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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 Admini-
stration (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 information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in
this repart 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 employees or contractor of NASA or employee of such contractor pre-
pares, disseminates, or provides access to, any information pursuant to
his employment of contract with NASA, or his employment with such con-
tractor.

Requests for copies of this report should be referred to:
National Aeronautics and Space Administration
Office of Scientific and Technical Information
Washington 25, D, C.

Attention: AFSS-A



“ N TRW EQUIPMENT LABORATORIES

THOMPSON RAMO WOOLDRIDGE INC.

FOREWORD

The work described herein is being performed by TRW Inc.
under the sponsorship of the National Aercnautics and Space Administration
under Contract NAS 3-25L45. The purpose of this study is to obtain

design creep data on refractory metal alloys for use in space power
systems,

The program is administered for TRW Inc. by E. A. Steigerwald,
Program Manager, J. C. Sawyer is the Principal Investigator. C. H. Philleoy
C. R. Honeycutt and R. R. Ebert contributed to the program.
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ABSTRACT

2 5827

Creep data obtained under ultra high vacuum conditions are
presented for molybdenum-base alloys TZC and TZM, columbium-base

alloy Cbl32M, and arc-melted tungsten, arc-melted tungsten-25%
rhenium, and Sylvania A. The results indicate that in the 1800°F
(982°C) to 2200°F (120L4°C) temperature range the TZC alloy possesses

the greatest degree of creep resistance. (,, [%)
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I. INTRODUCTION

Space electric power systems depend upon the use of refractory
metals in a variety of component areas. A critical property parameter
in the design of these systems is the long-time creep strength at very
low partial pressures of oxygen and nitrogen. GContamination of refractory
metal aE%oys can occur under conditions of 107 Torr and vacuums better
than 107 Torr must be used to obtain creep measurements which can be
employed for design of space components. The purpose of this program
is to generate long-time creep data on selected refractory alloys which
have potential use in advanced power systems. Emphasis has been placed
on testing sheet alloys which can be employed for cladding or tubing
applications and on forgeable high strength turbine alloys.

Thg design of the test units capable of operating at vacuums less
than 10™° Torr and temperatures up to 3200°F, has been previously described.
Creep test data have also been presented for tungsten and tungsten-25%
rhenium sheet, molybdenum base alloys TZC and TZM and columbium base alloys
AS-30 and FS-65. Additional results for these alloys along with data
obtained on columbium alloy Cbl32M and the tungsten-base Sylvania A
alloy are described in this report.

II. MATERIALS AND PROCEDURE

The materials currently included in the test program along with
their compositions are presented in Tables 1 and 2. The tantalum base
alloy T-111 has been recently added to the program due to its potential
applicability as a tubing material. A TZM alloy obtained by Air Research
Corporation® and received from NASA has also been included to provide
a measure of the reproducibility in creep properties between two heats
of the same material with different carbon contents.

A detailed description of the test specimen geometry, the test
procedure, and the material processing history for TZM, TZC (Heat M8O),
AS-30, W, W-25Re, and Sylvania A were presented in the sixth and seventh
Quarterly Reports. The processing histary for Cbl32M is given in Appendix I.
The evaluation method involves testing the turbine or tubing alloys at

% R. L. Salley and E. A. Kovacevich, "Materials Investigation, Snap 50/Spur
Program Mechanical Properties of TZM*, Tech. Rep. AFAPL-TR-65 (March 23, 1965).
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temperatures between 1600 and 2250°F (671 and 1235°C) until a 1% total
elongation is attained. The cladding materials are tested at 3200°F
(1760°C) for a total extension up to 5&. In all cases the test envir-
onmgnt (after approximately the first 100 hours of test) is less than
107° Torr and the applied stress levels are selected with the goal of
obtaining creep data over total test times between 1000 and 10,000 hours.

III. EXPERIMENTAL RESULTS

A. Molytdenum-Base Alloys (TZC and TZM)

A detailed presentation of the creep data for all the tests
is given in Appendix II. The creep curves for tests being conducted
on TZC at temperatures of 1856, 2000, 2056, and 2200°F (1013, 1093,
1124, and 120L°C) are presented in Figures 1 and 2. The tendency for
the creep curves to exhibit discontinuties was more vrevalent at the
kigher test temperatures. Metallographic examination is currently
being conducted in &n :alteroi Lo relate the discontinuties in the
creep curves to precipitaiion wiich is occurifing during the test.

The hardness of the as-received TZC plate (Heat M-80) from
the surface to the center showed little variation (DPH 288 to 285).
A representative structure of the as-received material at the center
of the plate is shown in Figure 3. The microstructure of the TZC
plate after annealing at 3092°F(1700°C) for one hour is presented
in Figure LA; while the structure of a specimen after exposure to
a 2000°F (1093°C) test condition for approximately 1200 hours is
shown in Figure B, The amnealing treatment prodyced ? material
with a 0.2% yield strength of 68'5 kgi (L7.2 x 107 N/m°), a tensile
strength of 68.6 ksi (L47.L x 107 N/m®) crd a zero reduction in area
at room temperature when measured transverseé to the rolling direction. The
annealing treatment did not result in a cowpleiely recrystallized
structure, however, it did produce a noticeable reduction in hardness
(DPH 288 to DPH 235). After testing for approximately 1200 hours
at 2000°F (1093°C) the hardness of the TZC increased to DPH 350
indicating that significant precipitation hardening had occurred
during testing.
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100X

FIGURE 3. STRUCTURE OF TZC ALLOY IN AS-RECEIVED CONDITION,
ETCHANT: 15% HF, 15% H2 SO4, 8% HNO3, 62% Hp0

9732
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100X

A. STRUCTURE AFTER ANNEALING AT 1700°C FOR 1 HOUR
HARDNESS DPH 288

100X

B. STRUCTURE AFTER ANNEALING AT 1700°C FOR 1 HOUR AND TESTING
FOR 1196 HOURS AT 1094° C (2000°F) HARDNESS DPH 350

FIGURE 4. STRUCTURE OF TZC ALLOY (HEAT M-80) AFTER ANNEALING AND
AFTER TESTING. ETCHANT: 15% HF, 15% H2SO4, 8% HNOg, 62% Ho)

8709
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The creep behavior for TZM (Heat 7502) in both the as-received
(stress-relieved) and annealed condition is presented in Figure 5.
The as-received material exhibited a relatively normal creep curve
while the amnealed condition produced a very rapid increase in the
total elongation at approximately 350 hours. The sharp increase was
followed by a low creep rate and time intervals where actual specimen
contraction was observed. Although no definite explanation is apparent
for this behavior it is characteristic of conditions where a phase
change and creep are occurring simultaneously.*

The Air Research TZM alloy received from NASé is currently under
tests at 1856 (1013°C) and 24,000 psi (1.65 x 10° N/m*). After L96
hours a total extension of 0.02% has been obtained.

