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FOREWORD 

The Shippingport  Atomic Power S t a t i o n  l o c a t e d  i n  Shippingport ,  Pennsylvania  

was t h e  f i r s t  l a rge - sca l e ,  c e n t r a l - s t a t i o n  nuc lea r  power p l a n t  i n  t h e  United 

S t a t e s  and t h e  f i r s t  p l a n t  of such s i z e  i n  t h e  world opera ted  s o l e l y  t o  produce 

e l e c t r i c  power. This program w a s  s t a r t e d  i n  1953 t o  confirm t h e  p r a c t i c a l  

a p p l i c a t i o n  of  nuc lea r  power f o r  l a rge - sca l e  e l e c t r i c  power gene ra t ion .  It has  

provided much o f  t h e  technology be ing  used f o r  design and ope ra t ion  o f  t h e  com- 

merc i a l ,  c e n t r a l - s t a t i o n  nuc lear  power p l a n t s  now i n  use.  

Subsequent t o  development and s u c c e s s f u l  ope ra t ion  of  t h e  P re s su r i zed  

Water Reactor i n  t h e  DOE-owned r e a c t o r  p l a n t  a t  t h e  Shippingport  Atomic Power 

S t a t i o n ,  t h e  Atomic Energy Commission i n  1965 undertook a r e sea rch  and develop- 

ment program t o  design and b u i l d  a Light  Water Breeder Reactor  c o r e  f o r  opera- 

t ion  i n  t h e  Shippingport S t  at ion.  

The o b j e c t i v e  of t h e  Light Water Breeder Reactor (LWBR) program has been 

t o  develop a technology t h a t  would s i g n i f i c a n t l y  improve t h e  u t i l i z a t i o n  of  t h e  

n a t i o n ' s  nuc lear  f u e l  resources  employing t h e  we l l - e s t ab l i shed  water  r e a c t o r  

technology. To achieve  t h i s  o b j e c t i v e ,  work has been d i r e c t e d  toward a n a l y s i s ,  

des ign ,  component t e s t s ,  and f a b r i c a t i o n  of  a water-cooled, thorium oxide f u e l  

cyc le  breeder  r e a c t o r  f o r  i n s t a l l a t i o n  and ope ra t ion  a t  t h e  Shippingport  S t a t i o n .  

The LWBR core  s t a r t e d  opera t ion  i n  t h e  Shippingport  S t a t i o n  i n  t h e  FaTl o f  1977 

and i s  expected t o  be opera ted  f o r  about 3 t o  4 yea r s .  A t  t h e  end of t h i s  

pe r iod ,  t h e  core  w i l l  be removed and t h e  spent  f u e l  shipped t o  t h e  Naval Reac- 

t o r s  Expended Core F a c i l i t y  f o r  a d e t a i l e d  examination t o  v e r i f y  c o r e  performance 

inc luding  an eva lua t ion  of breeding  c h a r a c t e r i s t i c s .  

In  1976, wi th  f a b r i c a t i o n  of  t h e  Shippingport LWBR core  nea r ing  completion, 

the 'Energy  Research and Development Administrat ion e s t a b l i s h e d  t h e  Advanced 

Water Breeder Appl ica t ions  (AWBA) program t o  develop and d isseminate  technic ,a l  

information which would a s s i s t  U. S. i n d u s t r y  i n  eva lua t ing  t h e  LWBR concept f o r  

commercial-scale a p p l i c a t i o n s .  The program w i l l  explore  some of  t h e  problems 
* 

t h a t  would be faced  by i n d u s t r y  i n  adapt ing  technology confirmed i n  t h e  LWBR 

program. Information t o  be developed inc ludes  concepts  f o r  commercial-scale 

p iebreeder .  cores  which would produce uranium-233 f o r  l i g h t  water  breeder  c o r e s  

whi le  producing e l e c t r i c  power, improvements f o r  breeder  co re s  based on t h e  

technology developed t o  f a b r i c a t e  and ope ra t e  t h e  Shippingport  LWBR core ,  and 

o t h e r  information and technology t o  a i d  i n  eva lua t ing  commercial-scale a p p l i c a t i o n  

of' t h e  LWBR concept.  



FOREWORD ( ~ o n t )  

A l l  t h r e e  development programs ( ~ r e s s u r i z e d  Water Reactor ,  Light Water 

Breeder  Reac tor ,  and Advanced Water .Breeder ~ p p l i c a t i o n s )  have been administered 

by t h e  Div is ion  of  Naval Reactors  w i t h  t h e  goa l  o f  developing p r a c t i c a l  improve- 

ments i n  t h e  u t i l i z a t i o n  of nuc lea r  f u e l  resources  f o r  gene ra t ion  of  e l e c t r i c a l  

energy us ing  water-cooled nuc lea r  r e a c t o r s .  

Technica l  information developed under t h e  Shippingport ,  LWBR, and AWBA 

programs has  been and w i l l  cont inue  t o  be publ ished i n  t e c h n i c a l  memoranda, one 

of  which i s  t h i s  p re sen t  r e p o r t .  
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A brazing process has been developed wherein 
several  hundred stamped AM-350 s t a in l e s s  
s t e e l  sheet metal components, wire 
components and machined bar components 
were simultaneously joined together t o  
fabr ica te  about 400 gr ids  of d i f f e r en t  
s izes  f o r  the  LWBR fue l  rod support system. 
High temperature ( 2 1 1 0 ~  5 2 0 ~ )  .vacuum 
brazing was employed using Ni-Cr-Si braze 
a l l oy  f i l l e r  metal i n  the  form of paste.  
Techniques employed i n  the  assembly, 
braze a l l o y  appl icat ion and f i x tu r ing  of 
gr ids  t o  achieve adequate dimensional 
control  a r e  discussed i n  d e t a i l .  The 
brazing thermal cycle a s  re la ted  t o  
the complex metallurgical  process of 
both AM-350 s t a in l e s s  s t e e l  and the  
Ni-Cr-Si braze a l l oy  i s  a l s o  discussed. 

BRAZING OF AM- 350 STAINLESS STEEL 
FUEL ROD SUPPORT GRIDS 

(LWBR Development program) 

L. P. Ebejer 

1 I. INTRODUCTION 

The major objective of the  U B R  core i s  t o  breed more new f i s s i l e  material  

(uranium-233) from f e r t i l e  material  (thorium) than it consumes. In  order 

t o  achieve t h i s  objective,  cy l indr ica l  Zircal-oy-clad f u e l  rods containing 

p@l le t s  of ceramic fue l  and f e r t i l e  material  a r e  precisely positioned i n  

close-packed, t r iangular-pi tch l a t t i c e  arrays .  The t i g h t  l a t t i c e  spacing 

of the f u e l  rods i s  required t o  enhance neutron capture by the  f e r t i l e  

material .  A t  the same time, the  rod-to-rod clearance necessary f o r  the  water 

coolant channel must be maintained t o  prevent f u e l  rod c lad damage due t o  

excessive surface temperatures. The support required t o  maintain the  mechanical 

i n t e g r i t y  of the f u e l  rods throughout the  core l i f e ,  while posit ioning the  fue l  

rod a r ray  i n  a manner compatible with breeding, thermal, and hydraulic requirements 



.. . 

was provided by: (1)  Axial support t h a t  clamped one end of each rod t o  a 

base p l a t e ,  (2 ) Lateral  support a t  specif ic  elevations along the rods by 

passing, each f u e l  rod through a support g r id  c e l l  containing dimple and 
. . . . 

spr ing contac ts .  
. .  . 

. . 
The 'AM-39'  s t a in l e s s  s t e e l  brazed gr ids  provide the l a t e r a l  support 

funct ion of the fue l  rod. support system f o r  the Light Water Breeder Reactor 

(IXJBR) core ( ~ e f e r e n c e  l ) . .  A cross-sectional view of the  LWBR core is  
. ? .  

presented i n  Figure 1; a longi tudinal  view i s  shown i n  Figure 2. A s  

indicated i n  ~ i & r e  1, the core consis ts  of twelve hexagonally-shaped 

seed-blanket f u e l  modules i n  the cen t ra l  region, surrounded by f i f t e e n  

r e f l e c t o r  modules of e i t h e r  pentagonal o r  trapezoidal shape. The seed 

and blanket assemblies contain both f i s s i l e  uranium-233 and f e r t i l e  

thorium-232, while the r e f l e c t o r  blanket h e 1  modules contain only thorium. 

The gr ids  a r e  a x i a l l y  bol ted t o  ~ i r c a l o y - 4  support posts through 

machined support-post connectors which a re  brazed t 6  the  g r 1 8 ~ .  The blanket 

g r ids  a r e  a l so-  joined t o  the blanket guide tube by screws through tabs  

which a r e  i n t eg ra l  par t s  of the  i n t e r i o r  boundary s t raps .  The configuration 

of t he  LWBR f u e l  rod support g r ids  i s  i l l u s t r a t e d  i n  Figures 3 through 8. 

The manufacture of LWBR f u e l  rod support gr ids  required a process f o r  

joining several  hii2ldi"ed stamped AM-350 s Lt~lllless s Lee1 sheet metal 

components, wire components, and machined bar  components i n  a manner 
, 

consis tent  with precise dimensional control  and acceptable metallurgical  

microstructures.  The f u e l  rod support g r ids  must be able  t o  r e s i s t  corrosion 

during service i n  a pressurized water nuclear power plant i n  addit ion 

t o  mee,ting s t r ingent  strength and close tolerance dimensional design c r i t e r i a .  



Brazing was selected a s  the  most su i tab le  method f o r  the g r id  fabr i -  

cation process due. t o  the complex design of the  g r i d  s t ructure .  A descr ipt ion 

of the g r id  design and technical  requirements and fac tors  t h a t  l ed  Co the 

select ion of AM-350 a s  the material  of construction i s  presented i n  

Reference 2. Brazing of the WBR 'grids enabled the gr ids  t o  be held together 

by two redundant mechanisms, thereby providing assurance t h a t  the  gr ids  

would not come apar t  and block the coolant channels. The mechanical 

locking of pins a f t e r  inser t ion through intersect ing hinge cur l s  of the 

g r id  components provided one mechanism.. Brazing of .:the pins to. the  hinge 

cu r l s  provided a second mechanism fo r  holding gr ids  together, thereby 

imparting dimensional s t a b i l i t y  and ro ta t iona l  r i g id i ty .  The brazement 

a l s o  provided a smooth path f o r  transmitt ing loads from g r id  component 

panels t o  the pins and hence t o  other  panels. Thus many paths a r e  

avai lable  t o .  transmit loads; consequently, the  loads on g r id  elements a r e  

low, especial ly  away from the connecting members. 

'The select ion of a sui table  brazing f i l l e r  metal with charac te r i s t ics  

compatible with the metallurgical charac te r i s t ics  of the  AM-350 

s t a in l e s s  s t e e l  base metal required extensive t e s t i ng  of BNi-5 and 

BNi-7 type braze a l loys  f o r  b razeabi l i ty  and braze-joint  corrosion 

resistance.  Brazeabil i ty s tudies  showed t h a t  although both types ( B N ~ - 5  

and BNI-7) of braze a l loys  exhibited acceptable flow a t  t h e i r  respective 

brazing temperatures, the lower degree of wetabi l i ty  of the  BNi-5 a l loys  

was sui table  t o  bridge wide (approximately 0.010 inch) braze joint  gaps. 

Thus only t e s t  jo ints  made with BNi-5 braze type a l loys  were exposed t~ 

the  WBR t e s t  environments. After  extensive corrosion t e s t i n g  of several  

braze a l loys  ( ~ e f e r e n c e  3 ) ,  a modified nickel base, 30 percent chromium, 

10  percent s i l i con  high temperature braze a l l oy  was selected f o r  use 

because of i t s  superior corrosion res is tance.  Since a protective atmosphere 



and uniform temperature d is t r ibut ion  were required during the heating, 
. . 

brazing, and cooling of the numerous Joints, vacuum furnace brazing was 

se lec ted  t o  provide a controlled environment fo r  brazing the AM-350 components. 

The brazing f i l l e r  me-tal ( ~ i - 3 0  Cr-10 S i )  forms a eutectoid with 

AM-350 . s t a in l e s s  s t ee l .  when heated t o  about 2100 F. Rigid f ix tur ing  during 

t h i s  thermal (brazing) treatment was required t o  support the th in  . 

(0.0135 t o  0.018 inch) gr id  components a t  t h i s  very high temperature. 

In  addition, the very t ight .des ign  requirements f o r  cel l - to-cel l  pitch 

and boundary dimensions required the development of f ixtur ing t o  re ta in  

a l l  dimensions. . 

The gr id  fabrication process consisted of the following stages. 

1. Assembly 

2 .  Brazing 

3. Decarburization 

4 .  Subzero Cooling 

5 .  Diaensional Inspection and Cell Adjustment 

6. Tempering 

7. Preconditioning 

8. Wchining 

9. Final Dimensional Inspection. and Cell Adjustment 

10. Final General Inspection and Cleaning 

The assembly and brazing operations of LMBR core fue l  rod support gr lds  

represent the i n i t i a l  stages of the general gr id  fabrication process. 

This report  discusses ' the development and process of the assembly and 

brazing operations. . . 



