. 



99 

removed t o  an inspect ion area maintained a t  20°C (68 k 1°F). The in s ide  

diameter i s  reinspected, and t h e  in s ide  wall-assurance groove depths a r e  

measured. The dimensions are recorded. 

.Expanding mandrels a r e  in se r t ed  i n  t h e  element, which i s  then 

mounted between centers  i n  a la the .  The elements a r e  f i n a l  machined as 

f ollms. 
1. Check concent r ic i ty  of mandrel t o  inner  bore a t  each end. 

2. Rough machine so  t h a t  a l l  diameters and angles a r e  within 

0.050 i n .  of drawing requirements. 
3. F ina l  machine bottom end d e t a i l s .  Leave 0.015 in .  on outs ide 

f o r  f i n a l  cleanup. 

8-7213 and 8-7214, Appendix A ) .  

Do not remachine "B" diameter of adapter, (drawings 

4. Fina l  machine ove ra l l  length and a l l  d e t a i l s  of inner  top  

adapter.  Do not remachine "B" diameter of adapter. 

5 .  Check concent r ic i ty  of a l l  f in i shed  sec t ions  on both ends. 

6. F ina l  machine outer  adapter,  t o p  end. Leave 0.010 in .  over 

t h e  10.915-in. diameter f o r  inner  f u e l  element and over t he  16.757- and 

16.4725-in. diameters f o r  outer  f u e l  element f o r  f i n a l  chip a f t e r  angles 

a r e  complete. Do not remachine "B" surface of adapter.  

7. F ina l  machine outs ide surface t o  cor rec t  diameter and maintain 

wall-assurance groove depth requirements. 

Inspec t i  on 

The elements a r e  inspected a t  20°C (68 If: 1°F) i n  t h e  r e s t r a ined  

condition f o r  a l l  dimensions needed t o  assure  accurate  construction. 

Dimensions required f o r  c e r t i f i c a t i o n  a r e  recorded. 

The elements a r e  removed from t h e  mandrel. The s ix  pads on t h e  

t o p  end inner  adapter f o r  t h e  outer  f u e l  element a r e  machined. A 

portable  rou te r  following a template i s  used f o r  t h i s  operation, a s  

shown i n  Fig. 62. 
Both elements a r e  engraved with i d e n t i f i c a t i o n  numbers by a panto- 

graph machine and with channel-locating index marks by hand with a 

ro t a ry  carbide burr .  

The elements a r e  deburred, s m a l l  nicks and dents a r e  blended, and 

The elements a r e  f i n a l  inspected a t  20°C t h e  masking tape  i s  removed. 



100 

M & C Photo 7172 

Fig. 62. Routing Adapter Pads on Outer Element. 

(68 1°F) i n  t h e  unrestrained condition f o r  severa l  per t inent  dimensions 

and again deburred. The dim ions required for c e r t i f i c a t i o n  are 

recorded. 

The s ide  p l a t e  w a l l  th ickness  i s  ca lcu la ted  a t  t h e  t h r e e  wall- 

assurance grooves on each s ide  plate .  The ca lcu la t ion  i s  made as 
follows : 

Sta r t ing  s ide  p l a t e  w a l l  th ickness  = TS 
Sta r t ing  wall-assurance groove depth = ws 

wF Wall-assurance groove depth a f t e r  machining = 

Stock removal a t  f i n a l  machining 

F ina l  w a l l  th ickness  

R = W S - W  
T = T  - R  

F 
F S  

Cleaning 

The f u e l  elements a r e  prepared for cleaning. They a r e  l i f t e d  by 

e c i a l  f i x t u r e s .  The outer  l i f t i n g  f i x t u r e  a ins  a cadmium neutron 

poison a s  an added sa fe ty  for eventing c r i t i c a l i t y .  

f rom t h e  element. Dry n i t r o  a t  60 p s i  i s  

blown through t h e  channels t o  r ove chips. A l l  ava i lab le  surfaces  
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wiped clean with a l i n t - f r e e  c l o t h  dampened with alcohol. 

used t o  c lean contamination t h a t  resists alcohol.  
i s  attached, and t h e  element i s  lowered i n t o  a cold r i n s e  tank of 

deionized water (500,000 ohm-em minimum) and withdrawn quickly. This 
cycle i s  repeated twice. The element i s  then lowered i n t o  a hot r i n s e  

tank of deionized w a t e r  a t  82°C (ItSO'F), kept t he re  u n t i l  i t s  tempera- 

%me i s  about t h e  same as t h a t  of t h e  water, and then withdrawn quickly. 

The cycle  i s  repeated twice. The element i s  blown dry with ni t rogen a t  

a maximum pressure of 60 ps i .  The l i f t i n g  f ixture  i s  removed, and each 

channel i s  examined f o r  chips. Any chips a r e  ca re fu l ly  pushed out of 
t h e  channels with 0.020-in. - th ick  spr ing s t e e l  stock o r  denta l  explorers.  

Acetone i s  

The l i f t i n g  f i x t u r e  

The element i s  f i n a l  inspected f o r  c leanl iness .  A l i g h t  placed a t  

one end of t h e  element assists i n  t h e  v i s u a l  examination of channels. 
The element must be f r e e  of chips, and surfaces  must be f r e e  of weld 

s p l a t t e r ,  s lag,  moisture, d i r t ,  o i l ,  scale ,  paint ,  marking ink, penc i l  

markings, and s i m i l a r  fo re ign  matter. 
The element i s  wrapped i n  c lean polyethylene and lowcred i n t o  ORNL- 

supplied shipping containers .  The f i x t u r e  f o r  lowering t h e  elements 

i n t o  t h e  containers  cons i s t s  of a sha f t  w j t h  a p l a t e  mounted on i t s  end. 

S lo t ted  segments a r e  bol ted t o  t h e  p la te .  The s l o t s  permit t h e  segments 

t o  be extended and withdrawn r a d i a l l y .  For t h e  outer  element, t h e  p l a t e  

i s  in se r t ed  completely i n t o  t h e  element and t'ne segments a r e  extended 

under t h e  bottom adapter.  

i n  t h e  top outer  adapter only, and t h e  segments a r e  extended t o  engage 
t h e  s l o t  i n  t h e  t o p  outer  adapter.  

For t h e  inner  element, t he  p l a t e  i s  in se r t ed  

Cer t i f i ca t ion  

A fuel-element c e r t i f i c a t i o n  repor t  with t h e  following i r i fomation 

i s  prepared for each element. 

1. c e r t i f i c a t i o n  statement, 

2. 
3. f u e l - p l a t e  protrusion a t  weld grooves 1., 12, and 24 f o r  inner and 

235U and 'OB f u e l  element loadings, 

outer  s ide  p l a t e s  of t h e  assembled element p r io r  t o  welding, 

4. minimum and maximum cross sec t ion  average channel i;hickness and 

minimm and maximum spot channel thickness  f o r  each coola,nt chaiinel, 

ove ra l l  average f u e l  element channel thickness,  
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5 .  inner  and o u t e r  side-pla-Le wall thicknesses a t  30" increments around 

t h e  circumference, inner and outer s ide  p l a t e  minimum wall. thickness 

and I.ocation, 

6. measured values of fuel element dimensions 1, 21, 41, 42,  63, and 

64 ca l l ed  Cor by drawi-ng 8-7213 and l; 22, 43, 44,1 63, and 64 ca l l ed  

f o r  by drawing 8-721.4 i n  Appendix A, 

7. a.cceptance-rejection summary of pre- and. postweld circul.arr weld-test  

8 

9 

10 

11 

specimens - v i s u a l  inspection, metallographic a t ty ibu te s ,  and 

measured values of weld t e n s i l e  s t rength,  

inspection da ta  f o r  sample fue l  p l a t e s  from each f u e l - p l a t e  , lot  

represented in the  f u e l  element: 

f u e l  core loca t ion  
2 3 5 ~  sul-face contanination 
f l s t - p l a t e  dimensions 
f la'c - p l a t  e t h i  cknes s , 

involute data  Tor fuel- p l a t e  l o t s  represented i.n t h e  f u e l  element, 

siiminary of el-adding thickness da t a  and a n a l y t i c a l  resrilts of boron 

samples ( inner  element only) from fuel pla-Les sectioned t o  represent; 

fue l -p l a t e  l o t s  used i n  t h e  fue l  element, 

radioffraphs of fuel-element adapter welds. 

Fuel P l a t e s  

kFuel.-plate r e j ec t ions  f o r  t h e  .i'i.rst 3 C  elemen-i load-i~ngs of f u e l  

p l a t e s  produced si-e analyzed i n  Fig. 63. Iii general, filel-pla-Le yiel-ds 

increased a s  mere experience w a s  gelnerl. A y i e ld  of 90.8% w a s  obtained 

f o r  25,000 f i x 1  p l a txs .  The process appears t o  have stabilkized a t  about 

934 yield,  but constant contr.01 i s  requirnd t o  main'czin t k i s  level. 

About 50% of t h e  scrapped The compc t  rejec-ti.on r a t e  i s  l o w .  
compacts are  for thickness v io la t ions ,  t h e  remai-nder for surface de fec t s  

and weight. 

cause being responsible f o r  most of the r e j e c t s .  

