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FOREWORD

GTR-23 is the last in a series of radiation effects tests
performed for NASA's NERVA program at the Nuclear Aerospace
Research Facility (NARF) at the Fort Worth operation of Convair
AerOSpace Division of General Dynamics Corporation. ‘Previous
tests in this series span ten years and are described in General
Dynamics' reports,

The NERVA program is administered by the joint NASA/AEC
Space Nuclear Systems Office. At the initiation of GTR-23,
Aerojet Nuclear Systems Company was the prime contractor for
developing the NERVA engine, and Westinghouse Astronuclear Labora-
tory was responsible for developing the nuclear reactor, These
companies and the Los Alamos Scientific Laboratory (LASL) pro-
vided the test specimens and test specifications for GTR 23.

The realignment of the NERVA program has shifted Aerojet's
and Westinghouse's tasks to LASL which will now receive and
analyze all of the GTR-23 test results.

Volume II of this report describes the irradiation and test-

ing of the electronic components included in GTR 23.
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SUMMARY

ifSpecimens fabricated from structural materials that were
candidates for certain NERVA applications were irradiated in
liquid nitrogen. liquid hydrogen, water, and air. The speci-
‘mens irradiated in LNy were stored in LN, and finally tested
in LN,, or at some higher temperature in a few instances. The
specimens irradiated in LH; underwent an unplanned warmup while
in storage so this portion of the test was lost; some speci-
mens were tested in LN, but none were tested in LH,.

The test specimens and test specifications were provided
by Aerojet Nuclear Systems Company and Westiaghouse Astronuclear
Laboratory. However, Qith the termination of these companies'
participation in the program, the Los Alamcse Scientific Labora-
tories has been designated as the recipient c¢f the raw déta and
untésted specimens.

The Ground Test Reactor was the radiation source. The
test specimens consisted mainly of tensile and fracture tough-
ness specimens of several different materials, but other types
of specimens such as tear, flexure, springs, and lubricant
were also irradiated. Tables S-1, S-2, and §-3 list the

materials and give information pertinent to the test,.
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' Table S-1
MATERIALS TENSILE TESTED, TEST CONDITIONS, AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST

Exposured ” Temp | No. % Change (Irrad - Control) Text

|Material ' Type E>1 MeV Irrad/test Specimens at Same Test Temp Ref
, __Specimen (n/cm¢) | (°R) Cont/Irrad Yield Elong Area Reduct Page
Ti 6AL 4V | Flat tensile | 3.05 (16) 140/140 3/3 2.1%b -9.2 -4.6 5-3
(Sheet) | Unwelded 4.70 (17) 140/140 3/3 4,8% -25.2 1.1 |
4.70 (17) 140/540 3/2 2.6 -9.9 2.8
4.70 (17) 140/140° 3/3 0.05 -18.9 - -23.4
1.52 (17) 5504d/140 3/3 2.0% 0.97 28.0 5-4
1.20 (18) ssogllao 3/3 2.8% 1.5 20.6 ,
1.52 (17) 5509/540 3/3 0.25 -1.6 1.4 i
1.20 (18) 5509/540 3/3 4,0% -14.1 -3.5
Ti 6Al 4V Flat tensile | 3.05 (16) 140/140 - 5/5 0.33 -9.3 32.5 5-5
(Plate 4.7 (17) 140/140 5/5 2.5% -31.3% -56.4%
Welded)
|18 Ni Maraging Buttonhead 9.0 (16) 140/140 2/2 -0.03 16.7 17.0 5-6
Steel (Two lots) 1.66 (18) 140/140 2/2 1.9 20.,0% 7.7
(Plate) 1.03 (17) 140/140 2/2 -0.60 -6.2 2.3
| 1.78 (18) 140/140 2/2 1.9 -29,2% -4.1
|a1 7075-173 Buttonhead 3.00 (17) 140/140 4/4 9.7% 4.2 2.2 5-7
(Forging) 3.73 (18) 140/140 4/4 20.3% -7.6 36.1%
|AIST 9310 Steel | Buttonhead 2.80 (16) 140/140 2/3 2.4% -9.5 0.84 5-8 :
(Bar) 3.00 (17) 140/140 2/3 1.7% -8.8 19.8%
|aRMCO 22-13-5 Buttonhead 3.00 (17) 140/140 0/3 - - 5-9
(A1l weld) 3.70 (18) 140/140 0/3
ARMCO 22-13-5 | Buttonhead 8.92 (17) 140/140 3/3 13.6% -24.4 -16.2 5-10
(Plate) 3.70 (18) 140/140 2/3 29,1% -30.3% -17.3
Ti 5A1 2.5 Sn Buttonhead 1.45 (18) 140/146 9/9 13.4% -63.7% -14.5% 5-11 ?
(Forging) Unnotched 3.77 (18) 140/140 9/9 18.0* -67.4% ~16.9% ;
Ti SAL 2.5 Sn Buttonhead 1.46 (18) 140/140 8/7 -3.3 (Fracture stress) 5-13 §
(Forging) Notched 3.85 (18) 140/140 8/8 -14.2% (Fracture stress) i
Hastelloy X ~ Buttonhead 1.43 (18) 140/140 8/9 66.0% -15.4% -3.9 5-16 ?
(Bar) ~ Unnotched 4.25 (18) 140/140 8/9 92.4% -30.1% -7.1 i
|
|
1
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Table S-1

MATERIALS TENSILE TESTED, TEST CONDITIONS, AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST (Cont'd)

Exposuré!~f Temp No. % Change (Irrad - Control) Text
Material Type E >1 MeV Irrad/test Specimens at Same Test Temp Ref
Specimen (n/cm®) (°R) Cont /Irrad Yield Elong Area Reduct Page
Hastelloy X But tonhead 1.44 (18) 140/140 8/8 31.6% (Fracture stress) 5-18
(Bar) Notched 4,29 (18) 140/140 8/8 47.1% (Fracture stress) :
Al 6061-T61 Buttonhead 1.41 (18) 140/140 8/8 31.4% -38.3% -11.3 5«21
Unnotched 4,44 (18) 140/140 8/9 45.9% -65.4% -23.8%
7/75 (17) 140/340 2/2 13.3 -6.8 -1.3
7.40 (17) 140/540 2/2 1.2 5.5 1.2
Al 6061-T61 Buttonhead 1.41 (18) 140/140 7/8 14.5% (Fracture stress) 5-23
Notched 4,46 (18) 140/140 7/8 20.6* (Fracture stress)
Al 5086-H-34 Flat 3.90 (17) 140/140 3/3 39.1% -28.9% -5.2 5-25
~ (Sheet) Unwelded 1.84 (18) 140/140 3/3 63.2% -61,2% -23.6%
3.90 (17) 140/340 3/3 18.5% -7.6 6.3
1.84 (18) 140/340 3/3 29.,5% -24,.1% -1.5
3.90 (17) 140/540 3/3 1.3 7.8 59.0%
1.84 (18) 140/540 3/3 44 8% -5.9 8.6
3.90 (17) 140/740 3/4 -0.28 32,0% 9.7
1.84 (18) 140/740 3/3 -2.49 6.9 15.6%
Al 5086-H-34 Flat 3.90 (17) 140/140 3/3 86.8% -68.2% 68.0 5-32
(Sheet) Welded 1.84 (18) 140/140 3/3 114.7% =79.4% -0.57
3.90 (17) 140/340 2/3 38. 8% -26.1 8.3
1.84 (18) 140/340 2/3 56.5 -42.0 2.3
3.90 (17) 140/540 3/3 2.2 -46,.3% -il.6
1.84 (18) 140/540 3/3 23.0% -56,.8% -51.0
3.90 (17) 140/740 2/3 6.0 144 .4 146 2%
1.84 (18) 140/740 2/3 10.6 222.2 168.4%

a. Maximum where different for various specimens in group
b. Asterisk indicates significant change at the 957 confidence level

c. Annealed for 100 min at 540°9R

d. Irradiated in water
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Table S-2

D DATA

MATERIALS FRACTURE TOUGHNESS TESTED, TEST CONDITIONS, AND AVERAGE
‘ iR T Exposure@ Temp ‘ ‘ R ‘ IeXt |
Material " Type E >1 MeV | Irrad/Test No. Kq (ksi vin.) |  Ref
Specimen (n/cm®) (°R) Specimens Ave Std Dev % Std Dev | Page
Al 6061-T6 Compact tension® Control -/140 3 29.07 4.89 16.8 5-46
(Plate) Fatigue cracked . 7.10 (16) 140/140 3 32,98 3.46 - 10.5 '

3.90 (18} 140/140 4 25,46 2.09 - 8.2
Control -/140 .3 - 27.09 2.38 8.8
7.10 {16) 140/140 3 31.51 1.63 r 5,2
3.94 (18) 140/140 4 27.91 2,21 - 7.9

Al 6061-T61 Compact tension Control -/140 2 26.31 2.41 - 9.1 5-47

(Ring forging) Fatigue cracked 2.00 (17) 140/140 3 26.19 3.03 11.6 :
8.78 (17) 140/140 2 24,12 1.08 4.5
3.77 (18) 140/140 3 26,17 7.11 27.2
Control -/273 2 30.33 4.61 15,2
1.95 (17) 140/273 2 28,53 6.66 23.3
8.68 (17) 140/273 2 24,74 2.70 - 10.9
4,05 (18) 140/273 1 33.99 o -
Control -/406 2 - 25.32  2.13 - 8.4
1.81 (17) 140/406 2 - 29,59 5.43 18.4
8.00 (17) 140/406 2 23.15 4.40 - 19,0
4,13 (18) 140/406 2 27.21 4,65 17.1
Control -/540 2 . 28.83 0.24 - 0.8
1.63 (17) 140/540 2 31.66 0.69 .2
6.95 (17) 140/540 3 33.74 1.60 - 4.8
4,09 (18) 140/540 2 31.02 0.54 1.8

Al 7075-T73 Compact tension® Control -/140 4 - 28.17 1.40 5.0 5-49

(Forging) Fatigue cracked 2.97 (16) 140/140 4 27.20 0.88 3.2 ‘
4.23 (17) 140/140 4 25,99 1.00 3.8
3.16 (18) 140/140¢ 3 27.83 0.29 1.1
Control -/140 4 27.67 0.37 1.4
2.92 (16} 140/140 4 27.42 0.41 1.5
4.34 (17) 140/140 4 25.82 0.53 2.1
3.80 (18) 140/140 -2 25.93 1.08 4,2
2.53 (18) 140/140¢ 1 26,97 - -

18 Ni Maraging Compact tension® Control -/140 5 44,63 6.74 15.1 5-50
Steel Fatigue cracked 1.05 (17) 140/140 5 42,01  1.60 3.8 .
(Plate) 1.54 (18) 140/140 5 42.96 2,67 6.3
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- . Table S-2
MATERIALS FRACTURE TOUGHNESS TESTED, TEST CONDITIONS, AND AVERAGED DATA (Cont'd)
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; Exposure@ Temp Text
Material Type E >1 MeV Irrad/Test No. (ksi vin.) Ref
Specimen (n/cmz) (°R) Specimens Ave td Dev % Std Dev Page
Control -/140 5 35.80 2.40 6.7
9,40 (17) 140/140 5 37.42 0.88 2.4
1.70 (18) 140/140 5 36.25 2,87 7.9
SAE 9310 Steel Compact tension? Control -/140 4 38.65 6.41 16.6 5-51
(Bar) Fatigue cracked 2.40 (16) 140/140 5 33.56 6.08 18.1
4,20 (17) 140/140 5 40,01 2.70 6.7
Control -/140 4 27.49 6.52 23.7
2.40 (16) 140/140 5 31.35 7.50 23.9
4,30 (17) 140/140 5 34,09 4.33 12.7
ARMCO 22-13-5 Compact tension Control -/140 5 85.91 3.88 4.5 5=52
(Plate) Fatigue cracked 1.45 (17) 140/140 5 84.54 5,26 6.2
2,25 (18) 140/140 5 66.10 3.46 5.2
3.40 (18) 140/140 5 63.23 3.04 4.8
Beryllium WOL Control -/140 2 9.83 1.01 10.2 5-54
y - Fatigue cracked 3.25 (18) 140/140 2 6.13 1.05 17.2
& Control -/540 2 11.34  2.19 19.3
3.00 (18) 140/540 1 11.94 - -
zr¢ . ~'similar to Ky (psi vin.)d
(Plate) ~ compact tension Control -/140 1 442.5 - 5=53
ERE R Not precracked 2.89 (18) 140/140 3 310.8 116.6
Control - =/540 2 37C.8 14.6
2.61 (13) 140/540 4 393.7 31.4
U O | Kyg (ksi vin,)®
"5 XY1-.6A1-4V- . |  Center cracked Control -/140 4 63.75  2.32 5-59
(Plate welded) ~sheet 3.33 (16) 140/140 5 61.7C 1.24
ST Lo s 5.81 (17) 140/140 S 52.64 2.03
o , . f
gu -0 Center cracked . . Xo (kSi.v;n’)
sheet Control - /140 1 - 7.76 - - 5-58
2.29 (18) 140/140 2 19,20 . 1.11
Control - =/540 1 6.938 -
2,25 (18) 140/540 3 14,19 1.63
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. Table S-Z T w0
MATERIALS FRACTURE TOUGHNESS TESTED TEST CONDITIONS AND AVERA"‘ED DATA (Cont'd)
e R IS T ’ExpoSurea ~ Temp S ' e ~ Text -
Material » Type ] " E>1 MeVv Irrad/Test ~ No. o KQ (ksi‘din ) | Ref | =
A | ,Specimen- 1. (n/cm‘) __©» Specimens Ave Std Dev Z Std Dev | Page |
feu BY | Center cracked = | Control  |.  -/140 2 6.78  0.95 4.1 - 5-58 ]
R o sheet o - 2.39 (18) .140/140 2 - 16.37 - 2.5 -15.3 - ' '
: _ Control - =/540 23 1 5,93 0.47 8.6
2.35 (18) -140/540 3 T 15,61 1.20 1.7
Maximum where different for various Specimens in group
‘b, Two lots of specimens: . - :
c. Annealed for 100 min at 540°R
Toughness calculated on basis of ultimate load o o
e. Kyg is calculated at uitimate load using initial crack length '
f. Ko is calculated at 5% offset load using initial crack length
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' ’ Table S-3
MATERIALS FOR MISCELLANEOUS TESTS, TEST CONDITIONS, AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST

Exposured Temp No. Text
Material Type E >1 MeV Irrad/test Specimens % Change (irrad - control) Ref
Specimen (n/cm?) (°R) Cont /Irrad at Same Test Temp Page
A1 5086-H-34 | Kahn-type tear Tear Energy to Energy to 5-32
(Sheet) StrenEth ~ Initiate Propagate
Unwelded 2.95 (17) 140/140 3/3 13.1% -15.2 . =33.3%
‘ 2.86 (17) 140/340 3/2 2.5% 4,5 7.5
2,78 (17) 140/540 &/4 -0.08 18.2 , 13.3
Welded 2.92 (17) |140/140 3/3 40, 9% 16.4 9.9
2.8 (17) 140/340 3/3 13.9 -0.45 ' -0.22
_ 2,75 (17) 140/540 4/4 5.3 =21.9 12.0
Heat Affected | 2.89 (17) 140/140 3/3 38.7% - =5.9" -26.1%
Zone 2.81 (17) 140/340 3/3 9,5% o.11. - 20.5%
2.72 (17) 140/540 4/4 2.4 ~'421.4* ~4.3
ZrC Flexure (bar) Max Stress,;Deflection
(Plate) ' 2,84 (18) 140/140 4/3 - 6.3 0.78 5-62
2.84 (18) 140/540 4/4 =7.4 24,7
Feuralon, Round tensile , " Max Stress A
type AW Lot A 4.3(9)rad(C)| 140/140 4/4 -13,5% - 5=-70
(Sheet) 4.3(9)rad(C)| 140/540 4/4 ~-1.0
Lot B 4,3(9)rad(C)y| 140/140 4/4 -8.8
4.3(9)rad(C)| 140/540 4/4 2.8
Eeuralon, Flexure (bar) . Max Stress Deflection .
ype AW Lot A 3 .5(9)rad(C)| 149/140 5/6 9.0 0.22 5=73
(Sheet) 3.5(9)rad(€)| 140/540 7/6 -0.71 -8.4
Lot B 3.5(9)rad(C)| 140/140 4/4 = =10.3 -6.8
: 3.5(9)rad(c) 140/540 4/4 -0.63 -15.9

a. Maximum where different for various specimens in group

b. Significant change at the 95% confidence level
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Table §-1 contains a summary of the tensile test data.

5”he percent change between ‘the average values for irradiated
Jand’control Specimens tested at the same temperature are tabu-
nlated for 0. 2% offset yield stress and bench-measured elonga-

ﬁdion and area reduction. A "t" test was used to evaluate the

‘.!,

“significance or nonsignificance of the observed differences in
ithe averages.» In making the statistical test, a probability
EfﬁC¥- 0 05 (95% confidence 1eve1) was used. Significance at
n;this 1eve1 is indicated in the table by the asterisk. When
f;the difference is not indicated as being significant it does
’»f;not necessarily mean there is no difference, it may only be
fthat the experiment was not sensitive enough to detect the
sdifference if ic existed

Table S-2 gives the averaged fracture toughness data.

V?ngnecause the averages include data from some Specimens with in-

fpretation of these data should include an evaluation of pre-

LﬂyilfSPecimen.,
T \ | | : o \ n
' Table S-3 summarizes the information for a tear test of

e,;fﬂfannaluminum,_the flexure test of ZrC, and the tensile and

:3ﬂi}£iegure,tests~of Feuralon. The percent change between averaged

xii

fivalid fatigue precracks, differences were not taken. The inter-
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valuesvfor-irradiated and control specimens are given, and the
s ignificance at the 95% confidence level is indicated.
| Beryllium-copper Belleville springs were irradiated in
LN, and A-286 springs were irradiated in LN, and in air at 540°
and IZOOOR. Neither type spring had a significant change in
properties as a result of the irradiation.
As a part of Test Plan M-40-1, specimens encapsulated in
a iOOO-psi hydrogen gas atmosphere were irradiated in LN;. The
Hastelloy X and Titanium 5A1 2.,5Sn from the LNy irradiation were
maintained in LN, after irradiation and tested in LNj after
being removedrfrom the capsules. Averages for properties of
encapsulated‘and unencapsulated specimens at approximately equal
fluence groups were compared; 0,27 offset yield, maximum stress,
énd bench elongatidn were the properties considered for unnotched
specimens, whilé the maximum stress was used for notched speci-
mens., The encapsulated aluminum specimens were not tested
because it was not possible to remove them without extersive
damage to the specimens. Statistically significant differences
(at the 957% coﬁfidence level) were noted for several properties
Qf Hastelloy X, both unnotched and notched. No significant
differences were found for the titanium specimens. The results

of the analysis are summarized in Table S-4.
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" Table S-4

EFFECTS 0F‘IRRADIATION”IN’HIGH-PRESSURE HYDROGEN GAS - TEST PLAN M-40-1
{(Some data from Table S-1 included)

| Material and — Flﬁencefv BT , —
| Specimen Type | Group Properties and Signif;cance
0.27% Yield Sig | Max Stress Sig | % Bench Elong Sig
| | Encap Bare Diff]| Encap Bare Diff| Encap Bare Diff
| Hastelloy X |
Unnotched Low 121.8 148.3 yes | 178.9 208.1 vyes 29.3 46.6 yes
High 143.7 158.6 -yes | 185.0 193.4 no 22.5 38.5 yes
. Sig
Max Stress  Diff
Notched | Low 249.8 216.2 vyes

ATX

High 254.4 240.4 vyes

0.27% Yield Sig | Max Stress Sig | % Bench Elong Sig
Encap Bare Diff| Encap Bare Diff| Encap Bare Diff

‘Titanium 5A1 2.5Sn

Unnotched Low 202.4 192.6 no 207.1 197.6 no 4.9 2.5 no
! High 210.7 209.9 no 214.8 214.0 no 4.4 3.4 no
Sig
Max Stress  Diff
Notched Low 1231.5 215.7 no

High 1205.5 200.6 no

VA St B b e S
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Actuator lubricant specimens were irradiated in LHy. The
solid-film lubricant used was a proprietary formulation known
as '"Vac Kote" and was applied by Bell Brothers Research Corpora-
tion, Boulder, Colorado.

Sliding wear tests were performed on six irradiated and
seven control specimens at 540°R; seven irradiated and six
controls were tested at 1000°R. Results of the sliding wear
tests (Tables 5-35 and 5-36) showed no significant change in
wear life of the lubricant at 1000°R; however, there was a
significant improvement in wear life of the irradiated speci-

mens at 540°R.
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I. INTRODUCTIiON

This reporf documents the results of the irradiation test-
ing of selected structural materials in the experiment designated
GTR 23, The tests were performed at the Nuclear Aerospace Re-
search Facility, operated by General Dynamics, in support of the
NASA-AEC‘NERVA~program, The components were selected and pro-
vided by Aerojet Nuclear Systems Company (ANSC), Westinghouse
Astronuclear Laboratory (WANL); and the Los Alamos Scientific
Laboratory (LASL).

A total of 805 material specimens were irradiated in liquid
hydrogen, liquid nitrogen, water, or air. Prior to the irradia-
tion, a mapping run was performed to ascertain proper specimen
locations for the assigned neutron fluences in the LH, and LN,
dewars. The mapping run was made on 17 May 1972 at a power level
of 100 kW for one hour.

The 6000-MWh irradiation began 24 May 1972, The test plan
called for keeping the specimens in the LN, and LH, dewars sub-
merged in cryogen from the beginning of the irradiation throughf
postirradiation testing. After 2676-MWh of operation,
detonations in the ice that had accumulated on the exhaust line

to the LHy dewar forced a reactor shutdown and termination of




LH, flow. Investigations proved that the detonations were not

ihe result of hydrogen leakage and on 8 June the LH, dewar was
again filled and the irradiation was resumed.

Shortly after reaching the 10-MW power level (~ 45 min),
- a.number'of detonations in and around the LN, dewar forced
‘ahother'shutdown. Because these detonations damaged the dump
valves in the dewar, the dewar was removed from the irradiation
cell ahd the specimens were transferred to holding dewars in
.'fhe Irradiated Materials Laboratory. The irradiation of all

other specimens was resumed on 21 June and concluded on 7 July

\

1972,

| The detonations in the LHy exhaust line and LNj dewar re-
éuited in deviations from the test plan in that the specimens
;_1n LH, had a warmup about midway through the irradiation and
»'~the specimens in LN, received about half of the planned exposure.
‘During the period after the irradiation when the radioactivity
" af the LH) dewar and specimens was decaying sufficiently to

| ,enable bhandling, the liquid hydrogen supply was depleted because
of a faulty gage on the supply trailer. As a result of the en-

|  5u1ng warmup, it was decided that the LH, specimens would not be

tested. Most of these specimens were shipped to the Los Alamos

- Scientific Laboratories. Tests on the specimens irradiated in

. LN7, water, and in air were carried out as planned.

1-2°
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Section II describes the test materials and specimens;
Section III outlines the irradiation and dosimetry procedures;
Section IV describes the test equipment and methods; and Section
V is devoted to the discussion of the individual tests and the

presentation of the test results,
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II, TEST MATERIALS AND SPECIMENS

Table 2-1 lists the materials irradiated in GTR 23, the
type of test, and othefjﬁertinent information. Not all of the
irradiated specimens were tested at NARF, principally those from
the abortive liquid hydrogen test but including some to be tested
- elsewhere and some destroyed in the LN, dewar; these are indi-
cated in the table.

Figures 2-1 through 2-5 illustrate typical specimens of
each configuration., The metal tensile spé¢imens (Fig. 2-1) were
either flat (gage lengths of 1.0, 1.5, or 2.31 in.) or two styles
of round buttonhead (both 1.5-in. gage length); the notched ten-
sile specimens were all of round buctonhead configuration with a
notch diameter of nominally 0.18 in.

| The fracture toughness specimens (Fig. 2-2) consisted of
three sizes of éompact tension specimens and one WOL type (Be).
The small ZrC specimens and the beryllium specimens had straight
machined notches; all other specimens had chevron-style notches.
The nominal dimensions (in inches) for the various configurations

were as follows (see Fig. 5-1 for a sketch of the compact ten-

sion specimen):
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Drawing Length (X) Width (W) Thickness (B)

1138365 2.50 2.00 1.00
100E439 H38 2.50 2,00 | 1.00
1139208 1,875 1.50 0.75
577F544 HL4F 0.62 0.50 | 0.25
100E439 H18 3.20 2,55 1.00

With the exception of the ZrC, all of these specimens were fatigue

cracked.

Typical center cracked sheet fracture toughness specimens
of titanium and copper-boron are shown in Figure 2-3, The
titanium specimens were nominally 3.00 in. wide and 0.20 in.
thick. The CuBl® sheets were about 3.2 in, wide and 0.i in,

- thick and the CuBN sheets were about 3.1 in. by 0.05 in. The
actual dimensions of each specimen are given in the data tables
of Section 5-3,
| Specimens illustrated in Figure 2-4 are the Al 5086-H-34
tear; Feuraion tensile (1.0-in., gage length) and flexure (5.00
 in, long, 0.50 in. wide, 0.25 in, thick), fibrous graphite
flexure_(4;0 in. long, 0.25 in. wide, 0.2 in. thick), Al 7075-
;T73Aadhésion, and the Timken race used in the sliding wear test
of the éctuator lubricant. Figure 2-5 shows an A-286 sprirg and
 ‘ a copper-boron Belleville spring.
| Available pedigree data for the materials are contained in

 Appendix A.
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Table 2-1

STRUCTURAL MATERIALS IRRADIATED IN GTR 23

T Test " Test Configuration Irradiation
| Sponsor Specification Material Type of Test Drawing Media
ANSC M-5-1 A-286 Bolt Tensile? 1118388 LH,
M=-6-1 Fibrous Graphite Flexure? 1138147 Helium
M-7-1 Al16061-T6 Fracture Toughness 1138365 LN,
M-9-1 Ti 6Al1l 4V Tensile 1138194 LN2 & Hy0
M-9-2 Ti 6Al 4V Tensile 1138194 LNy
M-9-3 Ti 6Al 4V Sheet Fracture Toughness 1138226 LN,
M-14-1 Feuralon, Type AW Tensile 1139068 LHp
M-14-2 Feuralon, Type AW Flexure 1138147 LHyp
M-16-1 18 Ni Maraging Steel Tensile b 1138265 LNy
M-16-2 18 Ni Maraginz Steel Fracture Toughness 1139208 LNy
M-21-1 Al 7075-T73 Tensile 1138265 LNy
M-21-2 Al 7075-7173 Fracture Toughness 1138365 LNy
M-21-4 Al 7075-T73 Adhesion? 1138310 LNy & H30
M-31-1 AISTI 9310 Steel Tensile 1138265 LNy
M-31-2 AIST 9310 Steel Fracture ToughnessP 1138365 LN
" M=38-1 ARMCO Alloy 22-13-5 Tensile 1118388 LN,
M-38-3 ARMCO Alloy 22-13-5 Fracture Toughness 1138365 LNy
M=38-4 . ARMCO Alloy 22-13-5 Tensile 1138265 LN,
M-39-1 Be Cu Springs Spring Constants N/A LNy
M-40-1 Hastelloy X Tensile }1138265 LN2 & LHp
ANSC M-40-1 Ti 5A1 2.5Sn ELI Tensile 1139567 LNz & LHZ} e
~ WANL  M-40-1 & RTS-60 Al 6061-T61 Tensile {389D082 HO1 LNy & LHo]
' 3890084 HO1
44A004 Bearing Retainers -a 1139961 LH)
RTS=-56 Actuator Lubricant Timken Race N/A LH,
RTS-58 A-286 Springs Spring Constants 3880992 LN2, LHp, & Air
RTS-61 Al 6061-T61 _Fracture Toughness 100E439 H38 LN,
RTS-62 Al 5086-H-34 Tensile 100E445 HO1 LN,
~RTS=-63 " Al 5086-H-34 Tear 100E445 HOS LNy
RTS-64 - cuBlO Sheet Fracture Toughness 577F686 HO3 LNy
RTS-65 CupV Sheet Fracture Toughness 577F686 HO4 LNy
RTS-66 ZrC Flexure 388D613 LN,
RTS-67 ZrC Fracture Toughness 577F544 H14F LN,
RTS-68 A-286 Tensile® q 6098231 LN,
WANL RTS-69 Beryllium Fracture Toughness 100E439 H18 LN,

aSpecimens shipped to LASL for testing,
Some specimers shipped to LASL for testing,

‘CSpecimens lost due to detonations in dewar.

Some specimens lost due to detonation in dewar.
€Unnotched and notched specimens were irradiated bare in the cryogens

and in steel capsules pressurized with hydrogen gas at 1000425 psig.
The encapsulated specimens were irradiated in LNy only.
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ANSC 1139567
WANL 3890084 HO 1

ANSC 1138265
WANL 3890082 HO 1

WANL 609B231

\
( (

WANL 100E455 HO 1

(

ANSC 1138194

Figure 2-1 Configurations of Tensile Specimens
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ek & WANL 100E439 H18

ANSC 1138365
WANL 100E439 H38
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WANL 577F544 H14F
ANSC 1139208

Figure 2-2 Configurations of Compact-Tension Type Fracture
Toughness Specimens
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WANL 577F86 ANSC 1138226

Figure 2-3 Configurations of Sheet Fracture Toughness Specimens
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ANSC 1139068 (Feuralon)
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Figure 2-4 Configurations of Miscellaneous Specimens
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A-286 Spring

BeCu Belleville Spring

Figure 2-5 Configurations of Springs
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III. IRRADIATION PROCEDURES

Test“GTR 23 consiéted of the.irradiation and gesting ¢£;!
selected components and structural materials which were irra-
diated in LNZ, LH,, water, and air. The faét-neutron f1ueﬁées
required by the ANSC and WANL tésts called for an irradiation
of 6000 MWh. A separate low-power-level mapping run was made
.to confirm the correct positioning of the test speciméns in
the irradiation fixtures.

3.1 Radiation Source

The 10-MW Ground Test Reactor (GTR), which served as the
radiation éource for this exﬁeriment; is a light water-~-moderated,
heterogeneous, solid-fuel reactor. The core contains 33 MTR-
type aluminum-clad.fuel elements and five control rod assemblies.
The core is suSpeﬁded by an aluminum frame from upper structural
members of an aluminum tank., The water-filled tank is located
at one end of a below-grade pool leaving a dfy ifradiation cell
at the other end, The reactor is carried by a horizdﬁtal posi-
:tioning mechanism that permits it to be moved into and out ofi
the closetflike»structure built into the north wali of the |
GTR tank, ‘When in the closet, three faces of the core are

»available’fqr;ifradiationof test items placed adjaqeﬁt‘to the



f@hf;three sides of thecloseti-fdesignatedweast iwest and north.

:2effThe hydrogen dewar was placed in the east position, the nitro-

f?f}jgen dewar in the north position, and the table for components

,Qfé:fin air in the west position.