11. MATERIALS, EQUIPMENT, AND PROCEDURES ~. 

A .  m t e r i a l a  

1. AM-350 Precipi ta t ion Hardening S ta in less  S t ee l  

The AM-350 sheet, bar, and wire material  used f o r  the  fabr ica t ion  

of LWBR g r i d  components was procured from air-melted, consumable electrode 

vacuum-remelted ingots. Compositional l i m i t s  f o r  the  three  forms of 

AM-350 were essen t ia l ly  iden t ica l  except f o r  the  carbon content. The 

sheet  material  was made from bar  stock having a carbon content of 0.06 

t o  0.10 weight percent, whereas the  bar and wire material  was specified 

t o  a lower carbon content of 0.04 t o  0.07 weight percent. Corrosion 

s tudies  (Reference 3 )  indicated t h a t  the  lower carbon content enhanced 

the  corrosion resistance of AM-350 by precluding the formation of grain 

boundary carbide prec ip i ta tes  during the decarburization operation. 

AM-350 sheet stock, however, could not be purchased t o  the  

lower carbon content since lower carbon permits the  normally duc t i l e  

aus t en i t i c  microstructure t o  be transformed ( p a r t i a l l y )  t o  a l e s s  

duc t i l e  martensit ic microstructure during cold r o l l i n g  from bar  stock. 

The i n t r i c a t e  forming operations f o r  the  com?onents fabr icated from the 

sheet material  imposed considerable cold work, requiring a mater ia l  of high 

d u c t i l i t y  t o  prevent cracking arid breaking. The .sheet  metal components 

were therefore  stamped and forme& from the higher carbon semi-austenitic 

AM-350 and then were decarburized t o  a nominal 0.04 weight percent following 

the  decarburization operation (Reference 4 ) .  Because of t h e i r  th icker  

cross sections,  the bar and wire components were not read i ly  reduced 

i n  carbon content i n  the decarburization operation and thus were purchased 

with the lower carbon content. This lower carbon content was a l s o  benef ic ia l  



i n  assur ing  more complete transfoxmation (from aus ten i te  t o  the higher 

s t rength  martensi te)  f o r  the  th icker  members during cool-down from the 

decarburization operation. 

a .  Sheet Metal Com~onentq 

Stamped components 0.0135 t o  0.018-inch thick were 

manufactured from hot- and cold-rolled, solution-annealed and descaled 

AM-350 sheet  i n  f l a t  lengths .  A l l  compcnents were produced by room 

temperature stamping and forming operalions using complex, multi-die 

commercial techniques. Samples Oi' sheer stack were Lakeu for- chcuical 

ana lys i s  p r io r  t o  stamping operations t o  ve r i fy  acceptable material  

composition. The ana ly t i ca l  r e s u l t s  a r e  presented i n  Table 1. 

b. )Whined Bar Com~onentz 

Grid connectors were machined from the low carbon AM-350 

b a r  s tock procured i n  the  equalized and over-tempered condition. Prior 

t o  the  machining of the  connectors, samples were taken from each bar f o r  

chemical ana lys i s  t o  v e r i f y  acceptable mater ia l  composition. The ana ly t i ca l  

r e s u l t s  a r e  presented i n  Table 1. 

c.  y i r e  C o m ~ o n e n ~  

Hinge pins were made from AM-350 wire which had been rol led,  

cold-drawn, solution-annealed, descaled and bright-drawn t o  f inished 

diameters of approximately 0.036 and 0.045 inch. A l l  wire stock was 

inspected f o r  defects by eddy current techniques. The mean values of 

chemical analyses from sample wire 101s ui .e ' l i s ted i n  'lrable 1. Thc wire 

was cold upset  formed t o  produce a head on one end and then cut t o  the  

spec i f ied  pin lengths.  A machined chamfer was produced on the  end of the  

pin opposite t he  head t o  preclude f i s sur ing  during the  subsequent post- 

assembly crimping operation. 



1 2. B i n a  F i l l e r  Meta 

Several. commercially avai lable  braze a l loys  of Ni-Cr-Si ( B N ~ - 5 )  

and Ni-Cr-P (BNI-7) types were evaluated f o r  compatibil i ty with the  

AM-350 base metal. I n i t i a l  metallographic examinations of in-pi le  and 

out-of-pile t e s t ed  Ni-Cr-Si (AMDRY-100 and 58100) brazed jo in t s  shared 

corrosion a t tack  of the  braze a l l o y  f i l l e t s  t o  varying depths. Corrosion 

was a t t r i bu t ed  t o  the  oxidation of an in te rdendr i t i c  phase (high i n  nickel  

and s i l i con ,  low i n  chromium) referred t o  a s  gamma ( y )  phase. To eliminate 

o r  disperse the corrodible gamma phase, extensive experiments were performed 

u t i l i z i n g  homogenization heat  treatments, modification of braze a l l oy  

chemical composition, and reduction of braze joint '  clearances. 

Brazed hinge joint  s tudies  shared t h a t  gaps l a rge r  than 0.010 inch 

exhibited poor braz'e' qua l i ty  due t o  voids, lower t ens i l e  strengths,  and 

suscep t ib i l i t y  t o  the formation of the undesirable corrodible gamma phase. 

Therefore, the  stamped components were designed t o  provide a 0.006-inch 

maximum diametral gap between the  hinge c u r l  and the  hinge pin t o  ensure 

high qua l i ty  brazed jo in t s .  

Braze jo in t  s tudies  were a l s o  made with Ni-Cr-Si (AMDRY-100) 

braze a l l o y  powders modified t o  contain higher chromium and s i l i c o n  contents 

ns modified by making v a r i o u ~  powdcr ( N i - ~ r - ~ e ,  Fe=Cr-Ni, and ~ 1 . 0 ~ )  

addi t ions  t o  AMDRY-100 which nominally contains 19 Cr-10 Si-balance N i .  

Braze joints  made with these addit ions t o  AMDRY-100 d id  not exh ib i t  any 

s ign i f ican t  improvement i n  el iminating the corrodible phase. However, 

braze jo in t s  made with modified AMDRY-100 braze a l l o y  (30 Cr-10 Si-balance 

~ i )  showed both a reduction i n  and dispersal  of the chromium depleted 

corrodible phase found i n  AMDRY-100 brazed a l l o y  jo in t s .  Detailed corrosion 

evaluation of the  brazing f i l l e r  metals developed f o r  use i n  LWBR i s  presented 



i n  Reference 3 .  The nickel base-30 percent chromium - 10 percent s i l icon  

braze a l l o y  was selected f o r  the LWBR grids.  The mean values of analyt ical  

r e s u l t s  of two braze a l loy  l o t s  a re  presented i n  Table 1. 

The brazing f i l l e r  metal was manufactured as  follows: 

a .  paw Materials 

1- Nickel - International Nickel Co., Inc. - Electrolyt ic  

grade. 

2. Chromium - Shield Alloy Corporation - Vacuum Melted grade. 

3. SLLLcoa - Union Carblde Corporation * 99.5 percent 

Silicon, low Aluminum. 

b. Process 

The raw materials were weighed and placed i n  e i the r  a 

zirconium,or alumina crucible f o r  induction melting. The molten a l loy  . 

was poured d i r ec t ly  from the furnace in to  an atomizing device where it was 

atomized. with argon and collected dry under an argon atmosphere. The, 

powder was screened through a sieve s ize O f  '325 mesh m x l u ~  (F'igul-t 3 ) .  

Argon atomization was nPcessRry t o  produce l o w  oxygen 

powders- Oxide-free spherical powders flow more readi ly in to  braze joints,  

enhance good brazing charac ter i s t ics ,  and minimize the required brazing . 

temperature. 

3 .  D z e  Allov Binder 

The nicrobraz braze a l loy  binder or cement was composed of 

8.n et,hyl-methacrylate homopolymer mixed with a dichloroethane, 

tr ichloroethane ,solvent t o  a viscosi ty  range of 350 t o  450 centipoises. 

Composition of the cement mixture i s  presented i n  Table 2. 

4. $to~-Off  

White alumina stop-off powder was used as  a bar r ie r  against  

uncontrolled braze a l loy  flow from the brazed joints onto the surfaces 

of the base metal. This i s  most important wheqbrazing th in  sheet 
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metal s t ruc tures  t o  minimize s t ruc tu ra l  d i s to r t ion .  Chemical analyses 

of the  two stop-off powder l o t s  used a r e  presented i n  Table 3. 

59 s- o 

Stop-off cement used i n  the appl icat ion of stop-off s l u r ry  was 

composed of an ethyl-methacrylate homopolymer mixed with a dichloroethane 

tr ichloroethane solvent t o  a v i scos i ty  range of 5 t o  9 centipoises.  

Composition of the cement mixture i s  presented i n  Table 2. 

B* - 
. I* - 

Ni-Cr-Fe Alloy 600 was selected f o r  a l l  braze f i x tu r ing  because 

the  thermal expansion charac te r i s t i cs  of t h i s  mater ia l  were most compatible 

with those of the  semi-austenitic AM-350, which was braze-heat t r ea t ed  

t o  remain semi-austentic during the  braze cycle. Its se lec t ion  was based 

on the r e su l t s  of an invest igat ion of the  thermal expansion and contraction, 

anisotropy, and dimensional s t a b i l i t y  charac te r i s t i cs  of candidate brazing 

f i x tu re  materials  f o r  use i n  braz ing/fabrication processes a t  temperatures 

up t o  2100 F i n  vacuum ( ~ e f e r e n c e  5 ) .  Alloy 600, which does not undergo 

phase transf'ormation, displayed minimal dimensional change, cumulative 

shrinkage, and f l a tnes s  change. An indication of the dimensional s t a b i l i t y  

of Alloy 600 brazing f i x tu re s  with repeated usage. was acquired by processing 

two f ix ture  p la tes  f o r  16 and 23 cycles, respectively,  and noting the 

dimensional difference between the i n i t i a l  and l a s t  braze cycle measurements. 

These data, presented i n  Table 4 (which was extracted from Table 14 of 

Reference 5),  demonstrate the  s t a b i l i t y  of Alloy 600 f i x t u r e  p la tes  independent 

of t h e i r  or ienta t ion r e l a t i ve  t o  the f i n a l  r o l l i n g  direct ion.  Based on 

these small changes (0.1 t o  0.8 mil/inch range), it was' concluded t h a t  Alloy 600 

brazing f i x tu re s  would have useful  shop l i fe t imes  of 20-30 cycles.  



Figures 1 0  and 11 show an exploded assembly view f o r  seed 
' 

and blanket g r i d  brazing f ix tures ,  respectively.  The blanket brazing ' 

f i x t u r e  required s ign i f i can t ly  more par ts  due t o  the -shape and design of 

t he  blanket g r i d  (blanket g r ids  have a  cen t r a l  hexagonal opening roughly 

the  s i ze  of the  seed .grid).  Thoiigh not shown, r e f l ec to r  g r id  brazing 

f i x t u r e s  were comparable t o  the  seed brazing f ix tures .  

Ni-Cr-Fe ~ 1 1 0 ~  600 spacer pins supported and maintained 

Paral le l ism of the  brazing f i x tu re  pla tes .  The gr id  support i n se r t s  were 
. , 

i n se r t ed  i n t o  precisely  located holes i n  the top and bottom brazing 

f i x t u r e  p la t e s ,  and held  each g r id  c e l l  panel normal t o  the top and 

bottom p la tes .  The i n s e r t s  were s l o t t e d  t o  p rwide  l a t e r a l  r e s t r a i n t  f o r  

t h e  sheet  metal components. t o  prevent and/or minimize g r i d  c e l l  l a t e r a l  

d i s to r t i on .  The troughs prec i se ly  machined on the brazing f i x tu re  p la tes  

p rwided  proper sea t ing '  of a l l  inse ' r ts  which, i n  con junction with '  the proper 

dimensioning of the  spacers, control led the  f l a tnes s  of the gr ids .  It 

should be noted i n  Mgure 11 t h a t  there  i s  an addi t iona l  ba f f l e  pla te  on 

top  of t h e  blanket g r id  brazing ' f ix ture .  Studies determined t h i s  addi t ional  

p l a t e  was necessary t o  provide uniform r a d i a l  and v e r t i c a l  temperature 

gradients  wi thin  these large,  hexagonal, annular-shaped, blanket gr ids .  

The smaller  size's and non-annular shapes of the  seed and r e f l ec to r  gr ids  

rendered t h i s  add i t iona l  p la te  unnecessary. It should a l s o  be noted t h a t  

blanket g r i d  connectors were res t ra ined  by an adjustable  wedge support system 

t o  prevent ro t a t i on  and stem bending. A 304 stainless s t e e l  heat  shlelii  

@ncloses the  g r id  i n  the  furnace t o  help maintain the  even temperature 

d i s t r i b u t i o n  throughout t he  f i x tu red  gr id  by protecting the  outer boundary 

of the  from' d i r e c t  rad ia t ion  during heat-up and from Argon flow 

during cooling of the  brazing cycle.  
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2. 

The brazing furnace used f o r  brazing IWBR gr ids  i s  i l l u s t r a t e d  

i n  Figure 12. It was a 250 KW, high temperature (2200 F) cold wall vacuum 

furnace equipped with forced convection cooling. The furnace consisted 

of a cyl indr ical  s t a in l e s s  s t e e l  inner ve-ssel surrounded by an outer water 

jacket. This horizontally positioned vacuum chamber was equipped with a 

water-cooled, dish-shaped hinged door sealed with an "0" Ring. The 

opposite end of the  furnace was similar ly  sealed with an unhinged, water- 

cooled, dish-shaped head. A -semi-automatic-hot-water-system-was provided 

f o r  rec i rcu la t ing  hot water i n  the furnace jacket t o  prevent condensation 

of moisture on the in te rna l  furnace chamber walls when the furnace door 

was open. During operation, cold water f l a r ed  through the water jackets 

maintaining the vessel  a t  ambient temperature or  lower, while the furnace 

was operating a t  elevated temperatures. 

