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ABSTRACT 

The advent of t h e  National Transonic F a c i l i t y  (NTF) brought about a new 
a p p l i c a t i o n  f o r  an o l d  j o i n i n g  method, solder ing.  Solder ing f o r  use a t  cryo- 
genic temperatures requi  res t h a t  solders remain d u c t i  1 e and f r e e  from t i  n-pest 
(grey t i n ) ,  have toughness t o  wi thstand aerodynamic loads associated w i t h  
f l i g h t  research, and mainta in t h e i r  sur face f in ishes.  Solders are used t o  
a t tach  347 Sta in less-Steel  t ub ing  i n  sur face grooves o f  models. The so lder  
must f i l l  up the  gap and m e t a l l u r g i c a l l y  bond t o  t h e  tub ing  and model. Cryo- 
genic temperatures requ i re  t h a t  only spec i f i c  ma te r ia l s  f o r  models can be 
used, inc lud ing:  Vasco Max 200 CVM, Lescal loy A-286 Vac Arc, PH 13-8 Mo. 
Solders i d e n t i f i e d  f o r  t e s t i n g  a t  t h i s  t ime are: 50% Sn - 49.5% Pb - 0.5% Sb, 
95% Sn - 5% Sb, 50% I n  50% Pb, and 37.5% Sn - 37.5% Pb - 25% In. With these 
mater i  a1 s and solders, i t  i s  necessary t o  determine t h e i  r so l  derabi 1 i ty .  
A f t e r  s o l d e r a b i l i t y  i s  determined, tube/groove specimens are fab r i ca ted  and 
stressed under cryogenic temperatures. Compati b l e  solders are then used f o r  
actual  models. 



INTRODUCTION 

NTF - SOLDERING TECHNOLOGY DEVELOPMENTS FOR CRYOGENICS 

I n ,  an e a r l i e r  p resenta t ion  ( r e f .  I ) ,  F i  r t h  discussed ob jec t i ves  o f  t h e  so lder  
research program, problems associated w i t h  us ing  solders a t  cryogenic tempera- 
tu res ,  t e s t  resu l t s ,  and experiences w i t h  recent  models. 

This  p resenta t ion  w i l l  cover so lder ing  methods, t e s t i n g  procedures, and re-  
s u l t s  o f  so lderabi  1 i t y  t e s t s  done on Vasco Max 200. Solder ing techniques t o  
i n s t a l l  pressure tubes on cryogenic models, physical  t e s t i n g  o f  t h e  solders,  
sur face preparat ion,  and sur face ana lys is  w i l l  a l s o  be discussed. 



BASE METALS 

o V ~ s c o  MAX 200 CVM - 18% NICKEL ALLOY 

o 347 STAINLESS STEEL - TUBING 

o LESCALLOY A -286 VAC ARC 

o PH 13 -8 Mo 

Var ious meta ls  usable a t  c ryogen ic  temperatures were se lec ted  f o r  t e s t i n g  
t h e i r  s o l d e r a b i l i t y .  Vasco Max 200, Lesca l l oy  A-286, and PH 13-8 Mo a r e  used 
i n  making c ryogen ic  wind tunne l  models. Pressure tubes used on these models 
a re  made o f  347 S ta in l ess  Stee l .  Tes t i ng  i s  be ing  done on t h e  Vasco Max 200 
and 347 S t a i n l e s s  S tee l  a t  t h i s  t ime. Lesca l l oy  A-286 Vac Arc and PH 13-8 Mo 
w i l l  be t e s t e d  l a t e r .  The r e s t  of t h i s  p r e s e n t a t i o n  cen te rs  around Vasco Max 
200 and 347 S t a i n l e s s  S tee l .  



SOUIERS TO BE TESTED 

o INDALLOY #I19 50% SN, 49.5% PB, 0,5% SB 420° F LXPUIDUS 

o 95% SN, 5% SB 464O F LIQUIDUS 

o INDALLOY #7 50% IN, 50% PB 480° F LIQUIDUS 

o INDALLOY #5 37,512 SN, 37.5% PB, 25% IN 358O F LIQUIDUS 

The solders l i s t e d  above were selected f o r  t es t i ng .  A t  t h i s  time, 50% Sn - 
49.5% Pb - 0.5% Sb and 95 Sn - 5 % Sb solders are  being tested. Once t e n s i l e  
and l a p  shear specimens are completed, t e s t i n g  w i l l  begin on 50% I n  - 50% Pb 
and 37.5% Sn - 37.5% Pb - 25% In. The l i q u i d u s  temperatures f o r  each so lder  
are  included. Th is  l i s t  i s  n o t  intended t o  exclude o the r  solders. The 
93% Pb - 5.2% Ag so lder  has been mentioned as another poss ib le  so lder  f o r  
i n v e s t i g a t i o n  ( r e f .  1).  



