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FOREWORD

The work described herein is being performed by TRW Inc. under the
sponsorship of the National Aeronautics and Space Administration under
Contract NAS 3-2545. The purpose of this study is to obtain design creep
data on refractory metal alloys for use in advanced space power systems.

The program is administered for TRW Inc. by E. A. Steigerwald, Program

Manager. J. C. Sawyer is the Principal Investigator, and R. R. Ebert con-
tributed to the program. The NASA technical director is Paul E. Moorhead.

Prepared by

J. C. Safyer
Sr. Research Metallurgist

Approved by [ a M
7A

E. A. Steigerwald
Research Supervisor
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I INTRODUCTION

Space electric power systems depend upon the use of refractory
metals in a variety of component areas. A critical property para-
meter in the design of these systems is the long-time creep strength at
very low pressures. Since oxygen contamination of refractory metal
alloys can occur under conditions of 1 x 10-6 Torr, vacuums better than
1 x 108 Torr must be used to obtain creep measurements which are employed
in the design of space components. The purpose of this program is to
generate long-time creep data on selected refractory alloys which have
potential use in advanced power systems. Emphasis has been placed on
testing sheet alloys which can be employed for cladding or tubing appli-
cations and on forgeable, high-strength turbine alloys.

This report presents the creep data obtained during the eleventh
quarter on arc-cast and vapor-deposited tungsten, the molybdermum base
alloys TZC, TZM, and columbium modified TZM, and the tantalum base alloys
T-111 and T-222.

II MATERIALS AND PRQCEDURE

A summary of the composition, heat treatments, and current tests
of the alloys discussed in this report is presented in Tables 1, 2, and 3.
A detailed review of the processing history and microstructure has been
previously presented in the Ninth Quarterly Progress Report, NASA CR-54773.
Tungsten was evaluated toth as 0.030" sheet and as vapor-deposited material.
Two heats of TZM and TZC material were tested. The TZM was obtained from
two different vendors while the TZC came from the same vendor but had signif-
icantly different processing histories. In the TZC Heat M-91 material, three
different heat treatments were evaluated at similar test conditions to provide
an indication of possible effects produced by structural variations. The
tantalum base alloys T-111 and T-222, were both evaluated as sheet material
after selected recrystallization treatments.

The test procedure involved obtaining a vacuum of 5 x 1010 1opr

or better at room temperature, then heating the specimen at a rate so that
the pressure never went above 1 x 107 Torr. Heat treatment was performed
on the materials in situ, prior to load application. After heat treatment
the specimens were cooled to room temperature and then reheated to the test
temperature which was maintained for two _hours to insure equilibrium. During
testing the vacuum was less than 1 x 108 Torr and gererally decreased with
test time.
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Specimen extension was measured over a two-inch gauge length with
an optical extensometer that determined the distance between two reference
marks to an accuracy of #50 M -inches. The program plan involves testing
the plate or forged alloys at temperatures between 1600 and 2250°F (871
and 1235°C) until a 1% total elongation is obtained. The tungsten materials
are being tested at 2800 and 3200°F (1566 and 1760°C) for total extensions
between 3 and 5% while the tantalum-base materials are being evaluated in the
1800 to 2200°F (982 to 1204°C) range to an elongation of approximately 2 to 5%.
The applied stress levels have been selected with the goal of obtaining creep
data over total test times between 1000 and 10,000 hours. .

IIT RESULTS AND DISCUSSION

In this section, creep data generated during the eleventh quarter
are graphically presented as percent total elongation in the two-inch
gauge section as a function of time at the applied stress. Reference marks
are placed on the curves to indicate the chamber pressure during the test
period. The specific data for each test which was in progress or completed
during this quarter are given in detail in Appendix I.

Molybdenum Base Alloys

The three classes of molybdenum-base alloys being examined are TZC,
TZM, and columbium-modified TZM.

A summary of the treatments which have been included in the evaluation
during this quarter is presented below.

T2C (Heat M-80)

Mnnealed 3092°F (1700°C), 1 howr

TZC (Heat M-91)

Stress relieved 2300°F (1204°C), 1 hour
Annealed 3092°F (1700°C), 1 hour
Mnnealed 3092°F (1700°C), 1 hour; Age 2LOO°F (1316°C), 5 hours

TZM (Heat 7502)

Stress relieved 2200°F (1204°C), 1 hour
Annealed 2850°F (1566°C), 1 hour
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TZM (Heat 1175)

Stress relieved 2300°F (1260°C), 1 hour

Columbium Modified TZM (Heat L305-l)

Stress relieved 2500°F (1371°C), 1 hour

TZC (Heat M-80) is currently being tested at three different temper-
atures and stresses (see Table 3). The data given in Figure 1 show that
creep does not occur in a uniform manner, but exhibits periods of rapid
extension followed by an absence of creep or even contraction of the specimen.
The discontinuities in the creep curve which occur over several thougand
test hours are believed to be a real material effect since they are sigmnif-
icantly greater than differences that can be attributed to variations in either
temperature or extension measurements. The occurrence of the specimen contrae-
tion, coupled with the limited post-test examination indicate that strain-
induced precipitation is producing the very low average creep rate in the TZC
material.

TZC Heat M=91 1is distinguished from Heat M-80 by the greater percent
reduction per pass during the rolling operation. This processing treatment
resulted in greater room temperature ductility than obtained in the Heat M-80.
To determine the effect of heat treatment on the creep properties of TZC,
specimens from Heat M-91 are being tested at the conditions shown in Figure 2.

A comparison between the data obtained on the annealed and aged material
with the material in the unaged condition indicates that a significant increase

in creep rate occurred as a result of aging five hours at 2L00°F (1360°C).

Post test examination of the specimen heat treated by annealing at
3092°F (1700°C) and aging five hours at 2400°F (1360 °C) indicated that
a longitudinal crack existed in the gauge section (see Figure 3). Further
visual examination showed that in some areas a high degree of localized
distortion had occurred which can be seen in Figure 3 located approximately
1-1/2 inches from the left side of the bottom photograph. This surface area,
shown at 500X 1in Figure l, consists of grains exhibiting pronounced slip.
A review of the creep curve, Figure 2, gives no indication that cracking
occurred during test. On the basis of this examination, plus the fact
that cracking during annealing has been reported on material from this same
heat#*, the conclusion was reached that the creep specimen cracked during
the heat treatment performed in situ prior to testing. Since the long-
itudinal crack did not reduce the cross-sectional area of the specimen, the
possibility exists that the aging treatment was the major factor in the
increased creep rate. If strain-induced precipitation during the test is a
significant factor in reducing creep then this would indicate that a
strain induced precipitate is more effective.than the precipitate formed by the
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Overall Specimen Appearance 1.5X

Close=Up of Longitudinal Crack 3X

Figure 3. TZC Specimen B-22, Heat M-91, Cracked During Creep Testing.
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Figure 4. Specimen B-22, Heat M=91, Micrograph Shows Local Area of Slip
as Seen on Surface of Specimen After Testing, Polarized Light.

10484 lo
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aging heat treatment. On this basis the aged material also would exhibit
a higher apparent creep rate.

Microstructural examination was made in an effort to identify the
mode of cracking. Figure 5, which shows the defect at 100 and 500X, indicates
that the crack is preferentially located in the grain boundary. The micro-
structure at 6000X, shown in Figure 6, does not reveal any apparent micro-
structural characteristics which would account for the defect. Since the
chemistry of Heat M-91 did not exhibit any abnormalities and since cracks
of a similar type have not been observed in Heat M-80, it appears that the
higher degree of warm working applied to Heat M-91 renders the alloy sus-
ceptible to cracking during the recrystallization operation.

During this report period two 1uU,UU0 hour tests of for;ed TZM (Heat
7502) were completed at 2000°F (1093°C) and 10 Ksi (6.90 x 10/N/m2). In
one case the specimen was stress relieved at 2200°F (1204°C) for one hour
prior to testing while in the other test the specimen was recrystallized
for one hour at 2850°F (1566°C). The data, shown in Figure 74, and sum-
marized in Table l; indicate that after a rapid extension of almost 0.3%
during the first 500 hours, the recrystallized material exhibited arel-
atively low creep rate and after 10,000 hours the total creep for each
condition was comparable.

TABLE L

Summary of Creep Data, TZM, Heat 7502

Test Temperature 2000°F (1093°C), Stress 10 Ksi (6.90 x 107 N/m2)

Stress Relieved Annealed
2200°F (1204°C) 1 Hour 2850°F (1566°C) 1 Hour
Non-linear Creep 0.16% - 1650 Hours 0.32% - 2750 Hours
Steady State Creep Rate 2.6 x 10“7in/i.n-hr. 8 x 10-8 in/in-hr.
Total Creep - 10,000 Hrs. 0.38% 0.37%

Following the 10 000 hour tests at 2000°F (1093°C) the stress relieved
specimen of TZM (Heat 7502) was subjected to both chemical and metallurgi cal
examination. A comparison of the material composition before and after test,
presented in Table 5, indicates that the only differences were a increase in
the nitrogen and a decrease in the zirconium content.
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500X

Figure 5. Photomicrographs of Crack in TZC (M=91) Specimen B-22,
Etchant: 15% HF, 15% H2SOy4, 8% HNO3, 62% H20

12
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Figure 6. Microstructure of TZZC (M=91) Annealed at 1700°C (3092°F),
1 Hour and Aged 1316°C (2400°F), 5 Hours.
Etchant: 15% HF, 15% H50,4, 8% HNO3, 62% H20

13
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TABLE 5

CHEMICAL ANALYSIS TZM FORGED DISC (HEAT 7502)

(Weight Percent)

Analysis After

TAP ~ DMS' Vendor TRW 10,048 hrs. at 2000°F
Flement 070 Certification Analysis (Stress-relieved specimen)
A <0.0080 <0001 <0,008 < 0,008
C 0.01 ~ 0.0k 0.013 0.010 0.012
Cb 20,0100 < 0,005 <0,010 <0.010
Co &£ 0.0025 < 0,001 <0.0025 < 0.0025
Cr <0,0025 < 0,001 <0.0025 < 0.0025
Cu < 040025 <0.001 <0.,0025 < 0,0025
Fe <€ 0s0050 < 0,001 < 0,005 < 0,005
Hy < 0.0010 < 0.0001 0,0007 0.0007
Mg <0.0025 < 0.001 < 0.,0025 < 0,0025
Mn & 0.0050 <0.001 < 0.005 <0,005
Mo Balance Balance Balance Balance
No < 0.0050 0.0011 0.001 0.004
Ni < 0.0050 < 0,001 < 0.005 < 0,005
0o < 0.0050 < 0,0002 0,002 0.0031
Pb & 0.0050 < 0,001 < 0,005 < 0,005
si < 0.0050 < 0,002 < 04005 < 0,005
Sn < 0,0100 < 0,001 < 0.01 <0.,010
Ti 0.L0 ~ 0.55 0.Ls7 O.LL 0450
v < 0.0050 <0.001 < 0,005 -
Zr 0.06 - 0.12 0.091 0.10 0.05

®* TRW Material Laboratory Specification
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TRW EQUIPMENT LABORATORIES

Round robin chemical analyses conducted by the Materials Advisory
Board* have indicated that with TZM the following variations in compos-
ition can be expected from scatter of all combined data from cooperating
laboratories.

- Coefficient of
Element Standard Deviation (S) ppm Mean (X ) ppm Variation ( S/X)

c 30,6 228 13.4%
N2 5.9 14 k2,1%
Zr 76.0 900 8.5%

On the basis of these statistical data the differences in carbon analyses
would not be significant while the changes in both the nitrogen and zirconium
content shown in Table 5 are real effects.

A second lot of TZM, designated as Heat 1175, was received from NASA
in the form of a forged disc. Creep tests were conducted on this matgrial
in the stress relieved condition at 1600°F ( 71°C) 65 Ksi (4.48 x 108N/m2)
and at 1800°F (982°C), 44 Ksi (3.03 x 10 N/h . The results shown in Figure 7B
indicate that at both conditions exceptionally low creep rates were obtained.
In fact at 1800°F (982°C) the applied stress on the PZM in the stress relieved
condition is actually greater than the tensile strength of the recrystallized
TZC (Heat M-91) at that temperature.

Columbium modified TZM was procured from Climax Molybdenum Company to
compare its creep properties to those of conventional TZM. Since disc forgings
were not available, the material was obtained in the from of 5/8-inch diameter
wrought bar. Chemical analyses indicated that the material had a composition
comparable to the TZM shown in Table 1 with the exception that 1¥ columbium
was added. The first test of the streas elieved alloy was carried out at
2000°F (1093°C) and 20 Ksi (1.38 x 108N/m After 686 hours of testing only

0.032% creep occurred and the test was terminated. Because of the limited
amount of material, this specimen was retested at various temperatures and
stresses and the creep data were extrapolated to 1% to establish a tentative
Larson-Miller curve which could be used to select future test conditions.
Based upon these results a test was initjated on the stress relieved material
at 2000°F (1093°C) and 41 Ksi (2.82 x 10°N/m“). After 400 hours a total creep
of 0.162% has been obtained.