A movable hearth mechanism was used t o  t r ans fe r  the  f ix tured  

g r id  i n t o  the furnace and from the brazing zone t o  the cooling zone during 

the accelerated cooling operation. The hearth assembly was inounted' on 

grooved wheels t h a t  rode upon four pa ra l l e l  t racks  mounted along the .. 

length of the  inner ves'sel. A motor-driven chain moved the hearth c a r t  

assembly i n t o  and out of the heating and cooling zones, a s  required. The 

two zones of the furnace were separated by a pa i r  of v e r t i c a l  heat  ba r r i e r  

swinging doors which automatically opened when the load was moved from 

zone t o  'zone and ciosed when the load was properly .positioned i n  a par t icu la r  

zone. 

A vacuum t igh t ,  high velocity,  overhead fan was located 

i n  the  cold zone of the furnace. This fan, i n  conjunction with an Argon 
-. 

back-f i l l  system, permitted the g r id  t o  be rapidly cooled when positioned 



i n  the  cold zone. This was accompliihed by the fan and an atmosphere 

baf f le .  During t h i s  backf i l l  operation, high purity Argon was uniformly 

pulled up t h r o u k  the g r id  and directed by the baff le  such t h a t  the gas 

was forced t o  wipe the water-chilled chamber walls before returning t o  the 

bottom of the  furnace. '   he cooled gas was then redirected upward through 

the  grid.  

The heating chamber was a cyl indrical  s ta in less  s t e e l  frame 

l ined  with three layers  of nickel and two layers of molybdenum radiation 

shields.  'l'hree ll'Pr66t long, 83.33 RW molybdenum heating e1emu.t;~ were 

positioned such tha t  they completely surrounded (360 degrees ) the work 

load. They.were made of seven strands of molybdenum wire twisted in to  a . 

cable. The cables were sinuously formed and secured i n  place by 112 high 

pur i ty  alumina spools which insulated the elements from the radiation 

shields .  Parer for  the three furnace heating elements was supplied by a 

250 KW power package consisting of three 83.33 KVAI ~ ~ O V / I . O O V  transformers, 

and was regulated by three 83.33 KVA, 460 V A C / ~ ~  VDC saturable core 

reactors .  

Furnace temperature was maintained by an electronic controller.  

Control s ignals  were received from a sheathed "K" type thermocouple 

suspended from the furnace roof i n  the heating zone. The control instrument 

was a 3 s e t  point proportional control ler  with r a t e  and approach action. 

The control point was manually s e t  with a s e t t e r  knob t o  a d i g i t a l  read-uut 

of 10  F. Dewiation from the s e t  point was c lear ly  displayed on a zero 

center meter. To minimize thermal gradients across the fixtured grid, the 

cont ro l le r  was s e t  t o  automatically regulate the parer input' a t  55 percent 

between 200 and 800 F, 75 percent i n  the 800 t o  1400 F range, and 100'percent 

f u l l  parer above 1400 F. Grid temperatures were monitored and sequentially 



recorded on a 12-point s t r i p  char t  continuously through the process cycle.  

Signals were received from six ,  18-foot long, non-grounded junction, N i -  : 

Cr-Fe Alloy 600 sheathed, chromel-alumel thermocouples s t r a t e g i c a l l y  

positioned i n  the  f ixtured gr id .  The thermocouples were purchased t o  , 

requirements specif ied i n  ASTM-E-230-68, and cal ibrated t o  1100 F and 1700 .F 

or  1900 F and 2100 F temperatures. They were re-calibrated a f t e r  every 

f i ve  braze runs t o  2 10 F a t  2100 F. An overheat con t ro l le r  provided a 

continuous v i sua l  indication of furnace temperature and protected 

against  furnace werheat ing by automatically cu t t ing  off the  heat  input 

should the temperature have r i s en  above 2200 F. 

The vacuum pumping system of the furnace consisted of (1) A 

three stage 33000 l i t e r s  per second.diffusion pump ('2) A 32-inch high 

conductance chevron baf f le  with a two stage mechanical r e f r i ge ra to r  f o r  

maintaining -167 F cold t r a p  temperature (3 )  A 685 CM Roots type booster . 
pump ( 4 )  A 162 CFM mechanical .pump ( 5 )  An 18 CM holding pump. The vacuum 

l eve l  of the furnace was ~lleasured i n  the  roughing range of 1 t o  1,000 microns 

by a thermocouple gauge, and i n  the  high vacuum range of 10-3 t o  10'7 

t o r r  by a cold cathode ionizat ion gauge. Vacuum l eve l  during both roughfng 

and high vacuum operation was continously recorded on a s t r i p  char t .  

The operating charac te r i s t i cs  of the vacuum pumping system are  i l l u s t r a t e d  

i n  Figure 13. \ 

C. Erocedure 

1. Com~onent Cleaninq 

Sheet metal and wire components were cleaned u t i l i z i n g  

Procedure A outl ined i n  Table 5. Basically, t h i s  procedure consisted of 

vapor and solvent degreasing, a lka l ine  cleaning t o  remove s o i l  products 

Srom the metal surface, u l t rasonic  15-20 V/O HNO3 pickling t o  remove i ron 



oxides, followed by passivation using a solution of 5 W/O NaCr207: 

2H20 i n  20 V/O HN03. 

The machined bar components were cleaned u t i l i z i n g  an ac id  

f r e e  Procedure B (see Table 6) since the lower carbon bar material  was 

received i n  an aged martensi t ic  condition, which would oxidize i n  the 

cleaning Procedure A ac id  solutions.  Procedure B consisted of dry abrasive 

cleaning t o  remove iron-oxides, followed by vapor-solvent degreasing and 

a lka l ine  cleaning. 

Cleaned components were inspected, packaged i n  polyethylene 

bags, sealed, and stored. 

2. Stor, O E  ADD - l i c a t i o ~  

Cleaned components were l a i d  out on s t a in l e s s  s t e e l  t rays  i n  

separate compartments i n  su f f i c i en t  quant i t i es  f o r  each d i f fe ren t  type of 

component ( ~ i g u r e  14 ) .  A stop-off s lu r ry  was prepared by blending 30 2 1 grams 

, Nicrobraz white stop-off, 30 2 2 m i l l i l i t e r s  of Nicrobraz cement ( 5  t o  9 

cent ipoises  v i scos i ty  grade), and 30 2 2 m i l l i l i t e r s  acetone i n  a glass  

beaker. The s l u r r y  was s t i r r e d  continuously during use with a magnetic 

s t i r r e r  and magnetic s t i r r i n g  bar  t o  assure a thin ,  adherent, smooth, 

milky f i lm  when applied t o  the  components. Bllu~Lluu ur slop-off slui-1-y 

by adding 5 m i l l i l i t e r s  of acetone was made when the f i lm become discontinuous 

o r  lumpy due t o  s e t t l i n g  of aluminum oxide par t ic les .  An a r t i s t ' s  brush was 

used t o  apply stop-off along the e n t i r e  length of a l l  the  side 

panels of the components. The components were then individually inspected 

t o  ensure t h a t  no stop-off was present i n  hinge cu r l  areas  where braze 

jo in t s  eventually were t o  be formed. 



3 -  s i ' n  

During the ea r ly  stages of the g r id  fabr icat ion program, braze 

a l l o y  was applied a f t e r  each c e l l  was assembled f o r  a l l  g r id  types. 
.. 

Measurements on t he  f i r s t  four Type V r e f l ec to r  al loyed gr ids ,  p r io r  t o  

brazing f i x tu re  i n s t a l l a t i on ,  showed t h a t  perpendicularity and f l a tnes s  

d id  not s a t i s f y  process control  .requirements. Consequently, a new technique 

was used t o  completely assemble the  r e f l ec to r  and blanket g r ids  and then 

apply braze a l loy .  Seed grids,  however, were assembled and braze a l l o y  was 

applied sequent ia l ly  u t i l i z i n g  a technique described i n  the  following 

Braze a l l o y  paste was prepared by thoroughly blending 

20 2 0.1 grams of nickel  base, 30 percent chromium, 10 percent s i l i con  

powder and 6 0.1 grams of Nicrobraz cement binder (350 t o  450 cent ipoises)  . 
The paste was s t i r r e d  vigorously with a glass  rod t o  ensure complete wett ing of 

the  braze a l l o y  powder and then t ransferred t o  a p l a s t i c  syringe using a 

scoopula. A rubber piston and syringe needle were inser ted i n to  the syringe. 

This syringe was connected t o  a foot-controlled, air-operated, micro a i r  

dispenser, which, i n  turn, was attached t o  a pressure regulator.  adjusted 

t o  a-range of 10  t o  35 psig. 

Braze a l l oy  paste appl icat ion was performed with the  seed 

gr ids  i n  a 45 degree angle posi t ion and the  hinge jo in t  areas  (shown i n  

Figures 1 5  through 17 )  facing upwards. The braze a l l oy  paste flowed 

down i n t o  the  jo in t  and was permitted t o  freeze before the  gr id  was 

repositioned. 

The established assembly technique f o r  seed gr ids  was 

performed a s  follows : 
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a .  The center c e l l  and a surrounding ring of c e l l s  were 

assembled and braze a l loy  applied t o  the center c e l l  only. 

b. A s e t  of two c e l l s  along each side of the s ix diagonals 

were subsequently assembled. 

c. The spider-like f ix ture  and inser t s  (shown i n  Figures 18 

and 19)  were ins t a l l ed  t o  hold subsequent gr id  assembly 

sections perpendicular t o  the assembly plexiglass plate .  

Braze a l l o y  paste ms then applied tu Lke d i ~ g m a l  ce l l s .  

d. The balance of the gr id was then assembled and braze trlluy 

wao applied i n  a sp ira l  f a s h i n n  11nt.iJ the grid was 

completely assembled and alloyed. 

Blanket and r e f l ec to r  grids were assembled horizontally as 

shown i n  Figure 20 fo r  blanket Type I1 grids.  The assembly f ix ture  

d e t a i l s  a r e  i l l u s t r a t e d  i n  Figure 21. When the gr ids  were cumpletely 

assembled, r igh t  angle external wall holding f ix tures  were ins ta l led  

against  the gr id boundaries and bolted t o  the turntable f ix ture  through 

the plexiglass assembly p la te .  The c l i p  assemblies were then ins ta l led  

on top of the external gr id  periphery and clamped t o  hold the gr id f l a t  

t o  maintain v e r t i c a l i t y o f  the external gr id  walls during braze a l loy  

appl icat ion,  The inner wall holding f ix ture  shown i n  Figure 21 was used 

t o  maintain v e r t i c a l i t y  f o r  the internal  gr id  boundary. The assembled and 

f ix tured  gr ids  were then l i f t e d  t o  a ve r t i ca l  position and braze a l loy  

was applied a s  shown i n  Figure 22. When placement of the braze alloy oa 

the  g r id  was completed, the joints  were inspected with an illuminating 

magnifying glass ,  as shown i n  Figure 23, t o  ensure tha t  braze a l loy  was 

present i n  a l l  the hinge joint  areas.  Braze a l loy  was re-applied t o  any 

areas  needing repair,  using the same braze a l loy  s lur ry  mixture described 

above. The repaired areas were then re-inspected. 
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A small g r id  assembly consist ing of a minimum of t en  c e l l s ,  

two representative external  boundary sections and a connector (see  Item 3 

i n  Figure 11) was a l s o  assembled and braze a l l o y  was applied i n  the  same 

manner. This companion gr id  was processed through each stage of 

fabr icat ion,  t h a t  i s ,  assembly, brazing, and heat  treatments i n  the same 

equipment, with equivalent f ix tur ing ,  and a t  the same time a s  the gr id  it 

represented. This companion g r id  was used f o r  dest ruct ive  evaluation t o  

determine the  qua l i ty  of the  brazed jo in t s  and the metallographic s t ruc ture  

of t he  fu l l - s ized  gr id  it represented. 

Two hinge jo in t  t e n s i l e  t e s t  assemblies (Figure 24) simulating 

brazed hinge-pin joints  i n  the gr ids  were assembled'with braze a l l oy  appl ied 

t o  the open and closed cur l s  of the jo in t .  These two assemblies were 

processed through brazing and heat  treatments with the  gr id  they 

represented. These assemblies were l a t e r  used f o r  dest ruct ive  evaluation 

t o  determine t ens i l e  properties of the  brazed jo in t s  of the  g r id  they 

represented. 

4. Pixtur ina  of Alloyed Gridg 

The alloyed gr ids  were placed with the  gr id  pin heads down, 

on an asseiiibly stand plate  a s  shown Yor a seed gr id  i n  Figure 25. The 

bottom brazing f i x tu re  was placed over the g r i d  and supported by spacers. 

When the  g r id  was aligned with the  bottom brazing f i x tu re ,  i n s e r t s  were 

i n s t a l l ed  a t  the  center of the g r i d  i n  a hexagonal array.  Six i n se r t s  were 

then i n s t a l l e d  a t  each of the s ix  corners of the f ix ture .  The continuation 

of i n s e r t  i n s t a l l a t i on  was done.by working from the  center of the f i x tu re  

and f i l l i n g  i n  the  pie-segments i n  an ever-increasing hexagonal pat tern  

Upon completion, a backing pla te  was placed over the  i n s e r t s  and the g r id  

and brazing f i x tu re  were inverted.  



