
https://ntrs.nasa.gov/search.jsp?R=19690020895 2020-03-12T03:42:59+00:00Z





GESP-237 

SEXt-ANNUAL REPORT 

DETERMINATION OF BIAXIAL CREEP STRENGTH 
OF T-111 TANTALUM ALLOY 

prepared by 
L. B. E n g e l ,  Jr. 

approved by 
R. W. H a r r i s o n  

NUCLEAR SYSTEMS PROcfRAMS 
MISSILE AND SPACE DIVISION 

GENERAL ELECTRIC COMPANY 
C i n c i n n a t i ,  O h i o  45215 

prepared fo r  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Period S e p t e m b e r  8 to March 8, 1969 

June 17, 1969 

CONTRACT NAS 3-9437 

NASA L e w i s  R e s e a r c h  C e n t e r  
C l e v e l a n d ,  O h i o  

Mater ia l s  Section 
R o b e r t  L. D a v i e s ,  Project Manager 





I .  INTRODUCTION 

11. SUMMARY 

TABLE OF CONTENTS 

111. PROGRAM STATUS 

A .  T-111 A l l o y  T e s t  C a p s u l e  Manufacture 

B. B i a x i a l  C r e e p  C a p s u l e  Testing 

C. P r e l i m i n a r y  U n i a x i a l  C r e e p  T e s t i n g  

D.  5000 H o u r  U n i a x i a l  C r e e p  Testing 

I V .  FUTURE P U N S  

PAGE NO. 
1 

3 

5 

5 

6 

13 

17 

19 

iii 



LIST OF ILLUSTRATIONS 

Figure YO. Page No. 

1 T-111 Alloy B iax ia l  Creep Capsule T e s t  F a c i l i t y  7 

2 Equivalent Uniaxial  Creep i n  t h e  Liquid Zone of 
B iax ia l  Creep Capsule I 9 

3 Equivalent Uniaxial  Creep i n  t h e  Condensing Zone 
of Biaxia l  Creep Capsule I LO 

of Biaxia l  Creep Capsule I 11 

of B iax ia l  Creep Capsule I 12 

4 Equivalent Uniaxial  Creep Rate i n  t h e  Liquid Zone 

3 Equivalent Uniaxial  Creep Rate i n  t h e  Condensing Zone 

6 Conventional T-111 A l l o y  Uniaxial  Creep T e s t  Specimen 
P r i o r  t o  Test ing 14 

7 Special  Uniaxial  Creep T e s t  Specimen Made from Seam- 
l e s s  T-111 Alloy Tubing. The Contour of t h e  Specimen 
is  Iden t i ca l  t o  t h e  Biaxia l  Creep Capsule Contour i n  
the  T e s t  Sect ion and S t r e s s  Attenuat ing F i l l e t s  and 
is a Quarter Sect ion of t h e  Tube 15 

Uniaxial  Creep of T-111 Alloy Tested a t  2300°F wi th  a 
12,500 p s i  S t r e s s  i n  a Vacuum of (1 x Torr. The 
Special  Specimen w a s  Machined from the  Seamless Tube 
(Preliminary Uniaxial  T e s t  No. 4) 16 

8 

i v  



DETEMNATION OF BIAXIAL CREEP STRENGTH 
OF T-111 TANTALUM ALUlY 

I. INTRODUCTION 

This report covers t h e  per iod from September 8 ,  1968 t o  March 8 ,  

1969, 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  tubing under a b i a x i a l  s t a t e  of stress, and to  

e v a l u a t e  t h e  e f f e c t s  of stress on t h e  corrosion behavior of T-111 a l l o y  

with potassium. Potassium re f lux ing  capsules  of seamless and welded and 

reworked T-111 a l l o y  tubing a r e  being t e s t e d  under cond i t ions  which w i l l  

r e s u l t  i n  one t o  f i v e  percent  equivalent  un iax ia l  s t r a i n  during a 5000- 

hour  exposure. The capsule  test temperature is 220O0F. The capsule  

wl ls  a r e  reduced i n  t h e  potassium l i q u i d  region and i n  t h e  vapor con- 

densing region t o  provide gauge sections where t h e  ex ten t  of c r eep  can 

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

developed under an e a r l i e r  NASA cont rac t .  (1) 

("Harrison, R. W., "The Compatibi l i ty  of B iax ia l ly  S t ressed  D-43 A l l o y  
with Refiuxing botassium," NASA CR-807, June, 1967. 