The currently available creep data on the molybdenum base alloys is
summarized in Figure 8 using the Larson-Miller parameter. Although some of
the data involve extrapolations to 0.5% creep, several trends are apparent.

* D, L. Chase, "Comparison of Chemical Analyses of Refractory Alloys",
(MAB Survey), DMIC 220, (September 10, 1965).
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TRW EQUIPMENT LABORATORIES

At the low values of the parameter the stress-relieved TZM material with

its relatively high tensile strength exhibits the greatest creep resistance.

At higher temperatures the recrystallized TZC appears to have the greatest i
creep resistance. Although the Cb-modified TZM appears to have good pro-

perties at higher temperature the data have been obtained from relatively

long extrapolations and must be considered tentative.

Tantalum-Base Alloys

The influence of annealing temperature on the creep properties of
T-111 and T-222 are evaluated in an effort to select the optimum heat
treatment. A comparison of the creep properties of T-222 annealed at 2800°F
(1538°C) and 3000°F (1649°C) are shown in Figure 9 while the creep data
for T-111 after 2600°F (1427°C) and 3000°F (1649°C) anneals are given in
Figure 10. In each case, the 3000°F (1649°C) annealing treatment produced
a structure with the greatest resistance to creep extension.

Creep data for T-111 annealed at 3000°F (1649°C) and tested at a
variety of conditions are summarized in Figure 11. The data show an increasing
creep rate with increasing test time. A direct comparison of the creep
behavior of T-111 and T-222, both annealed at 3000°F (1649°C) is presented
in Figures 12 and 13. Although under specific test conditions (high
temperature, low stress) the T-111 alloy had greater creep resistance. The
data are not sufficient to determine whether the differences are due to
compositional effects or are the result of normal heat-to-heat variations.

A comparison of the grain size variations produced by selected
annealing treatments performed on the T-111 and T-222 alloys is given in
Table 6. Typical microstructures for the T-111 and T-222 alloys after the
3000°F (1649°C) anneal are shown in Figure 14. The T-111 was characterized
by fine grains at the surface and the appearance of darker etching striations
parallel to the rolling direction. As shown by the electron micrograph in
Figure 15, the striations are not typical stringers since no definite inter-
face exists with the matrix. On this basis they are helieved to be associated
with a preferential etching of the microstructure. The preferential etching
effect, although minimized, is not completely eliminated by recrystallization
at 3000°F (1649°C).

Tungsten

The final test on,the arc-melted tungsten sheet at 2800°F (1538°C)
and 3 ksi (2.07 x 107N/m ) has been completed and the creep curve is shown
in Figure 16. The results are in agreement with the predictions obtained
from the Larson-Miller plot given in the Tenth Quarterly Report.
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CREEP PERCENT

2.0 9
1.6
ANNEALED
3000°F, 1 HR
1.2 /
0.8 /
ANNEALED
2800°F, 1 HR /
0.4 /
0
0 200 400 600 800 1000

TIME - HOURS

FIGURE9. CREEP TEST DATA FOR T-222 ALLOY, TESTED AT 2000°F (1204°C)
12 KSI (8.26 x 107 N/m2) IN VACUUM ENVIRONMENT <1 x 10-8 TORR

19




TRW EQUIPMENT LABORATORIES

YYOL g-0L * 1 > INIWNOYIANI WNNDOVA NI a3Lsal ‘(z4/N ,0L X 16°6) “1sM 8

ANV [260Z1) 460022 1V Q31531 ‘AOTV L11~1 ‘wiva 1S3L 433¥D *0l JYNOI4

000€

S¥INOH - IWIL

0002

yd

e

anoH | /(J06¥91) 4,000¢ Pajpauuy

dnoH | ‘(DolZrl) 400092 Pe|rauuy

¥°0

8°0

(AN

9°1

0°Z

IN3IDYId d33¥D
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CREEP PERCENT

TRW e£QuIPMENT LABORATORIES
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FIGURE 12. CREEP TEST DATA FOR T-222 AND T-111, ANNEALED 3000°F, (1649°C),
1 HR, TESTED AT 2200°F (1204°C), 12 ksi (8.26 x 10/ N/m?) IN VACUUM

ENVIRONMENT <1 x 10~8 TORR
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Coays, p e
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T-111

T-222 100X
FIGURE 14. Cross=Sections of Tantalum Base Alloys Taken Parallel to Rolling

Direction, Material Annealed at 3000°F (1649°C) for One Hour,
s Etchant: 15% HF, 15% HySO,, 8% HNO3, 62% H,O
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TABLE 6

Comparison of Grain Size for T-111 and T-222

Mmealed at Various Temperatures

T-111 T-222
AS™ ASTM
Treatment Grain Size Grain Size
2400°F - 1 hour 8 -
2600°F - 1 hour 7-8 6
2800°F - 1 hour - 6
3000°F - 1 hour 5-6 5.6
3000°F - 16 hours 5 5-6
3500°F = 1 hour 2-3 1-2

25
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6000X

Figure 15. T=111, Annealed at 2600°F (1427°C) for One Hour,
Cross Section Showing Details of Striations.
Etchant: 15% HF, 15% Hy5O4, 8% HNO3, 62% H20
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PERCENT CREEP
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Figure 16. CREEP DATA FOR ARC-MELTED TUNGSTEN, TESTED AT
2800°F (1538°C) IN VACUUM ENVIRONMENT 1 X 10-8 TORR
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Vapor deposited tungsten is currently Belng evaluated at 2800°F
(1538°C) and a stress of 2 ksi (1.38 x 107N/m“). The data shown in Figure 17
indicate the trend of slightly decreasing creep rate with increasing test
time which has been characteristic of all the test conditions for the tungsten
materials. A photomicrograph of the specimen of vapor deposited tungsten
removed from test after 2883 hours at 3200°F (1760°C) and 1000 psi (6.89 x
106N/m2) is presented in Figure 18. The microstructure is fine grained along
one surface which is presumably the interface between the mandrel and deposited
tungsten. The microstructure after test contains some apparent porosity which
appears preferentially located at the fine grain-coarse grain interface. In
addition, the microstructure after test has lost the characteristic columnar
structure which is usually associated with vapor deposited materials.

IV FUTURE WORK

Tests will be continued on the molybdenum base alloys. Additional
tests will be initiated on the T-11l material to allow the determination of
Manson~-Haferd constants.

28
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FIGURE 18. Vapor Deposited Tungsten, Creep Tested 2863 Hours
at 32000F (1760°C) and 1000 psi (6.89 x 106 N/m2), Unetched
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APPENDIX I

CREEP TEST DATA
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TABLE T

CREEP TEST DATA, TZC PLATE, HEAT M-80, RECRYSTALLIZED AT 3092°F (1700°C) FOR 1 HOUR,

TESTED AT 2000°F (1093°C), 20,000 PSI (1.38 x 108N/m?)

Length Change

1L06A

AL (inch) Creep Pressure
Time (2" G. L.) (%) (Torr)
1 minutes 00000 .000 1.2 x 1079
2 -, 00020 -.010
3 -.000L0 -.020
L -0 00030 -.015
5 -,00030 -.015
10 ".mooj -0002
15 . 00005 002
20 00005 .002
25 . 00010 «005
30 « 00010 »005
60 . 00005 .002
90 ".OOOOS —.002
17.2 hours 00040 .020 2.6 x 1072
1.3 . 00060 030 2.2 x 10~
65.2 .00080 .0LO 2.2 x 107
89.2 .00115 .058 2.0 x 107
161.3 .00110 .055 1.3 x 107
185.7 00130 065 1.7 x 10~
209.1 .00125 .068 1..7 x 10-3
233.2 00125 .062 1.4 x 107
25743 . 00130 . 065 1.3 x 107
329,2 « 00110 .070 2.0 x 1079
355.9 « 00145 072 3.2 x 107
377.0 +00145 .072 3.4 x 10
40l.1 +001L5 <072 2.l x 1077
1125, 0 00150 075 1.5 x 107
49742 «00170 .085 1.9 x 1077
521.L +00170 + 085 3.1 x 1077
5L5.4 . 00165 .082 L.8 x 1077
569.2 +00170 085 4.5 x 109
593.1 +00170 .08 L6 x 1077
665.2 . 00165 LO82 5.0 x 1079
713.3 .00160 080 L.6 x 1079
762.8 «00170 .085 - 8
833.4 «00175 .088 1.5 x 10
881. 4 .00185 .092 6.1 x 109
905.2 «00175 .088 5.8 x 10-9
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TABLE I (Continued)

Length Change
AL (inch) Creep Pressure

Time (2» G.L.) (%) (Torr)
1001.1 hours 00165 092 3.9 x 10~
1049.2 0018 .092 6.4 x 1072
1097.3 + 00190 .095 -
116814 . 00195 .098 L.2 x. 109
1216.2 00200 .100 7.5 x 1077
1264.3 . 00195 .098 7.0 x 10~
1336.7 .00210 .105 7.5 x 10-9
1389.5 000250 0125 ——
1433.4 . 00255 .128 7.2 x 10~2
15042 . 00260 .130 1.3 x 10-8
1552.3 00270 135 1.2 x 10-8
1600, 2 . 00265 2132 2.6 x 1079
1672.4 .00270 .135 5.5 x 10~7
1720,k .00275 .138 3.8 x 10-9
1768.5 .00285 <12 Lhe6 x 109
1840.1 00305 .152 L4 x 1079
1894. 6 .00310 155 L.k x 1079
1936.3 .00315 .158 3.8 x 109
1985.6 +00310 .155 3.8 x 10~9
2032.2 . 00325 .162 4.0 x 10-2
2057.0 00330 .165 4.0 x 10~
2104.1 . 00335 .168 3.8 x 10-9
2176.1 +00345 172 3.5 x 1077
221,8.1 « 00370 .185 4.2 x 109
2272.2 «00360 .180 7.5 x 10~2
2396.9 »00380 <190 L6 x 10
2440,2 00390 <195 L.b x 1079
2512.0 .00400 .200 2.7 x 109
258l 00400 200 2.9 x 1077
2680,2 «00L00 «200 7.4 x 109
2752.2 .00L40s .202 5.4 x 109
2872.) .00L15 .208 3.8 x 1077
2920.8 « 001420 .210 6.2 x 109
3016.1 « 00425 .212 3.8 x 109
3088, « 00435 .218 2.6 x 10-7
3184.6 «00L440 : «220 L.2 x 10-9
3256, 3 .00450 .225 L.y x 1079
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TABLE I (Continued)

18004

Length Change
L (inch) Creep Presswure
Time (2" G, L.) (Torr)

3355 .,J. hours .('X)héO .230 ——
3'429.1 omh60 0230 -
3593.5 ~00L95 o247 7.8 x 1079
368949 »00500 +250 8.0 x 107
376045 .00510 «255 8.0 x 10-9
3856.2 .00515 <257 8.2 x 107
3928,5 .00525 .262 8.2 x 107
Lo2k.1 »00575 +282 8.7 x 10-7
409643 00620 310 8.2 x 1079
4192.3 «006440 «320 8.2 x 10-9
Li26h.1 ~00640 320 8.2 x 10~
138443 +006L40 320 8.4 x 109
hh32.3 .00640 <320 9.0 x 10~7
4528.3 +00630 «315 8.6 x 10-2
4600.5 «006L0 «320 9.y x 107
169647 +00625 «312 9.5 x 10-9
L769.2 «00640 «320 8.5 x 10~9
148664k +00635 .318 9.2 x 10~9
41936.5 .00630 »315 9.2 x 10°9
5032,5 .00635 .318 9.2 x 109
510hek 00660 «330 8.4 x 10°7
5200,9 . 00660 .330 9.5 x 10-9
52723 +00670 «33% 8.8 x 102
5368.8 +00675 «338 9.4 x 1077
553642 +00700 +350 1.0 x 10~
5608.0 00705 «352 3.4 x 1079
5705.8 .00715 «358 6.4 x 109
5777.0 «00720 «360 L.9 x 109
59&501 .007)45 «372 3011 X 10"9
6041,2 00750 375 2.8 x 10-9
6113.2 .00770 385 3.4 x 109
6209.9 «00770 .385 3.3 x 10-9
637745 +00780 «390 6.3 x 10~9
6uh9.2 +00775 .388 7.0 x 10-9
654547 .00770 .385 8.2 x 10~9
661742 .00780 «390 7.4 x 1079
6713.2 +00780 «390 7.9 x 10~9
678543 +00780 «390 7.8 x 10~7
6881.6 +00810 105 8.0 x 10-9
705247 .00805 102 8.2 x 107
7125.5 00810 405 8.1 x 107




TRW EQUIPMENT LABORATORIES

TABLE I (Continued)