The.reactor closet is constructed of l=in. aluminum plate~

*ff gcovered (on areas adjacent to the reactor core) by a 20-mil

-?ffglthickness of cadmium to attenuate thermal neutrons. The cadmium

i@:{;extends 36 in. east and west from the-closet along the tank

 wall and 36 in. up and down from the horizontal centerline of

;f}*[éhe;reactor;core-» The‘centerline,is 59 in. above the irradia-

‘ﬂff}lrion cell floor.

oii;lB 2 Irradiation Fixtures

3 2 1 Liquid Hydrogen Dewar

’ "jdﬁt The liquid hydrogen dewar was a doubledwalled stainless-

'ﬁf;fsteel vessel with the annulus evacuated to provide an insulating
r]}ffbarrier., Inner dimensions were 24 in. diameter by 40-in. height.

:-ffffThe'dewar was equipped‘with two supply lines, one exhaust line,

L

:which carried it to the flare stack'where it was burned

'"““jdﬁié A11 penetrations through the LH2 dewar 1id were enclosed by

1iﬁ an inerting shroud atOp the lid The purpose of the shroud was

“fwiand two 1iquid 1eve1 probes. Effluent hydrogen gas was exhausted

jdirectly through.a port in the dewar lid to an exhaust gas system,;
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to prQVide an inert atmosphere (gaseous helium) in tﬁe immédiéfg ;-?i
vicinity of penetrations at theﬁlidvand far enough above thé iia :"g
to aliow the lines and cables to warm to near cell temperatureé
The‘shroud wés continually purged'ﬁith héiiUm gas; the outfiowihgﬁg ;
- gas was monitored for hydrogen COﬁtent*ahdtexhausfedAthrough tﬁé%% el
- GHp exhaust system. The seal between the sh:oud ahdyﬁhe'dewérf‘v
1id was a bolted flange with a compresSibie gasket.” Pehetfahions
into the shrdud were through welded or bolted f1angésﬁfor lines |
and tubing and hermetic'éonneCto¥;.for electriéal harnesSeS{;

3.2,2 Liquid Nitrogen Dewar

The liquid nitrogen dewar was of similar design to thosé
used previously in tests GTR 20C and GTR 22; it consisted of
a removable inner LN, contéiner and an outer chamber which main-
tained a flow of GNp around the LNy container. The inner con-
tainer was designed in such a manner that when it was attached
‘to the deﬁar 1id effluent gaseous nitrogen flowed over the front
‘edge (reactor side) of the LN, container, down the front face,
updef the'LNz’container, and back up and out the dewar vents.
Barrier plates on either side of the LN; container formed the
exhaust path for the GNo. The continuous flow of cold GN,
provided éufficient cooling of the reactor side of the irradia4

tion dewar to preclude excessive heating. The dewar was equip@ed

3-3



,itnftonLNZ suoolyilines;two liquidelevel probes, two dump
alves, and four exhaust tubes.' |

| The pressures and liquid levels in both the LN, and LH2
‘5}dewars were monitored and controlled from the Radiation Effects
;Test System (RETS) Console. The liquid level probes_were
geguipped bothgwith,resistors and thermocouples located at pre-

detemi“ed points throughout the depth of the devar. The re-

_;aiatorsvuerevconnected to a diécrete-level indicator/annunciator

‘:;ééﬁeifn The thernocouples were connected, througnka switch
,fselector, toiBristol recorder-controllers. The Bristols provide
?1automatic1évelic°ntr01 at any of the probe thermocouple loca-
i~tions. |

Pressures in both dewars and in the shroud of the LH; dewar

| were sensed by 0-15 psig transducers. The transducers were

'~1oeated outside the high radiation field of the GIR cell and were
lcbnnected to the dewars with copper tubing. The transducer
Joutputs were diSplayed at the RETS console.

3 2 3 West Table and Water Rack

An open table was installed at the west irradiation position
to holg“the air-irradiated specimens. The specimens were grouped
: éby?target fluence and located accordingly on the table which

| lextended‘fromthefcloset to the cell wall.
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The specimens irradiated in water were installed in a

water rack which attached directly to the south face of the

GTR frame.v

3.3 Dosimetgx,Procedures

Target neutron exposures for the components were specified

as the fluences of neutrons of energy greater than 1 MeV, ,Tbg.

arrive at a specimen arrangement for the various irradiation

of each specimen required the following steps:

1,

Based on data from previous irradiations, a specimen
layout based on the required neutron fluences was
made for each fixture.

Specimen locations were verified or adjusted by use
of data from a short-duration mapping irradiation.

Neutron fluences received by the specimens during
the actual irradiation were measured by means of
nickel foils. Conversion factors necessary to con-
vert measured fluences to the proper energy range
(E >1 MeV) were based on neutron spectral data ob-
tained in this and previous tests,

Prior to the 6000-MWh irradiation, both dewars and the

water rack (but not the air table) were mapped in a one-hour

irradiation at a power level of 100 kW. The dewars were filled

with cryogen and most of the material specimens were in place,

but to avoid possible damage to the electronic components during

the subsequent warmup and handling to remove the dosimeters, most

S R 1 = AT

fixtures and then determine by measurement the actual exposure ;H;,,jf
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of them were not in place during the mapping. Dosimeters were

fﬂplaced at or near the planned locations, however. Upon com-

?ffpletion of the irradiation which was made on 17 May 1972, the
f}7fixtures were removed from the irradiation cell and the dosimetry

~jwﬁsiretrieved'f0r measurement. Fluxes measured with sulfur

;pro]ected to fluences for 6000 MWwh. Data from indium foils

.«L>0 85 MeV) in conJunction with spectral data from previous

| tests were used to make the energy conversion. The conversion
fgfactors (E:>2 9. MeV to E >1 MeV) were 2.85 for air and ranged
W Hfrom 2 4 to. 3 7 for the LHZ dewar and from 3.4 to 4.8 for the
§-~ LN2 dewar. o o o
o | Cobait glass dosimeters were irradiated during the mapping
v;run at some locations of 1nterest. Neutron-to-gamma ratios
i*iﬁwere then%uqed to estimate total gamma dOSESo
The fast-newtron fluences received by the test specimens
irnridﬁring the,GT@—ZB'irradiation were measured W1th nickel foils
Z?ffiga”ttached‘to ofiplaCed near them.“ Data from these foils in
]giiconJunction wiLh the energy-range conversion factor were used
é;iiﬁto compute fluences of E >1 MeV. |
o ~Tab1e 3-1 give3~error assignments for pertinent dosimetry




Table 3-1

ERROR ANALYSIS OF DOSIMETRY MEASUREMENTS

Source of Error | Accuracy and/or | Basis
Precision

Nuclear Measurements

Neutron detectors (count data)

. Sulfur E>2.9 MeV +1% - Estimated~from count data obtained in
o | | the mapping run.

. Phosphorus E <0.48 eV +2%, . " "

. Indium E >0.85 MeV 427 I M S R

. Nickel E>2,9 MeV +1% o ‘Estimated from count data obtained

, from actual test configuration
(6000 MWh).
| Weight | iﬂ% R Estimated from sample.
| Intercalibration of Ccunters - +1% ] Estlmated frcm countlng same f011 on

--each counter.,

Gamma (Cobalt Glass) +3% - |- Estlmated from | pa1rs of Cobalt glass:_
| e gamma detectors from mapping run.
GTR'Spectrum‘,, E >1 MeV | ';ilO%", "'| Estimated from threshold detectors -
| Al, 8,1 MeV; S, 2.9 MeV; U, 1.5 MeV;
In, 0.85 MeV; Np, 0.75 MeV; and
| Pu, 1 keV,
| Basic calibration of counters . ¥5% .,;? Callbratlons of- counters with: &4 pi
3 ,}inciuding counting precisions i*f;,_ﬁﬁgx“* R | counters; beta-gamma coincidence

Ul counting and countlng standard source
‘techniques,




Table 3-1 (cont'd)

e Accuracy and/or T , SR |
e Precision |
;;] 'v”;Extrapolation from mapping run | ;ilGZ* - Judgment.
o | data to measured Ni fluences B : 1
for specimen irradiation 5
"'GOmbined (EV>1'MeV)~"V e H jﬁSZf | | Root meaﬁ square.
| Thermal neutron fluence | | +7% | Estimated by the difference between
| (E<0.48 eV) | ‘ bare and cadmium covered phosphorus
| ) o 1 (1/v) detectors which are activated
FE', | | | | independent of spectrum shape up to
1 j - D . T cadmium flux. Each detector uncer-
i | | |  rainty is +5%.
v f Averaging of fluence for each +5% ~ Used only average fluence for each |
* group of specimen (E <0.48 eV) | | | group of specimen instead of indi- ﬁ
| viduals. i
Combined (E< 0.48 eV) +182 | Root mean square: extrapolation }
| from mapping run data, calibration '
of counters, etc.
Gamma Dose : | i +19% Estimated from gamma/neutron ratio
| obtained from mapping run with co-
balt glass gamma detectors and
sulfur neutron detectors (2.9 MeV)
and measured Ni fluence (2.9 MeV)
from 6000 MWh test.




3.4 GTR-23 Irradiation

The 6000-MWh irradiation waé Stértéd.dﬁ_24 May 1972 and'7£31H;§
was concluded on 7kJu1y 1972. A Sﬁmmafy‘df thé’fea¢toﬁ”iog '.”‘vw »
is given in Table 3-2, It should'be noted that thé elapsed timé} .
at power includes only the time the reactor was operating in ‘
the closet position. |

3.5 Postirradiation

The specimens irradiated in LN, were stored in LNj.
Those to be tested in LN, were transferred to the test apparatus
without being removed from the cryogen. Specimens tested at
temperatures above 140°R were transferred from LNy to the appro-
priate temperature control apparatus at the time of the test,
At completion of the testing, the specimens were measured and
photographed, as specified, or placed in storage until post-~test
measurements were complete,

The specimens irradiated in LHp were removed from the
dewar at an appropriate time and placed in storage at ambient

temperature until testing or shipment to LASL.
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- Table 3-2

SUMMARY OF GTR-23 REACTOR LGG  , x

| Elapsed Time
: at Power u-

(_)

Accumulated

: Exposure S

(MWh)

~RemAfk8-

1w |
10 |

1 10

1w

?Eﬁ§10

10

9. s;j:‘:
if? 9 6  f§

y": 9o31  
 f 116?35

o |

10

0 33
- 0.47
4,12

| 1724 11'

' 0.10
25.97
- 0.23
30.92

.0.28
24,40

0,03
20.52
- 0.17
9,15
0.17
10.72

0.12

£ 0.06

,3.20:‘

217.10
6.92

104,45

”f‘fas.a
 286.9

1140.7
| 1105.0
' 1310.2
- 1403.1
| 1404.6
| 1511.8
- 1512.9
| 2676.4

| 2676.5

| 2716.3

| 4887.3
' 4956.5

1 3
4.6

287.0
546.7
548.8
858.0

860.7

1311.6

6001.0

GTR scram.

GTR retracted; hydrogen leak

on ramp.

GIR retracted; electronic com-
ponents data cycle.

GTR retracted; electronic com=-

 ponents data cycle.

GTR scram,

GTR shutdown; detonations in

| ice on GH, exhaust line.

'GTR shutdown; detonations in
- LNy dewar.

GTR shutdown; malfunction of
irradiation-cell exhaust
dampers.

 GTR shutdown; broken air line.

GTR scram
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V. TEST EQUIPMENT AND METHODS .

4.1 Test,Eﬁuipment

Equipment required for performing ‘specified -tests on GTRf23“ R

test specimens included:

1. Tensile test machines and associated components for
tension tests and fracture toughness tests at test
temperatures called for in the test specifications,

2. Displacement gapges for fracture toughness tests.

3. A sliding wear tester for testing an actuator lubricant.

Additional equipment used included an Optical comparator

for determination of physical dimensions of test specimens before
and after testing and a macrocamera with Polaroid attachment

~ for photographing individual specimens.

4.1.1 Tensile Test Machine and Accessories

Three tensile test machines were employed in testing the
ANSC and WANL specimens. They were the Model TT-C and Model TT-D
Instron machines and the Model 120A Baldwin test machine. The
Model TT-C (10,000-1b load capacity) and the Model TT-D (20,000~
1b load capacity) Instrons were used for testing of all tensile,
fracture toughness, tear, and flexure specimens with the excep-
tion of the Ti 6Al 4V fracture toughness specimens which were

tested on the Baldwin machine (120,000-1b load capacity).



The cryostat of the type used for immersing ANSC and WANL

‘specimens in LNZ while being tested is shown installed in the
fﬁf~31nstron strain frame in Figure b4~ 1 Figurer4-2 shows the Baldwin

-ajﬁfftester with cryostat in place. 'The‘cryoStats ‘were fabricated of

?f%ffurethane foam material The inner and outer surfaces were coatedg

E % _“,

pﬁ!fﬁwith successive layers of RTV 102 silicone adhesive and fiber-
a%"ryglass cloth with the final layer of RTV 102
' - For WANL ten81le and fracture toughness tests at 276° 340°

f:‘»and 406° R, a double-walled container having small holes in the

“;innerlmall was used for temperature control of the test specimen.

' The container_enclosed the grip and specimen section of the
j'allnstron load train. Cold nitrogen gas supplied at a controlled
efrate between the chamber walls flowed over the test specimen and
'4”,grips. ,The‘flow rate of the cold GNy was adjusted to keep the
f.:jspecimen,at,the desired temperature during testing. This double-
,E'-ﬁalledvcontaineeras also used for annealing of specimens at
“'~tem§efatures between 140° and 540°R. The Specimensfwere suse-
pended in the wire basket within the cylinder wall along with a
“_;ﬂdummy specimen instrumented withea thermocouple to monitor
ijif;temperatures during annealing. The floW'rate of the cold nitro-
ufgen,galeas:adjusted@to.keep'the Specimenvat the«desired‘tempera-
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Instron Cryostat Mounted in Test Position
4-3
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Figure 4



Figure 4-2 Baldwin Tester Used for Testing Titanium
Fracture Toughness Specimens
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In tensile tests performed above 540 R (one material) speci- |

‘men test temperature was maintained by use of a Norton Model

2285 furnace set up as shown in Figure 4-3. The temperature

calibration procedures for elevated temperature tests and for ”  ?§

the low temperature tests betweeﬁflAOo and 540°R are descfibed 15*\}ME

in Sections 4.2.2.1 and 4.2.2.2, respectively.

4.1.2 Displacement Gages for Use in Fracture Toughness .
Tests ' o

The displacement gages used in frgbture'toughness tests were
| ﬁade according to ASTM Part 31, "PrOpo;ed Method of Test for
flane-Strain Fracture Toughness of Metallic Materials,” dated

31 May 1970. Figure 4-4 is‘a drawing of a typical displacement

~ gage mounted in a specimen, and Figuﬁe 4=5 is a photograph of a

.displacement gage mounted in a specimen. Figure 4-6 is a diﬁen-‘
sional drawing of the beams and spacer block, |

The cantilever beams were made of either alpha or beta
titanium, depending upon the availability of the material.

N ‘TWO types of foil strain gages were purchased from two
separate manufacturers. Epoxy bonding material compatible with
the respective gages was chosen to bond the strain gages to the
beams, Strain gage type SA-06-125AC-350, manufacturéd by Micro-

‘MeaSurements, Romulus, Michigan, was bonded onto the beams with

4-5
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Figure 4-3 Norton Model 2285 Split Furnace Installed on
Instron Model TT-D Tester
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\ Tension Strain

A ‘/\\ ‘ Gage
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Compression
Strain Gage

Figure 4-4 Typical Displacement Gage Mounted in a Specimen
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Figure 4-5 Fracture Toughness Specimen with Displacement
Gage in Place




] Dr 313 0.142 Dia.
B 0.370 I /" 0.140 Dia.
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'\ l 1 0.375
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0.065
‘ 0.060
< 0.020 Rad
0.010 Rad
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S 0.205
]! | 0.195
0.500 I i 6407
0.490 | '
K 0.400
5/64 Drill Hole"il_ i L]
By -TUndercut il
0.045 0.072
0.142 Dia l;”: 1“'
0.140 pia YD il 0.375
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0.188
0.186

dimensions of spacer block

Figure 4-6 Dimensional Drawing of Displacement Gage Beams
and Spacer Block



s-Bond 600 epoxy. Strain gage type FSM-25-3556, manufactured
bvaLH Electronics, Waltham, Mass., was bonded onto the beams
with EPY 550 epoxy.

Two gages of the same type were bonded onto each of the
ﬁwo beams as close as possible to the beam spacer block. The
four gages were connected as shown in the sketch below. The
:bridge circuit provides maximum displacement gage sensitivity

and self temperature compensation.

- Displacement Gage Bridge Circuit

§~4;2  TéSt:Methods

¥

| 4.2,1 Axiality Checks for the ANSC Tensile Specimens
,Iqrorder to ascertain that the pull rods, the specimen grips,

and the specimens within the grips were all aligned so as to

P e e K R

prbvide axial loading of the test specimens, axiality checks
were performed prior to initiating tensile tests. The checks

were performed at room temperature on both Instron machines

i e i S Rl S

quihg é?$tr§in“gage instrumented specimen provided by ANSC.

b
£
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The axiality checks were performed in accordance with ANSC
dv'Preliminary Standard Procedure RE-1, '"Procedure for Axiality
"Determination for Tensile Test Apparatus,'" dated July 1970. The
'procedure provides a method for assessment of the stability of
;~the ioad.train, the magnitndes and directions of the bending
} etrains over the specimen length, and proportions of the bending
"strain\due to test apparatus and test specimens.
. nTﬁe following are the general requirements of the procedure:

x\_‘ii Axiality Test Specimen (ATS)

e. The ATS shall be of the same configuration in
3 the grip or holder area an the same length as
‘the specimens used for data collection.

b, The ATS shall be of a material and dimension suf-

- ficient to withstand the anticipated load required
to yield the data collection specimens without
yielding the ATS. The maximum anticipated load
should correspond to approximately 60 to 70 percent
of the ATS material yield strength.

e 2, Load Train

" a. Mark all load train components with a continuous
" vertical line. All components, except the ATS,
must be kept in the same angular position
- throughout the test series,

.b. Record the relationship between the location of

) the load train vertical line and some permanent
fixture of the test machine. An accuracy of +S
is sufficient for this purpose.

| e. ‘Record the relationship between the ATS and the

test machine so that location of strain gages
'with resPect to the test machine can be determined

4-11
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The condition of the load train for the axiality
test shall be the same as for data collection.

3. Strain Gages

Foil gages of 120-ohm resistance shall be used.
Size of the gage will be determined by the space
available.

4. Collection of Axiality Data

Record strain gage readings in microinches per inch,

a.

b.

Take strain gage readings with the load train
hanging freely.

Load the ATS to the required value and hold con-
stant while recording the output from the strain
gages.

Release the load and read the gages again.

Rotate the ATS 180° aud repeat the test, Do not
rotate the load train or any portion thereof.

Return the specimen to its original position.
Repeat the cycle of two loadings (specimen at
0° and 180°) so as to_ obtain five loadings in
the first position (0°) alternating W1th five
loadings in the second position (180°).

Axiality tests performed prior to testing all buttonhead

specimens were accomplished with an Inconel 718 buttonhead speci-

men fabricated to AGC Drawing No. 1134298-1 with strain gage

assemblies mounted according to AGC Drawing No. 1138347,

The ATS was equipped with two sets of four strain gages each.

One set of four gages was placed near each end of the gage séction,

4-12

P S e o T T S-S



T e L e e s e e : ; e

and the gages were spaced circumferentially (90o Apart) as indi-

cated in the sketch Below.

12

;"(7 in back) L.L L(3>|r,; back)

8 4
7u-‘:::}—-5 3-4(::)+-1
6 2
L-L R-R

Sketch of Strain Goge Location for Round Axuahfy
Tesf Specumen (ATS)

The‘fegglts of axiality tests performed prior to testing
the buttonhead specimens showed that the maximum bending strain
’:: due to the apparatus was‘6.8%. ANSC has concluded that a tolerance
. 6f 9.2% maximum bending strain due to apparatus at the center

nf*;Q ¢ffth¢y§pecimén will provide acceptable axiality.

- 4.,2,2 Temperature Calibration Procedures

1",4.2.2.1 vCalibration Procedures for 740°R

In the test requiring“specimens to be tested at a tempera-~

“f,gtufefof 740°R, the temperature of the Spédimen_during testing

4-13
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was controlled by monitoring and regulating the temperatures of
the specimen grips. The calibration procedure was as follows:

1. Thermocouples were embedded in both the upper and
lower grips.

2. A thermocouple was resistance welded or embedded in
the center of the gage-length section of a specimen
of the same configuration and material as that to be
tested.

3. The thermocouple-instrumented specimen was then
placed in the Instron grips and the furnace was
closed.

4, Power was applied to the furnace by each of three
temperature controllers., When the specimen-mounted
thermocouple reached the desired test temperature,
the control setting for each controller was adjusted
to maintain the desired test temperature and to
minimize temperature gradlencs between the specimen
and grips.

5. With the specimen temperature stabilized, the setting
for each temperature controller was noted.

6. During the tests, the temperature of each specimen
was controlled by the three temperature controllers
and monitored by the temperatures of the upper and
lower grips.
The calibration procedure was repeated several tiz.as st each test

temperature to ensure reproducible results.,

4.,2.2,2 Calibration of Cold GN, Fixture for Temperatures
Between 1409 and 540°R

Calibration of the double-walled GN, temperature control

fixture for test temperatures of 2760, 3400, and 406°R was

4-14



accomplished in much the same manner as for elevated tempera-
ture tests. The calibration procedure was as follows:

1. Thermocouples were embedded in both the upper and
lower grips.

2. A thermocouple was resistance welded or embedded in
the center of the gage-length section of a specimen
of the same configuration and material as that to be
tested,

3. The Instron cryostat was filled with LN, .

4. The thermocouple-instrumented specimen was then placed
in the Instron grips and the double-walled GN2 fixture
lowered into position to encase the grips and specimen.

| 5.,'The'LN2 was drained from the cryostat and flow of cold
- GN, through the double-walled fixture was initiated.

6. Flow of GNy was controlled manually until the tempera-
© ture approached to within about 50° of the desired
temperature, at which time the system was switched to
- automatic control and brought to the test temperature.
‘Once the temperature was reached, the set-point of the
- automatic control was adjusted to maintain the desired
~ temperature. The automatic control actuated a solenoid
“valve which supplied GN2 upon demand as sensed by one
of the grip thermocouples. |

'4,2;3 Annealing of Specimens at 540°R

The thermocouple-instrumented specimen was placed in LN, and
‘ fa11owed to cold sqék for 30 minutes. Then it was removed from
‘   thé LNzyandlplaced in a water batﬁ,‘ The time/temperature profile
,i;ﬁéfthe instrumentéd specimen was monitored and the time required

|  g ff6r if to reach 540°R was noted; this was found to be approximately

   1'm;bute._ Therefore, specimens scheduled fbr“annealing at 540°R
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were removed from LN, and submerged in water (1 gallon) until
approximately 5 minutes before the annealing period was complete.
They were then removed from the water, dipped in acetone, and
dried. At the end of the specified annealing period plus 1
minute, the specimens were returned to LNj until tested.

4.,2.4 Tensile Tests

For those specimens tested at 140°R, a cryostat, as described
in Section 4.1.1, was installed in the tensile test machine as
shown in Figure 4-1. The specimen to be tested was transferred
from the handling dewar to the cryostat using a small dipper so
that it remained submerged in LN, at all times. The specimen
was then loaded into the grips and tested to fracture in accord-
ance with the applicable test specifications.

For tensile tests at 340° the double-walled fixture described
in Section 4.1.1 was used in conjunction with the LN, cryostat
used in testing at I&OOR. The fixture was installed in the ten-
sile test machine so that it enclosed the specimen grips. With
the cryostat filled with LN,, the specimen was loaded into the
grips and cold GN, flow was initiated to the annealing fixture.
The LN, was then drained from the cryostat. The GN, flow rate
and temperature was varied as required to warm the specimen to

the desired temperature, as indicated by the grip thermocouples,
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and to maihtain it at temperature until the specimen had been
tested to fracture.

For tests performed at 740°R, the Norton Model 2285 furnace
was installed on the Instron Model TT-D tester as shown in
Figure 4-3., The furnace was preheated to the desired tempera-'
ture and control settings established at each test temperature

using the procedures outlined in Section 4.2.2, Each specimen
to be tested was removed from the LN, storage dewar and placed
in a water bath (1 gallon) for approximately 1 minute. Then it
was dipped in acetone and dried. The specimen was then placed
in the Instron grips, heated to the desired test temperature,

and (after a 5-minute soak period attemperature) pulled to frac-

ture,

4.2.5 Fracture Toughness Tests

All of the fracture toughness specimens were tested in
accordance with the applicable specifications. The displace=-
ment gage, described in Section 4,1.2 (Fig. 4-7), was used on
all of the materials tested as fracture toughness specimens with
the exception of the small ZrC specimens and the titanium sheet
specimens.

Tests were performed at 140°R by use of the cryostat in-
stalled in the Instron. Specimens were transferred from the

storage dewar to the test cryostat under LN,. The displacement
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gage was installed in the test specimen opening:between the two
gage points, allowed to stabilize at LN, temperature, and adjusted
by the procedures described below.

For fracture toughness tests at temperatures between 140°
and SAOOR, the same fixtures and procedures as described for
the tensile tests were used. Specimens to be tested at 540°R
were removed from the LN, storage dewar and placed in a water
bath for approximately 1 minute. It was then dipped in acetone
and dried. Installation and use of the displacement gage was
the same regardless of the test temperature.

The criteria used for evaluating the displacement gages
conformed to that stated in ASTM Part 31, "Propoéed Method of
Tést for Plane-Strain Fracture Toughness of Metallic Materials,"
dated 31 May 1970. Each diéplacement gage was tested over a
range adequate for measuring the relative diSplacement of two
gage points of a specimen under test. At zero diSplacement;the
distance between the gage points for the specimens tested was
0.20 in., and at maximum displacement, just befora crack exten-
sion, the distance between the gage points was less than 0.25 in.
Hence, the displacement gages were tested over a displacement

range from 0.20 in. to 0.25 in,
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The equipment used for evaluating the displacement gages
consisted of a Boeckeler Micrometer, a strain gage switching
'apd balancing unit, a strain indicator, a dewar to contain LNy,
.ana misoellaheous hardware.
The Boeckeler Micrometer that was used for displacement
interval settings is a precision instrument manufactured by
tn ArizonavTool and Die Co., Tucson, Arizona. The instrument can
\be read to 0.00002 in. Special jaws were made for the micro-
meter with knife edges comparable to the gage points of a speci-
men. The knife edges allowed proper engagement of the displace-
ment gage. |
A Model 225 Switching and Balancing Unit and a Model 120C
Strain'Indicator, both manufactured by BLE Electronics, Inc.,
were used for balancing and indicating displacement gage output.
The strain indicator has a readability of 1 microinch/inch.
| A minimum of three sets of data were recorded at test tempera-
tures of 140 , 273°, 406°, and 540°R, Temperature stabilization
foro30‘min was allowed (as reqmired by the test specification)
at each test temperature before readings were taken. To obtain
 ¥';)accurate data it was necessary to maintain the gage and a portion
Ggfﬂ of the micrometer at the test temperature. Readings were obtained
for ten dieplacement intervals of 0. 005 in. between 0.20 in, and
0 25 in. After each.set of data, the gage was removed and re-
T%‘:if;; installed 1n the micrometer before the next set of data was taken,
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The data were analyzed to deteét deviations from linearity
over the displacement range. The required linearity corres-
ponded to a maximum deviation of 0.00l.in. of the individual
displacement readings from a least-squares best-fit straight
line through the data. Displacement gages which did not conform
to the linearity criterion were rejected.

In setting up for the fracture toughness testing, the dis-
placement gage was connected to the Instron chart drive system
by means of an external balance potentiometer and the Instron

strain-gage preamplifier as shown in the sketch below.

—————————— e —— — —

| Instron -=

Disp. l |

Gage - Balancing i | i;frain Servo Chart {
— age =1 b

Pot ! Pre Amp Amp rive |

| |

| .

L

Sketch of Displacement Gage Connected with Instron
Chart Drive System
Calibration of the displacement gage and Instron system was
obtained with the displacement gage set in the micrometer
initially at 0.20 in. opening and the gage and a portion of the
micrometer at the test temperature. After 30 min for tempera-
ture stabilization, the strain-gage preamplifier was nulled by

alternately adjusting the external balance potentiometer and
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"~;8train-gage preamplifier balance control. Upon completion of
null the disPIacement gage was opened to force chart travel.
The gain of the preamplifier was adjusted to give the desired

B chart travel. Normally, this was 1 in, for 0.004 in. of dis-

vl",ﬂplacement gage opening. Linearity of the system was satisfac-

f.toryover-the operating range,

In testing the fracture toughness specimens, the displace-
ment gage was placed in the specimen opening between the two
,‘gage points, allowed to stabilize at the test temperature, and
then adjusted to null by the method described previously. The
Specimens were pulled at a constant loading rate, with the ex-

ception of CuB, with the load being recorded on the x axis of
the Instron chart. Chart travel in the y direction was propor-
tional to the displacement change between the two gage points.
A linear record of displacement vs load was obtained up to the
point~of crack extension,

1#4;4;2;6 Tear Test

The tear test was performed by use of the Model TT-D

‘"“'ﬁlnstron machine operated in the same manner as for tensile tests.

R ~ o |
' 'twaests at,140- and 340°R were by the same techniques as described

in Section 4 2 A, A 1oad/deformation:curve plotted on the Instron

%ihfm recbrder with the machine operating at a constant crosshead

P Speed provided the required data.
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4.2,7 Flexure Tests

Flexure tests were performed on two materials by the procedure
described in ASTM Procedure D790 (Ref. 1). The Feuralon plastic
was tested with a setup similar to that illustrated in Sketch
(a) of D790. Three-eighths-inch-diameter rods were used for
support and loading; the span was 4.0 in. The Model TT-D In-
stron operating at a constant crosshead speed was used to apply
the load.

A test fixture for the small ZrC flexure specimens was not
available so the procedure was somewhat different in that the
supports were flét surfaces with a one-inch.span. The load was
applied with a 3/8-in.-diam rod by use of the Model TT-D
Instron operating at a constant crosshead speed.

4.2,8 Test of Springs

The springs were loaded in compression by use of the Model
TT-C Instron. Load was applied at a constant crosshead speed
up to the maximum specified deflection. The Belleville springs
.were tested in a fixture which mechanically limited the compres-
sion to 0.081 in. Load/deflection charts recorded on the Instron
recorder provided the required data.

4.2.9 Sliding Wear Test

The actuator lubricant was tested by use of tire Hohman A-6

sliding wear tester (Fig. 4-7). A bearing load of 110 1b per
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Figure 4-7 Diagrammatic Sketch of Hohman A-6 Wear Tester
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rub shoe was applied to the test cup having a speed of 128
sliding feet per minute. The test was terminated when the
friction coefficient reached 0.4.

4.2,.10 Bench Measurements

Bench measurement data used for calculating percent elonga-
tion and percent reduction of area were measured with a Scherrer-
Tumico Model P-1500 optical comparator. Special fixtures were

designed to align the broken specimens and fit them together, thus
facilitating determination of specimen length at fracture and
cross-sectional area. These measurements were compared with
preirradiation data which were also obtained with the optical
comparator.

Bench measurement data required for determination of frac-
ture toughness characteristics were also obtained with the
Scherrer-Tumico optical comparator. The dimensions of the pre-
crack profile were measured after fracture; all other measure-
ments were obtained prior to irradiation.

