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DETERMINATION OF BIAXIAL CREEP STRENGTH 
. OF T-111 TANTALUM ALmY 

I. INTRODUCTION 

This repor t  covers  t he  per iod from March 8, 1968, t o  September 8, 

1968, of a program t o  document t h e  c reep  behavior of seamless and welded 

and reworked T-111 a l l o y  tub ing  under a b i a x i a l  state of stress, and t o  

eva lua te  t h e  e f f e c t s  of stress on t h e  cor ros ion  behavior of T-111 a l l o y  

with potassium. Potassium ref luxing  capsules  of seamless and w e l d e d  and 

reworked T-111 a l l o y  tub ing  a r e  t o  be t e s t e d  under condi t ions  which w i l l  

result i n  one t o  f i v e  percent equiva len t  un iax ia l  s t r a i n  during a 5000- 

hour exposure. 

wal l s  w i l l  be reduced i n  t h e  potassium l iqu id  region and i n  t h e  vapor 

condensing region to  provide t h e  gauge sec t ions  where the ex ten t  of creep 

The capsule  test temperature w i l l  be 2200'F. The capsule  

can be  measured. The t e s t i n g  w i l l  be done i n  a manner s i m i l a r  to  t h a t  

deve loped  under an e a r l i e r  NASA cont rac t .  Z 1) 

Harrison, R. W . ,  "The Compatibil i ty o f  Biax ia l ly  Stressed D-43 Alloy 
with Refluxing Potassium," NASA Contractor  Report NASA CR-807, NASA 
Contract NAS 3-6012, June 1967. 





11. SUMMARY 

The complete ana lys i s  of t he  T-111 a l l o y  test capsule  design has  

been completed. A test  capsule  has been prepared from t h e  seamless T-111 

a l loy  tubing and i s  now ready f o r  t e s t i n g .  Machining of test  capsules  

from t h e  we lded  and reworked T-111 a l l o y  tube i s  now i n  progress .  

A l l  modif icat ions t o  t h e  test  f a c i l i t y  have been completed. Cal i -  

b ra t ion  of t he  W-25Re/W-3Re thermocouples has a l s o  been completed, and 

t h e  tes t  capsule  i s  present ly  being i n s t a l l e d  i n t o  the  test f a c i l i t y .  

Three preliminary u n i a x i a l  c reep  tests have been completed, and t h e  

resul ts  of these tests w e r e  used t o  s e l e c t  t h e  test temperature f o r  t he  

f i r s t  b i a x i a l  creep capsule  test. The test temperature w i l l  be 2200°F. 

The assembly and f i n a l  c a l i b r a t i o n  of t h e  potassium pres su re  t r ans -  

ducer,  which w i l l  be used t o  measure t h e  potassium pressure  i n  t h e  tes t  

capsule ,  has  been completed. Excel lent  performance of the t ransducer  

was observed during t h e  c a l i b r a t i o n .  

3 





111. PROGRAM STATUS 

A .  T-111 Alloy T e s t  Capsule 

1. Design 

The design of t h e  test capsule for t h i s  program i s  very s imi la r  t o  

t h a t  used f o r  s i m i l a r  b i a x i a l  c r eep  t e s t i n g  of D-43 a l l o y  under an e a r l i e r  

NASA con t rac t .  The test capsule has two 0.020-inch-thick w a l l  x 0.200- 

inch-long reduced wa l l  tes t  sec t ions  a t  which creep w i l l  be measured. One 

of t he  test  sec t ions  i s  located i n  the  b o i l i n g  l i q u i d  potassium region and 

t h e  o the r  is  i n  t h e  condensing potassium vapor region of t h e  r e f lux ing  

test capsule. S t r e s s  a t t enua t ing  f i l l e t s  a r e  used to approach t h e  reduced 

wal l  test sec t ions  so t h a t  t he  test  sec t ions  can be evaluated as t h i n  

wall ,  i n f i n i t e l y  long cy l inde r s .  

The design of t he  f i l l e t  was determined by c a l c u l a t i n g  t h e  a t t enua t ion  

lengths f o r  both t h e  test  section wall thickness,  0.020 inch, and t h e  

o r i g i n a l  o r  t h i c k e r  capsule wa l l  thickness,  which i s  0.095 inch. This 

i s  accomplished by consider ing the cy l inde r s  for each wa l l  thickness  a s  

"beams on an e l a s t i c  foundation,"(2) which allows t h e  "a t t enua t ion  wave 

length f a c t o r ,  "fi," t o  be expressed as: 

where: p = Poisson 's  r a t i o  

t = w a l l  thickness,  inches 

R = mean radius,  inches 

Using ~1 = 0.35 for T-111 alloy,'3) 8 can be expressed as: 

1.2738 
K R  

1 3 =  

(2) Den Hartog, J .  P., Advanced Strength of Materials ,  p 166, McGraw H i l l ,  
New York (1952). 

Zimmerman, W. F . ,  "Turbine Materials-Potassium Turboal ternator  
Program," NASA Contract NAS 3-10933, Nuclear Systems Programs Dept., 
General E lec t r ic  Company, March (1968). 