11. SuMFllARY 

Machining and u l t r a s o n i c  in spec t ion  of a test capsule  from the welded 

and reworked T-111 a l l o y  tube has  been completed. 

f o r  postweld annealing. 

The capsule  i s  now ready 

Test ing of Biaxia l  Creep Capsule I, f a b r i c a t e d  from seamless T-111 

a l l o y  tubing, was i n i t i a t e d .  As of March 8, 1969, 3635 hours of t e s t i n g  

have been completed with the  capsule  a t  2200°F, A t  t h a t  t i m e  t h e  equiv- 

a l e n t  un iax ia l  c r eep  was 0.98% i n  t he  l i q u i d  zone and 0.93% i n  t he  con- 

densing zone. 

The f o u r t h  preliminary un iax ia l  test has been completed. 

The first 5000-hour un iax ia l  c r eep  test was i n i t i a t e d  a t  2200OF w i t h  

a stress of 8100 ps i .  As of March 8, 1969, 1914 hours of t e s t i n g  have 

been completed, 
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111. PROQtAM STATUS 

A .  T-111 ALLOY TEST CAPSULE IvNW'FACTURE 

A s  a r e s u l t  of t h e  cracking and l ack  of s t r a i g h t n e s s  i n  t h e  f inished,  

welded and reworked T-111 a l l o y  tube,  there is  only s u f f i c i e n t  m a t e r i a l  

t o  make one test capsule  from t h i s  tube. Manufacture of a second capsule  

from t h e  welded and reworked T-111 a l l o y  tube would r e q u i r e  s i g n i f i c a n t  

reduct ions of t h e  capsu le ' s  dimensional to le rances .  

Honing of the I D  of t h e  welded and reworked T-111 a l l o y  tubing t o  

be used i n  making t h e  test capsule  was completed a t  Delta Tool Inc., 

Warren, Michigan. Ul t rasonic  in spec t ion  of t h e  tubing a f t e r . h o n i n g  ind i -  

ca ted  one s m a l l  de fec t  near  t h e  I D  of t h e  tube and 1.5 inches i n  from one 

end of t h e  tube. This loca t ion  places  t h e  de fec t  wi th in  t h e  stress a t t en -  

ua t ing  f i l l e t  a t  a point  where the  wal l  th ickness  w i l l  be approximately 

0.027 inch  th i ck .  A defec t  of s i g n i f i c a n t  s i z e  i n  t h i s  a rea  could in-  
f luence  the c reep  behavior of t h e  ad jacent  test sec t ion .  Therefore t o  

more accura te ly  determine t h e  size and l o c a t i o n  of t h e  defec t ,  a r e fe r -  

ence mark was placed on t h e  capsule  f o r  l o c a t i n g  t h e  de fec t  a rea  a f t e r  

machining and the OD f i l l e t  contours w e r e  machined i n t o  t h e  test capsule .  

Following machining, t h e  de fec t  area was re-examined using u l t r a s o n i c  

techniques t o  determine i n  more d e t a i l  t h e  na tu re  of t h e  defec t .  No 

defec t  was observed i n  t h e  a rea  where a de fec t  had been de tec ted  i n  t h e  

inspec t ion  p r i o r  to  f i n a l  machining. 