The causes of -tile r e j e c t i o n s  a r e  V 3 r f e d ,  with no Single 

Surfacz defec ts  ?.re a major cause YOT. scrappj-ng Fuel p la t e s .  Most 

plakes scrapped f o r  surface defec t s  have imbedded m e t a l  chips.  Handli.ng 
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Fig. 63. Analysis of Rejections in Fuel Plates. (a) Dis t r ibu t ion  
of r e j ec t ions  according t o  categories. (b) Trend w i t h  nianL&aeturing 
experience. 
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damage between and a f t e r  processing opera-tions contr ibutes  very I . i t t l e  

t o  t h e  r e j e c t i o n  ra te .  Care a-i a.11. tirtles must be ttikei? t o  rnaintain 

c leanl iness  a t  all .  operations.  Tbe p la tes ,  the equ-ipment, the t o t e  

boxes, and t h e  surfaces on which t h e  p l a t e s  a r e  placed mu.s-t b? kept f r e e  

of d i r t .  The weld me-tal tha.t j o i n s  -tile cover pl-ates t o  -the frames i s  a 

souyce of metal. chi-ps, s ince i t  l i s  hamlei- and produces jagged edges 

during r o l l i n g .  Close a-t-tenti on must be pari d t o  obtaining smooth weld 

bcads du.ring assemb1.y of t h e  b i l l e t  Tor r o l l i n g .  The as-recei-ved 

mater ia l  m u s t  be  j nspec'Led carefuJ.1.y for foreign material ,  which rnay be 

removzd before  cover p l s t e s  tire fabr icated r i f '  t h e  inclusiotis are  not too 

deep. 

Bond de fec t s  m e  another major cause f o r  scm@ng f u e l  p la tes .  

App1:oxirnately 60% of t h e  bond de fec t s  reported are found by v i s u . a l  exam- 

ina t ion  f o r  b l i s t e r s .  The remainder of t h e  reported bond de fec t s  i s  

p l a t e s  r e j ec t ed  at u ~ . t r a s o n i c  inspection. 

a t  u3.trasonic inspection have 'ooixd. cJ.efec.ts, s ince  abnormal f u e l  end 

configicat ions can r e s u l t  i n  ul.trasonic indicatlons.  

Not a l l  t h e  p l a t e s  rejected.  

Most h l . i s t e r s  occur a t  t h e  i n t e r f a c e  between t h e  compct and a 

cover pl.ate. However, t h e  as-received a l c l a d  stock i s  very ca re fu l ly  
screened for b l i s t e r s  before t h e  s tock  i s  committed to p i c t u r e  frames 

axid cover p la tes .  

is foremost. mher f a c t o r s  such as f i t  of compact t o  assembled package, 

bond.ri.ng temperatures, and amount of red-uction. during bonding are a l l  
important. The p l a t e s  r e j ec t ed  f o r  b l i s t e r s  occiir a t  random. All.umiiium 

is difficu3.t t o  bond, and i t  i s  doubti'ul whether any s ign i f j can t  

improvement over t h e  pyesent r e j  ec.t-ion ra te  can be achieved. 

The causes of b l . i s te rs  s re  many; h c k  of c leanl iness  

Approxi1riatel.y 75% of t h e  p l a t e s  r e j ec t ed  f o r  f u e l  locat ion are due 

t o  end defects ,  primari-ly overlcng-Lli f u e l .  

excessive edge closures. To maintain t h e  1 0 x 6 ~  r z j  ecti-on r a t e s  experienced, 

it i s  extremely important t o  r o l l  the yl-ates s t r a i g h t  with no camber and 

t o  a c lose ly  control led thickness. Also, p l a t e s  mus-i; be mai-ntained f l a t  

and s t r a i g h t  during hot r o l l i n g  t o  maintain the ends of t h e  f u e l  square 

t o  -tile p l a t e  edges. 

The rmaii.i.ng 2576 a r e  f o r  

Homogeneity r e j e c t s  a r e  divided evenly be-tween average v io l a t ions  

and. l o c a l  violations;  most, are s m a l l  an.d sca t te red .  These p l a t e s  



10 5 

normally are placed on waiver f o r  f u r t h e r  examination. 

examination by ORNL designers  and materials engineers, about 70$ of the  

waived p l a t e s  a r e  acceptable i f  they a r e  d i s t r ibu ted  among accepted 

plates during f u e l  element assembly. The low r e j e c t i o n  rates r e s u l t  

from ca re fu l ly  control led blending conditions and wel l - t ra ined compacting 

operators.  

prevent any precompaction of f u e l  during d i e  f i l l i n g .  

After a de t a i l ed  

Extreme care  must be taken a t  t h e  compacting operation t o  

Almost all. of t h e  p l a t e s  r e j ec t ed  f o r  p l a t e  dimensions a r e  v io l a t ions  

of t h e  involu te  shape. Not a l l  p l a t e  lots form t h e  same; t h e  forming 

parameters must be adjusted occasionally f o r  c e r t a i n  p l a t e  l o t s  t o  

achieve cons is ten t  involute  shapes. These necessary adjustments requi re  

a thorough knowledge of t h e  forming parameters. 

of each p l a t e  during t h e  forming operation must be made t o  de t ec t  any 

va r i a t ion  from t h e  nominal. 

An involute  inspection 

Fuel El.ement s 

None of t h e  f u e l  elements produced t o  da te  has m e t  a1.l of t h e  

spec i f ica t ions .  The v io l a t ions  of t h e  specifica-Lions have been of such 

a nature  t h a t  a l l  of t h e  f u e l  elements have been accepted by ORNL and 

severa l  have operated rout ine ly  a t  100 Mw. We a l l t i c ipa te  t h a t  someday 

an  element w i l l  be l o s t  because of e i t h e r  machine or opera-tor e r ro r  i n  
welding, Operator e r r o r  i n  maChitlir~g, or operator e r r o r  i n  hardling 

(dropping an element ). 
Figme  64 represents  t he  limber of spec i f ica t ion  v io la t ions  t h a t  

occurred f o r  t h e  f i r s t  36 f u e l  elements of each type. The cross-hatched 
areas  represent  t h e  number t h a t  occurred for t h e  f i r s t  t e n  f u e l  elements 

of each type.  Note t h a t  i n  severa l  of t h e  categories  most of t h e  r e j ec -  

t i o n s  occurred i n  t h e  f i r s t  t e n  cores.  I n  smie cases t h e  number of 

r e j ec t ions  exceeds t h e  number of f u e l  elements; t h i s  can oceu.r because 

more than one v io l a t ion  f o r  t h e  same a t t r i b u t e  may appear i n  8 s ingle  

f u e l  element. 

The of f -spec i f ica t ion  diameters a r e  due m o s t l y  t o  an out-of- 

roundness condition. However, eleme-nts 1 through 9 were inspected w i t h  

t h e  element horizontal;  w e  subsequently found t h a t  t he  weight of t h e  
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element w a s  causing changer, t h a t  i n  some cases r e su l t ed  i n  viol-ations. 

Elements are ilow inspected i n  the vertica.3. posit ion,  and. t h e  number of 

violatAons has decreased sharply, 

The frequency of wa1.3. viola'iions has also been reduced. by the 

expansion operation f o r  oiiter elements, which was s t a r t e d  on clement 

9-0, and t h e  amount of expr-nsLon w a s  increased on ?I.emen'i 12-0. 
expatisi on elirr.ina.ted most, -thin-wall v io l a t ions  f 01 ouber. elernei.l,s, whi-ch 

account for a la rge  number of - the reported vi-olations.  The w a d  v io la -  

t i o n s  were up t o  0.005 i n .  i.n l o c a l  areas. We expect thai; wa1~3. violat j -ons 

of about 0.001. j.n. w i l l  occur occasionally i.n t h e  fu tu re .  Conccntrici.Ly 

and miscellaneous dimensional r e j ec t ions  occur a t  a very low r a t e .  

These r e j ec t ions  a re  random and. have not been a source of t rodole .  

This 

PI-ate protiwsion v io l a t ions  are no-rmalSy on t h e  order of 0.002 in .  

From one to t e n  pla-Les i n  one t o  t h ree  weld grooves may show local vio- 

l a t i o n s .  Any seri.ous unseating is came  f o r  reassembly of t h e  element. 

Some p l a t c  protri lsion v-tolaLioris w i l l  always r e s u l t  Proni s m a l l  changes 

i n  s ide-p la te  dimensions, siiiall chmges i n  the i.nvolute shape of a p l a t e ,  

and. occa.si.ona1 chamfer of t h e  p l a t e  edges during de'ourring. 
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Channel spacing v io la t ions  a r e  i n  t h e  range of 0.0005 t o  0.0015 in.  

f o r  l o c a l  areas and abaut 0.0005 t o  0,001 in .  for t h e  average of t h e  

channel. One t o  two channels may have v io la t ions .  These low-magnitude 

v io l a t ions  w i l l  occasionally occur. 

repaired by pul l ing  oversized Teflon s t r i p s  through t h e  appropriate  

channels. All t h e  element v io l a t ions  f o r  c leanl iness  are due t o  water 

s t a ins ,  chips i n  channels, or chips entrapped between t h e  f u e l  p l a t e  and 

s ide  p l a t e  s l o t .  The unremovable s t a i n s  a r e  normally within t h e  element 

and thus  cannot be removed without causing possible  damage t o  t h e  

element. 

deionized water system during t h e  cleaning procedure. Chips cannot be 

completely removed from t h e  element; many hours a r e  spent removing t h e  

major port ion of t h e  chips. 

reduced by t h e  establishment of standards. However, process engineers 

wish t o  survey t h e  element p r io r  t o  shipping, and t h i s  inspect ion opera- 

t i o n  serves  as t h e  bes t  occasion f o r  f i n a l  examination of t h e  element. 