A comparison of the creep properties of the TZC and TZM material
is presented in Figure 6 on a Larson-Miller plot using a constant of 15.
The stress to produce 0.2% total extension in TZC was approximately a
linear function of the Larson-Miller parameter over a relatively large
range of times and temperatures. The data obtained for the siress-
relieved TZM (0,013%C) (Heat 7502) indicated that this material
had creep resistance which was significantly below the TZC alloy.
The plot for the 0.5% creep level indicated that a slight deviation
from linearity was present at the lower values of the Larson-Miller
parameter.

B. Columbium-Base Alloy (Cbl32M)

The creep properties of the Cbl32M alloy were evaluated after
annealing the material for one hour at 3092°F (1700°G). This treatment
produced a partially recrystallized structure (see Figure 7) having the
room temperature properties listed in Table 3.

TABLE 3

Room Temperature Properties of Cbl132M after Annegling at 3092°F (1700°C)
for One Hour in Vacuum (10=YTorr)

0.2% Yield Strength 109.8 ksi é__

Tensile Strength 121.2 ksi
Elongation (2") L.2%

Reduction in Area L. 7%

Strain Rate 0.005 in/in/min.

# R, W. Fountain and M. Korchynsky, "The Phenonemon of 'Negative Creep' in

Alloys", Trans. ASM, 51, 108, (1959).

-9 -
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FIGURE 6. LARSON-MILLER PLOT OF CREEP DATA FOR TZC (HEAT M-80)
AND TZM (HEAT 7502)
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100X

FIGURE 7. MICROSTRUCTURE OF Cb 132M ALLOY AFTER ANNEALING
AT 3092°F (1700° C) FOR ONE HOUR, ETCHANT: 15% HF,
15% HpSOy4, 8% HNO3, 62% HyO

87ce - 12 -




TRW EQuUIPMENT LABORATORIES

THOMPSON RAMO WOOLDRIDGE INC.

Creep test data obtained at 2056°F (1124°C) on Cb132M are summarized
in Figure 8. A comparison of the two columbium base alloys, Cb132M and
AS-30, is presented in terms of the Larson-Miller parameter in Figure 9.
At the stresses evaluated, the (b132M alloy had creep resistance superior
to AS-30 but inferior to the molybdenum alloys. An add1t10na1 test is
being conducted at 2200°F (1204°C), 8,000 psi (5.5 x 107N/m2) to examine
the behavior of Cbl32M at higher values of the Larson-Miller parameter.

C. Tungsten-Base Materials

The results of creep tests conducted on arc-melted tungsten and
tungsten-25% rhenium alloys were summarized in the last Quarterly Progress
Report for total extensions of 1%. Results obtained during this report
period included additional creep data for tungsten, tungsten—25% rhenium,
and Sylvania A. The tungsten and tungsten-25% rhenium creep curves are
shown in Figure 10 There was a tendency for the tungsten tests = at
1000 psi (6. 8 X 106 N/m?) to exhibit a continuously decreasing creep rate.
As a result, the extrapolations of short-time data would tend to mredict
creep extensions which were significantly greater than the true values.
At the relatively low stress of 1000 psi (6.8 x 10° N/m?) the unalioyed
tungsten showed a total extension at 3200°F (1760°C) of 2.47% after
approximately 3000 hours, while an extrapolation of the data after 1000
hours would have resulted in a mrediction which was 50% higher.

The Sylvania A material possessed a large number of imperfections
in the surface of the sheet and examination by radiography was required
to insure that these defects were not located in the specimen gauge
section. Two tests were initiated with this material, however, specimen
failure occurred in both cases outside the gauge section at apmroximately
the position where the specimen passed through the furnace heat shields.
The failure appeared to be initiated by a brittle crack which propagated
from one side. The resultant bending stresses and reduction in cross-
sectional area were sufficient to cause specimen failure. The specimens
were machined by electric discharge methods and examination prior to
testing indicated that the cracks gere not induced by the machining operation.
At a stress of 5000 psi (3.45 x 10° N/m2) a total extension of 0.25%
was obtained in 18 hours on the first specimen and a creep of 0.20% in
26 hours on the second specimen. The microstructure of the Sylvania A
material after testing is shown in Figure 11.

IV. FUTURE 'WORK

During the next report period additional tests will be initiated
on the Air Research TZM material obtained from NASA. The T-222 material
has been received and will also be tested along with the vapor-deposited
tungsten.

-13 -
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FIGURE 9. LARSON MILLER PLOT OF CREEP DATA FOR AS-30
AND Cb 132M ALLOYS
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LY

100X

FIGURE I1, STRUCTURE OF SYLVANIA A ALLOY AFTER RECRYSTALLIZATION

AT 3200°F (1760°C) FOR 1 HOUR, AND TESTING AT 3200°F
(1760° C) FOR 26 HOURS, HARDNESS DPH 438, ETCHANT: 15% HF,
15% HySOy, 8% HNOg, 62% H,O

8707
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APPENDIX I

Processing History of Cbl32M

Universal Cyclops Heat No. KC 1L5L

1.

2.
3.
le

Electron-beam melted stock with carbon added

by Universal Cyclops, electrode diameter 2-1/2n
mold size 3-7/8".

Vacuum arc melted, then canned in Mo-0,5Ti.
Extruded at 3130°F to 1-1/2% diameter.
Cross-rolled from 2L4OO°F in three passes yielding
reductions of 20, 10, and 10%. Plate reheated
between each pass. Final thickness 3/i".

Jacket removed, shipped in as-rolled structure.
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APPENDIX TI

Creep Test Data
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TABLE A=l

Creep Test Data, TZC Plate, Recrystallized at 3092°F (1700°C)

For 1 Hour, Tested At 1856°F (1013°C), 25,000 psi (1.72 X 108N/m2)

Length Change

Time AL (in.) Creep Pressure
(Minutes) 2" G.L. A Torr
1 - 00005 -.0025 L X 1077
2 =0 ~0=
3 - OOOOOS --0025
L .00005 .0025
5 .00005 .0025
6 00010 .0005
7 .00005 «0025
8 Q= 0w
9 ~0= ~0a
10 .00005 0025
15 - OOOOOS e 0025
20 .00015 «0075
25 00015 «0075
30 - 00025 012

60 +00065 «032
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TABLE A-I (Cont'd.)