Length Change
AL (inch) Creep Pressure
Time (2" G.L.) (%) (Torr)
7217.2 hours .00810 .10 8.2 x 10~?
7386.0 00815 .08 7.9 x 10~
755343 .00830 15 7.6 x 10-9
7625.7 .00835 118 7.0 x 10-9
7721.9 .008L5 JL22 7.0 x 107
77936 .008L5 1122 7.3 x 10-2
7889.L .00850 125 6.5 x 10~
7961.2 .00855 128 7.1 x 10~
8057.L .00855 .i28 7.4 x 109
8129.L .00860 130 7.3 x 107
8225,3 . 00870 135 5.2 x 10~9 -
8297.5 .00875 138 ko3 x 10~9
8393.2 00880 Lo 1.6 x 10~
8L65.6 .00885 ll2 L8 x 109
8561.’-1 000890 Ohhg hoB X 10"9
8633.1 .00895 <LlL8 L6 x 10~9
8729.1 .00900 <1150 S5e3 x 10-9
8801.3 « 00905 452 5.2 x 10~9
89693 . 00915 158 6.0 x 10~
906543 « 00920 1160 7.5 x 109
9137.2 . 00925 62 9.6 x 10~

Test in progress
Specimen B-9
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TABLE II

CREEP TEST DATA, TZC PLATE, RECRYSTALLIZED AT 3092°F (1700°C), FOR 1 HOUR,
TESTED AT 1856°F (1013°C). 25,000 psi (1.72 x 108 N/m2)

HEAT 1.-50
Length Change
AL (inch) Creep Pressure
Time (2" G.L.) (%) (Torr)
1 minute(s) -.00005 -.002
o .00000 .000
3 ~.00005 -.002
L .00005 .002
g .00005 .002
6 .00010 .005
7 .00005 .002
8 .00000 .000
9 .00000 .000
10 .00005 .002
15 -.00005 -.002
20 .00015 .008
25 .00015 .008
30 .00025 .012
60 .00065 .032
19.3 hours .00085 .0L2 1.4 x 108
§2.1 .00095 .0L8 1.3 x 10-8
68.2 .00095 .048 1.1 x 10-8
138.L .00090 .05 5.8 x 10-7
162.8 .00085 042 6.6 x 102
186.0 .00085 .042 6.8 x 10~
210.3 .00080 .0l40 5.8 x 107
306.2 .00075 .038 5.2 x 10-Y
330.2 .00090 .0L45 L.L x 10-9
354.2 .00085 .02 3.4 x 10-7
81.6 .00095 .0L8 -
02.4 .00095 .0L48 3.6 x 10~
460.7 .00105 .052 2.5 x 10-9
484.5 .00105 .052 2.8 x 10-7
508.5 .00125 .062 3.4 x 10-9
532.4 .00105 .052 3.8 x 107
556.8 .00105 .052 3.2 x 1077
628.9 .00105 .052 3.0 x 1077
681.7 .00115 .058 --
725.6 .00125 .062 3.1 x 10-9
796.4 .00130 .065 2.0 x 10-9
8LL.8 .001L5 .072 2.2 x 10-9
892.4 +001L5 .072 1.6 x 10-9
96L.6 .00140 .070 2.8 x 10-9
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Time

1012.6 hours
106067
1132.3
1186.9
1228.6
1277.8
1324k
134942
1396.3
1468.3
1516.
1564k
1636.h
1689.1
1732.4
1804.3
1876.7
1972.6
20Lkoly
216447
2213.1
2308.3
2380.7
2479.4
25484
26,473
2720,0
2822.6
2886.L
2982,.1
3052.8 .
3148.7
3220.7
33164
3388.8
3L8L.6
355644
367645
374.5
3820.7
3892.7
3988 .9
L0O81.L
4158.8
L228.7
L4325.1
L4396.7
Lh93.1

TABLE II (Continued)

length Change
A1 (inch)
(27 G. L.)

»00155
.00170
00165
00165
.00170
.00170
.00165
00175
«00185
00185
.00180
.0018
.00195
»00205
.00195
«00200
.00215
.00210
»00225
.00225
00235
.00230
.00235
.00235
.00235
»002445
.00245
.00260
. 00305
.00295
. 00320
00315
»00315
»00310
00315
.00335
.00330
.00335
.00330
.00330
.00320
.00315
.00315
«00300
.00300
.00300
.00315
.00315

Creep Pressure
(Torr)
.078 2.7 x 10°9
085 2.6 x 1077
.082 2.i x 1079
.082 2.0 x 1077
.085 1.8 x 1077
085 2.2 x 10°7
.082 2.3 x 107
.088 1. x 1079
<092 1.8 x 10-9
0092 205 X 1&9
.090 2.6 x 1077
092 3.1 x 1077
0098 2.5 X 10-9
»102 2.2 x 1077
.098 2.8 x 1077
.100 2.0 x 10~7
.108 2.0 x 107
105 2.3 x 1077
12 9.6 x 10710
J12 2.5 x 109
118 1.4 x 109
J15 1.2 x 109
118 2.5 x 109
.118 1.2 x 109
J18 2.6 x 10~7
J122 1.8 x 1072
122 1.1 x 10~7
.130 9.1 x 10-10
152 2.2 x 1077
.48 1.6 x 1077
160 1.6 x 1077
.158 1.6 x 10~
.158 1.6 x 1072
.155 1.9 x 1072
.158 1.8 x 109
.168 1.6 x 10~7
<165 1.4 x 1077
.168 1.5 x 10~?
<165 1.9 x 1077
.165 1.6 x 10~7
<160 1.7 x 109
0158 2.8 X 10.9
.158 1.3 x 109
150 1.8 x 10~7
.150 6.0 x 10-10
.150 1.5 x 10~?
.158 1.8 x 10~?
.158 2.0 x 10~9
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TABLE II (Continued)

Length Change

L (inch) Creep Pressure
Time (2" G. L.) (%) (Torr)
4564.6 hours .00310 155 2.0 x 10-°
4661.2 .00315 .158 1.4 x 10-3
47326 00320 160 2.0 x 107
4828 .5 00305 152 1.7 x 10~°
4900.3 .00310 .155 1.7 x 10=9
4998.1 .00305 .152 1.4 x 109
5069.3 00305 152 2.4 x 10-°
5165 .5 .00305 .152 1.6 x 10-9
5237 .4 .00310 155 1.2 x 10~8
5333.5 .00310 .155 1.1 x 10~
5405 .5 .00305 152 1.6 x 10'3
550242 00305 152 1.1 x 10~
5598.0 .00310 155 1.4 x 10~°
5669.8 .00310 155 1.8 x 10~°
5741 .4 00320 .160 1.6 x 10-9
5838.0 .00315 .158 1.6 x 10~9
5909 .4 .00325 .162 1.5 x 10~°
6005 +6 00315 .158 1.5 x 10~
6077.5 .00315 .158 1.6 x 10~°
6173.9 00315 .158 1.6 x 10'3
6245,7 .00320 .160 1.6 x 10”
6345 .0 00325 162 1.0 x 10~
6417.7 .00335 .168 1.3 x 10-9
6509 .4 .00335 .168 1.5 x 10-2
6582 .0 00340 170 1.0 x 10=°
667842 .00335 .168 1.6 x 10~
6749.4 00340 170 1.5 x 10~°
6845,6 .00345 2172 1.6 x 10~Y
6917.9 00350 175 2.2 x 1o-g
7014.1 .00355 .178 1.4 x 10™
7085.9 .00350 175 2.1 x 10~°
7181.9 .00345 J172 2.3 x 10~°
7253.6 .00355 .178 3.0 x 10-9
7350.0 00345 72 1.4 x 1079
7421.6 .00345 172 1.4 x 10-30
7517 .6 00345 172 7.8 x 107
7589.7 00350 175 1.8 x 10™
7685 .4 00345 172 1.6 x 10~
7757 .8 00340 170 2.2 x 1o-g
7853.8 .00345 .172 1.8 x 107g
7925 .4 00340 .170 1.6 x 107,
8021.3 00340 170 1.3 x 1070
8093.4 .00340 .170 1.6 x 107
8189.3 00345 .172 1.7 x 10"
8261.5 00345 172 1.9 x 10'3
8357 .5 00335 .168 1.1 x 1078
8429.5 .00335 .168 1.6 x 10™
w0 Test in progress

Specimen B-1ll




TRW EQUIPMENT LABORATORIES

TABLE ITX

TEST DATA, TZC PLATE, HEAT M-80, RECRYSTALLIZED AT 3092°F (1700°C), 1 HOUR,

TESTED AT 2056°F (112L°C), 19,000 PSI (1.31 x 105N/m2)

Length Change
AL (inch) Creep Pressure
Time (2" G.L.) (2) (Torr)
1 mimutes +00010 QM 700 b4 10-8
2 00020 .010
3 -+ 00030 .015
N »00050 .025
5 .00055 .028
6 «00065 .032
7 00085 J0l2
8 00095 .048
9 Ow].s .052
10 .00120 .060
12 .0013C .06
13 + 00140 .070
1 . 00150 .07
15 .w160 0080 6.9 X 10-8
20 .00165 4, 082
25 » 00170 .085
30 .00170 .085 6.9 x 10-8
Lo 00175 .088
4s .00175 .088
60 00180 .090 6.8 x 10~
90 .00180 090 6.7 x 10:3
15.,7 hours .CDIBO 0090 3.5 b 4 10.8
87.1 .00180 0090 loh x 10
111,2 .00100 .050 9.8 x 109
133.k 00140 .070 7.0 x 10~
159.0 00135 .068 3.0 x 10°9
181.6 00130 065 -
239.9 .00135 5068 4.2 x 1077
263, 7 .00130 .06 5.1 x 109
287.7 00150 075 4.5 x 1072
309,9 +00140 .070 3.8 x 1077
334.3 « 00150 .075 3.2 x 1079
406.5 ~ 00145 .072 3.5 x 109
459.3 -00155 .078 -
503.2 .00150 .05 2.2 x 109
573.9 00175 .088 1.2 x 10-9



Time

62245 hours

669.9

7)42.3

790, 2

838.3

909.9

96L.8
1006.2
105543
1102.0
1126.8
1173.9
1245.9
1294.0
1342.0
k.1
1466.7
1509.0
1581.8
165L.2
1750,2
1822.1
1942.2
1990, 6
2086,2
2158.2
225h.k
2326.1
2h2h. 7
2L97.4
2600.1
266L.7
2759.8
2854.3
2926.3
2998.2
3094.0
3166.4
3262,.2

TABLE III (Continued)

Length Change
AL (inch)
(2" G. L. )

L0175
.00180
.00185
+00190
.00185
«00195
.00205
.00210
.00215
»00220
.00220
.00220
.00215
.00225
.00235
.00235
.00235
.00225
. 00215
.002L;5
.002)40
» 00235
.00235
.00240
.00250
.00260
. 00265
00265
.00280
« 00305
«00310
.00325
«003l5
«00355
«00355
. 00355
. 00365
«00360
.00355

Creep

,088
«090
.092
. 095
.092
.098
.102
105
+108
+110
«110
«110
.108
o112
.118
.118
.118
0112
0122
.122
«120
.118
.118
»120
.125
.130
132

0132

«140
0152
155
.162
. 172
+178
178
.178
.182
.180
.178

TRW EQUIPMENT LABORATORIES:

Pressure
(Torr)
1.1 x 1079
3.8 x 1077
2.8 x 107
2.8 x 107
1.8 x 1072
3,2 x 1077
2.6 x 1077
2.6 x 10"3
2.7 x 10™
2.9 x 1077
1.7 x 1077
1.0 x 1o'io
L2 x 107
2,1 x 1079
2.1 x 10-10
1.4 x 1079
2.5 x 107
2,0 x 1077
7.5 x 10-10
1.2 x 1077
1.3 x 1079
7.0 x 10710
8.l x 10-10
7. x 10710
1.6 x 10:3
1.k x 10
7.2 x 10710
2,0 x 1077
1.4 x 10~
1.2 x 107
800 X 10-10
2.4 x 1079
2.6 x 107
1.5 x 1077
1.5 x 107
2.1 x 107
2.1 x 107
2.2 x 1079
9.2 x 1079



TRW EQUIPMENT LABORATORIES

TABLE ITI (Continued)

length Change

AL (inch) Creep Pressure

Time (2" G. L.) 1 (Torr)

333L4.1 hours .00360 .180 2.2 x 1077
3L5k.1 -~ .00340 170 1.6 x 1079
3502.1 .00365 .182 2.0 x 1077
3598.2 .00315 .158 1.1 x 1079
3670.3 .00315 158 1.0 x 10°7
376646 «00300 <150 9.0 x 10°10
3839.0. .00308 2152 2.5 x 1077
39364k .00300 .150 9.1 x 1010
400643 .00295 <148 2.0 x 10°7
h10206 ow3$ 0152 2.1 x 10-9
41743 .00310 155 1.9 x 10~?
427046 .00320 .160 1,0 x 10°?
434242 .00330 .165 2.0 x 10°9
uli38.7 .00330 <165 2.5 x 109
4510.1 «00355 .178 1 x 1079
4606.2 .00340 .170 2.0 x 107?
1467748 .003kL5 o172 1.8 x 10-%
18L46.8 00335 .168 1.6 x 10~
h9h301 om335 0168 106 b < 10'9
5015.0 .00355 <178 1.7 x 10-9
5111.1 «00340 »170 1.6 x 1079
5183.2 .00345 2172 1.0 x 109
52797 .00350 175 1.6 x 10-9
5375.6 .00355 «178 1.5 x 10~7
5615.6 +00355 .178 1,0 x 10~9
5687.0 .00360 180 2.5 x 10~9
5783.8 «00355 .178 2.4 x 10~9
5855.1 .00365 «182 2. x 2079
595105 om375 0188 20’4 X 10'9
6023.3 »00380 «190 2.5 x 10~9
6122.5 .00395 »198 9.0 x 10-10
619503 om390 0195 20,4 X 10'9

628609 omhw .200 2.5 X 10-9



TRW EQUIPMENT LABORATORIES .

