
IMPROVED TECHNIQUES FOR APPENDAGE ATTACHMENT TO 
PHWR FUEL ELEMENTS 

RON. JAYA RAJ, B. LAXMINARAYANA, P.S.A. NARAYANAN, 
U.C. GUPTA, BOP. VARMA & K o K .  SINHA 

Nuclear Fuel Complex 
Department o f  Atomic Energy, India 

ABSTRACT 

Nuclear Fuel Complex, India switched-over to  sp l  i t -war t  type 
PHWR fuel bundles i n  mid-80s. Since then over  60,000 bundles of  
t h i s  t y p e  have been fabr icated fo r  Indian PHWRs. Af ter  considering 
var ious technical aspects, resistance welding was chosen f o r  
appendage attachment to  the fuel elements. The paper describes 
experiences i n  scaling up o f  the technique to  industr ia l  production 
of PHWR fuel bundles, design & development o f  special-purpose 
equipment f o r  t h i s  purpose, and the QA procedures employed f o r  
regular  production. It also deals w i t h  appendage welding o f  37 
Element fuel bundles and improvements planned i n  the appendage 
welding process. 

1.0 INTRODUCTION 

Nuclear Fuel Complex, a un i t  of Department o f  Atomic Energy, 
i s  engaged i n  fabr icat ion of fuel bundles f o r  Indian PHWRs since 
over  two and a h a l f  decades. I n i t i a l l y ,  the spacers and bearing 
pads o f  fuel bundle were wire-wrap type.  Then there has been 
a changeover to  resistance welded s p l i t  t ype  spacers and bearing 
pads. The i n i t i a l  development work was c a r r i e d  out at  BARC. Later, 
it was adopted a t  NFC on production scale around mid  80s. Since 
then about 60,000 bundles of t h i s  t ype  have been fabr ica ted and 
supp l ied  to  d i f fe ren t  reactors. The i r  performance has been qu i te  
sat is factory.  The fo l  lowing sections of  the  paper high1 i gh t  various 
aspects w i t h  reference to  process deve l opmen t, spec i a  l purpose 
equipment development and manufacture, bundle production, qua1 i t y  
standards adopted and future developments planned in t h i s  area. 

2.0 PROCESS & EQUIPMENT DEVELOPMENT 
- - - - - - - 

2.1 PROCESS DEVELOPMENT 

The fuel i s  a 19-Element bundle invo lv ing 3 d i f fe ren t  types 
of  elements which d i f f e r  from each o ther  w i t h  respect to  number 
o f  spacers/bearing pads attached and t h e i r  location (Fig. 7 ) . W i t h  
the  centra l  element containing 6, inner element 5 and outer element 
3 spacers each and i n  addi t ion every  outer element having 3 bearing 
pads, the total number o f  spacers and bear ing pads to be welded 
i n  a fuel bundle works out to  72 and 36 respect ive ly .  



Due to severe serv ice  condit ion in  the  reactor, it i s  essential 
tha t  the  appendage jo ints wi thstand complex forces d u r i n g  reactor 
operat ion and hence should be strong and h i g h l y  r e l i a u e :  

Two routes o f  joining processes were considered f o r  appendage 
jo in ts  i.e., Brazing and Welding. I n  v iew o f  the problems associated 
w i t h  the Bery l l ium brazing ( I ) ,  resistance welding was opted f o r  
appendage attachment wh ich  has various advantages l i k e  eco-friend ly 
process, h igh  ra te  o f  production, low equipment cost etc. (2). I n i t i a l  
process development work was c a r r i e d  out a t  BARC w i th  v e r y  
sat is factory resu Its. Scal ing up and product  ion o f  bundles was 
undertaken a t  Nuclear Fuel Complex. Now, regular  product ion i s  being 
c a r r i e d  out using t h i s  process. 