Surface v io l a t ions  other  than weld seam porosi ty  are normally due 

S m a l l  l o c a l  v io l a t ions  have been 

One element w a s  discolored s l i g h t l y  due t o  a breakdown of t h e  

The v io l a t ions  for c leanl iness  could be 

t o  miscellaneous nicks and scratches.  These are t h e  r e s u l t  of handling 

damage, t h e  removal of excess comb weld metal, deburring, e tc .  Scratches 

on fuel p l a t e s  can be very ser ious,  and care  must be taken during a l l  

handling and reworking operations. One element had a scra tch  on a f u e l  

p l a t e  over t h e  fue l .  

The overpenetration v io l a t ions  f o r  f u e l  p l a t e  attachment welds 

( m e  A welds) reflect overpenetration of about 0.010 in. i n  3 t o  11 

loca t ions  f o r  each of f -spec i f ica t ion  element. The loca t ions  a r e  of ten  

associated with weld starts. These v io l a t ions  have not been ser ious t o  

date ,  

The surface v io l a t ions  are due t o  poros i ty  i n  excess of t h e  standard 

or due t o  f a i l u r e  of t h e  element t o  "clean up" on f i n a l  machining 

( i . e . ,  i n s u f f i c i e n t  w e l d  metal  i n  t h e  welding groove). 

f i l l  i s  a t  t h e  edges of t h e  weld and i s  usua l ly  due t o  a weld bead t h a t  

i s  humped r a t h e r  than f l a t  or to t h e  w e l d  bead climbing one s ide  of t h e  

weld groove w a l l  r a t h e r  than remaining centered. 

The i n s u f f i c i e n t  

All of these  v io l a t ions  have been s m a l l  i n  magnitude. Circular  

weld-test  specimen r e j e c t s  have been due t o  a low t e n s i l e  p u l l  on one 
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of t h e  weld-tensile t e s t s .  When one of these t e n s i l e - t e s t  specimens 

f a i l s  two new c i r c u l a r  weld-test specimens a:re made, and t h e  t e s t  i s  

rerun. 

Com’u welding (Type C )  has not resu l ted  i n  any spec i f ica t ion  viola-  

t i o n s .  However, many m a l l  cracks a r e  repaired by t h e  welder pr ior  t o  

inspection, and consid-erable time i s  spent on removing w e l d  s p l a t t e r .  

The removal of t h e  weld s p l a t t e r  m a y  cause surface defec ts  as mentioned 

e a r l i e r .  

The adapter welds ( m e  B )  are one o f  the main sources of violat ions.  

About 70% a1.e due t o  excessi~ve porosi ty  and t h e  remaining 30% t o  s m a l l  

a reas  of lack  of fusion. One adapter w a s  removed and a new adapter w a s  
rewelded because of copper contamination of the  weld, However, a f reak  

acc.i.dent w a s  t h e  cause; copper contamination j.s not nomally a problem. 
The weld metal from one adapter veld t h a t  had a la rge  amount of porosity 

w a s  removed domi t o  within 0.005 in .  of t h e  original adapker surface 

and then the  adapter w a s  rewelded. 

parameters were chosen t o  ef-fect t h e  best  compromise between porosity,  

weld penetration, and adequate fill. 

A s  explal.ned above, t h e  adapter weld 

I n  reviewing these violat ions t o  determine t h e  worth of t h e  speci- 

f i c a t i o n  a s  writter,, we found t h a t  no s ingle  v io la t ion  occurred with 

suf f ic ien t  frequency to war-ra-nt downgrading t h e  specif icat ions.  

Components 

Almost a l l  re jec t ions  on cover p l a t e s  and p ic ture  frames a r e  f o r  
surface imperfections, Dimensional r e j e c t i o n s  are very few. 

A y i e l d  of about 90% has been obtained f o r  p i c t u r e - f r m e  stock t h a t  

has been thorough.ly inspected p r i o r  t o  shipment t o  M&C. 

been as low as 30 t o  50% on other material .  

dependelit upon t h e  qua l i ty  of stock produced by t h e  a1mi:nui.n fabr ica tor .  

It 7.s k n m  t’mt the  al.wnj.num fatiri.cator’s y ie ld  i s  very low. 
on cover p l a t e  s-bock have been f a i r l y  consis tent  a t  about 755. 

The y ie ld  has 

Yield f igures  a r e  very 

Yields 

Rejections on other components have been m a l l  and have not been 

s igni f icant .  For example, suspect aluminum powder i s  scrapped r a t h e r  

than used, sirice i t s  cost  i s  r e l a t i v e l y  low. 
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Approximately l3.5$ of t h e  s ide  p l a t e s  started are r e j ec t ed  and 

d iver ted  t o  use as c i r c u l a r  weld- tes t  specimens. 

twice t o  cu t  up acceptable s ide  p l a t e s  for use as c i r c u l a r  weld-test  

specimens. The r e j e c t i o n s  have been evenly d i s t r ibu ted  among t h e  f o u r  
types of s ide  p l a t e s .  The reasons f o r  not using a s ide  p l a t e  a r e  

v io l a t ions  of s l o t t i n g  dimensions (5@), weld groove dimensions (21$), 
wall-assurance groove depth (LO. E $ ) ,  and miscellaneous (10.5%). About 
3% of t h e  s ide  p l a t e s  used i n  elements contained v io l a t ions  for 

wall-assurance groove depth; t he  deviatiorls d i d  not exceed 0.005 i n .  

It has been necessary 

The causes f o r  a l l  of t h e  above r e j e c t i o n s  have been mostly operator 

e r ror .  Tooling de fec t s  and side plates going out of round upon release 
from t h e  r e s t r a i n t  tubes have been other  causes. 

should drop about 10% as tool ing  becomes s t a b i l i z e d  and t h e  experience 

of operators increases.  

"he r e j e c t i o n  r a t e  

CONCZUSIONS 

Fuel elements can be made to t h e  spec i f ica t ions  provided constant 

and c lose  supervision i s  ma.intained on a l l  operations. This c lose  

surve i l lance  must be on t h e  p r t  of t h e  operators,  t h e  foreman, and t h e  

t echn ica l  staff, 
they are found i n  t h e  formal inspection, t h e  lo s ses  will be very large.  

The chances of producing a f u e l  element completely free of spec i f ica t ion  

v io l a t ions  a r e  very low, but  no one spec i f i c  v io l a t ion  occurs f o r  every 

f u e l  element. To da te  46 f u e l  assemblies have been manufactured and 

15 have been operated at 100,009 kw s a t i s f a c t o r i l y .  

If t roubles  a r e  not noted by t h e  operators  before 

The authors have summarized t h e  work developed by o thers  a t  

Metals and Controls, Inc. and ORTJI;. I n  pa r t i cu la r ,  Fred Sherman, 

J i m  Barker, and Brad Boyd of M&C were responsible  f o r  f u e l  p l a t e  fabri- 

cat ion,  f u e l  element fabr ica t ion ,  and q u a l i t y  control ,  respect ively,  

and J. W. Tackett2' was responsible  for m i l c h  of t h e  welding devc lopen t ,  

20Presently employed a t  S t e l l i t e  Division, Kokomo, Indiana. 
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Thi.s r epor t  coiild not have been w r i t t e n  wi-thout t h e  constant advice from 

t h e  above-nientioned people. We also wi.sh t o  recognize t h e  work of 

Gil C l a r k  and Don Davidson, wino made impor-taut contributions during t h e  

developnent and ea r ly  production s t sges  of t h e  fuel. element. 

R. W. McClung and h i s  Nondestructuve Testing Group a-l; ORNL have reviewed 

and improved t h e  treatment of inspection procedures. We also wish t o  

acknowledge Sigf'red Peterson and -the Reports Office of t h e  Metals and 

Ceramics Gri-vision of ORNL foi- t h e  prepara-tioii of . t h i s  repor t .  



APPENDIX A 

Design Drawings 
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Table I 

1. Fuel plate surfaces contai:>ing acy p i t s  or  scratches greater than 
i n  Tsble  1 or dents lorger t,ha:i 0.25 in. i n  cltarzeter shall be 
cause f o r  rejection. (in. ) ( in .  j 

Nwdbered Side Opposite Side 

2. iJra:iiu-n sha l l  cot extend beyond the naxixm core out 
3. Yo fuel plate sha l l  hsve visual evidence of a $l is ter .  

4. Zacii fuei plate s lml i  be ultraacnic tested with sGYicienz sensi- 
tivity t o  detect a 0.962 i n ,  diam nonbbond or blister located 
vithiri the fuel core outline and 6 C!. 125 i r , .  dian nonbond ar 
b l i s t e r  located sEt;;idc the fuel core outAlicie. The 
and reproducibilit:$ of the technique shnsll be est&1 
cslibration plates containing [Gel e w e s  ar,d referen 
t inuit ies.  Any response larger ttsr t2ra-t v:iick i s  receive3 ircn 
tile referance 8 i s c o n t i n ~ ~ i t y  sha l l  be c m s e  lor rejection of the 
plate. 

11/2 in.  from rimbered end t o  0.003 0. so2 

Nunbered end of plate t o  I 1/2 i n .  

1 1/2 in.  from opposite en6 for 
full width 

C.0035 0. a035 
from nunbered elid and opposite cnd 
bo tn  for f u l l  width 

5 .  *Fuel pla tes  s h a l l  b e  free cf ewxdded ioreig 
6. 
7. Elel ccre location-edge dimensions: 

Vibratml ideritification nwher  1/8 i n .  h igk  by 0.035 ic. max deep. 