TABLE IIT (Continued)

Length Change

AL (inch) Creep Pressure
Time (em G,L.) (%) (Torr)
6359.5 hours .00L05 $202 1.0 x 10-9
6L55.8 .00410 .205 1.7 x 10=9
652760 .00415 «208 2.5 x 10~9
66232 +00L410 «205 1.6 x 10=9
6695.6 +00L10 .205 2.3 x 102
6791.8 +00420 .210 1.6 x 10~
686L .8 « 00420 ,210 1.6 x 10-7
6959.5 .00415 .208 1.4 x 10-9
7031.2 « 00420 +210 2.4 x 109
7127.6 «00435 .218 1,0 x 10-7
7199.2 .00L30 «215 2.2 x 10-9
72952 -00430 .215 7.2 x 10-10
7367.3 <00l 30 .215 1,1 x 10-7
716342 .00L25 .212 1.0 x 10~7
7535.5 .00430 .215 1.6 x 10~9
7631.3 « 00440 +220 1.6 x 10~7
77029 00440 * 220 1.6 x 1077
779809 .OOth 220 105 X 10-9
7870.9 « 00110 «220 1.7 x 10-9
79668 «00Ls5 0222 1.6 x 10=9
8039.1 . 00LLO .220 1.6 x 10~7
8135.2 00450 .225 1. x 10~
8207.0 +00L55 .228 1.k x 1077

Test in progress
Specimen B-12




TRW EQUIPMENT LABORATORIES

TABLS IV

CREEP TEST DATA, T2C PLATE, HEAT M-91, ANNEALED 2300°F (1260°C) 1 HOUR,
TESTED 1800°F (982°C), liky,000 PSI (3.03 x 108N/m?)

Length Change

AL (inch) Cree Pressure

Time (2 G.L,) g§§ (Torr)
1 Minutes -. 00010 = 005 3,2 x 1079
2 -. 00020 - 010 3.2 x 1078
L -, 00025 - 012 3.2 x 1078
5 -. 00025 - 012 3.2 x 1o£

6 -. 00030 - 015 3.2 x 10
7 -. 00015 -.008 3.2 x 1079
8 -. 00015 -.008 3.2 x 10°8
9 - 00015 -, 008 3.2 x 1078
10 -. 00015 -.008 3.2 x 1038
15 -.00020 - 010 3.2 x 108
30 - 00015 - 008 3.2 x 108
is -. 00010 - 005 3.2 x 1078
60 -« 00010 -, 005 3.2 x 103

67.3 Hours «00270 0135 1.1 x 10
91.1 00305 .152 1.0 x 108
114.9 - 00385 0192 1.1 x 10§

139.7 . 00380 190 1.0 x 10
162.8 . 00405 .202 9.6 x 109
237.1 . 00515 .258 9.0 x 1079
258, 7 .00530 «265 8.2 x 10”%
282,6 +00550 275 3.6 x 1079
307.0 « 00560 .280 3.2 x 109
3312 « 00600 «300 3.1 x 1079
L26.7 . 00645 0322 3.4 x 1079
450,9 . 00665 0332 2.6 x 1077
L75.0 . 00715 0358 2,4 x 109
498.9 . 00775 «388 3.4 x 109
571l « 00745 e372 3.0 x 109
595.3 « 00745 «372 2.8 x 1079
619.1 . 00820 <1410 2.8 x 109
642.9 . 00795 398 2.8 x 107
667.0 . 00765 #3682 2.8 x 107
73905 .OOBLO .h20 3.0 X 10‘9
763.1 . 008LS _ JL22 2.5 x 10~
7881 . 00875 2138 . 2.2 x 107
810.9 . 00890 oLsliS 2.4 x 1077
835.1 .00880 NAE 2.3 x 107



TRW EQUIPMENT LABORATORIES'

TABLE IV (Continued)

Length Change

L (inch) - Creep Pressure

Time (2% G.L.) *) (Torr)

906 .9 00890 445 2.3 x 10~

978.6 +00965 «482 2.2 x 10-9
1076 .4 .01005 502 2.2 x 109
1147.6 .01020 510 4,8 x 1072
1243.8 01045 522 4.4 x 109
1315.7 .01065 . 532 4,3 x 10~9
1411.9 .01100 «550 4.4 x 10-9
1580.5 .01170 585 2,7 x 10°°
1676 .3 .01205 .602 4,0 x 108
1748.1 »01220 «610 4,2 x 10-9
1819.7 01255 .628 2.8 x 10°°
1916.3 01285 .642 3.2 x 10-°
1987.7 .01310 655 2,0 x 10~°
2084,2 .01345 672 3.2 x 10~9
2155.8 01365 .682 2.4 x 109
2252,2 .01375 .688 3.1 x 10-9
2324,0 .01405 . 702 2.3 x 10~°
2423,3 .01455 .728 2,0 x 10~
2496,0 01465 732 1.9 x 109
2587 .7 01495 748 2.6 x 10~°
2660.3 01505 752 1.9 x 10°9
2756 .5 .01515 758 2.5 x 10~
2827.7 01525 .762 2.0 x 10~°
2923,9 .01590 795 3.4 x 10~°
2996 ,4 .01610 .805 5.4 x 10~°
3092,.4 .01640 +820 1.9 x 10~9
3164.2 01640 820 2.4 x 10°°
32602 .01665 .832 4.8 x 10-9
3331.9 01690 845 2.2 x 10~2
3428 .4 .01705 852 2.6 x 10~9
3500.0 01730 .865 1.8 x 10~°
3595.9 01745 .872 1.3 x 10~°
3668.0 .01770 © 885 2.4 x 10~
3763.9 .01795 .898 2.6.x 109
3836.2 01820 .910 3.4 x 10‘3
3932.0 01845 .922 3.5 x 107
4003,7 01865 .932 3.5 x 10™
4099.6 .01875 .938 3.4 x 10~
4172.0 01885 .942 3.6 x 10~°
4267.6 .01925 +962 3.6 x 10=°
4339.9 01950 975 3.7 x 10~°
4435.9 .01960 .980 3.3 x 10-3
4507.8 .01975 .988 3.2 x 10~
4603.6 02030 1.015 3.3 x 109

Test Terminated - 1% Creep

Specimen B-19




TRW £QUIPMENT LABORATORIES

TABLE V

CREEP TEST DATA, TZC PLATE, HEAT M-91, ANNEALED AT 3092°F (1700°C) FOR 1 HOUR,

TESTED AT 2000°F (1093°C), 20,000 PSI (1.38 x 108N/m2)

1799

Length Change
AL (inch) Creep Pressure
Time (2" G.L.) (%) (Torr)

1 Minutes . 00000 .000 8.2 x 107

2 . 00005 . 002 8.2 x 10~

3 00010 . 005 8.2 x 1072

L .00010 .005 8.2 x 1072

5 .00015 . 008 8.2 x 1079

6 . 00020 010 8.2 x 107

7 . 00020 .010 8.2 x 1072

8 00020 .010 8.2 x, 10~

9 . 00015 .008 8.2 x 1077

10 . 00020 010 8,2 x 10~

15 .00025 .012 8.2 x 1079

20 . 00020 .010 8.2 x 107

25 . 00025 .012 8.2 x 1073

30 .00025 012 8.2 x 10~

60 . 00020 .010 8.2 x 1077

1.7 Hours « 00030 . 015 8.2 x 10'9

19.0 . 00075 .038 8.4 x 1079

43.9 . 00100 050 7.2 x 1079

115.2 . 00155 .078 4.0 x 109

139.2 .00185 . 092 3.2 x 1079

163.6 .00210 <105 2.6 x 10~

187.1 00220 .110 2.4 x 1079

211.L . 002140 .120 2.1 x 1077

283.2 00270 «135 1.k x 1079

307.3 . 00290 145 1,2 x 109

331,2 .00300 .150 1.1 x 1077
35502 000295 01)48 907 X 10-10
379.3 . 00295 <148 9.6 x 1010
451.9 00310 .155 7.9 x 1010
199.6 + 00350 175 6.7 x 10-10
547.7 00355 .178 6.1 x 10710
619.5 . 00360 .180 9.2 x 10710
6li3. L . 00365 .182 6.3 x 10710
667. L 00365 182 8.1 x 10710
691.1 »00365 .182 8.2 x 1010
715.5 .00375 .188 7.8 x 10710



TRW EQUIPMENT LABORATORIES-

TABLE V (Continued)

Length Change
L (inch) Creep Pressure
Time (2" G.L.) %) (Torr)
787.7 Hours 00410 205 7.4 x 1010
811.6 00420 210 7.1 x 10~10
835.3 <00435 .218 7.2 x 10~10
85942 .00440 220 7.0 x 10~10
883.2 +00445 0222 7.0 x 10-10
95643 .00460 «230 6.6 x 10-10
980.0 .00470 .235 6.4 x 10~-10
1003.4 00455 .228 6.4 x 10~10
1027.2 .00465 .232 6.2 x 10~10
1123.7 .00485 .242 6.0 x 10-10
1195.5 .00490 .245 5.7 x 10-10
1294.7 .00515 258 6.0 x 10~10
1367 .4 .00525 «262 5.8 x 10-10
1459.1 .00560 +280 5.6 x 1010
1531.7 .00585 «292 5.4 x 10-10
1627.9 00600 300 5.4 x 10-10
1699.2 00620 310 5.4 x 10~10
1795.3 +00640 320 5.4 x 10-10
1867.8 00655 .328 5.1 x 10~10
1963.9 .00665 .332 5.1 x 10-10
2035.6 00695 348 4.7 x 10'13
2131.6 00720 360 4.8 x 10”
2203.3 00740 370 4.9 x 10710
2299.8 .00745 372 4.9 x 10'%8
2371.4 00755 .378 4,8 x 10™
2467.3 00760 .380 3.6 x 10-18
2539,5 00770 385 2.6 x 10~1
2635 .2 00800 400 3.8 x 10-18
2707 .6 00820 410 3.4 x 10~%
2803.4 .00880 .440 3.4 x 10~10
2875.1 .00900 «450 3.4 x 10~10
2971.0 .00910 455 3.1 x 10~10
3043.1 00920 .460 3.6 x 1010
3139.0 .00935 .468 3.3 x 10~10
3211,3 .00930 .465 3.4 x 10-10
3307.3 00960 480 3.3 x 10-10
3379.2 .00965 <482 3.2 x 10~10

Test in progress

Specimen B=20




TRW eQUIPMENT LABORATORIES

TABLE VI

CREEP TEST DATA, TZC PLATE, HEAT M-91, ANNEALED AT 3092°F (1700°C) FOR 1 HOUR

AGED AT 2400°F (1316°C) FOR 5 HOURS

TESTED AT 2000°F (1093°C) 20,000 PSI (1.36 x 108N/m2)

8074

Length Change

AL (inch) Creep Pressure

Time (2% G.L.) (2) (Torr)
1 Minutes -.00010 -.005 6.0 x 1077
2 00000 .000 6.0 x 107
3 .00000 .000 6.0 x 1077
L - 00000 - 000 6.0 x 1079
5 . 00000 . 000 6.0 x 1077
6 00005 .00 6.0 x 1077
7 . 00005 .002 6.0 x 103,?

8 . 00000 . 000 6.0 x 10
9 00000 .000 6.0 x 1o:g

10 -+ 00005 -. 002 6.0 x 10
15 00000 .000 6.0 x 107
30 . 00020 .010 6.0 x 10~
L5 00040 .020 6.0 x 107
60 . 00040 .020 6.0 x 10~
2 Hours . 00085 L0y2 6.0 x 1077
3 .00120 . 060 6.0 x 109

19.2 « 00295 .18 6.0 x 10
91.2 . 00640 320 3.4 x 107
115.4 .00715 .358 2.6 x 109
139.3 « 00800 100 2.5 x 109
163.3 . 008140 420 2.4 x 107
187.3 . 00855 .1128 2.4 x 109
283.3 .01050 «525 1.7 x 1072
307.3 01070 535 1.8 x 1077
331.L .01110 .555 1.8 x 1077
1430, 7 01245 622 1.8 x 1079
503.5 «013L5 672 1.7 x 1079
595.2 01465 .732 1.4 x 1079



TRW £QuIPMENT LABORATORIES - _

TABLE VI (Continued)

Length Change

AL (inch) Creep Pressure

Time (2" GoL.) (%) (Torr)
619.6 hours «01490 o745 1. x 10-9
6L3.L .01520 « 760 1.k x 107
667.8 .01530 « 765 1.4 x 10-9
691.3 .01570 .785 1.3 x 10-9
76L.0 . 01680 «8L0 1.3 x 10~9
811.L «01725 .862 1.3 x 10~
835,2 .01735 . 868 1.3 x 10~7
93143 .01815 «908 1.1 x 10-9
955,2 .01825 «912 1.3 x 10-2
97943 01850 .925 1.1 x 107
1003.7 01885 .9L2 1.1 x 10~
1027.6 +01900 «950 1.1 x 10~9
1102.2 .02000 1.000 1.0 x 109
1123.h . 02020 1.010 1.1 x 10-9

Test Terminated - 1% Creep
Specimen B-22




TRW EQUIPMENT LABORATORIES

TABLE VIT

CREEP TEST DATA,STRESS-RELIEVED TZM FORG:D DISC, CLIMAX HEAT NO. 7502

TESTED AT 2000°F (1093°C), 10,000 PSI (6.89 x 107N/m?)

