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DETERMINATION OF BIAXIAL CREEP STRENGTH
OF T-111 TANTALUM ALLOY

I. INTRODUCTION

' This report covers the period ffom September 8, 1968 to March 8,
1969,‘of a program to docdment the creep behavior of seamless and welded
and reworked‘T—lll alloy tubing under a biaxial state of stress, and to
evaluate the effects of stress on the corrosion behavior of T-111 alloy
with potassium, Potassium refluxihg capsules of seamless and welded and
reworked T-111 alloy tubing are being tested under conditions which will
result in one to five percent equivalent uniaxial strain during a 5000~
hour exposure, The capsule test temperature is 2200°F, The capsule
walls are reduced in the potassium liquid region and in the vapor con-
densing region to providé gauge sections where the éxtent of creep can
be measured, The testing is being done in a manner similar to that

1)

developed under an earlier NASA contract.

(I)Harrison, R. W., "The Compatibility of Biaxially Stressed D-43 Alloy

with Refluxing Potassium,” NASA CR-807, June, 1967,






II. SUMMARY

Machining and ultrasonic inspection of a test capsule from the welded
and reworked T-111 alloy tube has been completed., The cahsule is now ready

for postweld annealing.

Testing of Biaxial Creep Capsule I, fabricated from seamlessvT—lll
alloy tubing, was ihitiated. As of March 8, 1969, 3635 hdurs of testing
have been completed with the capsule at 2200°F. At that time the equiv-~
alent uniaxial creep was 0.98% in the liquid zone and 0.93% in the con-

densing zone,
The fourth preliminary uniaxial test has been completed.

The first 5000-hour uniaxial creep test was initiated at 22C0°F with
a stress of 8100 psi. As of March 8, 1969, 1914 hours of testing have

been completed.






1I1. PROGRAM STATUS

A, T-111 ALLOY TEST CAPSULE MANUFACTURE

As a result of the cracking and lack of straightness in the finished,
welded and reworked T-111 alloy tube, there is only sufficient material
to make one test capsule from this tube. Manufacture of a second capsule
from the welded and reworked Thlll alloy tube would require significant

reductions of the capsule's dimen51ona1 tolerances.,

Honing of the ID of the welded and reworked T-111 alloy tubing to
be used in making the test capsule was completed ét Delta Tool Inc.,
Warren, Michigan. Ultrasonic inspection of the tubing after honing indi-
cated-one small defect near the ID of the tube and 1.5 inches in from one
ehd of the tube. This location places the defect within the stress atten-
uating fillet at a point where the wall thickness will be approkimatély
0.027 inch thick., A defect of significant size in this area could in-
fluence the creep behavior of the adjacent test section. Therefore to.
more accurately determine the size and location of the defect, a refer-
ence mark was placed on the capsule for locating the defect area after
machining and the OD fillet contours were machined into the test capsule.
Following machining, the defect area was re-examined using ultrasonic
techniques to determine 1n more detail the nature of the defect. No
defect was observed in the area where a defect had been detected in the

inspection prior to final machining.

Pretest dimensioning and assembly of the test capsule has been
completed in the same manner as that used for Biaxial Creep Capsule I,
made from the seamless T-111 alloy tube.(z) The test capsule, Biaxial
Creep Capsule 11, made from the welded and reworked T-111 alloy tube,

is now ready for postweld annealing.

(Z)Engel, L. B.,"Determination of Biaxial Creep Strength of T-111 Tantalum

Alloy," Semi-annual Report, NASA-CR-72528, General Electric Company,

NSP, NASA Contract NAS 3-9437, Period March 9, 1968, to September 8, 1968,



B. BIAXJAL CREEP CAPSULE TESTING

Biaxial Creep Capsule I, made from the seamless T-111 alloy tube,
was installed in the test facility as shown ih Figure 1.  The linear
variable differential transformers (LVDT's) were calibrated prior to
installation and>their precision was found to be approximately = 0,0001-
inch. The 18-inch diameter,’getter—ion pumped, vacuum chamber was sealed
and evacuated fo approximately 5 x 10_7 torr before bakeout was inifiated.
The chamber was baked out at 500°F for 12 hours. During this time the
argon gas pressure system which -is connected to the potassium pressure
transducer was also evacuated and baked out at approximately 500°F.

'Following bakeout, the gas pressure system was filled with argon and
evacuated three times beforé final filling to a pressure of approximately

S5 psia.