Pr ior  t o  i n s t a l l a t i o n  of the top  brazing f ix ture ,  the gr id  was 

inspected f o r  braze a l l o y  dislodgement with the illuminating magnifying 

g lass  ; 

The top brazing f ix tu re  pla te  was supported by spacers and 

spacer ,p ins .  A lock pin was i n s t a l l e d  through the four corner spacers and 
.. . 

secured with a wedge. Af te r  ver i fying tha t  the top and bottom f ix ture  
.. . 

plates were slimed, i n s e r t s  were placed from the center of the f i x tu re  

p l a t e  i n  an outward direct ion.  Figure 26 shows a blanket Type I1 TLxLured 

g r i d  ready f o r  brazing. Stop-off s lu r ry  was poured over the bottom brazing 
, . , . . . . . 

f G t u r e  and backing p la tes  t o  prevent the f ix tures  from st icking t o  the 

furnace hear th .  This s lu r ry  was prepared by blending 30 fr 5 grams of 

~ i c r o b r a i  white stop-off, 30 2 5 m i l l i l i t e r s  of Nicrobraz cement ( 5  t o  9 

cent ipoises  v i scos i ty  grade),  and 75 5 m i l l i l i t e r s  of acetone. 

. , 

The companion gr ids  were f ixtured f o r  braz'ing i n  the same . 

manner a s  the  fu l l - s i ze  gr ids .  

5-  Brazina 

a .  J'urnace Loading and FUnpdown 

The grid,  i t s  companion g r id  sections, .  and hiage pin t ens i l e  

t e s t  assemblies were loaded on a cart-mounted hearth near the furnace 

door. Six thermocouples were posit.ioned and secured i n  various locat ions:  

Pour thermac~uples  were positioned adjacent t o  g r id  sections t o  monitor 

t h e  g r i d  and two were positioned i n  the braze p la tes .  

After ensuring t h a t  t.h.ermal.. ~ lnd  vacuum systems were functioning 

proper1y;the loaded work c a r t  was t ransferred i n t o  the cooling zone and 

sechre'd t o  the  t r ans fe r  chain. The ca r t  was then moved i n t o  the hot zone, 

t h e  furnace door was closed, and the la tches  were secured. The vacuum 



control  was turned t o  the  roughing posi t ion f o r  pumpdown u n t i l  20 microns 

vacuum pressure was achieved. The vacuum se lec tor  switch was s e t  a t  t he  

pu ore" posit ion u n t i l  a 1 0  t o  20 micron pressure l e v e l  was s tab i l i zed .  

The vacuum range se lec tor  was then changed t o  the  "Hi-~ac"  posi t ion t o  

engage the  dif fusion pumps and pump down the. furnace t o  3 x 10-5 t o r r .  

The furnace was then checked f o r  leaks  by turning the  vacuum se lec tor  

switch t o  the   o ore posi t ion f o r  one minute, allowing the  pressure t o  

r i s e .  If 5 x t o r r  pressure was exceeded, the  furnace was examined 

f o r  leaks  and repaired pr io r  t o  returning the-vacuum switch t o  "Hi -~ac"  

and continuing the  operation. 

b .  -1 Cvcle 

Heat was turned on when a vacuum of 3 x 10-5 t o r r  was 

s tab i l i zed .  I n i t i a l  heat-up t o  1830 F was i n  incremental s teps  of 

200 2 50 F t o  minimize temperature d i f f e r en t i a l s  throughout the f ix tured  

gr id .  A t  each incremental temperature, equ i l ib ra t ion  of temperature was 

maintained within 150 F, with the  pressure a t  9.0 x log4 t o r r  o r  l e s s .  It 

was important t o  maintain these conditions i n  order t o  remove or  prevent 

the  formation of any absorbed surface fi lms t h a t  m y  have been present 

on the AM-350 metal p r io r  t o  heat-up t o  brazing temperature. Heat-up 

from.1100 F t o  1830 F was l imi ted  t o  a maximum of four hours. To minimize 

react ions  between the  AM-350 base metal and braze a l loy,  t h a t  i s ,  forming 

of nickel-s i l icon r i ch  eu t ec t i c  a t  the AM-350 base metal surface and erosion 

of the  AM-350 base metal by the  molten braze a l loy,  "heat-up" from 1830 F 

t o  the brazing temperature of 2110 + 20 F was done rapidly  within a maximum 

of 60 minutes. The hold time a t  brazing temperature ,was monitored by the  

4 gr id  thermocouples and was maintained from 5 t o  1 5  minutes. In  addit ion 

t o  keeping the braze a l l oy  AM-350 base metal erosion t o  a minimum, the 

holding time a t  brazing temperature was kept a t  the  lower range t o  minimize 



ni t rogen losses '  from t h e  AM-350 base metal by'outgassing since nitrogen 

i s  an a l loy ing  element (aus ten i te  former) i n  AM-350. The brazing 

temperature hold time d id  not exceed 1 5  minutes t o  prevent de l t a  f e r r i t e  ' 

' 

gra in  growth and formation of in te rmeta l l i c  compounds i n  the brazed jo in t s .  

Cooling from the brazing temperature t o  1710 -+ 30 F was 

done i n  t he  furnace hot zone, under vacuum, maintaining a temperature 

d i f f e r e n t i a l  between a l l  thermocouples i n  the  workload within 150 degrees 

t o  minimize thermal di f ferences  between the t h i n  g r i d  s t ruc tures  and the  
a ,  

heavy f i x t u r e  p la tes .  When a l l  thermocouples reached the  1 ' 7 l U  + 3O F' 
temperature range, the furnace was backf i l led with Argon and the work charge 

moved t o  the  furnace cold zone t o  achieve cooling down from 1710 F t o  

1100 F within  20 t o  40 minutes. This cooling rate was required t o  prevent 

chromium carbide prec ip i ta t ion  along the  AM-350 grain  boundaries and t o  

re ta in .  the  carbon in. so lu t ion  i n  the  AM-350 base metal, thus keeping the 

martensite ,transformation temperature suppressed. During continued cooling 

t o  300 F 5 0 F ,  the  fan was operated in te rmi t ten t ly  t o  maintain the  

temperature d i f f e r e n t i a l s  between a i l  thermocouples within 20U F. 

. . 

When the  f i x tu red  gr id  reached a temperature between 250 F 

and 350 F, the  furnace door was opened, the  gr id  was t ransfe r red  rapidly  

t o  a tank, and immersed i n  hot  water, maintained a t  200F m i n l r u u  u n t i l  the  

g r i d  was removed from the f i x tu re .  This was done t o  prevent martensit ic 

transformation of the g r id  while it was held i n  the  f i x tu re .  Transformation 

r e s u l t s  i n  about. 0.004 inch/inch growth; i f  t h i s  occurred while the g r id  

was s t i l l  i n  the  f ix ture ,  excessive cracking along the  braze jo in t  f i l l e t s  

could have resu l ted .  A corol lary  benef i t  of disassembly i n  hot water was 

t h a t  it provided a lubr ica t ing  ac t ion  during removal of t h e  brazing f i x tu re  

i n s e r t s  from the braze plates and the  gr id .  Figure 27 shows the  braze 

thermal and vacuum cycles f o r  brazing LWBR gr ids .  



111. RESULTS 

A t o t a l  of 147 seed, 164 blanket, 'and 118 r e f l e c t o r  g r ids  were brazed 

by the process described i n  Section 11. There was no evidence of surface 

a t t a ck  o r  any other  detrimental  e f f e c t  on t he  AM-350 base metal a s  a r e s u l t  

of the  brazing process; t h i s  i s  supported by the b r igh t  metal l ic  appearance 

of t he  gr ids  a f t e r  brazing. An excel lent  degree of f l a t n e s s  and para l le l i sm 

was achieved on the  brazed gr ids  by control l ing perpendiculari ty and f l a t n e s s  

during braze a l l o y  appl icat ion with holding f i x tu r e s  and during brazing 

by t h e  brazing f i x tu r e s  . 

Seed and r e f l ec to r  g r ids  met the  expected ex te rna l  boundary dimensional 

design a t t r i b u t e s  and requirements a f t e r  brazing. Blanket g r ids  exhibi ted 

oversize external  boundary dimensions. Although it was minimized somewhat, 

t h i s  problem continued even a f t e r  extensive development e f f o r t  on brazing 

f i x t u r e  redesign. This condition was corrected, without degrading the 

i n t e r n a l  g r i d  design dimensional a t t r i b u t e s ,  by a subsequent process s t e p  

termed " temper-sizirig. " 

The braze qua l i t y  with regard t o  flow and bonding was exceptionally 

good f o r  a l l  gr ids .  Only one seed, one blanket, and four r e f l e c t o r  g r ids  

were re jec ted  f o r  poor braze qual i ty .  Poor qua i i t y  was primariiy the  r e s u l t  - 
of lack of braze a l l o y  preplacement i n  the  e a r l y  par t  of the  brazing develop- 

ment program. This was l a t e r  corrected.  

A .  Visual Examination of Brazed Jo in t s  

Visual inspection was performed a t  5'X magnification f o r  seed gr ids  

and 10X f o r  blanket  and r e f l e c t o r  g r ids .  Inspection was done with the  g r ids  

i n  the  near-ver t ica l  plane using a stereo-microscope with f luorescent 

back l i gh t i ng  a s  shown i n  Mgure 28. Figure 29 shows the  hinge-curl j o in t  



types  found i n  the  hinge-pin jo in t s .  The braze evaluation plan involved 

inspect ion of t he  three  top and bottom hinge-pin-curl jo in t s  a t  a l l  hinge- 

pins defined a s  c r i t i c a l ,  and a sample evaluation of hinge-pins defined 

a s  noq-cr i t i ca l  ( ~ i g u r e  30). As defined below, jo in t s  were evaluated f o r  

braze cracks, braze flow/bond .quali ty,  porosity, and f i l l e t s .  

1. Braze cracks were revealed a s  "hairliries" generally running 

longi tud ina l ly  i n  the ' di rec t ion  of the hinge- pin and extending over a 

f r ac t i on  o r  'the t o t a l  l ena th  of the  cur l .  They were r e l a t i ve ly  s t r a igh t  

and unjagged and were usual ly  associated with la rge  braze Joint  gaps which 

were not adequately f i l l e d  with a l l oy .  

2. Adequate braze flow and bond qua l i ty  were evidenced by a uniform 

braze appearance, smoothness of braze flow, and the  presence of some f i l l e t s .  

Inadequate braze flow and bond qua l i t y  were characterized by non-uniform 

(rough) appearance, lack of smooth f i l l e t s ,  and porosi ty  due t o  improper 

melt ing - r e su l t i ng  from too l o w  a brazing temperature or  contaminated braze 

a l loy .  Figure 31 shows examples of good and poor braze flowlbond qual i ty .  

3. F i l l e t i n g  provided overal l  evidence of an adequate brazing 

temperature, c lean components, and the  presence of an adequate quant i ty  

of braze a l l oy .  Figure 31 shows an example of a pin-curl  with poor braze 

f i l l e t .  Pin head-to-curl and crimp-to-curl jo in t s  were inspected t o  determine 

t he  presence or braze a l l o y  a s  evidenced by p a r t i a l  o r  continuous f l l l e t s .  

4. Table 7 shows the  braze a l l o y  qua l i t y  f o r  the  f i r s t  12 seed 

gr ids ,  t h e  first e ight  blanket, and the  f i r s t  s i x  r e f l e c t o r  gr ids .  The 

r e l a t i v e l y  high incidence of cracks i n  r e f l e c t o r  g r ids  was p a r t i a l l y  due t o  

i n s u f f i c i e n t  braze a l l oy  preplacement which was corrected i n  l a t e r  grids.  



Another postulated reason f o r  the excessive cracking i n  r e f l e c t o r  g r ids  

was that i n  some grids,  phase transformation of the  AM-350 base metal from 

aus ten i te  t o  martensite occurred. This resu l ted  i n  g ra r th  of 0.004 inch/ 

inch and a build-up of s t r e s se s  i n  t h e  l a rge r  diameter 0.045-inch r e f l e c t o r  

hinge jo in t s  a s  opposed t o  0.030-inch diameter seed and blanket 'hinge 

jo in t s .  In seed and blanket gr ids ,  braze cracking was a t t r i b u t e d  t o  i n su f f i c i en t  

braze a l l o y  preplacement and d i f f i c u l t y  i n  removing connector block 

supports from the  seed gr ids  during hot l i f t - o f f  operation. .  

Fatigue t e s t s  of f u l l  s i z e  seed, blanket ,  and r e f l ec to r  

g r ids  were performed t o  determine t he  load bearing capab i l i ty  of t h e  grid 

a s  a function of cyc l ic  loading and the i n i t i a l  and f i n a l  number of braze 

defects .  The t e s t  r e s u l t s  indicated'  t h a t  the load def lect ion cha rac t e r i s t i c s  

of the  gr ids  were not a f fec ted  by the  typ ica l  range of braze qual i ty ,  

even though the number of braze cracks a t  c r i t i c a l  j o in t s  were i n  some 

cases g rea te r  than the  defined limits. As a consequence, the acceptance 

c r i t e r i a  were dele ted f o r  non-cr i t ica l  jo ints ,  and only t he  c r i t i c a l  

jo in t s  were inspected on l a t e r  g r ids .  Braze jo in t  acceptance c r i t e r i a  

a r e  l i s t e d  i n  Table 8. 

Typical microstructure of a brazed j o in t  i s  shown i n  Figure 32. 

