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NOTICE

This report was prepared as an account of Government sponsored work. Neither

the United States, nor the National Aeronautics and Space Administration

(NASA), nor any person acting on behalf of NASA:

A.) Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-

tion contained in this report, or that the use of any information,

apparatus, method, or process disclosed in this report may not

infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method or

process disclosed in this report.

As used above, "person acting on behalf of NASA" includes any employee or

contractor of NASA, or employee of such contractor, to the extent that such

employee or contractor of NASA, or employee or such contractor prepares, dis-

seminatas, or provides access to, any information pursuant to his employment or

contract with NASA, or his employment with such contrKtur.

Reques t for copies of this report should be referred to

National Aeronautics and Space Administration

Office of Scientific and Technical Information

Attention: AFSS-A

Washington, D. C. 20546
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I _TRODUCTION

Space electric power systems depend upon the use of refractory metals

in a variety of component areas. A critical property parameter in the design

of these systems is the long-time creep strength at very low pressures and

elevated temperatures. Since interstitial contamination of refractory metal

alloys can occur under conditions of 1 x 10 -6 torr, vacuums better than 1 x 10 -8

torr must be used to obtain meaningful creep measurements which can be em-

ployed in the design of space components. The initial work of this program was

to generate i000 hour creep data on selected refractory alloys which have poten-

tial use in advanced space power systems. These alloys are in the form of

rolled sheet and forged or rolled plate with the sheet being considered as rep-

resentative of material for cladding and tubing applications and the plate for

turbine components. Following the initial evaluation, primary emphasis has

been placed on providing long-time (10, 000 hour) creep design data for the tan-

talum-base alloy T-Ill and the molybdenum-base alloys TZC and TZM.

This report presents creep data for T-Ill, TZC, TZM, tungsten and

tungsten alloys.

II MATERIALS AND PROCEDURE

The composition of the various alloys discussed in this report are

presented in Table 1 while the material form, the range of test temperatures,

and heat treatments are given in Table 2. A detailed review of the available

processing histories of the alloys currently under evaluation is presented in

Appendix I.

The geometries of the test specimens are shown in Figures 1 and 2.

The particular orientation of the specimens with respect to the working dir-

ection is given below:

Material Form Specimen Axis Parallel To

Disc Forging

Plate

She et

Radiu s

Extruding Direction

Rolling Direction
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The tungsten and tungsten-base alloys were tested as 0. 030" thick

sheet with the exception of the vapor deposited material which was supplied

as i/8" diameter bar specimens (I);:". As shown in Table 2, all specimens

were heat treated for i hour at the test temperature prior to the load appli-

cation. The Sylvania sheet was unusual in that cracking frequently occurred

outside of the gauge section (40-I00 hours) after a test was initiated. No

metallurgical causes could be found to account for this behavior.

The TZM alloy was obtained from two different sources. One lot of

material, designated as Heat 7502, was purchased from Climax Molybdenum

of Michigan in the form of disc forgings approximately II inches in diameter,

while a second lot of material (Heat KDTZM-II75) consisted of a section of a

disc forging obtained from AiResearch. The latter material was processed

by Universal Cyclops to produce improved creep resistance (2) through the

development of a fine carbide dispersion. In order to produce this effect it

is necessary to work with a carbon level above 0. 02%. Climax commercial

TZM bar (Heat 7463) has been included in the studies as a means of deter-

mining the influence of material form on the creep properties.

To date three different heats of TZC have been tested. Two of these

heats (M-80 and M-91) obtained from the General Electric Co., represent

a difference in processing treatment. Heat M-80 involved finishing a 2" x

4" sheet bar by rolling at 2925°F (1585"C) using small reductions per pass

(approximately 4%). In contrast M-91 employed a finishing temperature of

2372°F (1300"C) and a relatively large degree of deformation per pass. The

third lot of TZC (Heat 4345) was prepared by Climax Molybdenum of Michigan

by broad forging 3 inch diameter extruded stock at 2400"F (1316_C).

Five heats of T-ill alloy were obtained from three different sources.

Two heats were produced by Wah Chang Corporation (Heats 70616 and 65079),

two were obtained from Fansteel Corporation (Heats D-1670 and 1102), and

one was supplied by NASA Lewis (Heat MCN 02A065). All heats are being

evaluated after recrystallization at 3000_F (1649"C) for one hour.

The specimen of Astar 811C, a relatively new tantalum base alloy,

developed under contract NAS 3-2542, 4Jas obtained from Westinghouse Ele.ctric

Corp. through NASA Lewis (3). The alloy was supplied as a sheet approximately

O. 030" thick in the a:-:--roll,,(', cot_di[io_l.

':=Numbers in parentheses refer to references inthe Bibliography.

6
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The creep-test procedure involved obtaining a vacuum of 5 x 10- 10

torr or better at room temperature, then heating the specimen at a rate so

that the pressure never went above 1 x 10 -6 torr. Heat treatment was per-

formed on the materials in situ, prior to load application. After heat treat-

ment the specimens were cooled to 600°F or lower 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 10 -8 torr and decreased with test

time.

Specimen extension is measured over a two-inch gauge length with an

optical extensometer that determines the distance between two scribed ref-

erence marks to an accuracy of 50 microinches. The program plan involves

testing the plate and forged alloys at temperatures between 1600 and 2250°F

(871 and 1235°C) until a i% total extension is obtained. The tungsten material

is 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 at

1800 to 2600°F (982 to 1427°C) to an elongation of approximately 2 to 5%. In

most cases the applied stress levels have been selected with the goal of ob-

taining creep data over total test times between I000 and 20, 000 hours.

III RESULTS AND DISCUSSION

The creep tests in progress, completed or initiated during the four-

teenth quarter are graphically presented as percent elongation in the two

inch gauge section as a function of the time at the applied stress. Reference

marks are placed on the curves to indicate the chamber pressure during the

course of the test. The numerical creep data for each test in progress during

this quarter are given in Appendix II. Since the tests of tungsten and tungsten-

base alloys are now complete, a summary of all data obtained on these alloys

is presented.



TRW EQUIPMENT LABORATORIES

Tungsten and Tungsten Alloys

The creep data for the tests involving tungsten and tungsten alloys have

been plotted in Figures 3, 4, 5, and 6. All curves, except those for Sylvania

A (Figure 6) exhibit a creep rate which is either constant or slightly decreasing

with time. The Larson-Miller parameter using a constant of 15 was determined

at a i% creep value. The data for the tungsten alloys, tabulated in Table 3

and presented graphically in Figure 7, indicate the following:

I. There is no significant difference between the creep

strengths of arc melted or vapor deposited tungsten.

. The beneficial effects of a 25 w/o rhenium addition to

arc melted tungsten is apparent only at the higher stresses.

3. Sylvania A exhibits a creep strength superior to that of

tungsten-25 w/o rhenium alloy, however, this advantage is offset

by brittleness of the alloy causing "some specimens to crack during
testing.

The published creep strength of pure tungsten (3, 4} is compared to the

current results in Figure 8. The data foand in Reference 3 were obtained with

a powder metallurgy product and tests were performed in an argon environment.

A powder metallurgy product was also used in Reference 4, but the test environ-

ment was a 10 -4 torr vacuum. The creep strength of the arc melted and vapor

deposited tungsten is definitely inferior to that of the powder metallurgy product

of Reference 3, however, the data from Reference 4 appears to be an extension

of that obtained with the arc melted and vapor deposited material. In view of

the fact that References 3 and 4 do not provide quantitative data relative to the

interstitial content of the material before or after test, the specific causes for

the differences observed cannot be determined. However, it is interesting to

note that the tests in argon produced higher creep strengths than the tests

conducted in vacuum.

Post test photomicrographs of vapor deposited tungsten specimen B-24

are shown in Figure 9. This specimen was tested at 2800°F (1538°C) and

2 Ksi (i. 38 x 107 N/m 2) for 6812 hours. During that time, 3. 71% extension

occurred. The unstressed end of the specimen exhibits columnar grains

characteristic of the vapor deposited material. The stressed gauge section

has a similar structure and in addition exhibits a large amount of grain

boundary porosity probably due to vacancy condensation during the test.
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TABLE 3

190 Creep Test Data for Tungsten and Tun@sten Alloys Annealed One

The Test Temperature

Hour. At

Specimen Temperature Stress Hours for

No. °F °C Ksi N/m2xl07 i. 090 Creep

Lar son-Miller

T°R( 15+ logt)x i0 -3

for i. 0% Creep

Arc-Melted Sheet Heat No. KC-1357

S-5 3200 1760 3. 0 2. 06 6

S-9 3200 1760 i. 0 0. 689 675

S-17 2800 1538 4. 0 2. 76 20

S-18 2800 1538 3. 0 2. 06 125

Vapor Deposited TunGsten

B-17 3200 1760 1.0 0.689 i140

B-24 2800 1538 2.0 i. 38 1500

Arc-Melted Tungsten-2590 Rhenium Sheet Heat No. 35-75002

57.8

65.4

53.1

55.8

66.0

59. 2

S-3 3200 1760 5. 0 3. 44 12

S-4 3200 1760 3.0 2. 06 25

S-8 3200 1760 i. 5 i. 03 315

Sylvania A Sheet

S-12 3200 1760 5.0 3.44 35

S-15 3200 1760 3. 0 2. 06 250

58.9

6O.O

64. O

60.6

63.7

14
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HEAD SECTION PERPENDICULAR TO SPECIMEN AXIS 

FIGURE 9 VAPOR DEPOSITED W PHOTOMICROGRAPHS AFTER TEST. 
MAGNIFICATION: 100 X; ETCHANT: MURAKAMI’S 
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Molybdenum Base Alloys TZM and TZC

Three heats of TZC alloy, M-80, M-91 and 4345, are being tested

using heat treatments which involved either a 3092°F (1700°C) anneal for

one hour or a stress relief in the 2300 to 2500°F {1260 to 1371°C) temper-

ature range, The 3092°F (1700°C) anneal caused partial recrystallization

of the Heat M-80 material and full recrystallization of the Heat M-91 alloy

(see Figure i0). Figure ii shows

of this material are now complete

12 and 13 illustrate the creep data

the creep data for Heat M-80. All tests

and no further tests are scheduled. Figures

for Heat M-91 and 4345. Examination

of the data for the new lot of TZC (Heat 4345) shows that it has the tendency

to creep in a discontinuous manner similar to the other heats of the same

material.

A comparison of the various heats and heat treatments for TZC is

given in Figure 14 in terms of the Zarson-Miller parameter for 0. 5% creep.

The values used in determining this curve are given in Table 4 along with

other pertinent data relative to the tests.

Heat M-80 has the best creep resistance; however, as previously men-

tioned, it suffers from a lack of ductility at room temperature. While the

graph indicates that the stress relieved M-91 is superior to the same heat

recrystallized at 3092°F (1700°C) further tests would be required at the higher

values of the Zarson-Miller parameter to confirm this tentative conclusion.

Heat 4345, produced by forging extruded stock appears to have properties

at least as good as those of Heat M-91 heat treated in the same manner.

Two tests of molybdenum-base TZM are currently in progress which

compare two different heats at the same test conditions of 1800°F _982°C)

and 44 Ksi (3. 03 x 108 N/m2). Both specimens were cut radially froma

disc forging with the major differences being a variation in the carbon content

and the method of processing. The creep data plotted in Figure 15 clearly

show the superiority of Heat KDTZM-II75 containing the higher carbon

content and a greater degree of working during processing. Comparative tests

of Heats 7502 and 7463 having essentially the same carbon content, show the

superiority of the more severely worked commercial TZM stock, Heat 7463,

Figure 16. The creep strengths of TZM and TZC, presented in Figure 17,

show that the strength of TZC at high stresses is inferior to TZM (Heat 1175)

but at lower stresses where higher temperatures and longer test times are

involved the TZC may have some advantage.

17
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lOOX HEAT M-80 

FIGURE 10 PHOTOMICROGRAPHS OF TZC PLATE AFTER ANNEALING AT 3092 . 

(17OOOC) FOR 1 HOUR. 
6 2 % H 2 0 .  lOOX 

9271 ETCHANT: 15% HF, 15% H2S04 I 8% "03 

18 



o

I
I

I

x_

x--

u. X

Z°_E.

_-- c_

x

x_

t4

o"

0

0

19

b

TRW EQUIPMENT LABORATORIES

I

0 O

Z

c_
LLI
I--

IJ.J
§ _-

0
"I-

U
§

0
- 0

U_

Oq
(3,,
0
cO

o

I

I--

0

o

Z.4
Z,_
<0

.I--

_x

-r I_

N_
_Z

So
OZ
I--"'

_'D
a-ZD
"'Uu.i

m



TRW EQUIPMENT LABORATORIES

- " c; o o
o

,,,i

0
I--

0

X

z
0
e_
m

>
7
u.I

U

7
m

ILl
I--"

LLJ
In
A

O_
!

v

U

t--

<

ILl
L.I.I

U

ILl

0
m

u.

L



TRW EQUIPMENT LABORATORIES

I
aD

0
cJ c_ c_ c_ c_

d:J:l_l_).I.N:l_)_3d

Z
_o

o-_
•1- z
m ILl

.._=E
u_
o

v

uJ _
m

I,_ .j x

0 _--.v
"!" w

, _
LU _Q-

m
I,,-

_u

i--

ud 'q. 0
I-- ,.-.

_._×
uJ I-

uNv

ul

0
m

0

21
L_66A



TRW EQUIPMENT LABORATORIES

2200°F
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1800°F

40

30

X

20

v

!

o M-80 ANNEALED 3092°F (1700°C), | HOUR
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I.ARSON-MILLER PARAMETER T °R (15 + log t) X 10 -3

FIGURE 14 LARSON-MILLER PLOT FOR 0.5% CREEP IN MOLYBDENUM BASE TZC ALLOY,
TESTED IN VACUUM ENVIRONMENT <1 X 10-8 TORR.
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TABLE 4

0. 5% Creep Test Data for TZC Molybdenum-Base Alloy

Specimen Temperature Stress Hours for

No. °F °G Ksi N/mZxl08 0. 5% Creep

Heat M-80, Annealed 3092°F (17000C), 1 Hour

B-8A 2200 1204 18 i. 24 i, i00

B- I0 2200 1204 17 i. 17 2, 500

B-9 2000 1093 20 i. 38 i0,400

B-12 2056 1124 19 i. 31 46,000"

B-f1 1856 1013 25 1.72 I00,000"

Heat M-91, Annealed 3092°F (17000C)

B-31 2200 1204 14 0.965 320

B-Z0 2000 1093 20 i. 38 3,600

Heat M-91, Stress Relieved 2300°F (1260°C), 1 Hour

B-28 2000 1093 28 1.93 i, I00

B-19 1800 982 44 3. 03 1,075

Heat M-91, Stress-Relieved 2500°F (1371°C), 1 Hour

B-30 2200 1204 22 i. 52 70

B-32 1935 1057 20 i. 38 14, 500*

B-33 1900 1038 22 i. 52 9, 500*

Heat 4345, Stress-Relieved 2500°F (1371°C), 1 Hour

B-36 Z000 1093 22 1.52 6,000"

Lar son-Miller

TOR(15+iogt)x10- 3

for 0. 5% Creep

48.0

49. 0

46. 8

49.4

46.3

46.6

45.6

44.4

40.7

44.9

45.9

44.8

46. 1

* Extrapolated Data

23
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Tantalum Base T-ill and 811C

Several heats of T-iii have been evaluated and the creep data for

current tests_reshowa'inFigures 18, 19, and 20. A tabulation of the per-

tinent test data as well as the Zarson-Miller i% creep parametera.re given

in Table 5 and these values are plotted in Figure 21. The result of this plot

shows that there is little significant difference between heats. For this

reason, a single curve has been drawn through the various points.

A sample of tantalum base Astar 811C is currently on test at 2600°F

(1427°C) and 2 Ksi (i. 38 x 107 N/m2}. The preliminary treatment given

the specimen before test was an anneal at 3600°F (1982°C} for i/2 hour.

A creep of 0.03% has occurred after 860 hours and the best current estimate

of the I% creep life is 25,000 hours.(Lar'son:IVIiller parame_ter = 59.7}. --This

time is compa_rable to that exhibited by arc-melted tungsten.

IV FUTURE WORK

Primary emphasis will continue on the evaluation of the TZC and

T- 111 alloys. The creep information accummulated with the T- 111 alloy

will be examined using the technique of Mendelson, Roberts, and Manson (5).

The new heats of TZC (4345) and T-111 (65079} will be evaluated to

determine the mechanical properties of each at both room and elevated tem-

peratures.
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1.0

.8

.6

U

.4
Q.

.2

0

S-30

m

2

S-30 2400°F (13.]6°C),,,3.5 Ksl
(2.41 x 10 / I'_/m _')

S-31 2200°F (1204°C)_,=5 Ksl
(3.44 x 107 N/'mZ)

I

0 1000

TIME - HOURS

20O0

FIGURE 19 CREEP DATA FOR T-111 ALLOY HEAT 65079, RECRYSTALLIZED
ONE HOUR, 3000°F (1649°C), TESTED IN VACUUM ENVIRON-
MENT <1 X 10-8 TORR.
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TABLE 5

1% Creep Test Data for T- 1 ii Tantalum-Base Alloy

Test

Specimen Temperature Stress Hours for

No. °F °C Ksi N/mZxl0 8 1.0_/0 Creep

Heat 70616, Recrystallized 3000°F (1649°C), 1 Hour

S- 19 2200 1204 8 0.511 2,000

S-21 2200 1204 12 0.826 I, 140

S-23 2120 1160 12 0.826 3, 150

S-Z2 2000 1093 20 1.380 670

S-24 1860 1016 Z0 I.380 4, 730

Heat D-1670, Recrystallized 3000°F (1649°C), 1 Hour

S-25 2000 1093 15 1.030 I, 350

S-26 1800 982 17 I. 170 i0,000_

S-25A 2600 1427 I. 5 0. 103 700@

S-28 2600 1427 0.5 0.0344 6,500_

Heat II02, Recrystallized 3000°F (1649°C), i Hour

S-27 2000 1093 13 0.895 I,880

S-32 2200 1204 5 0. 344 4, 000_

Heat 65079, Recrystallized 3000°F (1649°C), 1 Hour

S-30 2400 1316 3.5 0. 241 900_

S-31 2 200 1204 5 0.344 4, 000_

Lar son- lVIiller
-3

T°R(15+logt) x 10

for 1.0% Creep

48.6

48.0

47.8

43.9

43.4

44.6

43.0

54.5

57.5

45.0

49.5

51.4

49.5

Extrapolated Data
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2400OF --

1800°F I I

100.0

10.0

x

v

0.1

m

 HEAT

HEAT

• HEAT

,', HEAT

I I I
40 45 50 55

LARSON-MILLER PARAMETER T °R (15+ log t) X 10-3

FIGURE 21 I.ARSON-MILLER PLOT FOR I% CREEP IN T-111 ALLOY, RECRYSTALLIZED ONE HOUR AT 3000°F (1649°C)
AND TESTED IN VACUUM ENVIRONMENT <I X 10"8 TORR.
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TABLE A-I

PROCESSING HISTORY OF TUNGSTEN SHEET

Vendor:

Universal Cyclops Steel Corporation

Bridgeville, Pennsylvania

HeatKC 1357

Processing History:

i) Extruded 4:1 ratio 3100°F &1705°C) TRW Inc.

2) Forged open die 2200°F (1204°C)

3) Rolled

a) Initial 2300°F (1260°C)

b) Intermediate 1800°F (982°C)

c) Final 1400°F (760°C)

4) Stress Relieved 1700°F (927°C)

Hardness: 487 DPH (48 Rc)
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APPENDIX I

Processing History of Test Materials

Table No.

I

II

III

V

VI

VII

VIII

IX

X

XI

Processin G History Of

Tungsten- Heat ICC 1357

Ttlngsten-25% Rhenium- Heat 3. 5-75002

Sylvania A

TZM Bar- Heat 7463

TZM Disc - Heat 7502

TZM Disc - Heat KD-TZM-1175

TZC - Heat M-80

TZC - Heat M-91

TZC - Heat 4345

T-Ill - Heat 70616

T-Ill - Heat 65079
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.'_'. TABLE A-II

PROCESSING HISTORY OF TUNGSTEN-25% RHENIUM SHEET

Vendor:

Processin G History:

Ha rdne s s:

Wah Chang Corporation

Albany Division

Heat 3.5 - 75002

i) 0. 055" sheet stress relieved one hour

2375°F (1301°C)

2) Rolled to 0. 035"

3) 0. 035" sheet stress relieved

a) small sheet - 2375°F (1301°C)

b) large sheet - 2550°F (1399°C)

452 DPH (45 Rc)
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TABLE A-Ill

PROCESSING HISTORY OF SYLVANIA "A" SHEET

Vendor:

Processin_ History:

Hardness:

Sylvania Electric Products, Inc.

Chemical and Metallurgical Division

Towanda, Pennsylvania

Sales Order 88-567 13

I) Rolling slabs were made by isostatically

pressing powder

2) Slabs rolled at 2732-3452°F (1500-19000C)to

0.032". Total reduction 900/o

3) Intermediate annealing - none

4) Final stress relief - five minutes at 2732°F

(1500°C)

5) Sheet trimmed with an abrasive saw and

chemically cleaned

579 DPH (54 Rc)
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TABLE A- IV

PROCESSING HISTORY OF TZM BAR

Vendor:

Processing History:

Climax Molybdenum Company of Michigan

Coldwater, Michigan

Heat 7463

I) Extrude Ii-i/2" dia. ingots to 6-7" diameter

2) Recrystallize

3) Roll to 2" diameter

4) Recrystallize

5) Roll to l" diameter

6) Swage to 5/8" dia. (75-85% cold work)

7) Stress relieve 2250°F (1232°C), i/2 hour

Hardness: 300-330 DPH (30-34 Rc)



TRW EQUIPMENT LABORATORIES

TABLE A- V

PROCESSING HISTORY OF TZM FORGED DISC

Vendor:

Processin$ History:

Hardness:

Climax Molybdenum Company of Michigan

Coldwater, Michigan

Heat 7502

i) Vacuum arc melted ingot ii-i/2" diameter

2) Machined to I0-3/4" diameter

3) Extruded to 6-i/4" diameter

4) Heat treated at 2700°F (1482°C)

5) Upset forged at 2200°F (1204°C)

6) Stress relieved at 2200°F (1204°C)

266- 342 DPH (25- 35 Rc)
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TABLE A- VI

PROCESSING HISTORY OF TZM FORGED DISC

Vendor:

Processing History:

Hardness:

Received from AiResearch (Universal Cyclops)

Disc, No. 3

Heat KD-TZM-I175

i) ii-3/4" dia. ingot, machine to i0-3/4" dia.

2) Extrude to 6-i/2" dia. at 2250°D (1232°C)

3) Recrystallize at 2800°F (1538°C) for 4 hours

4) Forge to 4" dia. billet 3400°F to 2800°F

(1871 to 1538°C)

5) Recrystallize at 2950°F (1621°C) for 2 hours

6) Forge to flat disc 3/4" thick, 2800°F (1538°C)

starting temperature, ii blows, finish temper-

ature 2160°F (I182°C)

7) Stress relieve at 2300°F (1260°C) for i hour

297-335 DPH (29-34 Rc)
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TABLE A- VII

PROCESSING HISTORY OF TZC PLATE

Vendor:

Processing History:

Hardness:

General Electric Company

Refractory Metals Plant

Cleveland, Ohio

Heat M- 80

i) Vacuum arc melted ingot 5. 88" diameter

2) Machine to 5" diameter

3) Extrude 2:30:1 ratio at 3092°F (1700°C) to

4-i/8" x 2. 22" plate

4) Cross-rolled on small mill (12" diameter) at

2925°F (1585°C) in 4-I/8" direction to 0.740",

hydrogen atmosphere, 40/o reduction per pass

5) Grit blasted and cut to final length with abrasive

saw.