(3)  

5 



With the  s e l e c t i o n  of an a t t enua t ion  length of Px = 4, t h e  shear  

forces ,  bending moments, s lopes,  and d e f l e c t i o n s  produced a t  one end of 

t h e  a t t enua t ion  i n t e r v a l ,  x, w i l l  have been a t tenuated  t o  0.2 t o  -2.6% 

of t h e i r  maximum values  ( f o r  constant  wa l l  thickness)  a t  t h e  oppos i te  end 

of t h e  i n t e r v a l .  This  percent a t t enua t ion  i s  considered adequate f o r  t he  

b i a x i a l  c reep  tests which w i l l  be conducted. The required a t t enua t ion  

length can then be determined by using: 

where: fix = 4 

which gives:  

= 3.1403 F R  
4 4 F R  

= = 1.2738 

For t he  t h i n  wa l l  test sec t ion  where t = 0.020 inch and R = 0.665 inch, 

x = 0.362 inch. For t h e  th i cke r  capsule  w a l l  where t = 0.095 inch and 

R = 0.7025 inch, x = 0.811 inch. Therefore, an e l l i p t i c a l  contour was 

se lec ted  t o  reduce t h e  w a l l  th ickness  from 0.095 inch t o  0.020 inch with 

a semimajor ax i s ,  a,  > 0.811 inch, say a = 1.100 inch, and a semiminor 

ax i s ,  b, = 0.095 - 0.020 = 0.075 inch. The design of t he  e l l i p t i c a l  

contour i s  shown i n  Figure 1, 

The 0.200-inch length of t he  t h i n  wa l l  tes t  sec t ions  was se lec ted  

t o  give s u f f i c i e n t  length t o  t h e  test  s e c t i o n  f o r  l oca t ing  the  probes 

which measure t h e  capsule  diameter during t e s t i n g ,  and y e t  be s h o r t  

enough t o  a s s u r e  t h a t  maximum creep  w i l l  occur dur ing  t e s t i n g  i n  the 

region where t h e  probes a r e  located.  

The design of t he  test capsule  was f u r t h e r  analyzed t o  determine 

how c lose ly  the  stresses i n  t h e  test  sec t ion  resemble those which would 

be predicted for  an i n f i n i t e l y  long, thin-walled cy l inde r .  The design 

model used  f o r  t h i s  eva lua t ion  i s  shown i n  Figure 2. T h i s  model  was 

analyzed us ing  a m u l t i s h e l l  computer program(4) which y i e l d s  t he  

equivalent  un iax ia l  i nne r  and outer  su r face  stresses and e las t ic  def lec-  

t i o n s  a t  zero  t i m e  i n  t h e  c reep  test. The model  w a s  considered a s  19 

(4) Beitch, L., Cook, W.,  and H o l t ,  R. ,  "Computer Program f o r  Analysis 
of S t ruc tu res  Made Up of S h e l l s  of Revolution (Mufti S h e l l  II)," 
General Electric Company, AEG, Report No. R59FPD889, February 29 
(1960). 

6 



R 
= 1  u2 + 

(1. 100)' (0.075)' 

X2 

PSGPrre f a  Design of Elliptical Contoured Stress A t t e r n x a t h g  Fillets for T-Ill 
Biaxial Creep Test; Capsule 

RJ= 

t = wall thickness 

Figure 2. D e s i g n  Model Used for Strees Analysis of T-111 Alloy Biaxial Creep 
T e s t  Capsule, 
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s h e l l s  with computations being made f o r  19 pos i t i ons  wi th in  each s h e l l .  

The model  was analyzed a t  2127, 2220, and 2300°F which a r e  i n  t h e  tempera- 

t u r e  range where t h e  a c t u a l  t e s t i n g  i s  expected t o  be performed. The 

equivalent  un iax ia l  o u t e r  sur face  stresses i n  t h e  design model f o r  t he  

t h r e e  temperatures of i n t e r e s t ,  and a s  predicted by the  m u l t i s h e l l  

ana lys i s ,  a r e  shown i n  Figure 3. A comparison of t h e  inne r  and o u t e r  

sur face  stresses i n  t h e  model a t  2300°F i s  shown i n  Figure 4 and i s  

t y p i c a l  of t h e  two lower temperatures.  A more d e t a i l e d  p l o t  of t h e  test  

sec t ion  inner  and ou te r  sur face  stresses predicted by the  mul t i she l l  

program f o r  t h e  th ree  temperatures and how they compare with t h e  respec- 

t i v e  stresses predicted f o r  an i n f i n i t e l y  long, t h i n  wa l l  cy l inder  a r e  

shown i n  Figures  5, 6 ,  and 7. I t  can be seen t h a t  t he  stresses i n  the  

test  sec t ion  which a r e  predicted by the  mul t i she l l  ana lys i s  a r e  genera l ly  

higher than those predicted for i n f i n i t e l y  long, t h i n  wa l l  cy l inders ,  

and the  devia t ion  becomes g r e a t e r  a s  t he  temperature i s  increased.  Also 

the  devia t ion  between t h e  inner  and o u t e r  sur face  stresses increases  a s  

t he  temperature increases .  A q u a n t i t a t i v e  t a b u l a t i o n  of these  dev ia t ions  

f o r  t he  maximum d i f f e rences  i s  given i n  Table I .  Although the  maximum 

dev ia t ions  of t h e  s t r e s s e s  predicted by t h e  mul t i she l l  ana lys i s  from 

those f o r  a t h i n  wal l ,  i n f i n i t e l y  long,cyl inder  increase  as temperature 

increases  the  percentage change remains e s s e n t i a l l y  constant  a t  approxi- 

mately one percent.  Also, the maximum v a r i a t i o n s  between t h e  inner  and 

ou te r  sur face  stresses predicted by the  m u l t i s h e l l  ana lys i s  a r e  of almost 

t h e  same magnitude a s  t h e  respec t ive  dev ia t ions  between t h e  m u l t i s h e l l  

ana lys i s  and the  t h i n  wal l ,  i n f i n i t e l y  long,cyl inder  ana lys i s .  