4.2.11 Photography

Photographs were taken showing the fracture surface of selected
broken specimens. These photographs are not contained in this

report but were submitted directly to LASL.
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V. PRESENTATION OF DATA

if"QS;l ETensileiData

The tensilé data in Tablés_Sél‘thrbugh 5-16 are presented
1nfthé folIoWihg ordéf:

M-9-1 Titanium 6Al 4V (sheet)

M-9-2 Titanium 6Al 4V (welded sheet)

M-16~1 18 Ni Maraging Steel

M-21-1 Aluminum 7075-T73

M-31-1 AISTI 9310 Steel

M-38-1 ARMCO 22-13-5 Steel

M-38-4 ARMCO 22-13-5 Steel

M-4C-1 Titanium 5A1 2,5Sn (unnotched and notched)

M-40-1 Hastelloy X (unnotched and notched)

RTS~60 Aluminum 6061-T61 (unnotched and notched)

RTS=-62 Aluminum 5086-H-34 (unwelded and welded sheet)

The following general information and property data are
- presented in the data tables for the unnotched épécimens:

1. Designation of the material

2. Drawing number

3. Specimen number

4. Test condition (control or irradiated)

5. 1Instron crosshead speed

6. Irradiation and test temperatures

7. Anneal time and temperature (if any)

8. Yield stress at 0.2% offset

9. Maximum stress

10. Fracture stress

11. Percent elongation from both Instron chart and bench
measurements

5-1
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12,
13,

Percent area reduction from bench measurements g'

Fracture location specified as 1, 2, 3, or 4 corres- -
ponding to the sections indicated in the sketch, *

Sections 1, 2, and 3 were of an equal length that

depended upon the elongation. T or O indicates that
the break was, roughly, transverse or oblique, res-
pectively,

-Gage Section
L__l/sll Q

2123

Similar information is given for the notched specimens

except that the tensile data consists of:

1.
2,
3.
4,

Average notch diameter
Area at notch
Fracture load

Fracture stress

Averages, standard deviations, and percent standard devia-

tions have been computed for each group of specimens irradiated

and tested under the same conditions. Table S-1 in the Summary

gives the percent difference between data for the irradiated

and control specimens and indicates if the difference is statisti-

cally significant at the 95% confidence level.
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Table 5-1

TENSILE DATA FOR TITANIUM tAl 4V SHEET IRRADIATED AT 140°R . %

TESTED AT 140° AND 540°R

iznﬁﬁhsad_Snefd = 0.075 in./min (Specification M-9-1)
Tensile Scress % Elongation Radiation Exposure
. - % Area :
Sgec;men %jir 5.2% Max Fract Bench Chart Reduct Egi:g;ri Neutzﬁ?cg%?ence
umber (5§? Offset (ksi) {ksi) To Max To (Bench) ©
| d (ksi) Stress Fract E >1 MeV E <0.48 eV
122 140 200.1 - 215.4 215.4 19.2 18.7 18,7 11.1 Control
32 140 202.1 214.9 214.9 19.3 17.3 17.3 9.9 Control
43 140 197.3 216.0 215.1 23,2 18.0 24.3 15.8 Control
AVG 199.8 215.4 215.1 20.6 18.0 20.1 12,27
STD DEV 2.41 0.55 0.25 2,28 0.70 3.70 3.12
% STD DEV 1.21 0.26 0.12 11.1 3.89 18.43 25.42
20 140 204.3 215.6 215.3 23,0 18.3 23.1 10.8 3.05 (16) 1.8 (15)
28 140 203.8 215.5 215.3 12.3 8.5 12.1 11.3 3.05 (16) 1.8 (15)
34 140 204,0 216.7 216.5 20.9 16.4 21.2 13.0 3.05 (16) 1.8 (15)
AVG 204.0 215.9 215.7 18.7 14.4 18.8 11.7
STD DEV 0.25 0.67 0.69 5,67 5.20 5.88 1.15
% STD DEV 0.12 0.31 0.32 30.26 36.09 31.27 9.86
- 16 140 213,2 223.1 219.4 12,2 4.5 13.8 15.5 4,70 (17) 1.8 (16)
21 140 207.5 224.6 222.1 16.8 6.2 17.9 10.4 4,70 (17) 1.8 (16)
33 140 207.4 224.5 219.6 17.2 4,1 15.8 11.3 4,70 (17) 1.8 (16)
- AVG 209.4 224 .1 220.4 15.4 5.0 15.8 12.4
STD DEV 3.32 0.84 1.50 2,78 1,10 2,05 2,72
% STD DEV 1.59 0.37 0.68 18.04 22.09 12,95 21.95
31 540 124.4 134.2 124.4 17.5 6.9 17.2 12.3 4,70 (17) 1.8 (16)
&4 540 125.1 134.8 125.6 17.0 7.2 16.7 17.0 4,70 (17) 1.8 (16)
AVG 124.8 134.5 125.0 17.2 7.0 17.0 14.6
STD DEV C.5 0.4 0.8 0.4 0.2 0.4 3.3
9, STD DEV 0.4 0.3 0.7 2.0 3.0 2.1 22.7
19% 140 196.1 218.2 218.0 12,2 5.1 11.0 6.0 4,70 (17) 1.8 (16)
24% 140 201.9 219.1 218.8 16.0 6.0 14.9 12.3 4,70 (17) 1.8 (16)
37% 140 201.8 218.9 218.6 22.9 5.4 18.4 9.9 4.70 (17) 1.8 (16)
AVG 199.9 218.7 218.5 16.7 5.5 14.8 9.4
STD DEV 3.32 0.47 0.42 4.9 0.46 3.70 3.18
% STD DEV 1.66 0.22 0.19 29.53 8.33 25.07 33.83
Annealed for 100 min at 540°R

ANSC Dwg. No. 1138194-1909. Data to be used for material evaluation only. Do not use for design,




" Table 5-2

 TENSILE DATA FOR TITANIUM 6A1 4V SHEET IRRADIATED IN WATER AT 550°R AND TESTED AT 140° and 540°
Crosshead Speed = 0. 075 in./min

(Specification M-9-1)

Tensile Stress % Elongation Radiation Exposure
. % Area '
Specimen Test 0.92% Max Fract Bench | Chart Reduct Fract?re NeUtEg?c:%§ence
Bumber igmp Offset (ksi) (ksi) To Max To (Bench) Location — ;

. R (ksi) ' Stress Fract ' E >1 MeV E <0.48 eV
' 25 540 120.1 131.2 122.8 18.2 9.5 18.1 13.4 Control.
29 540 122.1 133.1 124.1 19.5 9.5 18.5 13.4 Control
35 540 122.7 134.7 124.9 19.7 8.7 18.9 15.7 -~ Control
AVG 121.6 133.0 123.9 19.1 9,2 18.5 14.2 :
STD DEV 1.36 1.75 1,06 0.81 0.46 0.40 1.33
% STD DEV 1.12 1.32 0.85 4.25 5.00 2,16 9.37
23 140 203.3 215.5 214.3 19.0 14.1 18,7 15.9 1.52 (17) 6.6 (17)
27 140 204.3 214.9 214.2 19.9 13.9 20.0 15.1 1.52 (17) 6.6 (17)
39 140 203.5 216.2 215.2 23.4 17.3 23.1 16.2 1.52 (17) 6.6 (17)
AVG 203.7 215.5 214.6 20.8 15.1 20,6 15.7 .
STD DEV 0.53 0.65 0.55 2,32 1.91 2,26 0.57
% STD DEV 0.26 0.30 0.25 11.19 12.63 10.97 3.61 _ .
17 540 122.6 132.9 125.5 17.8 8.0 17.4 13.7 1.52 (17) 6.6 (17) |
41 540 121.0 '132.0 122,7 19.9 8.3 17.9 16.7 1.52 (17) 6.6 (17)
42 540 122.2 133.7 125.9 18.6 9.3 18.1 12.8 1.52 (17) 6.6 (17)
AVG 121.9 132.9 124,.7 18.8 8.5 17.8 14.4 '
STD DEV 0.83 0.85 1.74 1.06 0.68 0.36 2,04
% STD DEV 0.68 0.64 1.40 5.65 7.98 2,03 14,18
26 140 202.9 219.4 217.9 18.4 5.0 18.8 14.5 1.20 (18) 7.8 (18)
30 140 208.4 220.6 218.2 22.4 4,9 21.8 16.0 1.20 (18) 7.8 (18)
36 140 204.7 220.7 218.3 21.9 4.8 20.5 14.0 1.20 (18) 7.8 (18) .
AVG 205.3 220,2 218.1 20.9 4,9 20.4 14.8 ‘ :
STD DEV 2,80 0.72 0.21 2.18 0.10 1.50 1.04
% STD DEV 1.37 0.33 0.09 10.43 2.04 7.39 7.02
18 540 127.1 136.1 - 126.1 16.2 7.3 18.8 15.1 1.20 (18) 7.8 (18)
38 540 126.6 135.0 124,2 16.4 6.6 16.2 14.3 1.20 (18) 7.8 (18)
40 540 125.8 134.6 129.7 13.6 6.2 11.8 11.7 1.20 (18) 7.8 (18)
AVG 126.5 135.2 126.7 - 16.4 6.7 15,6 13.7
STD 0.66 0.78 2.79 2,80 0.56 3.54 1.78
% STD DEV 0.52 0.57 2,20 17.07 8.31 22,68 12,97

ANSC Dwg. No. 1138194-1909.

Data to be used for material evaluation only.

S G M T e

Do not use for design.
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Table 5-3

TENSILE DATA FOR TITANIUM 6Al1 4V WELDED SHEET IRRADIATED AND TESTED AT 140°R
{Specification M-9-2)

Crosshead Speed = 0.050 in./min

Tensile Stress

7% Elongation

Radiation Exposure

i
i

Specimen Test 0.2% Max Fract Bench Chart éégzii Fracture Neutzg7cg%$ence
Number Lemp Offset (ksi) (ksi) To Max To (Bench) |Location !

(°R) (ksi) Stress Fract E >1 MeV E <0.48 eV
52 211.5 217.3 216.7 15.2 12.2 15.2 17.6 Control
54 211.2 217.7 216.2 14.0 11.8 14.3 12.7 Control
56 213.7 218.6 216.6 16.9 11.2 16.2 7.2 Control
59 211,7 218.5 218,2 14,1 12.6 14,7 9.7 Control
60 212.1 218.5 217.9 14.6 5.6 14.3 11.5 Control
AVG 212,0 218.1 217.1 15.0 10.7 14.9 11.7
- STD DEV 0.98 0.58 0.88 1.18 2.89 0.80 3.88
% STD DEV 0.46 0.27 0.40 7.92 27.03 5.32 33.01
47 214.1 219.4 217.6 15.9 11.4 15,7 13.4 3.05 (16) 1.80 (15)
49 212.9 218.4 217.6 12.2 4.6 12.2 14.4 3.05 (16) 1.80 (15)
50 214.6 219.1 218.5 14,0 9.9 13.7 16.2 3.05 (16) 1.80 (15)
51 209.3 218.2 216.7 12.6 8.8 13.1 15.9 3.05 (16) 1,80 (15)
53 212.6 218.7 218.4 13.1 10.1 13.1 17.7 3.05 (16) 1.80 (15)
-AVG 212.7 218.8 217.8 13.6 9.0 13.6 15.5
STD DEV 2.07 0.49 0.73 1.47 2,61 1.31 1.67
% STD DEV 0.97 0.22 0.33 10.85 29,09 9.67 10.74
46 215.5 225.4 218.0 15.2 3.0 14.6 1.8 4,7 (17 1.80 (16)
48 219.8 225.9 223.1 10.4 2.3 9.4 6.6 4.7 (A7 1.80 (16)
55 218.4 223.9 222.4 3.8 2.6 7.9 5.5 4,7 (17 1.80 (16)
57 215.7 223.4 221.0 8.1 2.7 7.4 3.8 4,7 (17) 1.80 (16)
58 215.9 224.,5 222.2 8.2 2.8 7.9 7.5 4.7 (@7) 1.80 (16)
AVG . 217.3 224.,6 221.3 10.3 2.7 9.4 5.1
STD DEV o 1.78 1,03 2,01 2,89 0.26 2.98 2,21
7% STD DEV 0.82 0.46 0.91 27.99 9.66 31.57 45,52

ANSC Dug.

Wo. 1138164-2709,
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Tablé 5<4

TENSILE DATA FOR 18 NI MARAGING STEEL F“RGING IRRADIATED AND TESTED AT 140°R

(Specification M-16-1)

Tensxle Stress

% Elongation

‘Radiation Exposure °

9~S

P T T N

: ' o % Area o ' -
Specimen Test 0.2% Max Bench | Reduct Fracture.i ﬂeutrégr}ci%t)xence
Number ;Tgmp Offset (ksi) To Max (Bench) Location | - _
, } ) (°R) (ksi) - Stress E D1 MeV E <0.48 eV
Lot 1 T ' '
169 321.3 333.3 5.9 1.0 . 6.3 45.2 1/T Control .
173 3251 332.8 6.2 1.0 6.0 - I 40.7 3/T _Control
‘AVG - 323.2 333.0 6.0 1.0 6.1 42.9 -
STD DEV 2.69 0.35 0.21 0.0 0.21 3.18
% STD DEV 0.83 0.11 3,51 0.0  3.45 7.41
{168 320.5 330.1 7.0 1.0 7.4 52.7 2/T 8.4 (16) 4.5 (15)
172 325.8. 336.9 7.1 1.1 6.5 47.8 3/T 9.0 (16) 4.5 (15)
AVG 323.1 333.5 7.0 1.0 6.9 50.2
STD DEV 3,75 4,81 ° 0.07 0.07 0.64 3.46 :
% STD DEV 1.16 1.44 1.00 6.73 9.16 6.89 G
170 327.4 338.9 7.4 1.2 6.9 42.9 3/T | 1.40 (18) 4.5 (16)
171 331.4 342.0 7.0 1.1 6.8 49.6 2/T 1.66 (18) 4.5 (16)
AVG 329.4 340.0 7.2 1.1 6.8 46.2 |
STD DEV 2.8 2,2 0.28 0.07 0.07 4,74
% STD DEV 0.9 0.6 3,93 6.15 1.03 10.24
Lot 2 A
177 318.8 326.4 6.1 0.8 6.1 44.5 3/T Control ~
178 319.3 326.5 7.0 1.0 7.1 - 49.4 3/T Control
AVG 319.0 326.4 . 6.5 0.9 6.6 46.9
STD DEV 0.35 0.07 03 0.64 0.14 0.71 3.46
% STD DEV 0.11 0.02 78 9.72 15.71 10.71 7.38
176 314.1 326.7 3 6.1 1.0 6.5 47.2 3/T 7.5 (16) 4,5 (15)
174 320.2 329.9 9 6.2 1.0 7.1 48.8 3/T 1.03 (17) 4.5 (15)
“|ave 317.1 328.3 6 6.1 1.0 6.8 48.0 | | |
STD DEV 4.31 2.26 23 0.67 0.0 0.42 1.13
% STD DEV 1.36 0.69 30 1.15 0.0 6.24 2.36 |
175 324.9 ©333.5 7 5.3 0.8 5.8 45.3 2/T 1.60 (18) 4.5 (16)
179 325.5 334.7 7- 4.0 0.8 5.8 44.7 3/T 1.78 (18) 4.5 (16)
AVG 325.2 334,1 0 4.6 0.8 5.8 45.0 : -
STD DEV 0.42 0.85 41 0.92 0.0 0.0 0.42
% STD DEV 0.13 0.25 59 19.77 - 0.0 0.0 0.94

ANSC Dwg. No. 1138265-120.

Ly
Ehg

Data to be used for material evaluation only.

Do not use for design,
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Table 5-5

TENSILE DATA FOR ALUMINUM 7075-T73 FORGING IRRADIATED AND TESTED AT 140°R

Crosshead Speed = 0.050 in./min (Specification M-21-1)
Tensile Stress % Elongation Radiation Exposure
Specimen Test 0.2% Max Fract Bench Chart - éegzii Fractgre Neutf§7cg%§ence
Humber ngp Offset (ksi) (ksi) To Max - To (Bench) I
, (°R) (ksi) Stress Fract - E >1 MeV E <0.48 eV

|156 76.9 94,2 92.0 1z.6 10.6 12.7 19.4 3/0 Control

159 78.2 85.8 93.7 11.9 9.8 12,1 16,2 2/T Control

163 78.4 94.9 93.1 12.2 10.2 12.1 18.9 3/0 Control

165 71.4 93.1 92.0 11.0 2.4 1l1.¢C 18.7 2/0 Control

AVG 76.2 92.0 92,7 11.9 10.0 12.0 18.3

STD DEV : 3.28 4.20 0.85 0.68 0.52 - 0.71 1.43

% STD DEV 4,31 4,56 0.91 5.70 5.16 5.92 7.82

162 82.9 95.8 109.8 13.2 9.2 12.6 17.0 3/0 2.30 (17) 1.8 (16)

167 - 82.4 95.1 92.9 12.9 10.3 13.1 17.4 2/0 2.65 (17) 1.8 (16)

161 86.6 94.3 91.7 12,0 7.0 9.7 21.0 3/T 2.95 (17) 1.8 (16)

166 - 82.6 ~94,6 84.7 11.6 9.6 11.1 19.4 2/0 - 3.00 (17) 1.8 (16)

AVG 83.6 94.9 94.8 12.4 9.0 ~11.6 18.7

|STD DEV 1.99 0.66 10.65 0.75 1.42 1.54 1.86

% STD DEV 2.38 0.69 11.24 6.04 15.78 13.24 - 9.9

158 90.6 92.2 -70.2 10.9 8.2 11.2 20.5 2/0 2.89 (18) 4.9 (16)

157 92.0 92.3 82.3 11.0 0.0 10.7 26.1 1/0 3.28 (18) 4.9 (16)

160 92.1 92.3 81.5 ‘ 11.3 0.0 11.2 28.6 2/0 3.70 (i8) 4.9 (16)
1164 ‘92.3 92.6 82.6 10.9 0.1 10.3 24,5 2/0 - 3.73 (18) 4,9 (16)

AVG 91.7 92.3 79.1 11.0 2.1 10.8 24.9

STD DEV 0.78 0.17 5.98 0.19 4.08 0.44 3.40

% BTD DEV 0.85 0.19 1.72 196.80 4,02 13.63

7.56

ANSC Dwg. No. 1138265-114. Data to be used for material evaluation only. Do not use for design.
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Table 5-6

TENSILE DATA FOR AISI 931 ﬂBAR IRRADIATED AND TESTED AT 140°R
. - (S ecificabion M—31-1) : B

' Crosshead Speed = 0.050 in./min =

‘ Tegs;lewotress

% Elengation

% Area. |..

‘Radiation Exposure -

T e ———

Specimen Test | o o >  Chart Area. lpracture |’ = Neutron Fluence
SUmber Tem| : Lok : i Ma}f 4‘FraCt BEHCh i I e v ReduCt‘ Location | (n/cm ) .
. (QRg' 0ff§e§ © (ksi) _(ksi) I “ To Max ~ To (BSHCh)* ation | e
- (ksi) ST i e Stress 'Fract o - E >1 MeV “E <0 L8 eV
1 220.9 - 250.8 . 201.5 13.9 ¢ 5,2 ¢ 14,1 43,2 - 2/T | . Control
7 222.7 254,1 184.3 13.4 5.1 13,1 52.6 2/T . Control
AVG 221.7 252.5 192.9 13.7 . 5.2 - 13,6 -47.9 :
'STD DEV 1.41 2.33 12,16 0.35 0.07 0.71 - 6,65
% STD DEV - 0.64 0.92 6, 30 2.59 . 1.37 5.20 13.88 - _ ‘
6 1226.3 2560 200.1 1.8 5,2 12.0 46.2 | 3/T 2,40 (16) 1.8 (15) |
4 228.8 256.2 189.9 12,4 5.1 - 13.1° 1 50.8 2/t . 2,60 (16) 1.8 (15)
3 226.1 255.7 197.5 13.1 4.6 13.6 “47.8 2/T - 2,80 (16) 1.8 (15)
AVG 227.1 256.0 195.8 12,4 5.0 12.9 48.3 - _
'STD DEV 1.50 0.25 5.30 - 0,65 0.32 0.82 2.34 )
% STD DEV 0.66 0.10 2.71 5.23 6.47 6.35 4.84 ) B _
2 225.9 253.6 181.6 11.8 4.2 11,9 53.9 2/T 2.30 (17) 1.8 (16)
8 224,5 257.6- 172.0 12,5 4.0 12,7 58,7 | -3/T 2.65 (17) 1.8 (16)
5 225,7 256.5 165.3 13.2 4.5 - 13.9 59.6 2/'1‘ 3.00 (17) . 1.8 (16)
AVG - 225.4 255.9 173.0 12,5 - 4.2 12.8 57.4
STD DEV 0.76 2,07 8.19 0.70 0.25 1.01 3.06
% STD DEV 0.34 0.81 4,34 5.60 5.95 7.84 5.34
ANSC Dwg No. 1138265-117. Data to be used for material evaluation only. Do not use for design,
P ST RS T -A T T A A T R R G G S e T e o .
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Table 5-7

TENSILE DATA FOR ARMCO ALLOY 22-13-5 WELDED FORGING TRRADIATED AND TESTED AT 140°R

Crosshead Speed = 0,050 in./min (Specification M-38-1) —
' Tensile Stress % Elongation ~ Radiation Exposure 4
&
. % Area " . 3
Specimen Test 0.2% Max Fract Bench Chart Reduct Fract?re NeJtig?cg%;ence g
Mumber fﬁ:? 0ff§Et (ksi) (ksi) To Max To (Bench) Location
(ksi) _ Stress Fract , E >1 MeV E <0.48 eV
2-3 111.0 155.5 155.5 14,7 13.1 13.1 21.9 2/T 2.30 (17) 1.8 (16)
6-3 111.0 161i.1 161.1 13.5 12,1 12,1 18.4 2/T 2,65 (17) 1.8 (16)
1-3 107.0 162.9 162.9 17.4 16.8 16.8 19.6 1/T 3.00 (17) 1.8 (16)
AVG 109.0 152.8 159.8 15.2 14.0 14.0 20.0
STD DEV 1.73 3.86 3.86 2.00 2,48 2.48 1,78
% STD DEV 1.59 2,41 2,41 13.14 17.69 17.69 8.91
1-4 141.1 185.0 185.0 14.8 14.3 14.3 15,7 3/T 2.89 (18) 4,9 (16)
6-4 150.9 189.0 189.0 10.8 8.9 8.9 15.3 3/T 3.28 (18) 4.9 (16)
2-4 144.3 182.6 182.6 14.5 13.1 13.1 25.9 2/t 3.70 (18) 4.9 (16)
AVG 145.4 185.5 185.5 13.4 12.1 12.1 19.0
STD DEV 5.00 3.23 3.23 2.23 2.83 2,83 6.01
% STD DEV 3.44 1.74 1.74 16,67 23.43 23,43 31.67

ANSC Dwg No. 1118388-3215. Data to be used for material evaluation only. Do not use for design,
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Grosshead Speed = 0,050 in./gia

Table 5-8

~ TENSILE DATA FOR ARMCO ALLCY 22-13-5 PLATE IRRADIATED AND TES

(Specification M-38-4)

TED AT 140°R

Tensile Stress

% Elongatibn

Radiation Ekposure

01-$

. % Area
Specimen Test 0.2% Max Fract Bench Chart Reduct Fracture Neutig7cg%§ence
Number %gg? 0ff§et (ksi) (ksi) To Max To (Bench) Location
(ksi) V Stress Fract E >1 Mev E <0.48 eV
211 156.0 214.3 214.3 21.2 22.0 22,0 19.60 3/T Control
214 154.1 211.5 211.5 16,7 17.3 17.3 17.0 3/T Control
‘216 159.2 222.9 222.9 22.3 23.2 23.2 17.7 1/T Control
AVG 156.4 216.2 216.2 20.1 20.8 20.8 17.9
STD DEV 2.58 5.9% 5.9 2.97 3.12 3.12 1.01
% STD DEV 1.65 2,75 2.75 14.79 14.97 14,97 5.67
213 181.9 234.4 234.4 18.9 19.3 19.3 17.2 3/0 6.82 (17) 4.5 (16)
1217 175.9 226.7 225.9 14.9 14.6 14,7 14.7 3/T 7.87 (17) 4.5 (16)
212 175.2 221.7 221.7 11.8 11.6 11,6 13.0 3/T 8.92 (17) 4.5 (16)
AVG 177.7 227.6 227.3 15.2 15.2 15.2 15.0
STD DEV 3.68 6.40 6.47 3.56 3.88 3.87 2.11
% STD DEV 2.07 2.81 2.85 23.42 25,6 25.5 14.12
210 200.5 242.9 242.,9 15.2 15.6 15.6 15.9 3/0 2.89 (18) 4.9 (16)
215 201.8 239.4 239.4 14.1 14.2 14,2 15.3 3/T 3.28 (18) 4.9 (16)
218 203.4 240.0 240.0 12,7 13.0 13.0 13.1 3/T 3.70 (18) 4.9 (16)
{AVG 201.9 240.8 240.8 14.0 14.3 14.3 14.8
STD DEV 1.45 1.87 1.87 1.25 1.30 1.30 1.47
% STD DEV 0.72 0.78 0.78 8.95 9.12 9.12 9.98

ANSC ﬁwg. No. 1138265-115. Data to be used for material evaluatioﬁnaai§. Do nct use for design.
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Table 5-9-A

TENSILE DATA FOR UNNOTCHED TITANIUM 5A1 2.5Sn IRRADIATED AND TESTED AT 140°R
(Specification M-40-1)

Crosshead Speed = 0.050 in,/min

Tensile Stress % Elongation Radiation Exposure
Specimen Test 0.2% Max Fract Bench Chart éegiii Fracture NGUtr07 F%?ence
Number Tgmp Offset (ksi) (ksi) To Max To (Bench) Location (n/cm
(°R) (ksi) Stress Fract E >1 MeV E <0.48 eV
45 174.5 186.9 174.5 17.7 9.6 17.8 32,6 3/T Control
48 186.7 198.2 189.6 14,2 8.6 4.4 31.6 1/T Control
49 173.9 186.3 176.8 14.1 7.1 14.0 23.4 3/T Control
50 187.4 197.9 187.7 11,8 6.3 12,2 32.8 2/t Control
55 173.7 183.5 182.5 8.2 5.9 7.7 16.1 3/T Control
70 177.7 186.0 178.4 11.7 4.9 11.%5 25.7 3/T Control
77 176.9 187.1 183.2 16.3 6.7 15.8 25.4 3/T Control
80 174.7 187.1 177.9 14.0 8.9 13.8 31.5 3/T Control
81 181.0 191.8 181.0 13.6 7.1 13.6 29.0 3/0 Control
Avg 178.5 189.4 181.3 13.5 7.2 13.4 27.6
Std Dev 5.4 5.3 5.0 2.8 1.5 2.8 5.5
% Std Dev ‘ 3.0 2.8 2,8 29.4 21.1 21.1 20.0
72 196.6 200.8 193.8 4.5 1.5 4.0 21.1 3/T 1.05(18) 4.9(16)
59 203.0 207.2 189.9 5.6 1.2 5.2 27.4 3/T 1.18(18) 4.9(16)
71 201.0 204.2 186.5 4.8 0.9 4.5 28.2 3/T 1.32(18) 4.9(16)
47 213.0 218.4 204.7 5.8 1.4 5.4 24,2 3/0 1.35(18) 4.,9(16)
35 '212.,2 217.9 204.3 5.3 1.2 5.0 25.3 1/T 1.36(18) 4.,9(16)
44 ; 197.9 203.2 190.3 4.6 1.4 5.8 24,7 2/t 1.40(18) 4.9(16)
83 ' 199.1 203.5 191.7 4.0 1.1 3.9 21.1 2/t 1.40(18) 4.,9(16)
66 _ 201.9 206.0 191.7 3.8 1.2 3.9 23.1 3/0 1.43(18) 4.9(16)
63 197.2 202.6 189.0 5.3 1.4 5.1 28,1 3/0 1.45(18) 4.9(16)
Avg 202.4 207.1 193.5 4.9 1.3 4.8 24.8
Std Dav |- 6.2 6.5 6.5 0.7 0.2 0.7 2.7
7% Std Dev 3.0 3.2 3.4 14.3 15.0 14.8 11.1
74 209.7 212,2 189.4 4.9 0.9 4.7 28.3 3/T 2,70(18) 4,5(16)
52 205.9 207.1 196.6 2.2 0.5 2.1 21.4 3/T 3.00(18) 4.5(16)
65 218.8 222.9 204.5 4,0 0.9 3.8 21.3 3/T 3.19(18) 4.5(16)
64 205.9 208.7 193.2 4.1 0.9 3.8 22.0 3/T 3.20(18) 4,5(16)
78 218.8 221.3 208.3 3.3 0.6 3.0 i8.1 2/t 3.39(18) 4.5(16)
42 199.2 207.4 191.2 5.8 1.7 5.4 26.1 2/t 3.40(18) 4.5(16)
43 206.0 211.7 192.4 6.0 1.4 5.3 29.3 3/t 3.59(18) 4.,5(16)
56 199.9 204.1 196.8 4.1 1.4 3.2 24 .4 3/T 3.60(18) 4,5(16)
69 232.4 238.1 217.2 5.6 1.2 5.0 26.4 2/0 3.77(18) 4.5(16)
Avg 210.7 214.8 198.6 4.4 1.1 4.0 24,1
std Dev 10.7 10.8 9.0 1.3 0.4 1.1 3.7
% Std Dev 5.1 5.0 4.5 28,2 37.6 28.4 15.3

ANSC Dwg No. 1138265. Data to be used for material evaluation only. Do not use for design.