296 DPH(29 Rc)
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TABLE A- VIII

PROCESSING HISTORY OF TZC PLATE

Vendor:

Processing History:

Hardness:

General Electric Company

Refractory Metals Plant

Cleveland, Ohio

Heat M- 9 1

i) Vacuum arc melt ingot 5. 88" diameter

2) Machine to 5" diameter

3) Extrude 2. 30:1 at 3092°F (1700°C) to

4-1/8" x 2. 22" plate

4) Cross-roll on large mill (28" diameter) to pro-

duce relatively large degree of deformation

per pass and a finishing temperature as low as

2372°F (1300°C)

5) Grit blast and cut to final length with abrasive

saw

385 DPH (39 Rc)
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TABLE A-IX

PROCESSING HISTORY OF TZ.C PLATE

Vendor:

Processing History:

Hardness:

Climax Molybdenum Company of Michigan

Coldwater, Michigan

Heat 4345

i) Machine vacuum arc melted ingot to 5.85" dim.

2) Extrude to 3" diameter

3) Heat treat in vacuum 30000F (1649°C)

4) Machine to 2.4 - 2.8" diameter

5) Upset forged 40% at 2400°F (1316°C)

6) Broad forged to 0. 825" at 2400°F (1316°C)

7) Heat treat in vacuum 2400°F (1316°C), ,Ihour

8) Machine to 0.70"

319-373 DPH (28-36 Rc)
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TABLE A-X

PROCESSING HISTORY OF T- 1 11 SHEET

Vendor:

Processing History:

Hardne s s:

Wah Chang Corporation

Albany, Oregon

Heat No. 70616-T-III

i) Electron beam melt

2) Arc cast 5- i/Z" ingot

3) Forge to I-I/2" thick sheet bar 2200°F (1204°C)

4) Vacuum anneal Z400°F (1316°C)

5) Warm roll 800°F (427°C)to 200 rail thick

6) Vacuum anneal 2400°F (1316°C)

7) Cold roll to final thickness

8) Vacuum anneal 2400°F (1316°C)

216-368 DPH (95RB-37Rc)
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TABLE A-XI

PROCESSING HISTORY OF T- 11 1 SHEET

Vendor :

Processing History:

Hardness:

Wah Chang Corporation

Albany, Oregon

Heat No. 65079

i) Forge 6-i/2" diameter arc melted ingot to

i- I/2" sheet bar at 2200°F (1204°C)

2) Vacuum anneal 2800°F (1538°C)

3) Warm roll 800°F (427°C) to i/4" thick

4) Vacuum anneal Z800°F (1538°C)

5) Cold roll to final thickness

6) Vacuum anneal (ixl0-4Torr) Z800°F (1538°C)

i Hour

236 DPH (20 Rc)
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APPENDIX II

Tungsten

and Tungsten Alloys

Table Specimen No.

TZC

Table Specimen No.

I S- 5 XIV B- 9

II S- 17 XV B-I 1

III S- 18 XVI B- 1 2

IV S- 9 XVII B- 28

V S- 7 XVIII B- 20

VI /3- 17 XIX B- 33

VII B- 24 XX B- 32

VIII S- 3 XXI B- 36

IX S-4

X S-8 TZM

XI S-6

XII S- 12 XXII B - 3 5

XIII S- 15 XXIII B- 25

T-Ill

Table

XXIV

XXV

XXVI

XXVII

XXVIII

XXIX

XXX

Specimen No.

S-24

S-27

S-32

S- 30

S-31

S-28

S-26

Astar 811C

XXXI S- 29
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TABLE I

CREEP TEST DATA, ARC MELTED TUNGSTEN SHEET HEAT KC-1375,

RECRYSTALLIZED Z HOURS 3200°F (1760°C), TESTED AT 3200°F (1760°C)

3000 psi (2. 07 x 107 N/m21

Length Change

Time L (in) Creep Pressure

(Hours) (2" G.L.) (%) (Torr)

.25

.50

.75

1.75

2.00

3_00

4. 25

6.0O

7. 25

8.00

i0. 00

Ii.00

12. i0

13.90

16. 00

17. 00

18. 00

19. 00

20. 25

21. 00

22. 25

23. 00

32. 30

00105

OO199

00282

00733

00820

01120

01460

01940

02165

02385

02955

03150

03320

03780

04160

04550

04975

05395

05705

06165

O688O

07140

10778

O5

i0

14

37

41

56

73

97

1 O9

1 2O

i. 48

1.58

1.66

1.89

2. 08

2. 26

2.50

2.70

2.85

3.08

3.44

3. 57

5. 38

8 x 10 -7

8 x 10 -7

8 x 10 -7

7 x 10 -7

6 x 10 -7

5. 5 x 10 -7

2. 2 x 10 -6
-6

1.2x10

1.2 xl0 -6

7 x 10 -7

6 x 10 -8

5. 5 x 10 -8

9 x 10 -8
-8

9.3 xl0

8.4 x 10 -8

7.9 x 10 -8

8.0 x 10 -8

7.8 x 10 -8

7. 6 x 10 -8

7.5 x 10 -8

6. 1 x 10 -8

Test Terminated - 5% Creep

Specimen S-5
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TABLE II

CREEP TEST DATA, ARC-MELTED TUNGSTEN SHEET, HEAT KC-1375,

RECRYSTALLIZED 2 HOURS, 2800°F (1538°C), TESTED AT 2800°F (1538°C)

4000 psi (2.76 x 107N/m 2)

Length Change

L (inch) Creep Pressure

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

1 iminute(s)
2

3

4

5

lO

15

30

45

60

17. 0 hour s

41.0

65. 1

73.3

98.6

122. 5

137.7

163.7

185.4

194. 1

218. 1

00000

00030

00000

00005

00010

00005

00010

00005

00015

00030

01720

03150

04385

04785

O59OO

06905

07605

08790

O95OO

1OO5O

10905

000

- 015

000

O02

OO5

- 002

OO5

O02

OO8

015

86O

l 375

2 192

2:392

2.95O

3.452

3.802

4. 395

4.750

5. O25

5. 452

Test Terminated 5% Creep

Specimen S- 17

1.4x I0 -7

i.4 x 10 -7

i.4 x 10 -7

i.4 x i0 -7

i.4 x 10 -7

I.4 x 10 -7

i.4 x 10-7

i.4 x 10 -7

i.4 xil0 -7

i.4 x 10-7

2. 2 x 10 -8

i. 3 x 10 -8

i. 1 x 10 -8

8. 2 x I0-9

7. 2 x 10 -9

7. 2 x 10 -9

6. 8 x 10 -9

6.6 x 10 -9

6. 5 x 10 -9

5.7 x 10 -9
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TABLE m

CREEP TEST DATA, ARC-MELTED TUNGSTEN SHEET, HEAT KC-1375,

RECRYSTALLIZED ZHOURS, 2800°F (1538°C), TESTED AT 2800°F (1538°C)

3000 psi (2.07 x 10 ( N/m Z)

1 Minute(s)

2

3

4

5

6

7

8

9

I0
15

30

45

6O
3.1 Hours

23.95

46.95
67.4

91.2

114.9

138.8

162.8

234.8

259.0

282.9

306.8

330.8

403.2

426.8

450.8

479.9

574.3

6_7.0

738.7

763.1

786.9
811.3

835.8

907.5

Length Change

_L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

.00010

.00000

.00005

.00000

.00000

.00010

.00015

.00005

.00010

.00010
,0000_
,00010

00015

00010

,00060

00535

.00830

.01205

.01435

.01835

.02190

.02355

.03280

.03665

.04075

.04340

.04750

.05605

.05845

.06065

.06370

.07495

.08195

.09155

.09445

.09690

.09880

.10160

.11070

.005 2.4 x I0-[

.000 2.4 x I0 -!

.002 2.4 x 10 -7

.000 2.4 x I0-[

.000 2.4 x I0 -/

.005 2.4 x 10 -7

.008 2.4 x 10 -7

.002 2.4 x 10 -7

.005 2.4 x I0-[

.005 2.4 x I0-_

.002 2.4 x I0 -/

.005 2.4 x 10 -7

.oo8 2.4 x IO-[

.0o5 2.4 x IO -!

.030 2.4 x 10 -7

.218 1.0 x 10-[

.415 2.9 x I0 -_

.602 2.0 x 10 -8

.718 1.7 x 10 -8

.918 1.0 x 10 -8

1.095 8.7 x 10-9

1.178 8.9 x 10 -9
1.640 7.2 x 10 -9

1.832 7.4 x 10 -9

2.038 7.2 x 10 -9

2.170 6.8 x 10 -9

2.375 6.4 x 10 -9

2.802 3.8 x I0-_

2.922 3.9 x 10 -9

3.032 4.1 x 10 -9

3.185 4.0 x 10 -9

3.748 3.0 x 10 -9

4.098 1.7 x I0:_
4.578 1.5 x I0
4.722 1.6 x 10 -9

4.845 3.1 x 10-2

4.940 1.6 x I0-_

5.080 1.5 x I0-_

5.535 3.0 x I0 -_

Test Terminated 5% Creep

Specimen S-18
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TABLE IV

CREEP TEST DATA, ARC-MELTED TUNGSTEN SHEET HEAT KC-1375

RECRYSTALLIZED 2 HOURS, 3200°F (1760°C) TESTED AT 3200°F (1760°C)

i000 psi {6.89 x 106 N/m z}

Length Change

A L (inch) Creep Pressure

12,o.L.I Izo=l

i minute .00005 ,002 4 x 10-8

2 .00015 .007
3 .00015 .007
4 .00010 .005
5 .00015 .007
6 .00020 ,010

7 .00020 .010
8 ,00020 .010

9 .00020 .010

I0 .00015 .007
15 .00020 ,010

2O .00010 .005
25 .00020 .010

30 .00020 .010
60 .00020 .010

90 .00030 .015

16.6 hours .00180 .090 2.2 x I0-_

88.h .00480 .24o 1.o x IO'_
112.4 .00615 .308 I.I x IO 7.
136.3 .00750 .375 9.2 x I0-_

160.3 .00880 .440 7.8 x I0-_

.00960 .480 6.9 x I0"_184.4

256.3 .01115 .558 5.6 x lO_
280.7 .01190 .595 1.6 x IO_-
340.5 .01215 .608 3.9 x I0-_y

328.4 .01265 .632 6.8 x I0-_

352.7 .01330 .665 6.5 x I0-_

424.5 .01575 .788 7.2 x I0-_

41;8.9 .01725 .862 6.1 x I0-__

472.3 .01705 .852 6.3 x I0-_

496.4 .01725 .862 9.0 x lO'_
520.4 .01740 .870 4.6 x I0-_

592.4 .01810 .905 5.0 x lO-_
619.1 .01930 .965 3.6 x I0 -



Time

640.3 ho_s

664.3

688.2

76o.4
784.6
BOB.7

832.3

856.3
928.5
9_._
977,5
1000,3

lO26.3
lO96,6

I121,I

1144.3

I168,h

I264.3
12BB,h

1312.4

1336.9

1360.5
1431.6
14SS._
1479,1_
15o3.2
1527.5
1599. 8
1623.3
1652.7
1671.4

1691.6
1767.3

1791.8

1815.4
1839.3

1863.3

1935.6
1983.5
2031,7

2103.2

Length Change
AL (_nch)

.01960

.02O10

,02040
.o2155
.02190

.oz3o5

.02375

.o2455
.o2_5
,02570

.o266o

.02715

.02775

.02850

.02875

.02930

.03040

.03120

.03145

.o321o

.o3265
,03300

.03345

.03430

.o3445

.o3455

.03460

.03525
.03550
.o363o
.03665

,03690
,03745

.03BIO

.03825

.o385o

.o3865
.o391o

.o4olo

.o4oho
,OblO0

Creep

.980

1.005

1.020
1.077
1.o95
1.152
1.188

I. 228

1.232

1.285
1.33o
1.358

1.388

1.425
1.438

1.465
1.520
1.56o
1.572
1.655
1.632
1.65o
1.672

1.715
1.722
1.728

1.730

1.762

1.775
1,815

1.832
1.845
I.B72

1.905

1.912
1.925
1.932
1.955
2.005

2.020

2.050

Pressure

4.9 x I0_ 8

4.7 x i0.8

4.0 x I0 9
.6x lo'-h -8

1.5 xlO q

7.2 x lo'_
2.4 x lo'_
2.4 x IO',_

3.0 x lO 9
2,3 x I01_

8.2x lO_Q
2.4 x I0 "

8.0x lO'-

9.2X_ -9
2.8 x I0 -
6.7 x I0"y

2.4 x 10"7

" _-10
4.6 xlO ¢_
2.4x lO-_
3,2 x I0
6.8 x I0"_

6.6 x I0[_

5.3 xlO
3.0 x lO"

2.0 x I0 ^
1.8 x Io'_
1.7 x lO'_
1.7 x io'_
6.0 x I0_0

3.2 x I0 9
6.2 x I0"_

2.5• lO
7.3 x I0"_
2,2 x i0"-



TRW EQUIPMENT LABORATORIES

TABLE IV (Continued)

Length Change

dL (inch) Creep

z-=_..._. (2. Q.L.1 (__

2157.7 .04135 2.068
2199.5 .04180 2.090

2248.8 .04205 2.102
2295.3 .04260 2.130

2320.2 .04275 2.138

2367.3 .04325 2.162
2439.2 .04370 2.185

2487.4 .04420 2,210
2535.3 •04465 2.23 2

2607.3 .04555 2,278
266o.1 .o4620 2.310

27O3,3 .04570 2.285
2775.2 .04710 2.355
2847.5 .o477o 2.385

2943.6 .o4850 2.425

3o15.4 .o_4o 2.470
3135.6 .o5o9o 2.545

3184.0 .05110 2.555

3279.3 .05145 2.572

33YI,6 .05215 2.608
3447,8 .0532o 2.660

3519.4 .05355 2.678

3618.5 .05405 2,702

369 2.2 •05420 2.710

3793.5 .05475 2.738

3856.9 .05510 2.755
3886.4 .05520 2.760

Pressure
(TORT)

7.4 x 10-9

mw

23;qo 
2.8x lO.'[
2.0 x I0 [
2.1 x I0"_

2.0x lO[[
6.6 x i0

1.4 x 1o-;_
7.o xZO
5.6 x lO'_
1.7 x lO'i
1.6 x Io'_
2.0 x I0-_

5.0_ 1o][
5.9 x 1o__
5.9 x I0 ^
2.6x Io][
6.2X I0

3.4 X I0-_

1.5x 1o-_
2.0 x 10-_

1.1 x lO'_
2.4x lO'_
4.9 x Io'_
I.I x i0""

Test terminated because of high pressure due to leak.

Specimen S-9



TRW £OUIPMENT LABORATORIES

TABLE V

CREEP TEST DATA, ARC_MELTED TUNGSTEN SHEET HEAT KC-1375_

RECRYSTALLIZED 2 HOURS 3200°F (1760°C}, TESTED AT 3200°F (1760°C)

400 psi (2.76 x 106 N/m 2)

Time

Length Change

A L (inch) Creep Pressure

(2" G. L. ) (z/o) (Zorr)

1 minute(s)

2

3

4

5

I0

15

2O

25

30

6O

19 4 hours

42 3

90 2

163 1

186 3

210 4

234 9

258 3

264° 5

330° 5

354.4

378. 8

426.4

485• 5

498, 8

546, 3

569.7

594, 4

654, 9

666. 2

690 8

714.2

o

00010

00005

0

00005

0

00035

00020

00030

,00030

.OOO25

•00025

0

00010

00050

00100

00125

00145

00120

00100

00120

00160

00180

00190

00145

00190

OO195

00200

00210

00220

00230

00235

00240

00235

Test terminated because of leak in coldwall.

Specimen S-7

•0050

•0025

0

•0025

0

•00i8

.00 i0

•0015

•0015

•0013

•0013

0

OO5

025

O5O

0625

0725

O6O

O55

O6O

O8O

O9O

O95

073

O95

O98

i00

I05

ii0

115

118

120

118

2. 6 x 10 -7

3. 2 x 10-8

i.7 x I0 -8

i.4 x 10 -8

8. 4 x 10 -9

8. 8 x 10 -9
-8

1.5x i0

1. 8 x 10 "8

5. 0 x 10 -9
"8

1.2x i0

1. 2 x 10 -8

1. 1 x 10 -8

6. 0 x 10 -9

3. 8 x 10 -9

4. 6 x 10 -9

9. 8 x 10 -9

6. 9 x 10 -9

I. 2 x 10-8

8. 8 x 10-9

6. 8 x 10 -9

6. 6 x 10 -9

8. 0 x 10 -8
-6

1.4x i0



TRW EQUIPMENT LABORATORIES

TABLE VI

CREEP TEST DATA I VAPOR DEPOSITED TUNGSTEN a RECRYSTALLIZED 2 HOURS 3200°F (1760%),

TESTED AT 3200°F (176000), 1000 PSI (6.90 x 106N/m 2)

Length Change

AL (inch) Creep Pressure

Tim...__e (2" G.L.) (%) (Torr)

I minutes .00010 .005

2 .ooo7o .035
3 .00110 .055
6 .OO12O .o60

14 .oo100 .o5o
20 .00105 .052 3.8 x i0-7

40 .oo11o .o55
60 .00160 .080

16.3 hours .00220 .II0 1.2 x I0_
88.4 .00460 .230 7.2 x I0

117.4 .00550 .275 6.7 x 10-8
13.6.6 .00675 .338 I.8 x I0"@_

160.3 .00755 ,378 3.0 x I0 -_

184.1 .00795 .398 8.9 x I0-__

256.0 .00960 .480 1.4 x I0 -u
280.0 _00940 .47o 7.9 x 10-9

304.1 .01045 .522 6.7 x 10-9

328.4 .01095 .548 8.2 x 10-9

352.2 .011!5 .558 1.2 x IO -8

424.3 .01190 .595 5.2 x 10 -9

448.1 .01280 .640 4.7 x 10-9

472.1 .01190 .595 6.5 x 10"9

496.0 .01310 .655 6.6 x 10-9

520.2 .01350 .675 6.0 x 10 -9

616.2 .01395 .698 5.9 x 10-9

640.7 .O1410 .7o5 5.6 x lO-9
664.2 .01430 .715 7.8 x 10-9

688.2 .01460 .730 4.9 x 10-9

760.3 .0!520 .760 4.0 x 10 -9
784.1 .01580 .790 5.4 x 10 -9

808.1 .O1625 .812 5.2 x 10-9

832.3 .01640 .820 5.0 x 10-9
856.4 .01725 .862 --
928.5 .O1750 .875 5.2 x 10-9

952.4 .01760 .880 8.4 x 10-9

976.2 .01710 .855 9.8 x 10-9

991.0 .01800 .900 9.8 x 10 -9

1014.2 .01800 .900 9.5 x 10-9

1369_



TRW EQUIPMENT LABORATORIES

TABLE VI (Continued)

Length Change

AL (inch) Creep

T_'........._e _2" G.L. )

Pressure

( orr)

1088.4 • 01845 .922
1158.3 .02030 I.015
1254.7 .O2O3O 1.015
1326.3 o02080 i.040
1422.7 .02190 i.095
1494.2 .02330 I.165
159o.8 .02290 l.lh5
1662.2 .02510 I.255
1758.2 .02540 1.27o
1829.9 .02605 I.302
1927.7 .02660 I.330
1998.9 .02700 1.350
2095.i .02825 i. 412
2191.3 .02910 i.455
2263.2 .02950 I.475
2359.2 .03000 1.500
2431.8 .03050 1.525
2527.6 .03065 1.532
2599.4 .03090 1.545
2671.0 .03140 I.5 70

8.4
8.0

9.2

7.8
2.6

1.0

6.8
8.0

9.0
8.0

1.4
1.6

1.4
1.4

1.5
1.2
1.2

i.I

7.0
4.6

x 10"9

x 10"9

x 10"9

x I0_'__x I0

x
x lO9
x I0 "_

x I0_

x
x
x I0-_

x I0 "_

x 10 -8

x 10 -8

x i0"@.

x I0 "_

x 10-9

x 10-9

Test terminated because of inability to see scribe lines.

Specimen B-17



TRW EQUIPMENT AABORA TORIES

TABLE VII

CREEP TEST DATA, VAPOR

TESTED AT 280OOF
DEPOSITEDTUN_RECRYSTALLIZ_D I HOUR 2800oF (1538o0)

(1538_) 2O00 PSI (1.38x lOZN m2)

Length Change

G.L.) ( orr)
I minute (s) •00020

2 •00025 .OlO 3.5 x lO-7
•012 3.5 x 10-7

3 .00025 .oJ2 3.5 x 10-7
•ooo25 .o12 3,5 x 10-?

5 ,00025 ,012 3.5 x I0 "7
•ooo3o .o15 3.5 x 1o-?

?' . ooo_o .020 3.5 x 1o-.?
8 .00035 .018 3.5 x I0"7

9 ,O00hO .020 3.5 x lO-7
1o .0oo35 •o18
15 ,00000 3.5 x 10-7
30 .000
&5 -.OOOO5 3.5 x 10-7'-.002 3.5 x 10-7
60 • 00000 •000

-.00005 3.5 x 10-?
62.9 hom-s -,002 3.5 x I0-?

• 00175 .o88 8.0 x 1_8
88.9 .0o210 .lO5 6._ x lO-8

].12,8 .o0260 .130 2.6 x 10-8
136.7 .00310 .155 &.l x 10-8

161.0 "00370 .185 3.8 x I018
232.8 .oo28o .22o 3.2 x 1o 8
256.8 ,00525 .262 3.1 x I0 "0
280,8 .oo55o .275
30J4, 8 ,00570 .285

2.9 x 10 -8

328.7 .00635 .318 2.7 x 10-8
200.8 ,,00750 2.6 x 10 -8

225.0 .oo76o .375 1.6 x 1_8
228.6 .00775 .380 1.3 x IO 8
272.8 .388 7.8 x 10 ''.y
296.8 ,O0795 ._98 6.3 x 10-9

•00830 ,_15 5.6 x 10-9
568.? .00930 ,_65 5.O x 10-9
6OO.1 .OO990 ._95

616.? .01040 ,520 1.2 x i0

621.1 .01015 .5o8 1.1 x lO-8
66h.7 ,oo98o .hgo I.o x 10-8
736.8 .01150 ,575 9,9 x 10-9

760.7 .01190 .595 8.6 x 10-9

78&. ? •01310 .655 _. ? x 10-9



TRW EQUIPMENT LABORATORIES

TABLE VII (Continued)

Time

808.5

832.5
904.5

929.4

952.6

976.8

1001.8

1072.5

II_.8
1240 • 7
1312.7
1408.5

148 0 • 7

1577.3

1652.0

1744•9

1817 •7

1912.9

1989.8

2079.7
2151.8

2247.6
2319.8

2415.7
2487.6
2584 • 0
2655 • 7

2752.0
2823.7
29/4/I. 2

2991.7

3099.2

3159.4

3183.4

3255.5

3327.9

3423.6

3495 •7

Rours

Length Change

_L (£nch)

(2" G.L.)

