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One o f  a se r ies  o f  repo r t s  on research and.development i n  connect ion 

w i t h  the  design of the  Pathf inder Atomic Power Plant, t h i s  p a r t i c u l a r .  

r e p o r t  deals w i t h ' t h e  welding process developed f o r  t h e  end c losure  o f  

low erir ichment superheater f u e l  rods.' The Pathf inder p l a n t  w i  l l be 

. located a t  a s i t e  near Siou:: Fal  Is,. South Dakota, and i s  scheduled f o r  

opera t ion  i n  .1963. Owners and operators o f  t h e  p l a n t  wi l l be t h e  

Northern States Power Company o f  Mi nneapo l i s, Mi nnesota . . A,l 1.i s-Cha . .... . l mers 

i s  per forming. the research, development, and design as we l l  as being 

responsib le f o r  p lan t  const ruc t ion .  

The U.S. Atomic Energy Commission, through Cont rac t  No. AT( 1 1 - 1  )-589 

VJ i th .  Northern States Power Company, and Centra I. Ui i I i t i e s  Atomic Power 

Associates (CUAPA) a re  sponsors "of the  research and development program. 

.The p l a n t ' s  reac to r  w i l l  be o f  t h e  Cont ro l led  R e c i r c u l a t i o n  B o i l i n g  
.. . 

Reactor type w i t h  Nuc lear  Sgperheater . 
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1.0 INTRODUCTION ' , 

. . A research and development program was in i t iaTed t o  develop a low 

enrichment fue l  element fo r  the Pathf inder in tegra l  nuclear Super- 

head-er. The design includes the use of ceramic u02 fue l  contain ing 

3.5'w/o U235 which i s  c lad  wi th  t h i n  walled s ta in less s tee l  tubes.' 

The f ue l assemb l i es cons is t  o f  seven f ue I rods w i th  a 1 /4 i n. d iam. 
.. . 

and a length o f  6 it arranged i n  a c i r c u l a r  bund l e  of  a p p i e i i & t e l y  

I in.  d iam. (Fig.  I). The deve lopnent programcovers three major 

areas: 

I. Rod fabr i ca t ion  

2. ' End c l osures . . .  

3. .Assemb l y attachments. 

2.0 OBJECTIVE. 

The ob ject  o f  t h  is '  r epo r t  i s  t o  descr i.be. work t ha t  was accompl ished 

t o  dece lop methods f o r  cons i s ten t  l y produc i ng h i gh i ntegr i t y  f ue l -  

rod-end .c losures t h a t  meet' the '  severe env ironmenta l and s t ress 

condi t ions imposed by a nuclear superheater. 

. " 

3.0. CONCLUSION. . . . .  . 

The conc !us ions a i r  ived a t  i n  t h i s  r epo r t  provide a c learer understanding 

o f  many fundamehtal welding p r inc ip les  as appl ied t o  components-which 

combine r.elaPively large and smal l masses a t  the weld j o i n t .  The 

fo l lowing general conclusions can be drawn from t h i s  -study: 
. . 

I . ' Oes i gn i s one of the major cons i derat i ons . for  we l d i ng components 

which have large mass di f ferences.  Proper a t t en t i on  t o  heat 

$a lance o f  cmponen-is a t  the design stage can mean. the d i f ference 
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between a process which i s  hypercr i t i c a  l t o  parameter var ia t ion 

and one which provides a pract ical  la t i tude fo r  production 

appl ication. 

2 .; Weld pudd le geometry and we Id .microstructure can be great ly 

improved wi th  the proper use of c h i l l s  on Phe fuel  tube. An 

integral  c h i l l  which rotates wi th  the tube during welding i s  

the most ef fect ive.  .. . . .. 
.. . . . . .  ... 

3. Entrapped a i r  or gas between the end plug and fuel  can cause 

serious weld defects i f  heat buildup becomes great during welding. 