Creep Test Data, TZC Plate, Recrystallized at 3092°F (1700°C)
For 1 Hour, Tested At 1856°F(1013°C), 25,000 psi (1.72 X 10 N/m°)

Length Change

Time AL (in.) Creep Pressure Time Legft Iz.(lq?nge Creep Pressure
(Hours) 2" G.L, % Torr (Hours) 2" G IR )4 Torr
1 .00065 032 1.5X 10:2 1516.L  .0018 .00  2.6X 10:;}

19.3 00085 OL2 1.k X 1o g 156i.L  .00185 092 3.1X 10_¢

L2.1 .00055 OL7  1.3X10_g 1636.L  .00195 097 2.5X 107

.2 .00055 .Ok7 11X 1075 1&5.1 .00205 102 2.2X 1072
128.5 .ooog5 'O)ﬁg g.té X lo_g 1gzﬁ.u .00195 .cig? 2.8 § E1Lo_9
162. -000 .0L2 .6X 10 180L.3  .0020 100 2,0X 10
186.0 00085 .Oh2 68X 1077 18767  .00215 107 2.0 X 1077
210.3 .0008 040 5.8 X105 1972.6 .00210 105 2.3% 10 ¢
6.2 .00075 .03?5 Eﬁ X 1o 20bk.L .00225 A2 9.6X 10
3%0.2 .0009 .0 LoX 10

354.2 00085 .OL2 3.4 X 10'3 Test in Progress

Lo2.L .00095 047 3.6 X 107¢

Léo.7 .00105 052 2.5X 107

508.5 .00125 062 3.4 X 1079

556.8 .00105 052 3.2 X 1079

628.¢ .00105 .052 3.0X10

€81.7 .00115 .057 -~ 9

725.6 .00125 062 3.1 X 107¢

756.4 .0013 065 2.0 X 10 ¢

8Lb. 00145 072 2.2 X 1079

892.4 .001L5 072 1.6 X 1079

96,.6 .0014 070 2.8 X 107
1012.6 .00155 077 2.7X10 ¢
1060.7 .0017 -085 2.6 X 10_¢
1132.3 .00165 .082 2.4 X 10 ¢
1186.9 .00165 .082 2.0 X 1079
1228.6 .0017 .085 1.8 X 1079
1277.8 .0017 085 2.2 X 1072
1324,k .00165 082 2.3% 10_J
1345.2 .00175 087 1L X 1077
1396.3 .00185 092 1.8 X 10”¢
1L68.3 .00185 092 2.,5X10
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Creep Test Data, TZC Plate, Recrystallized at 3092°F (1700°C)

For 1 Hour, Tested At 2056°F (1124°C), 25,000 psi (1.72 X 108N/m2)

Length Change
(Minutes) 2" G, L.
1 «00010
2 00020
3 .00030
N .00050
5 .00055
6 .00065
7 00085
8 .00095
9 .00105
10 .00120
12 «00130
13 .00140
1 -00150
15 .00160
20 .00165
25 .00170
30 .00170
Lo .00175
LS .00175
60 .00180
90 .00180

Creep

+

005
.010
015
. 025
027
032
+0L3
-0L7
+052
060
065
.070
075
.080
.082
085
+085
.087
~087
.090
.090

Pressure
Torr

7.0 X 10-8

6.9 X 10’8

6,9 X 10'8

6.8 X 10'2
6.7 X 10°

o
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Creep Test Data, TZC Plate, Recrystallized at 3092°F (1700°C) for 1 Hour,

TABLE A-II

THOMPSON RAMO WOOLDRIDGE tNC.

Tested at 2056 F (112L4°C), 19,000 psi (1.3. X 1070 N/m?)

Length thange

Length Change

Time AL (in.) Creep Pressure Time AL (in.) Creep Pressure
(Hours) 2" G,L. Torr (Hours) on G,L, % Torr
15.5 .0018 050 3.5X 10'2 1581.8 00245 122 7.5 X 10‘;O
87.1 .0018 0% 1L X 1o’9 165,72 .00245 .122 1.2 X 10"9
111.2  .0010 0% 9.8 X 1077 1750.2 .002l 120 1.3X 1077,
133.L .00l 070 7.0 X 10_¢ 1822.1 .00235 117 7.0X 10
155.0 .00135 .067 3.0 X 10
181. 6 .0013 .065 - S Test in Progress
239.9 .00135 067 L.2 X 10‘9
263.7 .0013 .065 ©5.1X 10‘9
287.7 .0015 075 L.5X 10‘9
065.$ .001L .070 3.8 X% 10'9
334.3 .0015 075 3.2X 10‘9
Lo6.5 .001L5 072 3.5X 107
L55.3 .00155 .077 - g
503.2 .0015 075 2.2X10 5
573.9 .00175 087 1.2 X 10'9
622.5 .00175 087 1.1X 10'9
665.9 .0018 .00 3.8 X 10'9
742.3  .00185 092 2.8 X 10_¢
790.2 .001% 065 2.8 X 1072
838.3 .00185 062 1.8 X 107¢
909.9  .00195 097 3.2X 10 ¢
96:.8 .00205 102 2.6X 10 G
1006, 2 .00210 105 2.6X 10'9
1055.3  .00215 107 2.7 X 10 ¢
1102.0 .0022 110 2.9X 10 o
1126.8 .0022 110 1.7 X 107
1173.9 .0022 .110 1.0 X 10-
12.45.9 .00215 107 L.2X 1o:9
1294.0 .00225 112 2.1 X 10_79
13,2.0 .00235 117 2.1 X 10'9
Uk, .00235 117 1.4 X 10‘9
1L66.7 .00235 117 2.5 X 10‘9
1506.6 .00225 112 2.0 X 107
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TABIE A-ITI

Creep Test Data, TZC Plate, Recrystallized at 3092°F(1700°C)

For 1 Hour, Tested at 2000°F (1093°C), 20,000 psi (1.38 X IO-BN/mz)

Length Change
Time AL (in.) Creep Pressure
(mnuteS) 2" GoLe % Torr
1 -0- -0- 1.2 X 1070
2 -.00020 -.010
3 -.00040 -.020
L -.00030 -.015
5 -.00030 -.015
10 - .00005 -.002
15 00005 .002
20 . 00005 002
25 «00010 .005
30 .00010 .005
60 .00005 .002

90 -.00005 -.002
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TAELE A-ITI

creep Test Data, TZC Plate, Recrystallized at 3052°F(1700°C)
For 1 Hour, Tested at 2000°F (10$3°C), 20,000 psi (1.38 X 1o'8N/m2)