.01235

.01270

.01350

.01370

.01410

.01445

.01460

•01540

.01660
•01775

•01830
.01925

.01960

.02150

.02190

.02265

•02295

.02475

.02630

.02660
•02835

.02825

.02925

.03100
,03110
.03135
.03265

.03315

.03380

.03465

.03580

.03665

.03785

•03815

.03785

.03905

, 3975
.04005

Creep

(%)

•618

• 635
.675

•685
.705
.722
• 730

.770

.830

.888

.915

.962

.980

1.075

1.095

1.132

I.I_8

1.238

1.315

1.330
1.418

I._12
1.462

1.550
1.555

1.568
1.632

I • 658
1.690

1.732

1.790

1.832

1.892

1.908

1.892

1.952

1.988
2.002

Pressure

(Tort)

9.4 x 10 -9

9.4 x 10 -9

9.2 x 10 -9

8.6 x 10 -9

8.5 x 10-9

7.0 x 10 -9
8.2 x 10 -9

8.0 x 10 -9

7.8 x I0 -9
7.8 x 10"?
5.6 x 10 -9
5.0 x 10 -9

tl..O x 10 -9

4.0 x 10 -9

4.2 x 10 -9

2.7 x 10 -9

3.6 x 10 -9

3.8 x 10 -9

3.1 x 10 -9

2.3 x 10 -9
3.8 x 10 -_

3.4 x 10 -9
2.8 x I0 "_

2 10 -9
x 10-"

3.0 x 10 -9
2.6 x 10""
2.6 x 10 -9
2.3 x I0" 9

2.2 x 10 -9

2.0 x 10 -9

2.1 x 10 -9

1.8 x 10 -9

1.6 x 10 -9

2.0 x 10 -9

2.1 x 10 -9

1.8 x 10 -9

1.8 x I0 -_



TRW EQUIPMENT LABORA TORIEe

TABLE VII (Continued)

Time

3591. 9 Hours

3663. 6

3783. 6

3832. 2

3927. 7

4008.7

4095.4

4171. 2

4263.9

4335.4

4431.8

4504. 0

4599. 6

467 i. 2

4767. 5

4839. 3

49 36, 2

5007. 5

5103. 3

5296. 0

5343. I

5439. 6

5511. 2

5679. 6

5775.4

5847. 7

5943. 6

6017. 5

6111.5

6183. 5

6279.4

Length Change

A L (inch) Creep

(2,, G. L. ) (%)

04145

04180

04345

04445

04495

04615

O469O

04735

04860

04895

04930

05095

05065

05230

054OO

05415

05525

05600

05740

05865

05915

06010

06125

06255

06425

06475

O656O

O6665

06770

06865

06925

2. 072

2. 090

2. 172

2. 222

2. 248

2. 308

2, 345

2. 368

2. 430

2. 448

2.465

2. 548

2. 532

2.615

2. 700

2. 7O6

2. 762

2. 800

2. 8'70

2.932

2. 958

3. 005

3. 062

3. 128

3. 212

3. 238

3. 28O

3. 332

3. 385

3. 432

3. 462

iDres Sure

(Tort)

i. 9 x 10 -9

1. 9 x I0-9

I. 7 x 10-9

1. 8 x 10-9

1. 5 x i0-9

1. 6 x I0 -9

!. 8 x 10"'9

i. 6 x 10 -9

1_ 4 x 10 -9

1o 4 x 10 -9

1, 7 x 10 -9

1. 6 x lO "'9

i. 6 x 10 -9

1. 6 x 10"9

i. 6 x 10-9

1.4x i0-9

1. 3 x t0-9

1. 5 x 10 -9

1. 5 x I0 -9

1o 4 x 10 -9

1, 3 x 10-9

1, 4 x 10-9

2. 0 x 10-9

1. 3 x 10 ..9

i, 3 x i0 -9

1.2x 10-9

I. 2 x 10-9

i. 2 x 10 -9

i. 2 x 10-9

I. 0 x 10 -9

1o 2 x i0"9



TRW EQUIPMENT LABORATORIES

TABLE VII (Continued)

Time

6351. 5

6447.4

6519. 7

6616. 4

6688. 7

6784.4

6811. 5

Test Terminated -

Specimen B- 24

Length Change

A L (inch)

(2" G. L. )

07045

07 125

07 155

07 195

07275

07355

07415

3%

Creep

(%)

3. 522

3. 562

3. 578

3. 598

3. 638

3. 678

3. 708

Pressure

(Torr)

i. 2 x l0 -9

1. 1 x 10 -9

i. 2 x l0 -9

i. 2 x 10 -9

i. 3 x 10 -9

i. 1 x 10 -9

i. 1 x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE VIII

CREEP TEST DATA, W-25% Re ALLOY SHEET, RECRYSTALLIZED 3Z00°F

(1760°C), 48 HOURS TESTED AT 3200°F (1760°C) 5000 psi (3.45x107N/m 2)

Length Change

A L (inch) Creep Pressure

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

1 Minute(s)
2

3

4

6

8

i0

12

Z5

35

4O

45

I.

2.

4.

4.

5.

5

6

6

7

7

8

8

9

ii

13.

14.

16.

18.

19.

5 Hours

5

0

5

0

5

0

5

0

5

0

5

5

5

5

5

8

1

1

00025

00030

00030

00025

00025

00025

00020

00010

00025

00040

00060

00130

00325

00490

00705

00725

00735

00845

OO960

01085

01190

01315

01450

01575

02010

02630

03070

03430

03730

04140

013

015

015

013

013

013

010

005

013

020

030

065

162

245

352

362

368

422

48O

542

595

658

725

788

i 000

1 320

1 540

1 720

1 860

2. 070

i, 0 x 10 -8

7. 8 x 10 .9



TRW EQUIPMENT LABORATORIES

TABLE VIII (Continued)

Time

Length Change

A L (inch) Creep

(2" G. L. ) (70)

20. 0 Hours

22 6

25 2

30 0

30 6

4O 5

414

44. 5

•04340 2. 170

• 05095 2. 550

• 05725 2. 860

•07215 3. 610

• 07410 3. 700

10670 5. 340

.10990 5. 490

12030 6. 030

Test Terminated - 5% Creep

Specimen S- 3

Pressure

(Torr)

8.0 x I0 -9

6.8 x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE

CREEP TEST DATA, TUNGSTEN-25% Re SHEET, RECRYSTALLIZED

3200°F (1760°C), 45 HOURS, TESTED AT 3200°F (1760°C) 3000 psi

(2.07 x 107N/m2)

Time

Length Change

A L (inch) Creep

(2" G. L. ) (70)

Pressure

(Torr)

•5 Hours

1.0

1.5

2.0

2.5

3.0

3.5

44.4

53.1

68. 6

76.2

93.7

95.8

97. 2

0 0

00015

00045

00075

O0075

00090

00110

O3945

04885

06780

07600

09930

10335

1045O

i.

2.

3.

3.

4.

5.

5.

0075

0225

0375

0375

0450

0550

972

442

39

78

96

17

22

1 x 10-8

6 x i0 .9

7. 8 x 10-9

8.4 x 10 -9

8 x 10 -9

Test Terminated - 5% Creep

Specimen S-4



TRW EQUIPMENT LABORATORIES

TABLE X

CREEP TEST DATA, TUNGSTEN-25% Re SHEET, RECRYSTALLIZED 3200°F

(1760°C), i HOUR, TESTED AT 3200°F (1760°C), 1500 psi (1.03 x I07 N/m Z)

Time

5 Minute s

i0

15

2O

30

45

6O

10. 6 Hours

82.7

106. 6

130. 6

154. 6

178. 8

250. 6

274. 5

298. 6

322. 5

346.7

418. 5

422.9

466.7

490 7

515 0

586 0

611 1

634 6

658 7

682 7

754 7

781 3

802 6

826 6

850 5

Length Change

& L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

OOOO5

00010

00010

00010

00010

00010

00010

00005

00450

00700

00735

01065

01170

01535

01730

01795

02135

02195

02480

02700

02910

03225

03345

03870

04010

04140

04300

04490

O5O65

05385

05525

05700

05835

0. 002

0. 005

0. 005

0. 005

0. 005

0. 005

0. 005

0. 0025

0. 2250

0. 3500

0. 3675

0. 5325

0. 5850

0 7670

0 865O

0 8970

1 0670

1 0970

1 2400

1 3500

1 4500

1 6120

1 67 2O

1 9350

2. 0050

2. 0700

2. 1500

2. 2450

2. 5320

2. 69 20

2. 7600

2. 85OO

2.9 170

1.4x 10 -7

2. 1 x 10-8
-8

2.0x I0

I. 6 x 10 -8

I. 6 x 10 -8

I.4 x 10 -8

I.0 x 10 -8

9. 8 x 10 -9

1.0x 10 -8

9. 6 x 10 -9

9.4 x 10-9

8 5 x 10 -9

1 5x10 -8

8 4 x 10 -9

1 0 x 10 -8

9 6 x 10 -9

1 0xl0 -8

9 2 x 10-9

8.9 x 10-9

i. 2 x 10-8

7.9 x 10-9

7. 0 x 10 -9

7. 5 x 10 -9

7. 2 x 10 -9

7. 2 x 10 -9

8. 3 x 10-9



TRW eOu  eNT LABORATORIES

TABLE X (Continued)

Time

Length Change

L (inch)

(2" G. L. )

922. 6

946.9

97O. 9

994.6

1018. 6

1090. 6

1114.8

1139.8

1162.5

1188. 3

1258.9

1283. 3

O648O

0682O

O694O

07210

07370

08120

08305

08525

O8795

09065

09770

10085

Test Terminated - 5% Creep

Specimen S-8

Creep

(70)

3. 2400

3.4100

3. 4700

3. 6050

3. 6850

4. 0600

4. 1520

4. 2520

4. 3970

4. 5320

4. 8850

5. 0420

Pressure

(Torr)

8. 8 x 10-9

1.4x 10 -8

4.4x 10 -9

4.8 x 10 -9

5.0 x 10 -9

5.9 x 10 -9

9.0 x 10 -9

5.8 x 10 -9

6.4x 10 -9

4. 2 x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE XI

CREEP TEST DATA, TUNGSTEN-25% Re SHEET, RECRYSTALLIZED 3Z00°F

(1760°C), 1 HOUR, TESTED AT 3200°F (1760°C), 500 psi (3.44 x l06 N/m Z)

Time

Length Change

A L (inch) Creep Pressure

(2" G.g.) (%) (rorr)

0. 1 Hours 0 0 2.4 x 10 -7

0.2 0 0

0. 3 0 0 2. 1 x 10 -7

0.4 0 0

0.5 0 0

0.6 0 0

0.7 0 0

0.8 0 0

0.9 0 0

1.0 0 0 1.9x 10 -7

1.5 0 0

2.0 0 0 1.5x 10 -7

13.7 -.00005 -. 0025 4.5 x 10 -8

37. 1 0 0 2.4 x 10-8

61. 2 .00040 .0200 2. 3 x 10 -8

85. 3 .00050 .0250 2. 2 x 10 -8

157. 5 .00115 .0580 I. 3 x 10 -8

182.7 .00140 .0700 i. 3 x 10 -8

205.4 .00150 .0750 1.9 x 10 -8

253. 3 .00180 .0900 3. 6 x 10 -7

Test Terminated

Specimen s-6

Leak in Cold Wall



TRW EQUIPMENT LABORATORIES

TABLE XII

CREEP TEST DATA, SYLVANIA "A" SHEET, RECRYSTALLIZED 3200°F

(1760°C), 2HOURS, TESTED AT 3200°F (1760°C) 5000 psi (3.45x10¥N/m 2)

Time

Length Change

A L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

42

5O

91

i14

138

162

170

2 Minute s

3

4

5

6

7

8

9

i0

15

2O

25

3O

18.4 Hours

21 4

26 5

41 5

0

4

6

2

3

3

3

00050

00070

00095

00060

00075

00080

00080

00075

00085

00085

OOO95

00085

00085

01170

01330

01595

02380

02895

02895

05030

06605

08135

10495

10500

Test Terminated - 5% Creep

Specimen S- 12

O25

035

048

030

038

040

040

038

042

042

048

042

042

585

665

798

i. 190

1.198

1.448

2.515

3. 302

4.068

5. 247

5. 250

i. 7 x i0 -7

i. 7 x 10 -7
-7

1.7x I0

i. 7 x 10 -7

I. 7 x 10 -7

i. 7 x 10 -7

i. 7 x 10 -7
-7

1.7x10

i. 7 x 10 -7

l 7 x 10 -7

1 7 x 10 -7

1 7 x 10 -7

1 7 x 10 -7

1 6 x 10 -7

4 6 x 10 -7

i. i x 10 -7

i. 0 x 10 -7

i. 0 x i0 -7

8. 8 x 10 -8

8.4 x 10 -8



TRW EQUIPMENT LABORATORIES

TABLE XIII

CREEP TEST DATA, SYLVANIA'_" ALLOY SHEET, RECRYSTALLIZED 3200°F

(1760°C), 2 HOURS, TESTED AT 3200°F (1760°C), 3000 psi (2.07 x i07 N/m g)

Length Change

AL (inch) Creep

____e (2. 0. _. I ...... (_),,,

2 minutes .00000 .000

4 -.00o40 .o2o
6 -.00o5o .o25
8 -.00060 .030

I0 -.00060 .030

30 -,00070 .035

60 -.00070 .035

I. 2 hours .00130 .065

2°3 ,00140 ,070

68.7 .00650 .325

91.3 ,00730 ,365

I15.0 ,008_5 ,478
139.3 .01030 .515
163.2 ,01275 ,638

235.2 ,01865 ,932
_0.4 .02_5 z.032
283.5 ,02280 1.140
307.2 ,02450 1.225
331.0 ,02715 1.358

402.9 .03365 1.682
426,9 ,03540 1.770

451.0 .03B65 1.932

475.1 ,04075 2.038

499.1 .o4315 2.158
571.1 .05270 2.635

595.0 ,05540 2.770

619.0 .05960 2.980

642,9 .0636o 3.18o

667 .I .0674o 3,370

763.0 .08400 4,200

787.0 .08930 4.465

811.1 .09470 4.735

835.1 .I0000 5,000

907.I ,11725 5.862

Test Terminated - 5% Creep

Specimen S- 15

Pressure
(Torr)

6.4 x 10 -7

3.2 x I0-7

1.7xzo
1.5 x lO-_
1.6 x I0"_

1.4x lO-_
1.2x lO'_
I.i X I0"_

1.o.lOi_
9.6 x I0__

8.8 = 1o_
8.4 x I0
7.7 x I0"_

7.3 x i0"_

7.9: lO%
7.6 x I0 9

6.1 x lO-_
6.0 x I0"_

5.9 x IO'_
6.0 x lO-i

5.8x lO-_
5.3 x I0";
5.2 x lO';_
5.7 _ lO1_
5.ox lO
2.0 X I0"



TRW E@UIPMENT I.ABORA TORIES

TABLE XIV

TEST DATA m TZC PLATE a HEAT M-80a REmYSTALLIZED AT 3092°F (1700°C) FOR i HOURa

TESTED AT 2000°F (I093°C)a 20aO00 PSI (1.38 x lO_/m 2)

Length Change

AL (inch) Creep Pressure

Tim___ee (2" G.L.) (%) (Torr)

I minutes .00000 .000 I. 2 x 10-9

2 -.00020 -.010

3 -.00040 -.o_O

4 -.ooo3o -.o15
5 -.ooo3o -.o15

10 -. o00o5 -. o02
15 .00005 .002

20 .0OOO5 .002

25 .oo010 .oo5
3o .oo01o .oo5
6o .oooo5 .o02
9o -.oooo5 -.oo2

17.2 hours .00040 .020 2.6 x 10-_9

41,3 .00060 ,030 2.2 x 10 -9

65.2 .0OO80 .O40 2.2 x 10-9

89.2 .oo115 .o58 2.0 x lO-9
161.3 .00110 .055 1.3 x 10-9

185.7 .00130 .065 1.7 x 10 -9
209,1 .OO125 ,O68 1.7 x 10-9

233,2 .00125 .062 1.4 x 10 -9

257.3 .00130 .065 1.3 x 10 -9

329.2 .00140 .070 2.0 x 10-9

355.9 .00145 .072 3.2 x 10-9

377.0 .00145 .072 3.4 x 10-9
401.I .00145 .072 2.4 x 10-9

425.o .oo15o .o75 1.5 x lO-9
497.2 ,00170 .085 1.9 x 10-9

521.4 .00170 ,085 3.I x 10-9

545.4 .00165 .082 4.8 x 10-9

569.2 .00170 .O85 4.5 x 10-9
593.1 ,00170 .085 4.6 x 10 -9

665.2 ,OO165 .082 5.0 x 10-9

713.3 ,00160 .080 4.6 x 10-9

762.8 .00170 .085 --
833.4 .00175 .088 1.5 x 10 -8

881.4 .00185 .092 6.1 x 10-9
905.2 ,00175 .088 5.8 x 10-9



TRW EQUIPMENT £ABORA TORIES

TABLE XIV (Continued)

Time

I001. i hours
lO_9.2
1097.3

1168._
1216.2

1262.3
1336• 7

1389 •5

_33.2
15o2•2
1552.3
1600.2

1672 •_

172o._
1768.5

182o.1
1892.6

1936.3

1985.6

2032.2

2057.0
21o_.1
2176.1

22_8._
2272•2

23hh•2
2396.9

22_o•2
2512.o
258_•_,
268o.2
2752.2

2872.h
2920.8

3016.1

3o88.h
3182•6
3256.3

Length Change
4L (inch)

.(2" Q.L•)

.00185

.00185
•00190

•oo195
.00200

•oo195
•00210

.o_5o
•00255
•00260

.00270

•OO265
•00270

.oo275

.00285

.00305

.00310

•00315
•00310

.00325

.00330

•00335

•003h5
•00370
.0O360

.00375

.00380

.00390

.00200

.oo2oo

.00200
•oo_o5
.oo215
.ooh2o
•00225
.00235
.00_0
.oo25o

Creep

C_)

.092

.092

.095

.098

.i00

.098

.105

.125

.128

.130

•135
•132

•135
.138

.lh2

.152

.155

.158

.155

.162

.165

.168

.172

.185

.180
•188

.190

.195

.200

.200

.200

.202

.208

.210

.212

.218

.220

.225

Pressure

....(Torr)

3.9 x 10-9

6.4 x 10-9

2.2 x 10-9

7.5 x lO-9

7.0 x 10 -9

7.5 x lO-9

w_

7.2 x 10-9

1.3 x 10 -8

1.2 x I0 "_

2.6 x 10-9

5.5 x lO-9
3.8 x 10-9

_.6 x lO-9
4./_x 10-9

_.2 x lO-9
3.8x 10-9

3.8 x 10-9

2.0 x lO-9
h.O x 10 -9

3.8 x 10-9

3.5 x lO-9
2.2 x 10-9

7.5 x 10-9

2.2 x lO_
4.6 x I0 "y

4.4 x 10-9

2.7 x 10-9
2.9 x 10 -9

7.2 x lO-9
5.h x lO-?
3.8 x 10 -9

6.2 x 10-9

3.8 x 10-9

2.6 x 10-9

h.2 x 10-9

h.2 x lO-9



TRW EQUIPMENT I.ABORA TORIES

TABLE XIV (Continued)

I_o0,

Length Charge

L (inch) Creep

(2. Q.u)

3355.4 hour s •00460 •230
3429.1 .oo_60 .23o
3530.3 .00490 .245

3593.5 .00495 .247

3689.9 .00500 .250

3760.5 .00510 .255

3856.2 •00515 ,257
3928.5 .00525
4024.1 .262
4096.3 -00575 .282

•00620 .310
4192.3 .0o6_0

.320
4264.1 .oo6_o ,32o
4384.3 .OO640 .320

4432,3 .00620 .320

4528.3 .00630 .315

_600,5 ,006_0 ,320
1,596.7 •00625 .312

4769.2 .00640 .320

4866._ .00635 .318

_936.5 .00630 .315

5o32.5 .ooO5 .318
5104,4 •00660 •330

5200,9 .00660 .33o
5272.3 .00670 .335

5368,8 .o0675 ,338
54_o.3 .00685 .342
5536.2 .00700 .350

56o8.0 .00705 .352
57o5,8 ,00715 ,358
5777.0 .00720 .360

5873.3 .00730 .365

5945.1 .007_5 .372
6o_1,2 .00750

.375
6113,2 -00770 .385

6209,9 .00770 .385
6305.5 .00775 .388
6377.5 .OO780
6_/_9.2 .390
6545.7 ,00775 .388

•00770 .385
6617.2 .00780 .390

6713.2 .00780 .390
6785,3 •00780

.390
6881.6 .00810 .405

6953.4 .00790 .395

7o52.7 .00805 ._02
7125.5 .oo81o ,4O5

Pressure

(Torr)

.mmm

7.8 x 10-9

8.0 x 10-9

8.0 x 10-9

8.2 x 10-9

8.2 x 10-9

8.7 x 10-9

8.2 x 10-9

8.2 x 10-9

8.2 x 10-9

8.4 x 10-9

9.0 x 10-9

8.6 x 10-9

9,4 x lO-9
9.5 x 10-9

8.5 x 10-9

9.2 x 10-9

9.2 x 10-9

9.2 x 10-9

8._ x 10-9

9.5 x 10-9

8.8 x 10-9

9.4 x 10-9

9.4 x 10-9

1.0 x 10-8

3.4 x 10-9
6.4 x 10-9

4.9 x 10-9

4.9 x 10-9

3.4 x 10-9
2.8 x 10-9

3.4 x 10-9

3.3 x 10-9

3.5 x 109

6.3 x 10-9

7.0 x 10-9

8.2 x 10--9

7.4 x 10-9

7.9 x 10-9

7.8 x 10-9

8.0 x 10-9

8.3 x 10-9

8.2 x 10-9

8.1 x 10-9
A



TRW EQUIPMENT LABORATORIES

TABLE XIV (Continued)

Time
!

Length Change
AL (_nch)
(2" G.L•)

J

Pressuz-e

(Tort)

7217.2
7386.0
7457•2
7553.3
7625.7

7721.9

7793.6

7889.4

7961.2

8057.4
8129.4

8225.3
8297.5
8393.2

8465.6

8561.4
8633.1

8729.1

8801.3

8969.3
9o65.3

9137.2

9233.1

9305.3

94Ol.9
9476.5
9569.4
9642.2
9737.6

9814.3

99O4.3
9976.3

I0,00o. 7

i0,072..i
10,144.3

10,240.3

i0,312. I

lO,4O8•5

hourB .00810

•00815

•o0825
•00830
•00835

•oo845
•oo845
.oo85o
.oo855
.oo855
.00860

.00870

.oo875

.00880

.oo885

.oo89o

.00895

.00900

.oo9o5
•oo915
.O0920

.oo925

°00930

.oo94o

.oo965

.00970

•oo965
.oo965
•oo96o
.00970

.0O980

.OO98O

.OO980

.00985

.0O985
•00990
.00995

.01005

.410

.408

.412

.415

.418

.422

.422

.425

.428

.428

.430

.435

.438

.4ho

.442

.445

._8

.45o

.452

.458

.460

.462

,465
.470

.482

.485

.482

.482

.480

.485

•490

.490

.490

.492

.492

.495
•498

.50_

8.2

7-9

7.5
7.6
7.0

7.0

7.3
6.5
7.1
7.4

7.3
5.2
4.3
1.6

4.8
4.8
4.6
5.3
5.2
6.0

7.5
9.6

1.0

1.0

1.0
1.6

2.7

5.4
3.8
5.0
7.6
4.6

5.2
8.5
1.0

1.5
1.9

2.2

x 10-9

x 10 -9

X 10 -9

x 10-9

x 10-9
x 10-9

x 10-9

x 10-9

x 10-9

x 10-9

x 10 -9

x 10-9

x 10-9

X 10 -9

x 10-9

x 10-9

x 10-9

x 10-9

x 10-9

x 10 -9

x 10-9

x 10-9

x 10-8

x 10-8

x 10-8

x 10-8

x 10-9

x 10, 9
x 10-9

x 10-9

x 10-9

x i0-I0

x i0-I0

x I0-i0

x 10-9

x 10-9

x 10-9

x 10-9



TRW EQUIPMENT LABORATORIES

Time

10,576.5

10,648.2

I0,768.7
10,816.2

10,917.0

10,984.1
ii, 008.1

ii, 080.2

11,152.5
ii, 248.2

11,320.3

11,416.5

11,488.2

II, 608.2

ii, 656.9

ii, 752.4

11,833.2

11,920.2
11,995.5
12,088.7

12,160.4

12,256.6

12,328.8

12,42_.3
12,496.1

12,592.3
12,664. I

12,761.1

12,832.3

12,928.1

13,000.3

13,120.9

13,167.9

13,264.4

13,336.O

13,432.8

13,5o4.4
13, 6OO. 2

TABLE XlV (Continued)

Length Change

_L (inch)

(2.QL )
.O1010

.O1010

.O102 O

.01020

•01020

.01025

.o1o25

.O103 o

.01035

•01030

.01030

.01o40

.o1o40

.01o50

.01o50

.01055

.01055
•01060
.01065
•01070

.O108 0

.O11OO

.O1100

•O1110

.O1100

.O1100

•Ol12 O

.01125

.01125

.01130

•01130

.01130

.01140

.o115o

.o1155

.01160

.o1165

.01165

Creep

.5o5
•5o5
.51o
.510
.510
.512
•512
.515
.518
.515
.515
.520
.520
.525
.525
.528
.528
.530
.532

•535
.54o
•55o
.55o
.555
.55o
•55o
.56o
.562
.562
.565
.565
.565
.570
.575
.578
•580
.582
•582

Pre S stlre

(Torr)......