Pretest dimensioning and assembly of t h e  test capsule  has  been 

completed i n  t h e  same manner a s  t h a t  used f o r  B iax ia l  Creep Capsule I, 

made from t h e  seamless T-111 a l l o y  tube. (2) The test capsule,  B iax ia l  

Creep Capsule 11, made from t h e  welded and reworked T-111 a l l o y  tube,  

i s  now ready f o r  postweld annealing. 

f' (2'Engel, L. B., Determination of B iax ia l  Creep St rength  of T-111 Tantalum 
Alloy, Semi-annual Report, NASA-CR-72528, General Electric Company, 
NSP, MSA Contract  M S  3-9437, Period March 9, 1968, t o  September 8 ,  1968. 

I f  
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B. BIAXIAL CREEP CAPSULE TESTING 

Biaxia l  Creep Capsule I, made from t h e  seamless T-111 a l l o y  tube,  

was i n s t a l l e d  i n  the test f a c i l i t y  a s  shown i n  F igure  1. The 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) were c a l i b r a t e d  p r i o r  t o  

i n s t a l l a t i o n  and t h e i r  p rec i s ion  was found t o  be approximately f 0.0001- 

inch.  The 18-inch diameter,  ge t t e r - ion  pumped, vacuum chamber was sea l ed  

and evacuated t o  approximately 5 x 10 tor r  before  bakeout was i n i t i a t e d .  

The chamber was baked out  a t  500°F f o r  12 hours. During t h i s  t i m e  t h e  

argon gas pressure  s y s t e m  which i s  connected t o  t h e  potassium pressure  

t ransducer  was a l s o  evacuated and baked out  a t  approximately 500OF. 

Following bakeout, the gas pressure  system was f i l l e d  with argon and 

evacuated t h r e e  t i m e s  before  f i n a l  f i l l i n g  t o  a pressure  of approximately 

5 ps ia .  

-7 

On October 2, 1968, hea t ing  of t h e  test capsule  was i n i t i a t e d .  

When the  t e s t  capsule  temperature reach 1000°F, power was appl ied  to  

the  bo i l ing  nuc lea tor  hea te r  and t h e  nuc lea tor  temperature was maintained 

between 100 and 150'F above t h e  test capsule  temperature during subse- 

quent capsule  heat  up. S l i g h t l y  less uniform b o i l i n g  was noted i n  the 

capsule  when t h e  capsule  reached approximately 1300°F but t h i s  condi t ion  

subsided a t  approximately 1500°F. When t h e  test capsule  temperature 

reached 1800"F, t h e  p o w e r  t o  t h e  b o i l i n g  nuc lea to r  was turned of f  and 

no changes i n  bo i l ing  s t a b i l i t y  w e r e  observed. During capsule  hea t  up 

t h e  argon gas  pressure  i n  t h e  pressure  t ransducer  gas sys t em w a s  in -  

creased so a s  t o  produce a minimum pressure  d i f f e r e n t i a l  on t h e  t rans-  

ducer diaphragm. The capsule  reached t h e  2200°F test temperature on 

October 7 ,  1968. The maximum chamber pressure  reached during capsule  

heat  up was 7 x torr .  As of March 8, 1969, 3635 hours of t e s t i n g  

of t h e  planned 5000 hours have been completed. The vacuum chamber 

pressure  a t  t h a t  t i m e  was 5.9 x 10'' torr .  

The average potassium pressure  i n  t h e  test  capsule  a t  t h i s  t i m e  i s  

267.0 ps ia  and r e s u l t s  i n  average equivalent  un iax ia l  stresses i n  the  

test sec t ions  of 8229 p s i  i n  t h e  l i q u i d  zone and 8106 p s i  i n  the  condens- 

ing zone. 
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Figure 1 .  T-111 Alloy Biaxial  Creep Capsule T e s t  F a c i l i t y .  (P68-9-45B) 
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The equivalent  un iax ia l  c r eep  da ta  f o r  B iax ia l  Creep Capsule I i n  

t h e  l i q u i d  zone and condensing zone a r e  shown i n  Figures  2 and 3, re- 

spec t ive ly .  The data  f o r  t h e  l i q u i d  zone was computed from capsule  

diameter measurements obtained with LVDT'S. The data  f o r  t h e  condens- 

i ng  zone was computed from capsule  diameter measurements obtained with 

an o p t i c a l  extensometer. The LVDT's being used i n  t h e  condensing zone 

became inope ra t ive  during t e s t i n g  and could not  be used. The s c a t t e r  

i n  t h e  da ta  f o r  t h e  condensing zone i s  t h e  r e s u l t  of not being a b l e  t o  

accura te ly  l o c a t e  t h e  s i d e s  of t h e  capsule  with t h e  o p t i c a l  extensometer. 