This can be minimized by venting, increasing weld speed or 

reduc i ng the we Id i ng mass by end cap des ign. The most sat i-s- 
. . .  

factory method was found t o  be a combination o f  speed and 

design. 

4. Preheat and decay cycles change outer appearances, but do not 

s ign i f i can t l y  a f f e c t  weld 'penetration i n  the range studied 

(0.5 . t o  I .5 rev. 1 i n  the ca.se of th.i s mater ia  I and t h  i s  

geometry. 

5. ' Sat isfactory welds can be made on B t h f  i nder- typ fue l  rods. by 

using s t ra igh t  plug caps wi th  vent holes, reduced shoulder 

caps or cup caps. .The p I ug. caps, however, are .the most 

sens i t i ve t o  we Id i ng paramters'. 
. . 

6. Both the- reduced shoulder and the cup-cap end c losures are 

're l a t  i ve 1 y i nsens i ti ve t o  process var i a t  i ons . From a design 
% .  

standpoint the reduced shouider cap' i s  most desirable fo r  



I 1 A l l  possible var ia t ions o f  end closure welding were not t r i e d .  

I 

The bas i c  power source se lected f o r  use cons i sted o f  an ac-dc welder 

w i th  a special  low power t ap  f o r  amperage (as low as 2 amp.3. A 

motor-dr iven var iab le  rheostat  was provided f o r  cont ro l  l i ng preheat and 

decay cycles. 

A glass lathe was adapted t o  t u r n  the fue l  rod during. the #@,Id . i ng . .  . .  . . . -. 

operation. A welding chamber and mounting fo r  a conventional welding 

torch were ins ta l led  on the lathe i n ' t h e  appropriate posi t ion.  The 

we l d i ng chamber perm i t t e d  atmospher i c cont ro l  o f  the we l d . l nstruments 

f o r  recording weld amperage and voltage were provided (Fig.  2 and 2A). 

Wel iminary experiments w i th  the setup showed t h a t  a more versat i  l e  welding 

torch was necessary t o  provide remote operation and accurate electrode 

posi t ioning.  Since no equipment o f  t h i s  type was ava i lab le  commercially, 

a special torch was designed and bui I t .  This u n i t  (Fig. 3) permitted 
L 

accurate adjustment o f  the arc gap by using a .  spl ' i  t -col  la r  ad j u s t  i ng 

screw and. i.t a lso a l lowed repl'acement o f  electrodes from outs i de the 

we l d i ng chamber wi thout remov i ng the torch. The to rch  prov i ded exce l lent  

cont ro l  and repsoducibi l i t y  o f  arc gap plus to rch  angle, and was used 

f o r  a l l  subsequent . experiments .. i n  the.welding program. 

A qua D i t a t  ive type experiment t o  determine performance of the welding 

equi p e n t  and t o  obira i n a feel  f o r  welding behavl or o f  k t h f  inder 



=ig. L... I n e r t  Gas Welding Torch and Chamber 



Fig. 2A... End Cap Welding Equipnent for 
Pathfinder Development 



Fig. 3... Special Allis-Chalmers Design Welding 
Torch for Remote Welding 



fuel rods was conducted, A series of welds was made using 0.010 ttr. 

w a l l  0,220 in, 00 Type 316 Stainless S w l  tubes with ei s4raight-plug 

type,end cap (Fig, 43, Welds were made a t  7 inkmin using a 12 amp 

curren* far 1-114 reviolu~ions. The rasul'bing smples were qu3lfWtively 

evaluated for~rtsproducibil i ty, j o i n t  integr i ty  and weld penetration. 

Equipment performance was satisfactory but end cap weld qual i ty  was .- @ . - - -  Q:.,- -a&< 

errat ic .  Some we Ids were ex?erna I l y sat isfacfory wh i l e  others, 

welded under the same conditions, had severe 

Meta l lograph ic  examination of we Ids that  appeared sound external l y 

were of minimum qual i ty  (Fig. 6 ) .  