FLUXES TESTED 

The base metals se lected are  considered very d i f f i c u l t  t o  solder.  Therefore, 
cor ros ive  f l uxes  are needed t o  break the  sur face oxides and promote good 
w e t t i n g  by t h e  solders. Se lec t i on  o f  the  f l uxes  l i s t e d  above was based upon 
t h e i r  avai 1  abi  1  i t y  and t h e i  r recommended use on the  base metals mentioned 
e a r l i e r .  Tes t ing  o f  these th ree  f l uxes  was conducted on Vasco Max 200. Vasco 
Max samples were f luxed, placed on a  p r e h e a t e d  hot  p la te ,  and al lowed t o  heat 
up t o  so lde r ing  temperature. Solder was then app l ied  t o  the  f luxed surface. 
A f te r  t he  so lder  f i n i s h e d  f l ow ing  the  sample was removed from the  hot  p la te ,  
a i r  cooled t o  room temperature, and washed i n  water. 

Visual inspect ion  o f  each sample showed t h e  f l u o r i d e  f l u x  promoted b e t t e r  
w e t t i n g  o f  t he  solder.  The z i n c  c h l o r i d e  f l u x  and m u r i a t i c  ac id  f l u x  had t o  
c o n t i n u a l l y  be added dur ing  the  heatup and so lder ing  operat ion. The f l u o r i d e  
f l u x  was app l ied  t o  the  sur face before heat ing  up and again when t h e  so lder  
was appl ied. Samples o f  347 Sta in less  Steel  t ub ing  were t inned us ing  each o f  
t h e  f l uxes  prev ious ly  mentioned. Again t h e  f l u o r i d e  f l u x  worked b e t t e r  than 
the  o ther  two. The f l u x e s  w i l l  be tes ted  on samples o f  t he  o ther  base metals 
a t  a  l a t e r  date. Other f l uxes  are being looked a t  f o r  poss ib le  use on these 
base metals. 



SOLDERABILITY TEST 

A s o l d e r a b i l i t y  t e s t  w i l l  be conducted on each base metal and solder .  A t  t h i s  
t ime only Vasco Max 200 has been tes ted  using 50% Sn - 49.5% Pb - 0.5% Sb. 
L i s t e d  above are f o u r  t e s t s  t o  be used f o r  evaluat ion. Sp read lwe t tab i l i t y  
specimens were done on various abraded surfaces t o  determine which sur face 
gave t h e  best  w e t t a b i l i t y  o f  t h e  solder. Abrading t h e  surface i s  necessary 
because Vasco Max 200 ox id izes  when heat t reated.  Fluxes cannot remove t h i s  
heavy oxide so mechanical abradi ng methods are used. A f t e r  determi n i  ng which 
surface f i n i s h i n g  methods g ive  t h e  best percent spreadi nglwet tabi  1 i ty these 
surfaces were used i n  subsequent t e s t s  t o  evaluate t h e i r  t i n n i n g  q u a l i t i e s .  

Tube/groove specimens were fab r i ca ted  t o  determine t h e  best method f o r  solder-  
i n g  347 Stain less-Steel  t ub ing  i n  t h e  grooves o f  a Vasco Max specimen. Once a 
s a t i s f a c t o r y  method was determined, tubes were soldered i n  grooves on both t h e  
upper and lower surfaces o f  a wing specimen f o r  t h e  f a t i g u e l f l e x  t e s t .  Chemical 
o r  p la ted surface preparat ions were not  considered due t o  the  lack  o f  p r a c t i -  
c a l  app l i ca t i on  t o  t h e  model 3 p a r t i a l  assembly and t h e  i n t r i c a t e  nature o f  
hardware desi gn. 