' Table 5-9-B
TENSILE DATA FOR UNNCTCHED TITANIUM 5A1 2.5Sn ENCAPSULATED IN HYDROGEN GAS AND

Crosshead speed = 0.05 in./min I“RADIATﬁgﬁggiéﬁgggiggfﬁﬁiﬁ?E? AT 140°R
Tensile Stress @ % Elongation Radiation Exposure
el BT ey m—— Y R
S si) (ksi) To Max To (Bench)
(ksl) Stress Fract E >1 MeV E <0.48 eV
27 >202.4 268.5 193.5 3.2 0.9 2.9 27.2 2/t 3.40(18) .' 4.5(16)
: 29 220.2 224,1 205.2 3.6 0.6 1.3 30.8 3/T 3.38{18) 4.5(16)
32 207.2 209.4 189.4 3.3 0.4 1.9 32.0 3/T 3.35(18) 4.5(16)
Ave 209.9 214.0 196.1 3.4 0.6 2.0 30.0
Std Dev 9.21 8.76 8.25 .21 0.25 0.81 2,50
% Std Dev 4.39 4.09 4,21 6.18 39.74 39.75 8.33
24 195.4 200.4 189.7 2.0 0.5 1.8 20.9 3/T 5.33(17) 4.9(16)
25 178.9 181.4 169.0 2,6 0.6 2.0 25.5 2/t 9.14(17) 4.9(16)
28 - 197.3 200.5 187.5 2.3 0.4 1.3 27.9 3/t 6.70(17) 4.9(16)
v 30 206.9 216.6 199.2 2.7 1.0 3.6 27.6 | 2/t 7.70(17) 4.9(16)
” 31 181.4 186.2 171.5 2.9 0.7 2,6 29.1 3/t 8.66(17) 4.9(16)
33 195.7 200.5 187.1 2.6 0.5 2.4 24.5 2/T ©7.26(17) 4.9(16)
Ave 192.6 197.6 184.0 2.5 0.6 2.0 25,92
Std Dev 10.56 12.47 11.55 0.32 0.2 1.0 2.97
% Std Dev 5.48 6.31 6.28 12.67 34.65 47.95 11.48

ANSC Dwg. No. 1138265. Data_to be used for material evaluation only. Do not use for design.
8prea taken to be 0.0314 in.2,

S e
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Table 5-10-A

TENSILE DATA FOR NOTCHED TITANIUM S5A1 2.5Sn IRRADIATED AND TESTED AT 140°R
(Specification M-40-1)

Crosshead Speed = 0.050 in/min

Ave Notch Area at Fracture Fracture Neutron Fluence
Specimen Diam Notch Load* Stress (n/cmz)
No. (in.) (in.2) (1b) (ksi) E>1 MeV E<0.,48 eV
9 0.1777 0.0248 6290 253.8 Control
18 0.1824 0.0261 6160 235.7 Control
19 0.1815 0.0259 6100 235.9 Control
20 0.1829 0.0263 6140 233.8 Control
27 0.1814 0.0258 6500 251.5 Control
29 0.1818 0.0259 6150 237.0 Control
37 0.1785 0.0250 5400 215.9 Control
45 0.1823 0.0261 6600 253.0 Control
Ave 6168 239.5
Std Dev 360.0 12.8
% Std Dev 5.8 5.4
17 0.1824 0.0261 6150 235.5 1.12(18) 4.,9(16)
34 0.1825 0.0262 6080 232.4 1.25(18) 4.9(16)
28 0.1826 0.0262 6310 241.0 1.34(18) 4.9(16)
43 0.1827 0.0262 6240 238.0 1.36(18) 4.9(16)
41 0.1806 0.0256 5620 219.4 1.38(18) 4.9(16)
26 >5000%* Off Scale 1.42(18) 4.9(16)
6 0.1822 0.0261 5900 226.3 1.42(18) 4.9(16)
44 0.1816 0.0259 5900 227.8 1.46(18) 4.9(16)
Ave 6029 231.5
Std Dev 238.5 7.5
% Std Dev 4.0 3.2
31 0.1824 0.0261 5450 208.6 2.85(18) 4.5(16)
8 0.1784 0.0250 4550 182.0 3.10(18) 4,5(16)
21 0.1813 0.0258 4400 170.4 3.31(18) 4.5(16)




Table 5- 10-A

TENSILE DATA FOR NOTCHED TITANIUM 5A1 2.5Sn IRRADIATED AND TESTED AT 140°R (Cont'd)

(Specification M-40-1)

¥1-6

ANSC Dwg. No. 1139567.

Dt i e TSP S

Ave Notch Area at Fracture Fracture Neutron Fluence
Specimen "~ Diam Notec Load* Stress (n/cnz)
~ No. _(in.) (in.“) (1b) (ksi) E>1 MeV E<0,48 eV
13 0.1826 0.0262 5620 214.,7 3.29(18) 4,5(16)
35 0.1822 0.0261 6000 230.1 3.49(18) 4.5(16)
7 0.1809 0.0257 4810 187.2 3.50(18) 4,5(16)
30 0.1823 0.0261 5930 227.2 3.68(18) 4,5(16)
40 0.1816 0.0259 5790 223.5 3.85(18) 4.5(16)
Ave 5319 205.5
Std Dev 639.4 22.7
% Std Dev 12.0 11.1
* Fracture load is same maximum load
*%* Not included in average

Data to be used for material evaluation only. Do not use for
design.
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Table 5-10-B

TENSILE DATA FOR NOTCHED TITANIUM 5Al1 2,5Sn ENCAFSULATED IN HYDROGEN

Crosshead speed = 0.05 in./min

L _ —

o

GAS AND TIRRADIATED AT 140°R AND TESTED AT 140 R
(Specification M-40-1)

Fracture

Specimen Max Max Fracture Neutron Fluence
No. Load Stress?@ Load Stressd (n/cm®)
(1b) (ksi) (1b) {ksi) E >1 MeV E<0.48 eV
01 5360 206.2 5360 206.2 9.35(17) 4.,9(16)
03 5080 195.4 5080 195.4 1.00(18) 4.9(16)
04 6380 245 .4 6380 245.4 9.62(17) 4.9(16)
Ave 215.7 215.7
L Std Dev 26.3 26.3
% Std Dev 12,2 12.2
05 5050 194.2 5050 194.2 3.38(18) 4.5(16)
02 5380 206.9 5380 206.9 3.35(18) 4.5(16)
Ave 200.6 200.6
Std Dev 8.98 8.98
b std Dev 4.48 4.48

ANSC Dwg. No. 1139567.

design.

Data to be used for material evaluation only. Do not use for

qArea at notch taken to be 0.026 in.z.




Table 5-11-A

TENSILE DATA FOR UNNOTCHED HASTELLOY X IRRADIATED AND TESTED AT IQOOR
' ' (Specification M-40-1)

_Crosshead Speed = 0.050 in./min

b Tensile Stress % Elongation Radiation Exposure
A Specimen Test C0.2% Max Fract | Bench Chart éégzzi Fracture Neut§g7c£%§ence
f | ~ Number Temp Offset (ksi) (ksi) - To Max To (Bench) Location _
§ : (°R) (ksi) Stress Fract E >1 MeV E <0.48 eV
%E : 101 . 88.3 178.9 178.0 56.9 53.2 57.6 41,2 3/T . Control
i ; 102 77.2 166.3 155.0 66.8 47.8 60.4 52.4 3/T Control
: 104 76.3 163.7 152.9 60.1 55.8 63.3 51.4 3/0 Control
f 111 83.9 169.1 155.7 58.5 53.1 59.8 53.9 3/T Control
: 123 82.1 167.7 149.6 46.8 39.1 47.6 52.5 /T Control
s 126 82.5 170.3 155.4 58.6 52.1 60.4 56.7 2/t Control
; 127 84.0 164 .2 161.1 40.3 37.9 41.5 40.6 3/T Control
134 85.1 170.1 168.5 59.1 54.2 59.5 44,2 2/0 Control
Avg 82.4 168.8 159.5 55.1 49.2 56.3 49.1
Std Dev 4.0 4.8 9.4 7.4 7.0 7.6 6.2
% Std Dev 4.8 2.8 5.9 13.4 14,2 13.5 12.6
1318 - 122.5 178.7 177.7 48.7 43.5 50.5 40.3 3/0 7.9(17) 4.9(16)
1248 126.5 180.1 173.7 49.6 43.3 50.6 46.7 3/T 9.3(17) 4.9(16)
1222 128.0 180.3 179.0 44.3 41.7 45.6 41.7 3/t 1.06(18) 4.,9(16)
1148 128.9 181.8 174.1 46.4 41.1 48.3 45.9 3/0 1.18(18) 4,9(16)
1138 132.4 181.4 177.4 44.9 38.6 45.8 53.4 3/T 1.27(18) 4.9(16)
Avg 127.7 180.5 176.4 46.8 41.6 48,2 45.6
it Std Dev 3.6 1.2 2.4 2.3 2,0 2.4 5.1
S| % Std Dev 2.8 0.7 1.3 5.0 4.8 5.0 11.3
129 151.1 211.4 192.5 46.5 42,2 47.5 50.9 3/T 1.33(18) 4.9(16)
116 149.0 205.9 199.8 43,5 39.5 44,7 45.3 3/T 1.42(18) 4.,9(16)
115 ‘ 142 .2 204,09 194.7 48.6 46.0 49.5 47.2 3/T 1.35(18) 4.,9(16)
106 150.9 210.2 190.2 46.6 41,2 47.0 53.4 3/T 1.43(18) 4,9(16)
Avg 148.3 208.1 194.3 46.3 42,2 47.2 49.2
: Std Dev 4,2 3.2 4.1 2.1 2.8 2.0 3.6
: % Std Dev 2.8 1.5 2.1 4.5 6.5 4.2 7.4
97 157.9 192.6 183.2 44,7 32.1 40.1 44,2 3/T 3.70(18) 4,5(16)
139 159.1 194.1 187.7 37.2 32,0 38.3 41.7 3/T 3.85(18) 4,5(16)
133 156.9 191.8 182.3 39.9 30.4 42.3 45.4 2/t 3.92(18) 4.5(16)
117 159.9 193.9 178.0 39.2 28.2 33.5 50.2 3/T 4,02(18) 4.5(16)
132 155.4 190.2 182.3 37.4 31.7 38.6 43.3 3/T 4,04(18) 4.5(16)
121 158.9 194.5 185.6 37.6 30.9 38.9 44,2 3/T 4.06(18) 4,5(16)
142 157.1 191.4 183.7 38.7 30.9 39.7 45.1 3/T 4,13(18) 4.5(16)
141 162.1 198.2 183.3 35.8 31.4 36.6 50.5 3/T 4.,24(18) 4.5(16)
143 159.1 194.2 183.8 36.0 29,8 37.2 46.2 3/t 4,25(18) 4.5(16)
Avg 158.5 193.4 183.3 38.5 30.8 38.4 45.6
Std Dev 1.9 2.3 2.6 2.7 1.2 2.5 3.0
% Std Dev 1.2 1,2 1.4 7.0 4.0 6.4 6.5

ANSC Dwg. No. 1138265. Dsta to be used for material evaluation only. Do not use for design.
aThis group of specimens was inadvertently warmed briefly during handling; the time/temperature profile is not known.
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ANSC Dwg. No. 1138265. Data_to be used for material evaluation only. Do not use for desigb:.
aprea taken to be 0.0314 in.2.

Table 5-11-B §

TENSILE DATA FOR UNNOTCHED HASTELLOY X ENCAPSULATED IN HYDROGEN GAS i

; AND IRRADIATED AT 140°R AND TESTED AT 140°R %

Crosshead Speed = 0.05 in./min (Specification M-40-1) i

Tensile Stress @ % Elongation Radiation Exposure 5

. ' % Area . F1 5

Specimen 0.2% Max Fract Bench Chart Reduct gractm}re Neut§§7cm21;ence :

Number Offset (ksi) (ks i) To Max To {Bench) ocation -

(ksi) Stress Fract E >1 MeV E <0.48 eV %

86 139.1 181.4 173.8 21.5 21.5 23.2 44,0 4/T 3.35(18) 4.5(16) §

90 148.9 192.9 187.8 23.5 22.8 25.3 bbb 3/T 3.38(18) 4.5(16) é

| i

93 143.2 192.6 184.6 22.2 17.6 22.6 48.0 3/T 3.40(18) 4.5(16) ;

b

Ave | 143.7 189.0 182.1 22.5 20.6 23.7 45.5 5

Std Dev 4.92 6.55 7.34 0.85 2.71 1.42 2.20

% Std Dev 3.42 3.47 4.03 3,77 13.12 5.98 4.85 :

i

. :

84 124.1 180.8 173.4 34.1 26.7 30.1 48.4 3/T 1.53(18) 6.916) Lo }
85 121.9 . 181.6 178.5 25.6 28.6 31.3 | 44,8 3/T 1.19(18) 7 4.9(16)
87 121.3 175.0  165.5 30.3 27.8 32.6 50.7 T | 1.37(38) 4.9(16)

88 . b 11502 167.1 161.0 26.9 24,0 28,7 - 17 48.3 3/T 1.96(18) 4.9(1€) i

89 1273 18,6 184,0 267 24,0 28,5 | 37.5 |2/t ] 1.81(18)  4.9(16) :

91 125.4 183.8 176.5 | 27.5 26.8 ~  20.1 | 42.7 | 2/T 12.6(18) 4.9(16) :

- g

92 116.5 179.7  175.4 29.7 28.7 31.2 44 .8 3/T 1.10(18) 4.9(i6) .

. Ave 121.8 178.9 173.5 29.3 26.7 30.2 45.3 §

Std Dev 4,22 6.09 7.83 2.58 1.97 1.55 | 4.39 ks

ﬁ’,’

% Std Dev 3.47 3.40 4.52 8.83 7.41 5.11 9.70 z

3



| Table 5-12-A o
TENSILE DATA FOR NOTZHED HASTELLOY X IRRADIATED AND TESTED AT 140™R
(Specification M-40-1)

Crosshead Speed = 0.050 in./min

81~S

| Ave Notch Area at | Max = Max { Fracture Fracture Neutron Fluence .
|Specimen Diam. Notc Load Stress Load Stress (n/cm®) ot
No. ~(in.) (in.%) (1b) (ksi) (1b) (ksi) E>1 MeV E<0.48 eV .
54 0.1820 0.0260 | 4620 177.7 4500 173.1 Control .
57 | 0.1819 0.0260 | 4670 176.8 4550 175.2 Control o
61 0.1821 0.0260 | 4520 173.6 4300 165.2 Control | 'é
64 0.1820 0.0260 | 4610 177.3 4500 173.1 Control | §
66 0.1814 0.0258 | 4470 173.0 4300 166.4 Control e
68 0.1821 0.0260 | 4480 172.0 | 4250 163.2 Control . o
76 0.1820 0.0260 | 4510 173.5 4400 169.2 Control .
77 0.1821 0.0260 | 4430 170.1 4250 163.2 Control I
Ave | 4539 174.5 4381 168.6 .
Std Dev 84.6 3.1 122.3 4.8 R
% Std Dev 1.9 1.8 2.8 2.8 . %f
728 0.1828 0.0262 | 5400 205.8 5300 201.9 8.50(17)  &4.9(16) |
8oa 0.1816 0.0259 | 5500 212.3 4500 173.7 1.00(18) 4,9(16)
534 0.1818 0.0259 | 5590 215.5 5400 208.1 1.14(18) 4.9(16)
672 0.1822 0.0261 | 5660 217.2 5500 211.1 1.20(18) 4,9(16)
Ave 5537 212.7 5175 198.7 |
Std Dev 112.7 5.0 457.4 17.1
% Std Dev 2.0 2.4 8.8 8.6
62 0.1821 0.0260 | 6600 253.6 6450 247.8 1.30(18)  4.9(16)
75 0.1823 0.0261 | 6590 252.5 6480 248.3 1.35(18) 4.9(16)
90 0.1819 0.0260 | 6230 239.7 6100 234.7 1.42(18) 4,9(16)
89 0.1825 0.0262 | 6630 253.5 6500 248.5 1.44(18) 4.9(16)
Ave 6512 249.8 | 6382 2448 -
Std Dev 189.1 6.8 189.5 6.8
% Std Dev 2.9 2.7 3.0 2.8
84 0.1821 0.0260 | 6630 254.6 6450 247.7 3.80(18) 4.5(16)
51 0.1819 0.0260 | 6630 255.1 6500 250.1 3.95(18) 4.,5(15)
83 0.1820 0.0260 | 6590 253.3 6400 246.0 3.98(18) 4,5(16)
70 0.1827 0.0262 | 6650 253.8 6450 246.2 4.04(18) 4.5(16)
aThis group of specimens was inadvertently warmed briefly during handling; the time-
temperature profile is not known,

rgrngs § A Aa e s Ny o T T T T T T
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Table 5-12-A
TENSILE DATA FOR NOTCHED HASTELLOY X IRRADIATED AND TESTED AT 140°R (Cont'd)
(Specification M-40-1)

Ave Notch  Area at | Max Max Fracture Fracture Neutron Fluence
Specimen Diam, Notch Lecad Stress Load Stress (n/cmz)
No. (in,) (in.z) (1b) (ksi) (1b) (ksi) E>1 MeV E<0.48 eV
56 0.1818 0.0260 | 6600 254.3 6450 248.5 4,08(18) 4.5(16)
69 0.1819 0.0260 | 6490 249.,7 6300 242 .4 4.08(18) 4.,5(16)
59 0.1819 0.0260 | 6500 250.1 6300 242 .4 4.19(18) 4.5(16)
87 0.1822 0.0261 | 6880 263.9 6800 260.8 4.29(18) 4.5(16)
Ave 6621 254 .4 6456 248.0
Std Dev 120.3 4.4 156.8 5.8
% Std Dev 1.8 1.7 2.4 2.4

ANSC Dwg. No. 1139567.

Data to be used for material evaluation only.

Do not use for‘design.
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Table 5-12-B

TENSILE DATA FOR NOTCHED HASTELLOY X ENCAPSULATED IN HYDROGEN
GAS AND TRRADIATED AT 140°R AND TESTED AT 140°R
(Specification M-40-1)

Crosshead speed = 0.05 in./min

Specimen Max Max " Fracture Fracture jlwﬁgutron Fluence
No. Load Stress? Load Stress? (n/cm?)
(1b) (ksi) (1b) (ksi) E >1 MeV E<0.48 eV
47 5480 221.5 5280 213.8 2.09(18) 4.9(16)
48 5760 210.8 5560 203.1 2.10(18) 4.9(16)
| Ave 216.2 208.4
Std Dev 7.57 71.57
L% Std Dev 3.50 3.63
46 6250 240.0 6100 h 234.6 3.35(18) 4.5(16)

ANSC Dwg. No. 1139567.

~ design.

8Aprea at notch taken to be 0.026 in.

Data to be used for material evaluation only. Do not use for
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‘ Table 5-13

TENSILE DATA FOR UNNOTCHED ALUMINUM 6061-T61 (DM-320) IRRADIATED AT 140°R AND TESTED AT 140°, 340°, and 540°R
Crosshead Speed = 0.050 in./min (Specification RTS-60 and M-40-1)

Te~giie Scress % Elongation - Radiation Exposure
Spec}men EBSE 0.2% Max Fract Bench Chart ﬁezzii Fract?re Neut€§7ci%?ence
Number fgm; Gffset (ksi) (k si) To Max To (Bench) Location v
(°R) (ksi) Stress Fract E >1 MeV E <0.48 eV
701 140 50.2 62.6 62.3 7.8 6.9 7.0 15.4 2/t Control
702 140 48.8 63.2 62.3 9.5 8.6 8.7 17.1 4/T Control
703 140 47.2 61.6 60.8 9.5 8.5 8.7 17.5 1/T Control
704 140 55.6 70.1 70.1 8.6 8.3 8.3 10.2 3/0 Control -
741 140 47.6 58.6 57.2 7.1 6.3 6.4 16.0 3/T Control :
742 140 47.8 61.0 61.0 7.8 6.8 6.8 21.3 3/T Control
743 140 46.0 58.8 58.8 7.8 7.3 7.3 21.3 3/0 Control
744 140 48.6 59.8 59.8 6.8 6.4 6.4 15.8 2/T Control
Avg 49.0 62.0 61.5 8.1 7.4 7.5 16.8
Std Dev 2.9 3.7 3.9 1.0 0.9 1.0 3.6
% Std Dev 6.0 6.0 6.3 12.4 12.8 13.1 21.1
745 340 45,7 54.2 53.8 8.3 7.6 8.1 13.0 3/0 Control
746 340 44 .7 51.9 51.3 6.5 5.4 6.2 17.2 2/t Control
Avg 45.2 53.1 52.6 7.4 6.5 7.2 15.1
Std Dev 0.7 1.6 1.8 1.3 1.6 1.3 3.0
% Std Dev 1.6 3.1 3.4 17.2 23.9 18.8 19.7
747 540 42.3 48.8 48.1 8.6 7.6 8.1 16.9 3/0 Control
748 H40 41.9 49.1 48.4 9.5 7.3 8.6 16.1 1/0 Control
Avg 42,1 49.1 48.3 9.1 7.5 8.4 16.5
Std Dev 0.3 0.2 0.2 0.6 0.2 0.4 0.6
% Std Dev 0.7 0.4 0.4 7.0 2.8 4.2 3.4
735 140 70.1 72.4 n.7 3.9 3.3 3.5 15.5 3/T 1.03(18) 4.92(16)
734 140 62.1 63.8 62.4 6.1 3.0 5.6 17.5 2/T 1.10(18) 4.92(16)
733 140 68.3 70.4 69.6 8.1 6.5 7.0 11.5 3/T 1.12(18) 4.,92(16)
732 140 60.7 61.8 59.1 4.7 1,7 4.2 16.3 2/T 1,15(18) 4.92(16)
752 140 62.1 64.2 63.5 2.6 2.0 2.3 17.6 /T 1.20(18) 4.92(16)
751 140 63.5 66.4 66.4 5.3 4.6 4.7 13,7 2/T 1.32(18) 4.92(16)
749 140 65.2 67.1 66.8 4.4 3.5 3.6 12.8 /T 1.35(18) 4.92(16)
750 140 62.8 64.1 63.0 4.6 2.7 4.0 14.6 2/t 1.41(13) 4.92(16)
Avg 64 .4 66.3 65.3 5.0 3.4 4.4 14.9
Std Dev 3.3 3.6 4.1 1.6 1.5 1.4 2.2
% Std Dev | 5.1 5.4 6.3 32.7 45.1 32.8 14.7
H
762 340 51.0 54.8 56.4 8.4 6.7 7.7 15.6 1/T 7.60(17) 3.35(16)
761 340 51.4 54.9 54.4 5.4 4.0 5.2 14.2 2/0 7.75(17) 3.35(16)
Avg 51.2 54.9 54.4 6.9 5.4 6.5 14.9
Std Dev 0.3 0.1 0.0 i 2.1 1.9 1.8 1.0
% Std Dev { 0.6 0.1 0.0 30.7 35.7 27.4 6.6
L

WANL Dwg. No. 389DO82HO1. Data to be used for material evaluation only. Do not use for design.
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Table 5-13 (cont'd)
Tensile Stress % Elongaticn Radiation Exposure ]
. % Area |. ence  §
Specimen Test 0.2% Max Fract Bench Chart Reduct iract?re NGUtEg?C£%§ 1
Number Tgmp Offset (ksi) (ksi) To Max To (Bench) ocation :
(°R) (ksi) Stress Fract E >1MeV E <0.48 eV
‘ B 4
764 - 540 42.1 45.9 44.6 8.7 3.7 5.0 20.4 1/0 . 7.20(17) 3.35(16) :
763 540 41.1 46.0 45.8 10.5 9.1 9.7 13.0 3/T 7.40(17) 3.35(16) §
Avg 41.6 46.0 45.2 9.6 6.4 7.4 16.7 it
std Dev 0.7 0.1 0.8 1.3 3.8 3.3 5.2 4
% Std Dev 1.7 0.2 1.9 13.3 59.7 45.2 31.3 L
757 140 70.7 70.9 67.7 2.5 0.3 2.2 12.6 2/0 4.30(18) 4.47(16) 3
758 140 73.7 73.7 71.7 2.5 0.4 2.0 10.3 3/0 4.35(18) 4.,47(16) %
759 140 69.6 69.8 68.0 2.1 0.4 1.5 13.1 3/0 4.33(18) 4.47(16) g
760 140 79.8 79.8 77.7 2.5 0.4 2.1 9.8 3/0 4,33(18) 4.47(16) 4
740 140 73.0 73.0 69.0 3.7 0.2 3.3 17.8 2/T 4.35(18) 4.47(16) %
739 140 71.0 71.1 66.8 2.8 0.3 2.3 12.1 3/0 4.,43(13) 4.47(16) Z
738 140 67.4 67.4 65.9 2.9 0.2 2.1 15.2 3/T 4,44(18) 4.47(16) §
737 140 70.2 70.5 68.8 3.9 0.6 3.5 10.2 3/0 4.40(18) 4.47(16) q
736 140 67.9 68.1 65.7 2.6 0.4 2.3 14.4 2/T 4.,30(18) 4.47(16)
Avg 71.5 71.6 69.0 2.8 0.4 2.4 12.8 ‘ ;
Std Dev 3.7 3.7 3.7 0.6 0.1 0.6 2.6 '
% Std Dev 5.2 5.1 5.4 21.0 34.8 26.8 20.6
:
;
!
:
|

¥
%



1 XA

Table 5-14

TENSILE DATA FOR NOTCHED ALUMINUM 6061-T61 (DM-320) IRRADIATED AND TESTED AT 140°R
(Specification RTS-60 and M-40-1)
Crosshead Speed = 0.050 in./min

. Ave Notch Area at Fracture Fracture Neutron Fluence

Specimen Diam Notch Load* Stress (n/cm<)
No. (in.) (in.?) (1b) (ksi) E>1 MeV E<0.48 eV
801 0.1827 0.0262 1990 75.9 Control
802 0.1823 0.0261 2010 77.0 Control
803 0.1826 0.0262 2235 85.3 Control
804 0.1829 0.0263 2110 80.3 Control
822 0.1827 0.0262 2045 78.0 Control
823 0.1827 0.0262 2060 78.6 Control
824 0.1833 0.0264 2100 79.6 Control

. Ave 2079 79.2

Std Dev 81.6 3.1

% Std Dev 3.9 3.9
813 06.1831 0.0263 2360 89.7 1.18(18) 4.9(16)
814 0.1833 0.0264 2480 94.0 1.12(18) 4.9(16)
815 0.1825 0.0261 2610 99.8 1.11(18) 4.9(16)
816 0.1829 0.0263 2305 87.7 1.07(18) 4.9(16)
825 0.1826 0.0262 2330 89.0 1.25(18) 4,9(16)
826 0.1826 0.0762 2300 87.8 1.41(18) 4.9(16)
827 0.1826 0.0262 2350 89.7 1.38(18) 4.9(16)
828 0.1818 0.0259 2285 88.1 1.25(18) 4,9(16)
Ave 2378 90.7

Std Dev 111.9 4.2

% Std Dev 4.7 4.6
817 0.1823 0.0261 2580 98.8 4.35(18) 4.5(16)
818 0.1828 0.0262 2510 99.5 4.42(18) 4.5(16)
819 0.1829 0.0263 2500 95.2 4.46(18) 4,5(16)
820 0.1831 0.0263 2375 90.2 4,.40(18 4.5(16)
829 0.1823 0.0261 2580 98.9 4.25(18) 4,.5(16)
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Table 5-14

TENSILE DATA FOR NOTCHED ALUMINUM 6061-T61 (DM5320) IRRADIATED
AND TESTED AT 140°R (Cont'd)
(Specification RTS-60 and M-40-1)

g s et ST TS N i g o i e S
T e NS I A T T e A A T S P K i 2 B 3k &

* Fracturevlaad is same as maximum load.

Ave Notch Area at Fracture Fracture Neutron Fluence
| Specimen Diam Notch Load¥* Stress (n/cmz)
No. (in.) (in.2) (1b) (ksi) E>1 MeV E<O0.48 eV
830 0.1834 0.0264 2395 90.7 4.,32(18) 4.5(16)
831 0.1828 0.0262 2325 88.6 4.34(18) 4.5(16)
832 0.1829 0.0263 2675 101.9 4.33(18) 4.5(16)
Ave 2493 95.5
Std Dev 119.7 5.0
% Std Dev 4.8 5.3

WANL Dwg. No. 389D084 HOL1.

Data to be used for material evaluation only.

Do not use for design.
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Table 5-15

TENSILE DATA FOR UNWELDED ALUMINUM 5086-H-34 (DM=-311) SHEET IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES

(Specification RTS-62)

Crosshead Speed = 0.050 in,/min

Radiation Exposure

(n/cmz)
E <0.48 eV

Neutron Fluence

E >1 MeV

Control
Control
Control

Control
Control
Control

Control
Control
Control

Control
Control
Control

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

Fracture
Location

% Area
Reduct
(Bench)
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Data to be used for material evaluation only.
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E <0.48 eV

2)

Radiation Exposure
Neutron Fluence
(n/cm

E >1 MeV

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

4.,9(16)
4.9(16)
4.9(16)

1.84(18)
1.84(18)
1.84(18)

4.9(16)
4.9(16)
4.9(16)

1.84(18)
1.84(18)
1.84(18)

4.9(16)
4,9(16)
4.9(16)

1.84(18)
1.84(18)
1.84(18)

4.9(16)
4.9(16)
4.9(16)

1.84(18)
1.84(18)
1.84(18)

Fracture
Location

% Area
Reduct
(Bench)
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Chart

- To Max
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% Elongation

Table 5-15 (cont'd)
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(n/cmz)
E <0.48 eV

* Radiation Exposure
Neutron Fluence

E >1 MeV

Control
Control
Control

Control
Control

Control
Control
Control

Control
Control
Control

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

1.8(16)
1.8(16)
1.8(16)

3.9(17)
3.9(17)
3.9(17)

Fracture
Location

To
Fract

Chart

To Max
Stress

% Elongation

Table 5-16

(Specification RTS-62)
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=H-34 (DM-311) SHEET IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES

TENSILE DATA FOR WELDED ALUMINUM 5086

Crosshead Speed = 0,050 in,/min
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Do not use for design.

Data to be used for material evaluation only.
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Table 5-16 (cont'd)
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Data not included in average.

 *No yield point.
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5.2 Tear Strength Data

One material, Aluminum 5086-H-34 (RTS-63), was evaluated
in a Kahn-type tear test in which the sharp-notched specimens
(Fig. 2-4 and sketch below) were loaded in the Instron tester
until a crack developed at the root of the notch and traveled
across the width of the specimen. The load/deformation curves
provided the maximum load, from which the tear strength was
computed, and the area under the curve, which is the energy re-
quired to initiate and propagate a crack.

The tear strength, Si, was computed from (Ref. 2)
S¢ = P/A + Mc/I = P/bt + 3P/bt = 4P/bt

maximum load, 1b

net area, in.z, = bt

moment, in.-1lb ,

distance from centroid to extreme fibers, in.
moment of inertia, in.

width at root of notch, in.

thickness, in.

1] 7/16"—’

Hole - (I) 9/16:_
0.3125" diam i/

9/16" .
-,.m.< / 2%"
9/16"

9/16"

where:

——b —+] 7/14"

Tear Specimen
5=29



The measured values of t apd P are tabulated in the data table;

b was taken to be 0.995 in. for all specimens and other dimen-
sions are shown in the sketch. |

If the load/deformation curve is divided into two sections
by a vertical line paSsing'throggh the point of ma#imum load,
the area under the first part of the curve is a measure of the
energy necessary to iﬁitiate:the crack and the area under the
second part of the curve represents the enetgy necessary to
proeagate the crack acrose.the speci@en. Because of the'length
of the recorder traces, several feet in sOme'instanees, the two
areas were obtained by a precedure in which three peirs of data

points (xi 2, Yi 25 Xj. 1, Yi. 1, X4 yi) from the Instron record

were fitted to the function |

},

yy = Ax] + Bxg + c

-;and integrated between the limits xj.2 and x;. The first two

‘points were then dropped and the next two p01nts, Xq{4+1 and x4.9,

were added to Xq and integrated between x; and x;,,, and so on,

The summation,of the integrals over the two sections of the
,Instron,records'gavevthe required data. Enough points were used
'fto assure an accuracy in the area of at least +1.5%. The compu-

‘3,ffitatiens were made by use of the Hewlett-Packard 9100B desk

’~?;f*§ca1culator.;'w
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Table 5-17 presents the tear strength and areé'déta f@r- _v
the aluminum alloy Specimens; which were either unWeldéd‘(UW)'
or welded (W) or had a heat affecged-zoné (HAZ).‘ Tablé 5-18’
gives the averages and standard deviations for each type speci-
men at each test condition,. Téble S=3 in the Summary gives the
percent difference between data for the irradiéted and control
specimens and indicates if the difference is statistically signi-

ficant at the 95%‘¢onfidenée level.