Location l r c m  Refererce Plate Mge TO O9posir;e ?late Edge t o  
Esch a d  3f mate  Adjacent Fdel Mge Cpposite FJe1 B g e  

(ic. ) ( i n .  ) (i l l .  ) (ic. (in. 1 
1.701-2.261 ( A )  0.171 :rLn (F) 0.327 :::in 
2 , 2 6 1 4 .  C17 (C) 0.452 msx (-4) 0.171 inin ( c )  0.608 nax (I?) 0.32'7 n:in 

Between 4.017 (B) -5-.211 =ax (a) 0.171 niin (B) 2.390 max (F) 0.327 x i n  

E .  l i tel  z a e  location-end di 
% d o e r e d  plete e r d  t o  nudxred fue l  end - ( 
Opposite p k % e   en^ t.n opposite fael en6 - ( 

1.761 i n .  zdn (E) 2.261 in .  :*a 
1.76; i n .  mlri (J) 2.261 in .  inax 

9.  Tce Piel core loca t ioc  I s  based on t:iz 1*ollowi.ng ra8.iograpL biases: 
Reference edge, iC.001 i n .  
Reference to opgoeite edge, +0.001 i n .  
Rererenze end, fi'. 011 in. 

L-. 
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Notes 

1. A l l  mater ia l s  of constrwction s h a l l  conioi-m with ORNL spec i f i ca t ion  I P I R  FE1. 

2. The sur face  of t h e  f u e l  plates sli.al.1 be free of pits or scra tches  g rea t e r  than 

3. No fuel p l a t e  shall have v i sua l  evidence of a b l i s t e r .  

4.  Fuel p l a t e s  sha1.l be clear. and free of foreign mater ia l .  

5.  The surface contanii.nation of a finisl ied p l a t e  s h a l l  be less than the  equivalent 

6 .  No treatment of t h e  p l a t e  surface whi.ch removes more than 0.001 in .  i.s permitted. 

7 .  The fuel g l a t e s  shall be fumed to wit!iin 0.01.5 i n .  of the t r u e  involute ciirvature. 
T’he dupl ica t ion  of fue l  p l a t e s  shal l  be limi’ted t o  kO.008 in .  a t  28 separ-ite 
measuring points.  
1.ocations shmrn below. 

__. 

i n  T a b l e  I or deiits greater then 0.25 i n .  in. dizrueter. 

of t h s t  which would be obtained from .5 pg of 235U/ft2 of s w f a c e  area. 

Seven measurements s h a l l  be taken a t  each oi the r3d ia1  

Radial  Location, i n .  __ The permissible to le rsnce  on 
these  radial loca-tions i s  
+0.030 in .  Po-i nt K2Jflbe-r 

1 2 3 4  

3.18 3.7’7 4.58 5.1.4 

8. The average clad thickness on each s ide  ni t h e  f u e l  p l a t e  shall. be a t  lkast 

9. The  file1 portion of the compact sha1.l. f a l l  neares t  the concave s ide  of tFe farmed 

0.010 i n .  The rninirfivm clad thickness shall be at l e a s t  O.GO7 i n .  

file1 p l a t e .  

Table I 

Nudoercd Side Opposite Side 
( i n .  ) ( in .  ) 

1 1/2 i n .  from nunbered end ta 0.003 0.002 
1 1/2 i n .  from ogposite end 
for f1.L.l wldth. 

Nm.’ce~:-ed end nf plate to 1 1/2 i n .  0.0015 0.0035 
f rm numbered end and opposite .end 
of pl.ate t o  I 1./2 i n .  from opposj-te 
end both fo r  f~11 width 

I 8 - 7 / 4 7  - B 
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'Tot e s 
~ 

t e  surface: coritairiing any p i t s  or sera-cciles gret-ter than 
or dents larger than 0.25 i n .  i n  diameter. shall ae causr 

for re,jwUion. 
2. Ur-.niuri she i l  not extend beyond t h e  maximum core outli:se 

3. NCJ fuel pla-ce shai l  have vi573l widenee of a olister.. 

i. Jacti rue_ p h t e  s:isll b e  ultr3so;:ic ~ e s t e d  w i t k  sufficienz sensi- 
l;ivi:y t o  h e i c c i  a 0.062 i n .  diam lionbond or b l i s te r  iocateZ within 
the ;'uel core outline and a 3.125 in. diam noiibonc o r  b l i s te r  
laca'ced ouzside the fuel  core outline. The EensiliviLy aric repra-  
iucibi 1 ~ L,) of the technique shall oe establisneG with calibration 
plates cont3in;ng fuel  cores arie. rsrerrncz cisconzinoizies. 
response l s rger  than that  whlch i s  received from the reference 
discontiriiiity shal l  b;. cause for 1-etection of the plate.  

Any 

5. Fuel plazes shall be  f ree  of enbedded foreign m t e r i a l .  
6 .  Vibratool i&ent;ficatior. nunber ; / 8  i n .  by 0.005 i r i .  nax deep. 

7. Fuel corc location-cd-c dimensions: 

T a j l e  I 

Numbered Side Opposite Side 
(in. ) (in. ) 

; 1/2 in .  from numsered end t o  3.  OO', 3.002 
i 1/2 in .  from opposite end for  
fu l l  wii.L?i 

Xunoered end of plate t o  1 1/2 in. 0.0035 0.003.5 
from numbered end aric o?posi te  cnd 
both for f u l i  w L 6 t n  

~~ ~~~ ~~ 

Location fron Rrference plate Fdge t o  Opposite ?,ate Edge to 

( i n . )  ; i n .  ) /1 I-n. (in. ) ( i n .  ) 
Each End of Pla:e Adjacent %ue; Mgc OQ,1JOEiT,E n l e l  Mge 

/ .  

( A )  0.170 r n i n  (F) 0.210 min 1.761-2.251 
2.2614.017 ( C )  0.436 max ( A )  0.170 min ( D )  0.476 C L ~ X  (F) 0.210 r n i r i  

Between L.O1'/ (B) 0.218 max {A) 0.170 rnin (E) 0.258 max (F! 0.210 m i r i  

8. Fuei core locstlon-end dimerisioris: 
Nuiberei ? l a t e  end t~ nunbered rue1  end - ( G )  1.761 in .  min ( H )  2.261 in.  max 
OpL)osi.;e pLcte enC t o  opposite f w l  erxl - ( K )  1 .'761 i t , .  m i r r  ( 2 )  2.261 i n .  max 

9.  The fLiel c3re locaticn :s based 3n t h e  followinp ratiiograp:i 2:ases: 
Reference etige, +0.001 in. . .  
Rerererice t o  o2posite edge, i0.001 i n  
Reference cnd, 20.011 in.  
3eference t o  opposi'ce end, +0.011 in .  

li;. Top or aigits i n  plate number t o  be toward t o p  of p l a t e .  

P 
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Notes 

1. All m2teriai.s of cons t ruc t ion  s h a l l  conform wi th  ORNL spec i f icaLion  HFIR F%l. 

2. Tne su r face  of t h e  fucl p l a t e s  s h a l l  h e  f r e e  of p i t s  o r  s c ra t ches  g r e a t e r  than  
i n  Tzble I o r  dencs greate.c than  0.25 i n .  i n  diar.eter.  

3. No f u e l  p i a t e  s h a l l  have xJisval evid-znce of a b l i s t e r  

4.  Fuel  p la tes  shall bc c lean  and f r e e  of fo re ign  ma te r i a l .  

5. The sur face  contamination of a f i n i s h e d  p l a t ?  s h a l l  be l e s s  t h a n  t h e  
equj.valcnt of t h a t  which w o v l r l  hz obtained from 5 pg of 2 3 5 U / f t 2  of 
sur face  a rea .  

6. No t rea tKent  ci t k e  p l a t e  su r facc  which removes more than  0.001 i n .  i s  
permitted . 

c ixva ture .  The dup l i ca t ion  of f c e l  p l a t e s  shal l .  be l i r n i t : ? d  t o  i-O.OC8 i n .  
a t  21 sepa ra t e  measuring poin ts .  Seven mesmiremcnts s h a l l  be tahen  a t  each 
of t h e  r a d i a l  l oca t ions  shown belod. 

7 .  The f u e l  p l a t e s  s h a l l  be formed t o  wi th in  0 .0 i5  in. of t h e  tL,L,e i nvo lu te  

The permiss ib le  to l e rence  on Radial. Location, i n .  
t h e s e  radial .  1 ocati.ons i s  Point  I’kmbcr *0.030 i n .  ..I.I__ ___ 

1 2 3 

6.15 6.78 7.99 
_ 

8. The average c l ad  th i ckness  on each s ide  of thz fuel p l s k  sha l l .  be a t  I.esst 
C.310 i n .  The rninimiirn c l ad  th i ckness  s n a l l  he a t  l e a s t  0.007 i n .  

9.  ‘?ne f u e l  po r t ion  of t h e  coinpact s h a l l  f a l l  nearesL t h e  concave side of t h e  
formed f u e l  p l a t e .  

Table I 
...... ___ ........ 

Numbered Side Opposite Side 
( in .  ) ( in .  ) 

I 1/2 in .  from numbered end. :o 0.003 0.002 
1 1/2 i.n. from opposiT;e end f o r  
f u l l  width 

Numbered end of p l a t e  t o  1 1/2 i n .  0.0C35 0.0015 
from numbered end and oppos i te  end 
‘of p l a t e  t c  1 1/2 i n .  froiii oppos i tc  
end both  f o r  fulS width 

23-7/49 -B 
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Notes 

1. @ I d e n t i f i c a t i o n  nulribers 2.5-3.0 i n .  h i g h  w i t h  i n d i v i d u a l .  d i g i t s  
1.5-2.0 i n .  wide s h a l l  be engraved 'GO a d e p t h  0.010-0.015 i n .  Oil 

each Fue l  e lement  i n  a c i r c u r n f e r ? n t i a l  d i r e c t i o n  i n  two l o c a t i o n s  
i n  t h e  samn  c i r c u m f e r e n t i a l  band b u t  180" a p a r t .  The t u p  of t h e  
f u e l  e lement  i s  t o  be  t l i r  t o p  c f  tile numbers. The c h a r a c t e r s  a r e  
t o  be formed by two 1/16 i n .  wide c u t s  spaced 0.1254.175 i n .  
o u t e r  edge t o  i.nner edge t o  produce 3 doub le  image c h a r a c t e r .  All 
C i g i  ts t o  be  un i . fom i n  appea racce .  