In  t h i s  f igure ,  the  longi tudinal  sect ion of a connector jo int ,  taken from 

companion t e s t  grid 3169 nt0 lc?C magnification, ~howc good branc f i l l  and 

bonding with minimal sca t te red  porosity.  Figure 32 shows t ha t  base metal 

erosion and/or d i l u t i on  were not s ignif icant ;  The two d i s t i n c t  phases, 



alpha and beta, were analyzed by electron microprobe analysis.  The basic 

matrix, beta,  was a s o l i d  solution containing Ni-Cr-Si-Fe and i s  r icher  

i n  C r  and . N i  than the alpha phase. The corrodible phase denoted a s  gamma 

i n  Figure 33 i s  depleted i n  C r  and Fe, but enriched i n  N i  and S i .  The 

small angular phases a t  the interface a r e  nickel-chrome carbides and 

n i t r i d e s  formed by the carbon and nitrogen diffusion from the base metal t o  

the braze a l loy .  The carbides and n i t r ides  were found t o  be innocuous i n  

regard t o  the mechanical and corrosion properties of t h e  brazed jvimts 

a s  described i n  ~ e f e r e n c e  4. Count ra tes  obtained f o r  each structure Yor 

Cr, Fe, N i ,  31, and T i  and Mo wcrc confirmed by X-Ray image photographs and 

are l i s t e d  below: 

Element and 
J -  

CR K ALPHA 

FE K ALPHA 

N I  K ALPHA 

T I  K ALPHA 

MO 'L ALPHA 

Beta 
Pbase 

2,229 CPS 

Alpha 
Phase 

2,340 C P S  

7,430 CPS 

Gamma Triangular 
z?Aw2 phase ( s  

5.85 CPS 4,700 C P S  

675 CPS 463 CPS 

10,260 CPS 4,630 CPS 

462 CFS 316 ox 
--- 29 CPS 

- - - 29 CPS 

In  grids where the nickel-sil icon rich, chrome depleted 

gamma phase was observed, the areas were small ( l e s s  than 0.002 inch by 

.002 inch) and r e s t r i c t ed  t o  the center of the joint.  There were no 

instances of the gamma phase being prevalent a t  the surface of the braze 

jo in t  f i l l e t  where it would come i n  contact with the reactor water 

environment and possibly lead t o  accelerated corrosion. Radial cracks 

were observed i n  many joints  but these were r e s t r i c t ed  t o  the center beta 



phase, where they do not a f f e c t  t he  s t ruc tu r a l  i n t e g r i t y  of the  braze 

jo in t .  Figures 34, 35, and 36 show acceptable transverse sect ions  of 

closed and open c u r l  jo ints .  

ion 2. -t 

One seed preproduction grid,  one blanket  Type I11 preproduction 

grid,  and one r e f l e c t o r  Type V preproduction gr id ,  processed and brazed 

i n  the  same manner a s  gr ids  used i n  UJBR, were sectioned f o r  metallographic 

evaluation of brazed jo ints .  Twelve longi tudinal  sect ions  (each sect ion 

containing f i v e  closed and four open c u r l s )  and 48 transverse sect ions  from 

each g r id  were examined. The braze qua l i t y  and bond lengths i n  sheet metal 

j o in t s  were pa r t i cu l a r l y  good. Braze flow and bonding was marginal f o r  

seed and r e f l e c t o r  gr ids  i n  connector j o in t s .  This was due t o  lack of 

adequate amounts of braze a l l oy  preplacement a t  the  inaccessable 

jo in t s  a f t e r  boundary strap-endplate welding r a the r  than t o  wetab i l i ty  

of braze a l l o y  over the AM-350 base metal. The solut ion t o  t h i s  problem 

f o r  blanket gr ids  was preplacement of the a l l o y  a t  those jo in t s  p r io r  t o  

spot-welding of boundary s t r aps  t o  endplates . This provided an adequate 

quant i ty  of braze a l l oy  and assured good braze flow and bonding a t  those 

jo in t s .  Two longi tudinal  cracks found i n  the  seed jo in t s  exainined were 

a l s o  r e l a t ed  t o  l ack  of braze a l l o y  preplacement. Six circumferential  cracks 

i n  the  seed, one i n  the blanket ,  and three  i n  t he  r e f l e c t o r  g r i d  were found 

i n  the  jo in t s  examined. Tables 9 through 11 show the  r e s u l t s  of metallo- 

graphic evaluation of brazed jo in t s  f o r  the  three  preproduction gr ids .  

3. Com~anion Grids 

Each companion gr id  processed with each core g r i d  was sectioned 

a s  i l l u s t r a t e d  i n  Figure 37. Blanket and r e f l e c t o r  g r ids  showed very g a d  

brazed lurid jo in t s  and braze qua l i ty .  However, a s  noted above the  f i r s t  



s i x t y  seed gr ids  shared some lack  of braze i n  the connector joints  t h a t  

meet with boundary strap-endplate cur l s  due t o  the d i f f i c u l t y  i n  braze 

a l l o y  preplacements; l a t e r  gr ids  had sa t i s fac tory  joints .  Circumferential 

and longi tudinal  cracks i n  twelve seed gr ids  were a l s o  associated with lack 

of braze a l l o y  preplacement. The iower amount of braze a l l oy  f i l l  i n  seed 

g r i d  connectors was found t o  have no s ign i f ican t  e f f ec t  on the fa t igue 

performance of the  gr id  s t ruc ture .  Fatigue t e s t s  a r e  described i n  

Keference 6. 

Simulated braze hinge jo in t  specimens f o r  the three types of 

g r ids  ( ~ i g u r e  24) were used f o r  t e n s i l e  t e s t i ng  of the braze a l loy .  A 

universal  t e n s i l e  t e s t i n g  machine was used with a cross-head speed of 

0.05 inches per minute. Minimum requirements f o r  t ens i l e  strengths were 

based on several  types of braze jo in t  specimens using various g r id  

configurations t e s t ed  f o r  t e n s i l e  and fa t igue properties.  Since specimens 

t e s t e d  a t  600 F had a decreased t ens i l e  load and fat igue strength compared 

t o  room temperature t e s t s ,  the companion braze jo in t  asseublies fo r  the 

f i r s t  module's worth .of seed, blanket, and r e f l ec to r  grids were tes ted  a t  

600 F. The reported values shown i n  Figures 38, 39, and 40 were the loads 

a t  which the  load def lect ion curve showed a reduction with increasing 

def lec t ion  which exceeded 10 percent of the load a t  t h a t  point or  20 lbs ,  

whichever was greater .  The average t ens i l e  strengths were well above the . 
minimum requirements. 

In  summary, the  s t a t i c  t ens i l e  strengths of the hinge-pin joints  

were high i n  comparison t o  calculated design loads i n  seed, blanket, and 



r e f l e c t o r  gr ids .  This confirmed the struc.tura1 adequacy of the  support 

g r ids  i n  terms of s t a t i c  considerations; the  calculated s t r e s se s  f o r  design 

cycl ic  requirements were .substant ia ted by, fa t igue  t e s t i n g  of ac tua l  gr ids  

( ~ e f e r e n c e  6) .  

I V .  MAJOR PROBLEM AREAS 

A *  

1. & s c r i ~ t i o n  

- - -  - During the e a r l y  gr id  fabr ica t ion-  pr-ocess ,- braze-_quality -was_ _ 

poor. Di f f icu l ty  was a l s o  experienced during braze d l o y  appl icat ion 

due t o  the  separation of braze a l l o y  powder f r m  the  s lu r ry .  

2. p v a l u a t i o ~  

The pr incipal  cause f o r  t h i s  was a t t r i bu t ed  t o  poor homogenization 

of the braze a l l o y  s lu r ry ,  resu l t ing  i n  lack of adhesion t o  hinge joints  

a f t e r  application.  Subjecting the g r i d  t o  minor mechanical shocks during 

subsequent f i x tu r ing  and loading i n  the  furnace caused the  braze a l l o y  t o  

slough-off before the  gr id  was brazed. 

3. Solution 

Braze a l l o y  powder mesh s ize  was screened t o  a maximum of 

-325 mesh s i ze  t o  increase surface area,  while a t  the  same time the  r e s in  

content of the  Nicrobraz.cement wa's increased t o  meet a cement v i scos i ty  

of 400 2 50 centipoises.  Thoroughly mixing the braze a l l o y  s lu r ry  i n  small 

quant i t i es  (20 grams of a l l oy  powder t o  6 grams of Nicrobraz cement) 

provided b e t t e r  f i l l ,  adhesion, and shelf  l i f e  i n  the gr id  hinge-pin 

jo in t s .  Braze a l l oy  s lu r ry  separation o r  spa l l ing  off  p r io r  t o  brazing 

no longer occurred a f t e r  these braze a l l o y  corrective act ions  were implemented. 



B. &id V e r W l i t v  (Ou t  Of Flatnes 1 - S 

1. w i ~ t i o n  

External and in t e rna l  boundary-strap endplate weldments of 

t h e  f i r s t  l e ad  blanket and r e f l e c t o r  gr ids  were severely t i l t e d  resu l t ing  

i n  post  braze v io la t ions  of ce l l -  to- c e l l  dimensions and endplate v e r t i c a l i t y .  

The f i r s t  four r e f l e c t o r  Type V and the f i r s t . t h r e e  ,blanket 

l e ad  g r id s  had'braze a l l o y  appl ied a s  each c e l l  was. assembled i n  a near 

v e r t i c a l  posit ion; The assembled and braze alloyed g r i d  peripheral  sections,  

being unrestrained,  t i l t e d  away from the assembly p la te  before the braze 

a l l o y  hardened. This caused the  g r i d  t o  have an out-of-flatness condition 

compared with t he  outer peripheral  c e l l s .  Thus, the i n s t a l l a t i o n  of the  

edge brazing f i x t u r e  i n s e r t s  was d i f f i c u l t  and a build-up of s t resses  

during g r id  f ix tur ing  occurred. 

In  order t o  overcome the  v e r t i c a l i t y  problem, external  wall  

holding f i x t u r e s  and i n t e r n a l  (blanket g r ids  only) f i x tu re s  were introduced. 

Grids were assembled completely f l a t  i n  a horizontal  posit ion.  The new 

f i x t u r e s  res t ra ined  the  g r i d  such t h a t  during braze a l l o y  appl icat ion a t  a 

near  v e r t i c a l  posi t ion t h e  g r id  was held perpendicular t o  the  assembly 

p l a t e  u n t i l  the a l l oy  hardened. When the f i x tu re s  were removed, v e r t i c a l i t y  

and paral le l ism of the gria were s t i l l  maintained. 'llle modified technique 

of assembling gr ids ,  i n s t a l l i n g  assembly holding f i x tu re s ,  and braze a l l oy  

appl ica t ion  of the  f ix tured  gr ids  g rea t l y  improved the  f l a tnes s  and 

para l le l i sm of the brazed blanket and r e f l ec to r  g r ids .  



C.  Blanket -F-ional Problem 

1. W i ~ t i m  

Analyses of development Type I11 blanket g r id  dimensional 

data indicated three  major problems : ( 1 ) .  Oversize outer  and inner boundary 

dimensions (2)  Clearance viola t ions  between fue l  rods and walls  of g r id  

c e l l s  along the inner and outer boundaries ( 3 )  Sagging and ro ta t ion  of 

g r id  connectors during brazing. 

A study of t h i s  blanket dimensional problem concluded t h a t  

the major cause of the  boundary deviations and of the  proximity problem 

was the large temperature d i f f e r e n t i a l  encountered between the  brazing 
, . 

f i x tu re  p la tes  and the  grid, and within the gr id .dur ing brazing cooldown. 

Grid connectors were a l s o  sagging and ro t a t i ng  during brazing; t h i s  caused 

the  external  boundary dimensions t o  increase s ign i f ican t ly .  

3. Solution, 

Brazing f i x tu re s  and in se r t s  were modified extensively t o  

resolve dimensional d i s to r t ion  problems i n  the blanket g r id  program a t  

the  inner and outer boundaries of these gr ids  a s  described below: 

a .  The top and bottom brazing f ix tures  were redesigned with 

a bu i l t - i n  inner hexagon perforated so l id  p la te  t o  protect  inner g r id  

boundaries from d i r ec t  r a d i a t i m  and reduce t he  argon flow i n  the  center,  

thereby b e t t e r  equalizing the  cooling r a t e  throughout the  gr id .  In  addit ion,  

a baf f le  pla te  was added on top of the  top braze p la te  (see Figure 11, Item 1 ) .  

b. The s l o t s  of i n s e r t s  were lengthened t o  el iminate the  

"thumlsnail" d i s to r t i on  of the  spring panel. 



c . Long clothespin-type in se r t s  ' ( ~ g u r e  11, Item 18)  

replaced the  canti lever-type i n s e r t  t o  box i n  the boundary and eliminate 

t h e  freedom inherent i n  the  cantilever-type i n s e r t  which a l l w e d  the gr id  

t o  move outward. These i n s e r t s  were employed on a l l  s ides  of the grid.  . 

d. A t r i p l e  i n s e r t  was designed t o  combine the blocking 

cha rac t e r i s t i c s  of the back-stop in se r t  with the capabi l i ty  of holding the 

spr ing panel. These i n s e r t s  replaced the back-stop i n s e r t s  t o  prevent 

pane l  bar ing noted where back-stop in se r t s  were used. Backing s l a t s  

(Figure 11, Item 21) (pa r t  of the t r i p l e  i n s e r t )  were used t o  prevent 

outer  baring. 

e .  Connector wedge and wedge supports ( ~ i ~ u r e  11, Items 11, 

12, 13, and 14 )  were in s t a l l ed  with a 0.001-inch minimum clearance t o  

prevent ro t a t i on  and sagging of connector lugs.  

f. In te rna l  corner blocks (Figure 11, Item 17)  and padded . 