5-31

i g D it -



e gy »—y&b—u_—ﬁp&l‘m' e
R LR TRELRT

Bt Table 5-17
TEAR STRENGTH DATA FOR ALUMINUM 5086-H-3% SHEET (UNWELDED, WELDED, AND HEAT AFFEC”ED ZONE)
o IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES
(Specification RTS 63)

Crosshead Speed =0, 050 in. /min

Test Max Tear Energy (in.-1b) To Total Unit Energ;'”i’» Neutron Fluence
| Specimen Temp Thickness Load |Strength | Initiate Propagate | Energy (in.-1b/in.%) (n/cm®) )
| No. Type | (°R) (in.) (1b) (ksi) Crack Crack (in.-1b) |Propagation Total | E >1.0 MeV E <0.48 eVl
328 ww 140 0.0647 1286 79.90 40.7 76.5 117.2 1188 1820 Control
337 W 140 0.0644 1280 79.90 42.0 85.9 128.0 1341 1997 Control
353 W 140 0.0649 1306 80.90 42,6 67.1 109.7 1039 1699 Control
1331 W 140 0.0639 860 54.15 24.0 63.5 87.5 1000 1378 Control
1 345 W 140 0.0610 738 48.68 13.6 55.7 69.3 918 1143 Control
348 W 140 0.0630 908 57.99 27.1 80.9 108.0 1292 1724 Control
334 HAZ 140 0.0619 944 61.31 35.9 67.9 103.8 1103 1686 Control
343 HAZ 140 0.0599 880 59.06 27.2 73.2 100.4 1228 1684 Control
351 HAZ 140 0.0628 880 56.38 28.2 75.8 104.0 1214 1666 Control
329 ww 140 0.0650 1466 90. 74 35.4 52.5 87.8 812 1359 2.95(17) 1.8(16)
339 ww 140 0.0649 1460 90.44 34,7 50.5 85.2 782 1319 2.94(17) 1.8(16)
346 uw 140 0.0645 1450 90. 94 36.2 50.0 86.2 779 1345 2.93(17) 1.8(16)
wn 332 W 140 0.0614 1172 76.74 25.0 66.4 91.4 1087 1497 2.92(17) 1.8(16)
w 338 W 140 0.0593 1038 70.43 23.1 48.2 71.3 817 1209 2,90(17) 1.8(16)
» 354 W 140 0.0626 1236 79.37 27.2 65.6 92.8 1652 1490 2.91(17) 1.8(16)
335 HAZ 140 0.0615 1250 81.71 25.9 59.2 85.1 968 1391 2.89(17) 1.8(16)
341 HAZ 140 0.0615 1272 83.22 33.9 60.5 9.4 989 1544 2.88(17) 1.8(16)
|1 350 HAZ 140 0.0625 1246 80.21 26.1 40.6 66.6 653 1072 2.87(17) 1.8(16)
355 Uw 340 0.0644 1124 76.16 35.0 56.9 91.9 886 1434 Control
‘367 UW 340 0.0646 1138 70.82 37.7 63.8 101.5 993 1579 Control
381 UwW 340 0.0648 1156 71.72 41.8 71.1 112.9 1102 1750 Control
358 w 340 0.0622 638 41.27 23.2 53.8 77.0 871 1245 Control
372 w 3490 0.0617 786 51.21 34.4 72.9 107.2 1187 1747 Control
1374 W 340 0.0615 794 51.90 30.0 69.4 99.4 1134 1624 Control
361 HAZ 340 0.0626 814 52.32 31.0 70.0 100.9 1124 1622 Control
365 HAZ 340 0.0612 776 50.97 26.9 82.2 109.1 1349 1791 Control
380 HAZ 340 0.0627 819 52.55 26.4 78.6 105.0 1260 1684 Control
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Table 5-17

TEAR STRENGTH DATA FOR ALUMINUM 5086-H-¥ SHEET (UNWELDED, WELDED, AND HEAT AFFECTED ZONE)
IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES (Cont'd)

(Specification RTS 63)

; Test | Max Tear Energy (in.-1b) To Total Unit Energz Neutron Fluence
Specimen Temp | Thickness | Load |Strength | Initiate Propagate | Energy (in.-1b/in.%) (n/cm®)

_No. Type (°R) (in.) (1b) (ksi) Crack Crack (in.-1b) | Propagation Total | E >1.0 MeV E<0,48 eV
356 WW 340 0.0651 1178 72.74 38.9 67.4 106.3 1041 1641 2,86(17) 1.8(16)
366 UW 340 0.0648 off scale >1000 1b 2.85(17) 1.8(16)
373 ww 340 0.0649 1172 72.65 40.9 70.0 110.9 1084 1719 2.86(17) 1.8(16)
359 W 340 0.0618 791 51.50 21.9 59.0 80.9 960 1316 2.84(17) 1.8(16)
370 W 340 0.0641 854 53.60 28.2 51.3 79.5 805 1248 2.82(17) 1.8(16)
379 W 340 0.0619 913 59.29 37.1 79.4 116.5 1289 1891 2.83(17) 1.8(16)
362 HAZ 340 0.0638 922 58.10 30.3 92.9 123.2 1464 1941 2.81(17) 1.8(16)
376 HAZ 340 0.0613 859 56.38 28.8 95.1 123.9 1560 2032 2.79(17) 1.8(16)

| 377 HAZ 340 0.0630 880 56.15 25.3 90.0 115.3 1435 1839 2.80(17) 1.8(16)
357 uww 340 0.0644 1200 74.91 31.6 59.3 90.9 926 1419 2.00(18) 4.9(16)
360 W 340 0.0626 940 60.37 23.8 96.9 120.8 1556 1939 2,00(18) 4.9(16)
301 W 540 0.0649 1060 65.66 26.6 47.8 74 .4 741 1153 Control
317 ww 540 0.0648 1080 67.00 29.5 43.4 72.9 673 1131 Control

{326 uw 540 0.0648 1072 66.56 31.1 30.6 61.7 475 957 Control
401 UW 540 0.0644 1078 67.35 29.5 50.1 79.6 782 1243 Control
304 w 540 0.0611 776 51.10 26,2 47.0 73.2 774 1206 Control
319 W 540 0.0625 666 42,87 18.9 48.3 67.1 777 1081 Control

327 W 540 0.0609 696 45,94 21.6 54.8 76.5 905 1262 Control
402 W 540 0.0620 812 52,65 34,7 55.2 89.8 895 1457 Control
307 HAZ 540 0.0634 812 51.49 28.0 80.4 108.4 1275 1719 Control
311 — HAZ 540 0.0623 796 51.34 24,4 59.9 84.3 967 1360 Control
321 HAZ 540 0.0624 746 48.10 22.3 66.0 88.3 1064 1423 Control

403  HAZ 540 0.0637 828 52.25 26.1 58.2 84.3 918 1329 Control |

1302 ww 540 0.0653 1690 67.16 45.4 44 .8 90,2 690 1390 2.78(17) 1.8(16)
314 W 540 0.0649 1078 66,83 31.4 51.3 82.7 794 1281 2.76(17) 1.8(16)
325 WwW 540 0.0654 1076 66.14 30.9 49.0 79.9 753 1228 2.77(17) 1.8(16)
404 UW 540 0.0649 1068 66.21 30.3 49.6 79.9 769 1238 2.69(17) 1.8(16)
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e v . Table 5-17 +

TEAR STRENGTH DATA FOR ALUMINUM 5086-H€3iSHEET (UNWELDED WELDED AND HEAT AFFECTED ZONE)
: L IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES (Cont'd) :

(Sp°cif1cation RTS 63)

Test

Max

50.44

51.9

S B o - Tear Energy (in.-1b) To Total Unit Energ; Neutron Fluence
| Specimen Temp | Thickness | Load |Strength | Initiate Propagate | Energy (in.-1b/in.%) - (n/cm )
' No. Type (QR) (in,) _(1b) | (ksi) Crack Crack (in.-1b) | Propagation Total | E >1.0 MeV E<:0 48 eVl
305 w 540 0.0623 788 50.85 21.3 69.5 90.8 1121 1464 2.75(17) 1.8(16)
-} 310 w 540 0.0615 748 | 48,93 - 16.9 51.8 68.8 848 1125 2.73(17) 1.8(16)
1318 W 540 0.0621 776 50.24 21.3 65.6 - 87.0 1062 1408 2.69(17) 1.8(16)
1 405 W 540 0.0624 820 52.83 19.7 43.1 62.8 694 1011 2.75(17) 1.8(16)
1 308 HAZ 540 0.0608 784 51.84 28.6 - ~73.5 102.1 1215 1687 2.72(17) 1.8(16)
315 HAZ 540 0.0622 812 52.48 - 24,9 54.6 - 79.5 - 883 1285 2.70(17) 1.8(16)
322 HAZ 540 0.06056 804 53.34 22,1 73.2° 95.3 1214 1581 | 2.71(17) 1.8(16)
406 HAZ 540 0.0603 756 22.3 74.2 866 1238 2.67(17) 1.8(16)

 WANL Dwg. No. 100E445-HOS5, GO6.

Data to be used for material evaluation dnly.'

Do not use for design.
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Table 5-18

AVERAGE, STANDARD DEVIATION, AND PERCENT STANDARD DEVIATION FOR TEAR STRENGTH DATA

Energy to Initiate Crack

Control Test Tear Strength Energy to Propogate Crack

Specimen or Temp Ave std % std Ave Std % Std ~ Ave Std % Std
Type Irrad (°R) (ksi) Dev Dev (in.-1b) Dev Dev (in.-1b) Dev Dev
UW Cont 140 80.23 0.58 0.72 41.77 0.97 2.33 76.50 9.40 12.29
uw Irrad 140 90.71 0.25 0.28 35.43 0.75 2.12 51.00 1.32 2.59
W Cont 340 70.90 - 0.78 1.10 38.17 3.42 8.97 63.93 7.10 11.11
uw Irrad 340 72.70 0.06 0.09 39.90 1.41 - 3.54 68.70 1.84 2.68
W Cont 540 66.64 0.73 1.10 29.18 1.38 6.43 42,98 8.71 20.26
uw Irrad 540 66.59 0.49 0.74 34.50 7.28 21.10 48,68 2,76 5.67
W Cont 140 53.61 4.68 8.73 21.57 7.07 32.79 66.70 12.90 19.34

] Irrad 140 - 75.51 4,59 6.08 25.10 - 2,05 8.17 60.07 10.28 17.12

W Cont 340 48.13 5.95 12.36 29.20 5.64 19.32 66.37 10.17 15.56

W Irrad 340 - 54.80 4,03 7.36 29.07 7.64 26.27 63.23 14,52 22,96

W Cont 540 48.14 4.54 9.42 25.35 6.92 27.31 51.33 4,28 8.34

W “Irrad 540 50.71 1.62 3.20 19.80 2,08 10.48 57.50 12,24 21.29

- HAZ Cont 140 58.92 2.47 4.19 - 30.43 4.76 15.64 72.30 4.03  5.57
HAZ Irrad 140 81.71 1.51 1.84 28,63 4.56 15.93 53.43 11.13 20.84
HAZ Cont 340 51.95 0.85 1.64 28.10 2,52 8.98 76.93 6.27 8.15
HAZ Irrad 340 56.88 1.07 1.87 28.13 2,57 9.12 92.67 2,56 2,76
HAZ Cont 540 50.80 1.84 3.62 25.20 2.43 9.64 66.13 10.09 15.26
. HAZ Irrad 540 52,03 1.22 2,35 19.80 2,08 10.48 163.30 11.66 18.42







"32525;3W»Fracture Toughness Data
.iifgd..Threé tyoes.of precracked fracture toughness specimens were
vfrftested' compact tension, WOL (wedge open loading), and sheet.
v”éo'51n additlon, one mater1a1 ZrC, was in the form of small compact?
‘1;if€tension t&pe Speclmens W1thout pxecracks. The computational
aamethods described below were used in obtaining the tabulated
,‘_;h:results. ”

~ 5.3.1 Compact Tension Specimens

The fracture toughness data for the compact tension speci-
mens presented in Tables 5-19 through 5-25 are in the following
'hf_order: |

M=7-1 Aluminum 6061-T6
RTS=61 Aluminum 6061-T61

~ M=21-2 Aluminum 7075-T73

~ M=16-2 18 Ni Maraging Steel

~ M=31-2 AIST 9310 Steel

- M-38-3 ARMCO 22-13-5 Steel
- RTS-67 2ZrC (not precracked)

:rbatatreductiOn for these materials was‘performed in accordance
rfffW1th the procedures recommended in the proposed ASTM Standard
'wf7§;E399 70T (Ref 3) This method covers the determination of

"”3fthe plane -strain fracture toughness characterlstlcs of a notched

f}i;&and»fatisue-craCRed speclmen. In this method, measurement of
it;fthe planeéstrain fracture toughness, Kig, is based cn the lowest
}aéﬁload at which signlfican extehsion of the crack occurs. Kic is

,7ﬂgdetermined from the load/diSplacement record i, e., a graph

. 5-37




:JgSHQwing wedge opening vs Instron 1oad, and the critical sﬁecimen
 K5aimensions'shown‘in'Figure,541.» Referring to Figure 5-2, which
;? 111ustiates.thé three types of load/displacement record that
fiﬁéogld;result, Kic 1s calculated as follows: the secant line, OPg,
s .-arawa through the origin with a slope 5% less than the slope
{  0£ the fangentvOA*to’the initial part of the record. The load
at tﬁe interéectioﬁyof the secant with the record is Pg. If the
 load at every point on the record thch precede;is is lower

~ than Pg, Pq is equal to Pg (Fig. 5-2, Type I); if, however; there
 is a maximum load preceding Pg which exceeds it, then the maximum
load is PQ (Fig. 5-2, Typeé 11 and III). The conditional plane-

~ strain fracture toughness, Kq, is calculated from

‘ Kq = ;-;-91’-/—2- [29.6(%)1i2 - 135.5(%)3/2

+ 655.7(ﬁ)5/2 - 1017.0(%)7/2

+ 638.9(%)9/2] (5-1)

o

maximum load, 1b

thickness of specimen, in.

width of specimen, in,

‘average crack length, in., is the distance from
precrack profile to the center of the holes where
load is applied, i.e.,

K _(am + a;/z * a;&) (Zz 2 Yz)

whefe P

W
a
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Figure 5-1 Measurements Required for Compact Tension Specimens

5-39



0%=-S

Load

Displacement Gage Output

Figure 5-2 Principél Types of Load/Displacement Records

i

QDR




PETY e

For the brittle ZrC specimens, which were not precracked,
only the ultimate load could be obtainedjsince they broke
- sharply. Equation 5-1 was used withiPﬁ replacing PQ and A,
the average length of the machined notch replac1ng a.
According to the proposed ASTM procedure (Ref. 3) the
plane-straln fracture toughness Kic is equal to the cond1t10na1
value KqQ only if certaln constraints are satlsfled In comput-'
| ing the Kq values given in the data tables the specimen pre-
cracks were also evaluated on the basis of the following
cr1ter1a,for invalid precracks: | "=i
1. Surface trace of fatigue crack ié less than 0.05 in.

2, Internal trace of fatigue crack front is cleser to-
the machined notched root than 0.05 in, ol

3. Difference between two crack length’measurements e
exceeds 57 of the average.

4., Surface trace of fatigue crack is less than 90% of
average crack length, a.

Table 5-27 contains a tabulation of those fracture toughness'
specimens which are invalid on the basis of cne or more ofdthe
above criteria. The computed values for the criteria are given
in order that it may be seen how much they are outside the speci-
fied limit. Specimens not listed in Table 5-27 are valid on

the basis of the above four criteria.
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Table S-2 of the summary contains the average conditional
plain-strain fracture toughness (KQ, KUg, or Ko) for each group
of specimens (including WOL and sheet). All the data were
averaged withcut regard for invalid specimens. No statistical
treatment has been performed because the validity of the speci-
mens and perhaps other factors should be considered by anyone
wishing to draw conclusions from this data.

To facilitate calculation of the fracture toughness charac-

teristi:.s, a computer program was prepared for the Hewlett-Packard
Model 9100B desk calculator. All fracture toughness data reduc-
tion was accomplished in this manner.

5.3.2 WOL Specimens

The beryllium fracture tcughness specimens (RTS-69) were

of the WOL type (Fig. 2-2). The following equation, provided

Sy WANL , was used to compute KQ:

2

K - 2.9‘ [- 5.605 + 61.27(§) - 141.08(§)

 J

+ 1«2.30(5)3] (5-2)

where the symbols are defined as previously. The data are given
in Table 5-i6, Specimens with invalid precracks based on the

criteria given (n Sectien 5.).1 are listed in Table 5-27,.

$5.3.3 Shcat Spec imens

Test specimens of the center-crack tension panel configura-

tion were used for copper-boron (RTS-64 and RTS-65) and

S5=42



Titanium 6Al 4V (M-9-3). ‘The data reduction was performed in
accordance with the WANL procedure‘summarized*below.
Three fracture toughness stress intensity factors were

computed from

Ky = -za¥§:: [ 1.77 + o.227(335) - 0.510(2Ax) + 2, 7(-w-)3] §(5‘3)

where X = stress intensity factor, ksi vin.
Ax = half-crack length, in.
B = specimen thickness, in.
W = specimen width, in,
Py = load, 1lb

The crack length, which is illustrated in Figure 5-3, was
measured both before (2C,) and, if possible, after tensile test-
ing (201).

The stress intensity factor associated with the threshold,
or onset, of slow, stable tear where the crack slowly extends
after reaching a threshold stress level, Ky, is computed from
Equation 5-3 using the initial crack length, ZCO, and the 5%
offset load, Pj. . |

For those specimens which could be unloaded after having
reached an ultimate load but before fracture (6 of 17 CuB
specimens but no titanium specimens), the stress intensity
factor associated with fracture, K;, was calculated from Equa-

tion 5-3 using the ultimate load, Py, and the crack width after

testing, 2C;.
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2Co Q Width

“" Thickness

Measurements Made before Testing

O

Measurements Made after Testing

Figure 5-3 Measurements Required for Center-Crack Fracture
Toughness Specimens
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‘ “Siﬁce ﬁﬂe‘initial portion of‘theAload/deflection record7§‘.
was not lineéf for all specimens and hence the effects of radiaéﬁ'
tion could not be efféctively analyzed from K, data, and most
specimens could not be unloaded before fracture, thus hégatihg
an analysis based upon K, data, an effective stfess factor, KUO,
was computed for purposes of evaluating the effects of radia-
tion. It was computed at ultimate load, Py, using the initial
crack length, ZCO.

Where applicable, gross and net section stress values were

calculated from

Py
Ogross = WB (5-4)
p |
= U_ -
Tnet B(W-‘ZC].) (5-3)
where % ross is the maximum gross stress,

opet 1S the net section stress,
and other symbols are as previously defined.
Tables 5-28 and 5-29 give the data for the CuB and titanium,

respectively.
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" Loading Rate = 6250 lb/min -

. Table 5-19

FRACTURE ‘TOUGHNESS- DATA FOR ALUMINUM 6061-T6 TRRADIATED AND TESTED A" 140 R c

(Specification M-7<1)

Machined jf1u

, Py Radiation Exposure Machined | ___ Crack L#_g§h¥iin ) R ]

Specimen - L) Ko ] vt Neutron Fluence Notch Edge - ‘Edge : ' Notch

Number (1b) | (psi‘vin.) Load ~ (n/cm?) Left Meas 1/4 B 1/2 B 3/4,8 ‘Meas | - Right

(1b) E >1 MeV E<0.48 eV (in.) Left i 5 Right _ (in.)

Lot A ' ' L : P -
345 4425 33682 5423 Control 0.8457 0.8927 1.0203 1.0737 1.0503 0.9432 - 0,8457 ~
350 3720 29592 5415 Control 0.8524 0.9495 1.0560 1.1024 1.0665 0.9770 -0.8393 C
351 3173 23935 5475 Control 0.8402 0,9334 1.0582 1.0657  1.0027 0.9487 | 0.8402 |
354 4718 34953 5025 | 5.8(16) 4.47(15) 0.7952 0.9193 1.0195 1.0446 . 1.0200 0.9336 .0,7952
349 4725 34998 5010 6.6(16) 4.,47(15) 0.8443 0.9370 1.0310 "1.0394 1.0180  0.9278 0.8443.

347 3675 28980 4665 7.1(16) 4,47(15) 0.8471 0.9547 1.0584 1.0779 '1.0745 0.9685 0.8471
352 3518 26073 3518 3.58(18) 4.92(16) 0.8515 0.9431 1.0427 1.0330 1.0347 0.9869 0.8456 |
348 ‘3375 24953 36606 3.75(18) 4,92(16) 0.8467 0.9381 1.0377 1,0252 1.0252 0.9008 0.8467 |
346 3420 27911 3420 3.90(18) 4.92(16) 0.8495 0.9386 1.0344 1.1490 1.0877 0.9713 0.8495
353 3000 22918 3000 3.90(18) 4.92(16) 0.8251 0.9698 1.0500 1.0485 1.0531 0.9570 0.8251

Lot B o | ‘ | , -
357 3990 29277 5085 : | Control 0.8431 0.9461 0.9994  1,0558 . 1.0056 0.9322 0.8432 |.
361 3225 27435 4500 Control 0.8406 0.9814  1.1019 1.1289 1.1121 0.9485 0.8455 .|
362 2880. 24560 3420 Control 0.8466 0.9714 1.1129 1.1367 1.1006 0.9782 0.8466
355 4425 31026 4882 6.2(16) 4.,47(15) 0.8426 - 0.8847 0,9731 1.0232 0.9829 0.9318 0.8426
364 3825 30171 4350 6.8(16) 4.47(15) 0.8463 0.9647 11,0631 1.0932 1.0502 0.9559 0.8567
359 4530 33329 5160 7.1(16) 4.47(15) 0.8493 0.9611 1.0266 1.0517 0.9991 0.9133 0.8493
360 "~ 3473 27471 3473 3.60¢{18) 4.92(16) 0.8483 0.9548 1.0511 1.0959 1.0623- 0,9413 0.8483
358 3728 26671 3728 3.77(18) 4.92(15) - 0.,8438 0.9358 1.0112 1.0203 0.9798 0.9286 0.8438 -
363 4102 31138 4890 3.83(18) 4.,92(16) 0.8448 0.9568 1.0355 1,0760 - - 1.0257 0.9427 0.849%
356 3428 26342 3428 3.94(18) 4,92(16) G.8486 0.9912 1.0656 1.0656 1.0315 0.,9596 0.8486

ANSC Dwg. No. 1138365-07.

. Data to be used for material evaluation only.

Do not use for design.
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Ly=s

Loading Rate =

FRACTURE TOUGHNESS DATA FOR ALUMINUM 6061-T61 (DM-320) 'IRRADIATED AT 140 R AND TEOTED AT SEVERAL TEMPERATURES
5000 1b/min

Table 5-20

(Specification RTS-61)

PU. Radiation Exposure Machined Crack Length (in.) - M;chiged;
Specimen Test P Ult Neutron Fluence Notch Edge Edge ?tc
(°R) (1b) >1 MeV E<0.48 eV (in.) Left Right (in.)
109 140 | 3905 24606 4000 Control 0.8416 0.9829 - 0.9762  0.9222  0.9440  0.9828| 0.8416
114 140 | 4225 28010 4225 Control 0.8392 0.9762 0.9802  0.9814  0.9852  0.9846| 0.8392
116 140 | 3625 22933 3705 1.95(17) 5.8(15) 0.8423 0.9820 0.9457  0.9451  0.9523  0.9678| 0.8423
111 140 | 4115 26706 4200 2,00(17) 5.8(15) 0.8404 | 0.9694 0.9480  0.9535  0.9991  0.9843| 0.8404
134 140 | 3260 28931 | 3325 1.36(17) 5.8(15) 0.8261 1.1765 1.2025  1.1561  1.1157  1.0329] 0.8261
110 140 | 3710 24885 3715 8.68(17) 3.4(16) 0.8452 0.9723 0.9802  0.9938 0.9966  1.0074| 0.8452
113 140 | 3650 23360 3650 8.78(17) 3.4(16) 0.8271 1.0175 1.0179  0.9835  0.9699  0.9795| 0.8271
112 140 | 3480 23229 3480 3.77(18) 4.0(16) 0.8396 0.9727 0.9812  0.9917  0.9878  1.0066| 0.8396
115 140 | 3105 20994 3120 3.60(18) 4.0(16) 0.8349 1.0000 0.9912  1.0013  0.9909  0.9850| 0.8349
136 140 | 5720 34281 5810 3.74(18) 4.0(16) 0.7971 0.9726  0.9149  0.9148  0.9032  0.9098| 0.7971
125 273 | 3960 127072 | 4560 Control 0.8383 1.0143 1.0262  1.0098  0.9713  0.9960| 0.8353
133 273 | 5400 | 33589 5650 Control 0.8404 0.9101 0.9020  0.9597  0.9540  0.9985|  0.8365
127 273 | 3725 23821 3725 1.95(17) 5.8(15) - 0.8429 1.0010 0.9809  0.9427  0.9527  0.9715| 0.8426
130 273 | 5600 33238 5790 | 1.90(17) 5.8(15) 0.8420 0.9857 0.8995  0.8909  0.9164  0.9791| 0.8494
128 273 | 3915 26649 3915 8.48(17) 3.4(16) F
129 273 | 3500 22825 13520 8.68(17) 3.4(16) 0.8399 0.9775 0.9707  0.9644  0.9809  0.9840| 0.8410
126 273 - 3.93(18) 4.0(16) 0.8550 0.9440 1.0C64  1.0064 ~ 0.9833  0.9839| 0.8494
131 273. | 5400 33994 | 5450 4.05(18) 4.0(16) 0.8472 0.9653 0.9558  0.9353  0.9486  1.0190| - 0.8404
117 406 | 3390 | 23813 3440 Control & 0.8508 | 0.9791. 1.0184  1.0314 1.0110  0.9974|  0.8450
123 406 ‘| 4550 26820 5620 Control 0.8383 0.9755 0.8877  0.9047  0.9037  1.0143| 0.8509 -
120 | 406 | 5400 33425 5700 1.71(17) 5.8¢(15) | 0.8444 | 0.9796 0.9497  0.8976  0.9555 0.9843| 0.8416
121 406 | 3700 25746 3935 1.81(17) 5.8(15) 0.8399 | 0.9791 1.0245  1.0208  0.9927  0.9764| 0.8382
119 406 | 3180 20037 4390 | -8.00(17) 3.4(16) 0.8415 | 0.9829 0.9762  0.9222  0.9440  0.9828| 0.8415
124 406 | 3980 26259 - 3980 7.42(17)  3.4(16) 0.8331 0.9747 0.9747  0.9767  0.9852  0.9817| 0.8356
118 406 | 4500 30499 4525 4.13(18) 4.0(16) -~ 0.8402 0.9670 0.9772  1.0022  1.0166  0.9897| 0.8393
122 406 | 3600 23925 | 3600 | 4.10(18) 4.0(16) 0.8414 | 1.1034 1.0515  0.9614  0.9335  0.9581| 0.8412
101 540 | 4210, 28998 | 4215 © | control . : 0.8389 | 0.9545 1,0015 1.0231  0.9985  0.9599| - 0.8389
107 540 | 4740 28652 [ 5020 | Control 0.7980 - | 0.9668 0.93238  0.8757° 0.9414  0.9530| 0.7980
(coné'd).

*WANL Dwgi No. LOOE439H38.

~Data to be used for'matérial evaluation only:

Do not use for design.
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Table- 5-20(cont"d)

' Sﬁecimen
- Number

Test

Tem

1 Ko
N-Cpsivin.)

.- Load ' |

™ RadiatidnfEkposute;»-

" . Neutron“F]
. (n/cm*

luence

- Eﬂée

1{ gC:ackktégggh;(in;)

Meas

‘1/48  1/2B ° 3/4B

Meas

] Vachined] | .
" Notch .
Right ~

- 8y=g

104
105

102

106
135

108
103

(oR)

- 540
540

540

540
540

540

540

32147 -
31177

35263
33822
32090

30638
31406

4 aw

15600 A‘
15100

5760

5360

1. 5170
5100

5120

ESLMeV  E<

1.63(17)
1.54(17) -
6.95(17)

| 6.48(17)
©6.01(17)

©3.94(18)
©4.09(18)

. 5.8(15)

© 5.8(15)

3.4(16)
. 3.4(16)
73.4(16)

4.0(16)
4.0(16)

4O.£§7ev

Leftr

. |0.9139
- 10.9671
0.9740

0.9672

0.9553

0.9619

0.9086
. 0.9643

0.9253
1 0.9753
0.9352

© 0.9530
0.9446

'0.8882 -

©0.9829  1.0022

- 0.8999

0.9314

0.9434
0.9508

Right

0.9328

10.9834
0.9801

0.9811

0.9549

0.9824

(iz.)