3.4 x 10-9

3.2 x 10-9

2.9 x 10-9

2.9 x 10-9

3.3 x 10-9

3•2 x 10-9

4.0 x 10-9

3.6 x 10-9

3•8 x 10-9

3.6 x 10-9

3.9 x 10-9

4.6 x 10-9

4.3 x 10-9

4.2 x 10-9

4.4 x 10-9

4.2 x 10-9

7.1 x IO -I0

1.3 x 10-9

1.5 x 10-9

2.0 x 10-9
2.2 x 10-9

2.0 x 10-9

2.8 x 10-9
3.7 x 10-9

3.2 x 10-9

3.6 x i0-9

4.0 x 10-9

4.0 x 10-9

4.0 x 10-9

4.5 x 10-9
4.4 x 10-9

4.8 x 10-9

5.1 x 10-9

4.4 x 10-9

4.7 x 10-9

4.8 x 10-9

5.0 x 10-9
1.8 x 10-9



TRW EQUIPMENT LABORA TORIE.4

TABLE XIV (Continued)

Time

13,672.6 hours

13,768.h

13_8h2.3

13,936.3

lh,O08.3

IL_ lob. 2

ih_176.3

Ih,272.2

i_,3L4.6
lh,h41,2

lh,513.5

IL, 609.2

lh, 681o 2

lh_ ?77.h

II$, 801.3

zL, 825.8
zW 8_9.
1_,873.2
24._945° 2
I_ _9 69.3

lh_ 993. h

15,0_I. 1

15,113.h

15;137o 3

15,161o3
15,185.8
15_209.7

15,281o 7

15,3o5.5
15,329.4

15,353.h

15,377.h

15, hh9.6

15,h73.3

15,h97.h

15,521.3

15,5_5.3
15,618.1

Length Change

a L (inch) Creep

(a G. L. ) (%)

• 01165 .582
• 01165 .582

•o117o •585
.o118o .59o
.01190 .595
•01200 .6o0

• 01205 ° 602

.01220 .610

•01225 o 612

.01225 o612

•01230 .615

.01230 •615
•01235 .618

o0125,0 .620

•O12AO .620

•012h5 •622

•01250 •625

• 01250 • 625

•012 60 .630

o01260 • 630

•012 65 •632

•01265 .632

.012 65 .632

•01270 .635

•01270 •635

• 01275 o 638

.01275 .638

•01275 .638

•01275 •638

•0i280 .640
• 01285 o 65,2

•01285 .6_2

•01295 .648

•01295 •6h8

•01295 .6L8

• 01300 o 650

•oi3oo .650
•01300 ° 650

Pressure

(Torr)

2.1 x 10-9

2.5 x 10-9

3.0 x 10 -9

3.0 x 10"9

3.3 x 10-9

3.h x 10-9

3.6 x 10-9

3.9 x I0-9

3.9 x 10 -9

/_.0 x 10-9

)_.4 x 1o-9
h.l x 10-9

l_.h x 10-9

3o 8 x 10-9

3°6 x 10-9

3.9 x 10-9

4o0 x 10 -9

3.9 x 10-9

h..0 x 10 -,9

h ol x 10-9

h.l x 10-9

h.l x 10-9

3.6 x 10-9

3.6 x 10 -9

3.h x 10 -9

3.6 x 10"9

3.8 x 10-9

3.7 x 10-9

4.0 x 10-9

3.9 x I0-9

3.8 x 10-9

3.5 x 10-9

3.5 x 10-9

3o 3 x 10-9

3.h x 10 -9

L. 0 x 10-9

3.6 x 10-9

3.8 x 10 -9



TRW EQUIPMENT LABORATORIES..

TABLE XIV (Continued)

Time

Length Change

A L (inch) Creep

(2" G.L.) (%----L

15,6_1.4
15,665.7
15,689.8

15,809.?
15_833.5
15,857.4

15,881.?
15,977.5
16,001.7

.o13o0 .650

.01305 .652

.o131o •655

.01320 .660

•01325 •662

•01330 •665

o01330 .665
•01335 .668

•o13ho .670

Test Terminated - Over i0,O00 Hours
Spe cimen B-9

Pressure

(Torr)

3.4 x 10-9

3.4 x 10-9

3.1 x I0 -9

3.5 x 10-9
3.4 x io-9
3.4 x I0 _9

3.7 x 10 -9

3.4 x 10-9

3.4 x I0 "_9



TRW EQUIPMENT LABORATORIES

TABLE XV

CREEP TEST DATA, TZC PLATE HEAT M-80, RECRYSTALLIZED 3092°F

(1700°C), 1 HOUR, TESTED AT 1856°F (i013°C), 25,000 psi (1.72 x 108N/mZ)

Time

I minute (s) -.00005 -.002
2 .00000 .000

3 -. oooo5 -.oo2
4 . oo005 .002
5 .0o0o5 .002
6 .OOOLO .005
7 . oooo5 .0o2
8 .000o0 .000

9 .OOOOO .000

1o .00oo5 •002
15 -.oooo5 -.oo2
20 .00015 .008
25 .ooo15 .008
30 .00025 .012
6o .0o065 .032
19.3 hours •00085 •042

42.1 .ooo95 .o48
68.2 .00095 .048

138.4 .00090 .045
162.8 .00085 .042
186.o .ooo85 .042

210.3 .00080 •040
306.2 •00075 •038

330.2 •00090 •045
354.2 • 00085 .042

ooo 5•00095 .048

460.7 .00105 •052
4 84.5 .00105 •052
508.5 .00125 .062
532.4 •00105 .052

556.8 •00105 • 05 2
628.9 •00105 •05 2

681.? .OOLl5 .05 8
725.6 .00125 .062
796.4 .00130 .065
844.8 •00145 •072
892.4 •00145 .072
964.6 .00140 .070

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

1.4 x 1o-8.
1.3 x i0 -t_
I.i x 10 -8

5.8 x 10 -9
6.6 x 10-9
6.8 x 10 -9

5.8 x 10-9
5.2x 10-9
4.4 x 10-9
3.4 x 10-9

3.6 x 10 -9

2.5 x 10-9
2.8 x 10-9

3.4 x 10-9

3.8 xi0-9

3.2 xlO -9
3.0 x 10 -9

3.1 x 10-9
2.0 x 10-9

2.2 x 10-9

1.6 x 10-9

2.8 x 10-9



Time

1012.6 hours
1060.7
1132.3

1186.9

1228.6

1277.8

1324.4
1349.2
1396.3

i_68.3
1516_
1564.4

1636.4
1689.1

1732._

180&.3
1876,7
1972.6

2044o4
21(94.7
2213.1

2308.3

2380'7

2479.4

2548.4
2(947.3
2720°0

2822.6

2886,4
2982.1

3052.8

31_8.7

3220.7

3316.4
3388.8

3484.6
3556.4

3676.5
3724.5

3820.?
3892.7

3988.9

4158.8

4228.7

_325.1
4396.7
_93.1

TABLE XV (Continued)

Length Change

L (inch)

(2. Q. n.)

.oo155

.00170

.001_

.000165

.O017O

.0O170

.oo165

.00175

.00185

.00185

.00180

.00185

.00195

.00205

.00195

.00200

.oo215

.O0210

.00225
-00225

.00235

.00230

.00235

.00235

.00235

.002_5
.00245
.0O26O

.00305

.00295
•00320

.00315

.00315

.00310

.oo315

.00335

.00330

.00335

.OO33o

.0O33o

.00320

.oo315

.00315

.00300
,00300

.00300

.00315

-00315

Creep

.O?8

.085

.082

• 082
.085
,085
.082

.088

.092

.092

.090

.092

.098

,102
.098
.100
•108

.105

.112

.112

.118

.115

.118

.118

.]-18

.122

.122

.130

.152

.148

.160

.158

.158

.155

.158

.168

.165

.168

.165

.165

.160

.158

.158

.150

.150

.150

.158

.158

TRW EQUIPMENT £ABORA TORIES

Pressure

2.7 x 10-_

2.6 z 10"9

2.4 x 10-9

2.0 x 10-9

1.8 x 10"9

2.2 x 10"9

2.3 x 10"9

1,4 x 10"9

1.8 x 10"9

2.5 x 10-9

2.6 x 10-9

3.1 x 10-9

2.5 x 10-9

2.2 x 10"9

2.8 x 10-9

2.0 z 10-9

2.0 x 10-9

2.3 x 10-9

9.6 x 10-10

2.5 x 10-9

I._ x 10-9

1.2 x 10-9

2.5 x 10-9

1.2 x 10-9

2.6 x 10-9

1.8 x 10-9

i.i x 10-9

9.1 x 10-10

2.2 x 10-9

1.6 x 10-9

1.6 x 10-9

1.6 x10-9

1,6 x 10-9

1.9 x 10-9

1,8 x 10-9

1.6 x 10-9

1.4 x 10-9

1.5 x 10-9
1.9 x 10-9

1.6 x 10"9

1.7 x 10-9

2.8 x 10"9

1.3 x 10-9

1.8 x 10"9

6.0 x 10-10

1.5 x 10-9

1,8 x 10-9

2.0 x 10-9



TRW EQUIPMENT LABORATORIE$

TABLE XV (Continued)

Time
m._.===m==qm

4564.6 hours

4661.2

4732.6

4828.5

4900.3

4998.1

5069.3

5165.5

5237.4
5333.5

5405.5

5502.2

5598.0

5669.8

5741.4

5838.0

5909.4

6005.6

6077.5

6173.9

6245.7

6345.0

6417.7

6509.4

6582.0

6678.2

6749.4

6845.6

6917.9

7014.1

7085.9

7181.9

7253.6
7350.0

7421.6

7517.6

7589.7

7685.4

7757.8

7853.8

7925.4

8021.3

8093.4

8189.3

8261.5

8357.5

8429.5

Length Change

A L (inch)

(2"G.L.)

.00310

.0O315

.00320

.00305

.00310

.00305

.00305

.00305

.00310

.00310

.00305

.00305

.00310

.00310

.00320

.00315

.00325

.O0315

.00315

,00315

.00320

.00325

.00335

.00335

.00340

.00335

.00340

.00345

.00350

.00355

,00350

.00345

.00355

.00345

.00345

.00345

.00350

.00345

.00340

.00345

.00340

.00340

.00340

.00345

,00345

.00335

.00335

Creep

.155

.158

.160

.152

.155

.152

.152

.152

.155

.155

.152

.152

.155

.155

.160

.158

.162

.158

.158

.158

.160

.162

.168

.168

.170

.168

.170

.172

.175

.178

.175

.172

.178

,172

.172

.172

.175

.172

.170

.172

.170

.170

.170

.172

.172

.168

.168

Presstlre

,,(To=)

2.0 x 10 -9

1.4 x lO-9
2.0 x i0 "9

1.7 x 10 -9

1.7 x 10 -9

1.4 x 10 -9

2.4 x 10 -9

1.6 x 10 -9

1.2 x 10 -9

i.i x 10 -9

1.6 x 10 -9

i.I x 10 -9

1.4 x 10 -9

1.8 x 10 -9

1.6 x 10 -9

1.6 x 10 -9

1.5 x 10 -9

1.5 x 10 -9

1,6 x 10-9

1.6 x 10 -9

1.6 x 10 -9

1.0 x 10-9

1.3 x 10 -9

1.5 x 10 -9

1.0 x 10 -9

1.6 x 10 -9

1.5 x 10 -9

1.6 x 10 -9

2.2 1o-9
1.4 x 10 -9

2.1 x 10 -9

2.3 x 10 -9

3.0 x i0-9
1.4 x 10 -9

1.4 x 10 -9

7.8 x I0"I0

1.8 x i0 "9

1.6 x 10 -9

2.2 x 10 -9

1.8 x 10 -9

1.6 x i0 -_

1.3 x 10 -9

1.6 x 10 -9

1.7 x 10 -9

1.9 x 10 -9

i.i x 10 -9

1.6 x i0 "u



TRW EQUIPMENT I.ABORA "rORIES

TABLE XV (Continued)

Time

8525.3 hours

8597.7

8694.0

8769.8
8861.7
8934.4
9030.0

9106.9

9197.3

9268.5
9364.?
9436.8
9532.5
96O4.3
9700.8

9774.3
9868•8
9940.4

i0,060.9

!0,108.5

I0, 207.3
10,276.3

i0, 300• 4

i0,372.4

10,444.8

lO,540•5
i0.612• 5

i0, 708.9

io, 78o.5

io, 900.4

lO,949.4
11,o44.8
Ii, 125.6

ii, 212 -5

ii, 28 7.6

ii, 381.1

11,453.o
ii, 549.3

ii, 621.4

ii, 716.8

II, 788.3

ii, 844.5

ii, 956•3

Length Change

_L (inch)
(2. O.T.)

.oo34o

.oo35o
.00355
.oo35o
.oo355
•oo355
•oo35o
.oo35o
.00350

.00350

.00345

•00335
.oo345
.oo345
.00345

.00335
.oo330
•00340

•00345

.00340

.00335

.00335

.00340

.oo34o

.oo335

.00345

.00340

.00335

•00335

.00340
•00340

•00340

.00340

•00340

•00335

•00330

.00300

•00330

.00335

.00340

.00330

.00330

•00310

Creep

.170

.175

.178

•175
.178

.178

.175

.175

.175

.175

.172

.168

.172

.172

.1?2

.168

.165

.170

.172

.170

.168

.168

.170

.170

.168

.172

.170

.168

.168

.170

.170

.170

.170

.170

.168

.165

.15o
•165
.168

.170

•165

•165
.155

Pressure

_(Torr)

I. 7 x 10-9

1.8 x 10-9

1.6 x 10-9

1.7 x 10-9

1.7 x 10-9
1.7 x 10-9

I. ? x 10-9

1.6 x 10-9

2.2 x 10-9

1.5 x 10-9

1.6 x 10-9

I. 7 x 10-9

1.7 x 10-9

1.6 x 10-9

1.6 x 10-9

1.7 x 10-9

1.6 x 10-9

1.6 x 10-9

i•I x 10-9

1.0 x 10-9

i.i x 10-9

9•9 x I0-i0

9.7 x 10-10

1.3 x 10-9
1.4 x 10-9
1.0 x 10-9

1.0 x 10-9

1.4 x 10-9

1.4 x 10-9

1.0 x 10-9
i.I x 10-9

9.4 x I0-i0

1.0 x 10-9

1.2 x 10-9

1.4 x 10-9

1.0 x 10-9

1.3 x 10-9

1.0 x 10-9

1.3 x 10-9

1.3 x 10-9

1.3 x 10-9

1.3 x 10-9

1.4 x 10-9



TRW EQUIPMENT LABORATORIES

TABLE XV (_Continued)

Time

12, 054• 0 Hours
12, 124. 6

12, 220. 3

12, 292.6

12,413.0

12,460. 2

12, 556.8

12, 628. 2

12, 725• 0

12, 796. 7

12, 892. 4

12, 964. 8

13, 060• 6

13, 134.5

13, 228• 5

13, 300.5

13, 396.4

13, 468.5

13, 564.4

13, 636.9

13, 733.4

13, 805.8

13, 901.5

13,973.4

14, 069.6

14, 141.7

14, 237.6

14, 333.4

14, 405. 6

Length Change

L ( inc h)

(2" G. L.)

• 00320

• 00325

• 00325

. 00335

• 00345

• 00340

• 00335

•00340

•00345

•O0 345

00350

00345

00345

00350

00355

00350

00345

•00345

• 00350

• 00355

• 00355

• 00355

• 00360

. 00360
• 00365

• O0360

• 0O360

. O0360
• 00365

Test Terminated _ Over 10
Specimen B_ll ,000 Hours

Creep

(%)

• 160

162

162

168

172

170

168

170

172

• 172

175

• 172

172

• 175

178

175

172

172

175

178

178

178

180

180

182

180

180

180

182

Pressure

(Torr)

1.4 x 10"9

I. 3 x 10-9

1. 1 x 10 -9

1. 0 x 10-9

1.0x 10 -9

1. 1 x 10 -9

9. 5 x 10-10

1.1x 10-9

9. 4 x i0-I0

9. 2 x 10" 10

9. 5 x 10-10

9.4 x 10- 10

9. 0 x i0- I0

2. 0 x 10-9

8. 8 x 10-10

9. 6 x 10-10

9. 6 x 10-10

9. 2 x I0" 10

9.0x 10 -10

1. 0 x 10-9

9. 0 x 10-10

1. 0 x i0 -9

1. 0 x 10-9

1. 0 x 10"9

1. 1 x 10"9

9. 0 x 10" 10

1. 0 x 10 -9

1. 0 x 10 -9

9.4 x 10-10



T_W E@UIPMENT LABORATORIES

TABLE XVI

CREEP TEST DATA_ TZC PLATE, HEAT M-80, RECRYSTALLIZE D AT 3092°F (17OO°C); I HOUR,

TEST = AT 2_6°F (I124°c), 19,000 PSI (1.31 x lO_/m 2)

Length Change

AL (inch) Creep Pressure

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

I minutes .00010 .005
2 .00020 .010

3 - .00030 .015

4 .00050 .025
5 .00055 .o28
6 .00065 .032

7 .00085 .042

8 .00095 .048

9 .oo105 .o52
I0 .00120 .060

12 .O013C .065
13 .(_14o .070

14 .00150 •075

15 .oo16o .08o
20 .00165 .082

25 .oo170 .085
30 .00170 .085

40 .00175 .088

45 .oo175 .o88
6O .o018O .O90

90 .00180 .090

15.7 hours .00180 .090

87.I .00180 .090

Ill.2 .OOlO0 .050
133.4 .O01hO .070

159.o .00135 .o68
181.6 .00130 .065

239.9 .00135 _068

2 63.7 .00130 .065

287.7 .00150 .075

309.9 .00140 .070

334. 3 .00150 •075
406.5 •00145 .072

459.3 •00155 .078

503.2 .oo150 .o75
573.9 .00175 .088

7.o x lO -8

6.9 x 10 -8

6.9 x 10 -8

6.8 x 10-8

6.7 x IO-_8

3.5 x lO_
1.4 x I0 -_

9.8 x 10 -9

7.0 x 10 -9

3.0 x 10-9

m.

4.2 x 10-9

5.1 x lO-9
4.5 x lO-9
3.8 x 10-9

3.2 x 10-9

3.5 x 10-9

2.2 x i0-9
1.2 x 10-9



Continued)

622•5 hoUrS
669.9
7h2.3
790.2
83B.3
909.9
96h.B
lOO6.2
1o55.3
1102•0
1126-B
1173.9
12_.9
129_.0
13_2.0

ih66.7

15o9._
1561.
1651_• 2
115o•2
I622.1

1990• o
2086.2

2156.2
225b,._
2326.1
2_b,.7
2b,97•I_
2600.I
266h•7
2759, B
265h.3
2926.3
2996.2
3O9U.0
3i66.U
3262.2

Leng%h Ohange

.oo175

.OOlBO
.ooI_5
.00190

.00165
•O0195
.00205
.00210
.00215
.00220
.00220
.00220
.00215
.00225
.oo235
.oo235
•OO235
.00225
.O02k_
.oo2_
•002_0
•oo235
.00235
.oo2b,o
.00250
.O0260
;00265

.00265
.00280
.oo3o5
.00310
.oo325
.O03k_
.oo355
.00355
.0o355
.00365
.0o360
.oo355

Creep

.oBB

.090
.092

._2

.I02

.10B

.3.10

.II0

.II0

.108
.112
.lib

.118
.13.8

.112

.122

.122

.120
.118
.116

•120

.130

.132

.lhO

._2
._
.162

.172
.176

.176
.176
,162
.1_
.178

I.I x lO__e

3. 6 xlO_
2.6 x 30"'..
2.6x lo_
1.B x 10_
3.2 x lO_
2.6 x lO-!

2.6 xlO%
2.7 xlO
2.9 x 10-9

1.7 x1°'9
io-9

1.0 x -I0
1¢

h_,2 x _y-9
2.1 x -3.0
2.1 x 3_e

1.hx °ii
2.5x _
2.0 x _Ul 0
7.5 xlo ^
1.2 x 10%

1.3 x Io_0
7.0 x I0"__

• _O_J- vB._ x ._^-1o
7.h xu ,,
1.6 10_

x

x

l.h x I0
i0-I 0

7.2 x lO_gq2.0 X
1.u _ lO_
1.2 X I0-_-
6.o _ 1°'_-u
2._ _ lO-Y_
2.6 x IO'y

1.5 _ lC_._
1.5 x _-9

2.1 x O_92.1 x I_

2.2 X9.2x [_-9

/



TRW EQUIPMENT I-ABORA TORIE$

TABLE XVI (Continued)

Time

3334.1 hours
3454.1
3502.1
3598.2

3670.3

3766.6

3839.0

3936.4
2006.3
4102.6

2174.3

2270.6

4342.2

4h38.7
451o.1
26o6.2
4677.8

4775.6
4846.8
4943.1

5o15.o
5111.1
5183.2
5279.7
5375.6
5447.3
5518.9
5615.6
5687.o

5783.8

5855.1
5951.5
6023.3

6122.5

6195.3

6286.9

Length Change

L (±rich)
_ (2" s. L.)

.O0360

.0o340

.00365

.00315

.oo315

.00300

.00305

.00300

.00295

.00305

.00310

.00320

.00330

.00330

,00355

.oo34o

.00345

.oo345

.00335

.00335

.00355

.00340

.oo345

.oo350
,00355

.oo355
,00355

.00355

.OO36O

.oo355

.oo365

.oo375

.oo38o
,00395

.00390

.00400

Creep

.180

.170

.182

.158

.158

.150

.152

.150

.28

.152

.155

.160

,165
.165
.178

.170

.172

.172

,168
.168

.178

.170

.172

.175

.178

.178

.178

.178

.180

.178

.182

.188

.190

.198

.195

.200

Press ure

(tort)

2.2 x 10"9
1.6 x 10-9

2.0 x 10.9

i.I x 10-9

1.0 x 10.9

9.0 x 10.10

2.5 x 10-9
9.1 x 10.10

2.0 x 10-9

2.1 x 10.9

1.9 x 10-9

1,0 x 10"9

2.0 x 10-9
2.5 x 10-9

1.4 x 10-9

2.0 x 10-9
1.8 x 10-9

1.8 x 10-9

1.6 x 10-9

1.6 x 10-9

1.7 x 10-9

1.6 x 10-9

1,0 x 10-9
1.6 x 10-9

1.5 x 10-9
2.5 x 10-9

2.5 x 10-9

1,0 x 10-9

2.5 x lO-9
2.2 x 10-9

2.4 x 10-9

2.2 x 10-9

2,5 x 10"9

9.0 x I0-I0
2.2 x 10-9
2.5 x 10-9

_b03A



TRW eQUIPMENT LABORATORIES

TABLE XVI (Continued)

Time

6359.5 hours

6455.8
6527.0

6623.2

6695.6

6791.8
6862.8

6959.5
7O31.2
712 7, 6
7199.2

7295.2
7367.3
7263.2
7535.5
7631.3

7702.9
7798.9
7870.9
7966.8

8039.1

8135.2
8207.0

8302.8

8375.2
8471.6

8546.4

s639.3
8712.3
8807.6
8885.0
8975.7
9046. I

9142.2

9_14.3
9310.0

9381.9
9478.8

9551.8

9646.4
9718.o

9838.4
9886.2

9985.1

Length Change
6L (inch)

(2" G.L.)