Length Change
AL (inch) Creep Pressure
Time (2» G, L, ) (2) (Torr)
1 minutes -, 00030 -.015 1.6 x 10~7
2 —.00015 -~ CDB
3 -+ 00015 -. 008
)-l- e omls b’ ws
S -OW -.o&
6 00010 .005
7 . 00005 .002
8 - 00000 000
9 . 00010 .005
10 00005 002
15 « 00005 002
20 00010 .005
25 00005 . 002
30 « 00000 » 000
LS .00010 005
60 00015 .008
75 » 00005 . 002
90 00010 .005
20.0 hours -. 00005 -, 002 6.7 x 1o:g
The 7 » 00030 .015 1.0 x 10
125.7 00100 .050 1.l x 1078
136.5 . 00800 04O 1.0 x 100
160. 3 .00085 .oL2 5.7 x 10~
18h.k .00085 .oy2 bl x 1079
208.5 00090 .05 4.0 x 1077
232.2 00090 .0L5 3.4 x 1079
30h.ky 00100 «050 2.2 x 10~
32803 omlm .050 2.0 x 10™
352,2 00105 <052 1.9 x 10:,?
376.6 00105 «052 1.3 x 10
1,00.8 00110 .055 2.1 x 10~
L57.5 .00130 . 065 1.3 x 1079
L7246 .00135 .068 1.2 x 109
L97.0 . 00140 .070 1.2 x 10~

13728



TRW/ EQUIPMENT LABORATORIES'

Table VII (continued)

Length Change
AL (inch) Creep Pressure
Time (2* ¢, L, ) (%) (Torr)
520.2 hours 00115 JO72 1.2 x 1072
Shlie1 00115 .072 1.2 x 10~
568,2 . 00150 .075 1.2 x 1072
6L,0.2 00155 ,078 1.5 x 107
66Lie 3 00170 .085 9.2 x 1010
688.6 00175 .088 6.0 x 1010
712.3 .00175 .088 7.4 x 10710
736.3 . 00170 .085 7.6 x 10710
810.2 .00175 .088 1.3 x 10
832.2 .00185 .092 9,0 x 10-1
856.1 .00180 . 090 9,2 x 1010
8801 00200 .100 7.5 x 10‘18
90k, 0 00205 .102 7.7 x 1071
982,8 .00210 L1058 8.1 x 10-10
1000, 2 .00210 .105 7.6 x 10-10
1024.2 00210 .105 8.2 x 10710
1048.3 00220 .110 8,0 x 10-10
1072.1 .00220 .110 1.3 x 10~9
114k.0 00230 .115 6.9 x 10710
1168.3 .00235 .118 6.9 x 10710
1192.2 .0024,0 .120 6.6 x 10720
121641 00250 .125 6. x 10710
1240, 2 00250 .125 5.8 x 10-10
1336.2 .00250 <125 5.9 x 1079
1360, 3 .00250 .125 5.8 x 10710
138L. 3 00250 125 5.2 x 10710
1408.5 .00250 .125 L.l x 10710
1480.3 .00260 +130 4.6 x 10-10
1552,2 .00270 .135 4.6 x 10-10
16L48.3 .00320 .160 4.0 x 10-10
1696.4 .00320 .160 3.8 x 10710
1720.6 . 00320 .160 oy x 10710
1816.4 .00320 «160 5.7 x 1010
186l.2 00315 .158 3.8 x 10710
1912,3 .00325 162 L.0 x 10710
198L.3 »00330 .165 2.6 x 1010
203242 .00335 .168 3,6 x 10710
2080.1 « 00340 170 3.1 x 1010
2152.3 .00340 .170 2.8 x 10710




TRW EQUIPMENT LABORATORIES

Table VII (continued)

Length Change

AL (inch) Creep Pressure
ime (2" G. L.) (%) (Torr)
2200.6 hours .00335 .168 2.3 x 10710
221i8.4 .00340 .170 1.6 x 10-10
2320.4 .00350 175 2.7 x 10710
2369.L .003ls5 172 2.0 x 10710
2418.3 ,00355 .178 9.2 x 1071
21,88.14 .003l5 <172 4.0 x 10-10
2536.1 00350 .175 1.7 x 10-10
2560, 3 .0035 AT 2.6 x 10710
265643 .00355 .178 2.6 x 10710
270443 00350 175 -
2823.5 +00355 <178 2.5 x 10-10
2871.3 . 00365 .182 1.1 x 10-11
2919.5 .00375 .188 1.7 x 10*%5’
299107 .00380 0190 7.2 X 10-
30kk.5 . 003680 .190 -—
3088.4 00360 «190 1.8 x 10-11
3159.2 . 00385 .192 1.6 x 10-11
3231.2 00390 .195 1.4 x 10710
3327.5 00385 .192 1.2 x 1010
3399.4 . 00395 .198 2.0 x 1011
3495.1 . 00400 .200 8.2 x 10712
3568.1 . 00400 «200 9,5 x 10711
3640.6 .00410 205 3.4 x 10711
3687.2 .00410 .205 1.9 x 1011
3735.3 . 00415 .208 1.0 x 10711
3831.1 . 0020 210 1.2 x 10711
3903.5 . 00l25 .212 2.1 x 1011
3999.2 00440 «220 1.0 x 1071
4071.3 . 0050 225 2.1 x 10711
4167.1 00450 .225 1.8 x 10710
4239.1 00468 .232 1.8 x 10711
43354 00460 230 1.8 x 10710
11,07.3 - 00y65 232 1.0 x 10712
4527.5 00465 .232 1.2 x 10711
4575.9 « 00475 .238 1.0 x 1011



TRW EQUIPMENT LABORATORIES'

TABLE VII (Continued)

Iength Change
AL (inch) Creep Pressure
Time (27 g. L., ) % (Torr)

4671.2 hours 00470 235 7.5 x 10=11
L7435 .00L75 .238 1.0 x 10731
14839.7 .00470 «235 1.8 x 10711
49113 00470 235 1.0 x 10711
5010.3 00475 .238 8.5 x 10=1t
508L.1 .00475 +238 1.8-x 1010
5185. .004:85 .22 3.4 x 10710
52)49.1 00490 .245 9.3 x 10-16
534le9 004480 240 4.2 x 10730
5L15.6 00500 250 4.2 x 10730
5511.5 00505 +252 1.1 x 10=9
5583.5 00500 250 1.3 x 1027
567943 00500 +250 1.7 x 10=7
57510!4 000510 0255 1.7 x 10‘-9
58,4705 ow515 0258 hch x 10~
5919.3 00520 <260 2.0 x 107
6039.1; .00530 . 265 2.0 x 107
6087.1 400540 .270 1.8 x 1077
61830!4 .005115 0272 h03 X 10'10
6255 .6 +00550 275 4.5 x 1010
6351.8 00550 «275 2.0 x 10~
6L42l.3 .00555 .278 2.l x 1077
6521.5 00560 .280 2,0 x 10~
6591.6 00550 275 2.5 x 1077
6687.5 +00555 278 3.0 x 10~
6759.6 00565 282 3.7 x 1077
685549 00570 .285 L2 x 10-10
6927.5 00580 +290 3.8 x 10-10
702)400 .(X)SBS ‘292 ,.I.ol X 10'10
7095 .4 .00590 295 2.5 x 10-10
7191.3 00595 298 4.5 x 10710
7263.1 «00595 «298 3.0 x 10710
7360,9 00595 +298 5.2 x 10~10
7432.1 00605 .302 9.4 x 10710
7600,2 +00605 .302 9.3 x 10-10
769643 .00610 <305 9,7 x 10~10
7768.3 00605 +302 1.0 x 10~7
7865 .0 .00615 308 5.0 x 10-10
796045 .00620 310 1.2 x 10°7
8032.6 00620 310 9,0 x 10-10
8104.2 .00630 315 8.6 x 10-10




TRW EQUIPMENT LABORATORIES

TABLE VIII

CREEP TEST DATA, TZM FORGED DISC, CLIMAX NO. 7502, ANNEALED AT 2850°F (1566°C)

FOR 1 HOUR AT 2000°F (1093°C), 10,000 PSI (6.89 x 107N/m2)

13794

Length Change
AL (inch) Creep Pressure
Ti{me (2" G.L.) (%) (Torr)
1 minute(s) .00030 .015
2 .000L45 .022
3 .00040 .020
L .00030 .015
5 .00025 .012
[ .00d15 .008
7 .00015 .008
8 .00010 .005
9 .00020 .010
10 .00030 .015
11 .00030 .015
12 .00025 .012
13 .00030 .015
1) .00030 .015
15 .00035 .018
20 .00045 .022
25 .00050 .025
30 .00055 .028
35 .00050 .025
Lo .00050 .025
L5 .00050 .025
60 .00050 .025
16.6 hours .000LO .020 6.2 x 10~
Lo.7 .00055 .028 3.1 x 10-9
11,.5 .00095 .048 5.1 x 10-7
136.5 .00105 .052 3.0 x 10-9
160.4 .00120 .060 3.4 x 10-9
184.4 .00130 .065 2.4 x 10-9
208.3 .00140 .070 2.3 x 10-9
287.5 .00180 .090 2.2 x 10-9
304.7 .00235 .118 1.8 x 10-9
328.7 .00505 .252 1.6 x 10-9
336.5 .00L485 2l2 _—
352.6 .00515 .258 1.6 x 10-9
376.4 .0052% .262 2.2 x 10-9
LL8.3 .00525 .262 1.4 x 10-9
L72.7 .0052% .262 1.0 x 10-9
496.6 .00530 .265 1.0 x 10-9




TRW EQUIPMENT LABORATORIES

TABLE VII (Continued)

Length Change

- L (Inch) Creep Pressure

Time (2* G. L.) % (Torr)
8200.8 hours .00635 .318 1.1x10°9
8272.3 00640 .320 1.1x10°°
8368.3 .00650 «325 1.0x10-9
8440.3 .00640 +320 1.2x10~9
853647 00655 .328 1.5x10"9
86085 00665 332 1.6x10~°
8707.8 00665 .332 1.2x10~°
8780.5 00665 332 1.6x10~°
8872.2 00675 .338 1.2x10-9
8944.8 00680 340 1.6x10"°
9041.1 00700 350 1.3x10"°
9112.2 «00705 0352 1.2x10-g

9208 .4 00705 352 1.4x10
9280.8 .00700 .350 1.5x10"°
9377.0 .00715 .358 1.4x10~°
9448,7 .00725 362 1.4x10~°
9544.6 00730 365 1.5x10"°
9616.3 00740 370 1.7x10~9
9712.5 00745 «372 1.4x10-°
9784.5 00745 372 1.6x10"2
9880.4 00745 .372 1.3x10-g
9952 .6 00745 372 1.8x10
10,048.3 00750 «375 1.7x10-9

Test Terminated « 10,000 Hours

Specimen B=3




TRW EQUIPMENT LABORATORIES

TABLE VIII (Continued)

Length Change
AL (inch) Creep Pressure
Time (2 G.L.) (%) (Torr)
520.8 hours .00535 .268 1.6 x 1679
shl.6 .00565 .282 1.2 x 10-9
616.6 .00560 .280 6.2 x 10-10
6L40.5 .00555 .278 7.2 x 10-10
66l.6 .00560 .280 7.2 x 10-10
688.7 .00560 .280 7.3 x 10-10
712.8 .00565 .282 1.3 x 10-9
781,.6 .00560 .280 5.6 x 10-10
808.7 .00555 .278 5.5 x 10-10
832.6 .00565 .282 5.8 x 10-10
856.6 .00575 .288 5.8 x 10-10
880.6 .00580 .290 6.6 x 10~
952.6 .00L80 .240 k.3 x 10-10
977.0 .00L85 242 1. x 1079
1000.7 .00L85 242 L.2 x 10-10
1025.0 .00505 .252 7.2 x 10-10
1049.3 .00LLO .220 4.6 x 10-10
1120.8 .00L65 232 3.2 x 10-10
11L45.2 .00L85 2L2 4.3 x 10-10
1168.5 .00505 .252 5.0 x 10-10
1192.7 .00515 .258 8.0 x 10-10
1216.6 .00515 .258 3.0 x 10-10
1288.6 .00510 .255 1.6 x 10-10
1315.5 .00525 .262 2.2 x 10-10
1336.5 .00525 .262 1.5 x 10740
1360.7 .00520 -260 i.6 x 10-10
1384.5 .00525 262 2.1 x 10-10
14,56.6 .00540 .270 L.y x 1010
1480.9 .00520 .260 1.6 x 1079
1505 .0 .00505 .252 9.7 x 10~+L
1528.5 .00510 .255 1.3 x 10-7
1552.8 .00520 .260 1.3 x 107
16L49.0 .00530 .265 9.3 x 10-10
1696.6 .00535 -268 --
1722.7 .00530 .265 --
1792.8 .00530 .265 3.2 x 10712
18L0.7 .00530 .265 8.8 x 1011
186L.8 .00530 .265 1.2 x 10°9
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1960.8
198L.8
2008.6
2056.9
2115.2
2163.0
2211.2
2283.4
2336.3
2380.1
2L50.9
2523.0
2619.2
2691.0
2786.8
2859.8
2932.3
2978.9
3027.0
3122.9
3195.2
3291.1
3363.0
3458.8
3531.2
3627.1
3699.0
3819.2
3891.0
3963.1
4035.2
L131.k
4203.0
L301.7
L374.3
Lh77.1
Lshl.h
L636.7
L707.2

hours

TABLE VIII (Continued)

Length Change
AL (inch)
(27 G.L.)