Several factors have to  be taken into account to  obtain a 
sat is fac tory  weld-joint, l i k e  size, shape, thickness and orientat ion 
o f  spacers and bear ing pads and requirement o f  h i g h  jo int  s t rength 
and preventing deforrnat ion o f  sheath wa l I. From design 
considerations, the  appendages t o  be joined are t h i c k e r  than t h e  
sheath wa l l  wherein the th ickness r a t i o  o f  appendages to sheath 
ranges from 1.5 t o  4.0. Project ion welding chosen f o r  the  purposes 
of heat balance between components of d i f f e ren t  thicknesses sa t i s f i ed  
shear strength and other requirements. Based on the resul ts  o f  
developmental work, c i r c u l a r  pro ject ions f o r  spacers and longitudinal 
p ro jec t ion  for  bearing pads a re  used. 

2.2 SPECIAL PURPOSE EQUIPMENT - DEVELOPMENT - 

2.2.1 SPACER PAD WELDING EQUIPMENT 

A proto- type equipment sui table f o r  lab-scale production was 
designed and fabr ica ted a t  BARC, which requ i red  manual manipulations 
f o r  a l  l sequences o f  operations. W i t h  increased scale o f  product ion 
a t  NFC (3) i t  was imperat ive t h a t  operations be automated, especia l ly  
feeding o f  t i n y  spacer components and posi t ioning them on elements. 
T h i s  resul ted i n  design and manufacture o f  a semi-automatic 
equipment. To fu r the r  increase t h e  p lant  capac i ty  i n  terms of number 
o f  bundles to be produced, h i g h  product iv i ty ,  f u l l y  automatic spacer 
weld ing equipment were fabr ica ted and a re  in  use in  regular 
production. The f igures 2 and 3 g ive  d i f f e ren t  v iews of the  
equipment developed in-house using a micro-processor based PLC. 
Sequence of operations i n  spacer welding performed i n  automatic 
mode are depicted i n  Fig.4. Present ly  60 elements can be produced 
p e r  hour i n  an equipment. Involvement o f  operator  i s  l im i ted t o  
p e r i o d i c  checking o f  e lectrode condit ion and v isua l  inspection o f  
welds. 

The selection knob p r o v i d e d  in  the  equipment a l lows choosing 
operat ions requ i red f o r  any of the  three types o f  elements, centra l1 
innerlouter.  When the  p l a i n  elements move forward one a f ter  o ther  
on the in-feed conveyor, the  p i c k  up arm p i c k s  up an element and 
posi t ions it onto the welding station. The welding stat ion bas ica l ly  



consists o f  a bottom electrode w i t h  hal f - round prof i le ,  onto w h i c h  
the element i s  clamped. A pneumatical ly actuated block made out  
of e l e c t r i c a l l y  insulat ing material, wh ich  clamps t h e  element f i r m l y  
in bottom electrode, has prov is ion f o r  posi t ioning t h e  spacer 
component on the  element. The top  e lectrode i s  made out o f  
copper-al loy. It also app l  ies the squeeze force necessary. Local ised 
iner t  atmosphere around the joint i s  ensured b y  special  Argon purging 
system. The indexing o f  the  element f o r  weld ing spacers a t  d i f f e ren t  
angular locations i s  achieved w i t h  the  h e l p  o f  a stepper motor 
coupled t o  t h e  element clamping c o l l e t  w h i l e  the spacers loaded 
in a magazine a re  posit ioned on the  element b y  a p i c k  and place 
arm. The welded elements are p i cked  up by another arm and placed 
on discharge conveyor. Simultaneously, t h e  f i r s t  p i c k  up arm 
posi t ions another element on welding stat ion and the sequence 
continues. The machine has inter locks t o  terminate welding in  the 
event o f  wrong posi t ioning of element, absence o f  spacer components, 
and inadequate squeeze force so as t o  ensure t h e  qua1 i t y  
requ i remen ts. Provis ions also include data logging o f  important 
welding parameters. 