Length Change Length Change

Time AL (in.) Creep Pressure Time AL (in.) Creep Pressure
(Hours) 2" G.L. % Torr (Hours) 2" G.L, Z Torr
17.2 .000k 00 2.6X 10'(; 1600.2 ,0026 10 2.6% 10‘3
L1.3 .0006 .03 2.2X 10’9 1672.4 .00265 .132 5.5X 10'9
65,2 .0008 oo 2.2X 10"9 1720.L .0027 .135 3.8 X 10“9
85.2 .0011 055 2.0X 1070  1766.5 .0028 o L.6Xx 1077
161.3 .00105 052 1.3X10°p  18L0.1 .0030 150 L. X0 g
205.1 0012 06 1.7X10° 1536.3 .00310 155 3.8 X 10_¢
233.2 .0012 L0600 1L X 10'597 1585.6 .00305 .152 3.8 X 10'_9
257.3 .00125 062 1.3X 10’9 2035.2 .0032 160 L.0 X 10 5
329.2 .00135 067 2.0 X 1075 210L.1 .0033 165 3.8 X 10 ¢
355.9 .001L 070 3.2X 1075 21761 003, 170 3.5X 10 ¢
377.0 .0014 070 3.l X 1075 22L8.L .00365 182 L.2X 10 ¢
Lol.1 001k 070 2.4 X 10'9 2272.2 .00355 177 7.5% 10 ¢
L25.0 00145 072 1.5X% 10’9 234k, 2 .0037 .185 2.L X 1077
Ls7.2 .00165 082 1.6X 10’9 2356.6 .00375 .187 L.6 X 10_9
52L.L .00165 082 3.1X10°7  2uko.2 .00385 .187  L.b X 10 ¢
569.2 .00165 082 L.5X 1075  2512.0 .00395 157 2.7 X 10 ¢
665.2 .0016 .080 5.0 X 10‘9 258L.L .00395 197 2,9 X 10 ¢
713.3 .00155 077 L.6X 107 2680.2 .00395 .162 7.L X 10 5
762.8 .00165 .082 - 8 2752.2 .00L0 . 200 5.4 X 107
633.4 .00170 .085 1.5X% 10'9

881.0 .0018 0% 6.1 X107 Test in Progress

$05.2 .0017 085 ©5.8X 10-3

1001.1 .0018 .00 3.9X 10°

1045. 2 .0018 .050 6.4 X 10‘2

1168.4 .0019 055 L.2X 10'9

1216,2 .00195 097 7.5X 10‘9

124;.3 .001% .095 7.0X 10‘9

1336.7 .00205 102 7.5X 107

138%.5 .00245 .122 - 8

1L33.4 .0025 Jd27  1.3X 10'8

1552.3 .00265 132 1.2 X 107
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TABLE A-IV

CREEP TEST DATA, TZC PLATE, RECRYSTALLIZED AT 3092%F (1700°C) FOR 1 HOUR, TESTED
AT 2200°F (1204°¢), 18,000 PST (1.24 x 108 N/m2)

Length Change Length Change
Time AL (in) Creep Pressure’ Time AL (in) Creep Pressure
(Minutes) (2" G.L.) (%) (Torr) (Hours) (2" G.L.) (%) (Torr)
1 -.00005 -.0025  3x10-9 6lie3 00110 2055 L.1x1077
2 ~0- -0~ 8844 .00120 L060 3.2x1079
3 -0~ -0- 112.5 .001L0 070 2,7x10~9
L -0~ -0- 136.4 .00165 .082  3,4x10™Y
5 -0- -0= 1604 00215 .107 2.0x1077
10 « 00005 .0025 232,5 .00255 W27 2,7x10°7
20 .00010 +005 256,9 «00270 2135 1.8x10~7
30 . 00005 .0025 280.4 .00280 JALho 1.8x10°F
Lo .00010 » 005 30443 «00310 J155  9.6x10"%0
60 .00005 .0025 328.5 .00325 Jd62  2.0x1079
L,00.L .00365 162 1,7x10°7
L27.1 .00390 195 5.5x10-10
L1842 .00510 «255  1,8x10-7
L72.3 .00580 0290 1.6x10-7
L96.3 . 00610 305 1ohx10P2
568.L - 00660 .330 1.6x107
592,7 .00670 0335 1.2x107%
61647 .00670 0335 1.6x10~?
6L0.L « 00685 o342 Lokx10-?
66l .14 .00715 0357 1lelix10™
7361 .00760 0380 1.7x10"7
7604 +007L0 o345 EobxLel
78L45 " .00795 0397 Lohx10?
80843 .0080 D00 L.3xi0™
832.6 .0081 h05S  ww-
9046 .0087 o35 1.2%1.0-7
9290)-1- 000875 o)-l»B? 108X10"9
95243 .00885 Lh2 1hxrod
97645 #00895 JAih7T 131077
107243 .00980 W90 1.1x10™7
1096.5 «0100 o500 1.1x10~9
1120} .0101 SB 1,0x1077
114,7.6 .0102 o516 1.1x10™>
1168.5 .0103 o515 am=
1239.6 0106 530 1.5%107
1263.1L «0L09 5hs  1,0x1079
1287.4 .01105 s552 9,5x10™10
1311.3 »01130 565 1,010

1335.5 +011,0 570 1.2x10~7
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TABLE A-IV (Cont.)
CREEP TEST DATA, TZC PLATE, RECRYSTALLIZED AT 3092°F (1700°C) FOR 1 HOUR,

TESTED AT 2200°F (1204°C), 18,000 PSI (1.2l x 100N/m2)

Length Change

Time AL(in.) Creep Pressure
(Hours) 2" G.L. (Z) (Torr)
1407.9 .01155 577 -
1431.4 .01190 <595 -
1160.7 .01250 . 625 -
1479.4 01285 L6l2 7.7 x 10710
150L. 6 .01295 . 6L7 8.2 x 10'18
1575.4 01305 652 7.8 x 107
1599.9 .01320 . 660 8.0 x 10710
1623.5 01385 . 692 1.6 x 1077
1647.4 ,01395 697 8.7 x 10710
1671.4 01410 . 705 1.1 x 1077
1743.7 .01470 .735 9,7 x 10710
1767.L 01720 .860 1.8 x 1077
1791.5 01755 877 1.2 x 10-50
1815.6 .01795 «897 8.5 x 10~
1839.7 01805 .902 8.0 x 10710
1911.3 01855 <927 tL0x1og
196L.1 .01935 . 967 1.3 x 10
2007.5 01960 .980 1.1 x 1077
2056,9 .02005 1.000 1.0 x 1077
2103.1; .02100 1.050 9. x 10710
2128.2 .02120 1,060 1.3 x 10710