"thru" i n s e r t s  were employed a t  the inner boundary. The in te rna l  blocks 

prevented bulging a t  the  s ix  corners of the  inside hexagon while the padded 

"thru" i n s e r t s  helped t o  resolve the  in te rna l  boundary d i s tor t ions  a t  the 

t ab  locat ions .  

V . CONCLUSIONS 

A .  Brazing of AM-350 f u e l  rod support gr ids  with nickel base 30 percent 

chromium, 10  percent s i l i c o n  braze a l l oy  was successfully achieved and 

controll.ed. u t i l i z i n g  spec ia l  vacuum furnace brazing techniques. 

B. High qua l i ty  braze jo in t s  were achieved t o  accommodate high 

dynamic loads by l imi t ing  diametral gaps i n  the hinge-pin jo in t s  t o  l e s s  

than 0.010 inch. - 



C .  Ni-Cr-Fe Alloy 600 brazing f i x t u r e s  can be used a t  brazing tempera- 

t u r e s  of 2110 F & 20 F f o r  about 16 t o  24 cycles when brazing AM-350 

s t a i n l e s s  steel. '  However, f i x tu r e s  must be removed i n  hot  water (200 F)  

t o  prevent dele ter ious  e f f e c t s  t o  brazed jo in t s  due t o  dimensional mismatches 

caused by p a r t i a l  martensi t ic  transformat5on of AM-350 when cooled t o  

room temperature. 

D. Ni-30 Cr-10 S i  braze f i l l e r  metal of -325 t o  -400 mesh s ize  can 

provide good flow and wetting propert ies during braze temperatures ranging 

from 2090 F t o  2130 F when used with AM-350 s t a in l e s s  s t e e l .  
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TABLE I 
.I 

CHEMICAL ANALYSES OF MATERIALS USED 
FOR LWBR F U E L  ROD SUPPORT GRIDS 

r 

ELEMENT 

CARBON 

MANGANESE 

PHOSPHORUS 

SULFUR 

SILICON 

CHROMIUM 

NICKEL 

MOLYBDENUM 

COBALT 

NITROGEN 

BORON 

IRON ' 

ALUMINUM 

TITANIUM 

ZIRCONIUM 

OXYGEN 

AM-350 PRECIPITATION HARDENING 

Ni-30CR-10 SI 
BRAZE ALLOY w/o 

SHEET w/o 

LOT 1410 

0.017 

0.02 

0.003 

c0.005 

9.94 

30.45 

58.54 

- 

0.01 

0.066 

<0.001 

c0.28 

c0.02 

<0.02 

0.005 

511 ppm 

HEAT 39647 

0.080 

0.69 

0.023 

0.01 1 

0.30 

16.65 

4.30 

2.82 

- 

0.093 

- 

BALANCE 

- 

- 
- 

- 

LOT 1585 

0.0106 

< 0.02 

0.010 

0.008 

10.06 

30.35 

59.34 

- 
< 0.05 

0.046 

C0.005 

c0.25 

c0.015 

<0.015 

< 0.015 

269 ppm 

WIRE w/o 

HEAT 27880 

0.0437 

0.734 

0.029 

0.013 

0.35 

16.84 

4.32 

2.67 

0.027 

0.071 

0.0017 

BALANCE 

- 

- 

- 

- 

HEAT 75477 

0.074 

0.079 

0.024 

Q.005 

0.26 

16.64 

4.22 

2.77 

0.073 

0.088 

0.001 

BALANCE 

- 

- 

- 

- 

STAINLESS STEEL 

BAR w/o 

HEAT 28614 

0.045 

0.73 

0.015 

0.018 

0.23 

16.57 

4.19 

2.62 

0.042 

0.060 

0.004 

BALANCE 

- 

- 

- 
- 

HEAT 28339 

0.044 

0.65 

0.013 

0.022 

0.27 

16.84 

4.36 

2.73 

< 0.002 

0.075 

< 0.005 

BALANCE 

- 

- 

- 

- 



TABLE 2 

INFRARED SPECTROSCOPY AND GAS 
CHROMATOGRAPHY ANALYSES 

OF BRAZE ALLOY AND 
STOP-OFF 'CEMENT 

STOP - OFF 
CEMENT 

NICROBRAZ 500 

3.61 

ETHYLMETHACKYLATE 
HOMOPOLYMER 
% 

18.0% 

81 .O% 

1 .O% 

SOLIDS PERCENT 

SOLIDS LOMPOSITIOH 

VOLATILES COMPOSITION 
BY WEIGHT 

1,2 - DICHLOROETHANE 

1,1,1 - TRICHLOROETHANE 

1,i  - DICHLOROETHANE 

BRAZE ALLOY 
CEMENT 

NICROBRAZ 400 

19.5 

ETHYLMETHACRYLATE 
HOMOPOLYMER 

54.1% 

44.9% 

1 .O% 



TABLE 3 

CHEMICAL. ANALYSES OF WHITE STOP-OFF 
USED. FOR LWBR GRIDS 

ELEMENT LOT 148 

CHLORINE < 100 ppm 

FLUORINE < 20 ppm 

SULFUR <200 ppm 

PHOSPHORUS < 50 ppm 

BORON < 10 ppm 

ARSENIC < 100 ppm 

ANTIMONY 

MERCURY 

COPPER 

IRON 

MAGN ESlUM 

MANGAN ESE 

SILICON 

CALCIUM 

SODIUM 

ALUMINUM OXIDE ( A i 2  0,) 

<I00 pprn 

< 10 pprn 

< .01% 

.01R 

< .01% 

< .01% 

.5% 

.01% 

.05% 

BALANCE 

LOT 170 

<I00 ppm 

< 20 ppm 

<200 pprn 

< 50 ppm 

< 10 pprn 

<I00 ppm 

<I00 pprn 

< 10 pprn 

.01% 

< .01% 

< .'01% 

.2% 

.01% 

.05% 

BALANCE 



TABLE 4 

DIMENSIONAL DIFFERENCE BETWEEN THE INITIAL AND LAST 
BRAZE CYCLE MEASUREMENTS (PROCESS A-NiCrFe 

ALLOY 600 BRAZING FIXTURES) 

L 

. v .  - 8 .  

FIXTURE 
I, 

h .  . ,  

BA-2 ; - I ? '  

SIN-01 
, , - - A  -1: , 

BA-7,< 3:. 

SIN-01 
.**,: ' 1 .  

BA-1 ,,; 
SIN-02 

. , 

BA-1 
SIN-02 ' 

. . 

i 

3 .. .- ;'. , \ 

- 

BOTTOM PLATE 

NO. OF 
CYCLES 

16 

1G 

23 

23 

ORIENTATION 
WITH RESPECT TO 

ROLLING DIRECTION 

PARALLEL 

PERPENDICULAR . 

PARALLEL 

PERPENDICULAR 

. . 

- .P 

MILS 

+2.0 

t2.U 

+4.0 

+5.5 

MI  LSIINCH 

+O. 1 

+O. 1 

.!0.3 

+0.3 

- 

TOP PLATE 

MILS 

+4.0 

+1.5 

.I 12.5 - 

+2.0 

M I  LSIINCH 

+0.3 

+n.l 

+0.8 - 

M . 1  



TABLE 5 

AM350 SHEET METAL AND WIRE COMPONENTS CLEANING PROCEDURE 

PROCEDURE A. 

a. Degrease p a t s  in the solvent vapor phase for I 0  to  15 minutes, spraying at 4 minute intervals with cold distil late. I 
I b. Ultrasonic degrease parts for 5 minutes in solvent at room temperature. I 
I c. Repeat a above. I 
I d. Repeat b above. I 
I e. Repeat a above: I 
I SOLVENT 

Alkaline Solution 

Perchloroethylene stabilized with a neutral inhibitor. I 

a. Materials 

Tr i rodium phosphote (anhydrous) 

- - ,  

Amt./gal. of Solution 

7 to  10 02. 

Nonionic detergent, Tr i ton X-  100 

Water, Grade B (or better) 

C 

1 02. 

Balance 

- * -  - - -- -- - -  - - 
Alkaline clean parts in aqueous air-agitated solution. 

b,. Operaling temperature 190 f 10°F 

- - 

c. Time of immersion 2 5 2 5  minutes 

I 
1 

a. Cold spray rinse parts with grade B water or better beginning as parts break the surface and continuing with work 
basket placed on drain rack. 

b. Immersion rinse parts in  double cascade flow cold grade B water or better with surface overflow. 

NOTE: Parts shall  be free of wafer breaks after rinsing. - 
I 

b 1 
Nitric-Acid Pickle parts in ultrasonic agitated solution. 

Pickl ing Solution 
L 

Amt./aol. of Solution 

Ni t r ic  acid,, nominal 70 w/o Assay 

1.42 Sp. Gr. 

Water, Grade A 

650 m i l l i l i t e r s  (15-20 v/o) 

Balance 

b. Operating lemperature 1 5 0 2  5°F I 
c. Time of immersion 30 + 3 minutes 

I 
I 

a. Cold spray rinse parts with grade B water or better beginn,ing as parts break surface. Hold rinsing time to a minimum, 
enough t o  prevent parts from drying in transit to passivating solution dip. 

NOTE: Parts shall  .be free of wcter breaks alter rinsing. - 
I 

. . t 
- 

Sodium-Dichromate - Nitric Acid - Dip parts in an agitated passivating solution. 

Passivating Solution 

a. Materials Amt./gol. OF Solution 

N i t r i c  acid, nominol 70 w/o Assoy 

1.42 Sp. Gr. 750 mi l l i l i te rs  (20 v/o) 

Sodium Dichromote Dihydrate 

Water, Grade A 
. . 

Balance 

110 f 1 0 ' ~  b. Operating temperature 

c. Time of immersion 3 0 2  5 minutes 

J 

I 

a. Cold spray rinse parts with grade B water or better as parts break the surface and continuing with work basket placed 
on drain rack. 

-- . --- b. Immersion rinse parts in double cascade flow cold grade B water or better with surface oveflow. 

NOTE: P a r ~ s  shall  be free of water breaks after rinsing. - I 
1 

7 

Neutralizing Solution - Dip parts in solution agitated by air or by hand. 

1 Neutralizinn Solution 

a. Materials 

Trisodivm phosphate [anhydrous) 

Water, grade B or better 

Amt./gal. of Solution 

1 02. 

Balance 

b. Operating temperature 190 2 10°F 

c. Time o f  immersion 1 to  2 minutes 

I 

- .- - - - - - - .------ --  - -  - -. - - -4 

a. Cold spray rinse parts with grade B water or better as parts break the surface and continuing with work basket placed 
on drain rack. 

b. Immersion rinse parts in triple cascade flowing water with surface overflow. Final rinse compartment has influent 
. , grade A water maintained at  190 f 10°F. Work basket held I5  2 5 minutes in each.compartment. 

NOTE: Parts shall be free of water breaks after rinsing. - 1 - I 
t 4 

~r~ parts in a convective air current oven at 200 to 22S°F for a minimum of 15 minutes. 

I 

GRADES 

Chlorine, maximum ppm 

I Conductivity, maximum microohm/cm 

pH range 6.0- 8.0 - 

Visual Clar i ty  No turbidity, o i l  or sediment 
A 



T A B L E  6 

AM-350 BAR COMPONENTS CLEANING PROCEDURE 

PROCEDURE B. 

DRY ABRASIVE CLEANING 

a. Hand polish parts with AI2O3 1200 grit paper. . 

b. Blow parts with argon at  approximately 40 p.s:i. under'a hood with an exhaust system. 

I 
r 

a. Degrease parts i n  the solvent vapor phase for I 0  to 15 minutes, spraying at 4 minute intervals with cold dist i l late. 

b. Ultrasonic d e g r i s e  parts for 5 minutes in  solvent at rodm temperature. 
. .  

c. Repeat a above. 

d. Repeat b above. 

e. Repeat a above. 

SOLVENT 

Perchloroethylene stabilized with a neutral inhibitor. 

I 
Alkaline clean parts i n  aqueous air-agitated solution. 

Alkaline Solution 

0. Materials Amt./gol. of Solution 

Trisodium phosphate (anhydrous) 7 to 10 o r .  

N ~ n i o n i c ' d e t e r ~ e n t ,  Triton X- 100 1 02. 

Woter, Grade B (or boner) Bolonce 

b. Operating temperature 190 ?lo°F 

c. Time of immersien 2 5  2 5  minutes 
4 

I 
a. Cold spray rinse parts with grade B water or better as parts break the surface and continuing with work basket placed 
, on drain rack. 

b. Immersion r inse parts in tr iple cascade flowing water with surface overflow. F ina l  rinse compartment has influent 
grade A water maintained at 190 f 10°F. Work basket held IS ? 5  minutes in each compartment. 

NOTE: Ports shall be free of water breoks oher  rinsing. - 

I 
Dry parts i n  a convective air current oven at 200 to 225OF for a minimum of 15 minutes. 1 

I 
WATER PURITY . . 