On October 2, 1968, heating‘of the test capsule was initiated.
When the test capsule temperature reach 1000°F, power was applied to
the boiling nucleator heater and the nucleator temperature was maintained
between 100 and 150°F above the test capsule temperature during subse-
quent capsule heat up. Slightly less uniform boiling was noted in the
capsule when the capsule reached approximately 1300°F but this condition
subsided at approximately 1500°F., When the test capsule temperature
reached 1800°F, the power to the boiling nucleator was turned off and
no changes in boiling stability were observed. During capsule heat up
the argon gas pressure in the pressure transducer gas system was in-
creased so as to produce a minimum pressure differential on the trans-
ducer diaphragm. The capsule reached the 2200°F test temperature on
October 7, 1968._ The maximﬁm chamber pressure reached during capsule
heat up was 7 x 107 torr. As of March 8, 1969, 3635 hours of testing
of the planned 5000 hours have been completed. The vacuum chamber

pressure at that time was 5.9 x 1079 torr.

The average potassium pressure in the test capsule at this time is
267.0 psia and results in average equivalent uniaxial stresses in the
test sections of 8229 psi in the liquid zone and 8106 psi in the condens-

ing zone.
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The equivalent uniaxial creep data for Biaxial Creep Capsule'I in
‘the liQuid zone and condensing zone afe shown in Figures 2 and 3, re-
spebtively. The data for the liquid zone was computed from capsule
diameter'measﬁrements obtained with LVDT's. The data for the condens-
_ing zone was computed from capsule diameter measurements obtained with
an optibal’extensometer. The LVDT's being used in the condensihg zone
became inoperative during testing and could not be used. Thé scatter
in the data for the condensing zone is the feéult of not bging able to
accurateiy locate the sides of the capsulg with the optical extensometer,
'The curves shown in Figures 2 and 3 were developed by iterative least

(3) _ (4)

squares solutions of the Garofalo creep-time equation:’

-rt + t
= + l1-e .
€ €, + €. ( ) + €
where:
€ = strain at time t
€o = strain'observed upon loading
€t = limiting transient creep strain
r = ratio of transient creep'rate to transient creep
strain '
€S = secondary creep rate.

The derivatives of the curves in Figures 2 and 3, which yield the creep
rates for the tests, are showh in Figures 4 and 5, respectively, and
indicate that secondary creep was established after approximately 2000
hours of testing. An extrapolation of the Garofalo equation to 5000
hours predicts that approximately 1.3 percent creep should be obtainéd

in the capsule in 5000 hours of testing.

(3)

Deming, W, E., Statistical Adjustment of>Data, Dovér Publications,
Inc., New York (1964). '

(4)Garofalo, F., Fundamentals of Creep and Creep-Rupture in Metals,
The Macmillan Company, New York, p. 16-17 (1965).
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c. PRELIMINARY UNIAXIAL CREEP TESTING

Preliminary uniaxial creep tests are being used to obtain baseline
creep data forvthe final selection of test conditions for the 5000-hour
tests and to evaluate a special uniaxial creep test specimen design

whiéh more closely resembles the biaxial capsule test section design.

In the three previously completed preliminary uniaxial tests, a
more conventional test specimen, shown in Figure 6, was utilized. From
the results of these tests, a test temperature of 2200°F was selected
for the 5000~hour biaxial creep capsule test, (5) Presently, a’fourth
preliminary uniaxial creep test has been completed using the special
uniaxial test specimen shown in Figure 7. As mentioned earlier, this
spécimen more closely resembles the biaxial capsule test section in that
it has a similar reduced wall tést section with stress attenuating fillets.
The fourth preliminary uniaxial creep test was conducted at the same test
conditions as the third preliminary test, i.e.,, 2300°F at a stress of
12,500 psi in a vacuum of <1 x 10~8 torr. From the least squares linear
‘correlation of the data plotted in Figure 8, one percent creep was found
to occur in 58.6 hours. A similar treatment of the data from the third
test showed one percent creep to occur in 84,1 hours: The creep rates
were found to be 1.052 x 10™% in/in/hr and 1.173 x 1074 in/in/hr for the
third and fourth tests respectively. Possible explanation of the differ-
ences in the test results because of test specimen design are not>straight
forward since a statistical treatment of the data shows the creep rate for
the third test to be 1.052 x 102 % 0,043 x 10™¢ in/in/hr, and for the
fourth test 1.172 x 107% + 0,146 x 10~ -4 in/in/hr using a 95 percent con-
fidence level. Although the creep rate for the fourth test appears larger
than that for the third test, consideration of the error limits indicates
that the creep rates may not be significantly different. More tests of

longer duration would be needed to improve the evaluation.