FORMULAS FOR EVALUATI FIG PERCENT SPREADING 

D = DIAMETER OF THE HYPOTHETICAL SPHERE 

The formulas above ( ref .  2 )  were used t o  calculate the percent spreading/wettabi 1 i ty 
of the solder. Calculate the diameter of the hypothetical sphere ( D )  using 
the f i r s t  formula. Weight (gms) and specific gravity (gms/cm3) of the solder 
are known values, and the value 0.3937 converts centimeters t o  inches. Measure 
the height of the solder droplet ( H )  a f ter  spreading over the metal surface. Plug 
the values for D and H into the second formula and calculate the percent spreading. 
The lower the height of the solder af ter  spreading the higher the percent spreading. 
The ideal percent spreading would be one that reaches 100%. 



Spread t e s t  data on Vasco Max 200, 50% Sn - 49.5% Pb - 0.5% Sb solder,  and t h e  
f l o r i d e  f l u x  are shown i n  t h e  c h a r t  above. A l l  Vasco Max 200 specimens have 
been heat t reated.  Solder o f  a known weight and f l u x  was placed on t h e  speci-  
men surface. The specimen was placed on a ho t  p l a t e  and heated t o  approxi -  
mately 525' F which a1 lowed t h e  specimen t o  reach t h e  so lde r ' s  f l ow  tempera- 
tu re .  A f t e r  t he  so lder  stopped f l ow ing  the  specimen was removed from t h e  ho t  
p la te ,  a i r  cooled t o  room temperature, and cleaned o f  f l u x  residue. The 
he igh t  o f  t h e  solder ,  a f t e r  spreading over t h e  specimen, was measured. Cal- 
cu la t i ons  were performed t o  determine percent  spreading. This  procedure was 
fo l lowed on each spread t e s t  specimen. Specimen #1 (see photos t h a t  f o l l o w )  
was d i v ided  i n t o  f o u r  areas f o r  p re l im ina ry  i n v e s t i g a t i o n  o f  var ious surfaces. 
Area #1B, abraded w i t h  No. 1 Aluminum Oxide (27 microns), had t h e  worst per-  
cent spreading o f  t h e  f o u r  surfaces. Because o f  low percent spreading on 
surface 1B no more t e s t s  were done f o r  t h i s  type of surface. Percent spread- 
i n g  on t h e  o ther  t h ree  was n o t  as h igh  as expected. Therefore, t h e  surfaces 
o f  specimens #3 through #8 were prepared f o r  so lde r ing  as shown i n  the  c h a r t  
above. Each specimen was soldered w i t h  0.5 grams o f  so lder  us ing  t h e  same 
so lder ing  procedures as specimen # l .  Specimen #3, sanded w i t h  120 a1 umi num 
oxide, had 88.6% spreading. Specimen #4, ox ide rubbed w i t h  coarse s tee l  wool, 
had 44.3% spreading. Specimen #5, g r i t  b las ted  w i t h  120 g r i t ,  had 80% spread- 
i ng. Specimen #6, glass bead blasted, had 84.8% spreading, Specimens #7 and 
#8 were machined by l a t h e  and m i l l i n g  machine, respec t i ve l y ,  t o  remove ox ida t ion ,  

Vasco Max 200 SPREAD TEST DATA . 
50% Sn, 49.5% Pb, 0.57. Sb 

Machined 
8 Surface ( M i l l )  15 8 .85  0 . 5  0 .0145 0.1875 92% Excellent 

I I I I I I I I 



Specimen #7 had 88% spreading and specimen #8 had 92% spreading. Specimen #8 
was i nadve r ten t l y  t i 1  t e d  w h i l e  being removed from the  hot  p l a t e  which resu l ted  
i n  the  so lder  f l ow ing  and we t t i ng  more o f  t h e  surface. Therefore, t h e  spread- 
i n g  percent i s  s l i g h t l y  higher.  Surface f i n i s h e s  were measured f o r  each 
specimen t o  determine i f  any r e l a t i o n s h i p  e x i s t s  between i t  and percent 
spreading. There d i d  n o t  appear t o  be any d i s t i n c t  r e l a t i o n s h i p  between t h e  
two. 

Specimen #2 was heat t r e a t e d  i n  an argon atmosphere r e t o r t  t o  e l im ina te  ox i -  
dat ion.  I f  ox ida t i on  was e l im ina ted  the re  would be no need t o  abrade the  
surface. A golden brown oxide t h a t  formed on t h e  specimen was the  r e s u l t  o f  a  
leaky r e t o r t .  P r i o r  t o  spread tes t i ng ,  #2B was w i r e  brushed wh i l e  noth ing was 
done t o  #2A. Wire brushing d i d  not  remove t h e  oxide. The f l u x  broke the  
oxide a l l ow ing  t h e  so lder  t o  spread over t h e  surface. Surfaces #2A had 83% 
spreading and #2B had 85.9%. 