Results from th i s  series of welds indicated that  the substantial difference 

i n  mass between the stainless steel cladding tube and the end cap 

produced a heat balance which made the weld very sensitive t o  the 

major variables (Table I). Since a l l  of the apparently sound welds 

were of minimal qual i ty  it was indicated that a comprehensive study of 

primary welding variables and the i r  interaction was required. 

6.0 WJCR VARIABLES 

The major variables that  s igni f icant ly  affected physical and metar l ur- 

gical weld qual i ty i n  Pathfinder fuel rod end closures were reviewed. 

Constants based on accumulated data and design requirements we~e estab- 

lished wherever possible. Factorial and sequential type experiments 

were then set up and performed for evaluation of each of the remaining 

major variables. A sumnary of the variables considered and the applicable 

constants i s  presented i n Tab le I . 



Fig. 4... Typcial Plug Type End Cap and Tube 
(Tube .220 a) - .200 ID) 



Fig.  5... h e 1  Bzsck Type Defect on Thin 
Wall Plug Type Weld 

' ig .  6... Satisfactory External Appearance 



TABLE I . - 
S U ' I I R Y  OF WELD I NG VAR 1 ABLES 

FCfi PAMF INDER END CLOSLRES 

WJCR VAR IABLES' O ~ I  ~ ~ v l  LEVELS 

Mater i a  I 
W e  Id  Torch' Angle 
We l d A tmos phere 
Power Supply 
We Id  ing Electrode 
Arc Gap 
Voltage ' ' 

Arc Location Ax ia l  
Weheat & Decay 
li'e Id  Speed 
Amperage 
.End Cap Design 
NeId Travel 

316 S.S. establ ished by design 
12 O'Clock 
Argon 
D-C s t r a i g h t , ~ o l a r i t y ~  
2 wlo Thor i a t e d  Tungsten 0..040 i.n., 
0.032 in .  .. . 
Function o f  Amperage 
Variable 
Variable 
Variable 
Var iab le '  
Variable 
Var i'able 

6. I  Factor i a I 1- ~ m p e r a ~ e  r I:ie 1 d Trave I, Reheat-Decay 
. , 

O b s e r v a t i o n s m a d e d u r i n g t h e e x p l o r a t o r y p h a s e o f  t h i s  program 

indicated t h a t  e r r a t i c  we Id  qua l i , ty c ~ u l d  bo corrected. by a more 

prudent se l ec t i on o f  we l d parameters. ~ k ~ e r a ~ e  t o  i ncrease 

penetration, weld t r ave l  t o  assure coniplete. perintoter fusion, 

and preheat-decay cyc le  t o  minimize thermal gradient, were 

se'lected f o r  thc I n i t i a l  study. A f a c t o r i a l  type experi'merit 

was design t o  permit study o f  three leve ls  of  amperage, two 

leve I s  o f  we Id time and three leve I s  o f  preheat-decay cycle.  

Deta i I s  o f '  the exper imen.f-a l des ign are  shown i n  Table I I . . 



AMPERAGE 
(amp. 1 

WELD TRAVEL 
(rev.) 

REHEAT-DECAY CYCLE 
( rev.  

A complete run  o f  t h i s  experiment requ i red  t h e  welding o f  18 samples, 

I n  order t o  provide a cross check' between samples, a double run  

was performed '(36 samples). The remaini.ng major va r iab les  which 

were he ld  constant, were as fo l lows:  

. Arc l oca t ion  - 0.040 i n .  from j o i n t  

~e 1 d' S peed - 7 in/m7n. 

End Cap Design - S t r a i g h t  p lug 

The samples were c a r e f u l  l y c leaned us i ng. t h e  A 1 i.is-Cha lmers Nuc lear  

Power Department c leaning procedure f o r  s t a  i n less stee I. . R r t s  were ' .  
. . 

hand led vii t h  whi te gloves and assembled w i t h  a press f i t  t o  provide . . 

minimum pat-i.S clearance. Welds were made i n  t h e  'g lass chamber us ing 

1 0 CFH argon f low. 