Since a longer tes t  sec t ion  would be expected t o  improve the  

c o r r e l a t i o n  between t h e  m u l t i s h e l l  ana lys i s  and t h e  t h i n  wal l ,  i n f i n i t e l y  

long, cy l inder  ana lys i s ,  a second model was analyzed with the  mul t i she l l  

program to  determine the  amount of improvement i n  c o r r e l a t i o n  which might 

be obtained. 

and a de t a i l ed  p l o t  of  t he  stresses i n  t h e  test  s e c t i o n  i s  shown i n  

Figure 8. The maximum dev ia t ions  f o r  t h e  test sec t ion  a r e  tabula ted  i n  

Table I .  Although the  maximum devia t ion  from a t h i n  wa l l  cy l inde r  i s  

reduced t o  approximately 0.5 percent,  t h i s  small  reduct ion i s  not  

considered worth the  problems which a r e  generated i n  manufacturing the 

A tes t  s e c t i o n  length of 0.5 inch was evaluated a t  230O0F, 
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TABB I 

DEVIATIONS OF S!I'R.ESSES IN 0.020-INCH-THICK "-111 ALmY 
BIAXIAL CREEP CAPSUIZ TEST SECTION 

Test 
Section 
Length 
f rich 

0.300 

0.200 

0.200 

0.500 

Stress for 
Thin Wall 

Temp. Cylinder 
OF psi 

2127 6203 

2220 ' 7825 

2300 9445 

2300 9445 

Maximum Deviation 
of Multishell 
Analysis Stresses 
from Thin Wall 
Cylinder Stress 
psi - 
+64 +1.03 

+82 +1.05 

+99 +1.04 

+46 +O .49 

Maximum Spread 
Between Inner & 
Outer Surface 
Stresses Predicted 
by Multishell 
An a ly s i s 

psi 

61 

77 

96 

50 

14 
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longer test sec t ion  and a l s o  i n  conf ident ly  p red ic t ing  where maximum 

creep  w i l l  occur i n  the  test sec t ion .  The 0.200-inch-long test  sec t ion  

was the re fo re  se lec ted  f o r  t he  f i n a l  design of t h e  tes t  capsule  a s  shown 

i n  Figure 9. Theremocouple w e l l s  a r e  located i n  the  ends of t h e  test  

capsule  extending i n t o  the  test sec t ion  region a n d  w i l l  be used t o  

measure the  temperature of t he  test sec t ions  during c reep  t e s t i n g .  A s  

discussed e a r l i e r  (5'6) a pressure  t ransducer  w i l l  be attached t o  t h e  

tes t  capsule  t o  determine the  potassium pressure  wi th in  t h e  capsule  during 

test ing . 
2. Manufacture 

Machining of the  T-111 a l loy  test  capsules was performed by Del ta  

Tool Inc. ,  Warren, Michigan. A Type 304 SS test  capsule  conta in ing  one 

reduced wall. sec t ion  was machined and measured t o  a s su re  t h e  dimensional 

accuracy of t h e  machine setup.  Subsequently, fou r  T-111 a l l o y  s p e c i a l  

u n i a s i a l  creep test specimens, which a r e  described i n  d e t a i l  l a t e r  i n  

t h i s  r epor t  were machined t o  eva lua te  the  a c t u a l  machining techniques 

used  on the  T-111 a l loy  while using a minimum of ma te r i a l .  Two T-111 

a l loy  t e s t  capsules  were then machined from t h e  seamless tube and w e r e  

received on July 8, 1968. The machined capsule  i s  shown i n  Figure 10. 

P r e t e s t  dimensioning of t he  seamless test capsules ,  t o  accura te ly  

a s c e r t a i n  the  dimensions of t h e  capsules  i n  the  gauge sec t ion  area,  has 

been completed. Since a l l  of t h e  necessary measurements, i n  p a r t i c u l a r  

i n t e r n a l  measurements, cannot be obtained a f t e r  welding and postweld 

annealing of t h e  capsules,  the  measurements were made a t  t h i s  t i m e .  

P r i o r  t o  t e s t i n g  of t he  capsule ,  a por t ion  of the dimensions w i l l  be re- 

checked t o  assure  t h a t  no se r ious  d i s t o r t i o n  of t h e  gauge sec t ions  

occurred during e i t h e r  t h e  welding, postweld annealing, or f i l l i n g  and 

sea l ing  of t h e  capsule.  