@ The wel.1.-assurance grooves sha l l .  b e  a minimum of 0.015 ir. deep  
a t  f i n a l  machining on b o t h  I D  and OD. 

t o p  end and t h e  r e f c r e n c e  f u e l  p l a t e  loca-Lion (number 1.) i s  t h e  
l o c a t i o n  irm1ed.j a t e l y  a d j a c e n t  t o  t h e  b e v e l  land  i n  a c o u n t e r c l o c k -  
wi se  d i r e c t i o n  (v i eved  from t h e  t o p )  t h e  r e f e r e l i c e  cool-ant  channe l  
i s  t h e  channe l  t'nat c o n t a i n s  t h e  beve led  land.. 

2. 

3. Fuel p l a t e  locat,i.ons a r e  numbered cou.ntcrclockwise look ing  a t  -the 

4.  l b e l  p l a t e  t o  s i d e  p l s t c  a - t tachnent  i s  t o  b e  by c i r c u n f e r e n t i a l  welds  
on 1- i n .  c e n t e r s  i f  sny me l t - th rough  e x i s t s  i - t  shall be  Limited t o  
0.01. i n .  measured across t h e  wid th  of t h e  f u e l  p l a t e  fro111 t h e  t o p  of 
t h e  fuel .  p l a t e  s l o t .  

5. Minimum f i n i s h e d  s i d e  p l a t e  t h i c k n e s s  s h a l l  be  as f o l l o w s :  

O ~ t i t t i r  f u e l  elenext, i n n e r  sj.de pl.ate - 0.108 i n .  
Outer  f u e l  e lement ,  o u t e r  s i d e  p l a t e  - 0.128 i n .  

6. The c o o l a n t  channe l  th ick .ness  ( s e p a r a t i o n  d i s t a n c e  between a d j a c e n t  
fuel p l a t e s )  s h a l l  be 0.050 ? 0.C10 i n .  rnessiired p e r p e n d i c u l a r  t o  t h e  
s u r f a c e  of t h e  f u e l  p l a t e s .  

midplane s h a l l  be 0.050 t 0.006 i n .  

wi- thin .t0.015 i n .  of p a r a l l e l  p l a n e s  which a r e  24 i n .  a p a r t  and normal 
t o  t h e  f u e l  e l . m z n t  l o n g i t u d i n a l  a x i s .  

9. Each comb s h a l l  be  welded t o  a l l  f u e l  p3.ates. 

@ An index  iiiark 0.235-0.265 i n .  long, 0.0154.025 i n .  deep  and 
0.030-0.050 i n .  wide s h a l l  be  engraved on t h e  I D  of t h e  bot tom end 
a d a p t e r  o p p o s i t e  t h e  r e f e r e n c e  c o o l a n t  channe l  on each f u e l  e lement .  
An arrow 0.36c-O.390 i n .  l o n g  and w i t h  0.030-0.050 i n .  wide swath 
s h a l l  be engra.ved perpendicul .ar  t o  t h e  index  nark t o  i - n d i c a t e  t h e  
d i rec tLor i  of channe l  numbering sequence. T h i s  arrow sha.ll. b e  p o i n t i n g  
i n  a c l o c k v i s e  d i r e c t i o n  a s  viewed from t h e  bot-tom end and s h a l l  be 
w i t h i n  0.2-0.3 i n .  of t h e  index  ma.rk. 

7. The ave rzge  c o o l a n t  channe l  t h i c k n e s s  at any elevaLioLi froin t h e  c o r e  

8. A l l  f u e l  p l a t c s  s h a l l  be  o r i e n t e d  such t h a t  t h e i r  r e s p e c t i v e  ends a r e  

10.' 

11. Reference from ave rnge  of h igh  and low f u c l  p l a t e s .  

12. Do n o t  machine i n t o  s l o t  ends.  

. .... ~ .- . 
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WTALS EL CONTROLS I N C .  
At t leboro ,  Massachusetts 

PREVENTIVE MAINTENANCE AND QUALIFICATION PROGRAMS 
FOIC'HFIR FURNACE EQUIPMENT 

I. SCWDULED MAINTMCE PROGRAM 

The fo l lowing  i t e m s  s h a l l  be checked a t  l e a s t  once a week by the  supe rv i s ion  
of t h e  department r e s p o n s i b l e  f o r  t h e  p a r t i c u l a r  p i ece  of equipment. 
check l i s t  of t h e  fo l lowing  i t e m s  s h a l l  be posted near each p i ece  of  equip- 
ment and s h a l l  be i n i t i a l e d  and da ted  by supe rv i s ion  a f t e r  each check. 

A .  8" and 14'' Diameter V-ruum Furnaces 

A 

1. Check f o r  proper o i l  l e v e l  i n  mechanical pumps. 

2. Check 'Vir b e l t s  on mechanical pumps f o r  s l a c k  and proper ope ra t ion .  

3 .  Check mechanical pump f o r  bea r ing  no i se .  

4.  Check mechanical pump f o r  o i l  l e a k s .  

5 .  Check motor of mechaiic-.l pump f o r  ov . -hea t ing .  

6 .  Check d i f f u s i o n  pump f o r  proper w t e r  Elow. 

7 .  Check t i m e  of c a l i b r a t i o n  f o r  vacuum gages.  Gages t o  be c a l i -  
b ra t ed  a t  least every two months. 

8. Check vacuum c h a r t s .  

a .  Pump down time - r eco rd  average  t i m e  f o r  8" furnace .  
r eco rd  average time f o r  14" furnace .  

b. Leak r a t e  - r eco rd  average l e a k  ra te  f o r  8" furnace .  - r eco rd  average l e a k  r a t e  for  14" furnace .  

C .  F i n a l  vacuum - r eco rd  averages  f o r  8" furnace .  - r eco rd  averages  f o r  14" furnace .  

9 .  Check manometer gages on burner p r e s s u r e  a g a i n s t  s e t t i n g s  made a t  
l a s t  c a l i b r a t i o n .  

10. Check f o r  proper c y c l i n g  of burner c o n t r o l  va lves .  

11. Check tempera ture  gages f o r  ca l ib ra t ion ,gages  t o  be c a l i b r a t e d  
a t  least  every  two months. 

.Check tempera ture  c h a r t s  f o r  range .  
Record average temperature range  f o r  8" furnace .  
Record average tempera ture  range  for  14" furnace .  

1 2 .  
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13. Check f o r  proper ope ra t ion  of a i r  blowers. 

14.  Check time of l a s t  furnace  q u a l i f i c a t i o n .  
Furnace t o  be q u a l i f i e d  a t  l e a s t  every  two months f o r  8" furnace .  
Furance t o  be q u a l i f i e d  a t  l e a s t  every  two months f o r  14" fu rnace .  

'5. Trent Furnace 

1. Check f o r  proper f a n  ope ra t ion .  

2 .  Check f o r  proper l o c a t i o n  of thern~ocoriples.  

3. Check f o r  proper l o c a t i o n  of muff le  i n  furnace .  

4 .  Check "V" b e l t s  f o r  s l a c k  and proper ope ra t ion .  

5. Check temperature gages €or c a l i b r a t i o n .  
Gages t o  be c a l i b r a t e d  a t  l e a s t  every two months. 

6 .  Compare temperature ove r r ide  and c o n t r o l  ins t ruments .  

7 .  Check time of l a s t  furnace  q u a l i f i c a t i o n .  
Furnace t o  be q u a l i f i e d  a t  l e a s t  every two months. 

C.  Grieves-Hendry Furnace 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

a. 

9. 

10. 

Check f o r  proper f a n  ope ra t ion .  

Check "V" b e l t s  f o r  s l a c k  and proper ope ra t ion .  

Check dampers f o r  proper p o s i t i o n .  

Check f o r  proper c los ing  of door. 

Check f o r  spacing of hea r th  p l a t e s .  

Check t o  be su re  s t a c k  damper i s  c losed .  

Check temperature c h a r t .  
Record average temperature range. 

Compare t empera tu rewer ide  and c o n t r o l  ins t ruments .  

Check temperature gages f o r  c a l i b r a t i o n .  
Gages t o  be c a l i b r a t e d  a t  l e a s t  every  two months. 

Check t i m e  of l a s t  furnace  q u a l i f i c a t i o n .  
Furnace t o  be q u a l i f i e d  a t  l e a s t  every two months. 

D. WV%-Duty Furnace 

1. 

2 .  Check f o r  proper c l o s i n g  of door. 

3 .  Check temperature c h a r t .  Record average temperature range. 

Check f o r  proper f a n  ope ra t ion .  
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3 About 48 p l t s  
& 1 i n s t r  p l t  
w / 3  probes on 
p l a t e n  i n  

- 3 -  

1st Anneal 
Fuel 
P l a t e s  

4 .  Compare tempera ture  on e v e r r i d e  and c o n t r o l  i n s t r cmrn t s .  

5. Check tempera ture  gages f o r  c a l i b r a t i o n .  
Gages t o  b e  c a l i b r a t e d  a t  l e a s t  every  two months. 

6 .  Check t i m e  of l a s t  furnace  q u a l i f i c a t i o n .  
Furnace t o  be q u a l i f i e d  a t  least  every two months. 