,oo2o5
.oo41o
.oo415
.0041o
.oo41o
.o042o
.oo_2o
.oo_15
.0o420
.oo435
.00430

.oo_3o

.oo43o

.00425

.00430

.oo42o

.oo44o
.0o44o
.oo_o
.oo_5
.oo_4o
.oo&5o
.oo455
.o0465
.oo47o
.00475

.oo48o

.oo48o

.oo48o

.oo_7o

.00470

.0047o

.oo475

.oo_75

.oo1_75
.oo_75
,oo48o
.oo_8o
.oo_85
.oo485
.oo485
.00490

.oo495

.oo5oo

._%)eep

,202

.205

.208

.205

.205

.210

.210

.208

.210

.218

.215

.215

,215

.212

.215

.220

.220

.220

,220

.222

.220

.225
,228

.232

.235

.238

.240

.240

.240

.235

.235

.235

.238
.238
.238
.238
.240

.240

.242

.242

.242

.245

.248

.250

,Pressure

(Torr)
l

1.0 x 10-9

1.7 x 10-9
2.5 x 10-9

1,6 x 10-9

2.3 x 10-9

1.6 x 10"9

1,6 x 10-9

1.4 x 10-9

2.4 x 10-9

1.0 x 10-9
2.2 x 10-9

7.2 x I0-I0

I.i x 10-9

1.0 x 10-9

1,6 x 10-9

1,6 x 10-9

1,6 x 10-9

1.5 x 10-9

1.7 x 10-9

1.6 x 10-9

1.6 x 10-9

1.4 x 10-9

1.4 x 10"9

1.4 x 10-9

1.4 x 10-9

1.3 x 10-9

1.4 x 10-9

1.4 x 10-9

1.3 x 10-9

1.3 x 10-9

1.4 x 10-9

1.3 x 10-9

1.4 x 10-9

1.3 x 10-9

1.4 x 10-9

1.3 x 10-9

1.4 x 10-9

1.4 x 10-9

1.3 x 10-9

1.3 x 10-9

1.4 x 10-9

1.4 x 10-9

1.4 x 10-9

1.4 x 10-9



TRW EQUIPMENT £ABORA TORIES

TABLE XVI (Continued)

Time

io,o53.9
10,077'9

I0,150• 1

I0,222,5

I0,318 'I

10,390.8

lO,486.6
lO,558.1
I0, 678. i

i0, 727.0
10,822.5

i0, 903. i

i0, 990• I
ii,o64.4
ii, 158.7

ii, 230.8

ii, 32 7.3
ii, 400.2

11,494.4

11,565.8

ii, 662.1

ii, 733.8

ii, 832.2

ii, 902.3

ii, 998.9

12,070.2

12,190.6

12,237.8

12,334.5

12,4o5.9
12,502.6

12,574.2

12,670.0

Length Change

(itch)
C2"o.L.)

.0o5oo

.ooSoo

.00500

.005o5

.00510

.oo510

.0o5o5

.00510

.oo5o5

.oo51o

.oo515

.oo515

.00515

.00515

.00525

.oo52o
•00525
.00540
.00545

•oo535
.00520
.oo525
.00525
.oo525
.oo53o
.oo53o
.00530

.oo53o

.oo53o

.00530

•00530

.00535

.00535

Creep

.250

.250

.250

.252

.255
,255
•252
.255
.252
.255
•258
.258
•258
.258
.262

.260

.262

.270

.272

.266

.260

.262

.262

.262

.265

.265

.265

.265

.265

.265
•265
.268
.268

]:_e 8 81111,'e

ITo= 

1.3 x 10-9

1.3 x 10-9/

1.4 x lO-9
1,3 x 10-9

1.3 x 10-9
1.3 x 10-9

1.3 x 10-9

1.3 x 10-9
1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9
1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10"9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.3 x 10-9

1.3 x 10-9

1.4 x 10-9
1.2 x 10-9

1.2 x 10-9

1.2 x 10-9

1.2 x 10-9



TRW EQUIPMENT LABORA I"ORIE8

_Continued)

Time

12, 742. 3

12, 838. 2

12, 912• 0

13, 006• 1

13, 078. l

13, 174. 0

13, 246. 1

13, 342. 0

13, 414. 5

13, 511. 0

13, 583. 3

13, 679. 0

13, 751.0

13, 847• i

13, 919. 2

14, 015. 2

14, 111. 0

14, 183. 1

14, 238.6

Test Terminated

Specimen S= 12

Length Change

A L (inch)

(2"G L)

•00540

.00545

•00540

.00545

.00550

.00555

.00555

.O0555

.00555

.00550

•00555

.O056O

.OO56o

•00560

-O0560

.00560

.00560

.00560

.00560

- Over 10,000 Hours

Creep

• 270

• 272

• 270

. 272

. 275

. 278

• 278

. 278

• 278

• 275

.278

.280

. 280

• 280
.280

• 280
. 280

.280

•280

Pressure

(Tort)

1. 2 x 10"9

I. 1 x 10"9

1. I x I0"9

1. 2 x 10"9

1.2x 10-9

1. 1 x 10-9

1. I x 10"9

I. 1 x 10-9

1. 2 x 10"9

1. 2 x 10-9

1. 2 x 10-9

1. 2 x 10-9

1. I x 10-9

1.2x 10"9

1. 2 x 10 -9

1. I x 10"9

I. 2 x 10"9

1. 3 x 10"9

1. 2 x 10-9



TRW EQUIPMENT LABORATORIES

TABLE XVII

CREEP TEST DATA t TZC PLATE, HEAT M-91, ANNEALED AT 2300OF (1260°0)t _OR

1 HOUR, TESTED AT 2000°F (IO93eC)t 28,000 PSI (1.93 x 108 NI_)

Time

i mnu_(s)
2

3
4
5
6
7
8
9

iO
15
30
45
60
17.3 Hours
25.2

40.8
65.9
88.9
161.5
185•O
209.1
238.5

257.0
329.6
352.2

376.0

400.0
24.4
496.2

5zo.1
5_.6
568.3
591.9

Length Change
_L (inch) Creep Pressure

(2_Q.T.) (.!!!_ (To_

•oooo5 .o02 9.o x 10-9
•00005 .002 9.0 x 10-9

.00000 .000 9.O x 10-9

.00000 .0OO 9.0 x 10-9

.00005 .002 9.0 x 10-9

.00oo5 .oo2 9.0 x 10-9

.000OO .000 9,0 x 10"9

.oooo5 .002 9.o x lO-9

.OOOLO .005 9.o x 10"9

.o0005 .002 9.0 x lO-9

.00005 . o02 9. o x lO-9

.00000 .000 9.0 x 10-9

.0OO00 .0OO 9.0 x 10-9

.OOO00 .0OO 9.0 x 10-9

.00155 .078 3.4 x 10-9

.oolTO .O85 3.3 x 10-9

.oo175 .o88 1.5 x 10-9

.00245 .122 1.1 x 10-9

.o0290 .145 1.O x 10"9

.00390 .195 6.4 x 10-10

.OO410 .205 6.4 x 10-10

.OO425 .212 6.0 x 10-10

.oo48o .24o 5.5 x zo-1O

.oo485 .242 5.2 x 10-1o

.O0530 .265 4.6 x 10-10
•0o555 .278 4.6 x 10-1o
•00580 .290 4.6 x I0 "I0
.00590 .295 4.9 x 10-1o
.00600 .3OO 4.8 x 10-10
.00635 .318 4.2 x 10-10

.00645 .322 4.2 x 10-10

.00660 .330 4.1 x 10-10

.00670 .335 4.2 x 10-10

.oo685 .342 4.2 x i0 -I0



Time

663•9
687.9

711.9
735.8
76o.2
832.2

855.9
879.8

905.8
928.6

990.3
1Olh.1
1037.9

1061.9

1085.9

1182.3

1206.3
1230.0

125h•1
1328.9
135o.o
1373.9

1397.7
z_21.8
ih93.9

1517.8
15_2.o
1566.3

1589.8

1662.O

1685.9
1710. O

173h. 0

TRW EQUIPMENT LABORATORIES

TABLE XVII (Condnue__d)

Length Cha_ge
_L (inch)

__2" G.L.) Creep Pressure

.OO7h5
• 00765 .372 3.7 x 10-10
•o0780 .382 3.7 x I0-i0

•00785 .390 3.8 x 10',-10
•00800 -392 3.6 x I0-i0

•0086o .boo 3.h x 10-1o
•00885 •h3o
•00890 ._2 3.6 x I0-i0

3.9 x i0-i0
•o0895 ._A_ 3.6 x i0-iO

• 00890 .)4/_8 3.6 x lo-lO
•oogho .h_5 h.8 x 1o-1o
•00955 .hTO
.00970 .278 3.2 x iO-I0

3.1 x IO-i0
•00980 .h85 3.6 x iO-i0

•00975 .hgo 3.h x 10-10
.Olo3o .288

3.0 x i0-i0
• 01075 .515 2.2 x 10-10
.01075 .538 2.1 x 1o-10
•01070 .538 2.8 x i0-i0

.01100 •535 2.0 x i0-I0

•01100 •550 2.i x i0-i0

.01110 .550 2.0 x I0-i0

•01115 •555 2.0 x i0-I0

•01135 •558 2. o x 1o-1o
•01165 .568 1.9 x io-iO
.o117o .582 z.8 x 1o-1o
. o1175 .585 1.6 x 1o-1o
•01190 .588 1.8 x i0-i0

•01200 •595 1.6 x iO-i0

°01250 .600 1.6 x iO-i0

.0126o .6e5 1.2 x 1o-Zo
•01265 .630 1.2 x lO-IO

•01280 •632 i.8 x i0-i0

•6hO 1.3 x i0-I0



Time

1759.7
1830.5
1854.2
1877.7
19o2,o
1925.9

2021-o9

2046.3

2O7O°9
2093.9
2166.3
2190.1

2216.0

2247.o
2262.0
2334.0
2357.9

2381.9
24o9.1
243o.8
2502.6
2526.9
255o.8
2574,5
2598,5
2670.6

2694,3

2 718.5
2743.1
2767,1
2838.3
2862•3
2885.8
2909 _7

2933.8

3006oI

3029.9

3053 j7

3077.6

3]-o]..5
3176_2

3197,8

3222.0

TRW EQUIPMENT I-ABORA TORIES

TABLE XVII (Continued)

Length Change

L, (inch)

(2. Q._•)

.o1285

.01310

•01330

.01340

.01345

.01355

.01390

.o_o5

.o]43o

.o_6o

.01520
•01530

.o154o
01525
•01550
.o1565
.01570
•o158o
.01600
.01610

.o169o
,o1715
.o1745
.01780

.01805
•o].835
.01850
.o1895
.01880
.01880

.01890
•01910

•01930

.019_0

.O196O

•01990

.02o15

.o2o3o
•o2045
,o2o45
.02020

.02030

.o2o35

Creep Pressure

.655
-665
.670
.672

.678

.695

.702

.715

•730
•760

.765

•770

•772
•775
.782
.785
.790
.800

.805

.8_5

.858
.872
.890
.902

.918

.925

.948
•940

•9hO

.9&5

.955

.965

.970

.980

.995
1.006

1.015
1.022

1.022

i.010

1.015
1.018

2.0 X I0-i0
1.9 X i0-i0

1.6 X I0-I0

1.8 X I0-I0

1.4 X i0-I0

i. ? X I0-I0

1.5 X I0-I0

1.8 X i0-I0

I. 7 X I0-I0

1.5 X i0-I0

1.9 X i0-i0

1.6 X I0-I0

1.6 X I0-i0

1.5 X i0-I0

1.5 x i0-i0

1.4 x i0-I0

1.2 x lo.lO

1.2 x lo-lO

1.3 x lO-lO

1.2 x I0-i0

1.5 x i0-i0
1.5 x I0-I0

1.6 x i0-I0

1,6 x i0-i0

1.4 x i0-I0

1.3 x i0-i0

i.I x i0-i0

1.4 x i0-i0

1.4 x i0-I0

1.2 x I0-I0

1.2 x i0-I0

1.2 x I0-i0

I.I x i0-i0

i.i x i0-I0

i.i x I0-i0

i.i x I0-I0

I.I x I0-i0

i.I x I0-i0

1.2 x I0-I0

I.i x i0-i0

i.2 x i0-i0

I.i x I0-i0

1.0 x I0-I0



TRW eou.,umNr LAaO Aroe es

TABLE XVII (Continued)

Time

3246. 1 Hours
3269.8

3342.7

3365.9

3390. 2

3414. 1

3427.9

3534.5

3558. 2

3581. 7

3605.9

3678. 3

3702.0

3726.0

3749.8

3774.4

3846.5

3870.0

3894.0

3918. 1

3941.8

4013.9

4038. 1

4O61.9

4086. 2

4110. 1

4182. 1

4205.9
4214.0

Test Terminated .

Length Change

L (inch)

(2" G. L.)

.02035

-02040

.02040

.02045

.02055

.02055

.02060

.02090

,02100

.02110

.02115

.02125

.02130

.02140

.02150

.O216O

•02190

.02200

•02200

.02210

.02225

.02250

.02235

•02240

,02245

.02250

•02270

•02275

•02275

1% Creep

Creep

1. 018

1. 020

1,020

1.022

1. 028

1. 028

1. 030

1,045

1.050

1.055

1.058

1,062

1.065

1.070

1,075

1.080

1.095

i. i00

i. i00

1.105

1.112

1.115

i. I18

1.120

1.122

i. 125

i. 135

i. 138

1. 138

Pressure

(Torr)

1. 1 x 10-10

I. 2 x IO" 10

1. 0 x I0-I0

I. 0 x 10" I0

1, 0 x I0" 10

1. 0 x 10" I0

1, 0 x 10-10

1. 0 x 10" I0

I. 0 x 10" I0

I. 0 x I0" I0

1. 0 x I0" I0

I. 0 x 10-I0

1.0 x 10" I0

I. 0 x I0-I0

1. 0 x I0" 10

I. 0 x I0-I0

1.0 x I0-I0

1. 0 x 10-10

I. 0 x I0" I0

1. 0 x 10-10

1. 0 x i0" 10

1.0 x 10" 10

1.0x 10-10

1.0 x 10-10

1, 0 x 10" 10

1. 0 x 10 "10

1.0 x 10" 10

1. 0 x i0-10

1.0 x 10" 10



TRW EQUIPMENT LABORATORIES

TABLE XVIII

CREEP TEST DATA_ TZC PLATE; HEAT M-91; ANNEALED AT 3092°F (1700°C) FOR I HOUR _

TESTED AT 2OOOOF (10930C)_ 20;OOO PSI (1.38 x 108N/m 2)

Time

Length Change

aL (inch) Creep Pressure

(2. Q.L.) (__/_) (_orr)

I Minutes

2

3
4
5
6
7
8
9

I0

15
0

25
3o
60

1.7 Hours
19.0

43.9
115.2
139.2

163.6

187.1

211.4
283.2
307.3

331.2

355.2
379.3

451.9

499.6

547.7
619.5
643.4
667.4
691.1

715.5

.00000 .000 8.2 x 10 -9

.OO0O5 .002 8.2 x 10 -9

.0O010 .005 8.2 x 10 -9

.OOOLO .oo5 8.?x lO-9

.00015 .008 8.2 x 10 -9

.0002 0 .010 8.2 x 10 -9

.00o20 .o10 8.2 x IO-9
,oo02o .OlO 8;2 x IO_
.00o15 .0o8 8.2 x IO"_
.00020 .010 8. 2 x 10-9
.00025 .012 8.2 x 10-9
.00020 .010 8.2 x 10 -9

.00025 .012' 8.2 x 10-9

.00025 .012 8.2 x I0"__

.00020 .010 8, 2 x 10-_

.00030 .o15 8.2 x i0_)

.00075 .038 8.4 x 10 -9

.00[00 .050 7.2 x 10 -9

.oo155 .078 4.o x lO-9

.00185 .092 3.2 x I0"_

.00210 .105 2.6 x I0 "F

.00220 .II0 2.4 x 10 -9

.00240 •120 2.1 x 10 -9

.00270 .135 1.4 x 10-9

•00290 • 145 I.2 x 10"9

.00300 .15o I.i x 10-9

.00295 .148 9.7 x 0"I0

.00295 .148 9.6 x I0-I0

.00310 .155 7.9 x I0 -I0

.00350 .175 6.7 x I0 "I0

.00355 .178 6.1 x I0 -I0

.00360 .180 9.2 x I0 "I0

.00365 .182 6.3 x I0 -I0

.00365 .182 8.I x I0 -I0

.00365 .182 8.2 x 10 :'10

.00375 .188 7.8 x I0 -_0

l?9'_A



78'7 .'7 _ourS
811.6
835 •3
859°2
883.2
956.3
980.0

1003 o4
1027 •2
1123 •`7
1195 •5
1294 -`7
136`7.4
1459 .i

1531-'7

16".,7•9
1699.2
1`795 •3
186`7 o8
1963.9
2035 •6
2131,6

2203.3
2299•8
23`71•4
246`7.3

2539.5
2635.2
2'70'7 •6
2803 •4

28'75.1
29'/1,.0
3043.1

3139,0

3211.3
330'? .3
33`79-2

i_m_th Ch_e

•00410
.00420
.00435
•00440
.00445
,00460

.004`70
•00455
•00465
•00485
.00490
.00515
•00525
.00560
.00585
•00600
.00620

•00640

,00655
•00665

•00695

.00'720
.00'740
•00'745

•0O"/55
•00'i'60
•00'7'70
.00800
.00820

.OOB80
.00900
•00910
.00920
.00935
.00930
.00960
•00965

•2O5
•210
•218
.220
.222
•230
.235
.22B
.232
•242
.245
.258
.262
.280
.292
•300
.310
.320
.328
.332
.348
.360
•3'70
.3'72

.3'78
•380
°385
.400

•410

,440

,450
.455

.460
•46B

.465
.480
.482

'7.4x lO"1°
.1_ 1°"1°

_•0 _ 10.10

6._ x _'_.1o

6._ x J-u10
6•2 :Z 1.0
6•0 x 10"10

po zo-ZO
0 • 0 J_' .,= t%==10

5.6 X tu
5.4 x 10"10

5.4 _ i0"_
I C_ e=_O

5.4 _ _-i0
5,4 _ I .1.0
5.1 x10
5.1 _ 10"10

_ I0"I0
4 • _ ^.IU
4.8 X lU -^4n-'IU

4,B xlO
3.6 :x 10".._0

0-"
2.6 x i -10
3.8 x 10 -.10

3°4 _ i0
. i0"I0

3.zx _..10
3.6 _- J'u.10
3.3 X 1.0
04 x lo'lOn

3.2 x 10-10



Tim

3475.0 Hours
3547.4
3643.8
3718.6

3811.5
3884.2
3979.7

4051.3

hz_7.1
4218.3
4314.4
4386.5
4482.2
4554.1
4650.5
4724.o
4818.5
489o.2
5Olo.6
5058.3
5157.1
5226.0
525o.1
5324.2
5394.5
5490.3
5562.2
5658.7
_73o.2
5850.2
5899.1

5994.6
6075.3
6162.3
6237.3
6333.6

6402.7
_99.1
6571.2

6666.5
6738.0

6834.3

6906.0

TRW EouIPM£NT I.ABORA TORR

TABLE XVIII (Continued)

Length Change
L (inch)

12, o.T..)

• 00980
.00990
• 00995
•01020
•01050
• o1o7o
•01140
.01145
•onh5
.01145
.01160
.o1165
•01230

.01225

.o1235
•01240

.01270

•01290

.01290
•01300

•01310

.o134o

.01370

•01375

•01380

•01395

.o14o5

.o142o

.o142o
•oI_6o
.01460

•015oo
.o148o
.o_8o
.o148o
.o148o
.oi49o
.o1495
.o15o5
.o152o
•o152o
.o1525
.01535

Creep

.49o

.495

.498

.510

.525

.535

.570

.572
.572
.572

•580

.582

•615

.612

.618

.620

.635

.645

._5

.650

.655
•670

.685

.688

.690

.698

.702

•710

.710

.730

.730
•750

.740

•740
.740
•740
•745
.748
•752

.760

.760

.762

.766

PresslLl-e

(_orr)

3.4 x I0-I0

3.2 X i0-i0
3.2 X I0-i0

3.1 x i0-i0

3.I x i0-i0

3.4 x i0-i0

3.1 x I0-i0

2.9 X i0-I0

2.9 x i0-i0

3.2 x i0-i0

3.I X i0-i0

3•0 x i0-I0

2.9 x i0-i0

3.0 X i0-i0

3.2 x i0"I0

3.0 x i0-I0

3.3 X i0-i0
3.0 X i0"i0

3.2 X i0-i0
4.4 x 1o-1O
3.0 x 10-10

2.9 x 10-10

2.8 x i0-i0

2.8 x !0-i0

2.8 x i0-i0

2.7 x i0-i0

2.8 x i0-i0

2.8 x i0-i0

2.8 x i0-i0

2. ? x i0-i0

2.7 x i0-i0

2.8 x i0-I0

2.5 X i0-I0

2.6 X I0-i0

2.6 X i0"I0

2.8 X i0-I0

2.8 x i0-i0

2.7 x i0-i0

2.7 x I0-i0

2.6 x i0-I0

2.5 x i0-I0

2.7 x i0-i0

2.7 x i0-i0



TRW EQUIPMENT LABORATORle$

TABLE XVIII (Continued)

Time

7004.4 Hours
7074. 3

7170. 1

7242. 3

7362. 8

7410• 0

75O6. 6

7578. 0

7674. 8

7746. 4

7842• 2

7914. 5

8010.4

8084. 2

8178. 2

8250. 3

8346. 2

8418. 3

8514. 2

8586. 7

8683. 2

8755. 5

8851. 2

8923. 1

9019. 3

9091.4

9187. 3

9283. 1

9355. 3

9427. 7

9523. 8

9595. 3

9691. 6

9763. 4

9860. 0

9931. 7

10, 051. 8

Length Change

a L (inch)

(___z"a. L.)