11 ( 5 )  Engel, L. B., Determination of B iax ia l  Creep Strength of T-111 
Tantalum Alloy, Semi-Annual Report, NASA CR-72337, NASA Contract 
NAS 3-9437, Period March 8, 1967, t o  September 8, 1967, 

Engel, L. B. ,  Determination of Biaxial. Creep St rength  of T-111 
Tantalum Alloy," Semi-Annual Report, General E l e c t r i c  Report No. GESP-75, 
NASA Contract NAS 3-9437, Period September 8 ,  1967, t o  March 8,  1968. 
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Figure 10. Biaxial  Creep T e s t  Capsule Made From T-111 Alloy 
Seamless Tubing. (Orig. C680719171) 
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Assembly of t h e  test capsule,  Figure 11, preceded i n i t i a l l y  by 

welding the b o i l i n g  nuc lea tor ,  l i qu id  zone thermocouple w e l l  and bottom 

cap t o  t h e  capsule.  The condensing zone thermocouple w e l l  was we lded  t o  

t h e  top  cap. 

t i o n  03-0025-00, "Welding of Columbium, Tantalum, and Thei r  Alloys by 

t h e  Inert-Gas Tungsten A r c  Process." 

w e r e  wrapped with t w o  l aye r s  of Cb-1Zr a l l o y  f o i l  and postweld annealed 

i n  vacuum a t  2400'F f o r  one hour. The vacuum furnace used for  t h e  

annealing was previously qua l i f i ed  by annealing a 0.040-inch-thick T-111 

All welding was performed i n  accordance with NSP Spec i f ica-  

The capsule  and t o p  cap assembly 

a l l o y  coupon wrapped wi th  t w o  l a y e r s  of Cb-1Zr a l l o y  f o i l  and a s i m i l a r  

unwrapped coupon for one hour a t  240O0F. Chemical ana lys i s  of t h e  coupons 

f o r  oxygen, ni t rogen,  hydrogen, and carbon, a s  shown i n  Table 11, revealed 

no s i g n i f i c a n t  contamination i n  t h e  wrapped coupon and very s l i g h t  con- 

tamination i n  the  unwrapped coupon. In  both cases ,  t he  concentrat ion 

changes were wi th in  t h e  l i m i t s  required i n  NSP s p e c i f i c a t i o n  03-0037-00-A, 
? f  "Postweld Vacuum Annealing of Cb-1Zr and T-111 (Ta-8W-2Hf 1 Alloys. 

During t h e  postweld annealing of t h e  capsule  assemblies,  a 0.020-inch- 

t h i c k  T-111 a l loy  coupon which had been wrapped w i t h  t h e  capsule  was 

annealed and subsequently analyzed f o r  oxygen, n i t rogen ,  hydrogen, and 

carbon a s  a f u r t h e r  check f o r  poss ib le  contamination. The r e s u l t s  of 

t h i s  ana lys i s  given i n  Table I1 a l s o  showed no contamination. 

Following postweld annealing, t h e  pressure  t ransducer  was we lded  t o  

the  capsule  top. This w e l d  could not be postweld annealed s ince  t h e  

melting poin t  of t h e  braze a l loy  used i n  the  t ransducer  was less than  

240O0F. 

potassium. 

The capsule i s  shown i n  Figure 12 p r i o r  to f i l l i n g  wi th  

The assembled capsule  was then  placed i n  t h e  30 KV e l e c t r o n  beam 

welding chamber, shown i n  Figure 13, f o r  f i l l i n g  with potassium. The 

potassium r e f l u x  capsule  w a s  f i l l e d  w i t h  potassium procured from Mine 

Safe ty  Appliances Research Corporation. 

was hot trapped and d i s t i l l e d  before  shipment t o  General Electric.  The 

potassium was f u r t h e r  pu r i f i ed  a t  General Electric by vacuum d i s t i l l a t i o n  

a t  approximately 600°F a t  a pressure  i n  t h e  10 

t i tanium-l ined hot  t rap .  The p u r i f i c a t i o n  apparatus i s  shown i n  Figure 14. 

This high-puri ty  grade potassium 

-5 torr range i n t o  a 
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Figure 11. Seamless T-111 Alloy Biaxial Creep Test Capsule Prior to 
Assembly. (C68073104, C68082314, C68082315 & C68082316) 
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The hot t r a p  was used i n  t h i s  case a s  a c lean  s to rage  and t r a n s f e r  con- 

t a i n e r .  

p ressure  from t h e  hot  t r a p  i n t o  an annular  dispensing r e se rvo i r ,  shown 

i n  Figure 15, t o  a preca lcu la ted  he igh t  corresponding t o  t h e  volume 

required t o  r e s u l t  i n  t h e  test  capsule  being ha l f  f i l l e d  with l i q u i d  

potassium a t  t h e  test temperature.  The l iqu id  metal  l e v e l  was determined 

by means of a MSA Research Corporation Level Probe, The measured volume 

was then t r ans fe r r ed  under  argon pressure  through t h e  bellows-sealed 

f i l l i n g  l i n e ,  shown i n  Figure 16, i n t o  t h e  capsule.  The capsule  was 

posi t ioned under t h e  f i l l  l i n e  by means of a manipulator and a f l e x i b l e  

cable  which was at tached on one end t o  a gear  t r a i n  on the t u r n t a b l e  

and on the  o the r  end t o  a crank ou t s ide  t h e  chamber, Figures  13 and 16. 