5 ' . . s s
( )Engel, L. B.,"Determination of Biaxial Creep Strength of T-111 Tanta-

lum Alloy," Semiannual Report, NAS-CR-72528, General Electric Company,
NSP, NASA Contract NAS 3-9437, Period March 9, 1968, to September 8,
1968,

13
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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)

15
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D. 5000-HOUR UNIAXIAL CREEP TESTING

In the present program, two 5000-hour uniaxial tests are scheduled.
Because of the preliminary uniaxial creep test results it has been de-
cided to test one conventional design specimen and one special design
specimen, The first 5000-hour uniaxial creep test was initiated on
Decemberk18, 1968, The test specimen is the special test Specimen

shown previously in Figure 7.

Prior to loading thettest specimen, it was annealed at 2400°F for
one hour in the creep facility at pressures of less than 4 x_lO'8 torr
as were the previous preliminary uniaxial tests. This heat treatment
gives the uniaxial test specimens the same thermal history as the biaxial
creep capsule which was postweld annealed at 2400°F for one hour. Fol~
lowing the anneal the specimen temperature was reduced to 2200°F and
loaded to a stress of 8100 psi. The test conditions for the uhiaxial
test are therefore approximately the same as those for the biaxial creep
capsule, As of March 8, 1969, 1914 hours of testing have been completed.
The vacuum chamber pressure at that time was 4.7 x 10—9'torr. Analysis

of the test data is now in progress.

17






IV. FUTURE PLANS

Preparation of the test capsule from the welded and reworked T-111

tube will be completed and the capsule will be put on test.

Biaxial Creep Capsule I will complete 5000 hours of testing at
2200°F on May 4, 1969,

The first uniaxial creep test will complete 5000 hours of testing
at 2200°F on July 14, 1969,

The second uniaxial creep test will be initiated.

19



DISTRIBUTION LIST — SEMI-ANNUAL REPORT
CONTRACT NAS 3-9437 '

NASA Jet Propulsion Laboratory
Washington, D. C. 20546 California Institute of Technology
ATTN: Arvin Smith (RNW) 4800 Oak Grove Drive

S. V. Manson (RNP) Pasadena, California 91103

George C., Deutsch (RR) ATTN: Librarian

Dr. Fred Schulman (RNP)
National Bureau of Standards

NASA — Lewis Research Center Washington, D. C, 20225

21000 Brookpark Road ATTN: Librarian

Cleveland, Ohio 44135

ATTN: Librarian MS 3-7 Flight Vehicle Power Branch
Dr. B. Lubarsky MS 500-201 Air Force Aero-Propulsion Lab
G. M. Ault MS 105-1 Wright Patterson AFB, Ohio 45433
R. L, Davies MS 500-201 ATTN: Charles Armbruster ASRPP-10
J. E. Dilley MS 500-309 T. Cooper
M. Sabala MS 3-19 Librarian
T. A. Moss MS 500-201 George E. Thompson APIP-1
Coulson Scheuermann (106-1) - George Sherman API
Report Control Office MS 5-5 George Glenn

V. F. Hlavin MS 3-14
Army Ordnance Frankford Arsenal

NASA Bridesburg Station
Scientific & Technical Infor, Fac. Philadelphia, Pennsylvania 19137
P. O. Box 33 ATTN: Librarian
College Park, Maryland 20740
ATTN: Acquisitions Branch Bureau of Mines
(5QT-34054) (2 + Repro.) Albany, Oregon
ATTN: Librarian
NASA
Goddard Space Flight Center Bureau of Ships
Greenbelt, Maryland 20771 Department of the Navy
ATTN: Librarian Washington, D. C. 20225
ATTN: Librarian
NASA '
Langley Research Center Bureau of Weapons
Hampton, Virginia 23365 Research and Engineering
ATTN: Librarian Materials Division
Washington, D. C. 20225
NASA ATIN: Librarian
Manned Spacecraft Center
Houston, Texas 77001 U.S. Atomic Energy Commission
ATIN: Librarian Technical Reports Library
Washington, D, C. 20545
NASA ATTN: J., M. O'Leary (2)
George C. Marshall Space Flight Center
Huntsville, Alabama 35812 U. S. Atomic Energy Commission
"ATTN: Librarian Germantown, Maryland 20767

ATTN: K, E, Horton



NAS 3-9437

U. S. Atomic Energy Commission

Technical Information Service Ext.