Evaluat ion  consisted o f  v i s u a l  examination f o r  ex te rna l  appearance 
. , 

and desj - ruct ive eva luat ion  f o r  weld penetrat ion, weld.microstructure,  

and weld i n t e g r i t y .  The r e s u l t i n g  data was 'analyzed s - t a t i s t i c a  1 ly  using . ' 

t he  ana lys i s  o f  variance technique t o  determine which v a r i z b l e  a f f e c t e d  



the weld most s i gn i f i can t l y .  Results o f  the evaluation are  summarized 

as fo l lows: 

- 
I . We l d penetrat ion -was not  s i gn i f i cant  l y a f fec ted ,by .the preheat 

and decay cyc les i n  the range studied. Based on external  appear- 

ance and performance dur ing the weld cycle, a short  preheat 

0.5 rev. (4  sec) followed by a long decay 1.5 rev  (12 sec) 
. . 

i s  the optimum f o r  t h  i s  geometry. A photo show i'ng externa.1- . -:- -.- - . .  . . . - 

appearances o f  a t yp i ca l  weld i s  shown i n  Figure 7. 
I 

2. Amperage, as expected, had a s i g n i f i c a n t  e f f e c t  on penetration. 
s .  

The optimum current  f o r  This study was.14 amp (Figure 8 ) .  

3. Weld t rave l .had a s i gn i f i can t  e f f e c t  on penetration. The 

average depth of  penetrat ion was. greater f o r  the two-pass 

weld than f o r  the one-pass weld under the same cond.itions. 

A s i g n i f i c a n t  increase i n  we.ld penetrat ion v a r i a b i l i t y  

was observed on the two-pass we Id. Th i s  cou Id prove t o  be 

a serious problem i n  control '  i f. mu If i,pl.ebpass we Ids Were. used.. 

From t h i s  experiment, it was possi bl-e t o  establ  ish  optimum paramkters. 
. . 

f o r  severa l o f  the \tar iab les shown i n Table I . Optimum preheat' and " 
, . 

decay cyc les were s e t  a i  0.5 and 1.5 rev., respect ive l y .and we I d  t r ave l  

was establ ished a t  1.25 rev. The arc.  locat ion o f  0.040 in. fr& the 

join+, which ,had .been a l ' b i t r a r i  l y  selected, was sat . is factory f 6 r  the plug-. 

Type cap.  Amperage was re la ted  t o  var iab1e.s tha t  required fu r ther  study. 



Fig. 7 . . .  External Appearance of Weld Made with 
Optimum R-eheat-Decay. Note Smooth 
Runout. 

Fig.  8 . . .  Microstructure of Weld Made 
a t  7 in/min, 14 amp. 



6.2 Factorial 2 - Amperage and Weld Speed 

During the previous study, a signif icant heat buildup occurred i n  

the end plug during a l l  welding operations. This was part icular ly 

true as the amperage was increased t o  improve penetration. Since 

end closure welding would eventually be performed on fuel rods 

i n  which expendable gas i s  trapped between the fuel and the end 

cap, heat bu i ldup may cause excess ive pressure during the we l d 

cycle. To reduce heat buildup without reducing aperap ,  it 

i s  necessary t o  reduce weld time as much as possible, consistent 

with sound weld qua1 i t y .  A factorial  experiment was performed 

t o  study the interaction of weld speed and amperage and the i r  

e f fec t  on we Id qua l i t y  . Hence, f i ve  lev8 Is o f  amperage and three 

speeds were studied. Details are given i n  Table Ill. 

TABLE I I I 

EXFERIMNTAL DESIGN WITH FACTORIAL 
STWY W AMPERAGE AND SPEED 



Fifteen samples, including all combinations ~f the two variables, 

were prepared and welded. Other weld parameters were the same as 

the previous run. A s u m r y  of the parameters is as follows: 

I . Arc gap - 0.040 in from joint 
2. End cap design -straight plug type 
3. Reheatcycle -0.5rev. 
4. Decay cycle - 1.5 rev. 
5. Weld time - 1.25 rev. 