I n  t h e  f i l l i n g  operat ion,  potassium was t r ans fe r r ed  under argon 

A waste conta iner  was placed on t h e  r o t a t i n g  t a b l e  t o  provide a means 

of i n i t i a l  f l u sh ing  of t h e  f i l l  l i n e  with potassium. When f i l l e d ,  the  

capsule  was ro t a t ed  from under t h e  f i l l  l ine,and t h e  capsule  l i d  was put  

i n  place wi th  t h e  manipulator. The manipulator is  sealed to t h e  chamber 

door by means of s l i d i n g  O-ring s e a l s .  The capsule  was posi t ioned under 

t h e  EB welding gm by moving t h e  t a b l e  holding the capsule  t o  t h e .  

opposi te  end of t h e  EB w e l d  tank. The gear  on the capsule  was adjusted 

t o  mesh w i t h  t h e  welding d r i v e  gear  such t h a t  t he  capsule  ro t a t ed  around 

i t s  a s i s  during welding. This gear  was cont ro l led  by a va r i ab le  speed 

motor t o  r o t a t e  a t  t h e  optimum welding speed. Copper c h i l l  b locks w e r e  

f i t t e d  on each capsule  t o  reduce t h e  hea t  conduction along t h e  capsule  

during welding, thereby, minimizing t h e  poss ib l e  vapor iza t ion  o f  t h e  

potassium which might cause unsound w e l d s .  

Analy t ica l  samples of t h e  potassium were obtained by f i l l i n g  a 

s t a i n l e s s  steel tube i n  the  same manner a s  the  capsule  was f i l l e d .  The 

r e s u l t i n g  oxygen analyses  by the  mercury amalgamation method indica ted  

t h e  oxygen concentrat ion t o  be 10 ppm. Meta l l i c  impur i t i e s  w e r e  d e t e r -  

mined by spectrographic  ana lys i s  and a r e  presented i n  Table 111. 

The OD dimensions of t he  capsule  i n  t h e  test sec t ion  region were 

rechecked, and no s i g n i f i c a n t  d i s t o r t i o n  was noted. The capsule  i s  present ly  

being i n s t a l l e d  i n  t h e  test f a c i l i t y  p r i o r  t o  t e s t i n g .  

Machining of test capsules  and s p e c i a l  u n i a x i a l  creep test spec i -  

mens from t h e  we lded  and reworked T-111 a l l o y  tube  is  now i n  progress .  

25 
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SPECTRO~PHIC A M L Y S I S  OF POTASSIUM USED IN 
BIAXIAL CREEP CAPSULE I 
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B. Test  F a c i l i t y  

capsules  on NASA Contract NAS 3-601.2(1) w i l l  be used f o r  the  t e s t i n g  of 

t h e  T-111 a l l o y  capsules .  Various minor design changes have been 

completed and a r e  discussed i n  earlier r epor t s .  

The same test  f a c i l i t y  which was used for t e s t i n g  t h e  D-43 a l l o y  

(5,6) 

A l l  of t he  W-25Re/W-3Re thermocouples t o  be used f o r  t he  f i r s t  

capsule  test were ca l ib ra t ed  aga ins t  a new Pt /Pt  - lORh thermocouple a t  

temperatures between 1700'F and 2300'F. The Pt /Pt  - lORh thermocouple 

was previously ca l ib ra t ed  aga ins t  t h e  melting poirits of s i l v e r  and 

copper. The c a l i b r a t i o n  of t h e  W-Re thermocouples was accomplished by 

placing the  W-Re and Pt-Rh thermocouples i n  a 0.25-inch-diameter w e l l  

wi th in  a 1.25-inch-diameter x 4-inch-long molybdenum cyl inder .  The 

molybdenum cy l inde r  was placed i n  t h e  capsule  test f a c i l i t y  i n  the  same 

loca t ion  a s  t h a t  f o r  t h e  test  capsule  and the  f a c i l i t y  evacuated and 

baked out .  The cy l inde r  was then heated wi th  t h e  tantalum s t r i p  hea te r  

which w i l l  be  used for t he  capsule  tes t .  A 32'F re ference  junc t ion  w a s  

u t i l i zed ,and  the  c a l i b r a t i o n  was done i n  accordance with ASTM Speci f ica-  

t i o n ,  "Cal ibra t ion  of Thermocouples by Comparison Techniques," ASTM 

Designation: E220-64. 

This c a l i b r a t i o n  w i l l  be repeated a t  t he  end of the  capsule  t e s t i n g  

t o  eva lua te  any changes during t e s t i n g .  

The test  f a c i l i t y  i s  now ready for i n s t a l l a t i o n  of t h e  tes t  capsule.  

The c a l i b r a t i o n  of t h e  l i n e a r  va r i ab le  d i f f e r e n t i a l  t ransformers  (LvDT's), 

which remains t o  be done, w i l l  be completed a f t e r  i n s t a l l a t i o n  of t h e  

t es t  capsule.  

Harrison, R.  W . ,  "The Compatibi l i ty  of B iax ia l ly  S t ressed  D-43 Alloy 
with Refluxing Potassium," NASA Contractor  Report NASA CR-807, NASA 
Contract NAS 3-6012, June 1967. 