P, 0. Box 62 ’ '
Oak Ridge, Tennessee 27831 (3)

U. S. Atomic Energy Commission
‘Washington, D, C. 20545
ATIN: M, J. Whitman

Office of Naval Research
Power Division
Washington, D, C, 20225
ATTN: Librarian

kU.fS.fNaval'Research~Lab6rétory
Washington, D, C. 20225 :
"ATTN: Librarian

' AiResearch Manufacturing Company
Sky Harbor Airport '
" 402 South 36th Street
‘Phoenix, Arizona 85034
ATTN: Librarian
E, A, Kovacevich
John Dannan

AiResearch Manufacturing Company
9851-9951 Sepulveda Boulevard
Los Angeles, California 90045
ATTN: Librarian

Argonne National Laboratory
9700 South Cross Avenue
Argonne, Illinois 60440
ATTN: Librarian

Atomics International
8900 DeSoto Avenue
Canoga Park, California 91303
ATTN: Librarian
Harry Pearlman

AVCO

Research & Advanced Development Prog.

201 Lowell Street
Wilmington, Massachusetts 01800
ATTN: Librarian

Babcock & Wilcox Company
Research Center
Alliance, Ohio 44601
ATTN: Librarian

Battelle Memorial Institute

505 King Avenue

Columbus, Ohio 43201

"ATTN: Dr. E. M. Simmons

Librarian

The Bendix Corpofation

Research Laboratories Division

Southfield, Michigan 48200
ATTN: Librarian ’

The Boeing Company R

‘Seattle, Washington 98100

ATTN: Librarian

Brookhaven National Laboratory
Upton, Long Island, New York 11973
ATTN: Librarian

Chance Vought. Aircraft, Inc.
P, 0. Box 5907 :

. Dallas, Texas 75222

ATTN: Librarian

Clevite Corporation
Mechanical Research Div1s1on
540 East 105th Street
Cleveland, Ohio 44108

ATTN: N, C. Beerli

Convair Astronautics

5001 Kerrny Villa Road

San Diego, California 92111
ATTN: Librarian

Curtiss-Wright Corporation
Research Division
Quehanna, Pennsylvania
ATTIN: Librarian

Eitel McCullough, Inc.
301 Industrial Way
San Carlos, California
ATTN: M, Parkman

'Electro-Optical Systems, Inc.
"Advanced Power Systems Division

Pasadena, California 91100
ATTN: Librarian



NAS 3-9437

Lawrence Radiation Laboratory
Livermore, California
ATIN: Librarian (2)

Allis Chalmers

Atomic Energy Division
Milwaukee, Wisconsin
ATTN: Librarian

Allison-General Motors
Eneérgy Conversion Division
Indianapolis, Indiana
ATTN: Librarian’

AMF Atomics

140 Greenwich Avenue
Greenwich, Connecticut
ATTN: Librarian

American Machine And Foundary Company
Alexandria Division

1025 North Royal Street

" Alexandria, Virginia

ATTN: Librarian

Douglas Aircraft Company, Inc,
Missile & Space Systems Division
3000 Ocean Park Boulevard

Santa Monica, Claifornia

ATTN: Librarian

Climax Molybdenum Company of Michigan
1600 Huron Parkway
Ann Arbor, Michigan 48105
ATTN: Librarian
Dr, M. Semchyshen

Fansteel Metallurgical Corporation
North Chicago, Illinois
ATTN: Librarian

National Research Corporation
405 Industrial Place

Newton, Massachusetts

ATTN: Librarian

Universal Cyclops Steel Corporation
Refractomet Division

Bridgeville, Pennsylvania

ATTN: C. P, Mueller

"ATTN:

Los Alamos Scientific Laboratory

University of California
Los Alamos, New Mexico
ATTN: Librarian

Lockheed Georgia Company

Division, Lockheed Aircraft Company
Marietta, Georgia '

ATTN: Librarian

Sandia Corporation

Div., 9333

P, 0. Box 5800

Albuquerque, New Mexico 87115
~ James Jacobs