External weld quality was consistently sound. Destructive evaluation 

showed that weld penetration ranged from under-penetration, which 

occurred at 14 in/min and 18 amp (Fig. 9 ) ,  to over-penetration, 

which occurred at 10.5 in/min and 27 amp (Fig. 10). 

A canplete evaluation of the data from this run showed that a 

straight line relationship existed between weld speed and amperage 

for a constant penetration. Sf nce a weld penetration of 0.015 

iri. was optimum for the geometry under study, a curve was 

constructed to isolate the speed and amperage combinations which 

were *st suited for the Pathfinder fuel rods (Figure I I). ' A  

study of the welds made, using the combinations established by the 

curve, showed that the most consistent welds were made at 14 

in/min using 23 amp. Above and bel.ow this point the weld area 

overheated or tended to be dimensionally unstable. 



Fig. 9... Microstructure of Weld Made 
at 14 in/min, 18 amp. 

Fig. lo. . .  Microstructure of Weld Made 
at 10.5 in/min, 27 amp. 
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4. Higher weld speeds a re  bene f i c ia l  - ; -o.a 'point .  When 

speeds become t o o  high, con t ro l  o r  welding cond i t i ons  

with'  t h e  end cap used became very e r r a t i c .  This r e s u l t e d '  

i n  poor weld qua1 i t y .  
. . 

. .. 

7.0 END CAP DESIGN 

The prev i ous ex per imentat i on produced' a s e t  o f  we l d i ng parameters 
.. . . . 

. -  . . .  
. which were s u i t a b l e  f o r  welding s t r a i g h t  plug-type end :aps & t h ;  

wal led tubing. \$hen these parameiers were c a r e f u l l y  c o n f r o l  led, 

the we l ds were sound and met $he I  qua I i t y  requirements f o r  
, . 

r eac to r  'serv ice . 
. . .  

The program i nd icated, however, t h a t  we Id  qua l i t y  was very  sensi ti ve 

t o  v a r i a t i o n s  i n  welding parameters. The welds were e s p e c i a l l y  sensi- 

t i v e  To v a r i a t i o n  i n  a rc  ' locat ion,  a rc  gap, cleanl. iness, and end p lug  f i t .  

Th is  sengi t i v i  t y  was a t t r i b u t e d  t o  'the large' d i f f e r e n c e  i n  the. mass 

o f  :he end p lug  and tube and t h e  need f o r  c r i t i c a l  c o n f r o l  o f  t h e  
. . 

' ,  heat d i s t r i b u t i o n  i n  the  j o i n t  dur ing  welding. Use o f  an a l t e r n a t e  

' . . end . p lug  design, which would reduce' the mass d i f fe rence,  appeared 

t o  be a f e a s i b l e  means o f  ob ta in ing  a less sensi. t  i ve  welding process. 
.- .... - 

. . . , 

. ,Therefore, s tud ies  on two mod i f. ied end zap designs were made. Both o f  

t h e  . des i gns (F igure 12) e f f e c t  i ve I  y reduced t h e  end cap mass i n- t h e  

we 1.d j o i n t  area and ii3proved heat ba lance. 



PLUG C l J P  REDUCED SHOULDER 
!I 

Fig. 12... Schematic of Modified End Caps with  Improved 
  eat Balance ., . 
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7.1 Cup Ca'p 

The cup cap design i s  one which has been ex tens ive l y  used i n .  indust ry .  

I t  can be designed , so t h a t  t h e  masses a re  r e l a t i v e l y  equal i n  the .  , ..,' 
..._ ,_ 

,' - - -  

weId.area. The design selected f o r  t h i s  study u t i l i z e d  a wa l l  

th ickness on t h e  cap o f  approximate l y tw ice  the  tube-wa l l th.ickness. 