Engel, L. B., "Determination of B i a x i a l  Creep St rength  of T-111 
Tantalum Alloy," Semi-Annual Report, NASA CR-72337, NASA Contract  
NAS 3-9437, Period March 8, 1967, t o  September 8, 1967. 

Engel, L. B., Determination of B i a x i a l  Creep St rength  of T-111 
Tantalum Alloy," Semi-Annual Report, General Electr ic  Report N o .  
GESP-75, NASA Contract NAS 3-9437, Period September 8, 1967, t o  
March 8, 1968. 
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C . Preliminary Uniaxia 1 Creep Testing 

Preliminary un iax ia l  c reep  tests a r e  being used t o  o b t a i n  base l ine  

c reep  d a t a  f o r  the f i n a l  s e l e c t i o n  of test condi t ions  f o r  t h e  5000 hour 

tests and t o  eva lua te  a special un iax ia l  c reep  test specimen design 

which more c l o s e l y  resembles t h e  b i a x i a l  capsule  test sec t ion  design. 

T e s t  condi t ions  f o r  t h e  prel iminary un iax ia l  c reep  tests were 

se l ec t ed  such t h a t  1% creep  would be obtained i n  approximately 100 hours. 

The uniax ia l  c reep  t e s t i n g  has been performed i n  t h e  bakeable, ge t t e r - ion  

pumped creep  f a c i l i t y  capable  of a 10 t o r r  vacuum shown i n  Figure 17. 

The elongat ion during t e s t i n g  i s  measured o p t i c a l l y  from f i d u c i a l  marks 

on the  gauge length  of t he  test specimen and recorded continuously from 

the  output of a l i n e a r  va r i ab le  d i f f e r e n t i a l  t ransformer located on t h e  

ex terna l  por t ion  of t h e  load t r a i n .  

-10 

The more conventional un iax ia l  c reep  test specimen which i s  being 

used i s  shown i n  Figures  18 and 19. The specimens a r e  machined d i r e c t l y  

froni the  w a l l  of t h e  tubing and are not  f l a t t e n e d .  The a c t u a l  test s e c t i o n  

of this type of specimen u t i l i z e s  t h e  e n t i r e  w a l l  th ickness  of t h e  as-  

r e c e i v e d  T-111 a l l o y  tube. Three prel iminary un iax ia l  c reep  t e s t s  using 

conventional t e s t  specimens were planned and have been completed. 

The f i r s t  prel iminary un iax ia l  c r eep  test  was conducted a t  2200OF 
-9 

a t  a stress of 15,000 p s i  i n  a vacuum of < 4 x 10 t o r r .  From t h e  l e a s t  

squares l i n e a r  c o r r e l a t i o n  of t h e  da ta  p l o t t e d  i n  Figure 20, one percent 

c reep  was found t o  occur i n  156.5 hours. The sca t te r  observed i n  t he  

data w a s  found t o  be a r e s u l t  of inaccurac ies  i n  t h e  o p t i c a l  extensiometer.  

The o p t i c a l  extensiometer was repa i red  and r e c a l i b r a t e d  p r i o r  t o  i n i t i a t i o n  

of the second test. 

The second prel iminary un iax ia l  c r eep  test was conducted a t  2350OF 
-8 

a t  a stress of 10,000 p s i  i n  a vacuum of < 1 x 10  t o r r .  From t h e  

least’ squares  l i n e a r  c o r r e l a t i o n  of t h e  data  p lo t t ed  i n  Figure 21, one 

percent c reep  w a s  found t o  occur i n  181 hours.  The t w o  test i n t e r r u p t i o n s  

shown i n  Figure 21 were t h e  r e s u l t  of power f a i l u r e s  caused by major sub- 

s t a t i o n s  r epa i r s .  There w a s  no apparent e f f e c t  of t h e s e  i n t e r r u p t i o n s  on 

t h e  test data .  
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The t h i r d  prel iminary un iax ia l  c reep  test was conducted a t  2300°F a t  

-8 a stress of 12,500 p s i  i n  a vacuum of < 1 x 10 torr.  From t h e  l e a s t  

squares l i n e a r  c o r r e l a t i o n  of t h e  data p l o t t e d  i n  Figure 22, one percent  

c r eep  was found t o  occur i n  84.1 hours. The  data from the  f i r s t  t h r e e  

uniax ia l  tests compare favorably w i t h  simi1a.r 1% creep  data  repor ted  by 

S h e f f l e r  and S t e i g e r ~ a l d ' ~ )  i n  Figure 23. 