The curves shown i n  Figures  2 and 3 w e r e  developed by i t e r a t i v e  least 

squares so lu t ions (3 )  of t h e  Garofalo creep-time equat ion:  (4 1 

€ =  

where : 

€ =  

- 
€0 - 

€ t  - 
- 

r =  

The de r iva t ives  of 

s t r a i n  a t  t i m e  t 

s t r a i n  observed upon loading 

l i m i t i n g  t r a n s i e n t  c r eep  s t r a i n  

r a t i o  of t r a n s i e n t  c r eep  r a t e  to  t r a n s i e n t  c r eep  
s t r a i n  

secondary c reep  r a t e .  

the  curves i n  Figures  2 and 3, which y i e l d  t h e  c reep  

r a t e s  f o r  t h e  tests, a r e  shown i n  Figures  4 and 5, r e spec t ive ly ,  and 

i n d i c a t e  that secondary c reep  w a s  e s t ab l i shed  a f t e r  approximately 2000 

hours of t e s t i n g .  An ex t r apo la t ion  of t h e  Garofalo equat ion t o  5000 

hours p r e d i c t s  t h a t  approximately 1.3 percent  c r eep  should be obtained 

i n  t h e  c a p s u l e  i n  5000 hours of t e s t i n g .  

(3)Deming, W. E. , S t a t i s t i c a l  Adjustment of Data, Dover Publ ica t ions ,  

(4)Garofalo, F., Fundamentals of Creep and Creep-Rupture i n  Metals, 

Inc. ,  New York (1964). 

The Macmillan Company, New York, p. 16-17 (1965). 
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C. PRELIMINARY UNIAXIAL CREEP TESTING 

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

c reep  data  f o r  t he  f i n a l  s e l e c t i o n  of test condi t ions  f o r  the 5000-hour 

tests and t o  eva lua te  a s p e c i a l  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 section design. 

I n  t h e  t h r e e  previously completed prel iminary un iax ia l  tests, a 

more conventional test specimen, shown i n  Figure 6, w a s  u t i l i z e d .  From 

the  r e s u l t s  of t hese  tests, a tes t  temperature of 2200'F was se l ec t ed  

f o r  the  5000-hour b i a x i a l  c r eep  capsule  test. ( 5 )  Present ly ,  a f o u r t h  

preliminary uniax ia l  creep test has been completed using t h e  s p e c i a l  

u n i a x i a l  test specimen shown i n  Figure 7. A s  mentioned e a r l i e r ,  t h i s  

specimen more c l o s e l y  resembles t h e  b i a x i a l  capsule  test s e c t i o n  i n  t h a t  

i t  has a s i m i l a r  reduced w a l l  test section wi th  stress a t t e n u a t i n g  f i l l e t s .  

The f o u r t h  prel iminary un iax ia l  c r eep  test was conducted a t  t h e  same . t e s t  

condi t ions  a s  t h e  t h i r d  prel iminary test, i.e., 2300'F a t  a stress of 