I n  addition,a c e n t r a l  s tub  was provided t o  permit subsequent 

attachment of t h e  f u e l  rod  t o  a coo lant  f low d i r e c t o r .  .. . 

.A se r ies  o f  welds was made using amperages ranging from 6 t o  9 

amp. A l I other  parameters were the  same as those used i n  pr0v.i ous 

stud i es . The samp lei were eva l uated f o r  we I d i ng character  i s t  i c s  , 

puddle geometry and weld penetrat ion.  I n  add i t i on ,  b u r s t  t e s t s  

were performed t o  determine r e l a t i v e  weld s t rength .  Resul ts  

o f  t h i s  i nves t i ga t i on  a r e  s u w r i z e d  as fo l lows:  

I. The.improvement i n  heat ba-lance s ign i f i can - t l y  reduced 

s e n s i t i v i t y  t o  weld var iab les .  . . Arc gap, a rc  locat ions,  

and clean1 iness cou ld  be: var ied  ' w i t h i n  reasonable 

l i m i t s  w i thout  a f fec tFng weld qua1 i t y .  

2. Optimum amperage was found t o  be 7 t o  8 amp. Higher amperage 
, . 

resu  l.ted i n bead i ng and pudd l e  d i s t o r t  ion.. ~ o w e r  . . 

amperage produced i n s u f f i c i e n t  o r  e r r a t i c  penet ra t ion  

(Fi.9. 131.' 

3. Bursl- t es ts ,  even on low amperage welds, showed cons is ten t  

f a  i l ure i n the.  tube wa 1 I ,  'i nd i.ca-5- i ng t h a t  we l d s ' trengih i s  

adequate w i t h  the  cup-type design (F ig .  14). 



Fig. I3... Cup Type End Cap Welds... L e f t  t o  Right: 
9 amp, 8 amp, 7 amp, 6 amp. Stubs 
Were Deleted t o  Simplify Machining 

Fig. I4... Burst Test on 7 amp Welded Cup Cap 



4. Weld penetration a t  7 amp was a t  least the wall thickness 

of "re tube. Microstruc-kure was good but a s 1 i gh t  

unbalance o f  penetration was observed. 

The prel  iminary welding experiments w i th  the cup cap were performed 

using end caps without integral stubs. The success o f  the experinen? 

prompted a weld series which u t i l i z e d  stubs on the end caps. Primary 
',;::< ,*;-* 

objectives o f  the work were t o  determine whether the stub ww-Id - - 
F" '-,, 

,, :#,?*: 
( )I : , .-I 

i n te r fe re  wi th  the welding electrode during welding and the optimum 

weld amperage fo r  the increased cap mass. 

A series o f  welds was made using the trepan cup cap wi th  integral  

stub. The torch electrode was brought i n  a t  a 30 degree angle t o  

c lear  the stub. Melding current ranged from 8 t o  I1 amp. The 

rema i n i ng parameters were he l d constant. 

Results from t h i s  experiment showed the same insens i t i v i t y  t o  

weld parameters as previously noted,. A l l  we-Ids were sound regardless 

of  treatment; however, optimum weld penetration occurred a t  9 

amp. .No interference with the welding electrode was encountered 

and the angled torch d id  not adversely a f f e c t  the weld geometry. Typical 

welds are shown i n  Fig. 15 and 16. 

7.2 Reduced Shoulder Cap 

A reduced shoulder cap design which a lso l imited the end cap mass 

a t  the jo in t ,  was studied. The design i n i t i a l l y  selected was a 

shoulder on the end cap,approxlmately 1/16 in. width. The remaining 



Fig.  15... Micros~ucture of Trepan Weld Cup 
Cap. Note Penetration Pettern. 



end cap material was reduced in  cross section t o  a stub that 

could be used t o  attach the fuel rod t o  the coolant f l o w  

d i rector. 