2.2.2 BEARING PAD WELDING EQUIPMENT 

The basic equipment designed e a r l i e r  f o r  welding bearing 
pads consisted o f  th ree weld-heads corresponding to t h e  three 
posit ions o f  bearing pads to  be welded and a movable element 
clamping device, so t h a t  welding o f  pads located a t  d i f f e r e n t  
posi t ions along the  length o f  the element cou ld  be accomplished b y  
l i nea r l y  indexing the  element manually. W i t h  t h e  increased production 
requirements, design and fabr icat ion o f  micro-processor based 
automatic bearing pad welding equipment was taken up w i t h  p rov is ion  
fo r  automatic coornponent feeding, mul t ip le-e lectrode bus-bar system 
and low ine r t i a  squeeze force app l ica t ion  mechanism. Th is  a l lows 
ca r ry ing  out weld ing o f  a l l  the three bear ing pads simultaneously 
(Fig.5 & 6). However, the  operator i s  requ i red  t o  pos i t ion  the  
element a t  the  welding stat ion and i n i t i a t e  t h e  auto-sequence. The 
synchronous contro l  l e r  p r o v i d e d  to  t h e  weld ing transformer fac i  l i tates 
select ion o f  number o f  cycles and conduction angle. Capacity p e r  
hour o f  t h e  equipment i s  120 elements. 

2.2.3 SELECTION O F  WELDING POWER SOURCE 

Selection of r i g h t  t ype  o f  power source needs c r i t i c a l  
considerations f o r  ensuring the  des i red we ld  qua1 i t y  and consistency 
i n  the  end product.  Keeping in v iew t h e  range o f  currents t o  be  
employed and tha t  the  power source shou ld  not be influenced b y  
external variables, capaci tor  discharge t y p e  power source i s  employed 
fo r  spacer welding. Short discharge t imes o f  these power sources 
reduce ox idat ion  and deformation o f  work pieces. Even fo r  components 
having thickness ra t i os  greater than 4, t h i s  t y p e  o f  power source 
was found t o  be more suitable. For  simultaneous welding o f  bearing 
pads i t  requ i red  h igher  power inputs. A conventional welding 
transformer along w i t h  a synchronous w e l d  contro l ler  i s  found 
suitable. . 



2.3 PRODUCTION & QUALITY CONTROL 

As stated ear l ier ,  we l l  over 60,000 fuel bund-les have been 
fabr ica ted a t  Nuclear Fuel Complex employing resistance welding 
techn iques. The bundles have performed wel l i n  reactors. There 
i s  no evidence o f  c rev ice corrosion a t  these joints as was 
apprehended i n i t i a l  ly. 

The joints are evaluated w i t h  respect to  shear strength, sheath 
depress ion and v isual  defects l i k e  colourat ion, sparking and 
arc-gaug i ng . 

Appendage welds ca r r i ed  out by resistance project ion welding 
techniques are not eas i l y  amenable f o r  non-destructive test ing due 
t o  t he  shape and contour o f  the joint. For  regular  production runs, 
the  destruct ive test ing o f  set-up and process-welds i s  ca r r ied  out 
s ta t i s t i ca l  l y  to  ensure shear strength spec i f ica t  ion. The standard 
dev ia t ion i s  maintained i n  single d ig i t ,  wh i le  sheath depression 
measurement and metal lography are done on random basis. Qual i t y  
Control on the production run  i s  exerc ised through Control Charts 
p repared  based on the  strength values o f  set up and-  process welds. 
Any s h i f t  from the normal t rend i s  corrected b y  ident i fy ing the 
r e l a t ed  parameters. Typ ica l  frequency d is t r i bu t ion  o f  strength values 
i s  shown in  Fig. 7. 

A shear strength test ing equipment developed a t  NFC i s  
employed for  checking the shear strength o f  the appendage welds 
(Fig. 8). Clamping o f  elements, shear force app l  ication, recording 
and pr int -out  o f  strength values and standard deviat ion are automatic. 