GRADES - A .  B - 
Chlorine, maximum ppm 0.1 1 .O 

Conductivity, maximum microohm/cm 2.5 20  

p H  range 6.0 - 8.0 - 
Visual  Clority N o  turbidity, o i l  or sediment 

i 



TABLE 7 

BRAZE ALLOY QUALITY AFTER BRAZING CYCLE 
FOR ONE MODULE'S WORTH OF EACH - 

SEED, BLANKET AND REFLECTOR LWBR GRIDS 

GRID 
SERIAL 

NUMBER 

SEED 

01 01 

01 02 

01 03 

01 05 

01 06 

01 07 

01 09 

0110 

0111 

0112 

0113 

0114 

BLANKET 

1031 

1032 

110'1 
11 02 

1103 

1104 

1105 

11 07 
I 

REFLECTOR 
6031 

51 02 

51 03 

51 04 
51 05 

51 06 

LONGITUDINAL CRACKS 

TOTAL 

CRITICAL 
JOINTS 

2 1 

0 
9 
4 

18 

6 

23 

27 
1 

0 
4 

27 

2 

1 

5 
2 

37 

7 

1 

2 

10 

14 

16 

2 

7 

10 

CRACKS 

NON 

JOINTS 

47 

3 

38 
21 

35 

23 

44 

37 
0 

0 

4 

54 

2 

6 
11 

6 
22 

6 
3 
3 

27 

47 

62 

17 

38 

30 

BRAZE FLOW 

INADEQUATE 
ROUGH 

CRITICAL 
JOINTS 

0 

3 
1 
0 

3 

6 
0 

0 

0 

0 
4 

3 

1 

3 
3 

1 

2 

3 

2 

4 

6 

1 

5 

1 

1 

0 

AND/OR 
APPEARANCE 

CRlTlCAL 
JOINTS 

0 

2 
6 
0 

14 

6 
2 

2 

0 

0 

3 

4 

3 

0 

7 

1 

1 

6 

3 

3 

5 

2 

6 

7 

0 

0 

BRAZE F ILLET 
BRAZE ALLOY 

LACK AND/OR 
OF SMOOTH 

CRITICAL 

5 

27 
6 
6 

10 

29 

23 

27 

2 

3 
7 

12 

2 

1 

0 

0 

1 
2 

3 

3 

1 

8 
1 

0 

0 

7 

LACK OF 
"ISUAL 

' 

OF BRAZE 
IN 

ALL CURLS 

0 

0 

0 
0 

0 

6 
0 
7 

6 

0 

0 

0 

0 

0 
2 

4 

0 

0 

0 
2 

- -.---- . 

LACK 
F ILLET 

NON 
CRITICAL 
JOINTS 

8 

1 I 
2 3 
10 

12 

17 

11 

12 

0 

3 

11 

8 

2 

1 
3 

0 

2 

1 

2 

4 

5 

1 

20 

0 

2 

0 

BONDING 

LACK OF 
ALLOY I N  
CURLS OF 

EACH 
JOINT 

0 

0 

0 
0 
0 - 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

14 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 



T A B L E  8 

B R A Z E  J O I N T  Q U A L I T Y  ACCEPTANCE C R I T E R I A  F O R  LWBR G R I D S  

NOTE: (1) NON-CRITICAL BRAZE QUALITY INSPECTION WAS REQUIRED FOR THE FIRST MODULE'S 
WORTH OF SEED, BLANKET TYPE I AND REFLECTOR TYPE V GRIDS. 

I 

GRID 
TYPE 

SEED 

BLANKET I 

BLANKET 11. 

BLANKET Ill 

REFLECTOR IV 

REFLECTOR V 

(2) BRAZE CRACKS IN THE INSPECTED CURLS OF EACH CONNECTOR SHALL NOT EXCEED 
50% OF THE NUMBER OF CURLS INSPECTED. 

(3) TWO-THIRDS (213) OF THE CURLS ON ANY HINGE-PIN JOINT MUST SHOW EVIDENCE OF 
BRAZE ALLOY. 

NUMBER 
OF 

HINGE- 
PIN-CURL 

JOINTS 

9576 

6973 

891 1 

9994 

4047 

2888 

NUMBER 
OF 

HINGE- 
PIN-CURL 
CRITICAL 

JOINTS 
INSPECTED 

(1  00%) 

528 

532 

709 

768 

209 

202, 

NUMBER 
OF 

HINGE- 
PIN-CURL 

NON-CRITICAL 
JOINTS 

INSPECTED 
(SAMPLE) 

(1) 

680 

551 

593 

893 ' 

984 

328 

LACK OF 
ALLOY 

I N  CURLS 
OF EACH 

JOINT 

(3) 

113' 

1 13 

113 

1 13 

1 13 

1 13 

DEFECTS 

LACK OF 
BRAZE 
ALLOY. 
IN. ALL  ' , 

CURLS 

504 

367 

469 . 

526 

21 3 

1 52 

ALLOWABLE 

LONGITUDINAL CRACKS, 
INADEQUATE AND/OR' 

ROUGH APPEARANCE OF 
BRAZE FLOW, AND LACK 

OF SMOOTH FILLETS 

CRITICAL 
(2) 

40 

41 

56 

61 

'42 

3 5 

NON-CRITICAL 

120 

90 

94 

142 

168, 

55 



F TABLE 9 
rU METALLOGRAPHIC EVALUATION OF BRAZED JOINTS 

LWER SEED GRID S/N 0020 

3 A OK A A A 360' 360' 235' 250' A A A A A 

4 A OK A . A A 360° 360' 245O 230' A A A A A 

5 
I JOINT CRACqED 
' FULL LENGTH OK A A A NO0 360' 225' 240- A A A A A 

OF CURL 

6 A 0 K A A A 360- 330- 240- 240' A A A A A 

I 

1 

3 

4 

(1) OK MEANS BOND LENGTH WAS LESS THAW m% BUT GREATER THAN MINIMUM A C C E F A 8 L E  LIMITS 
(2) A MEAHS ATTRIBUTESARE WITHIN A C C E P I A B L E  LIMITS 

A 

A 

A 

A 

OK 

OK 

OK 

A 

A 

A 

- 
- 

OME 
0.013' 

CRACI 

OK A A 

A 

ONE 
.aOS" 

Z l A C K  

- 

- 

- 
- 

OK 

OK 

OK 

OK 

- 

- 

- 
- 

- 

- 

- 
- 

- 

- 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A '  

A 

A 

A 

A A 



T A B L E  10 

M E T A L L O G R A P H I C  E V A L U A T I O N  O F  B R A Z E D  JOINTS 
LWBR B L A N K E T  G R I D  TYPE Ill (REH-3) . 

GRID 
6 

SECTION 
NO 

ACCEPTABLE 
LIMITS 

SHEET METAL- 
P IN CURL 
lCCTlQll - 

I 

2 

3 

4 

5 

6 
r 

500X VISUAL 
INSPECTION 

GAMMA 
PHASE 

SEE FIGURE- 

(2) 

A 

A 

A 

A 

A 

A 

TRANSVERSE 

75X VISUAL INSPECTION 

1 

3 

4 

500X VISUAL 
NSPECTION 

C A W  PHASE 

SEE FIGURE- 
FOR STANDARD 

(2 ) 

9 CURLS 
PER 

JOiNT 

A 

A 

L 

A 

A 

b 

LONGITUDINAL 

75% VISUAL INSPECTION 
' 

C R X K S  

LESS THAN 
LENGTNOF 

CURL 

(2. 

9 CURLS 
PER 

JOINT 

A 

A 

A 

A 

A 

A 

C (I) OK M E W S  BOND LENGTH WAI LESS THAN 10096 BUT GREATER THAC MINIMUM ACCEPTABLE LIMITS 
W (2) A M E W S  ATTRIBUTES ARE WITHIN ACCEPTABLE LIMITS 

A 

A 

A 

BRAZE ALLOY 
PENETRATION 

A L L C U R L S  

5208OF MATERIAL 
T H I C K Y ~ S S  

(2) 

A 

A 

A 

A 

A 

A 

BASEMETAL EROSION 

A L L C U R L S  

THICKNESS 
520%OF MATERIAL 

(2) 

A 

A 

A 

A 

A 

A 

BOND LENGTH 
(1) 

GREATER THAN 
80% 

9 CURLS 
PER 

JOINT 

OK 

OK 

OK 

OK 

OK 

OK 

INTERGRANULAR 
PENETRATION 

A L L  CURLS 

NONE ALLOWED 
(2) 

A 

A 

A 

A 

A 

A 

INTERNAL VOIDS 

A ~ ~ ~ ~ ~ ~ s  

BOND LENGTH 
525% OF 

(2) 

A 

A 

A 

A 

A 

A 

100% 

100% 

100% 

clRcUMFERENTIAL 
CRACKS 

TOP BOTTOM 
CURL I CURL 

NONE ALLOWED 
(4 

A 

A 

A 

A 

A 

A 

A 

A 

A 

BOND 

- CLOSED CURL 

TOP BOTTOM I CURL 

GREATER 
THAN 2706 

A 

A 

A 

A 

A 

CRACK 
ONE 

LENGTH ( I )  

OPEN CURL 

TOP BOTTOM 
CURL I CURL 

T H ~ N  GREATER 1500 

360' 

340° 

360° 

360° 

360' 

315' 

- 

A 

A 

220' 

215' 

2 1 5 O  

215' 

220" 

24S0 

360° 

360' 

360° 

360' 

360° 

360° 

220' 

21S0 

230' 

225' 

225- 

252O 

A 

- 

- 

- 
360' 

360' 

360° 

- 

- 

- 
- 

- 

- 
- 

- 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 



T A B L E  I I 

METALLOGRAPHIC EVALUATION OF BRAZED JOINTS 

P 

LWBR REFLECTOR GRID S/N5014 

GRID 
6 

SECTION 
NO. 

ACCEPTABLE 
LIMITS 

SHEET METAL 
PIN CURL 
SECTION 

.I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

CONNECTOR 
CURL-PIN JOINTS 

I 

2 

3 

4 

(I) OK MEANS BOND 
(2) CURLS DESTROYED 

500X VISUAL 
INSPECTION 

GAMMA 
PHASE 

-SEE FIGURE - 
FOR STANDARD 

(3) 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A - 
A 

A 

A 

A 

- 

500X VISUAL 
INSPECTION 

GWA PHASE 

SEE FIGURE- 
FOR STANDARD 

(3) 

9 CURLS 
PER 

JOINT 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

THAN MINIMUM 

'TRANSVERSE LONGITUDINAL 

75X VISUAL 

CRACKS 

LESS THAN 
LENGTH OF 

CURL 
(3) 

9 CURLS 
PER 

JOINT 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

ONE CR4CK 
LESS TH4N 

LENGTHOF CURL 

A 

LENGTH WAS LESS 
DURING SECTIONIN.; 

INTER.GRANULAR 
PENETRATION 

A L L  CURLS 

NONE ALLOWED 
(3) 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

INSPECTION 

BC~HD LENGTH 
(1) 

GZEATER THAN 
80% 

9 CURLS 
PER 

JOINT 

OK 

OK 

OK 

OK 

O I E  OF 9 CURL5 
+AD 40% BOND 

OK 

OK 

OK 

OK 

OK 

OK 

CI IE  OF 9 CURL5 
+AD 40% BOND 

> 80% 

100% 

> 80% 

> 80% 

100% BUT GREATER 

. 

B I S E  METAL 
,EROSION 

ILLCURLS 

9 O S O F  MATERIAL 

(3) 
-HICKMESS 

A 

A 

A 

A 

A 

A 

A 

A 

b 1 
A 

I 

VISUAL IIBPECTION 

INTERNAL VOIDS / 

ALL CURLS 

525% O F '  

(1: 
BOND LENGTH 

A 

A 

A 

A 

b 

b 

b 

4 

1 

P 

BRAZE ALLOY 
PENETRATION 

ALLCURLS 

170WOF MATERIAL 

(3) 
THICKNESS 

A '  

A 

A 

A 

A 

A 

A 

A 

A 

A 

CIRCUMFERENTIAL 

A 

A 

A 

A 

A 

A 

75X 

TOP 3CTTOM 
CURL 

BOND 

CLOSED CURL 

A 

A 

7 TOP 
CLOSED 
CURLS 

PER JOINT 

- 

- ! A  

L 

LENGTH (1) 

OPEN CURL 

TOP 
CURL 

A 

A 

7 ~ O T T O Y  
-LOSEE 
.CURI.S 

PER JOINT 

A 

NONE ALLOWED 

P 

TOP 
CURL 

BOTTOM 

A - 
A , -  

I 
A C ~ E P T A ~ E  LIMITS 

A 

A 

ONE 
CRACK 
0.063" 

A 

ONE 

C1.042" 

A 

A 

ONE 
CRACK 
0.044" 

A 

A 

285' 

BOTTOM 

(3: 

A 

A 

A 

A 

A 

A 

A 

A 

A 

360' 

A 

230' 

24P 

- 

GREATER 
WAN 270~ 

P 

210' 

225' 

- 

- 

- 

ARE 

GREATER 

(2) 

360' 

360° 

240" 

285' 

31S0 

360' 

O0 

230' 

225' 

210' 

,225O 

215O 

210' 

210' 

210' 

225' 

210. 

360' 

MOO 

340' 

360° 

330° 

(2) 

360' 

& 

i 

1 

A 

- 

- 

- 

- 

- 

OK 

OK 

24Cm0 

255' 

220' 

225- 

21E0 

215' 

220° 

220' 

230" 

221. 