I n i t i a l  experiments consisted of welding a series of samples 

a t  var ious amperages ranging fran 17 t o  26 amp. Remaining 

parameters were held constant. These samples were then evaluated 

for we l d i ng characteristics, pudd le  geometry and weld peneh;at ion. 

Results are swrmarized as follows: 

I. A l l  samples welded sat isfactori ly,  however, the 1/16 

in. shoulder produced a 'heat ba lance problem. Somo 

improvement over the stra ight plug was evident but +7ifq\ d+r-,, r -  , 

sens i t iv i ty  t o  weld parameter variat ion was suf f ic ient  

t o  be undesirable. 

2. Optimum amperage was found t o  be 25 amp. 

A series of samples were prepared using end caps with 1/32'in. 

shoulder. Welds were made a t  amperages ranging from 17 t o  

27 amp. 

The 1/32 in. shoulder proved far superior t o  the 1/16 in. shoulder 

previously used. No evidence of weld sens i t iv i ty  was observed. 

A l l  welds were consistently sound w e r  the to ta l  amperage range 
..I 

studied. Optimum penetration and microstructure were attained 

a t  19 amp. A typical shoulder cap weld i s  shown i n  Fig. 17. 



Fig. 17... Reduced Shoulder End Cap.Weld 



8.0 EFFECT OF CHILLS 

Studies of these end cap designs has c lea r l y  shown tha t  proper at tent ion 

t o  component design could great ly reduce s e n s i t i v i t y  t o  weld defects. 

It was evident' however, t ha t  the design imposes a r e l a t i v e l y  large 

mass difference, therefore, optimum balance i s  not at tainable merely 

through des i.gn. 

Whereas the previous work had been performed using a f ixed ch i  I l - i n  

which the fuel  tube was rotated, a more e f fec t ive  c h i l l  appeared 

necessary. A col let- type ch i1  I, tha t  was attached t o  the tube and 

rotated wiTh it, was made fo r  t h i s  purpose (Fig. 18). Experiments 

were performed with both cup and reduced should,er caps. I n  both ogsas, 

through the use of a proper l y s i zed and 1 located cot l e t  ch i  1 I, 

the external weld bump (Fig. 19) was sh i f ted  t o  an internal  pos i t ion 

as shown i n  Fig. 20. The use of the c h i l l  reduced the s ize o f  the bump on the 

shouldbr cap from 0.004'' t o  0.002" increase i n  diameter. 

Destructive evaluation o f  welds made wi th  proper c h i l l s  showed s ign i f i can t  

.improvement i n  puddle goemtry and uniformity of  penetration. (Fig. 21 

and 22). 

It can be conc 1 uded tha t  the heat balance and mass r e  l a t i  onsh i ps are  

c r  it ica 1 t o  the success of end c losure we Id i ng . The work has G tear 1 y 

shown tha t  sat is factory (but marginal) welds can be produced wi th  poor 

heat balance, e.g. the plug cap, and tha t  consistent ly sound welds with 

minimal at tent ion t o  parameters can be made wi th a properly balanced 

sys tern. 



Fig. 18... Collet Type Chill Used to 
Improve Heat Balance 

Fig. 19... Cup Type End Cap Weld without Chill. 
Mote How Bump is on Outside of the 
Tube. 



Fig.  20... Cup Type End Cap Weld with Chill. 
Note l nterna l Position of Weld Bump 



. . . Shou l der Type Cap We l ded 
with ~ o p e r  Ch i l l 



9.0 END-CAP HELDING ON LCX\ED TUBES 

Experiments were conducted t o  determina optimum weld p r a m t e r s  fw ' 

rods containing U% fuel, Parameters S w  t h i s  experimnt- werot based 

on resa l ts  o f  the previous studies w i th  u n f i l l e d  tubes. Table I V  

summarizes a l l  .the establ?shed constants. The only new fechniqus 

required fw $h i s  study involved remova l o f  UQZ ceramic f ue l f rom the rod 

ends t o  provide a socket for ?he end plug. This was accomplished for 

the experiments by soaking the tube ends i n  hot HNQ3, r insing, and oven- 

drying. 