0.8294 |

0.8407

- 0.8310
0.8296
0.8316

© 0.8091
0.8259




Table 5-21

FRACTURE TOUGHNESS DATA FOR ALUMINUM 7075-T73 FORGING IRRADIATED AND TESTED AT 140°R .
(Specification M-21-2)
Loading Rate = 6250 1b/min ‘

Py Radiation Exposure' Machined Crack Length (in.) "Machined |

6%-S

Specimen Fq K Ult Neutron Fluence Notch Edge Edge Notch
Number (1b) | (psi‘vin.) Load (n/cm?) Left Meas 1/4 B 1/2 B 3/4 B Meas Right
(1b) E >1 MeV E<0,48 eV (in.) Left Right (in.)
Lot A . o ,
302 3728 26414 3795 Control - 0.8446 | 0.9567 1.0368  1.0527  1.0068  0.9310 0.8446
307 3293 27741 | 3383 Control - 0.8417 |1.0925 1,1514  1.1548 = 1,0959  0.9429 0.8417
308 3983 28933 4013 Control = ‘ 0.8465 | 0.9304 1,0267 1.0658  1.0483  0.9502 0.8465
388 4020 29601 4140 Control ] o0.842 |0.9678 1.0345  1.0759  1.0580  0.9959 0.8499
384 | 3960 27443 4035 2,.62(16) 1.8(15) 0.8499 |0.9252 1.0053  1.0370. 1.0109  ©.9409 0.8499
385 3840 28276 . 3900 2.79(16) 1.8(15) 0.8442 |0.9078 1.0345  1.,0759 ~ 1.0580  0.9959 0.8499
305 3698 26876 3848 2.87(16) 1.8(15) 0.8510 | 0.9282 1.0306  1.0718  1.0411  0.9581 0.8510
386 3840 26190 3893 2.97(16) 1.8(15) 0.8478 |0.9572 1.0074  1.0238  0.9888  0.9219 | 0.8478
387 3600 | - 24867 3713 3.35(17) 1.8(16) ©0.8520 |0.9330 1.0071  1.0346  1.0136  0.9559 | . 0.8520
312 3840 27081 - 3840 3.65(17) 1.8(16) 0.8446 |0.9239 1.0127  1.0462  1.0240  0.9562 0.8446
309 3503 25483 3540 4,01(17) 1.8(16) n.8407 |0.9309 1.0326 1.0707  1.0432  0.9495 0.8452
301 3660 26517 3660 4.23(17) 1.8(16) 0.8413 |0.9684 1.0516  1.0614  1.0208  0.9145 0.8477
303 3915 28037 3960 2.31(13) 4.9(16) 0.8521 |0.9749 1.0341  1.0524  1.0239 0.9327 | 0.8521
310 [ 3915 27498 3960 2,74(18) 4,9(16) 0.8484 [0.9551 1.0260 1.0413  1,0096  0.9166 0.8484
381 4140 | 27965 4275 3.16(18) 4.9(16) 0.8443 |0.8951 0.9726 .-1.0149  1.0106  0.9697 | 0.8478
Lot B | | R - IR N
—338 3788 27406 3863 Control  0.8520 10,9937 _1.0484  1,0660 1.0235.  0.9126 '0.8520
411 4140 27952 4140 Control o 0.8482 |0.8994  0.9671  1.0183  1.0185  0.98u5 0.8482
415 3908 27283 3938 Control - 0.8527 |0.9246 1.06013-  1.0402 . --1.0277  0.9649 0.8527
417 | 4035 | 28020 4043 Control | o0.841 (0.9143 0.9848  1.0393  1.0389  0.9909 |  0.8536
335 4020 27875 4065 | 2.72(16) . 1.8(15) | 0.8490 |0.9172 0.9786  1.0026  0.9772  0.9428 0.8527
344 1 3998 27659 3998 2.83(16) 1.8(15) 0.8523 | 0.9313 0.9927  1.0363  1.0238 - 0.9560 0.8523
341 3900 27085 3908 2.92(16) 1.8(15) 0.8501 |0.9779 1.0195 1,0330 11,0121  0.9378 | 0.8501
336 - 3863 | 27073 3878 2,92(16) 1.8(15) 0.8467 | 0.9731 130343  1.0389  1.0071 _ 0.9281 | = 0,8467
339 3720 | 25269 3803 3.50(17) 1.8(16) 0.8430 |0.9143 0.9825 - 1.0209  1.0103  0.9704 |  0.8485
414 3765 | 25590 3765 3.83(17) 1.8(16) 0.8488 | 0.9813 1.0083  1.0138  0.9962  0.9256 0.8488
413 3728 | 25884 3765 4,12(17) 1.8(16) 0.8433 |0.9175 0.9508  1.0446  1.0265 0.9667 | - 0.8433
412 3818 | 26521 3818 4.34(17) 1.8(16) 0.8524 ]0.9292 0.9915  1.0463 ~ 1.0233  0.9536 0.8524
333 3998 25168 3998 3.73(18) . 4.9(16) 0.8055 |0.8846 0.9495  0.9553  0.9482  0.9116 | = 0.8055
416 4020 | 26699 4020 3.80(18) © 4.,9(16) 0.8435 |0.9409 0,9871  1,0037  0,9821  0.9267 | - 0.8519
343% 4133 | 26973 |. 4185 2.53(18) " 4,9(16) 0.8466 |0.9061 0.9583 ¢+9951]f 10.9782 0-9312?vi'go.8460v

ANSC Dwg. No. 1138365-114. Data to be used for material evaluation ohly. Do not use for designl‘f
*Annealed for 100 min at 540°R. ‘ ' '
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Table 5-22

e TR e '?{ fCeNES FRACTURE TOUGHNES DATA FGR 18 NI MARAGING STEEL IRRA]?IATED AND TESTED A'l.' 140°R
i e BT _ e (Specification M-16-2) R L

; ‘"; Loading Rate. -Aaooo lblmin Lo R . ‘ ‘ i e ey
- 3 ‘ — | Py |__Radiation g_:_:g_ure T Vachined [ Crack Length (in e W - ,;Mach.,,in'ed; e
Specimen : Pq | KQ 113 EE Neutron Fluence o Notch ~ Edge: v : , ,Edge Notch .- o
| ~ Number (1b) (psi Vin.) | Load (nfem®) . Left | Meas . 1/4 B 128 3/4 B Meas Right
i Lo -~ o (1b) JE>1 MeV  E<O0.48 eV ‘f (in.) Left Right _Lm )
b —_ - AR _ , == ,
i T 29 5020 51444 5620 | Control 0.6481 0.7232  0.7390 0.7370 0.7313. 0.7028: | }‘0-6481;1
B 30 4820 49931 4820 \ 0.6455 0.7293 0.7447 . 0.7410 . 0.7368  0.7146 | 0.6455: |
1 31 4525 46696 4525 0.6483 | 0.7063 0,7344 _ 0.7403 . 0.7439 0.7285 | : 0.6483 |
2 34 .3560 36479 3560 , 0.6502 0.7100 - 0.7323 = 0.7355. 0.7378  0.7245 0.6502
§ 117 3790 38592 3790 | Control 0.6408 0.7081 0.7314 0.7309 .0.7288 0.,7172 0.6408
i 122 _ 4190 41924 ‘ 4190 9.60(16) 4.,47(15) - 0.6437 0.7062 0.7139 - 0.7262 0.7269 0.7253 |  0.6437
. 36 4175 44682 4175 9.90(16) 4.47(15) <0,6517 0.7262 0.7451 - 0,7491  0.7485 0.7310 0.6517
; 118 4160 41667 4160 1.02(17) 4.47(15) 0.6449 0.7119 0.7155  0.7152 0.7253 0.7166 | 0.5449
; 116 3960 41362 3960 1.03(17) 4.47(15) " 0.6563 0.7245 0.7412  0.7423  0.7397 = 0.7237 . 0.6468
§ 37 4000 40412 4000 1. 05(17) 74 47(15)T“.,,;ﬁ9.6447 <} 0.7146 0.7253 - 0.7237 0.7222 0.7096 - 0.6447
127 4000 43384 406 1L, 37(18) 3, 58(16) 0.6607 | 0.7575 0.7662 . . 0.7615 0.7516 0.7356 0.6607
: 38 4070 42525 - | 4070 1.45(18) 3.58(16) 0.6521 0.7223 0.7340 0.7461 0.7554 0.7459 '0.6521
§ il9 3895. | 39627 3895 1.52(18) 3.58(16) 0.6492 0.7228  0.7299 0.7320 0.7332  0.7214 0.6492
: 124 1 3940 41078 3940 | 1.54(18) 3.58(16) 0.6520 | 0.7200 0.7356  0.7431 0.7515 0.7418 0.6520 |..
28 4590 46764 4590 1.53(18) 3.58(16) 0.6464 0.7140 .0.7292 0.7318  0.7328  0.7244 0.6464
Lot B = , , , ; . | '
3 ) 7265 3775 37589 3775 ‘| Control 0.6530 0.7088 0.7237  0.7219 0.7246 0.7128 *0.6530.
Py 268 3790 36614 3790 - 0.6445:. | 0.6947 ©0.7055 0.7660  0.7116 0.7029 0.6445
; : 273 3565 36270 3565 0.6526 0.7236 0.7334  0.7349 0.7375 0.7261 | = 0.6526
: 276 3090 31600 3110 0.6586 0.7215 0.7247 0.7379 0.7411 0.7331 0.6586
_ 279 3650 36918 3650 | Control ; 0.6498 0.7148  0.7260 * 0.7262 0.7237 0.7120 0.6498
; 252 3740 36517 3740 8.37(17) 4.47(15). 0.6479 0.7054 0.7125 0.7123  0.7153 = 0.7105 0.6470
271 3705 36661 3705 8.76(17) 4.47(15) 0.6486 - | 0.7085 0.7173 0.7181  0.7258 0.7188 0.6486
274 1 3790 38646 3790 9.10(17) 4.47(15) 0.6450 0.722¢ 0.7323 0.7360  0.7362 0.7255 0.6450
253 ' 3700 37879 3700 9.25(17) 4.47(15) 0.6521 0.7369 0.7435 0.7370 0.7345 0.7172 0.6521
257 3750 37373 3750 9.40(17) - 4.47(15) 0.6509 - 0.7106 6.7229 0.7235 . 0.7248 0.7145 0.6509
260 3505 34872 3505 1.40(18) 4.47(16) 0.6510 0.7123 0.7234 0.7221 0.7231 0.7154 0.6510
269 3415 34153 3475 1.50(18) 4.47(16) 0.6514 0.7189 0.7268 0.7249 0.7265 0.7218 0.6514
270 3910 39128 3910 1.58(18) 4.47(16) 0.6534 0.7125 0.7272 .. 0.7252 0.7256 0.7141 0.6534
255 3475 33541 3475 1.65(18) 4.,47(16) 0.6489 0.7084 0.7085 0.7052 0.7082 0.7079 0.6489
254 3975 -39579. 3975 1.70(18) 4.47(16) 0.6459 0.7118 0.7236 0.7229 0.7229 0.7131 0.6459
ANSC Dwg. No. 1139208-118. Data to be used for material evaluation only. Do not use for design.
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Loading Rate = 6250 1b/min

Table 5-23

FRACTURE TOUGHNESS DATA FOR SAE 9310 STEEL BAR IRRADIATED AND TESTED AT 140°R
(Specification M-31-2)

Py Radiation Exposure Machined Crack Length (in.) _ ‘Machined
Specimen Pq Kg Ult Neutron Fluence Notch Edge ‘ Edge Notch
Number {1b) (psivin.) Load (n/cmz) Left Meas 1/4 B 1/2 B 3/4 B Meas Right
(1b) E >1 MeV E<0.48 eV (in.) Left Right (in.)
Lot A
88 5190 37803 6075 Control 0.8292 0.9269 1.0484 1.0657 1.0338 0,9203 0.8381
89 4995 31926 6900 Control 0.8405 0.9046 0.9563 0.9637 0.9680 0.9322 0.8405
9% 5880 37506 6810 Control 0.8472 0.9264 0.9670 0.9639 0.9467 0.9101 0.8472
428 7200 47372 7200 Control 0.8336 0.9364 0.9868 0.9854 0.9716 0.9351 0.8336
96 3900 24336 5490 2.3(16) 1.8(15) 0.8349 0.9248  0.9549 0.9458 0.9338 0.8919 0.8412
100 5535 36026 6570 2.3(16) 1.8(15) 0.8407 0.9200 0.9630 0.9769 0.9866 0.9519 0.8407
429 6465 40983 7380 2.3(16) 1.8(15) 0.8387 0.9439 0.9585 0.9589 0.9536 0.9375 0.8387
90 5415 33977 6750 2.4(16) 1.8(15) 0.8339 0.9393 0.9435 0.9540 0.9536 0.9235 0.8339
93 5100 32492 6495 2.4(16) 1.8(15) 0.8381 0.9148 0.9517 0.9600 0.9695 0.9432 0.8381
98 5925 38680 6495 2.6(17) 1.8(16) 0.8436 0.9482 0.9901 0.979 0.9625 0.9310 0.8436
424 6750 42956 6750 2.6(17) 1.8(16) 0.8374 0.9216 0.9583 0.9625 0.9560 0.9232 0.8374
99 5655 36164 6705 3.1(17) 1.8(16) 0.8308 0.9130 0.9505 0.9651 $.9732  0.9521 0.8308
425 6660 41943 7200 4.0(17) 1.8(16) 0.8377 0.9105  0.9496 0.9540 0.9508 0.9348 0.8377
426 6255 40308 6750 4.2(17) 1.8(16) 0.8401 0.9313 0.9684 0.9684 . 0.9655 0.9479 0.8486
iot B v . , -
138 4410 27869 5625 Control 0.8343 0.9095 0.9424 0.9574 0.9595 0.9334 0.8406
439 5820 36160 6240 Control 0.8191 0.9016 0.9368 0.9463 0.9439 0.9133 0.8191
136 3255 20583 5220 Control 0.8368 0.9060 0.9448 0.9552 0.9592 '0.9420 0.7957
135 3900 25359 5565 Control 0.8557 0.9403  0.9796 0.9773 0.9650 0.9409 0.8557
133 5085 32867 5925 2.4(16) 1.8(15) 0.8365 0.8883 0.9556 0.9731. 0.9768 0.9491 0.8365
433 6360 41045 6260 2.3(16) 1.8(15) 0.8456 0.9378 0.9750 0.9707 0.9579  0.9211 0.8456
142 3300 20899 5100 2.3(16) 1.8(15) 0.8343 0.8942 0.9439 0.9588 0.9641 0.9352 0.8398
144 5475 34069 6825 2.,3(16) 1.8(15) 0.8308 0.9044  0.9408 0.9489 0.9455 0.9246 0.8308
143 4500 27876 5100 2.3(16) 1.8(15) 0.8260 0.8957 0.94490 0.9449 0.9320 0.9001 0.8332,
432 6000 36738 6000 3.1(17) 1.8(16) 0.8375 0.9018 9.9291 0.9308 0.9315 0.9121| 0.8376 .
437 5580 34922 5910 2.7(17) 1.8(16) 0.8281 0.9141 0.9463 0.9488 70,9451 0.9243 0.8381
436 5685 37079 5745 2.6(17) 1.8(16) 0.8402 0.9437 0.9917 0.9788 0.9569 0.9347 0.8402
137 4230 26538 5400 4.1(17) 1.8(16) 0.8308 0.9230 0.9479 0.9560 0.9387  0.9267 0.2308
435 5385 35130 7140 4.3(17) 1.8(16) 0.8245 0.9671 0.9911 0.9770 0.9536 0.9263 0.8341

ANSC”Dng’No. 1138365-117, Data to be used for material evaluation only. Do not use for design.
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i e U ' mcmn 'rwcamass mm ron Amco 22:13 5- PLATE IRRADIATED AND 'ms'nm AT 1AD°R_
U S S R B , ] , g (Specification M-38-3) o : vw“
' Loading Rate = 6250 Ib/min . W | SR S L
S T | - ~ Py ihdiationfiiposure Machined | Crack Lg_gth (in ) — ] Machined_r‘
=i . ' | Specimen - Pq Ko ‘ Uit - Neutron Fluence Notchk ‘Edge ' "~ Edge “Notch
- | Number (1b) | (psi‘vin.) load | (n/cm?) Left Meas .. 1/4 B “1/2 B . 3/4 B Meas | = Right
e L | @b) [ME>TMeV  E<0.48 eV (in.) Left IR . ___Right | - (in) |
457 10905 |. 85211 10905 * | Control 0.8410 0.9861 1,0838 ';1;0973;,;,1;0887*1f1.0054?'; 0.8410
N N I 459 © 9750 | ‘82461 | 10890 . 0.8499 | 1.0993 1.1686 = 1.0766  ©1.1646 0.0917 | 0.8499
I | 462 11280 91620 11610 : 0.8555 1.0077 1.1039  1.1203  1,1164  1.0258 ; 0.8555
I 1 467 11220 87775 11220 - 0.8461 1.0059 1.0906 = 1.0984 1,085 1.0301 | 0.8461
4 | 468 10560 | 82476 10560 | Control - 0.8371 1.0056 1.0862  1.0950  1.0912 1.0016 | 0.8437-
B A 461 | 11250 | 88735 11250 | 1.20(17) 5.8(15) 0.8389 | 0.9890 1.0902  1.1003  1.0965 1.0290 | 0.8%42;
o e 9900 79298 9900 | 1.28(17) 5.8(15) ~ 0.8359 0.9989 1.1032  1.1119  1.1000 1.0224 | 0.8432
Ty | o456 i 10785 82715 10785 1.38(17) 5.8(15) 0.2381 0.9790 1.6699  1.0833  1,0757 1.0067 | 0.8381
¥ | . 466 10350 | 80597 10350 | 1.45(17) 5.8(15) ©0.8479 0.9918 1.0860 1.0941° 1.0857 1.0014 | 0.8479
458 11370 91370 | * - 1.52(17) 5.8(15) 0.8465 1.0041 1.0984  1.1298  1.0935 0.9972 | 0.8465
465 8850 | 69237 8850 | 1.93(18) 4.5(16) 0.8444 | 0.9865 1.0843  1.0984  1.0926 1.0193 | —0.8444
455 8880 67003 8880 | 2.01(18) 4.5(16) 0.8247 0.9839 1,0612  1.0754  1.0729 0.9887 | 0.8247
| 454 8625 69209 8625 2,09(18) 4.5(16) 0.8444 1.9195 1.1086 = 1.1104  1.6985 1.0174 | 0.8444
_ . 453 | 7575 61547 8190 2,17(18) 4.5(16) . 0.8395 0.9992 1.1030  1.1224  1.1149 1.0265 | 0.8395
S B 464 8190 63498 8190 | 2.25(18) 4.5(16) 0.8341 0.9920 1.0770  1.0923  1.0886 1.0152 | 0.8341 .-
| g 452 8250 | 65607 8250 | 2.70(18) 4.9(16) 0.8357 | 1.0073 1.0949  1.1082° 1.0994  1.0016 | 0.8357
i v 463 8610 | 62665 8616 | 2.90(18) 4.9(16) 0.8051 | 0.9524 1.0389  1.0475  1.0434 0.9693 | 0.8182
4 B 469 7500 58899 7500 3.10(18) 4.9(16) 0.8328 0.9887 1.0851  1.0975  1.0943 1.0021 | 0.8382
i 470 8400 | 66609 8400 3.26(18)  4.9(16) 0.8508 1.0021 11,0981  1.1037  1.0963 1.0028 | 0.8508
i 460 8190 | 62378 8190 3.40(18) 4.9(16) 0.8266 0.5892 1.0733  1.0808 1.0708 °0.9929 | 0.8266
’; * Displacement gage came out, |
g
‘1:% .

ANSC Dwg. No. 1138365-15. Data to be used for material evaluation only. Do not use for design.
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(Specification RTS-67)

Table 5-25
FRACTURE TOUGHNESS DATA FOR ZrC PLATE TIRRADIATED AT 140°R AND TESTED AT 140°R AND 540°R

Loading Rate = 60 1b/min
| B W Ave ! Pu
Test | Specimen Specimen | Machine | Ult X a Neutron Fluence
Specimen | Temp | Thickness Width Notch Load  u (n/cm?) e
No. (°R) (in.) (in.) (in.) (1b) (psivin.)| E>1 MeV E<0.48 eV |
520 140 0.2492 0.4949 0.2281 9.03 442.5 Control
501 | 540 | 0.2482 0.4975 | 0.2285 | 7.80  381.1 | Control
507 540 0.,2485 0.4962 0.2285 7.35 360.4 Control |
519 140 0.2490 0.4978 0.2286 | 8.85  430.7 | 2.63(18) 4.0(16)
516 140 0.2488 0.4962 0.2292 | 6.18 303.9 | 2.82(18) 4.0(16)
515 140 0.2486 0.4984 0.2293 | 4.65  197.8 2.89(18) 4.0(16)
509 540 0.2490 0.4956 0.2287 | 7.26 356.4 2.35(18) 4.0(16)
508 540 0.2489 0.4975 0.2278 | 7.95 385.8 | 2.41(18) - 4.,0(16)
- 506 540 0.2487 0.4970 0.2274 8.25 400.6 2,.48(18) 4.0(16)
502 540 0.2485 0.4970 0.2276 | 8.88 431.9 2.61(18) 4.0(16)
a

toughness calculated

on basis of ultimate load.

WANL Dwg. No. 577F544H14F.

Data to be used for material evaluation
design.

iny. Do not use for
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FRACTURE TOUGHNESS DATA FOR BE_RYILIUM IRRADIAT' AT 140 R AND TESTED AT 140 and 540 R
(Specification RTS-69)

Loading Rate = 400 1b/min

Py - “Radiation Exposure |  Machined Crack Length (in.) Machined

Specimen Test PQ Ko ult Neutron Fluence Notch Edge Edge Notch

Number Temp (1b) | (psiVvin.) | Load | (n/cm?) - Left Meas 1/4 B 1/2 B 3/4 B Meas Right

(°R) ‘ _ | (@b) [ E>1MeV E<0.48 eV (in.) Left Right (in.)

14 ’ 140 2060 10540 . 2060 Control ' 0.8649 0,5230 0.9382 0.9447 0.9427 0.9294 0.8649

27 140 1804 9118 1804 Control ' 0.8599 0.9141 0.9288 0.9240  0.9202 0.9318 0.8599

25 140 1344 6875 1344 | 3.22(i8) 4.0(16) 0.8700 0.9235 0.9440 0.9413 0.9404 0.9318 0.8700
26 140 1072 5385 1072 3.25(18) 4,0(16) 0.8613 9.9023 0.9077 0.9116 0.9133 0.9245 0.8613 ;
24 540 1920 9790 1920 Control i 1 0.8724 0.9250 0.9361 0.9414 0.9342 0.9215 0.8724 ?
30 | s40 2560 12880 | 2560 Control 0.8709 0.9193 0.9171 0.9164 0.9186 0.9177 |- 0.8709 %
29 340 | 2390 11936 2390 | 3.00(18) 4.0(16) 0.8731 | 0.9054  0.9092  0.9058 0.9059  0.9112 | 0.8731 i

 45=g
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WANL Dwg. No. 1008439 H18, Data to be used for material evaluation only. Do not use for design.
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Table 5-27

INVALID FRACTURE TOUGHNESS SPECIMENS BASED ON FOUR FATIGUE CRACK CRITERIA

IR AR DR S e T s qwses s g e

Ao L R LT TN SN TR SRR T + RIS (LR

TR SN,

T o

AT S LR VL

1 2 3 4
Material Specimen Surface Internal Trace Surface
No. Trace Trace Difference Tx-:e
(in.) (in.) (%) (%)
Al 6061-T6 345 0.047 - 5.1 "85.2
350 - - - 88.3
351 - - 6.0 89.6
354 - - - 89.4
347 - - - 89.2
348 - . - - 87.5
346 - - 10.5 86.1
357 - - 5.5 -
361 - - - 85.1
362 - = | - 87.0
. 355 0.042 - - 89.0
364 - - - 89.4
359 - - - 5.1 89.0
360 - - - 88.0
Al 6061-T61 109 - - 5.7 -
111 - - 5.3 -
134 - - 7.5 89.2
125 - - 5.5 -
133 | - - 6.2 -
Criteria: 1. Surface trace of fatigue crack is less than 0.05 in.
2, Internal trace of fatigue crack front is closer to the machined notched
root than 0.05 in.
3. Difference between two crack length measurements exceeds 5 percent of

the average. ‘
4.fSurface trace of crack is less than 90% of average crack length, a.
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- Table 5-27 (cont'd)

| Material = Specimen " Surface Internal ~ Trace  Surface
a - Ne. . Trace = Trace = Difference  Trace

# » o -~ , vgn.) _ ‘ (in.) | (%l (%)

e i o130
] 123
- Ss e iy
B T ’ LT 119 -
R e 2 107
105
102

0.045
0.046

Aryn:

R R S e e M G ety iy e e
R R T e RO T e 0 PR U TR R N R R \ ) KA

SRR

R T T T T T
R R I

(A
OCUNONN
I T T T T T

R A S sy

; Al 7075-T73 307
! 308
- | 388
385
205
309
301
310
381
338
411
. - 417
413
; - ~ . 412

7 33.1
88.9
86.0
86.0
88.6
88.8
87.6
89.4
89.6
87.2
89.8
89.6
89.9

N DU N B |
¢ 0 8 P 1

' e
' IR
G L W
e o o o
B W e

18 Ni Maraging Steel No invalid specimens

SAE 9310 Steel 88 ; - - - 87.7

TR,



LSS

Table 5-27 (cont'd)

2rC

Beryllium

Specimens not precracked

24 0.049

30 0.047 0.046
29 0.032 0.033
26 0.041 0.046

1 73 3 4
‘Material Specimen Surface Internal Trace Surface
| | No. Trace Trace Difference Trace
(in.) (in.) (%) (%)
ARMCO 22-13-5 453 - - - 89.7
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Table 5 28

FRACTURE TOUGHNESS DATA FOR Cu- 310 (18%) (DM-180) and cu BY (18%) (DM-198) SHEET IRRADIATED AT 140°R
. AND TESTED AT 140° and 540°R

”: Crosshead Speed =0 nog in. /mip | .(Spec1f1cat10ns RTS-64 and RTS-65)

“Test B W 2Co 2C P, 5% Pu 5% Max Net a Neutron Flgence :
Specimen vMaterlal Temp Thlckness Width |Initial Final |Offset Ult “|Offset Gross Section Ko K3 Kuo (n/cm®) U
No. | (°R) | (in.) (in.) | Crack Crack Load Load |Stress Stress Stress (ksi vin.) (ksi vin,) (ksi V1n )| E>1 MeV E<0.48 eV ;
, b (in.)  (in.) | ‘(1b)  (1b) |(ksi) (ksi)  (ksi) !
2 ' caBl® ! 140 | 0.0092  3.3493 |1.1434 1.7777 | 1800 3565 | 5.42 10.73  22.87 7:76 21.75 15.38 Control
12 ¢ cu B0 | 540 | 0.0990  3.3171 |1.0818 1,7491 | 1655 2715 | 5.06  8.27 17.49 6.98 16.57 11.45 Control
9 : cuBlO | 140 | 0.0998  3.1883 |0.9574 b 4540 6430 [14.27  20.21 - 18.41 - 26.08 2.27(18) 4.9(16)
6 ! CcuBlO0 | 140 | 0.0988  3.2773 |1.1048 b 4600 6310 [14.21  19.49 - 19.98 - 27.40 2.29(18) 4.9(16)
20 | cuB® | 540 | 0.0993 3,2917 [1.1332 b 3350 4200 [10.25 12.85 - 14.64 - 18.36 2.19(18) 4.9(16) | !
19 | cuBl0 | 540 | 0.0991  3,2098 [1.1835 b 3350 4085 |10.53 12.84 - 15.55 - 18.96 2,22(18) 4.9(16) B
16 | cu.Bl0 | 540 | 0.0993  3.2781 |1.0550 b 2950 4235 | 9.06 13,01 - 12.38 = 17.77 2.25(18) 4.9(16) L
1 cu BY 140 | 0.0579  3.0700 [1,3747 1.7497 | 650 1414 | 3.66  7.95 18,50 6.10 16.62 13.27 Control %
3 Cu BN 140 | 0.0582  3,0883 |1.5397 1.8619 | 730 1400 | 4.06  7.79 19,61 7.45 17.38 14.29 Control §
11 | Ccu BN 540 | 0.0588  3.0261 [1.4565 1,740l | 644 1202 | 3.62  6.76 15.90 6.37 14.15 11.89 Control !
13 cu BY 540 | 0.0579  3,1014 |1.4423 b 564 1272 | 3,14  7.08 - 5.43 - 12.25 Control
14 Cu BN 540 | 0.0579  3.0737 [1.4488 1.6333 | 612 1118 | 3,44  6.28 13.41 5.99 12,22 10.94 Control
.31 | cuBN 140 | 0.0587  3.0500 |1.4653 b 1840 2765 |10.28  15.44 - 18.13 - 27.24 2.37(18) 4.9(16)
5 | CuBN 14C | 0.0587  3.1180 |1.3947 b 1600 2510 | 8.74 13,71 - 14.68 - 23,03 2.39(18) 4.9(16) !
18 cu BV | 540 | 0.0590  3.0757 |1.4088 b 1560 2042 | 8.60 11.25 - 14.62 - 19.14 2.31(18) 4.9(16) %
17 Cu BN 540 | 0.0585  3.0061 |1.4543 b 1526 1604 | 8.68  9.12 - 15.29 - 16.07 2,33(18) 4.9(16) ]
15 Cu BN 540 | 0.0588  3.0941 |1,3950 b 1830 2190 [10.06 12.04 - 16.94 - 20.27 2.35(18) 4,9(16) :
i
WANL Dwg No. 577F686H03 and 577F686H04. Data to be used for material evaluation only. Do not use for design. |

aKUo is calculated at ultimate load using'initial crack length,

bSpecimen broke at ultimate load; no measurement of final crack length was poésible.




Table 5-29

. FRACTURE TQUGHNESS DATA FOR TITANIUM 6Al 4V WELDED SHEET IRRADIATED AND TESTED AT 1400R
(Specification M-9-3)

Loading Rate = 23,000 1b/min

65-6

, B W 2 Cqg 2 Cy P Ultimate Ky, Neutron Fluence .
Specimen Thickness Width Initial Final Ultimate Stress v ' n/cm”
No. (in.) (in.) Crack Crack Load (ksi) (ksi vin.)! E>1 MeV E<O0.48 eV
(in.) (in.) (1b)

7 0.2021 3.0065 1.1020 b 26300 43,28 61.61 | Control

9 0.2043 3.0076 1.1185 - 28000 45,57 65.52 Control
13 0.2056 3.0068 1.1399 ’ - 280C0 45,29 65.99 Control 1
16 0.2046 3.0068 1.1357 26200 42,59 61.89 Control ;

3

18 0.2035 3.0059 1,0858 27400 44,79 63.13 3.16(16) 1.8(15) i
10 0.2062 3.0074 1.0283 . 27600 44,51 60.51 3.21(16) 1.8(15)
12 - 0.2021 3.0071 1.0437 - 27000 44 .43 60.99 3.25(16) 1,8(15)
15 0.2066 3.0078 1,0955 27600 44 .42 62.96 5.28(16) 1.8(15)
20 C.2003 3.0058 1,0811 26100 43,35 60.92 3.33(16) 1.8(15)
21 0.2035  3.0078 1,0634 23200 37.90 52,67 5.60(17) 1.8(16)
11 0.2049 3.0072 1.0998 23649 38.37 54 .54 5.66(17) 1.8(16)
17 0.2062 3.0092 1.0555 22250 35.86 49.58 5.70(17) 1.8(16)
14 0.2036 3.0074 1,0883 23600 38.54 54.40 5.75(17) 1.8(16)

8 0.2043 3.0055 1.0618 23000 37.46 52,01 5.81(17) 1.8(16)

ANSC Dwg No. 1138226-2909. Data to be used for material evaluation only. Do not use for design.
aKUo is calculated at ultimate load using initial crack length.

bAll specimens broke at the ultimate load; no meaéurement of final crack length was possible.