•01550

•01560

.01595

•01600

•01605

•01610

•01620

.01630

•01650

.01640

.01670

•01700

. 01710

• 01710

• 01715

.01715

.01720

•01725

•01735

.01745

.01750

•01760

•01765

.O1765

01770

01775

O179O

01785

01790

01800

Of 810

.01820

.01825

.01835

.01840

.01845

.01855
Testin Progress . Specimen B---20

Creep

•775

.780

•798

•800

•8O2

•805

.810

•815

•825

•820

• 835

. 850

855

855

858

858

86O

862

868

• 872

• 875

• 88O

. 882

.882

• 885

888

895

892

895

9O0

9O5

910

.912

.918

.92O

• 922

.928

Pressure

(Tort)

3. 3 x 10- 10

2. 6 x 10-10

2. 6 x 10-10

2. 5 x 10-10

2. 6 x 10" 10

2. 6 x 10-10

2. 6 x i0" i0

2. 5 x 10" 10

2. 6 x 10-10

2. 6 x I0-10

2. 5 x 10" 10

2. 6 x 10-10

2. 7 x 10-10

2. 6 x 10" 10

2.8 x 10" 10

2. 6 x I0" 10

2. 6 x 10-10

2. 6 x 10" 10

2. 6 x i0-10

2. 7 x 10" 10

2. 6 x 10" 10

2. 6 x 10" 10

2. 6 x 10" 10

2.4 x 10" I0

2. 6 x 10" 10

2. 8 x 10" 10

2. 6 x 10-10

2. 6 x 10" 10

2. 6 x 10" 10

1. 8 x 10" 10

I. 9 x 10- i0

2. 2 x i0-10

2. 3 x 10- 10

2.4x 10-10

2. 6 x 10-10

2. 1 x 10" 10

2. 0 x 10-10



TRW EQUIPMENT" LAaOI_A TORIE

TABLE XIX
CREEP

TES__ IMTA, TZC PLATE, HEAT NO M-91 ANNEALED AT 2500°F (1371 °C) FOR I HOUj

Length Change
Time _ L (inch)

------ (2" G.L.) Creep Pressure
I Minute(s) -- -- _ (%)
2 -. 00005 (Tort )

3 -.00005 _.002 9.7 x 10 -9

4 -.00010 -.002 9.7 x 10 -9

5 •00005 -. 005 9.7 x I0-9

6 .00005 .002 9.7 x 10 -9

7 .00005 .002 9.7 x !0 -9

8 .00005 .002 9.7 x 10 -9

9 .00010 .002 9.7 x 10 -9

I0 .00010 .005 9.7 x 10 -9

15 .00010 .005 9.7 x 10-9

30 .00015 .005 9.7 x 10 -9

45 .00020 .008 9.7 x 10 -9

60 .00020 .010 9.7 x 10 -9

17.2 Hours .00030 .010 9.7 x 10-9

41.3 .00065 .015 9.7 x 10 -9

44.2 .00115 .032 5.2 x 10 -9
70.1 .00120 .058 3.7 x 10 -9

98.5 .00180 .060 3.7 x I0 -9

116.1 .00195 .090 3.2 x 10 -9

137.2 .00200 .098 2.6 x 10 -9

161.1 .00200 .I00 2.5 x 10-9

184.9 .00205 .I00 2.2 x 10 -9

209.0 .00210 .102 1.8 x 10 -9

281.1 .00205 .105 1.7 x 10-9

305.0 '00240 .102 1.7 x 10 -9

329.2 .00245 .120 1.6 x 10 -9

353.4 .00250 .122 1.5 x 10 -9

377.0 .00270 .125 1.4 x 10 -9

449.1 .00275 .135 1.3 x I0 -9

473.0 .00285 .138 I.I x 10 -9
497.1 .00295 .142 1.0 x 10 -9

521.9 .00300 .148 1.0 x 10 -9
546.8 .00310 .150 1.2 x I0 "9

617.7 .00310 .155 1.3 x 10 -9

641.3 .00315 .155 1.5 x 10 -9

664.8 .00320 .158 1.4 x 10 -9

689.1 .00325 .160 1.2 x 10 -9

713.0 .00335 .162 1.2 x 10 -9

809.1 .00340 .168 1.2 x 10 -9

833.4 .00350 .170 6.4 x I0 -I0

858.0 .00355 .175 9.6 x I0 -I0

881.1 .00360 .178 9.7 x I0 -I0

953.4 .00365 .180 9.5 x I0 -I0
977.3 .00375 .182 9.2 x 10 -10

•00380 .188 8.3 x I0 "10

.190 9.2 x I0 -10



Time
1003.2
1034.2
1049.2
1121.2

1145.0

1169 .I

1195.4
1218.0

1289.8

1314.0

1337.9

1361.8

1385.7

1458.1

1481.5

1505.8

1531.0

1554.2

1625.3
1649.5

1673 .I

1696.3
1720.9

1793.2

1817.0

1840.8

1864.9

1888.7

1963.3

1984.9

2009.2

2033.3

2056.9
2129.9

2153 .I

2177.4

2201-2

2225.1

2321.7
2345.3
23 68 • 9

2393.0

2465.5
2489.2

2513.2
2536.9

2561.6
2633.7

2657.2

TABLE XIX (Continued)

Length Change
_ (inch)

.00380

.00380

.00375

.00390
.00385

.00390
.00390
.00400

.00425

.00430

.00430

.00435

.00445

.00460
.00470

.00470

.00475

.00_80

.00470

.00470

.00485

.00490

.00490

.00480

.00495

.00510

.00520

.00520

.00525

.00533

.00535

.00540

.00555

.0057 0

.00565

.00570

.00580

.00580

.00590

.00585

.00585

.00590

.00585

.00585

.OO59O

.OO590

.00590

.00595

.00595

creep

.190

.190

.188

.195

.192

.195

.195

.200

.212

.215

.215

.218

.222

.230
.235

.235
.238

.240

.235
.235

.242
.245
.245

.240

.246

.255

.260

.260

.262

.268

.268
.270
.278

.285

.282

.285

.290

.290

.295
.292

.292

.295

.292
.292

.295
.295
.295
.298

.298

])ressure

8.8 x • I0
8.5 x I0"

.^-I0
7.9 x j.u
8.2 x 10"10

 OI°o
7.5_I°_1o
3.5 X J.v

7.3 x 10"_-

6.9_ 10-}o
4.1 x lO"-_i
6.4_T°.lO
3.2 x j.u -^
3.5_ 1°'_-X
7.1_ioq_
7.0 X _u

I0-I 0
6.6 X -I0

6.9 X I0 -^_--iU

3.1 x IO --IO
6.6 x I0 10

6.6 X I0"-'_-IU
6.4 X I0_i 0

3.0 x
6.4 _ _v.10

6.3 x I0 _ ^

6.5 x I0-^

6.0 x 10-

6.7 x I0.I0

7.2 X 1%.10
6.8 x ___10
7.0 x I0_10

7.0 x I0.I0

58 _I°-1o
6.4 x _u.10
6.4 x 10 -

6.6 x 1 I0
6.8 x 10--^

0-I U
6.4 x I_.i0
6.6 x _u 0
6.4 x 10_0

6.1 x I0 I0

6.2 x 10-



TRW EQUlPllfENT LABORA TOJ

TABLE XIX (Continued)

Time

2681. 2 HOurs
2705. 3

2729.0

2801. 0

2825. 3

2849. 1

2873.4

2897. 2

2969, 3

2993. 1

3917.0

3043. 1

3065. 3

3137. 1

3161. 2

3185. 1

32O9. 2

3233. 1

3305. 0

3329. 0

3353.4

3377. 2

3401. 0

347 3• 0

3500. 0

3521. 1

3545. 6

3569. 2

364 2. 0

3666. 0

3690. 2

3714.4

37 38. i

3810. i

Length Change

a L (inch)
_(2" G L

• _, .g.j, J

.00595

•00600

•00605

•00605

•00605

.00610

•00615

•00615

•00630

.00640

•00635

.00640

.00640

.00650

•00660

.O0660

.00660

•00665

•00670

•00675

•00675

•00675

•00675

00675

00680

00685

O0685

O0680

00695

OO69o

•00695

.00695

.00695

•00695

Creep

298

•300

.302

•302

302

• 305

. 308

• 308

315

. 320

318

• 320

320

. 325

33O

• 330

• 330

• 332

335

• 338

338

• 338

338

. 338

340

• 342

• 342

340

348

345

348

348

348

348

Pressure

(Tort)

6. 2 x 10- 10

6.4 x 10" 10

6. 3 x I0- 10

6. 3 x I0- 10

6, 2 x 10- 10

6. 2 x 10-10

6. 1 x 10 -10

6. 1 x 10-10

4. 6 x 10" 10

5. 0 x i0" i0

5. 0 x 10-i0

5.8 x 10" 10

6. 2 x I0" i0

5. 0 x I0-I0

4.6 x i0-10

4. 7 x i0- I0

6. 0 x 10" 10

5. 2 x i0-I0

5, 9 x 10" 10

5.9 x 10-10

5.6 x 10-10

6. 0 x 10-10

4, 6 x 10" i0

4. 5 x 10-lO

5. 7 x 10-10

5. 8 x 10" 10

5. 8 x i0" 10

5. 8 x 10-10

5. 5 x 10-10

5. 6 x 10-10

5. 8 x 10" 10

5.4 x 10- 10

5. 7 x 10-10

5. 7 x i0-i0



TRW EQUIPMENTLABORATORIES

TABLE XIX (Continued)

Time

38 34. 2

3858. 5

3882. 0

3906. 0

3978. 2

4002• i

4026.7

4050. 3

4074. 0

4146, 2

4170, 1

4194. 5

4242. 0

4314, 2

4338. 1

4362. 1

4386. 6

4410. 5

4482. 7

4506. 3

4530. 2

4554. 2

4578. 2

4650. 5

4674. 1

4698. 2

4722. 3

4746. 2

4818. 9

4842. 3

4866. 6

4890. 6

5010. 7

Test in Progress

_en B- 33

Length Change

A L (inch}

(2" G. L.}

.00700

•00705

•00705

•00705

, 00710

. 00710

• 00715

•00720

.00720

.00730

•00725

•00730

,00730

.00735

•00735

.00735

•00735

.00735

•00735

•00740

.OO?4o

.00745

.00745

.00750

•00750

.00750

•00750

.00755

,00755

•00760

.OO76o

•00765

-00775

Creep

• 350

• 352

• 352

• 352

• 355

355

• 358

360

• 360

,365

• 362

• 365

.365

• 368

• 368

• 368

• 368

.368

368

• 370

• 370

, 372

372

. 375

• 375

• 375

. 375

• 378

.378

• 380

• 380

. 382

. 388

Pressure

(Torr)

5. 6 x 10-10

5. 5 x 10-10

5. 6 x 10-10

5.0x 10'" 10

5. 2 x 10" 10

3. 6 x 10-10

4. 9 x 10" 10

4, 6 x 10-10

4. 5 x 10-10

5, i x 10 -10

5. 3 x 10- 10

5. 5 x 10-10

5. 2 x 10" 10

5. 2 x 10- 10

5. 0 x 10-10

5. 1 x 10-10

5. 1 x 10 -10

4. 8 x 10-10

5. 0 x 10" 10

4.9 x 10- 10

5.0x 10-10

4, 8 x 10-10

4.4x 10-10

4.9 x 10" 10

4.9 x 10-10

4.9 x 10-10

4.9 x 10-10

4.9 x 10-10

4. 8 x i0-10

4• 9 x 10" 10

4. 6 x 10" 10

5. 0 x 10-10

4. 7 x 10" 10



TRW EQUIPMENT LABORATORIES

TABLE XX

CREEP TES.T DATA_ Tzc PLATEI HEAT M-91, ANNEALED AT 2500°F (1371"C) FOR I HOUR

TESTED KT 1935"F (I057"C), 20,000 PSI ._1.38"x 108. N/m z)

Length Change

_L (inch) Creep Pressure

Time (2" G.L._ (%) (Torr)

1 Minute(s) .00000 .000 2.0 x 10 -8

2 -.00005 -.002 2.0 x 10 -8

3 -,00010 -,005 2.0 x 10 -8

4 -.00010 -.005 2.0 x 10 -8

5 -.00010 -.005 2.0 x 10 -8

6 -.00015 -.008 2.0 x I0-_

7 -.00015 -.008 2.0 x I0-_

8 -.00020 -.010 2.0 x I0-_

9 -.00015 -.008 2.0 x I0-_

I0 -.00015 -.008 2.0 x I0-_

15 -.00010 -.005 2.0 x I0-_
30 -.00030 -.015 2.0 x I0 -8

45 -.00030 -.015 2.0 x I0-9

60 -.00025 -.012 2.0 x I0-9

16.8 Hours .00015 .008 I.I x 10 -8

91.2 .00080 .040 2.7 x 10 -9

113.1 .00100 .050 2.2 x I0-_
136.1 .00105 .052 2.0 x I0 -_

160.9 .00105 .052 1.7 x 10 -9

184.9 .00115 .058 1.6 x 10 -9

281.3 .00120 .060 5.2 x I0 -I0

305.1 .00120 .060 5.1 x I0 -I0

328.9 .00125 .062 5.1 x 10 -10

353.0 .00130 .065 5.3 x 10 -10

428.0 .00170 .085 4.8 x I0 -I0

448.9 .00180 .090 4.6 x I0 -I0

472.8 .00185 .092 1.2 x 10 -9

496.7 .00185 .092 4.7 x I0 "I0

520.7 .00185 .092 I.I x 10 -9

592.9 .00190 .095 9.5 x 10 -10

616.8 .00190 .095 9.8 x 10 "10

640.9 .00190 .095 9.5 X 10 -10

665.2 .00195 .098 9.8 x 10 "10
10-10

688.8 .00190 .095 9.8 x ;_-I0
761.0 .00200 .I00 9.2 x _u

.0-10

784.8 .00195 .098 9.2 x808.9 .00195 .098 9,8 x 0-I0
833.0 .00200 .I00 I.I X 10 -9



TRW EQUIPMENT LABORATORIES

Time

857.1 (Hours)
929.2

953 .I

976.7

1000.9

1024.9

1120.9
I145.0

1169.6
1192.8

1265.2

1346.1

1432.9

1508.1

1604.4

1673.4

1769.5

1841.8

1937 .I
2OO8.7

2105.0

2176.6
2274.3

2345.0

2440.8

2513.0
2633.5

2680.6

2777.3

2848.7

2945.4

3017.1

3112.9

3185.2

3281.1

3354.9

3448.9
3521.0

3616.9

3689.0
3784.9

3857.4

3953.9

TABLE XX (Continued)

Length Change

_L (inch)

(2" G.L.)

.00195

.00210

.00210

.00220

.00215

.00230

.00235

.00235

.00230

.00230

.00235

.00250

.00255

.00260

.00250

.00270

.00280

.00280

.00290

.00300
,00300

.00300

.00340

.00385

.00380

.00385

.00380

.00380

.00385

.00385

.00385

.00390

.00395

.00400

.00410

.00410

.00415

.00425

.00445

.00460

.00470

.00475

.00480

Creep
(%)

.098

.I05

.105

.II0

.108

.ll5

.ll8

.ll8

.ll5

.ll5

.I18

.125

.128

.130

.125

.135

.140

.140

.145

.150

.150

.150

.170

.192

.190

.192

.190

.190

.192

.192

.192

.195

.198

.200

.205

.205

.208

.212

.222

.230

.235

,238

.240

Pressure

__ (Torr)

1.4 x 10-9

9.0 x I0-I0

7.8 x 10-10

8.3 x 10-10

8.8 x 10-10

7.9 x 10 -10

8.1 x 10 -10
7.4 x 10 -10

7.2 x 10 -10

7.1 x 10 -10

8.0 x 10 -10

7.2 x 10 -10

5.6 x 10 "10

5.5 x 10 -10

7.2 x 10-10

6.3 x 10 -10
4.7 x 10 -10

4.7 x 10 -10

4.6 x 10-!0

4.5 x 10 "10

5.2 x 10-10

4.2 x 10 -10

4.7 x 10 -10
4.2 x 10-10

4.0 x 10 -10

4.4 x 10 -10
3.6 x 10 "10

3.8 x 10 -10

4.2 x 10 -10

3.5 x 10 -10

3.3 x 10 -10

3.6 x 10 -10

3.4 x 10-10

3.2 x 10 -10

3.8 x 10 -10

2.9 x I0-I0

3.0 x 10-10

3.0 x 10 "10

2.4 x 10 -10

2.5 x 10 -10

2.6 x 10 -10
2.5 x 10 -10

2.6 x 10 -10



TRW EQUIPMENT LABORATORIES

TABLE XX (Continued)

Time

4026.2

4121.9

4193.9

4290.0

43 62.1

4458.1

4553.8

4626.0

4698.5

4794.4

4866.1

4962.3

5034.1

5130.7

5202.5

5322.4

Length Change

A L (inch)

(Z" G. L.)

.00480

.00490

.00500

.00505

.00510

.00515

.00520

.00530

.00530

.00535

.00540

.00545

.00550

.00560

.00560

.00570

Creep

(%)

.240

.245

.250

.252

.255

.258

.260

.265

.265

.268

.270

.272

.275

.280

.280

.285

Pressure

(Torr)

2.5 x I0 -I0

2.2 x I0 -I0

2.0 x I0 -I0

2.2 x I0 -I0

2.4 x I0 -I0

2.4 x I0 -I0

2.0 x I0 -I0

2.1 x I0 -I0

2.2 x I0 -I0

i0-I0
2.2 x io_l 01.9 x

10-10
1 6 x I0_i 02_0 x

2.2 x lO -lO

1 9 x lO -I0

2[0 x I0 -I0

Test in Progress

Specimen B-3 2



TRW EQUIPMENT LABORATORIES

TABLE XXI

CREEP TEST DATA, TZC PLATE, HEAT NO. 4345, ANNEALED 2500°F

(1371°C), 1 HOUR, TESTED AT 2000°F (I093°C), 2200 psi (i. 52 x 108N/m z)

Time

1 Minute(s)

2

3

4

5

6

7

8

9

10

15

30

45

60

67. 1 Hours

91.1

115.0

139. 1

163. 2

235. 0

259.0

283. 3

307. 2

331.0

403.0

430.0

451. 1

475. 5

499. 1

572. 0

596. 0

620. 1

644. 3

668. 1

Length Change

L (inch) Creep Pressure

(2" G.g.) (%) (Torr)

00000

00005

00000

00005

00000

00005

00010

00005

00005

00005

00010

00015

00010

00010

00110

00130

00140

00150

00165

00200

00210

00215

00220

00220

00230

00240

00250

00260

O02'70

00275

00280

00290

00305

00310

000 2. 2 x i0 -8

002 2. 2 x 10 -8

000 2. 2 x 10 .8

002 2. 2 x I0 -8

000 2. 2 x 10 -8

002 2. 2 x 10 -8

005 2. 2 x 10 -8

002 2. 2 x 10 -8

002 2. 2 x 10 -8

002 2. 2 x 10 -8

005 2. 2 x 10 -8

008 2. 2 x 10 -8

005 2. 2 x I0 -8

005 2. 2 x 10 .8

055 4. 9 x 10 -9

065 3. 6 x 10 -9

070 3. 0 x 10 -9

0'75 2.4 x i0 -9

082 2. 3 x 10 -9

i00 i. 7 x 10 -9

105 i. 6 x 10 -9
-9

108 I. 4 x i0

1i0 i. 4 x 10 -9

1i0 i. 3 x 10 -9

115 i. 2 x 10 -9

120 I. 1 x 10 -9

125 i. Z x 10 -9

130 i. 0 x 10 -9

135 I. 0 x 10 -9

138 9. 3 x I0 -10

140 8.7 x i0-i0

145 8.9 x i0-i0

152 8. 1 x I0-i0

155 7.9 x i0-I0



TRW EOUIPMENT L'480R,41TO_I_S

TABLE XXI (Continued)

Time

740. 0

764. 2

788.5

812.0

835.9

908• 2

932. l

956.6

980. 2

1004.0

1066. 2

1090. 1

1114. 5

1162.0

1234. 2

1258. 1

1282. 1

1306• 6

1330. 5

1402. 7

1426. 3

1450. 2

1474• 2

1498. 2

1570. 5

1594. l

1618. l

1642. 3

1666. 2

1738.9

1762. 3

1786. 5

1810. 7

19 30. 7

Test In Progress

__Specimen B- 36

Length Change

L (inch)
(2" G. L.)

• 00325

• 00330

. 00340

• 00340

00340

00345

00350

00350

00350

00355

00365

00365

00370

00370

00375

00380

00385

00390

00400

00420

00430

00430

00430

00440

00440

00440

00445

00445

00455

00460

00460

00465

00475

O049O

Creep

(%)

• 162

•165

170

• 170

• 170

172

175

175

175

178

182

182

185

185

188

190

192

195

2OO

210

215

215

215

220

220

220

222

222

.228

•230

•230

•232

.238

• 245

Pre ssure

(Torr)

7. 7 x 10" 10

8. 0 x 10-10

7. 0 x 10-10

7. 2 x 10- 10

6. 9 x 10" 10

6. 6 x 10-10

7. 0 x 10-I0

6. 8 x 10-10

7. 0 x 10-10

6. 6 x 10-10

5.7 x 10 -10

5.9 x 10- 10

6.4 x 10 = 10

5.6 x 10-10

5. 6 x 10-10

5. 0 x 10-10

5. 5 x 10-I0

5. 1 x I0-i0

4. 9 x 10-10

4. 6 x 10-10

5. 0 x 10" 10

5.4 x 10-10

4.9 x i0- i0

5. 3 x 10- l0

4. 6 x 10-10

4. 9 x 10-10

4. 8 x 10-10

4.6 x i0-i0

4.8 x i0-i0

5. 0 x i0-10

4. 6 x 10-10

4. 7 x i0" i0

4. 8 x i0" i0

4. 1 x i0 -10



TRW EQUIPMENT LABORATORIES

TABLE XXll

C_REEP TEST DATA, STRESS RELIEVED TZM FORGED DISC, HEAT NO. 7502, TESTED AT 1800°F

(982_C). 44.000 PSI (3.03 x 108 N/m 2)

Length Change

L (inch) Creep Pressure

Time (2" G.L.) (%) (Tort)

1 Minute (s) .00005 .002 1.2 x 10 -8

2 -.00005 -.002 1 2 x 10 -8
3 .00000 ..000 112 x 10 -8

4 .00005 .002 1:2 x I0 -85 .00015 .008 1 2 x I0 -8

6 .00015 .008 1.2 x 10-8

7 .00025 .012 1.2 x 10 -0

8 .00025 .012 1.2 x 10 -8

9 .00020 .010 1.2 x 10 -8

I0 .00030 .015 1.2 x 10 -8

15 .00030 .015 1.2 x 10 -8

30 .00030 .015 1.2 x 10 -8

45 .00030 .015 1.2 x I0-_

60 .00025 .012 1.2 x I0"_

1.4 Hours .00030 .015 1.3 x 10 -0
25.6 .00135 .068 3.6 x 10 -9

53.2 .00145 .072 3.0 x 10 -9

64.4 .00150 .075 3.1 x I0-9

87.6 .00155 .078 3.1 x I0-_

111.9 .00155 .078 2.8 x I0-_

135.7 .00165 .082 2.9 x 10 -9

159.6 .00170 .085 2.8 x 10 -9

256.2 .00185 .092 2.8 x I0-_

279.9 .00190 .095 3.0 x I0-_
303.4 .00200 .I00 3.1 x I0-_

327.6 .00200 .I00 3.1 x I0-_

400.0 .00230 .115 2.7 x 10 -9

423.7 .00230 .115 2.7 x I0-_

447.8 .00235 .118 2.7 x 10 -9

471.5 .00235 .118 3.0 x I0-_

496.1 .00245 .122 2.8 x I0-_

568.2 .00265 .132 2.6 x I0-_

591.8 .00270 .135 2.6 x I0-_

615.7 .00275 .138 2.6 x I0-_

639.8 .00280 .140 2.7 x I0-_
663.6 .00290 .145 2.6 x I0-_

735.6 .00300 .150 2.6 x 10 -9



'1

/

TRW eQUIPMENT LABORA TORIE.!

TABLE XXII (Continued)

Time

759. 8 Hours
783. 6

807. 9

831. 8

903• 8

927. 6

951. 6

977. 6

999. 8

1071. 6

1143. 7

1239. 6

1263. 5

1287. 9

1311. 7

1335. 6

1407. 6

14 34. 6

1455• 6

1480. i

1503. 7

1576. 6

1600. 6

1624. 7

1648• 9

1672. 6

1744. 6

1768. 7

1793. 0

1816. 5

1840• 5

1912. 7

Length Change

A L (inch)

(2" G. L.)