The previously discussed prel iminary un iax ia l  c reep  test  r e s u l t s  were 

then used i n  s e l e c t i n g  the  test temperature f o r  the f i r s t  b i a x i a l  capsule  

test. 

t he  s t r e s s  generated i n  the t h i n  w a l l  test sec t ion  i s  d i r e c t l y  dependent 

f o r  any given mean capsule  rad ius  and w a l l  th ickness ,  on the potassium 

vapor pressure  developed within the capsule  a t  the  test temperature. Thus 

f o r  a f ixed  mean capsule  rad ius  and wall  thickness ,  the stress developed 

i n  the test sec t ion  is  d i r e c t l y  determined by t h e  c a p s u l e  temperature. Also, 

t o  o b t a i n  some spec i f i ed  amount of c reep  i n  t h e  capsule  i n  a spec i f i ed  t i m e ,  

the  necessary stress and test temperature a r e  aga in  i n t e r r e l a t e d .  This 

r e l a t i o n s h i p  i s  dependent on the  bas ic  c reep  p rope r t i e s  of t h e  T-111 a l l o y  

and i s  dependent of t h e  stress - temperature r e l a t i o n s h i p  from t h e  potas-  

sium pressure  discussed ear l ie r .  Therefore, i t  is obvious t h a t  t o  ob ta in  

a c e r t a i n  amount of c reep  i n  a spec i f i ed  t i m e  and i n  a capsule  of f ixed  

dimensions, only one test temperature e x i s t s .  

Since t h e  capsule  i s  f i l l e d  with potassium and sea led  under vacuum, 

The des i red  test  temperature can be r e a d i l y  determined by the  u s e  

of a Larson-Miller parameter p lo t .  The preliminary un iax ia l  1% creep  

data can be p lo t t ed  on the  parameter p l o t  i n  t h e  normal way a s  shown i n  

Figure 24. T h i s  data w i l l  a l low an approximate ex t r apo la t ion  f o r  the 

temperature and stress l e v e l s  needed to  ob ta in  the des i red  1% creep  over 

t he  planned test per iod of 5000 hours. Next using t h e  temperature - vapor 

pressure  da t a  f o r  potassium shown i n  Figure 25, and t h e  r e l a t i o n s h i p  f o r  

determining t h e  stress i n  a t h i n  w a l l  cy l inder :  

f t  ( 7 ) S h e f f l e r ,  K. D. and Steigerwald,  E. A. ,  Generation of Long Time Creep 
Data on Refractory Alloys a t  Elevated Temperatures," F i f t e e n t h  Quar te r ly  
Report, NAS-CR-72431, NASA Contract  NAS 3-9439, Period December 14 , 1967 
t o  March 27, 1968, Apr i l  14 (1968). 
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Figure 23. Larson-Miller Plot of One Percent Creep Data for T-111 Alloy 
Annealed at 3000°F f o r  One Hour and Tested in Vacuum Environ- 
ments of <1 x Torr.  
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where, 

p = i n t e r n a l  pressure  i n  capsule  (potassium vapor pressure)  

3: = mean rad ius  of capsule  (0.6734 i n . )  
= th ickness  of capsule  w a l l  i n  test s e c t i o n  (0.0191 i n . )  tl 

the  stress generated i n  t h e  capsule  test s e c t i o n  a s  a r e s u l t  of the potas- 

sium pressure  can be computed a t  var ious temperatures. This r e l a t i o n s h i p  

can be shown on t h e  same Lars&-Miller parameter p l o t  as t h e  1% creep  

da ta  shown i n  Figure 24 by using t h e  planned test t i m e  of 5000 hours i n  

computing t h e  parameter P. The t w o  curves  represent  t h e  two stress - 
temperature r e l a t ionsh ips  discussed e a r l i e r  and t h e i r  i n t e r s e c t i o n  y i e l d s  

t h e  des i red  test temperature f o r  t he  5000 hour test. The ind ica t ed  para- 

meter of 49.8 r e s u l t s  i n  a test temperature of 2203OF f o r  t h e  5000 hour 

test. A test temperature of 220O0F was then s e l e c t e d  which should r e s u l t  

i n  approximately t h e  1% creep  which is  desired.  

The s p e c i a l  un iax ia l  c reep  test specimen i s  shown i n  Figures  26 and 

27. The specimens were made by machining a reduced w a l l  test s e c t i o n  i n  

the  T-111 a l l o y  tubing which i s  i d e n t i c a l  t o  t h a t  i n  the  b i a x i a l  test 

capsules ,  d r i l l i n g  appropr i a t e  ho les  i n  t h e  ends of t h e  tube f o r  gr ipping  

during un iax ia l  t e s t i n g ,  and then long i tud ina l ly  sec t ion ing  t h e  tube t o  

form four  test specimens. The test specimen gage s e c t i o n  c o n s i s t s  of t he  

inner 0.020 inch  of the tubing wal l  s i m i l a r  t o  t h e  reduced wal l  s e c t i o n  

i n  t h e  b i a x i a l  capsule  test and has been machined i n  t h e  same manner. 

One of t hese  specimens w i l l  be t e s t e d  under the  same condi t ions  a s  pre- 

l iminary un iax ia l  test No. 3 (2300°F, 12,500 p s i  stress, conventional 

specimen design)  to  allow a comparison between t h e  t w o  specimen designs.  

If the un iax ia l  c reep  test r e s u l t s  f o r  t h e  s p e c i a l  tes t  specimen design 

a r e  acceptable ,  t h i s  type of specimen w i l l  be used f o r  t h e  5000 hour uni- 

a x i a l  tests t o  be run concurrent ly  with t h e  capsule  tests. 