3.0 APPENDAGE WELDING OF 37-ELEMENT FUEL BUNDLE 

A number of  fuel bundles have also been fabr icated fo r  t ype  
test ing for  the proposed 500 MWe PHWRs. As pe r  the design o f  
37-E l ement fuel bundle spacer pads o f  th ree di f ferent thicknesses 
a re  requ i red to  be welded t o  fuel elements. The thickness r a t i o  
o f  pad to  sheath ranges from 2.2 t o  8.1. Fur ther  outer element 
( F i g . 9 )  requires spacer pads o f  two thicknesses t o  be joined t o  
same element. Th is  necessitates use o f  two separate magazines on 
the  machine fo r  stacking and auto-feeding o f  pads a t  appropr iate 
element orientations. The height  o f  pro jec t ion o f  t h i c ke r  pad was 
s l i g h t l y  a l tered so tha t  the  same heat settings o f  the power source 
i s  adequate to weld pads o f  two d i f fe rent  thicknesses. Alternatively, 
the weldings can be accomplished by maintaining the  same coin height 
f o r  t he  pads, and a l te r ing  the heat sett ings from a programmable 
power source. 

4.0 IMPROVEMENTS PLANNED 

4.1 APPENDAGE WELDING ON EMPTY TUBES 

Presently, the appendage attachment i s  ca r r i ed  out on elements 
a f t e r  loading o f  DO2 pel le ts  into z i rca loy  tubes and end cap welding. 



In order  to  avo id  excessive depression of  the z i rcaloy tube and 
damage to  the DO2 pellets, i t  i s  desirable to  join appendages on 
fuel c ladding before loading of  fuel pel lets.  A number o f  methods 
were considered and w i t h  the process developed a t  Nuclear Fuel 
Complex, a few bundles have been produced. However, suitabi l i ty  
of the process to  automation i s  being studied. In  paral lel ,  
development work i s  also being ca r r ied  out a t  BARC. 

4.2 CURVED BEARING PADS 

Currently, bearing pads w i t h  s l i g h t l y  h igher thickness are  
welded to  the  sheath and are  bur r -mi l led  t o  achieve the speci f ied 
f in ished thickness and radius o f  curvature. Feas ib i l i t y  studies 
f o r  fabr icat ion and welding bearing pads w i t h  f in ished curvature 
and thickness were conducted. Techniques were developed t o  
successfully weld the pads wi thout  any weld  impressions on outer 
surface. Th is  involved, apar t  from a change i n  design o f  bearing 
pads, a sui table p r o f i  l e  fo r  welding electrodes, to avo id  excessive 
weld  impress ions. 

A few bundles fabr icated w i t h  the curved bearing pads are 
undergoing type-tests i n  experimental loops and the regular production 
i s  expected to  commence ve ry  short ly .  

5.0 CONCLUSIONS 

Change over  from wire-wrap type t o  sp l i t -war t  t ype  fuel 
bundle manufacturing involved various aspects to  be c r i t i c a l l y  
examined w i t h  respect to  selection o f  process fo r  appendage 
attachment, spacer/ bearing pad component design etc. Af ter  
considerable developmental efforts, resistance project ion welding 
techniques were standardised fo r  large scale product ion of fuel 
bundles, thus India i s  the f i r s t  country to  adopt t h i s  process. 
Start ing w i t h  manually operated machines i n  mid-eighties, t he  Complex 
now has the exper t ise  t o  bu i  Id micro-processor based fu l  l y automatic 
appendage welding equipment w i t h  sophist icated controls. The 
product ion methods fo l  lowed and the qua l i ty assurance standards 
developed and pract ised have proved the adequacy o f  the  systems 
fo r  good performance o f  the fuel i n  power reactors w i t h  respect 
to t h i s  process. By su i tab ly  a l te r ing the flow-sheet and component 
design, the process was successful l y  employed for  the fabr icat ion 
o f  37 element fuel bundles. Improved techniques developed f o r  
appendage welding on empty tubes and curved bearing pad  welding 
w i l l  be adopted sho r t l y  into the main stream production lines. 
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