.00540
.005L45
.00545
.00550
.00555
.00550
.00545
.00560
.00560
.00550
.00555
.00570
.00570
.00610
.00635
.006L0
.006L40
.006440
.00580
.00630
.00605
.006L0
.00650
.006L5
.00655
.006L0
.00655
.00630
.00620
.00640
.00640
.00670
.00685
.00690
.00680
.00700
.00700
.00700
.00700

Creep

.270
272
272
.275
.278
.275
272
.280
.280
275
.278
.285
.285
.305
.318
.320
.320
.320
.290
.315
.302
0320
.325
.322
.328
.320
.328

.310
-320
-320
-335
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.350
.350
.350
.350
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TRW EQUIPMENT LABORATORIES

TABLE VIII (Continued)

Length Change
AL (inch) Creep Pressure
Time (2" G. L.) g (Torr)

1,803.3 hours 00705 «352 1.2 x 10~?
4875.2 .00708 352 3.1 x 107
4970.9 00710 «355 1.7 x 107
5043.3 .00715 .358 3.0 x 10~7
5139.1 .00690 «345 2.6 x 10~
5210,0 .00730 +365 2.6 x 107
5331.1 .00725 «362 3.4 x 1079
5379.1 .00720 «360 2.1 x 10~9
Sh75.2 .00720 «360 2.0 x 109
55473 .00720 «360 2.1 x 10-?
5643.5 .00730 <365 1.9 x 109
5715.9 .00730 <365 2.3 x 10~9
5813.3 .00720 360 2.0 x 109
588342 .00725 «362 1.9 x 1079
5979.6 .00720 <360 3.2 x 109
6051.2 400725 .362 1.9 x 109
6147.6 .00715 .358 2.6 x 1079
6219.2 00730 «365 2.6 x 10~9
6315.7 .00725 «362 h.ly x 109
6387.1 +00740 370 2.6 x 1079
61483.1 00730 365 2.6 x 1077
655h08 .CD730 0365 500 X 10‘-9
6652.6 .00735 <368 5.y x 109
6723.8 .00725 «362 3.2 x 10~9
6820.1 .00720 «360 3.2 x 10~7
6891.9 .00730 «365 3.2 x 109
6988.1 .00735 «368 3.4 x 10-7
7060.2 .00730 .365 3.2 x 1079
7156.7 .00730 <365 3.8 x 10-9.
7252.5 .00720 360 3.5 x 10-Y
732443 .00730 .365 5.8 x 1077
7395 .9 .00720 +360 4.0 x 10~9
7L92.5 .00735 368 4.8 x 1079
7564 .0 .00730 <365 5.0 x 10~7
7660.8 .00710 .355 3.7 x 10-9
7732.1 .00710 .355 3.8 x 10-9
7828.5 .00700 .350 3.7 x 10-9
7900.2 . .00700 .350 4.0 x 10-7
7999.5 .00710 <355 4.9 x 10-9
8072.2 .00730 +365 3.7 x 1079
8163.9 .00720 <360 3.8 x 10°9



TRW £QuIPMENT LABORATORIES .

TABLE VIII (Continued)

Length Change

AL (inch) Creep Pressure
Time (2% G.L.) (%) (Torr)
8236.5 hours «00730 <365 L.7 x 10-9
8332.8 .00720 «360 3.7 x 10~9
8L40L.0 200720 «360 3.9 x 10=7
850061 »00710 +355 4.0 x 10-9
8572.6 . 00725 362 h.9 x 10~Y
8668, 7 200730 <365 3.7 x 107
87L0.6 +00720 «360 3.8 x 10~7
8836.L 00735 .368 3.8 x 1077
8908,1 +00720 360 L.0 x 1077
900L.6 00715 358 L0 x 10~7
90762 .00720 «360 3.9 x 10~7
9172,1 - 00715 .358 3.6 x 10~
92lke3 .00730 . 365 1.1 x 10-Y
930L.1 .00725 .362 1.3 x 10~
9L12.L -U0730 «365 3.8 x 10~9
9508, 2 .00735 .368 4.0 x 10~7
9579.9 .00735 .368 4.0 x 107
967509 . 00720 360 L.1 x 10°9
97U7.9 .00730 365 L2 x 107
9813, 8 »00710 355 4.0 x 10~
9916.1 00735 .368 2,0 x 107
10,012.1 +00735 368 2.4 x 107

Test Terminated -~ 10,000 Hours

Specimen B=l




TRW EQuIPMENT LABORATORIES

TABLE IX

CREEP TisST DATA, TZM FORGED DISC, HEAT NO. 1175, TESTED AT 1600°F (871°C)

65,000 PST (L.1i8 x 108N/m2)

Length Change
_ AL (inch) Creep Pressure
Time (2» G.L.) (%) (Torr)

1 Minutes . 00005 . 002 5.3 x 1078
2 -. 00008 -, 002 5.3 x 1078
3 . 00005 . 002 5.3 x 108
L . 00010 . 005 5.3 x 1079
5 00015 . 008 5.3 x 10-8

6 . 00015 . 008 5.3 x 10
7 . 00020 .010 5.3 x 1078
8 . 00025 .012 5.3 x 108
9 . 00020 .010 5.3 x 1078
10 . 00025 012 5.3 x 1o£

15 000025 .012 5-3 x 10
20 . 00030 .015 5.3 x 108
25 . 00025 .012 5.3 x 10_-3

30 . 00020 .010 5.3 x 10
L5 . 00025 .012 5.3 x 103
60 . 00020 .010 5.3 x 107

65.3 Hours .00110 055 1.0 x 10
89.3 . 00095 .08 5.5 x 10~
113.2 . 00100 .050 6.5 x 1077
136.9 . 00105 .052 k.3 x 107
161.4 . 00105 .052 L.k x 109
233.5 . 00105 .052 4.7 x 1079
2570h 000100 .050 )4.6 X 10-9
281.1 . 00100 .050 L.5 x 102
305.0 00110 .055 Lels x 1077
329.0 00110 .055 4.6 x 107
401.8 +00100 .050 4.1 x 1079
)-I\ZSOB .00095 00)48 hoo X 10-9
Lh9.1 . 00105 .52 b.l x 109
).I.97.0 000115 0058 hoo X 10-9
569.5 .00115 .058 3.9 x 107
59302 .00120 0060 )-105 X 10-9
641.2 .00110 .055 4.3 x 1077
714-0.5 owlls 0058 hoo X 10-9
813,2 .00120 .060 L.k x 1079
90k, 9 .00120 . 060 3.8 x 107



TRW £QuIPMENT LABORATORIES

PY

TABLE IX (Continued)

Length Change

AL (inch) Creep Pressure
Time (2" GoL.) (%) (Torr)
953,1 .00120 <060 Lok x 10=9
977.5 .00120 . 060 L.1 x 10-7
1073.8 00125 L062 3.8 x 10-7
1145.0 .00135 .068 3.8 x 10-9
124103 00165 .082 L.0 x 10-9
1313.6 .00155 .078 7.6 x 10~7
14,09.7 .00170 .085 Lhe3 x 10-9
1482.7 . 00165 .082 5.0 x 109
1577.1 .00170 .085 5.2 x 10~
1629.6 +00L70 085 5,0 x 10~7

Test Terminated - Low Creep Rate

Specimen B-21




TRW eQuiPMENT LABORATORIES

TABLE X

CREEP TEST DATA, TZM FORGED DISC, HEAT NO. 1175, TESTED AT 1800°F (982°C)

Ik, 000 PST (3,03 x 108N/m2)

Length Change
AL (inch) Creep Pressure
Time (2" G, L.) (%) (Torr)
1 minute(s) . 00000 «000 4.8 x 10-7
2 00010 005 4.8 x 10~7
3 00020 .010 4.8 x 10~7
,.I. 000025 0012 )-LOB X 10-7
5 .00015 .008 L.8 x 10~7
6 +00015 .008 Le8 x 10-7
7 .00010 «005 L.8 x 10-7
8 000015 0008 ).l08 X 10-7
9 00020 010 L8 x 10-7
10 « 00020 «010 L.8 x 10~7
15 00020 .010 4.8 x 10~/
30 .00025 012 4.8 x 10~7
Ls 00025 ,012 4.8 x 10~7
65.5 hours . 00055 . 028 3.0 x 10-7
89.1 « 00070 «035 2.8 x 10-7
113.1 .00095 .0L8 1.1 x 10-8
137.1 00100 050 2,1 x 10~8
161.1 »00100 .050 1.7 x 10-9
233.0 . 00100 .050 1.0 x 10~?
25743 00105 .052 8.4 x 1010
280.9 .00105 .052 1.3 x 10-9
305,2 -00110 .055 1.6 x 10-9
329.1 »00110 .055 1.4 x 10~9
hOl.O 000115 0058 10’4 X 10"'9
L26.7 .00115 .058 4.0 x 10~10
Lh9.2 .00120 . 060 5.8 x 10-10
L73.h «00130 <065 7.6 x 10-10
497.0 «00135 «068 3.8 x 10-10
56942 «001L5 <072 3.9 x 10-10
593.1 «001L0 «070 5.5 x 10-10
616.9 .001L5 «072 8.4 x 1010
640.8 .00140 «070 7.8 x 10-10

66l;.8 .00150 .075 5.0 x 10-10



TRW EQuIPMENT LABORATORIES - _

TABLE X (Continued)

Length Change
AL (inch) Creep .. Pressure
Time (2" G, L.) (%)
7368 .00150 .075 8.8 x 10~-10
76107 .00150 <075 8.6 x 10-10
785.0 +00150 .075 5.0 x 10-10
808,8 .00155 .078 9.0 x 10-10
833.8 .00155 .078 5.0 x 10-10
907 +00160 <080 8.4 x 10~10
928.8 « 00160 .080 8.9 x 10-10
953,1 00160 .080 7.0 x 10-10
97700 . 00165 .082 6.0 x 10-10
1001.0 .00180 <090 9,2 x 10~10
1073.0 »00180 .090 9.1 x 10-10
1144.9 ~00175 .088 8.2 x 10-10

Test in Progress

Specimen B-25




TRW sQuiPMENT LABORATORIES

TABLE XI

CREEP TEST DATA, Cb MODIFIED TZM WROUGHT BAR, HEAT NO. L305-l, TESTED AT

2000°F (1093°C), 20,000 PST (1.38 x 108N/m2)

Length Change
AL (inch) Creep Pressure
Time (2" G, L.) (%) (Torr )

1 minute(s) 00000 .000 1.8 x 107

2 .00015 .008 1.8 x 10~7

3 .00010 .005 1.8 x 107

5 »00010 «005 1.8 x 10=7

6 »00015 .008 1.8 x 10~7

7 .00020 .010 1.8 x 10~7

8 »00020 +010 1.8 x 10~7

9 .00025 0012 108 X 10-7
10 .00015 .008 1.8 x 10~7
15 .00025 012 1.8 x 10-7
30 »00020 .010 1.8 x 10~7
L5 »00025 «012 1.8 x 10-7
60 00020 010 1.8 x 10~7
1h.3 hours .00035 .018 2.6 x 10™8
8642 « 00065 0032 7.2 x 109
110.1 » 00040 «020 6.2 x 10~9
13L.2 «00045 022 Lok x 20-9
158.8 » 00045 «022 L.6 x 10~9
182.5 «00040 «020 3.8 x 10=9
254.8 « 00040 «020 3.0 x 10-9
278.5 .000L0 «020 2.8 x 10~9
302.2 «000L5 .022 2.3 x 107
326.5 . 00050 «025 2.2 x 109
350.5 ~ 00050 .025 2.1 x 10~9
L22.5 .00055 .028 2.1 x 10-9
Lhé. L «00050 «025 2.4 x 10~9
170.5 00055 .028 1.8 x 1077
L9h.3 .00055 .028 2.0 x 109
518.} .00050 .025 1.8 x 10~2
590.7 00060 030 1.5 x 1077
614.3 .00050 .025 1.y x 10-9
638.3 .00050 0025 loh X 10"9
662.3 »00055 .028 1l x 10-9
686.2 .00065 «032 l.h x 10=9