12,500 p s i  i n  a vacuum of <1 x lom8 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 he  data  p l o t t e d  i n  Figure 8, one percent  c r eep  was found 

t o  occur i n  5 8 . 6  hours. A s i m i l a r  t reatment  of the data  from t h e  t h i r d  

test shoved one percent c reep  t o  occur i n  84.1 hours; The c reep  r a t e s  

were found t o  be 1.052 x i n / i n / h r  and 1.173 x i n / i n / h r  f o r  t h e  

third and f o u r t h  t e s t s  respec t ive ly .  Poss ib le  explanat ion of t h e  d i f f e r -  

ences i n  the test r e s u l t s  because of test  specimen design a r e  not  s t r a i g h t  

forward s ince  a s t a t i s t i c a l  t reatment  of t h e  da ta  shows t h e  creep r a t e  f o r  

t he  t h i r d  test  t o  be 1.052 x f 0.043 x in / in /h r ,  and f o r  the 

f o u r t h  test  1.172 x f 0.146 x in / in /h r  using a 95 percent  con- 

f idence  l e v e l .  Although t h e  c reep  r a t e  f o r  t h e  f o u r t h  test  appears l a r g e r  

than t h a t  f o r  t he  t h i r d  test, cons idera t ion  of t h e  error l i m i t s  i n d i c a t e s  

t h a t  t h e  c reep  r a t e s  may not be s i g n i f i c a n t l y  d i f f e r e n t .  More tests of 

longer  dura t ion  would be needed t o  improve t h e  eva lua t ion .  

(5)Engel: L .  B., 11 Determination of 
I 1  lum Alloy, Semiannual Report, 

NSP, NASA Contract  NAS 3-9437, 
1968. 

B iax ia l  Creep St rength  of T-111 Tanta- 
NAS-CR-72528, General Electric Company, 
Period March 9, 1968, t o  September 8 ,  
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Figure 7. Special Uniaxial Creep Test Specimen Made from Seamless T-111 
Alloy Tubing. The Contour of the Specimen is Identical to 
the Biaxial Creep Capsule Contour in the Test Section and 
Stress Attenuating Fillets and is a Quarter Section of the 
Tube. (C680719170) 
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D. 5000-HOUR Ulc'IAXIAL CREEP TESTING 

I n  t h e  present  program, two 5000-hour un iax ia l  tests a r e  scheduled, 

Because of t h e  p r e l i m i n a r y  un iax ia l  c reep  test r e s u l t s  i t  has been de- 

cided t o  test one conventional design specimen and one s p e c i a l  design 

specimen. The first 5000-hour un iax ia l  c r eep  test w a s  i n i t i a t e d  on 

December 18,  1968. The test  specimen i s  t h e  s p e c i a l  test specimen 

shown previously i n  Figure 7 .  

Pr io r  t o  loading t h e  test specimen, i t  was annealed a t  2400'F f o r  

one hour i n  t h e  c reep  f a c i l i t y  a t  p r e s s u r e s  of less than 4 x loe8 t o r r  

a s  were the  previous prel iminary un iax ia l  tests. This  hea t  t reatment  

gives  the  un iax ia l  test specimens t h e  same thermal h i s t o r y  a s  t h e  b i a x i a l  

c reep  capsule  which was postweld annealed a t  2400'F f o r  one hour. Fol- 

lowing t h e  anneal t h e  specimen temperature was reduced t o  2200'F and 

loaded t o  a stress of 8100 ps i .  The test  condi t ions  f o r  t h e  un iax ia l  

t e s t  a r e  the re fo re  approximately the  same a s  those  f o r  t h e  b i a x i a l  c reep  

capsule.  A s  of March 8, 1969, 1914 hours of t e s t i n g  have been completed. 

The vacuum chamber pressure  a t  t h a t  t i m e  was 4.7 x 10'' torr .  

of t h e  test da ta  i s  now i n  progress.  

Analysis  
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IV. FUTURE PLANS 

A .  Preparat ion of t h e  test capsule  from the welded and reworked T-111 

tube w i l l  be completed and t h e  capsule  w i l l  be put  on test. 

B. Biax ia l  Creep Capsule I w i l l  complete 5000 hours of t es t ing  a t  

2200'F on May 4, 1969. 

C. The f i r s t  un iax ia l  c r eep  test w i l l  complete 5000 hours of t e s t i n g  

a t  2200'F on J u l y  14, 1969. 

D. The second un iax ia l  c r eep  test w i l l  be i n i t i a t e d .  

19 
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