SPREAD TEST SPECIMENS 

SPREAD TEST SPECIMENS 



T inn ing  specimen surfaces were prepared as shown i n  t h e  p i c t u r e  above. These 
specimens were heated the  same way as f o r  spread t e s t i n g ,  Once t h e  specimens 
reached so lde r ing  temperature a  so lde r ing  gun was used t o  t i n  the  surface, 
Specimens #9 (a)  and #10 (b) had areas o f  dewet t ing whereas #11 (c )  t i n n e d  
e x c e l l e n t l y  w i t h  t o t a l  wet t ing.  A machined sur face was not t inned because 
from past  experience machined surfaces i n  e x c e l l e n t l y .  G r i t  and bead b l a s t -  
i ng, which do not  promote c a p i l l a r y  ac t ion ,  are n o t  recommended methods o f  
sur face prepara t ion  f o r  so1 d e r i  ng. 



Now t h a t  a method o f  removing heat treatment oxides has been found, 
tubelgroove specimens have been fabr ica ted .  The purpose o f  these specimens 
was t o  develop a method f o r  so lde r ing  tubes i n  sur face grooves. The specimens 
were then subjected t o  cryogenic temperatures. 

Grooves were sanded w i t h  120 aluminum oxide and cleaned o f  a1 1 contaminants. 
Tubes were s t ra igh tened as much as possib le,  t inned, and placed i n  the  groove. 
To insure  t h a t  t he  tubes remain below t h e  sur face du r ing  so lde r ing  t h e  fo l low- 
i n g  two methods were used: staked i n  p lace o r  tacked i n  p lace w i t h  so lder  
(a).  Stak ing t h e  tubes i n  p lace was done before heating. Tacking i n  p lace 
was done a t  approximately 100°F below t h e  so lde r ' s  l i q u i d u s  temperature. A 
so lde r ing  gun was used t o  heat t h e  tack  area t o  the  s o l d e r ' s  f l ow  temperature. 
A small amount o f  f l u x  was app l ied  t o  t h e  tubelgroove p r i o r  t o  heat ing. A t  
t h e  h igh  p o i n t s  o f  t he  tube, i t was pushed t o  t h e  bottom o f  t he  groove and 
tacked i n  place. S t a r t i n g  a t  one end o f  t he  groove t h e  tube was soldered i n  
p lace  us ing  a so lde r ing  gun. Solder f lowed i n t o  t h e  groove and around t h e  
tube t o  f i l l  the  groove so t h a t  excess so lder  b u i l t  up above the  specimen 
surface. When so lde r ing  was completed and t h e  specimen cooled down, i t  was 
cleaned i n  soapy ho t  water t o  remove f l u x  residue. Excess so lder  was machined 
t o  w i t h i n  .002" t o  .003" o f  t h e  surface, then hand f i n i s h e d  (b).  Since so lder  
i s  s o f t e r  than the  base metal t he re  was a tendency t o  undercut t h e  solder .  
This  i s  normal, and care must be taken t o  keep undercu t t ing  t o  a minimum. 



The f i n i shed  surface was dye penetrant checked f o r  metal 1 u r g i  cal  bondi ng 
between solder and specimen (c).  Dark, wet look ing areas are where f l u x  i s  
weeping from a debond area. Red areas a lso i nd i ca te  debondi ng. Debonding may 
be the r esu l t  o f :  edge contamination, specimen not being hot enough, o r  poor 
technique. A f t e r  the specimens were cry0 cycled they were dye penetrant 
checked again f o r  any growth o f  debond areas, This would ind ica te  whether 
f l u x  l e f t  i n  the  j o i n t  between solder and specimen o r  b r i t t l eness  of the 
solder affected the meta l lu rg ica l  bond. 



A surface ana lys is  o f  t he  previous tubelgroove specimen was done before and 
a f t e r  cryo cyc l ing .  One cross sec t ion  o f  t h e  ana lys is  i s  shown above. 
Solder a t  each groove has been undercut dur ing  f i n i s h i n g .  The center  groove 
o f  (a) has a ra ised spot i n  the  middle because t h e  tube was not  on the  groove 
bottom when soldered. 