D. Potassium Pressure Transducer 

The assembly and f i n a l  c a l i b r a t i o n  of the potassium pressure  t rans-  

ducer,  shown i n  Figure 28, which w i l l  be used to  measure t h e  potassium 

pressure  i n  t h e  seamless T-111 a l l o y  r e f lux ing  capsule  during t e s t i n g  
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Figure 27. Special  Uniaxial  Creep T e s t  Specimens Made From 
Seamless T-111 Alloy Tubing. (C680719170) 
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has been completed. The c a l i b r a t i o n  of t h e  t ransducer  was accomplished 

by applying an argon gas  pressure  to t h e  potassium s i d e  of t h e  t ransducer  

to s imula te  t h e  potassium vapor pressure.  This pressure  was determined 

with a previously c a l i b r a t e d  s tandard pressure  system, shown i n  Figure 29. 

The previously descr ibed pressure  system, '6) which w i l l  be used during t h e  

a c t u a l  test  operat ion,  w a s  then used t o  determine t h e  pressure  previously 

appl ied  to  t h e  potassium s i d e  of t h e  t ransducer  a s  shown i n  Figure 30. 

The capsule  was contained i n  an evacuated EB weld tank and heated with a 

sheathed r e s i s t a n c e  h e a t e r  shown i n  Figure 31 during t h e  c a l i b r a t i o n  a t  

e levated temperatures.  The temperature of t h e  t ransducer  was measured 

w i t h  Pt/Pt - 10 Rh thermocouples a t t ached  to t h e  t ransducer  body. The 

t ransducer  w a s  i n s u l a t e d  with tantalum hea t  s h i e l d s  a s  shown i n  Figure 

32. The c a l i b r a t i o n  w a s  performed a t  room temperature,  450°F, 600"F, and 

800°F a t  pressures  i n  t h e  range from 0 to 400 ps ia .  The r e s u l t s  of t h e  

c a l i b r a t i o n  a r e  shown i n  Table I V .  Excellent performance of t h e  trans- 

ducer was observed. A t  var ious t i m e s  dur ing t h e  ca l ib ra . t i on  t h e  diaphragm 

was over pressured by a s  much as 100 p s i  with no de t r imenta l  effects on 

the  t ransducer ' s  opera t ion  o r  accuracy. The very small. random e r r o r s  

observed are not a t t r i b u t e d  to t h e  s e n s i t i v i t y  of t h e  t ransducer  but a r e  

a r e s u l t  of the i n a b i l i t y  to  accurately a d j u s t  the pressure  t o  o b t a i n  an  

exact n u l l  point .  I n  any case,  t h e  accuracy of t h e  t ransducer  i s  con- 

s idered  good and s i n c e  the  t ransducer  i s  a d i r e c t  reading instrument  a t  

a l l  temperatures and pressures  no c a l i b r a t i o n  co r rec t ions  a r e  needed. 

45 



Figure 29. The System Used to Directly Measure Argon Gas Pressure on 
Potassium Side of Biaxial Creep Capsule Pressure Transducer 
During Calibration (Orig. C68081306). 

Figure 30. Instrumentation for the Calibration of the Potassium Pressure 
Transducer (Standard Pressure System Not Shown) (Orig . C68081307) 

46 



I cx 
k - 3  0 
a l l4  m 

N m 
a) 
k 
3 
M 
.rl 
F 

. 
rl m 

47 



TABLE IV 

CALIBRATION DATA FOR THE POTASSIUM PRESSURE TRANSDUCER- 
T-111 ALfX)Y BIAXIAL CREEP CAPSULE TEST 

Transducer Standard Reference 
Temperature Pressure,  ps ia  

RT 25.1 
104.0 
172.0 
200.0 
254.0 
300.0 
350.5 
398.0 
304.0 
249.5 
197.5 
149.0 
98.7 
52.5 

250°F 

GOOOF 

800°F 

100.5 
200.5 
300.5 
350.0 

109.5 
199.5 
300.5 
349.0 

100.3 
199.5 
300.0 
349.5 

Transducer 
Pressure(a 1, ps ia  

26.3 
104.5 
172.8 
201.2 
254.2 
300.6 
350.6 
398.5 
303.2 
249.5 
197.8 
149.0 

98.3 
52.6 

100.3 
200.5 
300.6 
350.3 

108.8 
199.2 
299.7 
349.0 

100.3 
199.2 
300.0 
349.8 

E r r o r  psia  

+ 1.2 
4- 0.5 
+ 0.8 
+ 1.2 
+ 0.2 
+ 0.6 
+ 0.1 
+ 0.5 
- 0.8 

0.0 
+ 0.3 

0.0 
- 0.4 
+ 0.1 

- 0.2 
0.0 

+ 0.1 
+ 0.3 

- 0.7 
- 0.3 
- 0.8 

0.0 

0.0 
- 0.3 

0.0 
+ 0.3 

(a )  Determined with t ransducer  pressure  system. 
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IV. FUTURE PUNS 

A .  The T-111 a l l o y  test capsule  made from t h e  seamless tube w i l l  be 

i n s t a l l e d  i n t o  t h e  test f a c i l i t y  and t e s t i n g  of t h e  capsule  w i l l  

be i n i t i a t e d .  

B. Uniaxial  c reep  t e s t i n g  of specimens from t h e  T-111 a l l o y  tubing 

w i l l  continue.  
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