Test Terminated
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TABIE A~V

Creep Test Data, TZC Plate, Recrystallized at 3092°F(1700°C) for 1 Hour,

Tested at 2200°F (1204°C), 17,000 psi (1.17 X 108 N[mz)

Length Change
Time AL (in.) Creep Pressure
(MinuteS) 2% GeLe % Torr
1 o 0= 5.7 X 1077
2 -+00020 -.010
3 -+00030 -.015
L -+00020 -4010
5 -.00020 -.010
6 -+00015 -+007
7 -+00015 -e007
8 ~+00015 -+007
9 -+00005 -.002
10 -+00015 -.007
15 -.00015 -.007
20 -00015 -.007

60 -00015 -.007
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TABLE A-V

Creep Test Data, TZC Plate, Recrystallized at 3092°F (1700°C) for 1 Hour,

Tested at 2200°F (1204°C), 17,000 psi (1.17 X 108 N/ma)

Length Change Length Change

Time AL (in.) Creep Pressure Time AL (in,) Creep Pressure
(Hours) 2" G.L. 4 Torr (Hours) 2" G.L. Torr
85.6 00165 082 2.8 x1075 12721 00600 .300 8.8 x 1070
108.9  .00160 080 2. x 107 1295.3 00615 307 1.3 x 1035,
133.1 .00180 090 2.1 x 10 5 1319.2 00620 2310 7.9 x 1034
229.1  .002l5 0122 1.6 x 10 5 1391.2 00690 b5 9.2x 107,
25L.0  .002440 120 2,2 x 10 5 1L39.3 00695 347 b6 x 100
277.0 00260 130 3.2 x 1077 1487.3 .00690 SUS 7.2 x 107
301.5 .00265 0132 1.4 x 10 1559.2 00690 345 L.9x 10 7,
325.2 L0025 132 -~ .9 1612.0 00705 352 5.9 x10_3,
383.5  .00300 150 1.5 x10 g 1655.2 .00730 365 5.0 x 103,
L07.3  .00325 162 2.6 x 10 5 1727.1 .00785 392 7. x 103
L3l.y  .00325 0162 2.4 x 10 5 1799.6 00800 o100 5.6 x 10_
5.2  .00300 .150 1.2 x 1075 1895.5 .00820 110 Lol x 1050
g;iog °88§i§ .igg i.ﬁ x %0_9 1967.2 .00850 425 .5 x 10
o ° o ol x 10

575.5 400320 160 1.2 x 1077

60h.6 00350 175 )

623.4  .00370 185 1.7 x 10_o

6L8.5  .00380 190 1.6 x 107,
719.2  .00390 195 5.0 x 10~
7h3.7 400390 195 1.6 x 107
767.6 400395 197 2.6 x 107
791.2 0010 . 205 8.8 x 10777
815.2  .00l10 205 8.8 x 1077,
887.2  ,00430 .25 9.2 x 10 )

911.2  .00L465 232 2.3 x 10779
935.5 00475 «237 9.2 x 1077
9594 00475 2237 8.2 x 1077
983.5  .00L80 <240 2.8 x 10_

1055.2  ,00530 « 265 1,0 x 107,

1109.8  ,00550 « 275 9.6 x 10

1128,1  .00550 275 9.3 x 1077,

1151.5  .00565 <282 8.9 x 10_

1200.6  .00580 290 1. x 1079

1247.2  .00590 295 1.1 x 1077
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TABLE A-VI

CREEP TEST DATE, STRESS-RELIEVED TZM FORGED DISC, TESTED AT
2000°F (1093°C), 10,000 PSI (6.89 x 107N/m2)

Length Change Length Change
Time L (in) Creep Pressure Time A L (in) Creep Pressure
(Minutes) (2" G. L.) (% (Torr) (Hrs.) (2" G.L.) (%) (Torr)
1 -+00030 -015 1.6 x 1077 352.3 00105 L0525 1,9 x 1077
2 ~.00015 0075 37646 00105 L0525 1.3 x 1072
3 -.00015 -.0075 1,00.8 .00110 W85 2,1 x 1077
L - 00015 -.0075 L5745 .00130 065 1.3 x 1079
5 - 00005 -.0025 17246 .00135 L0675 1.2 x 1077
6 00010 005 197.0 00140 070 1.2 x 1077
7 00005 .0025 520.2 .00145 L0725 1.2 x 1077
8 0000 000 5hh,1 .001L5 L0725 1,2 x 1077
9 . 00010 .005 56842 .00150 075 1.2 x 1077
10 + 00005 .0025 60,2 .00155 0775 1.5 x 1079
15 00005 0025 6643 .00170 085 9,2 x 10710
20 00010 005 71243 00175 L0875 7.l x 10710
25 . 00005 0025 73643 00170 ,085 7.6 x 10710
30 00000 0000 81042 00175 (0875 1.3 x 1077
L5 »00010 .005 832,.2 .00185 0925 9,0 x 10-10
60 .00015 0075 856.1 .0018 .90 9,2 x 10710
e 00005 .0025 880.1 020 2100 7.5 x 10710
e 90 ) .00010 .005 90L40 .00205 21025 7.7 x 10":1Lg
Hours 982,8 00210 «105 8.1 x 10~
20,0 - 00005 ~e0025 6.7 x 1070 1000.2 00210 105 76 x 10710
Tho? .00030 .015 1.0 x 1078 102L.2 00210 105 8,2 x 10710
125.7 00100 .05 1. x 108 10,8.3 00220 110 8.0 x 10710
126.5 00080 O 1.0 x 10-2 1072.1 .00220 J10 1.3 x 10"§O
160.3 « 00085 L0255 5.7 x 10~/ 11lL,0 .00230 o115 6,9 x 10™
18L.L 00085 L0425 L. x 1077 116843 00235 J175 6.9 x 10710
208.5 00090 L5 4.0 x 1077 1192,2 .002L,0 120 6.6 x 10710
232,2 «00090 LOu5  3.h x 1077 1216.L .00250 »125 6ot x 10~10
30k L .00100 05 2.2 x 1079 12,,0.2 .00250 Jd25 5.8 x 1o'ig
3283 00100 .05 2.0 x 10'i01336.2 .00250 125 5,9 x 107
136043 00250 125 5.8 x 107
138L43 .00250 125 5,2 x 1070
14,08.5 .00250 125 L. x 10710
11,80.3 00260 13 L6 x 10710
1552,2 .00270 2135 L.6 x 10710
16L8.3 .00320 .16 L0 x 10710
1696.0L .00320 .16 3.8 x 10730
1720.6 .00320 16 Lol x 10710
1816.L .00320 16 5.7 x 10710
1864.2 00315 157 3.8 x 10710