5.4 Flexure Data

The ZrC flexure specimens (RTS-66) were tested by an ASTM
procedure (Ref. 1) which actually applies to plastics. However,
data provided by WANL for a control specimen indicated that
Equation 3 of ASTM D790 was used. This equation gives the

: maximum fiber stress in a simple beam supported at two points

~and loaded at the midpoint:

S = 3PL/2bd? (5-6)
where S = stress in the outer fiber at midspan, psi
P = maximum load, 1b
L = span, in. (= 1 in.,)
b = width of beam, in.
d = depth (thickness) of beam, in.

v’Table 5=-30 gives the results of the measurements and computa-
 tions using Equation 5-6. The table also includes a '"Chart |
Deflection" which is the specimen deflection at rupture as
determined from chart travel with the Instron operating at a
 constant crosshead speed, Table S-3 of the Summary gives the
 ‘peféent différences Between»data for irradiated and control

~ specimens,

5-61
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 Table 5-30

FLEXURE DATA FOR ZrC PLATE TRRADIATED AT 140°R AND TESTED AT 140°R AND 540°R

”~ny¢osshead Speed = 0.005 in./min

(Speciflcatlon RTS-66)

-

' Max
-Test Chart Max Fiber Neutron Fluence
gSpecimen Temp | Width  Thickness | Deflection | Load Stress (n/cm?)
1 No. (°R) | (in.) (in.) (in.) (1b) (ksi) [ E>1 MeV E <0.48 eV
611 140 0.2487 0.1993 0.0099 12.0 1.82 Control
614 140 0.2491 0.1992 - 0.0120 - 11.4 1.73 Control
616 140 0.2475 0.1976 0.0162 12.5 1.95 Control
617 140 0.2491 0.1992 0.0159 13.6 2,06 Control
620 140 0.2489 0.1993 0.0100 12.4 1.88 Control
Ave 0.0128 12.4 1.89
Std Dev 0.0031 0.8 0.13
"% Std Dev 24,1 6.5 6.7
- 615 140 0.2480 0.1989 0.0105 12.4 1.89 2.84 (18) 4.0 (16)
- 618 140 0.2500 0.199 0.0102 13.8 2,08 2.84 (18) 4.0 (16)
619 140 0.2482 0.1983 0.0180 13.5 2,07 2.8 (18) 4.0 (16)
Ave 0.0129 13.2 2.01
Std Dev 0.0044 0.7 0.11
% Std Dev 34.3 5.6 5.3
601 540 0.2491 0.1995 0.0088 13.9 2.10 Control
- 602 540 0.2485 0.1986 0.0073 11.2 1,72 Control
607 540 0.2497 0.1994 0.0100 10.4 1.58 Control
610 540 0.2495 0.1990 0.0080 13.8 2.10 Control
Ave 0.0085 12.3 1.88
Std Dev 0.0012 1.8 0.27
% Std Dewv 13.6 14.5 14,2
603 540 0.2496 0.1989 0.0180 12.9 1.96 2.8 (18) 4.0 (16)
605 540 0.2486 0.1981 0.0085%* 4,3%* 0.66% | 2,84 (18) 4.0 (16)

et h i ieb Atk it hin e« et e e




Table 5-30
FLEXURE DATA FOR ZrC PLATE IRRADIATED AT 140°R AND TESTED
AT 140°R AND 540°R (Cont'd)
(Specification RTS-66)

Max
Test Chart Max Fiber Neutron Fluence

Specimen | Temp | Width  Thickness | Deflection | Load Stress (n/cmz)

No. (°r) {(in.) (in.) (in.) (1b) (ksi) E>1 MeV E<0,48 eV

606 540 0.2495 0.1982 0.0070 11.0 1.68 2.84 (18) 4.0 (16)

608 540 0.2488 0.1992 0.0107 10.6 1.60 2.84 (18) 4.0 (16)

609 540 0.2491 0.1993 0.0066 11.2 1.70 2.84 (18) 4.0 (16)

Ave 0.0106 11.4 1.74

Std Dev 0.0053 1.0 0.16
% Std Dev 50.0 8.9 9.0

* Not included in average

£9-6

WANL Dwg. No. 388D613. Data to be used for material evaluation only. Do not use for
design.







- 5.5 Data for Springs
Ber§11iUm-cmpper Belleville springs {(M-39-1) and A-286 coil
” spr1ngs (Fig 2- S) (RTS-58) were tested in compre331on. The

,load required to cempress the Belleville springs to a height of

'eﬁMO 081 1n. is tabulated in Table 5-31. The heights at loads of

‘;rSO, 100,“end‘150 1b‘taken from the Instron record are also
tabﬂleted in Table 5-31. While there is an observed difference
Between the pre- and post-irradiation measurements, a comparison
“of data for the uncompressed control springs indicates a bias
Between the measurements taken before the irradiation and those
taken following the irradiation. Although the source of this
discrepancy‘codld not be determined, the assumption of a bias
results in the conclusion that there is no statistically signifi-
cant difference between the pre- and post-irradiation data for
"thé‘irradiated springs.

| The A-286 sPrings were compressed at a constant rate to a

;ff”length slightly less than 2.754 in, The spring constants at

i}??lengths of 3 292 and 2 754 1n. were. then determlned from the

ffoad/deflectlon records. The data are in Table 5-32, Again an
7apparent b1as combined with the varlablllty in the data leads to -

ﬁhe%conclusion that there is no statlstically signlfncant dif-

joe ekt
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: Table 5-31

“QAD’DEFEEGTION OF 'BERYLLIUM-COPPER BELLEVILLE SPRINGS IRRADIATED AT 1ao° R
i , (Spec1f1cat10n M-39- 1) o A A e

2

T mCrosshead'Speed'-

AN S AR I R DA R SR P S T AR e L I
g ) B ) e L S ‘:

i., ’ Neutroﬁ luence 5\Height o Load (1b) , Heightf(in-),ataqivén[Ldéd
,Hf}~Sp§ing \ ﬁﬁﬂ‘ (nfem®) ' ' at 540°RA Test at 0.081 in. PR Pré}  ISR SRR
ot No, E >1 MeV E<:0 48 eV © o o(din.) Temp. Height - T RS I R
e I - SRR _[Pre ~ Post 50 100, 150 | 50 7
‘;‘ fv ' AP A  1:Spr£ngs chpressed to 0.08 in. during irradiation. ; . SN ST
11 | Gomtrot® . |  0.152 540 178 165 | 0.130 0.114 0.097 | 0.132 0.114 0.091
3. | Control = 0.163 540 180 165 0.129  0.114 0.097 | 0.131 0.114 0,091 | =~ -
6 | Control - 0.149 540 192 177 0.130 0.115 0.100 |0.132 0.116 0.096 | -
. :,Control St 140 170 175 0.126 0.112 0.091 | 0.130 0.116 0.094
3. | Control 140 175 172 0.125 0.110 0.093 | 0.127 0.114 0.092
6. | ComtroL - - .| 140 192 172 0.133 0.118 0.101 | 0.129 ©.116 0.09%
|12 ] 7.3917) 1:8016)- | 0.160 | 540 176 160 0.129 0.113 0.096 | 0.131 6.111 0.088
S 9 | 7.39(17) 1.80(16) = | 0,152 540 178 168 0.131 0.115 0.099 | 0.131 0.114 0.093
o 7 7.39(17) 1.80(16) ~70.150 540 179 168 0.131 0.115 0.098 | 0.132 0,115 0.093
o1z | 7539(17) T1.80(16) 140 173 169 0.128 0.113 0.093-| 0.126 6.111 0.087
o9 ] 7.39(17) 1.80(16). 140 175 154 | 0.128 0.i12 0.092 | 0.128 0.112 0.083
w70 | 7.39(17)  1.80(16) 140 173 170 - | 0.129 0.113 0.091 | 0.132 0.117 0.095
5,?5 e g | - Sp:ings compressed to 0.07 in. during irradiation. : g
- 5. | control® "~ 0.153 540 178 177 0.130 0.115 0.098 | 0.133 0.117  0.095
s 8 | Control - 0.148 540 172 168 0.128 0.113 0.096 | 0.130 0.114 0.092
10 Control . . 0.150 540 172 159 0.128 0.113 0.096 | 0.130 0.112 0.088
5 Control | 140 183 182 0.130 0.116 0.097 | 0.130 0.116 0.095
8- Control 140 1178 168 0.129 0.115 0.096 | 0.129 0.115 0.091
10 Control - 140 170 168 0.127 0.113 0.093 | 0.129 0.114 0.091
2 | 7.3917) 1.80(16) . 0.151 540 |183 185 0.131 0.116 0.101 |0.136 0.121 0.103
1 7.39(17) 1.80(16) .| 0.154 540 169 169 0.127 0.111 0.093 | 0.135 0.116 0.092
4 7.39(17)° 1.80(16) - 0.151 540 182 185 0.130 0.115 0.100 | 0.134 0.119 0.101
2 7.39(17) 1.80(16) 140 185 173 0.130 0.115 0.098 | 0.129 0.114 0.090
1 7.39(17) 1.80(16) 140 170 158 0.126 0.112 0.691 | 0.126 0.110 0.086
4 7.39(17) 1.80(16) 140 170 169 0.127 0.112 0.089 | 0.133 0.114 0.091

SR (cont'd)
'ANSC Dwg. No. N/A. :

, aConﬁrol springs were compressed for a comparable period of time at 140°R.

Data to be used for material evaluation only. Do not use for design.




Table 5-31 (cont'd)

] Neutron Fluence : Height Load (1b) Height (in.,) at Given Load (1b)
| Spring /(n/cmz) at 540°R Test at 0.081 in.
No. E>1 MeV E<0.48 eV (in.) Temp. | _ Height Pre Post
' Pre Post 50 100 150 50 100 150

Springs uncompressed,

13 | Control 0.154 540 167 157 0.127 0.111 0.093 | 0.127 0.111 0.085

14 - Control - 0,157 540 172 170 0.129 0.113 0.096 0.131 0.116 - 0.094
15 ~ Control : 0.156 540 181 164 0.134 0.113 0.099 | 0.131 0.112 0.090
16 Control 0.150 540 176 163 0.128 0.114 0.098 | 0.130 0.112 0.089
13 Control 140 164 149 0.127 0.111 0.089 | 0.126 0.109 -

14 Control 140 170 164 0.128 0.112 0.090 | 0.128 0.112 0.087
15 - Control n 140 177 165 0.131 0.114 0.095 | 0.129 0.114 0.088

16 Control - 140 175 164 0.127 06.114 0.095 | 0.128 0.113 0.087

L9-§

iz s A e R S e iR e i e M R

A A E P S R S B R h Ty ustotatet gttt AR oSt B SRR S YRR B B

e SN Gt e e it e iR DY R S



89-6

erssﬁead‘Speed'-'O.SO,in;/min ’

 Table 5-32

FREE LENGTH AND SPRING CONSTANT FOR A-286 SPRINGS
(Specification RTS-58)

Preirradiation Postirradiation Neutron Fluence
Sprin Irrad. Test Free . . a Free : o . a
pNo.g Temp Temp | Length Spring Const. (1b/in.) Length Spring Const. (1b/in.) (n/cmz)
(°R) (°R) | (in.) 3.292 in. 2.754 in, (in.) 3.292 in. 2.754 in, E >1 MeV E<0.48 eV
15P 140 140 3.865 58.5 63.0 3.855 57.9 63.1 Control
540 3.895 52,7 62.2 3.882 53.1 60.0
18P 140 140 3.863 59.2 66.7 3.853 58.6 64.9 Control
540 | 3.885 55.0 62.8 3.875 54.4 60.7 L o
2 140 140 3.865 58.5 65.0 3.842 57.3 64.0 4.30(17) 1.8(16)
Sl 540 3.893 53.7 60.4 3.878 52.6 60.1 |
9 140 140 3.860 59.2 60.9 3.852 57.1 59.9 4.30(17) 1.8(16)
| 540 - - - 3,882 52.5 '55.9 | n
11 140 140 3.862 59.5 63.6 3.842 58.2 - 63.1 4.30(17) 1.8(16)
540 3.885 54.5 58.8 3.858 54.7 58.2
10° 540 540 3.900 54.8 61.1 3.876 54.5 60.0 Control
1 540 540 3.890 54.2 56.8 3.863 53.2 56.6 8.34(17) 2.0(16)
6 546 540 3.902 53.6 59.1 3.845 54.6 59.4 8.34(17) 2.0(16)
12 540 540 3.900 53.0 59.0 3.876 52.9 56.1 8.34(17) 2.0(16)
14® | 1200 540 3.880 54.3 57.6 3.876 52.7 57.0 Control
3 1200 540 3.892 53.5 56.4 c ' 9.64(17) - 2.0(16)
13 1200 540 3.895 53.4 57.7 c 9.64(17) 2.0(16)
16 1200 540 3.901 54.5 63.6 c 9.64(17) 2.0(16)

Spécimen‘configuration: WANL Dwg. 388D992
Data to be used for material evaluation only. Do not use for design.
3Constant at spring lengths of 3.292 and 2.754 in. Springs were compressed to a length of 2,754 in. for irradiation.
bThe control springs were maintained at the same temperature as the irradiated springs for a comparable period of time.
- Csprings could not be removed from the bolts used to compress them because of galling of the threads.




- 5.6 Tensile and Flexure Data for Feuralon

The Feuralon plastic material was tested in the form of
tensile specimens (M-14-1) aﬁd flexure specimens (M-14-2),

The test procedures were essentially as described for the metal
tensile and flexure specimens. The specimens were irradiated
in liquid hydrogen.

Table 5-33 gives the tensile data. Since the material does
not yield, only the maximum (or ultimate) load and stress were'_
obtained.

The maximum fiber stress given in Table 5-34 was computed
by use of Equation 5-6‘with an L (span) of 4 in, The deflection
of the beam at rupture was determined from the chart travel
with the Instron operating at a constant crosshead speed; this
is given as '"'Chart Deflection' in Table 5-34,

Table S-3 of the Summary gives the percent difference between
data for the irradiated specimens and indicates if the difference

is statistically significant at the 957 confidence level.

5-69
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TENSILE DATA FOR FEURALON IRRADIATED ‘AT 409R TO A GAMMA DOSE

'Crosshead Speed = (),050 in. /min

Table 5 33

AND TESTED AT 140°R AND 540°R

(Specification M-14-1)

OF 4.3 x 109 RAD(E)

Max

R

- Neutron Fluence

Test Ave - Max
Specimen Temp Diam Arei ~ Load = Stress (n/cm®)
No. (°R) (in.) (1b) (ksi) E>1 MeV E<0.48 eV
Lot A | |
4 140 0.2462 10,0476 808 17.0 Control
13 140 0.2502 0.0491 688 14.0 Control
16 140 0.2519 0.0498 747 15.0 Control
5 140 0.2483 0.0484 782 16.1 Control
Ave | 756 15.5
Std Dev 51,9 1.3
7% Std Dev 6.9 8.4 .
7 140 0.2473 0.0480 | 659 13.7 2.68 (16) 3.0 (16)
3 140 0.2464 0.0477 686 14.4 2,68 (16) 3.0 (16)
12 140 0.2497 0.0490 637 13.0 2,68 (16) 3.0 (16)
2 140 0.2484 0.0485 600 12.4 2.68 (16) 3.0 (16)
Ave | 645 13.4
Std Dev 36.4 0.9
% Std Dev 5.6 6.5
15 540 0.2499 0.0490 457 9.3 Control
14 540 0.2487 0.0486 469 9,7 Control
11 540 0.2481 0.0483 388 8.0 Control
10 540 0.2476 0.0481 542 11.3 Control
Ave 464 9.6
Std Dev 63.1 1.4
% Std Dev 13.6 14.2
9 540 0.2473 0.0480 434 9.0 2,68 (16) 3.0 (16)
6 540 0.2488 0.0486 442 9.1 2.68 (16) 3.0 (16)

eI



Table 5-33
TENSILE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE OF 4.3 x 10° RAD(C)
AND TESTED AT 140°R AND 540°R (Cont'd)
(Specification M-14-1)

TL=§

Test Ave Max Max Neutron Fluence
Specimen Temp Diam Area Load Stress ‘ (n/cm®)
No. (°Rr) (in.) (inz) (1b) (ksi) E>1 MeV E<0.,48 eV
1 540 0.2480 0.0483 479 9.9 2.68 (16) 3.0 (16)
8 540 0.2490 0.0487 477 9.8 2.68 (16) 3.0 (16)
Ave - 458 9.5
Std Dev 23.3 0.5
% Std Dev 5.1 4.9
Lot B S
41 140 0.2493 0.0488 890 18.2 Control
43 140 0.2507 0.0493 833 16.9 Control
36 140 0.2494 0.0488 838 17.2 Control
35 140 0.2499 0.0490 778 15.9 Control
Ave 835 17.1
Std Dev 45.8 0.9
% Std Dev 5.5 5.6
38 140 0.2485 0.0485 765 15.8 2.67 (16) 3.0 (16)
34 140 0.2499 0.0490 743 15.2 2,66 (16) 3.0 (16)
39 140 0.2478 0.0482 793 16.4 2.65 (16) 3.0 (16)
45 140 0.2497 0.0490 740 15.1 2,64 (16) 3.0 (16)
Ave 760 15.6
Std Dev 24,5 0.6
% Std Dev 3.2 309
40 540 0.2496 0.0489 399 8.2 Control
46 540 0.2465 0.0477 582 12,2 Control
33 540 0.2490 0.0487 531 10.9 Control




AND TESTED AT 140°R AND 540°R (Cont'd)
(Specification M-14-1)

| e | Table 5-33 |
~ TENSILE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE OF 4.3 x 109'RAD(C)

' i i 2 T A
T R RO YT SORAPY T o e e i . e A Srgita s . o e S e R i, oy
e o S A e R M B AN R P e ik

RS AR S ST N S A

|Specimen

No.

Test

~ Temp

(°r)

Ave

Diam
(in.)

Area

(in2)

Max
Load
(1b)

Max
Stress
(ksi)

~ Neutron Fluence
~ (n/em2)
E>1 MeV E<0.48 eV

31
Ave
Std Dev

| % std Dev

42

44

37

32

Ave
Std Dev

% Std Dev |

540

540
540
540

- 540

0.2475

0.2497
0.2468
0.2478
0.2503

0.0481

0.0490
0.0478
0.0482
0.0492

546

514
79.9
15.5

521
530
560
521
533
18.5
3.5

11,4

=
A~ O
[ ] ®

P b b b b
POHORMO
{ ] ® [ ] L] ® [ ]
SO WNN

Control

2,63 (16) 3.0
2.62 (16) 3.0
2.61 (16) 3.0
2.60 (16) 3.0

-

§ o e 2 -

for design.

_ ANSC Dwg. No. 1139068-15. Data to be used for material evaluation only. Do not use
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Table 5-34

FLEXURE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE OF 3.5 x 10° RAD(C)
AND TESTED AT 140°R AND 540°R
(Specification M-14-2)

Crosshead Speed = 0.050 in./min

Max
Test Chart Max Fiber Neutron Fluence
Specimen |Temp | Width Thickness | Deflection| Load Stress (n/cm®)
~ No. (°Rr) (in.) (in.) (in.) (1b) (ksi) E>1 MeV E<0.48 eV
Lot A
10 140 0.5020 0.2516 0.2750 96.4 18.2 Control
8 140 0.5019 0.2520 0.2250 80.6 15.2 Control
12 140 0.4987 0.2520 0.3125 117.4 22,2 Control
11 140 0.5064 0.2499 0.3025 110.3 20.9 Control
9 140 0.5002 0.2496 0.2800 93.0 17.9 Control
Ave 0.2790 99.5 18.9
Std Dev 0.0339 14.5 2,7
% Std Dev 12,2 14.6 14.5
5 140 0.4974 0.2521 0.2725 106.5 20.2 2.18 (16) 3.0 (16)
17 140 0.4999 0.2460 0.2850 102.8 20.4 2.17 (16) 3.0 (16)
2 140 0.4986 0.2441 0.3000 113.3 22.9 2.16 (16) 3.0 (16)
A 140 0.4962 0.2507 0.2625 101.6 19.5 2.15 (16) 3.0 (16)
20 140 0.4998 0.2467 0.2775 102.0 20.1 2.14 (16) 3.0 (16)
14 140 0.5014 0.2514 0.2800 109.1 20.7 2.13 (16) 3.0 (16)
Ave 0.2796 105.9 20.6
Std Dev 0.0126 4,7 1.2
% Std Dev 4,5 4.4 5.7
23 540 0.5003 0.2493 0.5325 79.9 15.4 Control
4 540 0.5024 0.2534 0.3075 52.5 9.8 Control
19 540 0.4993 0.2509 0.3800 68.6 13.1 Control
18 540 0.5020 0.2466 0.5000 75.0 14.7 Control

DT IR ARG % SIS HICURMIY ey
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Table 5-34
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FLEXURE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE OF 3.5 X 109 RAD(C)
AND TESTED AT 140°R AND 540°R (Cont'd)
(Specification M-14-2)

Max
v - | Test | | Chart Max Fiber Neutron Fluence
Specimen |[Temp | Width Thickness |Deflection | Load Stress ;\  (n/cm?)
No. (°R) | (in.) (in.) (in.) (1b) (ksi) | E>1 MeV E<0.48 e\lﬂ
1 540 0.5038 0.2496 0.2725 926.0 18.4 Control
6 540 0.5024 0.2517 0.4400 74.3 14.0 Control
15 540 0.5020 0.2520 0.4950 - 69,0 13.0 | Control
Ave - 0.4189 73.6 14.1 |
Std Dev 0.0997 13.1 2.6
% Std Dev 23.8 17.8 18.6
24 540 0.5016 0.2475 0.3250 66.0 12.9 2.12 (16) 3.0 (16)
21 540 0.4991 0.2528 0.3000 64.1 12.1 2.11 (16) 3.0 (16)
3 540 0.5047 0.2529 0.4625 79.5 14.8 2,10 (16) 3.0 (16)
22 540 0.4995 0.2467 0.3900 72.4 14.3 2,09 (16) 3.0 (16)
16 540 0.4975 0.2514 0.3825 74.3 14,2 2,08 (16) 3.0 (16)
13 540 0.4971 0.2506 0.4425 80.3 15.4 2.08 (16) 3.0 (16)
Ave 0.3838 72.8 14.0 |
~ Std Dev 0.0635 6.7 1.2 -
% Std Dev 16.5 9.2 8.8
Lot B | oo
37 140 0.4998 0.3039 0.2750 182.3 23.7 Control
31 140 0.4995 0.3044 0.2625 171.4 22,2 Control
42 140 0.5007 0.3035 0.2750 198.8 25.9 Control
35 140 0.4983 0.3059 0.2900 199.9 25.7 Control
Ave - 0.2756 188.1 24 .4
Std Dev 0.0113 13.7 1.8
% Std Dev 4.1 7.3 7.2
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Table 5-34 | i
FLEXURE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE OF 3.5 x 107 RAD(C) :
AND TESTED AT 140°R AND 540°R (Cont'd) :
(Specification M-14-2) %
Max
Chart Max Fiber ‘Neutron Fluence :
Specimen | Temp | Width Thickness | Deflection| Load  Stress (n/cmz) !
No. (°r) | (in.) (in.) (in.) (1b) (ksi) | E>1 MeV E<0.48 eV |
40 140 0.5005 0.3045 0.2475 168.8 21.8 2.08 (16) 3.0 (16) §
34 | 140 0.5015 0.3057 0.2700 186.4 23.9 2.08 (16) 3.0 (16) i
39 140 0.5009 0.3024 0.2550 172.5 22.6 2,08 (16) 3.0 (16) g
38 140 0.5014 0.3047 0.2250 150.8 19.4 2.08 (16) 3.0 (16)
Ave 0.2569 169.6 21.9
Std Dev 0.0094 14.7 1.9
% Std Dev 3.7 8.6 8.6
46 540 0.5021 0.3043 0.4625 128.3 16.6 Control i
G 32 540 0.4988 0.3053 1 0.3875 117.0 15.1 Control i
3 45 540 0.501% 0.3050 0.4850 132.8 17.1 Control ;
W 33 540 | 0.5016  0.3051 0.3475 | 115.5 14,8 | Control |
) Ave 0.4206 123.4 15.9 i
Std Dev 0.0641 8.5 1.1 i
% Std Dev 15.2 6.9 7.1 i
¥ 1540 | 0.5029  0.3054 0.3300 | 118.1 15.1 | 2.08 (16) 3.0 (16) )
36 7 |540 0.5005 0.3035 0.3850 | 126.8 16.5 2.08 (16) 3.0 (16) :
el &3 00 1540 | 0.5008  0.3048 0.3806 | 128.6 16.6 2.08 (16) 3.0 (16)
e D S 540 0.4988 0.3031 0.3200 114.0 14.9 2,08 (16) 3.0 (16) %
T cAve 0.3538 |121.9  15.8 | i
.Std Dev. 0.0335 7.0 0.9 i
%.8td Dev 9.5 5.7 5.7 %

Data to be used for material evaluation only. Do not use

for design.

* ANSC Dwg. No. 1138147-15,

T —
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nufli"Data'for ActuatorrLubricant

The solid-film lubricant evaluated in thlS study was formu-

”&;lated and applied to the test specimens by Ball Brothers Research
'lCorporation Boulder, Colorado.i The lubricant is known as

VV"Vac Kote" and its formulation is proprietary.

i Test Specimens were irradiated in liquid hydrogen and were
subsequently tested at temperatures of 540° and 1000°R. Results
of the sliding wear tests are presented in Tables 5-35 and 5- 36

Frlction measurements were made during all runs and the
test maChine waSVadjusted tofcut off automatically when the
friction coefficient reached 0.4, The 0.4 friction coefficient
is an arbitrary value selected as the failure point in previous
wear-life'studies‘at NARF. Because other investigators often
select a lower friction value as the failure point, wear-life
(cyCles) at”friction,coefficients of 0.1, 0.2, and 0.3 are also.
reported. | |

In performing the sliding wear tests, the load was applied
after'the‘machine was at operating speed (355 rpm). In the
tests at elevated temperature (lOOOOR), the machine was started
and the load applied prior to reaching test temperature in |

order to prevent plastic deformation of the film surface by

" the rub shoes while coming to temperature. Test temperature

was reached duringithe first 4000 cycles in all cases.

5-77
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Table 5-35

WEAR-LIFE CHARACTERISTICS OF "VAC-KOTE" SOLID-FILM LUBRICANT AT 540°R

Cycles at FrictibnvCoefficient of |

Test Date

P

Specimen | Film Thickness | Wear Life
Number (10~%4 in.) (cycles) 0.1 0.2 0.3
| ' | | - Control Specimens
18 6 59,683 58,000 59,420 59,500 - 10-8-72
24 8 . 88,292 81,700 86,100 - 87,700 - 10-9-72
11 6 41,118 40,960 - 41,000 41,000 -10-11-72
27 8 60,363 57,750 59,300 59,690 10-12-72
31 8 55,579 55,350 55,460 55,460 10-17-72
16 7 59,413 59,000 59,350 59,360 10-16-72
37 8 *107,495 *106,240 *106,720 *107,390 1-9-73
Ave Ave Ave Ave
67,421 65,571 66,764 67,157
*Value included in average
Irradiated Specimens
9 5 130,000 128,300 128,750 130,100 1-16-73
13 6 119,623 117,140 118,270 119,673 1-23-73
6 7 188,118 182,170 184,200 188,100 1-24-73
1 7 137,123 134,350 136,100 137,000 2-15-73
17 8 - 115,907 113,400 114,600 115,480 12-6-72
19 7 157,318 156,350 156,740 157,318 12-4-72
- Ave Ave Ave Ave
- 141,348 138,618 139,777 141,278

Test Conditions:

Hohman A-6 machine:

load 110 1b/shoe; speed 355 rpm (128 sliding ft/
min); substrate 440-C steel; rub shoe, 440-C steel
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Table 5-36

L | s o | 0
'WEAR-LIFE CHARACTERISTICS OFL;VAC-KOTE" SOLID-FILM LUBRICANT AT 1000 R

“Specimen | Film Thickness | Wear Life Aaizies at Friction Coefficient of Test Date
Number (10=% in,) (cycles) — 0.1 0.2 0.3
Coritrol Specimens
2 7 28,333 26,700 27,500 27,900 10-23-72
34 7 33,894 31,300 32,560 33,400 11-6-72
8 9 27,534 24,730 - 26,530 26,780 11-29-72
29 9 32,052 26,920 27,900 30,400 2-28-73
20 7 32,090 25,700 27,100 31,900 3-1-73
21 6 26,905 23,320 24,120 26,875 3-2-73
Ave Ave Ave Ave
30,135 26,445 27,618 29,542
Irradiated Specimens
t 4 9 30,654 27,280 27,670 28,430 12-21-72
® 25 8 28,448 27,450 27,860 28,300 1-3-73
© 10 8 27,332 25,300 25,800 26,110 1-4-73
14 7 30,747 29,220 30,060 30,540 1=4-73
38 8 32,877 28,660 29,310 32,877 1-25-73
30 9 29,183 26,350 26,870 29,130 2-6-73
36 8 30,607 28,900 29,550 29,880 2-12-73
Ave Ave Ave Ave
29,978 27,594 28,160 29,324

Test Conditions: Hohman A-6 machine: 1load 110 1b/shoe; speed 355 rpm (128 sliding

ft/min); substrate 440-C steel; rub shoe, 440-C steel
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PEDIGRLE DATA FORM TEST M-7-1
TTEM:
1. _MATERIAL P.0. No. SOURCE FORM HEAT NO. BILLET MO, SIZE
: N 01494 ;
PIIR p Earlc M. 462862 '
AL 6061-16 Do ae2652 Jorgensen Co, | Flate 533301 1 in. thick
___SPECTFTCATION FORGE_SOURCE FORGING T.D. FORGING SYZE HEAT TREATMENT ___ TACAT TREAT SOUKRCE g
. Aerojet Liquid ' L
. QQ=A=-250/11d Frle M, Jorgensen Co. T-6 per Rocket Company d
MIL-H-6088 ‘
{1, SPECIFICATION REQUIREMENTS | 3 '
CHEMISTRY C [ M | Fej2nf Sifcuf Nif cr] AT} Tij Mg Co| Mo | CbtTa | 2r | B | OTHER
MAX ' 1.2 | .7 | .25/0.8 | .40 .35 A5 a8 \ .15
MIN 0.8 | 40 | .15 .15 | 8a1
MECH. PROPERTIES | TEMP.°F  [STRESS, Ksi {YIELD .2% Ksi |ELONG. % |HEAT TREATMENT GRAIN SIZE
MAX
s
MIN Ambient 42 35 9 T6 {
. OTHER
I1T. PURCHASE ORDER DATA: V. RECEIVING AND INSPECTION DATA:
Deviations from specification: Deviations from Purchase Order: F
_P. 0. N 01494: None P, 0. N 01494:  None
IV. SOURCE DATA: S VI. NERVA PROCESSING:
beviations from Purchase Order: . Deviatiocn from Fab Order: q
P. O. N 01494: None D0 962852:  Nome
P. 0. N 01669: None i
VII. PRE SHIPMENT TESYING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date
RESULTS: Lot A = Heat 4G2862, Serial No. 880345 thru 880354
__Lot B_= Heat 53330], Serial No, 880355 thru 880364
4

'
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PEDIGREE DATA FORM

M.
I. MATERTAL P.01~ﬂg:_ soypgg. o FORM HEAT NO. BILLET NO. i} S17L e
. in{versal’ "
N01453 Sheet G-50532 r/4

T1 6A14V NO1661 thnn;um J ~ thick
e e o e e ememe ot oY Gy ARC. - N S S
_~"§f§£jfj§§IION TORGE Sﬁlmgg" N }ig@iﬂq}ﬁlﬁa, vaRCING SIZE HEAT TREATVENT HEAT TREAT SOMRCE

Mil~T-9046F,

Type T1I, Crucihle Steel

Composition C

TTIT. SPECITICATION REQUIREMENTS T T e A
CHEMISTRY v c Ma | Fe | W H Cu 0 Cr Al Ti Mg Co Mo Ct+Ta Ir B OTHER
MAX ., 3.5] .08 .30] .05 | .015 .20 6.75 | 40

lA\
MIN 4.5 5.5 |Ral | X
HECH. PROPERTIES TEMP . ?F STRESS, Ksi §YIELD .2% Ksi ELONG. ¢ HEAT TREATMENT GRAIN SIZE
MAX
MIN Antieat 134 126 8.0
OTHER
111. PURCHASE ORDER DATA: V. RECEIVIMG AND INSPECTIGN DATA:
Deviations from specification: Deviations from Purchase Order:
P.0. NG1453: None T.0. NO1453 - Nona
1V. SOURCE DATA: VI.  NERYA PROCESSING:
Deviations firom Purchase Orcer: Deviation from Falb: Order:
P.0. N01433: MNone P,0, NO166) - Limensional discrapancies ware yeporied
Abui will not affect test resuits
T
VII. PRE SHIPMENT TESTING - MATLRIAL CHARACTERIZATION AND TEST CHECKQUT FOR TEST AGENCY USEI N Date
© RESULTS:

Specimens fabricated from rolling dirvection of plate. Specimen seriai numbers are 880001 through 8S0030.