E.  ORNL-Westinghouse Furnace 

1. Check l o c a t i o n  and cond i t ion  of roof  b a f f l e .  

3 3 i n s t r  frames 
w/about 12 
frames on 
edge 

2. 

3 .  

4. Check temperature gages f o r  c a l i b r a t i o n .  

Check f o r  proper c l o s i n g  of door. 

Compare tempera ture  on o v e r r i d e  and c o n t r o l  ins t ruments .  

Gages t o  be c a l i b r a t e d  a t  l e a s t  every  two months. 

5. Check t i m e  of l a s t  furnace  q u a l i f i c a t i o n .  
Furnace t o  be  q u a l i f i e d  a t  l e a s t  every  two months. 

Fuel Plate 
Preheat & 
Bond 

r i .  QUALIFICATION E+-:?+--- EACH FURNACE TO BE QUALIFIED EVERY TWO MONTIIS 

Furnace . (OF) Loca t ion  No. of Probes Load Purpose 

8" Vacuum 350 max. Center and 3 '  from 3 Furnace t r a y s  Annealing 
911, miu. c e n t e r  i n  each no load Aluminum 

d i r e c t i o n .  Ponder 
Note: Gate va lve  must be open on r e a r  coo l ing  zone. 

14" Vacuum 1112 max. Center and 4' from 3 Furnace t r a y s  Annealing 
1076 min. c e n t e r  i n  each no load Fuel  Compact 

d i r e c t i o n .  
Note: KO baffles.  
Trent  940 max. Minimum of 1' from 5 About 150 Fuel  P l a t e  

door.  5 ins t r .  Fuel Plate 
914 min. door and 3 '  from frames wi th  Assembly and 

p i c t u r e  P rehea t .  
frames on Anneal E'ram 
gdge . & Cover P l t s  

Trent  940 max. Front of p l a t e  or 
914 min. m i n .  of 1' from door 

Grieves- 940 max. Min. of 14'' f r o m  
Hendry 914 min. door.  
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3 3 i n s t r  p i c t u f e  
frames wjabout 
12 frames on 
edge 

3 About 96 p l a t e s  
w j l  i n s t r .  p l t  
having 3 probes 
on top  i n  f l a t  

- I -  

Fuel 
P l a t e  
Assy 

Slow 6731 

Anneal & 
1st An-. a1 

Furnace 

G r  i eves  - 
Hendry 

Temp. ( O F )  1,ocation No" of h-obes 

940 m x .  Front o f  p l a t e  3 About 48 p l t s  
914 min. a min. of 14" from and 1 i n s t r .  

door p l a t e  w j 3  
probes on 
p l a t e n  in 
f l a t  p o s i t i o n  

Hevi-Duty 940 m x .  Min. of 1' from 
914 min. door. 

ORNL 940 max. Minimum of 1' from 
Westinghouse 914 min. door.  

Hevi-Duty 940 max, Min. of 1' from 
914 rnin. door. 

Purvose 

1st A n w 2  
Fuel P l a t ,  

_c__I 

,J. Rinns 
10/29/65 
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DESCRIPTION OF MB'lYXIAL: 

Alclad.. 6061 Alurpin- Plate (frame s tock )  

SSPECIFICATIONS : 

A l l  material s h a l l  conform t o  ASTM R289-61 Aluminum Alloy Sheet 
and P l a t e  as amended o r  as herein noted. Reference PO #77X-73089- 
Alcon submitted by Union Carbide Corporation Nuclear Division dated 
4-28-64. 

1. A l l  p l a t e s  sha l l  be furnished i n  a fully annealed tempe.r. 

2. An edge produced by shearing o r  sawing. 

3. DimeWiOn6: Thickness .. 0.388" max. - 0.350" min. 
Width 36.38" BWC. - 35.62" win. 
Length 96.38" -IS. - 95.62" min. 
Camber 0.32" xnax. per  96" 

4. Surface f i n i s h  - surfaee t o  be smooth and f r e e  from p i t s ,  
den-, scratches,  cu ts  and fore ign  mater ia lq  

5. The chemical composition shala  m e e t  the requirements l i s t e d  
i n  Table I of t h i s  spec i f ica t ion ,  

The Cheqdcal SpecLfication is based on the chemistry of the m e l t .  
Actual analyses from the m e l t  of t h e  chemical elements l i s t e d  
shall be made. The r e s u l t s  shall be c e r t i f i e d  t h a t  they m e e t  the 
requirements of t h i s  order. Copies of  the r e s u l t s  s h a l l  be 
furnished t o  Union Carbide Corp. Nuclear Division. 

Duplicate samples of m e l t  mater ia l  used in this ana ly t i ca l  
d s t e m i n a t i o n  s h a l l  be furnished t o  Union Carbide Corp. Nuclear Div. 

Representative samples, 8-112" x 11"' of each lot of the f inished 
plate and sheet s h a l l  be furnished t o  &ion Calrbide Cosp. Nuclear 
BtV . 
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7. p l a t e  shall be clad on both s i d e s  Fth Type 1100 Al 
actor Grade). Thickneaa af the cla cng whal.1 not ex 

5.5% o f  the total thickne@ss s f  the pla te .  

8. After heat treatment each p l a t e  and sheet m a l l  be ,uepectcd to 
deternine whether bl io ters  are pre5ent on.  it!".^ ?unrfaees 124' tlsc.. 
plate and sheet .  Any p la t e  or sheet, 36Sga .i . x 9:" I C I L ~ ~  which 
contains  a s ing le  b l i s t e r  118" d i  or l a r g e r  shall be rejected. 
Any p l a t e  or s h e e t  which contains re thias: fax; (4) b l i s t e r s  of 
lees than 118" dia. shall be rejected. 

9. The first; and las t  portion of each lot (a group of p l a t e s  O K  sheets 
of one size ,  made from a single ingot,  fabricated by a constant 
prac t ice)  of plates and sheets  s h a l l  be qua l i t a t ive ly  analyzed to 
ascertain that. the  type 118 cladding i s  on %he type 

10. The p l a t e s  and sheets s h a l l  be packaged i n  4QCBQ l b ,  maximum f i b e r  
enclosed skids w i t h  wooden sides and ba t tens*  

Each p l a t e  and sheec s h a l l  be marked as near both  e n  s as possible with: 

1. Type of material  
2. Lot number 
3. Manufacturer's name andlor ident i f ica t iGa  s 
4. DELETED 
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12. No welding or weld repair  on the aluminum furnished sha l l  be 
permitted. 

TABLE I 

The chemical impos i t ion  of the type 6061 aluminum of t h i s  order 
s h a l l  be within the limits l i s t e d  below: 

Element 

S il icon 
Copper 
Magnesiwn 
.Chrolpium 
Iron 
Z3inc 
Titanium 
Manganese 
Gallium 
Lithium 
?%€Wa 
Boron 
Cobalt 
Others : 

Each 
Total 

Concentration (wt. X )  
MinPnum Mia?Khum 

0.40 
0.15 
0,8 
0.15 
None 
None 
No ne 
None 
None 
None 
None 
None 
None 

0.80 
0.40 
1.2 
0.35 
0.40 
0.04 
0.04 
0.04 
0.04 
0 .008 
0.003 
0.001 
0.001 

0.02 
0.15 
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2. An cage produced by shearing ar s a w ~ h g ,  

&presenta t ive  s a q l e s ,  8-1J2" x If",  o f  each 1.0t of t h e  f i n i s h e d  
plate 2n6 sheet shall be fuwilshed to UZL~QR Carbide Sorp.  Nuclear 
D i v i s i o n .  



4, ReeuPts of a l l  tensile properties including y i e l d  strength shall be 
furnished to &ion Carbide Cow. Nuclear Division. 

'P. '!%e sheet shall be clad on one side v i t h  type 1100 aluminum 
{IbGactor Grade). 
%5% of the total thickness of the sht. 

Thickness of the cladding shall not exceed 

After heat treatment each p l a t e  a d  sheet shall be inspected to 
determine whether blisters are present on the surfaces of the 
plate  and sheet. Bpy plate or sheet 36" w i d e  x 96" long, which 
contains 8 single blister 1/8" dia. or larger shall be rejected. 
Any plate or sheet which contains mre than four (4) b l i s t e r s  
of less Ehan 1/8" dia. s h a l l  be rejected. 

9. The f h s r  and last portion of each lot (a group of p la tes  or 
sheets of one size, made from a single ingot, fabricated by a 
constant practice) of plates and sheets s h a l l  be qua1itatL:rrel.y 
analyzed to ascertain that the type 1100 cladding is on the type 
6061 aluminum. 

10. The plates and sheets shall be packaged in 4OOO l b .  maximum f iber  
enclosed skids with wooden sides and battens. 

Each tube, plate, and sheet shall be marked as near both ends 
as possible v i th :  

1. Type of material 
2. Lot nrPlber 

3,  

4. 

mnufacturet's  name and/or identification symbol- 

Designation of the clad s ide  OIL the singlie c lad sheet. 



0.15 
1.2. 
8.35 
0. 
0.069 
6.04 

? 
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DESCRIPTIQM OF MATERIAL: 

A 1  uminum Powder 

SPECIFICATIONS : 

A l l  material s h a l l  be Alcoa Type 101 Aluminum Powder per  
Product Data Book 6-20-60 ~r the equivalent  such as Reynolds 
Metals No. 120. 

OTHER REQUIREMENlcS: 

1. 99.5% of powder must pass t h r u  a 100 mesh screen. 