1912.3 .00325 162 L.o x 10710
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TABLE VI - Cont'd

Time (Hours) Length Change, A L (in) Creep (4)  Pressure

(2 G.L.) E— (Torr)

2032,2 . +00335 167 3.6 x 10710
2080.1 00340 170 3.1 x 1010
2152,3 .00340 170 2.8 x 10~10
2218.1 00340 170 1.6 x 10710
2320,4 00350 175 2,7 x 1070
2418,.3 +00355 JA77 9.2 x 10711
211881 .003L5 172 L.0 x 10~10
2536,1 .00350 175 1.7 x 10-10
256043 .003L5 2172 2,6 x 10~10
265643 .00355 177 2,6 x 10~10
2704.3 .00350 175 _—

2752,L 00350 JA77 ~—

2823.,5 00355 177 2.5 x 1010
287143 .00365 .182 1.1 x 10-%
2919.5 .00375 .187 1.7 x 10~
2991.7 00380 190 7.2 x 1011
30Lk.5 .00380 «190 A

3088,k .0B80 .190 1.8 x 10711
3159.2 .00385 .192 1.6 x 10-11
3231,2 00390 195 1. x 10':{8
3327.5 00385 192 1.2 x 107,)
3399.4 .00395 197 2.0 x 10 12
3495.1 .004100 «200 8.2 x 10™
3568.1 00400 4200 9.5 x 1071
3640.6 00410 .205 3. x 1071t
3687.6 .00410 +205 1.9 x 10711
3735.3 +00415 207 1.0 x 1071t
3831.1 00420 .210 1.2 x 1071
3903.5 00425 212 2.1 x 10~
3999.2 0oLl 220 1.0 x 10~H

L071.3 -00L50 .22 2,1 x 1071
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TABLE A-VII

CREEP TEST DATA, TZM FORGED DISC, ANNEALED AT 2850°F (1566°C), FOR 1 HOIR,

TESTED AT 2000°F (1093°C) 10,000 PSI (6.89 X 107 N/hz)

Length Change Length Change
Time AL (in.) Creep Pressure Time L (in.) Creep Pressure
(Minutes) 2" G. L. A Torr (Hours ) 2" G, L. Torr
1 00030  .018 6.0 x 1070  16.6 .000L0 020 6.2 x 10‘3
2 .000LS .0225 L0.7 .00055 .0275 3.1 x 10'9
3 .00040 .020 11h.5 00095 L0475 5.1 x 10'9
).l 000030 -015 13605 000105 00525 3-0 X 10-9
6 .00015 .0075 1844 .00130 . 065 2.Lh x 10‘9
7 .00015 .0075 208.3 .001L0 .070 2.3 x 10'9
8 .00010 .005 287.5 .00180 .090 2.2 X 10‘9
9 »00020 .010 301107 000235 01175 108 X 10-9
10 .00030 .015 32847 .00505 «2525 1.6 x 10~
11 .00030 .015 336.5 .00485 2425 9
12 .00025 ,0125 352.6 .00515 +2575 1.6 x 10'9
13 .00030  .015 37h.L .00525 -2625 2.2 x 1079
15 .00035 .0175 Lh72.7 .00525 .2625 1.0 x 10'9
25 .00050 .025 520.8 .00535 «2675 1.6 x 10‘9
30 .00055 .0275 Shh.6 .00565 .2825 1.2 » 10'10
35 .00050 .025 616.6 .00560 «280 6.2 x 10'10
Lo .00050  .025 6L0.5 .00555 2775 7.2 x 10774
LS .00050 .025 66l1.6 .00560 .280 7.2 x 103
60 .00050 .025 688.7 .00560 .280 7.3 x 10'9
712.8 .00565 .2825 1.3 x 10'10
78’.1.6 000560 0280 506 X 10-10
808.7 000555 0277 505 X 10~10
832.6 .00565 .282 5.8 x 10"lO
85606 000575 0287 508 X 10-10
880.6 .00580 +290 6.6 x 10~
952.6 .00L:80 .20 .3 x 10720
977.0 00485 .2l2 1.0 x 1o‘iO
10%07 000,485 02)42 ).l,oz X 10-10
1049.3 .00LLO 0220 L.6 x 10"‘lO
1120.8 .00L465 0232 3.2 x 10'10
1145.2 .00L85 242 Le3 x 10‘10
116805 .OOSOS 0252 S.O X 10-10
119207 000515 0257 800 X 10-10
121606 000515 0257 300 X 10-10
1288.6 .00510 .255 1.6 x 10'10
1315.5 00525 262 2.2 x 10 74
1336.5 .00525 0262 1.5 x 10 10
136067 .00520 .260 1.6 x 10‘10
138)405 000525 0262 2.1 X 10-
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TABLE A-VII (Continued)

Length Change

Time AL (in,) Creep Pressure
(Hours) 2" G,L. 3 Torr
145646 0050 2270 L x 10750
1505.0 400505 e252 9.7 x 1075
1528.5 00510 « 255 1.3 x10 ¢
1552.8 00520 260 1.3 x107,
16L49.0 00530 « 265 9.3 x 10
1696.6 .00535 <267 -
1722.7 .00530 . %5 ~ 12
1792.8 .00530 .« 265 3.2 x 1037
18L0.7 .00530 <265 8.8 x 10 73
18L0.7 00530 . 265 8.8 x 101
1960.8 00540 270 9.6 x 10_7
198l4.8 .005L5 $272 3.6 x10_g
2008.6  .005L45 .272 1.5 x 10
2056 ° 9 OOOSSO . 275 - =10
2115.2 00555 277 3.2 x10 3,
2163.0 .00550 . 275 8.0 x 10
2211,2 00545 $272 1.k x10_¢
2283.4 200560 .280 1.1 x10
2336 03 000560 . 280 - -11
2380.1 .00550 275 1.h x 2007
2’45009 000555 0277 lol.l. X 10:9
2523.0 ,00570 . 285 1.0 x 10_7
2619.2 00570 . 285 8.6 x 10
2691.0 .00610 «305 -- 40
2786.8  .00635 317 2.5 x 10 7
2859.8 L0060 .320 8.8 x 1075
2932.3 00640 320 1.h x 10 57
2978.9 00610 .320 2.2 x 10770
3027.0 00580 «290 1.2 x 10 7o
3122.9 00630 315 2.6 x 10 3,
3195.2 00605 302 2.8 x 10_g
3363.0 ,00650 325 1.2 x 10 7o
3458.8  ,006L5 .322 2.4 x 1075,
3531.2 .00655 327 9.2 x 1075
3627.1  .006L0 320 2. x 10 75
3699.0 .00655 327 .2 x 10
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Table A-VIII

THOMPSON RAMO WOOLDRIOGE INC.