9.1 Plugcaps 

The f i r s t  attemp+ t o  weld plug caps on fueled rods was unsuccsssful. 

~s 'an t i c i pa ted ,  trapped a i r  (between the plug and the end cap) 

expanded dur ing welding and caused sporadic blawouf type defects. 

Although some welds appeared t o  be sat isfactory,  the resu l t s  were 

- - , L '  L,'.s e r r a t i c  and unacceptable, a-Lt-+ / -r s 

, .:- 
by,= 

A second series of samples was prepred using end plug caps with small 

vent holes fo r  outgassing (Fig. 23). A group o t  e igh t  welds was 

successfully made with t h i s  cap. Although the process was s t i l l  

sensi t ive t o  minor var iat ions i n  welding parameters, consistent ly 

sound welds could be obtained. Evaluation of these samples showed 

excel lent  externa l appearance (Fig. 24). Microstructure was free 

OF porosity and contamination (Fig. 25). Weld puddle dimensions 

can be summarized as follows: 



Fig.  23... Comparison of Two Types o+ Plug 
Cap Used for Pi l o t  Run 

Fig.  24... Typical End Cap Weld on Fuel 
Rod Using Plug Cap with Vent 
Hole 



Fig. 25... Typical Microstructure of 
Weld blade with Plug Cap. 



I tern - 
Puddle Width 0.025 

Puddle Depth 0.015 

9.2 Reduced Shoulder and Cup Caps 

A ser ies of fuel  rods with both reduced shoulder and recessed 

cup caps were we 1 ded us i ng previous I y estab I i shed parameters. 

Results were completely satisfactory. Heat b v i  ldup &s low bndriih- 

so tha t  no vent holes were required. A l l  welds were sound both 

external ly and in ternal ly .  Typical welds are shown i n  Figs. 

26, 27, 28, and 29. A s u m r y  of dimensions o f  the welds i s  

given as follows: 

Shoulder Cap - 
X Range 

- 
X Range 

Puddle Width 0.043, 0.038 f o  0.046 0.033 0.030to0.036 

Bump 0.224 0.222 t o  0.228 0.222 0.220 t o  0.224 

Pudd le  Depth 0.016 0.013 t o  0.020 0.014 0.01 1 t o  0.018 

Comp tp*e eva l ua t  ion o f  the samples wi th both caps showed tha t  

the end c loswes would be sat isfactory f o r  reactor appl ieertion. 



Fig. 26... Typical Appearance of a Reduced 
Shoulder Type End Cap Weld Made 
on Fuel Rod. Note notch used for 
assembly attachment. 

Fig. 27... M ~ C ~ O S ~ ~ U C T U ~ ~  of Reduced Shoulder 
Type End Closure Weld. 



Fig. 28.. . Appearance of Cup Cap End 
Plug Weld on Fuel Rod 



TABLE I V  

SUMMARY OF PF\RIiMETERS USED 
O l d  FUEL RCO PI LOT RUN 

MAJOR VARIABLES 

Mater i a  I 

Weld Torch Angle 

We l d Atmosphere 

Power Supply 

Welding E lec t rode 

Arc Gap 

Vo l +age 

Arc Locat ion Ax i a l 

We hea t 

Decay 

We I d  Speed 

Amperage 

CUP 

S hou l der 

End Cap Des i gn 

!:;eld Time 

CPT 1 MUM LEVELS 

316 SS 

12 o 'c lock  

P.rgon 

0. C. S t r a i g h t  P o l a r i f y  

1 %  Thor i a ted  Tungsten 0.062 d ia .  

0.032 i n .  

Funct ion o f  Amperage 
App. - 8 t o  12 vol i-s 

0.040 i n .  o f f  j o i n t  

4 sec. 

8 sec. 

14 in/min 

9 amps 

19 amps 

Cup & Shoulder 

1-1/4 rev .  