* 2. 80% of powder must pass t h ru  a 325 mesh screen, 

3. Powder must conform to Table 1 f o r  Chemistry. 

TABLE I 

Iron - 0.4% max. 
Si l i con  - 0 , 2 X  max. 
A1203 - 0.6% IWX. 

A 1  - remainder 

4 .  No foreign mater ia l  OK contaminants are acceptable,  

5. ASTM-B-214-43T Sieve Analyses of Granular Metal Powders i s  to 
be used t o  determine mesh sizes of powder. 

6 .  The powder must be packed i n  c lean steel drums each containing 
about 100 l b s .  

7. A l l  drums s h a l l  be labeled with the purchase order  number and 
the type of material .  

8 .  M&$ Nuclear w i l l  send t o  the  customer a 100 gram sample of each l o t .  

9* Material must represent one continuous run. 
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shall be reported 8x1 the certif 
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1. The b ~ ~ j m n  carbide p a r t i c l e s  shall be packed in non-contaminating 
conta iners  and scaled msisture-free such t h a t  the requirements 
of this spec i f i ca t ion  are maintained during shipment and storage.  
Quan&%.%y p e ~  container ts be ips spec i f ied  on the purchase order. 
Containers to be glass bottles w i t h  rubber gaskets,  

2, Ehch sh ipp ing  cont%fner  shall be p l a i n l y  masked as fo;Falows: 

Purchase. 9rBer Tk, 
S p e c i f i c a t i a n  Ma, 

Tare  weight 
N e t  weight 

L G t  No0 
Size range 
Weight percent baron-lQ 
Name of manufacturer 

GP76R weight 

TABLE h 

Chemical Composition 

Concentration Wt, 7% 
M i n i m u m  Maximum 

740 5 
20 

98.0 

-- 
_ E  
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1. 

* 2. 

3. 

8 4. 

5 





1.4 8 

2. A n  end produced by sawing., 

The Chemical Spccificat.ion i s  based on the chemistry o f  the melt. 
Actual. analysis from the: melt o f  the chemical elements listed 

the requirements of Ghis order- Copies 02 the results shall be 
furuiehed to Union Garbide Carp. NUC~CZZIK Division. 

s h a l l  be made. The results SEaSllP be certified that; they met 

Duglicatre samples of melt matexid used in th is  analytical 
cion shall be furnished to Union Carbide C w p .  
i v i s  ion, 



1.49 

Results of a l l  tensFle properties including yie3.g strength shall 
be furnished. 

The tubing shall be packaged in 1000 Ib- maximum f i b e r  encPcrsed skid 
w i t h  internal protection. 

No welding or weld repair on the aluminum furnished shall be permitted- 

Each tube shal l  be marked as near both ends as poss lb le  with: 

1, Type of materfal. 
2. Lot number, 
3. wufacturer's name and/or Tdentification symbol. 
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Tubtag 6061 AI. (Side p l a t e  No. 2 )  

1. A I 1  tubes shall be furnished in the "E6511 t 

4. SuarEacc f i n i s h  - surface Sa be s 0th and free fr p i t s ,  dents, 
scratches and foreign material - 

hemical ccnopssithm shall met the requirements l i s t e d  i n  the 
der; ignat ion. 

is based on. Che ctrernistxy of the 
It of the chemical element5 l iste 

be anade. The results skidl be c e r t i f i e d  that they m e e t  
the requireme s of t h i s  order. Copies o f  the resu l t s  s h a l l  be 
furnished to  ion Carbide Gorp Nuclear Division- 

Duplicate samples of It material wed in  t h i s  analyt ica l  
determination shal l  be furnished to Urnion Carbide Gorp- 
Nuclear Division 



Bepresentative sample of each lo: of Ehe f in ished tube shall be 
furnished t o  Union Carbide Corp, Nuclear Divis ion.  

Results o f  a l l  t e n s i l e  properties including y i e l d  strength shall 
be furnished. 

The tubing s h a l l  be packaged ir, 1000 Hb. nr;urimtan f i b e r  enclosed s k i d  
with internal  protect ion.  

No welding or weld  repair on the aluminum furnished s h a l l  be permitted. 

ZDBNTIFICBTION: 

Each tube s h a l l  be marked as near both ends as poss ib le  with: 

I. Type of material .  
2. lot number. 

3 .  Manufacturer’s name andlor i d e n t i f i c a t i o n  symbol. 
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Representative sample of each lot of the f in i shed  tube s h a l l  be 
furnished to Unior Carbide COT. Nuclear Divis ion.  

B e s u l t B  sf a l l  tensile properties including y i e l d  s trength shall. 
be f w a i s h e d .  

‘;The! tubing s h a l l  be packaged in 1000 Ib. maxlmum fiber enclosed s k i d  
d t h  Lnternal protec t ion .  

Z h  welding ~i weld repais on the a’aminum furnished shal l  be permitted.. 

Each tube  shall be marked. a5 neap both ends as poss ib l e  wieh: 
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5. The chemical e01~1poaitian shall meet the r e q u i ~ ~ ~ e n t s  listed i n  
Table x sf t h i s  speeificathoa, 

The Chemical Specificacimn i s  based. on t;$e 6-he~Elistry of the melt, 
A c t u a l  analysis from the melt o f  the c h e m i ~ d  elements Piseed  
sha l l  be made. The results; shall be certLffed that they mee ' t  
the requirements of %Ibis order. 
furnished to Union Garbide Carp. NucBear Division. 

Duplicate samples of melt mt,erial used in this amI .y~ ica9  
determination sha l l  be furnished to Lktion Carbide C a r p ,  
Nuclleer DiviE3Fon. 

Copies of %ha results shall be 
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f 

Representative sample of each lo t  of the f in i shed  tube shall be 
furnished t o  Union Carbide Corp. Nuclear Division. 

Results of a l l  tensile properties including yield strength shall 
b e  furnished. 

The tubing shal l  be packaged i n  1000 l b .  maximum f iber  enclosed skid  
with Lnternal protection. 

No wekddng or  w e l d  rspair cin ehe aluminum furnished sttall be permitted. 

ke;h tube s h a l l  b e  marked as near both ends as poss ib le  with: 

1. Type of material.  
2.  L o t  number. 
3 .  Manufacturer's name and/or ident i f icat ion.  symbol. 

TABLE I 

Si1 icon 
Copper 
Magnesium 
Chromium 
I .con 
Zinc 
Titanium 
Manganese 
Gallium 
Lithium 
Cadmium 
Bor9n 
Cobal t  
a;ftkers 

Each 
Total  

MXNIMW 

0.40 
0.15 
0 . 8  
0.35 
No ne 
None 
None 
None 
Nane 
None 
None 
None 
None 

E6AXl3l.m 

0.80 
0.40 
1.2 
0.35 
0.4.Q 
0.04 
0.04 
0.04 
0.04 
0.008 
0.003 
0.001 
0.001 

0.02 
0.15 
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--- DESCRIPJION OF XATERI&I-: 

6061 A l u m i n u m  Platc (Combs) 

All. mater ia l  s h a l l  conform to  AS B209-6S Aluminum Alloy SheeC 
and p l a t e  a s  amended or as here in  noted. 

2, An edge produced by shearing or sawing- 

3 .  Dimensions: Thickness: 0.065'' miax.. 0 - 8  

Width: 4s06'c mx,  3-94'' mi.n- 

Length: 

4. Suriface f i n i s h :  Surface tu be 32 ms or s 
f rom p i t s  d e n t s ,  scratches,  cult 
Allowable surface d e f e c t  depth  2 

6 .  A l l  p i eces  are to  be paeked i n  such a 
or  handling damage may be incurred inc 
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Tubing 6061 Aluminum (end fittings inner top and bottom) 
inner  fuel element 

sPECIF;CCATIONS : 

A l l  material s h a l l  conform to ASTM B221-63 Bttruded Tubing as 
amended or as herein noted. Reference PO #77X-73089 Alcoa submitted 
by Union Carbide Corporation Nuclear Division dated 4-28-64. 

1. A l l  tubes s h a l l  be furnished in the T6511 temper. 

2. An end produced by sawing. 

3. Dimensions: 
Outside diameter - 6.375*' 
Wall thickness - 1.000'' 
k q t h  - 14f' mult iple  - 84" max. 
Stzaightness - 0.020'' p e r  ft. 
A12 tolerances per ASTM B221-63 

4. Surface f i n i s h  - surface to be smooth and free from pits, dents, 
scra tches  a d  €oreign material. 

5. The chemical canposit ion s h a l l  meet the requirements listed in t h e  
respect ive ASTM designation. 

The Chemical Specif icat ion is based on the chemistry of t h e  melt. 
A c t u a l  ana lys i s  from the  m e l t  af the  chemical elements l i s t e d  
shall be made. The r e s u l t s  shall be c e r t i f i e d  that: they meet 
the requirements of this order.  Copies of the  r e s u l t s  shall be 
furnished t o  Union Carbide Corp. Nuclear Division. 

Duplicate samples of m e l t  material used i n  t h i s  analytical 
determination shall. be furnished t o  Union Carbide Corp. 
Nuclear Division. 
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Tubing 6061 Aluminum (outer top inner fuel element) 
(inner top outer fuel element) 

SPECIFICATIONS 3 

All material s h a l l  conform t o  ASTM 3221-63 Extruded Tubing as 
amended o r  as here in  noted. Reference PO #77-73089 M c o a  submitted 
by Union Carbide Corporation Nuclear Division dated 4-28-64. 

1. A l l  tubes s h a l l  be furnished i n  the  T6511 temper. 

2, An end produced by sawing. 