Creep Test Data for TZM Material Received from NASA Tested at

1800°F (982°C), 24,000psi (1. 65 x 108N/ m?2)

Length Change

Time A L (in.) Creep Pressure
(Hour s) 2" G. L. (%) (Torr)
66.9 . 00010 - 3.7x10°8
88.5 . 00005 - 3.7x 10°8
117. 1 . 00005 - 2.3x 10-8
136.4  0.00000 - 1.6 x 10-8
160. 4 . 00005 - 1.6 x 10-8
232.2 .00020 .010 9.8x 1079
256.7 . 00015 .007 8.8x 1077
280.6  .00020 .010 5.6x 10°7
304. 5 . 00020 .010 6.7x 1077
329.8 . 00030 .015 6.1x 1079
400. 4 . 00025 .012 4.2x 10-9
424, 4 . 00030 .015 3.7x 1077
448.7 . 00035 .017 3.4x 1077
472. 4 . 00040 .020 2.6x 1077
496.5 . 00040 . 020 -
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TABLE A-VIITI

Creep Test Data for TZM Material Received from NASA Tested at 1856°F

(1013°C), 21,000 psi (1.65 x 10°N/m?)

Iength Change
Time AL (in.) Creep Pressure
(Minutes) 2" G. L. ;A Torr
1 -+00010 -2005 3.2 x 1077
2 -.00015 -+007
3 -.,00010 -.005
L -.00005 -.002
S -+00010 -.005
6 -.00010 -.005
7 "'000010 -.005
8 -.00005 -.002
9 -+00010 -+.005
10 -.00005 -+002
15 -.00020 -.010
30 ~.00020 -+ 010

60 -.00015 -.007
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TABLE A-IX

CREEP TEST DATA FOR Cbl32M, ANNEAIED 3092°F (1700°C) FOR ONE HOUR

TESTED AT

2086°F (1121°C), 20,000 PST (1.38 x 10° N/m?)

Length Change, AL (in.) Pressure
Time (Minutes) 2" GuL. Creep (%) Torr
1 -
2 -0= -0-
3 .00005 .002
N o -0=
5 O ~O=
6 0= -0~
7 .00030 .005
8 00030 .015
9 .00020 .010
10 .00025 012
15 .00030 .015 -10
20 .00030 .015 8.2 x 10
25 «00030 015
30 .00030 .015
Time (Hours)
6L+6 .00210 .105 1.1 x 1077
117.4 00410 205 _— -0
136.3 .00L35 217 8.2 x 10_7 5
16143 00525 262 8.8 x 1070
28046 .01020 510 Lol x 10774
3041 .01085 5h2 5.5 x 10:10
328.1 01145 572 Le6 x 10770
LOO.4 .01585 792 148 x 1077
L2k.1 01615 .807 3+3 x 1077,
LL8.3 .01780 «890 3.3 x 10770
L7242 01935 967 Leb x 107
L9644 02000 .00 L.l x 10~10
568.0 02340 17 —

TEST TERMINATED
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TABLE A-X

CREEP TEST DATA FOR Cbl32M, ANNEAIED 3092°F (1700°C) FOR 1 HOUR

TESTED AT 2056°F (112)°C), 17,000 PST (1.17 x 20°W/n?)

ILength Change
Time AL (in.) Creep Pressure
(Minutes) 2" G. L. 4 Torr
1 .00005 «002 8.5 x 10720
2 +00010 «005
3 «00005 «002
L O “Ow
5 « 00005 +002
6 +00010 .005
7 +00010 .005
8 .00015 007
9 00001\5 0m7
10 .00015 «007
15 .00035 <017
20 .00055 «027
25 «00050 .025
30 00050 025

60 «00055 027



TRW 2QuiPMENT LABORATORIES

Table A-X (Cont'd.)

THOMPSON RAMO WOOLDRIDGE INC,

Creep Test Data for Cb132M, Annealed 3092°F (1700°C) For 1 Hour

Tested at 2056°F (112l1°C), 17,000 psi (1. 17 x 105N/ m?2)

Length Change

Time ' AL (in.) Creep Pressure
(Hours) (2" G.L.) (%) (Torr)
19.0 .00115 .057 9.2x 107V
42.9 .00255 .127 8.1x 10-10
114.9  .00415 .207 9.3x 10-10
139.1 .00525 .262  9.3x 10710
163.0 .00580 .290 4.1x 10°10
187.2  .00650 325 7.2x 10710
211.0  .00665 .332 3.8x 10710
283.0 .00865 .432 4.7 x 10-10
307.1 .00935 467 3.6x 10'18
335.6 .00975 437 4.3x 107!
355.0 .01055 .527 4.0x 10-18
378.9 .01095 .547 3.8x 10
450.8 .01335 667 3.4x 10710
475.3  .01375 .687 5.3x 10-10
499.1 .01405 .702 2.1x 10710
523.2 .01525 .763 4.6 x 10-10
549.2 .01595 .797 5.2x 10:%8
619.2 .01765 .883 4.7 x 10
643.0 .01910 .955 3.3x 10”10
667.2 .01995 .997 3.8x 10710
691.0 .02055 1.020 3.9 x 10-19

Test Terminated
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TABIE A-XI

CREEP TEST DATA, W-25%Re SHEET, TESTED AT 3200°F (1760°C),

1500 PSI (1.03 x 10'N/m)

Iength Change
Time 4L (in.) Creep Pressure
(Minutes) 2" G. L. % Torr

5 »00005 »002

10 »00010 +005

15 .00010 .005

20 00010 .005

30 .00010 .005

LS .00010 -005

60 .00010 .005
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TABLE A-XI (Cont'd.)