The sur face roughness o f  t he  so lder  and specimen i s  shown above i n  (b).  
Because o f  t he  so lde r ' s  softness i t was rougher than the  base metal surface. 
A surface t y p i c a l  o f  t he  one shown above would be usable on a conventional 
wind tunnel model. However, on cryogenic wind tunnel models t h i s  sur face i s  
no t  acceptable. A i r  f l ow  over t h e  grooves would not  be smooth, r e s u l t i n g  i n  
lower Reynolds numbers. One way t o  co r rec t  t h i s  problem would be t o  p a i n t  t h e  
sur face w i t h  a cryogenic compatible coat ing  and f i n i s h  t o  a un i fo rm f i n i s h .  



F lex  t e s t s  on the  Vasco Max 200 wing shown above were done t o  t e s t  t h e  
so lder 's  a b i l  i t y  t o  w i ths tand aerodynamic load ing  i n  cyrogenic envi  ronments. 
Grooves are loca ted on both upper and lower surfaces. Tubes t i nned  w i t h  95% 
Sn - 5% Sb were placed i n  t h e  f i r s t  f o u r  grooves, on t h e  upper surface. The 
wing was placed on a ho t  p l a t e  t h a t  had been preheated t o  approximately 100°F 
below t h e  f i q u i d u s  temperature o f  95% Sn - 5% Sb. The tubes/grooves were 
soldered and f i n i s h e d  by t h e  same method used f o r  t he  tubelgroove specimens. 
A f t e r  t h e  upper sur face was hand f in ished,  t h e  f i r s t  f o u r  grooves o f  t he  lower 
sur face were tubed, soldered and hand f in ished.  This  process was repeated f o r  
the next f o u r  grooves on upper and lower surfaces us ing  50% Sn - 49.5% Pb - 0.5% 
Sb solder. The wing was cleaned i n  soapy, ho t  water and dr ied. A f i l l e r  
mater ia l  was used t o  bond tub ing  and f i l l  the  groove i n  t he  l a s t  3 grooves on 
upper and 1 ower surfaces. 

A surface ana lys is  and dye penetrant  check were done on both surfaces be fore  
and a f t e r  t e s t i n g .  The 50% Sn - 49.5% Pb - 0.5% 5b so lder  wet and f lowed 
b e t t e r  than t h e  95% Sn - 5% Sb solder.  Test r e s u l t s  showed 95% Sn - 5% Sb t o  
be too  b r i t t l e ,  whereas 50% Sn - 49.5% Pb - 0.5% Sb remained d u c t i l e .  Resu l ts  
concerning t h e  f i l l e r  ma te r i a l  a re  given i n  reference 1. 



PHYSICAL TESTING OF SOLDER 

Vasco Max specimens were t e s t e d  us ing  s i n g l e  l a p  and b u t t  j o i n t s  t o  determine 
l a p  shear and t e n s i l e  strengths. Lap shear specimens were 1" wide and w i t h  a 
1" overlap a t  t h e  j o i n t  and gapped t o  .003". Tens i le  specimens were 1" i n  
diameter and gapped t o  .003". A f t e r  solder ing,  t he  specimens were cry0 cyc led  
from room temperature t o  -275OF f i v e  times. H a l f  t h e  specimens were p u l l e d  a t  
room temperature wh i l e  t h e  others were p u l l e d  a t  -275°F. Test ing was done a t  
a cross-head r a t e  o f  0.05 in/min. Lap shear specimens were tes ted  on Vasco 
Max 200 using 95% Sn - 5% Sb and 50% Sn - 49%.5% Pb - 0.5% Sb solders. A t  t h e  
present t ime t e s t i n g  on t h e  t e n s i l e  specimens i s  not complete. 



Specimens f o r  t h e  l a p  shear t e s t  are shown above. A f i x t u r e  was made t o  ho ld  
t h e  specimens dur ing  so lder ing  so t h a t  t h e  gap would be .003". P r i o r  t o  
so lde r ing  each mating surface was t i nned  and cleaned. The f l u o r i d e  f l u x  was 
brushed on t h e  t i nned  surfaces. The specimen was then clamped i n  t h e  f i x t u r e .  
The f i x t u r e d  specimen was turned upside down so t h a t  t h e  specimen's top  rested 
on the  hot  p la te .  The hot  p l a t e  had been preheated t o  approximately 1OOOF 
above t h e  so lde r ' s  l i q u i d ~ s  ':emperature. A f t e r  t h e  specimen reached 
temperature, so lder  was app; .ed t o  the  j o i n t .  The f i x t u r e d  specimen was then 
removed from t h e  hot  p l a t e  and a i r  cooled t o  room temperature. F lux  res idue 
was washed o f f  i n  hot, running water. 