Test Terminated

Specimen B~23A




TRW e£QuIPMENT LABORATORIES - _

TABLE XIT

CREEP TEST DATA, Cb MODIFIED TZM WROUGHT BAR, HEAT NO. L305-l, TESTED AT

2000°F (1093°C), 28,000 PSI (1.93 x 108N/m2)

Length Change
AL (inch) Creep Presswre
Time (2" G, L) (%) (Torr)
1 minute(s) .00010 «005 1.3 x 10-9
2 .00010 +005 1.3 x 10-9
3 »00000 «000 1.3 x 10-9
L » 00000 .000 1.3 x 10~
5 » 00000 «000 1.3 x 10~9
6 -+00005 -e002 1.3 x 10~7
7 00005 002 1.3 x 10~9
8 + 00000 «000 1.3 x 10~7
9 « 00000 «000 1le3 x 10~2
10 00005 002 1.3 x 10~
15 00000 .000 1.3 x 10~
30 00005 ,002 1.3 x 10~7
L5 .00010 «005 1.3 x 10~Y
60 »00010 .005 1.3 x 10~9
6607 hours .00015 «008 8.6 x 10-10
91.0 .00035 .018 8.7 x 10-10
114.6 .00035 .018 1.1 x 10~7
138.9 .00030 .015 5.1 x 10~10
163.1 00035 .018 4.8 x 10-10
23L4.7 .000L5 .022 L.9 x 10-10
259,0 .00050 «025 1.1 x 10-9
282.9 +00045 .022 1.5 x 10~7
307.0 +00055 .028 1.5 x 10~9

Test Terminated

Specimen B-23B




TRW zowirsMENT LABORATORIES

TABLE XITI

CREEP TEST DATA, Cb MODIFIED TZM WROUGHT BAR, HEAT NO. L4305-L, TESTED AT

2000°F (1093°C), 40,000 PSI (2.76 x 108N/m?)

Length Change
AL (inch) Creep Pressure

Time (2" G, L.) (%) (Torr )
1 minute(s) « 00000 «000 1.5 x 10-9
2 000005 «002 1.5 X 10-9
3 +00010 .005 1.5 x 10~2
I . 00010 .005 1.5 x 10~2
5 .00020 .005 1.5 x 102
6 000185 .008 1.5 x 10~-9
7 +00010 .005 1.5 x 10~9
8 .00010 .005 1.5 x 10~9
9 «00015 .008 1.5 x 10-9
10 « 00020 .010 1.5 x 10-9
30 «00015 .008 1.5 x 10-9
s 00020 .010 1.5 x 10~7
60 . 00020 .010 1.5 x 10-9
1703 hours 000100 .OSO lou X 10-9
89.5 .00255 .128 1l.hL x 10-9
113.h .00270 .135 1.k x 10-2
137.3 00305 .152 1.3 x 10~
161.2 00345 .172 1.3 x 10~9
185,2 .00375 .188 1.3 x 10~9

Test Terminated

Specimen B-23C




TRW EQUIPMENT LABORATORIES .

TABLE XIV

CREEP TEST DATA, Cb MOIIFIED TZM WROUGHT BAR, HEAT NO. 14305-L, TESTED AT

1800°F (982°C), 46,000 PSI (3.17 x 108N/m2)

Length Change

AL (inch) Creep Pressure
Time (2" G, L.) (%) (Torr )
1 minute(s) »00005 .002 1.1 x 107
2 +00010 »005 1,1 x 10-9
3 « 00005 »002 1.1 x 10~9
N » 00000 .000 1.1 x 10~2
5 . 00005 +002 1.1 x 10-7
6 - 00000 000 1.1 x 10~2
7 -, 00005 - 002 1.1 x 10~
8 »00000 000 1.1 x 10~7
9 » 00000 .000 1.1 x 10-9
10 00005 »002 1.1 x 10-9
15 00005 »002 1.1 x 10-9
30 00000 000 1.1 x 10~7
L5 - 00000 .000 1.1 x 10=9
60 »00000 000 1.1 x 10~2
66.l hours . 00010 .005 1.2 x 10-3
910 3 . 00025 «012 l.1 x 10-
1.5 00050 .025 1.1 x 107
138.L 00080 »0LO 1.1 x 10~Y
163.14 .00110 .055 1.1 x 10~
23k.3 00125 062 1.0 x 1077
258, 3 »00135 .068 1.1 x 107
282.6 .00140 .070 1.1 x 10-9
30606 00140 .070 1.1 x 10~
330.5 .00145 0072 9.5 x 10~10
1,02.6 »00155 .078 1ol x 10~7

Test Terminated

Specimen B=23D




TRW eowrsENT LABORATORIES

TABLE XV

CREEP TEST DATA, Cb MODIFIED TZM WROUGHT BAR, HEAT NO. L4305-L, TESTED AT
2100°F (1149°C) 3L,000 PSI (2.h1 x 108N/m2)

Iength Change
AL (inch) Creep Pressure
Time (2" G, L.) (%) (Torr)

1 minute(s) .00010 .005 1.6 x 10~

2 .00010 .005 1.6 x 102

5 -.00005 - 002 106 X 10-9

6 00000 .000 1.6 x 10-9

7 -, 00005 -.002 1.6 x 10~

8 . 00005 .002 1.6 x 102

9 ~00010 005 1.6 x 109
10 00000 000 1.6 x 1077
15 .00005 002 1.6 x 10~
30 00010 «005 1.6 x 10~9
LS «00005 «002 1.6 x 10~9
60 .00010 «005 1.6 x 1072
16.1 hours .00015 .008 1.7 x 10~7
40.0 »00075 .038 1.6 x 10-9
6L.2 .00120 .060 1.k x 20-9
88.2 .00160 .080 1.k x 109
160.0 .00195 .098 1. x 10°9
214.8 +00260 .130 1.2 x 109
2324 .00270 .135 1.7 x 109
256.3 «00290 145 1.7 x 10~7
328.7 .00340 .170 1.8 x 102

Test Terminated

Specimen B-23E
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TABLE XVI

CREEP TEST DATA, Cb MODIFIED TZM WROUGHT BAR, HEAT NO. L305-l, TESTED AT

2000°F (1093°C), 41,000 PSI (2.82 x 108N/m2)

Length Change
AL (inch) Creep Pressure

Time (2n G. Lo) (%) (Torr)
1 minute(s) +00005 »002 2,5 x 10~7
2 . 00008 «002 2.5 x 10-7
3 » 00000 «000 2.5 x 10~7
L » 00005 <002 2.5 x 10~7
5 «00010 .OOS 205 X 10-7
é .00010 +005 2,5 x 10~7
7 »00010 »005 2.5 x 10~7
8 »00015 .008 2.5 x 10~7
9 .00010 OOOS 205 X 10’7
10 .00010 .005 2.5 x 10~7
15 .00015 .008 2.5 x 10-7
30 .00015 «008 2.5 x 10=7
L5 . 00020 .010 2.5 x 107
60 . 00025 .012 2.5 x 10~7
17.7 hours «00070 «Q35 2,0 x 10-8
L0.8 .00110 «055 9.9 x 10~9
6Le9 .00155 «078 6.4 x 10~
89,9 .00195 .098 3.9 x 10-9
160.7 00250 .125 2.3 x 10~7
18L.8 .00255 .128 2,3 x 10~9
208.9 «00265 «132 2.0 x 10=9
233.0 +00275 .138 1.7 x 109
256,9 .00285 1042 2.8 x 10~
329,0 00305 2152 2.5 x 10~
352,8 .00310 155 1.3 x 10~7
37647 +00315 .158 1.1 x 107
400.9 .00325 0162 1.2 x 10-9

Test in progress

Specimen B-27




TRW sowPaMENT LABORATORIES

TABLE XVII

CREEP TEST DATA, T-111 SHEET, HEAT NO. 70616, ANNEALED 3000°F (16L9°C) FOR 1 HOUR

TESTED AT 2200°F (1204°C), 8,000 PSI (5.52 x 107N/m2)

Length Change
AL (inch) Creep Pressure
Time (2m G, L.) (%) (Torr)
1 minute(s) » 00005 .002 2.6 x 10~9
3 00015 +008 2.6 x 10~7
h 00010 .005 2.6 x 10~2
5 «00005 ~002 2.6 x 10~9
6 ~00005 .002 2.6 x 10~7
7 000005 «002 206 X 10.9
8 00000 000 2.6 x 10~7
9 000005 «002 206 X 10~
10 .00005 .002 2.6 x 10~9
15 «00000 «000 2.6 x 10~9
30 . 00010 .005 2.6 x 10~2
L5 +00010 .005 2.6 x 10~7
60 « 00005 .002 2.6 x 10~9
2.l hours « 00005 002 2.6 x 10~9
19.2 «00010 .005 2,0 x 10~9
L3.1 «00010 «005 1.6 x 10~9
48.3 «00035 .018 1.6 x 10~9
67.1 « 00060 .030 1.5 x 107
163.0 .00155 .078 1.4 x 10-9
187.0 .00175 .088 1.2 x 10~-9
211.3 .00190 <095 1.3 x 10~9
310.5 .00215 .108 1.2 x 10~?
383.3 .002L5 .122 1.3 x 10-2
L7he9 «00320 +160 1.3 x 10~9
499.3 »00370 .185 1.2 x 10-9
523.1 .00390 «195 1.3 x 10-9
5h7.6 «00L05 .202 1.2 x 10~9
572.0 .00L70 .235 1.3 x 10~7
6L3.8 .00530 «265 1.4 x 10-9
691.2 .005L5 272 le3 x 10~9
7.9 «00560 «280 1.2 x 10-9
73902 000565 0282 1.2 x 10"'9
811.1 .ooéﬁs <312 1.3 x 10~9
835.0 +0061;,0 .320 1.2 x 10~9
859.1 00655 «328 1.h x 10-9

883.5 +00675 «338 1.3 x 10~9



TRW £QUIPMENT LABORATORIES .

TABLH XVII (Continued)

TLength Change
AL (inch) Creep Presswure
Time (2v G, L.) (%) (Torr)
907.3 hours . 00685 .32 1.3 x 10~
979.7 00750 375 1.3 x 10~
1051.L .00835 .18 1.2 x 10™Y
1147.3 .00975 .,88 1.3 x 10~
1219,0 01050 .525 1.3 x 10~7
1315.7 .01125 «562 1.1 x 10-7
1387.2 »01150 575 1.1 x 109
1483.1 001375 .688 8.3 x 10~
15550 3 001)410 0705 1.3 X 10-9
165100 001515 0758 7.0 X 10-10
17234 .01615 .808 8.2 x 10~10
1819,2 .01755 .878 9.0 x10-10
189069 .01830 «915 7oL x 10-10
1986.9 .01980 +990 7.9 x 10-10
205900 +02080 1.040 8.3 x 10~-10
215).8 .02230 1.115 7.0 x 10-10
2227.1 .02315 1.158 6.9 x 10-10
2323.1 .02LL5 1.222 7.5 x 10-10
2395.0 . 02580 1.290 7.0 x 10-10

Test in Progress

Specimen S=19
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TABLE XVIII

CREEP THST DATA, T-111 SHiET, HEAT NO. 70616, ANNEALED 3000°F (1649°C) FOR 1 HOUR,

TESTED AT 2200°F (1204°C), 12,000 PSI (8.27 x 107N/m2)

Length Change
AL (Inch) Creep Pressure
~ Time (2 G.L.) (%) (Torr)

1 minute(s) . 00000 «000 2.9 x 10-7

2 +00005 002 2.9 x 10-7
3 .00010 .005 2.9 x 107
N .00010 .005 2.9 x 107

5 .00010 «005 2.9 x 10~7

6 .00015 .008 2.9 x 107

7 . 00020 .010 2.9 x 10-7

9 00020 .010 2.9 x 10-7
10 . 00020 .010 2.9 x 10-7
15 . 00015 .008 2.9 x 10~7
30 . 00020 .010 2.9 x 10~7
hs 000015 0008 2.9 x 10-7
60 .00015 .008 2.9 x 10-7
17.7 hours 00045 .022 2.1 x 1o-g

h201 .0%85 00,42 101 X 10‘
161.3 .00220 «110 4.9 x 10~-9
185,1 «00270 «135 L. x 10-9
209.3 .00280 <140 Lol x 10~9
281.3 » 00300 .150 3.9 x 10-9
305.1 00370 »185 3.8 x 10~-9
329.2 ~00L35 .218 3.2 x 10~2
353.6 .00L80 #2440 2.6 x 10~9
377.5 .00510 *255 2.1 x 10-9
149.8 .00625 0312 2.8 x 107
,47303 .00660 .330 3.2 X 10-9

L97.1 « 00700 «350 3.1 x 10~
521.5 .00735 .368 2.3 x 10~9
. 5kS.L «00775 .388 2.2 x 10~9
617.3 . 00905 552 2.0 x 10~7
6L1.l +00960 .1180 2.1 x 10~
665.2 .01040 «520 2.0 x 102
6891 .01080 «5L0 2.1 x 10~7
713.L 01125 .562 1.9 x 109
809.2 .01300 .650 2.5 x 10~9
833.3 .01340 .670 1.8 x 10~2
857.3 .01420 »710 2.0 x 10~-9



TRW £QuIPMENT LABORATORIES .