CREEP TEST DATA, W-25%Re SHEET, TESTED AT 3200°F (1760°C),
1500 PSI (1.03 x 107N/m2)

Iength Change
Time AL (inch) Creep Pressure
(Hours) (e G. L.) (%) (Torr)
10.6 .00005 0.0025 1.h x 10-7
82.7 .00L50 0.2250 2.1 x 10-8
106.6 .00700 0.3500 2.0 x 10-8
130.6 .00735 0.3675 1.6 x 10-8
154.6 .01065 0.5325 1.6 x 10-8
178.8 .01170 0.5850 1.4 x 10-8
250.6 .01535 0.7670 1.0 x 10-8
274.5 .01730 0.8650 9.8 x 10-9
298.6 .01795 0.8970 1.0 x 10-8
322.5 .02135 1.0670 9.6 x 10-9
346.7 .02195 1.0970 9.4 x 10-9
L18.5 .02480 1.2L00 8.5 x 10-9
L22.9 .02700 1.3500 1.5 x 10~
L66.7 .02910 1.4550 8.4 x 10-2
190.7 .03225 1.6120 1.0 x 10-8
515.0 .033L45 1.6720 9.6 x 10-9
586.0 .03870 1.9350 1.0 x 10-8
611.1 .04010 2.0050 9.2 x 10~Y
634.6 .0L140 2.0700 8.9 x 10~9
658.7 .0L4300 2.1500 1.2 x 10-8
682.7 .0LL90 2.2450 7.9 x 10-9
75L.7 .05065 2.5320 7.0 x 10-9
781.3 .05385 2.6920 7.5 x 10-9
802.6 .05525 2.7620 7.2 x 10-9
826.6 .05700 2.8500 7.2 x 107
850.5 .05835 2.9170 8.3 x 10-9
922.6 .06480 3.2400 8.8 x 10-9
9L6.9 .06820 3.14100 1.} x 10-8
970.9 . 06540 3.47C L.l x 10-9
991.6 .07210 3.6050 4.8 x 10-9
1018.6 .07370 3.6850 5.0 x 10-9
1090.6 .08120 1.0600 5.9 x 10-9
1114.8 .08305 }4.1520 9.0 x 10-7
1139.8 .08525 L.2520 5.8 x 10-9
1162.5 .08795 L. 3970 6.4 x 10-9
1188.3 .09065 4.5320 —
1258.9 .09770 L. 8850 h.2 x 10-9
1283.3 .10085 5.0L20 ——

Test Terminated
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TABLE A-XII

CREEP TEST DATA, TUNGSTEN SHEET, TESTED AT 3200°F (1760°C)

Length Change
Time A1 (in.) Creep Pressure
(Minutes) 2" G, L, £ Torr
1 +00005 002 L x 1078
2 .00015 «007
3 »00015 007
L «00010 «005
5 00015 .007
6 « 00020 «010
7 +00020 «010
8 «00020 010
9 «00020 +010
10 «00015 007
15 00020 +010
20 00010 .005
25 »00020 .010
30 +00020 010
60 00020 010

90 -00030 .015
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TABIE A-XIT (Cont'd.)

THOMPSON RAMO WOOLDRIDGE INC.

CREEP TEST DATA, TUNGSTEN SHEET, TESTED AT 3200°F (1760°C),

Time
(Hours)

16.6
88.4
112.)}
136.3
160.3
18L.4
256.3
280.7
304.5
328.L
352.7
L2hL.5
LL8.9
L72.3
L96.4
520.)
592.1
619.1
640.3
66L.3
688.2
760.4
78L.6
808.7
823.3
856.3
928.5
952.5
977.5
1000.3
1026.3
1096.6
1121.1
1143.3
1168.4
1264.3
1288.4

1000 PSI (6.89 x 106N/m2)

Length Change

AL (inch)
(2n G.L.)

.00180
.C0L480
.00615
.00750
.00880
.00960
.01115
.01190
.01215
.01265
.01330
.01575
.01725
.01705
.01725
.017L0
.01810
.01930
.01960
.02010
.020L0
.02155
.021%90
.02305
.02375
.02L55
.02465
.02570
.02660
.02715
.02775
.02850
.02875
.02930
.030L40
.03120
.03145

Creep
(%)

0.090
0.240
0.307
0.375
0.L)o
0.480
0.557
0.595
0.607
0.632
0.665
0.787
0.862
0.852
0.862
0.870
0.905
0.965
0.980
1.005
1.020
1.072
1.095
1.152
1.187
1.222
1.232
1.285
1.330
1.357
1.387
1.425
1.437
1.L465
1.520
1.560
1.572

Pressure

(Torr)
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TABIE A-XT1 (Continued)

Iength Change

Time AL (inch) Creep Pressure
{Hours) (2w G.L.) (2) (Torr)
1312.1 .03210 1.655 6.7 x 1077
1336.9 .03265 1.632 2.4 x 10~
1360.5 .03300 1.650 ——
1431.6 .03345 1.672 L.6 x 10-10
1455.1 .03430 1.715 2.4 x 10-9
1479.4 .03415 1.723 3.2 x 10-9
1503.2 .03L55 1.727 6.8 x 10-9
1527.5 .03L60 1.730 6.6 x 10-9
1599.8 .03525 1.762 5.3 x 10-9
1623.3 .03550 1.775 3.0 x 10-9
1652.7 .03630 1.815 -
1671.L .03665 1.832 1.8 x 10-9
1691.6 .03690 1.845 2.0 x 10-9
1767.3 .037L5 1.872 1.8 x 10-9
1791.8 .03810 1.905 1.7 x 10-9
1815.14 .03825 1.912 1.7 x 10-9
1839.3 .03850 1.925 6.0 x 107
1863.3 .03865 1.932 3.2 x 10-10
1935.6 .03910 1.955 6.2 x 10-7
1983.5 .0L010 2.005 2.5 x 10-7
2031.7 .oLoLo 2.020 7.3 x 10-9
2103.2 .0l100 2.050 2.2 x 10-7
2157.7 .04135 2.067 7.L x 10-9
2199.5 .0L180 2.090 ——
221,8.8 .0L205 2.102 ——
2295.3 .04260 2.130 2.3 x 10-9
2320.2 0275 2.137 2.8 x 10~
2367.3 .0l 325 2.162 2.1 x 10-9
2439.2 .0L4370 2.185 2.2 x 10-9
2L,87.L .0LL20 2.210 2.0 x110-9
2535.3 .0LL68 2.232 6.6 x 10-7
2607.3 .0l4555 2.277 1.4 x 10-9
2660.1 .0L620 2.310 7.0 x 109
2703.3 .0l570 2.285 5.6 x 1077
2775.2 .04710 2.352 1.7 x 10-9
2847.5 .04770 2.385 1.6 x 10-9
2943.6 .0k 850 2.425 2.0 x 10-9
3015.4 .ol9Lo 2.470 5.0 x 10~7

Test in Progress
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