.00305

•00310

00310

00310

00335

00345

00360

00375

O0385

00390

00400

00410

00435

00435

00440

00445

00450

00455

00465

00465

00465

0O465

00470

00470

00475

00485

00480

00480

OO480

00485

00485

00495

Creep

(%)

• 152

155

•155

155

168

172

180

188

192

195

200

205

218

218

220

222

225

228

232

232

232

232

235

235

238

242

•240

•240

. 240

.242

242

•248

Pressure

(Tort)

2.8 x 10-9

2. 8 x 10-9

2. 6 x 10-9

2. 6 x 10-9

2.6 x 10 -9

2. 6 x 10 -9

2. 6 x 10 -9

2. 6 x 10 -9

2. 6 x 10 -9

2.7 x 10 -9

2.6x 10 -9

2.5x I0"9

2.4x 10"9

2. 5 x 10"9

2. 5 x 10-9

2. 5 x 10-9

2.5x 10-9

2.4x 10-9

2.4x 10-9

2.4 x 10 -9

2.4 x 10 -9

2.4 x 10 -9

2.4 x 10 -9

2.4 x 10 -9

2.6x 10-9

2. 6 x 10 -9

2.4 x 10 -9

2.4x 10 -9

2.5x 10"9

2.4x 10-9

2.4 x 10 -9

2.5x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE XXII (Continued)

Time

19 36. 7

1961. 2

1984. 7

2008. 6

2080. 8

2104. 6

2129.0

2176. 0

2248.7

2272, 6

2296. 6

2321, 2

2345. 0

2417. 2

2440. 8

2464. 7

2488.7

2512. 7

2585. 0

2608. 6

2632. 8

2656. 8

2680. 7

2753.4

2776.8

2801, 1

2825. i

2945. 2

Test in Progress
Specimen B-35

Length Change

A L (inch) Creep

(2,, G. L. ) (70)

.00495

.00495

.00500

.00505

.00510

00510

00515

00525

00530

00535

00540

00540

00545

00550

00545

00545

00550

0O55O

00555

00565

00560

O0560

00565

00565

00570

00570

00575

00585

,248

•248

.250

252

255

255

258

262

265

268

270

270

272

275

272

272

275

275

278

282

28O

280

282

282

285

285

288

292

Pressure

(Torr)

2.7 x 10 -9

2, 5 x 10 -9

2. 5 x 10 -9

2. 6 x 10-9

2.6 x 10-9

2. 6 x 10 -9

2. 5 x i0-9

2. 5 x 10 -9

2.4 x i0-9

2.4x 10-9

2. 5 x 10 -9

2,4x 10 -9

2. 2 x I0-9

2.4 x 10 -9

2. 6 x 10 -9

2.4x 10-9

2.5 x 10-9

2. 6 x 10 -9

2.4 x 10 -9

2.4x 10"9

2.7 x 10 -9

2. 8 x 10"'9

2. 8 x 10"9

2. 9 x 10-9

2. 9 x 10-9

2. 6 x 10 -9

3.0x 10 -9

2. 6 x 10-9



TRW EQUIPMENT LABORATORIES

TAB LE XXIII

CREEP TEST DATA, STRESS RELIEVED TZM FORGED DISC, HEAT NO. 1175

TESTED AT 1800°F (982°C), 44,000 psi (3.03 x 108N/m2)

Length Change

AL (inch) Creep Press_e

Time (2" 0. L. ) (%____) (Tort)

i minute(s) .OOO00 .O00 4.8 x I0-7

2 .OOOLO .oo5 4.8 x i0-?
3 .00020 .010 4.8 x 10"7

4 .00025 .012 4.8 x IO'7

5 .ooo15 .oo8 4.8 x lO-7
6 .ooo15 .oo8 4.8 x lO-?
7 .OO010 •005 4.8 x IO- 7

8 .00015 .008 4.8 x 10-7
9 .00020 .010 4.8 x 10-7

I0 .00020 .010 4.8 x 10-?

15 .00020 .OlO 4.8 x lO-7

30 .00025 .o12 4.8 x io-7

45 .ooo25 .o12 4.8 x lO-7
60 .00030 •015 4.8 x IO-7

65.5 hours .00055 .028 3.0 x 10-7

89.1 .00070 •035 2.8 x 10-7
113.1 .00095 .048 I.I x IO- 8

137.1 .O01OO .050 2.1 x 10-8

161. i .001OO •050 I. 7 x 10-9

233.0 .O0100 .050 1.0 x 10-9

257.3 .00105 .052 8.4 x IO-IO
280.9 .00105 .052 1.3 x 10-9

305.2 .00110 .055 1.6 x 10-9

329.4 .O0110 .055 1.4 x 10-9

401.O .00115 .058 1.4 x 10-9
426.7 .00115 .058 4.0 x I0-IO

449.2 .00120 .060 5.8 x i0 "IO

473.4 .00130 .065 7.6 x iO-IO

497.0 .00135 .068 3.8 x Io-iO
569.2 •00145 •072 3.9 x IO-IO

593.1 .00140 .070 5.5 x I0-lO

616.9 .00145 .072 8.4 x I0-IO

640.8 .00140 .070 7.8 x io-iO

664.8 .00150 •075 5.O x I0-i0



TABLE XXIII {Continued)

TRW eQu,PeeN, LABORATORIES

_ Time

736.8
761• 7
785.0
808.8

833.8

90)4.7
928.8
953.1

977.o

Iooi. o

1073.0
11LL•9
12_0.7
1313.2

ih09.5
L_8_.2
1577.2

1_22.5
_9-3. o
i98&.0

20,80.1
2 _I_2.2

22q. i .9
2319.8

2b,16. ?
2L_89•7

258_.3
2655.9

2776.3
2C2_.3
2922.9
2991•5

3oZ5.8
30_8•o
316o•_
3256.0
3328 •7

I_n_h cha_ge
_L (inch)

Creep
(2,,o. L.)

.oo150
•omso .075
•00150 .0?5
•oo155 .0?5
•00155 •o78
•00160 •o78

•00160 .o8o
•0o160 .080
•00165 •080
•o0180 .082
•00180 •090

•ooi?5 .090
•00175 •088
•00180 .088
.co180 .o9o
.0o180 .090
.00185 .090
•_0225 •092
•0O190 •092

•00200 •095
•00215 .i00

•00210 .108

.oo215 .io5
•00215 .108

•00220 .I08

•0O225 •llO

•00235 •112

• 00230 .i18

•00235 .i15

.oo2_o .118
•00250 ._20
•oo25o .125
•00250 -125
•002_5 .125
•002_5 .122
.oo2_5 .122
.oo2_5 .122
•00250 •122
•00255 •125

.128

Pressure

8.8 x I0-I0

8.6 x 10-10

5.0 x I0-I0

9.0 x I0-I0
5.0 x I0-i0

8._ X I0"I0

8.9 X I0-i0

Z.O x I0"i0

6.0 x 10"2.0

9.2 x I0-i0

9.1 x i0-I0

8.2 x i0"i0

7.5 x 10-10

9.0 x lo-lO

5.8 x 10-10

h.& x I0-I0

_.0 x I0-i0

3.5 x 10-10

_.5 x 10-..7.o
_.0 x I0-i0

_.9 x i0-i0

3.5 x 10-10

3.0 x I0-I0

_.0 x I0-i0

3.5 x I0-I0

2.8 x I0-i0
3.5 x i0-I0

2.h x I0-i0

2.2 x lo-lO
2._ x i0-I0

3.8 x lo-lO

&.6 x 10-10

&.h x lO-IO
h.O x lo-lO

_.0 x 10-10

3.7 x I0-i0

_.0 x lo-lO

_._ x 1o-lo
_.i x lO-lO



TRW mou pM NT LABORATORIES

TABLE
XXIII (Continued)

Time

3424. 5

3496. 0

3615• 9

3664. 8

3760.4

3831.9

3928. 0

4002. l

4096. 6

4168.7

4265. 1

4338. 1

4432. 3

4503. 7

4600. 0

467 i. 7

4770. 2

4840. 1

49 36. 8

5OO8. 0

5128• 5

5175. 7

5275. 4

5343. 8

5440. 5

5512. l

5607. 9

5680. 2

5776. 1

5849. 9

5943. 9

6016. 0

6111.9

6184. 0

_ours

Length Change

6 L (inch)

(2" G. L. )

•00255

.00255

•00260

00255

00255

00255

00255

00260

00260

00255

00265

00270

•00260

•00270

.00290

.00270

.00270

00275

00275

00280

00285

00290

00290

00290

.00290

.00295

.00295

00300

00300

00300

00300

00300

00300

00300

Creep

(%)

128

128

130

128

128

128

128

130

130

128

132

135

130

135

145

135

135

138

138

140

142

145

145

145

145

148

148

150

5O

• 150

150

• 150

150

150

Pressure

(Tort)

3. 4 x 10-10

4. 5 x 10-I0

3. 5 x I0-10

3. 5 x 10-10

4. 2 x 10- 10

3. 5 x 10 -I0

3.4x 10 -10

3. 9 x i0- I0

3. 4 x i0-i0

4.0x I0 -I0

3. 6 x I0-i0

3. 1 x i0-I0

3. 2 x 10-i0

3. 5 x I0-i0

2. 6 x i0-i0

3. 5 x I0-I0

3.6x 10 -13

3. 5 x 10-10

3. 9 x i0- i0

3. 8 x i0-l0

3. 2 x 10-I0

3. 0 x 10-10

3. 0 x i0-i0

3. 5 x i0-i0

3. 0 x i0-i0

3. 0 x 10-10

3.2x 10-10

3. 0 x i0-i0

3. 0 x 10" 10

2. 5 x i0-i0

4. l x i0-10

3. 0 x 10-10

3. 0 x i0-i0

3. 0 x 10-10



TRW £@UIPM£NT LABORATORIES

TABLE XXIII (Continued)

Time

6279. 9

6352. 4

6448. 9

6521. 2

6616. 9

6688. 8

6785. 0

6857. 1

6953. 1

7048, 9

7121. 0

7193.4

7 289. 5

7361. 0

7457. 3

7529. 1

7625. 7

7697.4

7817. 5

Length Change

A L (inch) Creep

(z" G. L. ) (%)

00300

00300

00305

00305

00305

00310

00310

00315

00315

00315

00315

00320

00320

00320

00320

00325

00325

00320

00330

150

150

152

152

152

155

155

158

158

158

158

160

160

160

160

162

162

160

165

Pressure

(Torr)

-I0
3.0x I0

3. 0 x 10-i0
I0

3.0x i0-

3. 0 x I0-i0
-i0

3.0x i0

3. 5 x I0-i0

3. 0 x i0-I0

3.4 x i0-i0

3. 0 x i0-i0

3. 0 x I0-I0

3. 0 x I0-i0
-i0

3.0x i0

3. 0 x i0-i0

3. 0 x i0- I0

3. 0 x i0-i0
-i0

3.0x i0

3.9 x i0- i0

4. 0 x 10- 10

3. 0 x I0- i0

Test in Progress

Specimen B- 25



TRW EQUIPMENT LABOR#, TORIES

TABLE XXIV

CRE_ TEST DATAt T-111 SHEET, HEAT NO. 70616_ ANNEALED 30OO°F (1649°C)

_3R 1 HOgR, TESTED AT 1860°F (lO16°C)t 20_OOO PSI (1.38 x 108N/r ?.)

Length Change

_L (inch) Creep

(2,o.,.)

z turrets(a) .00010 .005
2 .00000 . OOO
3 .00000 .00o
4 .OOOLO .oo5
5 .ooo15 .oo8
6 .ooolo .oo5
7 .ooo2o .OlO
8 .00015 .008
9 .00015 .008

I0 .0002 0 .010

15 .0oo20 .OlO
30 .00015 .008

65 .0oo15 .0o8
6o .oo02o .OlO
65.2 Hours .00070 .035
89.1 .ooo85 .o_

113.2 .OOllO .055

137.4 .00135 .068

161.O .00140 .070
233.1 .oo16o .080
256.9 .OO165 .082
281.1 .00160 .080

305.0 .00180 .090

329.3 .00195 .098

401.4 .00195 .098

425.0 .00200 .lO0

449.1 ,00200 ,100
473.3 .oo_1o .1o_
497.o .o02o5 .102
S71.4 .oo_o_ .102
S93.3 .00210 .iO_

Pressure

(Torr)

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10"9

3.2 x 10"9

3.2 x 10-9
3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

3.2 x 10-9

2.6 x 10-9

2.2 x 10-9

2.1 x 10-9

1.9 x 10-9

2.0 x 10-9

1.8 x 10-9

1.8 x 10-9

1.8 x 10-9

1.8 x 10-9

1.7 x 10-9

1.8 x 10-9

1.6 x 10-9

1,6 x 10-9

1,7 x 10"9
1.9 x 10"9
1.7 x 10-9
1.7 x 10-9



Time

617.0

665.1

761.5
785.3
809.1

833.2
908.2

929.1
953. I

976.9
I001 •0

lO73.1

1097.0

1121.1

1_5•4
1169.o
12_.2
1265.o
1289.1

1313.2

1337.3

_o9.2
1233.2
1256.9

1281.1
15o5.o
16Ol.2
1625.2
16h9.8
1673.0

1725.2
1769.2
1795.2
1826.3
1821.2
1913.1
1937.1

1961.1

1988.3

TABLE XXIV (Continued)

Length Change

L (inch)

(2. o. L-)

•00210

•00215
.00220

•0O230

•00230

•00235
.OO235
.00235
.oo22o
.oo22o
.00225
.oo22o
.00250
•00250
.00255
.00265
.00275
.00280
.002 90
.00300

•00305

.oo3oo

.00310

•00315
.oo32o
•00350
.0o36o
.OO38O

•00390

•00395

.oo2oo

.oo235

.ooh35

.oo435

.oo o

.oo25o
.00270
.00270
.oo285
.oo285

Creep

.105
.i_
.II0

•115

.115

.I_

.I_

.l_

._0

.120

.122

._0

._5

._5
.128
.132
•138

.lhO

._5

.150

.152

.150

.155

.158

.170

.I_

.18o

.190

.195

.198

.200

.2_

.218

.218

.220

.225

.235

.235

.222
.222

TRW E@UIPMENT I.ABORA TORIES

Pressure

.....(Torr)

1.7 x 10-9

1.7 x 10"9

1.5 x 10-9

1.5 X 10-9

1.6 x 10"9

1.6 x 10-9

1.6 x 10-9

I. 7 x 10-9

1.6 x 10-9

1.6 x 10-9

1.5 x 10-9

1.2 x 1o-9
I.6 x 10-9

1.6 x 10-9

1.5 x 10-9

I. 6 x 10-9

1.5 x 10-9

I•5 x 10-9

1.5 x 10-9

1.6 x 10-9

i. ? x 10-9
2.0 x 10-9

1.6 x 10-9

1.6 x 10-9

1.6 x 10-9

1.6 x 10-9

1.2 x 10-9

1.7 x 10-9

1.5 x 10-9
I. 7 x 10-9

1.6 x 10-9

1.9 x 10-9

1.9 x 10-9

1.8 x I0-9

1.8 x 10-9

1.5 x 10-9

1.0 x 10-9

I.i x 10-9

1.0 x 10-9
1.0 x 10-9



TRW EOUlPMENT LABORATORIES

TABLE XXIV (Continued}

Time

Length Change

L (inch) Creep Pressure

(2" G.L. ) (%) (Torr)

2010.0

2081.6

2lO5.7
2129.3

2153•5
2177.6

2249.7

2273.4

2297.4

2321.9

2346.1

2417.3

2441.5

2465.0
2488.9

2513.o
2585.2
2609.1

2632.8

2657.o
2680.7

2754.4
2776.9

2801.2

2825.2
2849.0

2921.0

2945.2
2969.2
2993.2
3017.1
3113•7
3137.2
3160•9
3185.o

3257.5

3281.1

3305.1

3328.9

3425.6

3473.2

3497.3

3521.o

3593.1

.oo500

.00525

.00535

.00545

.00550

.0056o

.oo6oo

.00620

.00640

.00660

.00665

.00690

.00690

.00705

.00715

.00725

.0o75o

.00765

•00790

.00790

.00790

.00845

.oo87o

.00880

.00880

.O089O

.00940

.0096O

. OO970

.00985

.01000

.01055

.01O60

.01075

.01095

.o3.14o

.01150

.01160

.01175

.01215

.01250

.01280

.01285

•01335

.250 1.0 x 10-9

.262 1.4 x 10-9

.268 1.2 x 10-9

.272 1.6 x 10-9

•275 1.4 x 10-9
•280 I.I x 10-9

•300 I.i x 10-9

.310 i.I x 10-9

.320 1.0 x 10-9

•330 i.I x 10-9

•332 1.0 x 10-9

•345 1.3 x 10-9

•345 1.2 x 10-9

•352 1.2 x 10-9

.356 I.i x 10-9

.362 I.I x 10-9

•375 1.3 x 10-9

•382 I.I x 10-9

•395 i.I x 10-9

•395 i.I x 10-9

•395 i.I x 10-9

.422 1.3 x 10-9

•435 i.I x 10-9

.440 1.0 x 10-9

.440 i.I x 10-9

•445 i.i x I0-9
.470 i.I x 10-9

.480 1.2 x 10-9
•485 I.i x 10-9

.492 I.1 x 10-9

.500 I.2 x 10-9

.528 1.0 x 10 -9

•530 1.0 x 10-9

•538 I.i x 10-9

.548 I.0 x 10-9

.570 I.I x 10-9

.575 1.0 x 10-9

•580 I. 0 x 10-9

•588 I. 0 x 10-9
•608 I. 0 x 10-9

•625 1.1 x lO -9

.640 1.1 x 10-9

•642 1.1 x 10-9

.668 i. i x 10-9



TRW EQUIPMENT LABORATORIES

TABLE XXIV (Continued)

T inne

3617. 3 Hours

364 I, 1

3665.4

3689. 3

3761. 3

3785. 1

3809. 1

3835. 2

3857. 3

3929. 2

3953• 2

3977. 1

4001, 2

4025. 3

4097• 1

4121. 1

4145.4

4169. 2

4193. l

4265• 1

4292, 2

4313. 2

4337. 5

436 i. 2

4434. 1

4458. 1

4482. 2

4506. 4

4530. 2

4602. 1

4646, 2

4650. 6

4674. 1

4698. 0

Length Change

L (inch)

(2" G. L.)

•01340

•01360

•01380

.01400

,01465

01475

01490

01500

01515

01540

01560

01575

O1585

01600

01645

01660

01670

01690

01700

01755

01765

01780

01805

01810

01810

01870

•01875

01880

01885

O1910

01940

01970

01980

01990

Creep

(%)

• 67O

• 68O

• 69O

• 700

732

738

745

750

758

770

78O

788

792

8OO

822

83O

835

845

85O

878

882

89O

9O2

9O5

925

935

938

140

942

955

97O

985

99O

995

Pressure

(Zorr)

i. 0 x 10-9

1. i x 10 -9

1. 0 x 10 "9

1. 1 x 10 -9

1. 1 x 10 "9

1. 0 x 10"9

1. 1 x 10-9

1. 1 x 10 -9

1. 1 x 10-9

1. 1 x 10"9

1.0x 10-9

1. 1 x 10 -9

1. 1 x 10-9

1.0x 10"9

1. 1 x 10"9

1. 0 x 10 -9

1. 0 x 10 -9

1. 0 x 10 -9

1. 0 x 10 -9

1.0x 10"9

1. 0 x lO "9

1.0x 10 -9

1. 0 x 10 -9

1. 1 x 10 -9

1. 0 x 10-9

1. 1 x 10 "9

1. 0 x 10 -9

1. 1 x 10"9

1. 1 x 10 -9

9. 7 x 10" 10

1. 1 x 10 -9

1. 1 x 10 -9

1. 0 x 10 -9

1. 1 x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE XXIV (Continued}

Time

4770. 3 Hours

4794. 2

4818. 7

4842. 3

4866. 1

4938. 3

4945. 5

Test Terminated -

Specimen S- 24

Length Change

A L (inch} Creep

(2" G. L. ) (70)

_.02015

02040

02070

02105

02130

02175

02180

1% Creep

OO8

02O

O35

O52

065

O88

O90

Pressure

(Torr)

1 1 x 10 -9

1 1 x 10-9

9 8 x i0- i0

l 1 x 10-9

1 1 x 10-9

l 1 x 10-9

1 1 x 10-9



TRW EQUIPMENT LABORATORIES

TABLE XXV

CREEP TEST DATA, T-ill, HEAT NO. Ii02, ANNEALED3000°F(1649°C)

1 HOUR, TESTED AT 2000°F (i093°C), 13,000 psi (8.96x107N/m 2)

Time

i Minute(s)

2

3

4

5

6

7

8

9

i0

15

3O

45

6O

I.5 Hours

18.1

114.4

138. 2

161.9

186. 0

258.4

282. 1

305. 1

330 0

354 6

426 7

450 2

474 2

498 3

522. 1

594. 1

618. 3

642. 1

666. 5

69O. 3

762. 3

Length Change

A L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

00010

00000

00010

00005

00015

00015

00015

00020

00015

00015

00020

..00015

00015

00020

00020

00080

00150

00165

00210

00205

00250

00270

O028O

00310

00330

00415

00440

00470

00490

00495

00555

00575

00600

00655

00670

00740

005 i. 1 x 10 -8

000 i. 1 x 10 -8

005 i. 1 x 10 -8

002 i. 1 x 10-8

008 I. 1 x 10-8

008 i. 1 x 10 -8

008 1. 1 x 10 -8

010 i. 1 x 10 -8

008 i. 1 x 10 -8

008 i. 1 x 10 -8

010 i. 1 x 10-8

008 I. 1 x 10-8

008 i. 1 x 10 -8

010 I. 1 x 10 -8

010 i.0 x 10 -8

040 8. 9 x 10 -9

075 4. 1 x 10-9

082 4. 0 x 10-9

105 3. 8 x 10 -9

102 3. 5 x 10 -9

125 3. 3 x 10 -9

135 3. 3 x 10 -9

140 3. 1 x 10-9

155 3. 0 x 10-9

165 2. 9 x 10 -9

208 2. 8 x 10 -9

220 2. 8 x 10 -9

235 2. 8 x 10 -9

245 2. 7 x 10-9

248 2. 8 x 10-9

278 2.4 x 10-9

288 2. 6 x 10 -9

300 2. 6 x 10 -9

328 2. 6 x 10 -9

345 2. 5 x 10 -9

370 2.4 x 10 -9



TRW EQUIPMENT LABORATORIES

TABLE XXV (Continued)

Tim e

786. 1

810. 2

836. 2

858.4

930. 2

954. 2

978. l

i002. 3

1026. 3

1098. l

i122. 1

1146.4

1170. 2

i194. 1

1266. 1

1293. 3

1314. 2

1338. 5

1362. 3

1435. l

1459. 2

1483. 3

1507.4

1531. 2

1603. 2

1627. 3

1651. 6

1675. 1

1699. i

1771. 3

1795. 2

1819. 7

1843. 3

1867. l

1939. 3

1963. 2

_-_OU r s

Length Change

A L (inch)

(2" G. L.)

.00760

.00785

00810

00840

00915

00935

O0950

00970

0O99O

O1O6O

O1095

01120

01145

01175

01285

01300

01330

01350

01370

01450

01480

01520

01545

01565

01650

01700

01745

01775

01795

O19OO

O191O

01930

01950

01980

02075

02100

Creep

(%)

380

392

405

420

458

468

475

485

495

530

548

560

572

588

642

650

665

675

685

725

740

760

772

782

825

85O

872

888

898

950

955

965

975

99O

1 038

i. 050

Pressure

(Tort)

2.4x 10-9

2. 5 x 10 -9

2. 6 x 10 -9

2.4x 10-9

2.4 x 10-9

2,4x 10-9

2. 3 x 10 -9

2.5 x 10-9

2.4x 10-9

2. 5 x 10-9

2.4x 10-9

2, 4 x 10 -9

2. 3 x 10 -9

2, 3 x 10 -9

2. 2 x 10"9

2. 3 x 10"9

2.4 x 10 -9

2.4x 10-9

2.4 x 10 -9

2.4x 10-9

2. 3 x 10 -9

2. 3 x 10-9

2.4 x 10 -9

2. 2 x 10-9

2. 2 x 10-9

2. 2 x 10-9

2. 2 x 10-9

2. 2 x 10-9

2. 1 x 10 -9

2. 2 x 10 -9

2. 3 x 10-9

2. 2 x 10-9

2. 2 x 10 -9

2. 2 x 10 -9

2. 1 x 10 -9

2. 2 x 10 -9



TRW eQUIPMENT LABORATORIES

TABLE XXV (Continued)

Time

1987.4 Hours

2035. 0

2107. 3

2131. 2

2155• 2

2179. 7

2203. 6

2275. 6

2299. 4

2323. 3

2347• 3

2371. 3

2443. 5

2467. 2

249 i.3

2515. 3

2539. 2
2612.0

2635. 3

2659. 6
2683.7

2803. 6

Test in Progress
Specimen S- 27

Length Change

a L (inch)

(2" G. L.)