3.  Dimensions: 
Qutside diameter - 12.250'' 
W a l l  thickwss - 1,400'' 
Length - 12'' mult iple  - 84" inax. 
Straightness  - 0.020" per f t .  
All tolerances pe r  ASTM B221-63 

4. Surface f i n i s h  - surface to be smoatk and free frm p i t s ,  d e s ,  
scra tches  and foreign material. 

5 .  The chemical composition s h a l l  meet the  requirements l i s t e d  in the 
respective ASTM designation. 

The Chemical Spec i f ica t ion  is based on the  chemistry of the melt, 
A c t u a l .  ana lys i s  from the  m e l t  of the  chemical elements listed 
s h a l l  be made. The results s h a l l  be c e r t i f i e d  t h a t  they meet 
the  requirements of this order.  Copies of the  r e s u l t s  shall be 
furnished t o  'Union Carbide Corp. Nuclear Division. 

Duplicate samples of melt material used in t h i s  ana ly t i ca l  
determination shall be furnished t o  Union Carbide Cow. 
Nuclear Division. 
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~ ~ e ~ ~ ~ ~ ~ ~ i ~ e  sample 3f each Xat of the finished. tube shall be 
furnished to Union Carbide Corp. Nuclear Division. 

of all t e n a i l e  properties including yiel 
be f urni&aad e 

The tubing shall be packagedin 108 
with internal protection. 

welding or weld repair on the aluminum furnished shall be itEed, 

Each tube shall  be marked as near both ends as possible w i t h :  
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PEsCaJPrION OF HATERIAL: 

Tubing 6061 Aluminum (outer top and bottom outer fuel element) 

SPECIBSWION: 

A I 1  rwterial shall conform t o  ASTH B221-63 Fhstruded Tubing as 
amnded or as here in  noted. Reference PO #77X-7309 Alcoa submitted 
by Union Carjide Corporation Nuclear Division dated 4-28-64. 

1. A l l  tubes shall be furnished i n  the  T6511 temper, 

2. An end produced by sawing. 

3. Dimensions 

Outside diameter - 17.875’’ 
Wall thickness  - 1.312t1 
L e w h  - 12” m ~ l t i l p l e  - 84’’ maw.  
Stmightne8s - 0.020” per f t .  
All tolerances p e r  ASTM B221-63 

4. Surface f M s h  - surface t o  be smooth and free froin p i t s ,  dents, 
scra tches  and fore ign  material. 

5. The chemical composition s h a l l  meet the requirements l i s t e d  i n  
Table I of t h i s  spec i f ica t ion .  

The Chemical SpeeiEication i s  baaed on the  chemistry of the m e l t .  
Actual analysis from the  melt of the chemical elements f i s t e d  
shall be -de, The results s h a l l  be certified t h a t  they  m e e t  
the  requirements of this order. Copies of the resul ts  shall be 
furnished t o  Union Carbide Corp. Nuclear Division. 

Duplicate samples of melt mater ia l  used ia t h i s  analytlical 
determination s h a l l  be furnished t o  Union Carbide CQE-~.  
Nuclear Division. 
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DESCIUmION OF MATERIAL: 

F i l l e r  Wire 4043 Aluminum (Fuel Elements) 

'S PECf FICATION : 

All material  s h a l l  conform t o  ASTM B 285-61T "Aluminum and 
Aluminum-Alloy Welding Rods and Bare Electrodes" and MIL-E-l6053K, 
Electrode, Welding Bare, Aluminum Alloys" as amended o r  a s  
here in  noted. 

OTHER REQUIREMENTS: 

1. Dimension - diameter 0.031'' max. 0.028'!  min. 

2.  A l l  wire t o  be wound on t e n  pound spools.  

3.  The mater ia l  vendor is  to supply a 60" representa t ive  sample 
of each l o t .  

This sample i s  to  be furnished t o  h i o n  Carbide Corp., 
Nuclear Division a f t e r  receipt from mater ia l  vendor by 
MM: Nuclear. 

4. A copy O f  c e r t i f i c a t i o n  f o r  each l o t  to be supplied t o  
M&C Nuclear with each shipment. 

5. I d e n t i f i c a t i o n  f o r  w i r e  p e r  ASTM 3-285-61T. Each container  
and spool  f lange must be i d e n t i f i e d  per  ASTM-B-285-61T. Wire 
t o  be l eve l  and l aye r  wound on flanged spools. 

6. A l l  e lec t rodes  s h a l l  be packed ind iv idua l ly  with a desiccant 
i n  hermetical ly  sealed containers  before  shipping. 

7.  A maximum of two weeks (14 days) s h a l l  e lapse  between 
manufacture and canning- 
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D E S C R I P T I O N  OF MATERLiL: 

F i l l e r  Wire 4043 Aluminum (combs) 

s PECIPHCAT ION:  

A l l  mater ia l  s h a l l  conform t o  ASTM B 285-6111 "Aluminun and 
Aluminum-Alloy Welding Rods and Rase Electrodes" and MIL-E-16053K, 
Electrodes,  Melding Bare, Aluminum A l l o y s "  as amended or as 
herein noted. 

OTHER lrzEQU1 KEMENTS : 

1. Dimension - diameter: 0.0635" m a x .  0.0605" aiin. 

2. A l l  w i r e  t o  be wound on one pound spools. 

3 .  The marerial vendor i s  t o  supply a 60" representative sample of 
each l o t .  

This sample i s  t o  be  furnished t o  Union Carbide C s r p . ,  
Nuclear Division after  rece ip t  Eron mater ia l  vendor by 
M&C Nuclear. 

4 .  A copy of c e r t i f i c a t i o n  f o r  each lor. t o  be supplied t o  
MW Nuclear with each shipment. 

5. Iden t i f i ca t ion  f o r  w i r e  per  ASTM B-285-61". Each container 
and s p o o l  f l ange  must be iden t i t i ed  pelt ASTM-B-285-61T. Wire 
t o  be leve l  and l a y e r  wound on f langed  spools .  

* 6 .  AIL electrodes s h a l l  be  packed individual ly  with a desiccant  
i n  hennet ical ly  sealed containers before  shipping. 

* 7. A m a x i m u m  of  t w o  weeks (14 days) s h a l l  e lapse  between 
manufacture and c a m  ing e 

* CHANGE 
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Miscellaneous Procedures 

1, Cleaning 

Various components a r e  cleaned by vapor degreasing with t r i -chloro-  

ethylene; pickling with a solut ion made .up of 15% by volume 70% HNO3, 

l$ by volume 70% HF, and the  balance water; r ins ing  i n  cold water u n t i l  

t h e  w a k e r  c lears ;  r ins ing  i n  hot (about 90°C, 200’F) deionized water 

(5O0,OOO ohm-cm m i n i m u m ) ;  and. d ry i rg  with o i l - f r e e  a i r .  

Mater ia l  removal during pickl ing i s  control led by coupons. These 

are prepared by shearing 1.5- x 1.5-in. squares from t-rinmiings of bonded 

cold-rolled and annealed f u e l  p la tes .  A 1/8-in. hole i s  d r i l l e d  a t  a 

dis tance of 5/16 i n .  from two edges. The coupons a r e  vapor degreased 

and maintained i n  groups of 100; one i s  used for each rack of p la tes .  

I t s  thickness i s  measured and recorded. It i s  then prepared i n  t h e  

same manner as the  f u e l  p la te ,  and i t s  thickness i s  measured and recorded 

a f t e r  pickling. A. f u r t h e r  check of mater ia l  removal is made by measuring 

with s p e c i a l  micrometers, before and a f t e r  pickling, the thickness of 
sample f u e l  p la tes  from t h e  first rack o f  p l a t e s  pickled. 
e t e r s  have t h e  a n v i l  on the spindle ground t o  about a 2-in. r a d i w  s o  

t h a t  t h e  curved f u e l  p l a t e  can be measured accurately.  

The microrn- 

2. Rolli-ng Mill Operation 

The ro1.l-s are thoroughly cleaned before r o l l i n g  starts,  and r o l l  
wipers with a f e l t  facing a r e  used t o  prevent accumulated d i r t  and chips 

from f a l l i n g  i n  t h e  rolls dur i rg  t h e  operation. 

but evenly lubricated with a mixture of one par t  Texaeo Pinnacle2’ cyl-  

inder  o i l  a.nd t h r e e  p a r t s  kerosene, applied with the  roll wipers. 

The r o l l s  a r e  t’iiinly 

20A t r a d e  name of Texaco, Inc. ,  135 B s t  42 Stree t ,  New York 17. 
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Welding Parsmet e r s  

Fuel Plate Attachment Weld, Side P la t e  1 

Fuel P la t e  Attachment Weld, Side P la te  2 
Fuel P l a t e  Attachment Weld, Side P la t e  3 

Fuel P l a t e  Attachment Weld, Side P la te  4 

Fmd-Adapter Attachment Weld, Side Plate 7. 

End-Adapter Attachment Weld, Side P la te  2 
End-Adapter Attachment Weld, Side P la t e  3 

End-Adapter Attachment Weld, Side P la t e  4 
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ORNL-DWG 66- 12757 

GAS FLOW 

ROTATIONAL 
SPEED 

0 in./min, 

WIRE FEED 
SPEED 

\ o in./min 

444 amp 

NONE 

I 

NONE 
I 650 in./min 

MONE 1 

I 
I 

I 
I 4 275 j 

sBc in./min 

19.25 sec 

I 
NO TWO FGNCTIONS WILL REACH THESE POINTS AT THE SAME TIME. SEE TIMES FOR EACH FUNCl-ION. * 
END-ADAPTER ATTACHMENT WELD, SIDE PLATE 2. APPROXIMATE RUN TIME, 3 min 15 sec. 
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