Specimens (a), (b), and (c )  f a i l e d  i n  t h e  solder.  Solder p u l l e d  away from the  
specimen sur face i n  (d) and (e), w h i l e  i n  specimen ( f )  113 o f  t he  j o i n t  f a i l e d  
i n  t h e  so lder  and t h e  r e s t  p u l l e d  away f rom t h e  surface. Lap shear st rengths 
of t he  specimens are  l i s t e d  below: 

Specimen (a) - 4395 p s i  
Specimen (b] - 4200 p s i  
Specimen (c - 4400 p s i  

Specimen (d) - 3030 ps i  
Specimen (e) - 240 p s i  
Specimen (f) - 4850 p s i  

The st rengths were not  as h igh  as expected. More sp,ecimens w i l l  be fab r i ca ted  
and tes ted  l a t e r .  F lux  i nc lus ions  were seen on a l l  l a p  shear specimens. From 
a l l  observat ions some amount o f  f l u x  i n c l u s i o n  i s  normal. 



An a p p l i c a t i o n  f o r  so lde r ing  pressure tubes i n  sur face grooves i s  found i n  t h e  
elevons f o r  t he  1% Shut t l e  Accent NTF Model. Grooves were machined on both  
sides t o  accept 0.020" 0 .D. Sta in less-Steel  tubing. Sharp edges were chamfered 
s l i g h t l y  t o  prevent t h e  so lde r ' s  tendency t o  p u l l  away from sharp edges. 
A f t e r  so lder ing  i s  complete and t h e  elevons sur face have been f i n i s h e d  a 
0.010" diameter ho le  w i l l  be d r i l l e d  i n t o  t h e  tube normal t o  the  surface. This 
w i l l  a1 low pressure readings t o  be gathered from the  elevon's sur face dur ing  
tunnel t e s t  model. 



Concl ud i  ng Remarks 

1. Tes t ing  i s  almost complete on Vasco Max 200. 

2, A method and ma te r ia l s  f o r  so lde r ing  pressure tubes on both upper and 
lower surfaces o f  a Vasco Max 200 wing specimen have been determined. 

3. The f l u x  conta in ing  f l u o r i d e  promotes b e t t e r  w e t t i n g  and f low o f  50% 
Sn - 49.5% Pb - 0.5% Sb so lder  on Vasco Max 200 and 347 s t a i n l e s s  s t e e l .  

4. The d u c t i l i t y  o f  50% Sn - 49.5% Pb - 0.5% Sb so lder  appears t o  be very 
good a t  cryogenic temperatures. 

5. Ox ida t ion  from heat t r e a t i n g  Vasco Max 200 has t o  be removed before  
so lde r ing  o r  e l im ina ted  i n  t h e  heat treatment.  

6. Mechanical ly abrading w i t h  a course aluminum oxide paper o r  remachining 
the  sur face are the  recommended methods o f  sur face prepara t ion  p r i o r  t o  
so lde r ing  o r  t i nn ing .  

7 .  Surfaces prepared by g r i t  o r  glass bead b l a s t i n g  do not  t i n  we1 1 and 
i n h i  b i t  c a p i l l a r y  act ion.  

8.. The 95% Sn - 5% Sb so lder  i s  t o o  b r i t t l e  a t  cryogenic temperatures t o  
w i ths tand aerodynamic loads. 

9. Soldered surfaces when f i n i s h e d  are  rougher than t h e  base metal; 
there fore ,  model surfaces t h a t  have had pressure tubes soldered i n  p lace  
w i  11 need cryogenic r e s i s t a n t  coa t i ng  t o  mai n t a i  n a smooth, aerodynamic 
surface. 

10. The reason f o r  lower than expected l a p  shear s t rengths f o r  both 50% 
Sn - 49.5% Pb - 0.5% Sb and 95% Sn - 5% Sb solders i s  no t  known so 
a d d i t i o n a l  t e s t s  w i l l  be conducted. 

11. Tens i le  specimens have been completed a t  t h i s  t ime us ing  50% Sn - 49.5% Pb 
-0.5% Sb and 95% Sn - 5% Sb solders. 
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