I 

A 

A 

A 

(3) A MEANS ATTRIBUTES 

OK 

- 

- 

320' 

WITHIMKCEPTAB-E LIMITS 

(2) 

7 BOTTOM 
CLOSED 
CURLS 

JOINT. 

7 TOP 
CLOSED 

CURLS 
PER 

310° 

JOINTPER 

' 

360' 

6CURLS-360° 
I CURL - 

315' 360' 

310° I36O0 



LWBR 
CORE CROSS SECTION 

Figure 1 



NLECXAN~SM SEAL WELD 
- - - 

CLOSURE SEALS 

WVABLE FUEL 
COOLANT OUTLET 

UPPER C W  W@REC 

EtEI l FVM LF W t W  
- -  - -  

BOTTOM PLATE 

LWBR REACTOR 

Figure 2 



CONNEC 
SUPPOR 

TOR: 
T PO - - * - -  

. . . . . ( 6  REQUIRED) 

SEED ROD 
SUPPORT GRID 



TABS: GRID-TO-GUIDE TUBE ATTACHMENTS ( 12 REQUIRED) 
CONNECTORS: GRID-TO-SUPPORT POST CONNECTIONS (6 REQUIRED) 

LWBR 
BLANKET TYPE I 

ROD SUPPORT G R l n  

Figure 4 



564 CELLS 
\ 

P 261 STANDARD 
303 POWER FLATTENED 

TABS: GRID-TO-GUIDE TUBE ATTACHMENTS (12 REQUIRED) 
CONNECTORS: GRID-TO-SUPPORT POST CORNER CONNECTIONS ( 6  REQUIRED ) 

GRID-TO-SUPPORT POST SIDE CONNECTIONS (4 REQUIRED) 

LWBR 
BLANKET TYPE II 

ROD-SaPPmFRlD - 

STANDARD CELLS 
POWER FLATTEN1 NG CELLS 



TABS: GRID-TO-WIDE TUBE ATTACHMENTS (12 REQUIRED 
CONNECTORS: GRID TO SUPPORT POCT CORNER GONNCOTION3 ( 6  REQUIRED) 

GRID-TO-SUPPORT POST SIDE CONNECTIONS ( 5  REQUIRED) 

LWBR 
BLANKET TYPE m 

ROB SUPPORT GRID 
STANDARD CELLS 0 
BOWER FLATTENING LtLLS 

Figure 6 



LWBR 
REFLECTOR TYPE IX 
ROD SUPPORT GRID 

CELLS 

Figure 7 





Figure 9 



LWBR SEED GRID 
BRAZING F I X T U R E  

(EXPLODED VIEW) 

Figure 10 



Figure 11 



LWBR 250 KIP VACUUM BRA2 NG FURNACE 

I CkES CCLD WALL PURNXE CPAMBER 
2 FW*NAC'r 000R 
3 32 "NROE VbLb E 
4 AWDSPWERE OljOLlNG FliN 
5 ICUIZAtrnN G m  
6 TMERMWOUPLE VAOUUM @AD€ 
7 W R  WITUREQ GRID 
B HE4T W I E L D  
9 P&XYBDLNUM UiQD HEARTH 

LEGEND 
13 WBRK CART 
I I MOLYBgENUH CABLE HEAT lNG ELEMENT 
I ?  MQLYBDENUh REFLECTOR SHIELDS 
13 6 'K" TYPE THERMOCOUP-ES 
1'4 ATMOSPHERE BAFFLE 
15 THERMOCOUPLE FEED THRU 
15 INNER DOOR 
I' THERMOCOUPLE HhRNESS 
19 CART TRACK 

19 M E O N  WCKPLU. VAWE 
2 0  COLD BAFTLE 
21 EFRIG.- 13'Oa' 
22 CIFfUSION PL dP 33,300 LlTERSlSEC 
23 WIESHANIC4L *0-01NS PUMP ~ O M ~ / H R  
24 YALVE 
25 VALVE 
2 6  FOOTS T F e  BUWER. 685 CFM 
27 SINGLE W 6 E  MECHCWICAL ROUGHING PUMP l6PCFM 
28 'rJILVE 



L W B R  BRAZING FURNACE VACUUM S Y S T E M  
OPERATI  NG CHARACTERISTICS 

l ATM 

ROUGHING 

--HEAT TURNED 
AT 3 X 1 0 ' ~  T 

3 X 10-5 
I 2 

TIME, HRS 

TORR 

Figure 13 



STOP-OFF APPLIEDABC)~~ 
7/32 TO 1/4 INCH WIDE ON 
THE SIX FlACES OF THE 

GRlD SEGMENT AS SHOWN 

/STOP-OFT APPLIED IJP INCI I 
,/ FROM FDGF OF OIJTSIDF 

/ ENDPLATE 

STOP-OFF APPLIED 
TO BOUNDARY STRAP 

AND ENDPLATE 

STOP-OFF APPLICAT ION ON 
LWBR GRlD COMPONENTS 

Figure 14 



WITHOUT BRAZE 
ALLOY PASTE 

WITH BRAZE 
ALLOY PASTE 

BRAZE ALLOY APPLIED 
TO FOUR OPEN CURLS 

BRAZE ALLOY APPLIED 
TOTHREE CLOSEDCURLS 

BRAZE ALLOY APPLIED 
TO FIVE CLOSED CURLS 

BRAZE ALLOY APPLIED 
TO TWO OPEN CURLS 

BRAZE ALLOY APPLICATION 
ON LWBR GRID 

INTERNAL SEGMENT JOINTS 

Figure 15 



WITHOUT BRAZE 
ALLOY PASTE 

WITH BRAZE 
ALLOY PASTE 

BRAZE ALLOY APPLIED 
THROUGH CENTER OPEN 
CURLS & TWO OUTER 
OPEN CURLS 

BRAZE ALLOY APPLIED 
TO FOUR OPEN CURLS 

BRAZE ALLOY APPLIED 
TO T W O  OPEN CURLS 

BRAZE ALLOY APPLICATION 
ON LWBR GRID 

EXTERNAL SEGMENT JOINTS 
Figure 16 



& B?, ::*.(& 
, 4.' f , ,  

BRAZE 
ALLOY 

V 

BRAZE ALLOY APPLIED TO FIVE 
CLOSED CURLS ON BOUNDRY 
STRAP AT EACH END AND TO THE 
CLOSED CURLS OF THE END PLATE 
AT EACH END WHILE PINS ARE 
TEMPORARILY INSERTED 

NOTE: BEFORE ALLOY HARDENS 
PINS ARE REMOVED 

THESE JOINTS SIMILAR 

BRAZE ALLOY APPLIED TO THE 
TOP AND BOTTOM AREAS OF 
ALL CONNECTOR CURLS AS 
SHOWN ABOVE. 

B R A Z E  ALLOY APPLICATION 
ON LWBR GRID END P L A T E S  

AND CONNECTOR J O I N T S  

Figure 17 



I .  WORK TABLE 
2. TURNTABLE FIXTURE 
3. ASSEMBLY FIXTURE 

BOTTOM PLATE 
4. SEED GRlD COLOR 

CODED ASSEMBLY 
TEMPLATE 

5. PLEXIGLASS ASSEMBLY 
FIXTURE PLATE 

6. SEED GRlD 
7 .  SPIDER (CRES A-240)  
8. HOLD DOWN STUD 

10. SPACER 

LWBR 
SEED GRlD 

ASSEMBLY F lXTURlNG 
(EXPLODED VIEW) 

Figure 18 



B R A Z E  ALLOY P A S T E  APPLICATION 
ON LWBR SEED GRIDS 

INSERTS 



/ 
P L E X I G L A S S  ASSEMBLY P L A T E  

COLOR CODED C H A R T  
( L O C A T E D  B E T W E E N  

P L E X I G L A S S  AND 

F I X T U R E  

LWBR 
BLANKET GRID ASSEMBLY 

Figure 20 



.DING FIXTURE 

Figure 21 



BRAZE ALLOY APPLICATION ON 
LWBR BLANKET GRIDS 

Figure 22 



FIGURE 

Figure 23 



TYPE IIA" 

SEED I 5 9 5  f . o o j U  

BLANKET 1.635 k .003" 

REFLECTOR 2.094 f . 003"  

LWBR SIMULATED HINGE JOINT TENSILE TEST ASSEMBLY 

Figure 24 



BOTTOM BRAZING FIXTURE 
PLATE (INCONEL 6 0 0 )  

I BRAZING FIXTURE 
INSERTS (INCONEL 6 0 0 )  \ 

Figure 25 



BAFFLE - 
PLATE 

TOP FIXTURE 
PLATE 

/ 

BOTTOM FIXTUR 
PLATE 

BACKING 

BRAZING 

/HEAT 
SHIELD 

TTOM 

/ !BRAZING FIXTURE 
/ LIFTING BRACKET 

FIXTURE SUPPORTt 

LWBR TYPE IL BLANKET GRID 
BRAZING FIXTURE ASSEMBLY 



BRAZE THERMAL C Y C L E  FOR LWBR GRIDS 

2400 I I I I I I I 

2110° HOLD (BRAZE TEMPERATURE HELD 5-15 MIN.) - - 

- - 
ARGON BACKFILL TO 
l l  INCHES OF H g  

7 - 
LOAD MOVED TO 

- COLD ZONE-FAN ON - 

- - 

- - 

- - 

- - 

- 

- 

DOOR OPEN - 

I I I I I I I 

BRAZE VACUUM CYCLE 

0 
0 2 4 6 8 10 12 14 

TEMPERATURE- OF 
0 130 2 2 0  310 480 670 920 1300 1730 1830 2110 

I I I I I 

TO I I INCHES OF Hg  
START DEGASSING 

LL 5X10-4 - OF CEMENT AND 
- 

START OF 21 lo0 HOLD 
K 
0 
I- STOP-OFF ORGAN1 C 

1 MATERIALS START OF ALLOY - 
W 
K 

OUTGASS l N G 

- 

- 

~ X I O - ~  - 

1 o - ~  I 
I I I I I I 

0 2 4 6 8 10 12 14 16 
TIME- HOURS 

16 
TIME- HOURS 





NO. I NO. 2 NO. 3 NO. 4 
(2- CLOSED1 (3CLO SED) 

NO. 5 NO. 6 NO. 7 NO. 8 NO. 9 NO. 10 

N0.l l NO. 12 NO. I3 NO. 14 NO. 15 NO. 16 NO. I7 NO. I8 NO. 19 NO. 2 0  
t2-CLoSED) (2*CLOSED) (2-CLOSED) (POPEN) (2-OPEN) (2-CLOSED) (2-CLOSED) (6-BUTT) (2-CLOSED) (2-OpEN ) 

HINGE-PIN BRAZE JOINT CURL DESIGNS FOR LWBR GRIDS 

Figure 29 



NllMRFR 
208 , CRITICAL HINGE-PIN JOINTS (100 PERCENT) 

152 NON-CRITICAL HINGE-PIN JOINTS (SAMPLE) - 

BRAZE ALLOY QUALITY INSPECTION FOR 
LWBR BLANKET TYPE IU GRID 

Figure 30 



MAG. \OX 

I 
I 

MAG. IOX 
C 

A. UNACCEPTABLE BRAZE JOINT. INCOMPLETE MELTING 
-. -. 

B. UNACCEPTABLE BRAZE JOINTS. 
EXCESSIVE BRAZE ALLOY ON SPRING WORKING 
SURFACE ( A )  
LACK OF BRAZE ALLOY FLOW AND BONDING IN THE 
OPEN CURLS ( B )  

BLE BRAZE ALLOY FLOW AND BONDING 

OY FILLETS VISUAL STANDARDS 
LWBR GRIDS 
Figure 31 

75 



Figure 32 



MAG. S O 0  )c 

- IN BETA PHASE 





:: &86;& VILELLA" + +I % CHROMIC . X /I *( ,- - - - 
MAG. 100 X 8 



Figure 36 



METALLOGRAPHIC EXAMINATION CROSS-SECTIONS 

A-A LONGITUDINAL CROSS-SECTION 
END-PLATE SHEET METAL HINGE-PIN JOINTS 

B-B INITIAL CUT FOR CONNECTOR LONGITUDINAL 
CROSS-SECTION 

CAC LONGITUDINAL HINGE-PIN SHEET METAL JOINTS 
D-D TRANSVERSE CROSS-SECTION HINGE-PIN 

SHEET METAL AND HINGE-PIN END-PLATE CONNECTOR 
JOINTS 

E-E LONGITUDINAL HINGE-PIN END-PLATE CONNECTOR 
JOINTS 

LWBR 
R E F L E C T O R  COMPANION GRID 



BRAZE HINGE JOINT TENSILE STRENGTH 
LWBR SEED GRIDS 

TESTED AT 600°F 

440 

G R I D  S I N  



B R 4 Z E  HINGE JOINT TENSILE STRENGTH - LWBR B L A N K E T  GRIDS 

TESTED AT 600°F 

- ( U - ( U m w n p c Q ) ( n -  a0 - ~ - ( U l n O ~ - -  
m m 0 0 0 0 ~ 0 0 0 - - ~ ~ ~ ~ 0 - - ~ 0  o o - - - - - - - - - - - -  0 0 - - -  0 - - - - - - - - - - - - - - -  ( U ( U ( U ( U ( U m m  

GRID S/N 

Figure 39 



BRAZE HINGE JOINT TENSILE STRENGTH 
LWBR REFLECTOR TYPE Y GRIDS 

TESTED AT 600°F 

350  
5031 5102 5103 5104 5105 510.6 5107 5108 5109 

GRID S/N 

Figure 40 