TABLE XVIII (Continued)

length Change
AL (inch) Creep Pressure
Time (2" G. L.) (%) . (Torr)

881.1 .01435 .718 2.0 x 10-9

953,2 L01615 .807 5.1 x 10-10
97745 : .01680 .8L0 1.0 x 10~9
1001.1 <0170 .870 1.k x 1079
1025. L +01790 895 1.0 x 10~
1049,2 .018L0 «920 1.5 x 10~7
1121.1 .01985 0992 1.6 x 10-9
1193.5 »02205 1,102 1.8 x 10~7
1289.3 .024460 1.230 1.8 x 10~7
1361.0 .02635 1.318 8.0 x 10~10
14570 02920 1.160 1.8 x 10~7
1529,2 «03070 1.535 1.9 x 10~7
1620.9 «03415 1.708 7.2 x 10-10
16972 .03660 1.830 8.1 x 10-10
1793,2 .03985 1.992 6.7 x 10~10
1865.1 ‘ .0l4185 2.092 1.8 x 10-7

Test in Progress

Specimen S5-21




TRW eouiPMENT LABORATORIES

TABLE XIX

CREEP TEST DATA, T-I11 SHEET, HEAT NO. 70616, ANNEALED 3000°F (16L49°C) FOR 1 HOUR,

TESTED AT 2000°F (1093°C), 20,000 PSI (1.38 x 108N/m?)

Length Change

AL (inch) Creep Pressure

Time (e G, L.) (%) (Torr)
1 minute(s) 00015 .008 7.3 x 10~-8
2 00010 005 7.3 x 10~8
3 00010 0005 703 X 10-8
L .00005 .002 7.3 x 10~8
5 00010 005 7.3 x 10~8
6 000015 .OOB 703 X 10-8
7 00015 .008 7.3 x 10=8
8 60015 008 7.3 x 10~8
10 00015 .008 7.3 x 10-8
15 00020 .010 7.3 x 10~8
30 .00015 .008 7.3 x 10~8
L5 00015 008 7.3 x 10~8
60 . 00015 .008 7.3 x 10-8
67.1 hours 00125 <062 1.1 x 10-8
91.3 .00140 «070 9.9 x 10~9
115.3 .00155 .078 7.2 x 10~9
139.h +00195 .098 6.8 x 10-7
16342 .00250 .125 6.6 x 10~
235.3 00450 .225 L.l x 10~
259.5 000,-195 02h8 303 X 10-9
283,1 00540 +270 3.0 x 10~7
307.4 . 00605 .302 2.6 x 10~2
331.3 . 00690 «3L5 1.0 x 10~2
403.1 +00930 165 2.5 x 10~2
L27.5 01040 520 3.1 x 10~
451.3 . »01100 «550 2.8 x 109
L75.6 .01215 .608 2.8 x 10~2
199.2 «01295 648 2.9 x 10~9
571.h 01615 .807 2.8 x 10-9
595.3 .01680 -840 2.7 x 10~9
619.2 01760 .880 2.8 x 10~9
643.0 01875 .938 2.6 x 10~
667.0 001990 0995 208 X 10-9
739.0 .02315 1.158 2.6 x 10~7
763.9 .02435 1.218 2.5 x 10-9
787.1 .02535 1.268 3.1 x 10~9



TRW £QUIPMENT LABORATORIES

TABLE XIX (Continued)

Length Change

AL (inch) Creep Pressure

Time (2" G, L.) (%) (Torr)
811.2 hours 02610 1.320 3.1 x 10~2
836.1 .02770 1.385 2.6 x 10~
907.0 03085 1.542 2.6 x 10~
931.0 003200 10600 2.6 x 10-
95501 003310 10655 207 x 10-
9792 .03430 1.715 2.2 x 10-9
1033.1 «03570 1,785 2.4 x 10-9
1075.2 .03890 1.9k5 2.4 x 10-9
1099.1 «0L020 2,010 2.3 x 10~7

Test Terminated - 2% Creep

Specimen S-22
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TABLE XX

CREEP TEST DATA, T-222 SHEET, ANNEALED AT 2800°F (1538°C) FOR 1 HOUR, TESTED AT

2200°F (1204°C), 12,000 PSI (8.27 x 107N/m2)

_ Length Change
» AL (inch) Creep Pressure
Time , (2® G, L.) (2) (Torr)
1 minute(s) « 00000 «000 1.2 x 10-8
2 -.00010 -.005 1.2 x 10-8
3 “oOOOlS -0008 1.2 X 10-8
L - 00008 -.002 1.2 x 10~8
5 00000 +000 1.2 x 10-8
6 . 00005 002 1.2 x 10-8
7 . 00005 .002 1.2 x 10-8
8 00005 .002 1.2 x 10-8
9 .00010 .005 1.2 x 10-8
10 00005 .002 1.2 x 10~8
15 00010 .005 1.2 x 10-8
30 00000 .000 1.2 x 10~8
L5 00000 .000 1.2 x 10-8
60 00005 002 1.2 x 10-8
16.3 hours 00025 012 8.5 x 10~
40.7 . 00085 <042 9.6 x 10-2
6L.6 <00175 .088 1.2 x 10~
136,6 « 00490 215 6.3 x 10~10
160.6 .00635 .318 6.1y x 10-10
18110)4 000760 0380 6.1 X 10-10
208.3 . 00930 1165 1.7 x 10=9
232.6 01010 .505 6.0 x 10-10
3045 201110 .720 6.0 x 10-10
328.5 01560 . 780 5.8 x 10-10
352.5 01670 .835 5.7 x 10-10
37605 .01815 .908 5.6 x 10-10
L72.4 «02430 1,215 5.0 x 10-10
1196.7 .02575 1.288 3.6 x 10~10
520.3 .02730 1.365 k.7 x 10-10
Shlie6 .02900 1.450 2.1 x 10~10
6110, 3 .03600 1.800 2.0 x 10-10
66L.7 .03780 1.890 1.6 x 10~9
688.5 .03955 1.978 L.9 x 10~Y
712.8 .0L100 2,050 1.2 x 10~9
736.L 04290 2.145 L5 x 10-10
808.6 04870 2.435 1. x 209
832.5 .05085 24502 1.k x 10™7
856.L «05260 2,680 1.4 x 10~2

880.2 .05450 2.725 1.5 x 10~?



TRW £QUIPMENT LABORATORIES .

TABLE XX (Continued)

Length Change

AL (inch) Creep Pressure
Time (2" G.L.) (%) (Torr)

90l 2 «05675 2.838 1.5 x 10~Y

9762 «06290 34145 1.4 x 10°9
102k.3 «06735 34368 1.5 x 10-9
104864 «06910 3.455 1.k x 10-9
1073.3 .07150 3.575 5.1 x 10~10
11002 .07765 3.882 .9 x 10-9
1168.2 «08000 14,000 1.l x 109
1192.3 .08280 L1540 1.8 x 10710
1216.L »085L,0 L.270 he7 x 10~10
12003 .08710 .355 L.6 x 10-10
1312.k -09435 L. 718 5.6 x 10~10
1336, 3 +09635 1.818 L.8 x 1010
1360,2 009835 4.918 5.3 x 10~10
1389,0 .10120 5.060 5.0 x 10-10

Test Terminated - 5% Creep

Specimen S-20
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TABLE XXI

CREEP TEST DATA, ARC-MELTED TUNGSTEN SHEET, ANNEALED 2800°F (1538°C)
1 HOUR, TESTED AT 2800°F (1538°C), 3,000 PSI (2.07 x 107N/m2)

Iength Change
AL (inch) Creep Pressure
Time (2" G6.1L.) ‘ (%) (Torr)

1 minute(s) .00010 .005 2.4 x 10-7

2 .00000 .000 2.4 x 10-

3 .00005 .002 2.4 x 10~

N .00000 .000 2.4 x 10-7

5 .00000 .000 2.4 x 10-7
6 .00010 .005 2.4 x 10-7

7 .00015 .008 2.4 x 10-7

8 .0000S - .002 2.4 x 10~

9 .00010 .005 2.4 x 10°7
10 .00010 .005 2. x 107

15 .00005 .002 2.4 x 10-7

30 .00010 .005 2.k x 10-7

LS .00015 .008 2.4 x 10°7

60 .00010 .005 2.4 x 10-7

3.1 hour(s) .00060 .030 2.4 x 10-7
23.95 - .00535 .218 1.0 x 10™
146.95 .00830 415 2.9 x 10-8
67.k .01205 .602 2.0 x 10-8
91.2 01435 .718 1.7 x 10-8
11k.9 .01835 .918 1.0 x 10-8
138.8 .02190 1.095 8.7 x 10-9
162.8 .02355 1.178 8.9 x 10-2
23).8 .03280 1.640 7.2 x 10-7
259.0 .03665 1.832 7.4 x 10-9
282.9 .0L075 2.038 7.2 x 10-2
306.8 .0L340 2.170 6.8 x 10~2
330.8 .0L4750 2.37% 6.4 x 10-9
103.2 .05605 2.802 3.8 x 1077
1126.8 .05845 2.922 3.9 x 10-9
450.8 .06065 3.032 4.1 x 10-9
L79.9 - .06370 3.185 4.0 x 10-9
S57h.3 .07L95 3.748 3.0 x 10-9
6L7.0 .08195 }.098 1.7 x 10-7
738.7 .09155 4.578 1.5 x 10-9
763.1 .09LLs5 L.722 1.6 x 10-9
786.9 .09690 L.8LS 3.1 x 107
811.3 «09880 1.9L0 1.6 x 10~9
835.8 +10160 5.080 1.5 x 10~7
9075 .11070 5.535 3.0 x 10~

Test Terminated - 5% Creep

Specimen S-18
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TABLE XOT

CREEP TEST DATA, VAPOR DEPOSITED TUNGSTEN, RECRYSTALLIZED 1 HOUR 2800°F (1538°C)

TESTED AT 2800°F (1538°C), 2000 PSI (1.38 x 107N/m?)

Length Change

AL (inch) Creep Pressure
Time (2" G. L.) (%) (Torr)
1 minute(s) 00020 .010 3.5 x 10~7
2 »00025 012 3.5 x 10~7
3 «00025 «012 3.5 x 10~7
h 000025 «012 305 X 10"'7
5 00025 012 3.5 x 10~7
7 .000L0 «020 3.5 x 10~T
8 .00035 ~018 3.5 x 10~7
9 .000L0 «020 3.5 x 10~7
10 00035 .018 3.5 x 10-7
15 « 00000 «000 305 X 10-7
30 -+ 00005 -002 3.5 x 10~7
L5 « 00000 .000 3.5 x 10-7
60 ~.00005 ~s002 3.5 x 10~7
6.9 hours «00175 088 8.0 x 10~8
8809 000210 0105 6.,4 x 10~
112.8 »00260 «130 L.6 x 10-8
13647 .00310 155 Lol x 10-8
16100 000370 0185 308 x 10~
232.8 .00L80 240 3L x 10-%
256a8 000525 ' 0262 3.1 X 10—
2808 00550 275 2.9 x 10-8
30L,8 00570 285 2.7 x 10~8
328,7 00635 .318 2.6 x 108
100,8 00750 375 1.6 x 10~8
125.0 00760 380 1.3 x 10-8
hhsoé 000775 .388 708 X 10™
L72.8 « 00795 «398 6.3 x 10~
h9608 000830 .).1.15 5-6 x 10~
568.7 «00930 165 5.0 x 10~
600,1 +00990 195 1.1 x 1o-g
616.7 »01040 «520 1.2 x 107
641.1 01015 .508 1.1 x 10-8
66L.7 00980 190 1.0 x 10-8
736.8 .01150 575 9.9 x 10-9
7607 «01190 .595 8.6 x 10~7

78L.7 «01310 655 9.7 x 10~9




TRW EQuiPMENT LADORATORIES

TABLE XXIT (Continued)

Length Change
AL (inch) Creep Pressure
Time (2% G. I.) (%) (Torr)
808.5 .01235 .618 9.4 x 10~9
832.5 .01270 635 9.y x 10~
90L.5 .01350 <675 9.2 x 109
929.1 .01370 .685 8.6 x 107
952.6 0110 705 8.5 x 10~
976.8 <0445 .722 7.0 x 10~
1001.8 « 01460 «730 8.2 x 10-9
1072.5 «015L0 . 770 8.0 x 10~7
11Lk.8 . 01660 .830 7.8 x 10~2
12L0.7 .01775 .888 7.8 x 10~2
1312.7 .01830 <915 5.6 x 10-9

Test in Progress

Specimen B-2)
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