•02145

•02210

02310

02350

02375

02400

02430

02525

02575

02610

02650

02690

02750

02800

02840

02870

•02900

•03010

.03040

.03080

• 03110

•03240

Creep

(%)

1.072

1. i05

i. 155

i. 175

i. 188

i. 200

I. 215

i. 262

i. 288

i. 305

I. 325

1. 345

1. 375

1. 400

i.420

i. 435

i. 450

1. 505

i. 530

1. 540

i. 555

i. 620

Pressure

(rorr)

2. 3 x 10-9

2. 1 x 10 -9

2. 1 x 10-9

2. 2 x 10-9

1.9x 10"9

2. 2 x 10-9

2. 3 x 10 -9

2. 1 x 10 -9

2. 1 x 10 -9

2.0 x 10"9

2.0x 10-9

2.0x 10-9

5. 8 x I0" i0

2. 0 x 10"9

2. 0 x 10 -9

6. 1 x I0-I0

2.0x 10-9

2.0 x 10"9

2. 0 x 10"9

I.9 x 10-9

2. 0 x 10-9

2.0x 10-9



TRW EQUIPMENT LABORATORIES

CREEP TEST DATA,

TABLE XXVI

T- 1 1 1 SHEET, HEAT NO. 1102, ANNEALED 3000°F

(1649°C), 1 HOUR, TESTED AT 2200°F (1204°C), 8000 psi (5.51xl0_N/m 2)

Time

1 Minute(s)

2

3

4

5

6

7

8

9

10

15

3O

45

6O

19. 1 Hours

91.0

115.2

139. 5

163. 5

283. 6

Test in Progress

Specimen S- 32

Length Change

L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

- 00005

00000

+ 00005

00010

00005

00005

00005

00010

00005

00010

00005

00005

00010

00010

00030

00100

00115

00130

00145

00160

- 002

000

+ 002

OO5

OO2

OO2

OO2

OO5

O02

OO5

002

OO2

OO5

OO5

015

O5O

O58

O65

072

O8O

5. 8 x 10 -8

5. 8 x 10 -8

5. 8 x 10 -8

5. 8 x 10 -8

5. 8 x 10 -8

5. 8 x 10 -8
-85.8x i0

5.8x 10 -8

5.8 x 10 -8

5. 8 x l0 -8

5. 8 x 10 -8

5.8 x 10 -8

5. 8 x 10 -8

5. 8 x 10 -8

2. 3 x 10 -8

8. 1 x 10-9

4. 6 x 10-9

3.9 x 10 -9

3. 3 x 10 -9

2.7 x 10 -9



TRW eoumAweNrLABORATORIES

TABLE XXVII

.CREEp TEST DATA, T- 1 11 SHE
• 164 o ..... __E_T_.T HEAT
( 9 C), 1 HOUR, TESTED AT A__,_-I_NO. 65079, ANNEALED 300 °

24,,v j: ,l_,,,o,_, .... •_""'_ 3000°F
' "_ _,1, J_O0psl (2.41x108N_m)

Time

1 Minute{ s)
2

3

4

5

6

7

8

9
10

15

3O

45

6O

41.4 Hours
113.7

137. 6

161, 6

186, 1

21o. o
282.0

305.8
329.7

353.7

377.7

449.9

473. 6

497. 7

521.8

545. 6

618.4

641. 8

Length Change

a L (inch)

(2" G. L. )

.00000

.00010

•OOOlo
•00015

.00010

00010

00015

00015

00020

00020

OO02o

00015

.00020

.00015

.00110

.00425

.00360

.00415

00480

00540

00700

00765

00850
00885

00945

01110

01150

01180

01225

01275

01435

01495

Creep Pressure

(%) _{ Torr)

• 000

• 005

.005

. 008

• 005

005

008

008

010

010

010

008

010

O08

055

212

180

208

240

270

350

382

426

442

472

555

• 590
.590

.612

. 638

• 718

. 748

2.0x 10-8

2.0x 10"8

2.0 x 10 -8

2.0x 10 "8

2.0x 10-8

2.0 x 10-8

2.0x 10-8

2. 0 x i0 -8

2. 0 x 10 -8

2. 0 x 10 -8

2. 0 x I0 -8

2. 0 x i0 "8

2. 0 x 10 -8

2. 0 x 10 -8

6. 5 x 10 -9

3.8x 10-9

3.4x 10-9

3. 2 x 10 -9

3.0x 10-9

3. 3 x 10"9

2. 6 x 10 "9

2.7 x 10 -9

2.4x 10-9

2.2 x 10 -9

2. 3 x 10"9

2. 1 x 10"9

2. 0 x 10 -9

2. 0 x 10 -9

2. 1 x 10 -9

2. 1 x 10 -9

2. 1 x 10 -9

2. 0 x i0 "9



TRW EQUIPMENT LABORATORIES

TABLE XXVII (Continued)

Time

666.0

690. 1

716.8

745.8

789.9

810. 0

Length Change

A L (inch) Creep

(2" G. L. ) (70)

01540

O1590

01675

01745

01810

01870

770

795

838

872

9O5

935

Pressure

(Torr)

2. 0 x 10-9

i.8 x 10-9

I.8 x 10-9

i.8 x 10 -9

i. 8 x 10 -9

i. 8 x 10 -9

Test in Progress

Specimen S-30



TRW EQUIPMENT LABORATORIES

TABLE XXVIII

CREEP TEST DATA, T-Ill SHEET, HEAT NO.

(1649°C) 1 HOUR, TESTED AT 2200°F (1204°C),

65079, ANNEALED 3000°F

5000 psi (3.44 x 10 t N/m 2)

Time

1 Minute(st

2

3

4

5

6

7

8

9

l0

15

3O

45

6O

19. 1 Hours

43.0

67.0

91.0

163. 3

186.9

211.0

235. 1

259. 0

331.7

355. 1

379. 3

403. 4

523. 5

Length Change

A L (inch)

(2" G. L.)

00020

00020

00015

00015

00020

00020

00020

00025

OOO25

O0025

OOO25

00020

00025

00020

00045

00055

00065

00075

00105

00105

00120

00135

00145

00175

00180

00185

00190

00210

Creep Pressure

(%7 (Torr)

010

010

OO8

OO8

010

010

010

012

012

012

012

010

012

010

022

028

032

O38

O52

O52

O6O

O68

072

O88

O9O

092

O95

I05

-8
3.0x I0

3.0 x 10-8

3.0 x 10-8

3.0 x 10 -8

3.0 x 10 -8

3.0 x 10 -8

3.0 x 10 -8

3.0 x 10 -8

3.0 x 10-8

3.0 x 10-8

3.0x 10 -8

3.0 x 10 -8

3.0 x 10 -8

3.0 x 10 -8
-8

5.4x I0

2. 2 x 10-8

4.4x 10-8

2 7 x 10 -8

7 7 x 10 -9

8 3 x 10-9

7 3 x 10-9

7 2 x 10 -9

7 0 x 10 -9
-9

6.0x I0

5.8 x 10 -9

5.9 x 10-9

3.4 x 10-9

4. 2 x 10 -9

Test in Progress

Specimen S- 31



TRW EQUIPMENT LABORATORIES

TABLE XXIX

CREEP TEST DATA, T-111 SHEET HEAT NO. D-1670, ANNEALED 3000oF

(1649°C) 1 HOUR, TESTED AT 2600°F (1426°C), 500 p_si(3.44x i_

Time

1 Minute(s)
2

3

4

5

6

7

8

9

i0

15

3O

45

60

1 6. 4 Hour s

40.4

64.4

83.3

160. 3

184. 5

208. 3

232. 7

256• 5

328. 5

352. 3

376. 4

402. 4

424. 5

496. 4

520. 4

544. 3

568. 4

592. 5

664. 3

Length Change

L (inch) Creep
(2" G. L. ) Pressure

(%) (Tort)

.00005

.00005

00000

00005

00000

00005

00005

00005

00010
00005

-.00005

-•00010

-.00010
-.00010

-.O0010
.00005

.00050

.00075

•00180

00205

00235

00245

00260

00325

00335

00345

00345

00350

00370

00375

00385

00385

00385

00395

•OO2

O02

000

OO2

000

OO2

OO2

OO2

O05

OO2

- O02

- 005

- 005

- 005

- 005

0O2

025

038

• 090

102

118

122

130

162

168

172

172

175

185

188

192

192

192

198

2. 6 x 10 -8

2. 6 x 10 -8

2. 6 x 10 -8

2. 6 x l0 -8

2.6x 10-8

2. 6 x 10-8

2. 6 x 10 -8

2. 6 x 10 -8

2. 6 x i0-8

2. 6 x i0 -8

2. 6 x 10"8

2. 6 x I0 "8

2. 6 x 10 -8

2. 6 x i0"8

1.6x 10 -8

8. 0 x 10 -9

8.4 x 10 -9

7• 9 x I0-9

5.5 x 10 -9

5. 5 x l0 -9

5. 3 x 10-9

5. 0 x 10 -9

4. 2 x i0-9

3. 8 x 10-9

3.6x 10-9

4. 6 x 10 -9

6. 0 x 10"9

3.6x i0-9

3. 3 x 10 -9

3.4x 10-9

3.9 x i0-9

3. 5 x i0-9

3. 7 x 10-9

4. 2 x 10"9



TRW eQUIPMeNT LABORATORIES

TABLE XXIX (Continued)

Time

688. 3 Hours

712.6

736.4

760. 3

832• 3

859.4

880• 4

904. 7

928. 5

i001. 3

1025.4

1049. 5

1073. 6

1097.4

1169.4

1193.4

1217. 8

1241• 3

1265. 3

1337. 5

1361.4

1385. 9
1409. 5

1433. 3
1505. 5

1529.4

1553• 5

1601. 2

1673. 5

1697. 4

1721. 4

1745. 9

1769. 8

1841. 8

Length Change

a L {inch)

{2" G. L. )

00395

00400

00405

00410

00430

00435

00435

00445

00460

00465

00465

00475

00490

00505

00535

00550

00555

00565

00570

00585

00590

00590

00595
00600

00605
0O615

00620

00615

.00625

.00625

.00625

.00625

.00635

.00635

Creep

(%)

• 198

•200

•202

2O5

•215

218

218

222

230

232

232

238

245

252

268

275

278

282

285

292

295

295

298

30O

302

3O8

310

308

312

312

312

312

318

318

Pressure

(Torr)

4.0x 10-9

3. 2 x 10-9

3. 8 x 10-9

3. 1 x 10 -9

3. 0 x 10 -9

4. 0 x I0"9

5.4 x 10 -9

5. 4 x 10-9

5. 2 x 10 -9

5. 0 x 10 -9

4. 9 x 10-9

5. 2 x 10 -9

5. 6 x 10-9

5. 3 x 10 -9

4.9 x 10-9

4.9 x 10-9

4.8x 10-9

4.0x 10-9

4. 9 x i0"9

5.0x i0-9

2. 8 x 10-9

4. 5 x i0"9

2.9 x 10"9

4.5 x 10-9

4.9 x 10 -9

5. 0 x 10 -9

4.6 x 10-9

4. 7 x 10-9

4. 6 x 10 -9

4.4x 10-9

4. l x 10 "9

4. 6 x 10"9

4.5x 10-9

2.9 x 10 -9



TRW £OUIPM£NT LABORATORIE$

TABLE XXIX (Continued}

Time

1865. 6 Hours

1889.5

1913. 5

19 37. 5

2009. 7

2033.4

2057. 5

208 i.4

2105.4

2178. 2

220 i.6

2225.8

2249.9

2369. 8

Test in Progress

Specimen S- 28

Length Change

A L (inch}

(2" o. L.)

.00640

.00645

.00645

.00650

.00660

00665

00665

00675

00675

00680

00685

00685

0069O

OO695

Creep

(%}

•320

•322

•322

•325

•330

332

332

338

338

340

342

342

345

348

Pressure

(Torr)

4. 3 x 10"9

4. I x 10-9

4. i x 10 -9

2.4 x 10 -9

4,4x 10 -9

4. I x 10 -9

4.0x 10-9

4. 2 x 10-9

4. i x 10-9

4.9 x 10-9

2.8x 10-9

3. 0 x 10-9

3. 8 x 10 -9

3. 6 x 10-9



TRW EQUIPMENT LABORATORIES

TABLE XXX

CREEP TEST I_TA, T-Ill SHEET! HEAT NO. III-D-16701 ANNEALED AT 3000°F (1649°C)

FOR 1 HOUR' TESTED AT 1800°F (.982°C)* 1,7,000 FSI (I,ii X 108 N/m 2)

Length Change

_L (inch) Creep Pressure

Tim.____e _ (2" G.L.) (%) (Tort)

1 Minute (s) .00010 .005 5.2 x I0-_

2 .00015 .008 5.2 x 10 -s
3 .00015 .008 5.2 x 10 -8

# .00015 .008 5.2 x I0-8
5 .00015 .008 5.2 x I0 -8

6 .00015 .008 5.2 x 10 -8

7 .00015 .008 5.2 x 10 -8

8 .00015 .008 5.2 x I0-_

9 .00020 .010 5.2 x I0 -_

I0 .00015 .008 5.2 x 10 -8

15 .00015 .008 5.2 x I0-_
30 .00015 .008 5.2 x I0 -_

#5 .00020 .010 5 2 x I0-_
60 .00020 .010 5_2 x I0-_

27.1 Hours .00050 .025 1.5 x I0-_

49.6 .00065 .032 1.2 x I0-_

65.0 .00055 .028 6.4 x I0-_

88.7 .00055 .028 #.6 x I0"_

114.7 .00060 .030 3.0 x I0-_

1#5.8 .00070 .035 2.4 x I0-_

160.7 .00070 .035 2.0 x I0-_
232.7 .00070 .035 1.7 x I0--
256.6 .00065 .032 1.6 x I0-_

280.6 .00075 .038 1.4 x I0-_

307.8 .00075 .038 I.# x 10 -9

329.5 .00080 .040 1.3 x I0-_

404.1 .00075 .038 1.5 lOZ 
425.4 .00080 .040 1.4 x I0
##8.8 .00085 .0#2 1.4 x I0-_

473.1 .00085 .042 1.3 x I0-_
497.2 .00085 .042 I.I x I0-_
569.3 .00080 .040 9.4 x 10 -9

592.9 .00080 .040 9.2 x I0-_
617.1 .00085 .042 8.8 x 10 -lu

641 6 .00090 045 8.8 x I0 -I0
" " -I0

665.7 .00095 .048 8.6 x I0_i 0
736.9 .00110 .055 8.2 x I0
761.0 .00110 .055 8.2 x I0 -I0

784.5 .00110 .055 7.9 x I0_8
808.5 .00110 .055 7.8 x I0

10-10
832.5 .00110 .055 7.7 x _^-I0
904.7 .00110 .055 7.7 x IU_l 0

928.5 .00110 .055 7.5 x I0_i 0
952.4 .00110 .055 7.5 x I0
976.4 .00110 .055 7.2 x I0 -I0
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TABLE XXX (Continued)

Time

i000. 2 Hours

I074. 0

1096. 5

1120. 7

1144. 7

i168. 5

1240. 5

1264.7

1288. 7

1312.7

1336. 6

1433. 2

1456.7

1480.4

1504. 5

1577. 0

1600. 6

1624. 6

1648.4

1673. 1

1745. 2

1768.7

179 2.7

1816. 8

1840. 5

1912. 6

19 36. 8

1960. 6

1985. 0

2008. 8

2080. 8

2104. 5

2128. 6

2154. 6

2176.9

Length Change

L (inch) Creep

(2" G.L.) (%7

00110

00110

00120

00120

00120

00115

00120

00115

00125

00125

00130

00145

00155

00155

00155

00160

00165

00165

00165

00170

00175

00180

00175

O0190

00195

00200

00205

00210

00205

00210

00210

00210

00220

00225

00230

055

055

060

06O

060

058

060

058

062

O62

065

072

078

078

O78

O80

O82

082

082

O85

O88

O9O

O88

O95

O98

I00

102

I05

102

I05

105

I05

ii0

112

115

Pressure

(Torr)

7. 0 x 10-l0

7. 3 x 10-I0

6. 8 x 10-10

6. 8 x I0-I0

6 9 x 10- 10

6 9 x 10- I0

6 6 x 10- I0

6 5 x I0- I0

6 5 x 10- I0
-I0

64xi0

6 2 x I0- I0

5 9 x I0- I0

6 1 x I0- I0

6 1 x I0- l0

6 0 x I0- I0

6 0 x I0- l0

7. 1 x 10-l0
-I0

7.2x I0

7. 0 x I0-I0

6.9 x i0- i0

5. 4 x I0-I0

5. 4 x i0-I0
-I0

5.4x I0

5. 4 x i0-I0

5. 4 x i0-I0

5.4 x i0- i0

5. 3 x I0- i0

5. 6 x i0-i0

5. 2 x i0" I0

5. 3 x i0-i0

5. 3 x i0-i0

5. 0 x i0-i0

5. 0 x i0-i0

5.4 x i0- I0

5. 0 x i0-i0
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TABLE XXX (Continued)

Time

2248. 6

2272.7

2296. 6

2320. 7

2344• 8

2416• 6

2440. 6

2464° 9

2488. 7

2512o 6

2584. 6

2611.7

26.32•7

2657. 1

2680. 7

2753. 6

2777. 6

2801. 7

28 25. 9

2849. 7

2921. 6

2945 7

2970. 1

2993. 6

3017. 5

3089. 7

3114• i

3138. 2

3161. 8

3185• 6

3257. 8

328 i. 6

3305. 8

3353. 6

3425. 7

3449. 6

_ours

Length Change

a L (inch)

(2" G. L.)

•00235

•00230

•00240

-00245

.00245

•00255

•00260

•00260

•00265

•00265

.00270

.00275

•00275

.00280

.00285

.00290

•00300

• 00305

00310

00320

00335

00340

00350

00350

00360

•00365

• 00370

.OO39o

• O0390

.00400

.00430

•00435

•00445

•00445

.00450

•00455

Creep

(%)

118

• 115

. 120

. 122

122

• 128

• 130

• 130

132

. 132

135

• 138

1.38

• 1.40

142

145

• 150
152

155
160

168

170

175
175

180

i82
• 185

.195

.195

•200

•215

•218

•222

•222

.225

•228

Pressure

(Tort)

7. 0 x I0-10

5. 1 x 10-I0

5. 2 x i0- 10

5. 0 x 10" 10

5. 1 x 10-10

4. 9 x 10-10

4. 9 x 10-10

4. 8 x 10-10

5. 0 x 10-10

5. 0 x I0-i0

5. 0 x 10" I0

5. 2 x i0- I0
5. 1 x I0-10

4. 9 x 10- 10

5. 0 x 10-10

4. 8 x 10-I0

4. 9 x 10- I0

4. 8 x I0- I0

4.9 x I0-10
5.0 x 10-10

4. 7 x 10- 10

4. 6 x 10" 10

4. 6 x 10-10

4. 7 x 10-10

4. 7 x 10-10

4. 8 x i0" i0

4. 8 x i0-i0

4. 7 x i0-i0

4. 8 x I0-i0

4. 7 x i0- 10

4. 7 x 10" 10

4. 7 x 10-10

4. 7 x 10- 10

4. 6 x i0-i0

4. 4 x 10-10
4. 2 x 10-10



TRIV eQUIPMENT LAaoRATORIE_,

TABLE XXX (Continued)

Time

3473• 7 Hours

3498. 2

3522. 1

3594. 1

3617• 8

364 i.7

3665.8

3689. 7

3762.0

3785• 7

3809.7

3833.9

3857.7

3930.4

3953.9

3978. 1

4002. 2

4122. i

Test in Progress

Specimen S- 26

Length Change

A L (inch)

(2" G. L. )

.00460

.00470

•00465

.00475

.00475

• 00490

•00490

.00500

.00505

-00515

.00530

,00530
.00540

.00540

.00545

.00545

.00550

.00565

Creep

• 230

• 235

• 232

• 238

• 238

• 245

• 245

• 250

• 252

• 257

• 265

.265

. 270

• 270

. 272

• 272

275

• 282

Pressure

(Tort)

4. 2 x 10-I0

4. 3 x 10" 10

4. 5 x I0-I0

4.4x 10-I0

4.4x 10"10

4.4x 10-10

4. 2 x 10 -10

4. 1 xilo'lO

4. 1 x I0-10

4. 3 x 10- 10

4. 2 x I0- 10

4. 3 x I0" I0

4. 3 x 10- 10

4. 3 x I0-10

4. 0 x 10-I0

4. 2 x I0" I0

4. 2 x I0- I0

4. 1 x 10" 10



TRW eQUIPMeNT LABORATORIES

TABLE XXXI

CREEP TEST DATA, ASTAR 811C SHEET, ANNEALED 3600°F (1982°C)

i/2 HOUR, TESTED AT 2600°F (1427°C), 2000 psi (i. 38 x 107N/m 2)

Time

1 Minute(s)

2

3

4

5

6

7

8

9

i0

15

3O

45

6O

2.9 Hours

18.9

43.0

90.7

163.7

186.9

210.9

235.4

259..3

331. 3

355. 0

379. 0

403. 0

427. 0

499. 2

522.9

546. 9

57O. 9

594.9

Length Change

A L (inch) Creep Pressure

(2" G.L.) (%) (Torr)

00005

00010

00015

00010

00010

00010

00010

00010

00010

00010

00010

00015

00015

00015

00015

00015

00020

00030

00030

00030

00035

00035

00035

00035

00035

00035

00040

00040

00040

00040

00040

00040

00045

002

005

008

005

005

005

005

005

005

005

0O5

008

008

008

OO8

OO8

010

015

015

015

018

018

018

018

018

018

O2O

O2O

O2O

O2O

O2O

O2O

022

i. 1 x 10 -8

l. lx 10-8

i. 1 x 10-8

i. 1 x I0 -8

I. 1 x 10 .8

I. 1 x 10 -8

1 Ixl0 -8

1 1 x 10-8

1 1 x 10-8

1 1 x 10 -8

1 1 x 10 -8

1 1 x 10 -8

1 i x 10-8

I. 1 x 10-8

i. 1 x 10-8

9. 1 x 10 -9

8. 0 x 10 -9

4. 6 x 10 -9

3. 3 x 10 -9

3. 1 x 10-9

3. 0 x 10 -9

2. 6 x 10 -9

2. 6 x 10 -9

2. 0 x 10 -9

Z. 0 x 10-9

2. 0 x 10 -9

I. 8 x 10 -9

2 5 x 10 -9

1 6 x 10-9

i 7 x 10-9

1 5 x 10 -9

1 6 x 10 -9
-9

1 7x10



TRW EQUIPMENT LABORATORIES

TABLE XXXI (Continued)

Time

Length Change

L (inch) Creep

(2" G.L.) (70)

Pressure

(Torr)

667. 6 Hours

691. 0

715.3

739. 4

859. 3

•00045 .022

•OOO5O .O25

•00050 .025

•00O5O .025

•OOO6O .O3O

i. 8 x 10-9

I. 6 x 10-9

i. 7 x 10-9

i. 5 x 10-9

i.4 x 10-9

Test in Progress

Specimen S- 29
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