140°R unirradiated properties

Max strength 209 ksa

P

2% vield strength 202 ksi
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: PEDIGRLE DATA FGRM Test M-9-2
1TCM:
1. MATERIAL " P.0. No., 1SOURCE FORM HEAT NO. BILLET NO, size
\ Universal
Ti 6AL 4V : 8%22; Titanium Co., |Plate welded €50532 1/4" thick
. o Nooi695 Inc. ] . 4 |
SPECITICATION RGE SOURCE FORGING T.D. FORGING SIZE HCAT TREATMEN: HEAT TREAT SOURCE
MIL.-T-9046 Weld per Airline Welding
Type 111, ‘ MIL-T-5021 and and Engiuesring
Composition C ' . AGC-STD-1194-12B
1. SPECIFICATION REQUIREMENTS | —
. CHEMISTRY v c Mn Fe | 8 M 37 |o@u Ni Cr A Ti Ma Co Mo Cb+Ta ir OTHER
e a5 Jo.os 0.30} 0.0§ .015 | 0.20 6.75 ' 0.40
MIN 3.5 | 5
- MECH. PROPERTIES TEMP . °F STRESS, Ksi YIELD .2% Ksi ELONG. ¥ |HEAT TREATMENT GRAIN SIZE
Stress relieve at
MAX 1100°F for 2 hours
MIN
OTHER
' I11. PURCHASE ORDER DATA: P. 0. N 01897 V. RECEIVING AND INSPECTION DATA: P. O. N 01897
Deviations from specification: . ' Deviations from Purchase Order:
P. 0. N 01897 - None , P. 0. N 01897 - None_
: IV. SOURCE DATA: P. 0. ¥ 01897 VI. NERVA PROCESSING: P. 0. N 01947
v ] P. 0. N 01695
Deviations from Purchase Order: Deviation from Fab Order: ’
P. 0. N 01897 - None | P. 0. N 01947 - Parts of weldnent were porous hur
K these parts were not used to fabricate_ specimens.
P. 0. N 01695 ~ Specimens _do not meet flatness
requirement. They were bowed up to .005 iuch from
end tc end.

Date

. VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT 7OR TEST AGENCY USE

'RESULTS:____ Serial Numbers are 880046 thru 880060.

M e g s ey L e
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PEDIGREE DAT FORM Test ¥-9-)

1TER:
I. MATERIAL P.0. No. . __ YS0URCE __ 1FORM HCAT NO. BILLET NO. _1size
Ti C(A1-4V NO1897  IDC 961115 tniversai
’ N01947 T1tanium Plate welded G--50532 1/4" thick
e N_01695___ Co., Iuc. A i .
SPECTETCATTION FORGE SOURCE FGRGING 1.0, FORGING S17E HEAT TREATMENT HEAT TkEAT SOURCE
MIL-T-Y046F Weld per MIL-T-
Type I1Y Crucible Steel 5021 and AGC-STD=- Airline Welding
Compositizn C 1194-12B and Engineering
I1. SPECIHYCATINN REQUIREMENTS | _
CHEMISTRY ViC M | Fe] N Hjo Ni ] Cr} Al Ti| Mg | Coj Mo ; ChbtTa Ir B | OTHER
MAY, 4.5 [0.08 0.30 {0.05].015 [0.20 6.75 ' 0.40
MIN 3.5 5.5 |Bal
MECH. PROPERTIES TEMP,°F STRESS, Ksi YIELD .2% Ksi ELONG. ¥ HEAT TREATMENT GRAIN SiZE
Stress Relieve
MAX 1100°F for 2 hcurs
MIN
OTHER
111. PURCHASE ORDER DATA: Y. RECEIVING AND INSPECTION DATA:
) Deviations from specification: Deviations from Purchase Order:
PO NO1897: None _ - PO N01897: 1ilone
1V. SOURCE DATA: V1. NERVA PROCESSING:
Leviations from Purchase Order: Deviation from Fab Order:
PO _NO1897: None : PO NO1947: Porous areas in_parent material, Porows
areas not used.
PO N01695: Parts are bowed end to end from .007/.0.0,
IDO 961115: None

VII. PRE SHIPMENT TESTING - MATERTAL CHARACTERIZATION AN TEST CHECKOUT FOR TEST AGENCY USE Date ___

RESULTS: Serial numbers are S/N 88000{_;htu>880021.




APPENDIXY A

PEDIGREE DATA FORM

Test M=14-1

anAnia pins FEE Aw-‘ﬁa:’ﬂuﬁ}*%f‘.\?“"‘“ﬁi N

Deviations from Purchase Order:

I1TEM: %
I. MATERIAL P.0. No. SOURCE FORM HEAT NO, BILLET NC. SIZE
. NOO714 b/t x10x10 7
feuralon NO1358 Bemal Corp Sheet 3 x 6 x 1C ;
SPECTFICATTION FORGE SOURCE FORGING T.0. FORGING SIZF HEAT TREATMENT HEAT TREAT SOUPRCTE ) ;

- Type AW %, .
11, SPECIFICATION REQUIREMENTS |
CHEMISTRY ‘ C Mn fe S Si Cu Ni Cr Al Ti M3 Co Mo Cb+Ta JAS 8 OTHER i
MIN
MECH. PROPERTIES TEMP . °F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE
MAX :
MIN 3

- OTHER Fabricate to Drawing 1139068-15 N/C

]
~ ) Lot | PO NOO714 - . '
IT1I. PURCHASE ORDER DATA: Lot 2 PO NO1358 V. RECEIVING AND INSPECTION DATA: ﬁ
._-Deviatiohs from specification: Deviations from Purchase Order: .
PO NOO714 - None PO NOO714 - Thickness varied from .250 te .420 inch
PO N9l358 - MNone PO N01358 - Thickness varied from .370 to .440 inch
1V. - SOURCE DATA: VI. NERVA PROCESSING: Lot 1 PO NOI252
i ot 2 PG NCI523

Deviation from Fab Order:

PO NOO714 - None

PO N01252 - Specimens ./Tup to .008 (should be .002

max.) and (:) up to .012 (should ke .D02

PO NO1358 - None

max. )
PO NOI528B - 5/N 16 |3 A .OIOlis .022. It should be
.010 max.

- VIT.. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND, TEST CHECKOUT FOR TEST AGENCY USE

Date

RESULTS: Lot 1 S/N Ol thru 16

Lot 2 S/N 31 thru b6

. ‘Serialization:

-As purchased, Lot 1 consisted of S/N 1 thru 16 and Lot 2 consisted of S/N 880001 thru 880016.

Lot 2 was reserialized

$/N 31 thru 46 as indicated above to facilitate GTR-23 testing.
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APPENDIX A -

PLUIGREE DATA FORM

17EM: - 5 _
1, WATLRIAL | 2.0, No. SOURCE [ FORM | HEAT NO. SILLLT 20~ §s1zE ]
NOOT 1 4 o , LEEEE TR BTN VRO IO O
Feuralon NO!;SB Bemc! Corp Shﬂet : ; ‘2; f}:" o :ﬁf: L ‘ ‘ ‘ g;u: 6“1‘0"’
SPECITICATION ] TORGE SOURCE TORGIRG 170, FORGTNG <1zg R TR ATMERT Y REAT YREAT SOUHCE
| Type AW
11, SPECTFICATION REQUIREMENTS ]° _ .
CHEMISTRY C i | Fe| s | si fcuf Nniferd M| Ti] Mg) Co| Mo | Cb#Ta | 2r | B | OTHIR
MAX ' : S
MIN , . , o
MECH. PROPERTIES | TEMP.°F  |STRESS, Ksi-  |VIELD .2% Ksi | ELONG. % HEAT TREATMENT GRAIN SIZE
MAX
MIN
OTHER Fabricate to Drawing 1138147-158

Lot 1 PO NOO714
Lot 2 PO NOI358

Deviations from specification:

PURCHASE ORDER DATA:

111,

V. RECEIVING AND INSPECTICN DATA:

-

Ueviations from Purchase Order:

PO_HOO714 - None

PO _N0O714 - Thickness varied from .250 to .420 in,

PO NOI1358 - None

PO NO135E - Thickness varied from .370 to .440 in.

1V. SOQURCE DATA:

Deviations from Purchase Order:

vll

NERVA PRQCESSING:

Lot 1 PO NOI252
Lot 2 PO NO1528

Deviaéion from Fab Order:

RO ﬁDL252——~Spac4meu-a¢c-49-4x>-Olo_andnb_ihnzx_acd.

PO-HOOZLL = None
PO NO1358 - None

parallelity is up to .006(should be .002

max. )

PO NOI528 - Specimen .l and Il required to be .002

. max. Actuals are up to .007,

VII.

PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE

Date

RESULTS: Lot 1 S/N 1 thru 24

Lot 2 S/ 31 thru 46

Serialization:

As purchased, Lot 1 consisted of S/N 21 thru 36 and 40 thru 47.

Lot 2 consisted of S/N 880029 thru 8800Lk,

They were

reserialized to S/N | thru 24 and 31 thru k6 as indicated above to faunl!ta;e GTR-23 testing.

S i o 0




5 m&@ﬁ@ﬁmﬁ%mwmw%ﬁmﬁﬂwmwmﬁmmwmﬁ£

 PEDIGREE UATA FORY

Teat M~10-1

b
T,
=
4
%
i
it
9

itk _ ; o 2 ,
1. MATCRIAL P.O. No. SOURCE FORM . HEAT N0, BILLET NO. = . |S1ZE
, , : {® 01655 - 1ID0961146 | Vasco L e
18 NJ Maraging » . - - i 04642 L75" X
Steel [ ponszs , Pacitic Steel Plate 1634 ¥ 2
T SPECTFICATION FORGE SOURCE FORGING 1.0, FORGING STZE HEAT TREATMENT HEAT TREAT SOURCE
g::i;:qgurp. Fluid @ _ : Age 3 hrs at Aerojet Liquid
b Teledyne Vasco . ‘ ' 900°F Récket Co.
‘Spec. E18.V y
1T, SPECTFICATION REQUIRETENTS | .
CHEMISTRY C I M | Fe| S| SijCuj NijcC ] M| Ti| Mgl Co| Mo | Cb#Ta | 2r | B | OTHER
MAX Typical .018 | .03 | Bal [.004] .04 18.47 .13 .50 8.40 |4.92 .011 |.003 /] .05
Midt
MECH. PROPERTIES | TEMP.°F  |STRESS, Ksi  |YIELD .2% Ksi | ELONG. ¥ |HEAT TREATMENT GRAIN SIZE
MAX
MIN
-+ OTHER
111. PURCHASE ORDER DATA: P.0. N 01175 V. RECEIVING AND INSPECTION DATA: P.0. N 01175
- P.0. N 01655

Peviations from spacificaticn: Deviations from Purchase Order:

P.0. N 01655

P.0. N 01175 - None P.0. N 0175 - None

P.O. N 01655 = None P.0. N 01655 - None

I¥. SOURCE DATA: V1. NERVA PROCESSING:

P.0. N 01175
P.0. N 01655

P.0. N 01529

Deviations from Purchase Order: Deviation from Fab Order:

IDO 961146

... PO. N O0X175 ~ None P.0. N 01329 - Noni

___P,0, N 01655 - None

1D0 961146 - Nope

VI1. PRE SﬂlFHENT TESTING - MATERIAL CHAPACTERIZATICN AND TEST CHECKOUT FOR TEST AGENCY USE

Date

RESULTS: ;Lot 1 Purchased on P.C. N 01655, S/N £#80168 thru 880173.

Lot 2 Purchased on P.0. N 01175, S/N 880174 thru 880179.

:Ungtrudiated room temperature tensile properties.

Ultimate Strength = 266 KSI

Yield Sﬁrength = 259 _KSI

. FElongation = 10
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BT . Test M-16-2
‘ PEDIGREE DATA [ORM |
1TEM: | o __
1. MATERIAL P.O. No. . SOURCE FORM HEAT NO, | BILLET NO. SIZE .
18 Ni Mavaging | N 01655 N 01425 Vasce | o464z 75" 12"
Steel N 01175 1IDO 961114 Pacific Steel Plate ] 1634A ] ' X. 24"
e g e N 01529 : I ol , '
SPECIFICAYION FORGE SOURCE FORGING 1.D. FORGING STZE HEAT TREATMENT HEAT TPEAT SOURCE
g:ndix Corp. ¥Fluid . . : Age 3 hours lAerojet Liquid
vision Teledyne Vasco : . at 900°F Rocket Co.
Spec. El8-V (
11. SPECIFICATION REQUIREMENTS |
CHEMISTRY C Mn Fe S Si Cu Ni Cr Al | . Ti Mg Co Mo Cb+Ta Zr | B OTHER
RXRX Typical . {.018 .03} Bal {.004] .04 18.47 .13 50 8.40] 4.92 .011 |.003 .05
MIN
MECH. PROPERTIES TEMP. °F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE
MAX
MIN
OTHER
IT1. PURCHASE ORDER DATA: P.0. N 01175 - V. RECEIVING AND INSPECTION DATA: P.O. N 01175
. P.0. N 01655 P.O. N 01655
Deviations fromn specification: Deviations from Purchase Order:
P.J. N 01175 - None P.O. N 01175 - None
P.0. N 01655 - None P.0. N 01655 -~ None ——
IV. SOURCE DATA: P.0. N 01175 VI. NERVA PROCESSING: P.O. N 01425
» P.0. N 01655 L. P.O. ¥ 01529
Deviations from Purchaseé Order: Deviation from Fzb Order: 1IN0 9531114
—PsQ. N 01175 - Noae : P.O. N 01425 - Naone
P.0. N 01655 - None P.O. N 01529 - Ncne
IDO 961114 - None
VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date

RESULTS: Lot A = Material purchased on P.0. N 01655; S!N'880027 thru 880038
and 880114 thru 880131
Lot B = Material purchased on P.O. N 01175; S/N 880251 thru 880280

Max load at 300 cvclee per minute is_expected to be less than 7000 pounds.

A-9
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G PEDIGRCE DATA FORM TEST M-21-1
L .»i:.EjAT;ERIAL. __|P.0. No. . |sOuRrce FORM {HEAT K. BILLET MO, SIZE L
AL 7075-T73 - N 00655 Wyman-Corden = | Forging :
e ' | N 01584 | Company v o 2
~ o ITSPECTFICATION FORGE SOURCE FORGING 1.0, JFORGING STZE HEAT TREATMENT HEAT TREAT SOURCE -
’ 3 : . ;'  i e Wyman-Gordon Company 57" at base 49 1/2" at base T-73 ‘ Wyman-Gordon i |
, “IF'A 2277;/g’ . 48" at top - 50 1/2 at top Company 5
B | : A 18 1/2" high
11, SPECIFICATION REQUIREMENTS | ’
' CHEMISTRY zof | M f Fe | S| si {cw | N | cr] M| Ti| Mgl Cof Mo | Cb+Ta | 2r | B | OTHER e
: MRy : i
. MAR S 6.1 | ©.30]0.7 0.50 | 2.0 0.40 0.20 | 2.9 0.15
MIN - 5.2 1.2 0.18 | Bal 2.1 :
 MECH. PROPERTIES | TEMP.°F  |STRESS, Ksi  |YIELD .2% Ksi | ELONG. % |HEAT TREATMENT ERAIN SIZE L
MAX
o Room
MIN - Temp 62 53 3 T-73
OTHER
© I1I. PURCHASE ORDER DATA: | P.0. N 00655 s V. RECEIVING AND INSPECTION DATA: P.0. N 00655
... Deviations from specification: Deviations from Purchase Order:
ﬂone. ‘ : None
IV. SOURCE DATA: P.0. N 00655 VI. NERVA PROCESSING: P.O. N G1584
Deviations from Purchase Order: Deviation from Fab Order:
Stress corrosion tests deleted per SIR 1017 Specimens identified by vibro peer
’ per SIR 11690
"VII. PRE SHIPMENT TESTING - MATERIAL ‘CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date
© RESULTS:_____Specimens from forging #1, S/N 880156 thru 880167,

140°R unirradiated properties
Max strength 90 ksi
+2% yield strength 70 kel

Elongation 13% ;
:
. A-10




PEDIGREE DATA FORM

et M--21-2

ITEN:
1. MATERIAL P.0. No. ) |source FORM HEAT MO, 3ILLET_NO. SI1ZE
AL 7075-T73 nosea Wyman-Gordor, Co. | Torging
y IDo 961315
SPECTFICTTON FORGE SOURCE FORGIV, 12U FORGING SYZE WEAT TREATENT RERT TREAT SOURCE

572*5& Base

MIL-A-22771/B !
L-A-22771/ ﬁa“ at Top

Wyman-Gordon Company

49 1/2" at Base
50 1/2" at Top
18 1/2" High

T=73 Wyman-Gordon Company

T 1T, SPECTFICATION REQUIRCMENTS | ¥

CHEMISTRY zZn|l Mn jore |l s | osi [ cu | nifcr] M| Ti| Ma] €| m | ChTa | Zr | B | OTHER
= ;

MAX 6.1)8.30|0.7 0.501 2.0 0.40 0.20] 2.9 0.15

MIH _ 5.1 1.2 0.18 | Bal 2.1

MECH. PROPERTIES | YEMP.°F  |STRESS, Ksi  |YIELD .2% Ksi | FLONG, %  |HEAT TREATMENT GRAIN SI7E

MAX

MIN Ambient 62 52 3 1-73

OTHER

111. PURCHASE ORDLR DATA:

PDeviations frcm specification:

V. RECEIVING AND INSPECTION IATA:

Deviations from Purchasz Order:

PO RO0655: None

PO NOO6&55: None

IV. SOURCE DATA:

——

Peviations from Purchase fOrder:

V1. RNERYA PROCESSING:

pDeviation from Fab Orde-:

PO N00655: Stress corrosion tests deleted

PO _NO1584: Specimens iden:ifded by wibro peen.

per SIR 1017.

Jper SIR 11699.

100 961115: Fatigue crack: on S specinens were .

extended per IR 512463,

VII. PRE SHIPHMENT TESTING - MATZRIAL CHARACTERIZATION AND TEST CHFCKOUT FOR TEST AGENCY USE

Date

RESULTS: _ Lnt A specimens from Forping # 1 are S/N B80301 through 880312 and BBOIBL thesugh BHMOIHR

Lot B_specimeps from Forging.f£2.ore S/ 880333 through 880344 and 880411 rhro:gh ARNG17Z




PEDIGRLE DATA FORM Test M-21-4
FIEM: ‘ :
1. MATERIAL P.0. No. SOURCE FORM HEAT NO. BILLET 1. SIZE :
e N 61517 Pacific Mctals 187" x 48" L
AL 7075-T73 with | y g1p81 Division, AM. | Sheet . 53880 x 18" 4
Al [lame spray coaticp] N 01948 Cagtle Co, S . i i 3
SPECTITCATION FORGE SOURCE EfJRGING 1.0. . FORGING STZE HEAT TREATMENT HEAT TREAT SOURCE
;
L . Industrial Heat
QQ-A-250/12d - o T ~ Treatuent
11, SPECIFICATION REQUYREMENTS | 1
.__CHEMISTRY _ zn_ C M | Fef sl sifeufNjo | M| Ti| M| Cof M | CbeTa | Zr | B | OTHER
MAY 6.1 0.30 { 0.7 0.50 | 2.0 0.40 0.20 2.9 . 0.15
MIN 5.1 . 1.2 0.18| Bal 2.1
MECH. PROPERTIES TEMP.°F STRESS, Ksi . {YIELD .2% Ksi ELONG. ¥ |HEAT TREATMENT GRAIN SIZE %
MAX
MIN
OTHER
IIT. PURCHASE ORDER DATA: b. 0. § 01517 - V. RECEIVING AND INSPECTION DATA: P. 0. N 01517
. Deviations fiom specification: ) Deviations from Purchase Order: .
P. 0. N 01517 - None T . P.0. N 01517 -~ Sheet not stamped wirh identification
prior to heat treatmeut. Dispositioned conditionally
) accept fur tesis other chun bDase mecai propercaies
testing. x
IV. SOURCE DATA: P. 0.8 01517 VI. NERVA PROCESSING: P. 0. N 01881
: L. P. O. N 01948
Deviations from Purchase Order: Deviation from Fab Order: :
P. 0. N 01517 - None | P. 0. N 01881 - None -
P. 0. N 01948 - SIR 1042 authorizes use of equipment
developed after flame spray specification was L
prepared, *
VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date

RESULTS: ___Specimen S/N 88006 thru 880115 fabricated on P. 0. N 0181, — ,
Serial numbers 880066 thru 880097 are used for GIR-23 i

¥
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PEDIGREE DATA FORM Test M-31-1
ITEM:
I. MATERIAL P.0. No. SOURCE FORM HET NO. BILLET NO. sz
NO0837 '
SAE 9310 NO1460 Erle M, Bar 923443 4" dia X
NO1953 Jorgensen ; 6' long
—_ SPLCIFICATION TORGE_SOURCE FORGING T.D. FORGING STZE HERT TREATMERT FEAT VPEAT SOURCE
Same as test
AMS 6265 Republic Steel M-31~2 specimens ¢al Doran
except no carbon
used.
17.  SPECIFICATION REQUIREMENTS |
CHEMISTRY P c Mn Fe | S | Si Cu | Ni cr | A Ti | Mg Co| Mo | Cb+Ta ir B OTHER
MAY, .015 |0.13{ 0.70 .015/0.35 {0.35 {3.50 |1.40 0.15
MIN 0.07{ 0.40 0.20 3.00 |1.00 0.08
MECH. PROPERTIES | TEMP.°F  |STRESS, Ksi YIELD .2% Ksi ELONG. %  JHEFT TREATMENT GRAIN SIZE
© MAX
MIN
OTHER
J11. PURCHASE ORDER DATA: V. RECEIVING F¥D INSPECTION DATA:

Deviations from specification:

Deviatiors from Purchase Order:

PO NO0O837: None

PO _NOO837: None

IV. SOURCE DATA:

Deviations from Purchase Order:

VI. NERVA PROCISSING:

Deviatior from Fab Order:

PO RONB37: None PO NO1460: None
- PO N01953: Specimen identification lost during heat
treat.

Ssparated into lots by spectographic analysis

and re-idsntified.

PO N02374: None

VII.

PRE SHIPMENT TESTING -~ MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR T=ST AGENCY USE

Date

RESULTS:

Specimen serial numbersg are 880001 through 880008.

140°R unirradiated properties

Max_ strength

210 ksi

«2% yield strength 170 ksi

Elongation

20%

. A=13
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PEDIGREE_DATA FORM Test M-31-2
TTEM:
1. MATERIAL - 0. No. SOURCE FORM KeAT NO. BILLET NO. SI7ZE
¥ 00837 N 01832 991 1 .
SAE 931C N 01452 N 01875 Erle M. Jorgensel  Bar 3973443 4" Dia ?
| N 01460 DO 961113 | Allen Frye Steel | 3521068 # 67 Long 8
CTTEPECTFITATION YT ORUE SolpB €05 20— et NG 1D S0~ T FORGING SYZE [ WEAT TREATMEN; HERT TREAT SOUKCE '
NS 6265' Carburized to .013 i
S .018" deep, surfac% Cal Doran ' Lo
Republic Steel hardness of RC 58 :
; minimum, ":’
11. SFECIFICATION REQUIREMENTS |
CHEMISTRY P c Mn Fe N Si Cu Nj Cr A Ti Mg | .Co Mo Ct4Ta r B OTHER
MAX .015 {0.131 0.70 .015{0.35 |0.35 |3.50 |1.40 0.15
MIN | 0.97] 0.40 0.20 3.00 {1.00 - 0.08
; - —_— g
MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE _ ’
" AX "7
MIN
OTHER . :
I11. PURCHASE ORDER DATA: P. 0. R 00837 V. RECEIVING AND INSPECTION DATA: | o o v 00837
s . 0. . . . . 3 3
_.Deviaticns from specif’icat;ioz'n:P N 01452 Deviations from Purchase Order: P. 0. N 01452 *
P. 0. N 00837 - None : P. O. N 00837 -- None 3
P. 0. N 01452 - None , P. 0. N 01452 - None
; !
.
) . : Py _ L
1. SOURCE DATA: P. 0. ¥ 00837 Vi. NERVA PROCESSING: ;: g: : 81‘;22
L Fe O N 01452 , . 0 961113
~ Deviations from Purchase Order: . Deviation from Fab Order: P. 0. % 01832
P. 0. N Q0837 - Nene , P. 0. N 01460 - None P. 0. N 01875
P. 0L N 01452 = Noge. P. 0. N 01513 - Nome IDO 965020
o : ' IDO 961113 - None
P. 0. N 01832 - Specimen serial numbers lost during
carburization. Lots were separated by spectrial analysis
end re-seriaiized on IDO 960520.
P. 0. N 01875 - None o 5
, IDG 960520 - Yone 7
vV,,",. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date _ {
| RESULTS: Lot A purchased on P.0. N 00837 from Erle M. Jorgensen & Co., Heat 3923443, Serial Numbers 880087

thru 880101 and 880422 thru 880431.

Lot B pruchased on P.0. N 01452 from Allen Frye Steel Co., Heat 3821068, Serial Numbers 880132
thru 880146 and 880432 thru 880441, : }
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TEST M-38-1

ITEM:
1. MATERIAL 1P.0. No. SOURCE FORM HEAT NO. BILLET HO. SfZE
ARMCO N 02116 Aerojet Liquid
22-13-5% NOODOp N 00772 Rocket: Co. Al) weld 038096
I, . S:0.A83206 | :
SPECTTTCATION rORGE SOURCE FORGING 1.D. FORGING SIZE HEAT TREXTMENT HEAT TREAT SOURCE
iggg:; : Pyromet
1775°F Industries
1T. SPECIFICATION REQUIREMENTS 1
CHEMISTRY c Mn Fe S Si Cu Ni Cr Al Ti Mg Co Mo CL+Ta ir B OTHER
MAX Typical .037| 1.91] Ba1| .025 .47 14.18 121,22 .27 .07
MIN
MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE
Simulated Bra:e Cycle |
MAX
MIN
OTHER
I11. PURCHASE CRDER DATA: P.0. N 00090 V. RECEIVING AND INSPECTIC» DATA: P.0. N 00090
Deviati'ons froin specification: Deviations from Purchise Order:
None None .
1V. SOURCE DATA: P.0. N 00090 'VI. NERVA PROCESSING: P.0. N 02116
P.0. N 00772
Deviations from Purchase Order: Deviation from Fab Orzer: $.0. A 83296
None 8.0, A 63296 - Nome
P.0. N 00772 - None
P.0. N 02116 - lione .
VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AMD TEST CHECKOUT FOR TEST AGENCY Ul Date
RESULTS: Serial Numbers are 1-3, 1-4, 2-3, 2-4, 6-3, 6-4. o
Control Data (test at 140°R)
Specimen Ultimate Strength 0.2% Yicld Strength Elong R.A.
1-1 158 ksi 97.3 ksi 20).' 27.2%
2-1 151 ksi 99.5 ksi 142 13.1%
C6-1 158 ksi 101.0 ksi 16% 11,0%

A-15

I T SR



©OITEM:

PEDIGREE DATA FORM

Test M-38..3

STRESS, Ksi

1. MATERIAL P.0. No. __]source FORM HEAT NO. BILLET NO, S12E
ARCO N-00231  N-02321 11/6% x 8" x
224135 N-00952 C. 0. Carlson, |Plate 300321-1¢ 48
e _1_N-020
__ SPECIFTCATION FORGE_SOURCE FORGING 1.0. FORGING STZ: HEAT TREATMENT HEAT_TREAT SOUPCE
| 1950°F + Pyromet
ig;§°§ + Industries
I, SPECIFICATION REQUIREMENTS |
__ CHEMISTRY C{m [re] s Cu | Ni ] cr ] M| Ti| Mg ] co| Mo | Ct#Ta | zr | B | OTHER
B Typical .042] &.68|Bal |.010 12.42 [21.19 2.22 | .16 .73
MIN
* MECH., PROPCRTIES | TEMP.°F YIELD .2% Ksi | ELONG. % |KEAT TREATMENT GRAIN SIZE

Simulated fur

nace braze

cycles for Phoebus II A
MAX nozzle
MIN
- OTHER
I11. PURCHASE ORDER DATA: P.0. N-(C0231 V. RECEIVING AND INSPECTION DATA: P.0. N-00231

..~ Deviations from

specification:

Deviations from Purchase Order:

None

Noze.

1V. SOURCE, DATA;

Deviations from

Purchase Order:

P.0. N-00231

VI.

NERVA PROCESSING:

Deviation from Fab Order:

P.0. N-(0952
P.0. N-02060
P.0. N-02321

None

P.0. N-00952 -~ None

P.0. N-02060 - None

P.0. N-0232]1 - None

VII.. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION ANB TEST CHECKOUT FOP TEST AGENCY USE

Date

RESULTS:

Specimen serial numbers are 889451 thru 880470,

140°R unirradiated Kyc = 84 ki /in

. A=16
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Test M~-38-4
PEDIGRLE DATA FORiY
TTEM:
1. MATERIAL P.0. No. SOURCE FORM HEAT NO. BILLET NO. SIZC
ARMCO : gggg; G.0.Carlson,Inc. Plate 300321-1C 1 zéﬁ" x 8"
22-13-5 x
R N 02060
SPECITI1CAT [ON FORGE SOURCE FORGING T1.D. FORGING STZE HEAT TREATHENI HEAT TREAT SOURCE
1950°F + Pyromet
1825°F+ Industries
1775°F
11. SPECIFICATION KEQUIREMENTS |
CHEMISTRY c Mn Fe S Si Cu Ni Cr Al Ti Mg Co Mo Cb+Ta Ir B OTHER
- B Typical 042 | 4.68 | Ba1 {.010} .41 12.42]21.19 2.22 | .16 .73
MIN
MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE
‘Simulated Braze
© MAX :
MIN
. OTHER
’
}11. PURCHASE ORDER DATA: PO N 00231 V. RECEIVING AND INSPECTION DATA: PO N 00231
Deviations from specification: Deviations from Purchezse Order:
None None
IV. SOURCE DATA: PG N 00231 VI. NERVA PROCESSING: PO N 00952
PO N 02060
Deviations from Purchase Order: Deviation from Fab Order:
None PO N 00952 - None
PQ N 02060 - None
VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date

RESULTS: Specimen $/8 880210 thru 880218
Expected tensile properties

Property 2x208 ve 820" nee
\ Yield Strength 155 Ks1 180 ksi

Maximum Strvength 215 KSI 235 Ks1

Eloagation 15% 122
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PCDIGREE_DATA FORM

Teat M-39-1

IR E

ITEM:
1. MATERIAL P.0. No. SOURCE __._|FORM HEAT NO. BILLET NO. SI17E v
Pacific Spring Belleville 4-1076 4.7" ob ®
BeCu N-02245 Fngineering Cc. | Springs Lot No 3.5" Ip ;
1-9-523 .162 high
SPECTFICATION FORGE SGURCE” FORGING 1.D. FORGINE STZE HEAT TREATMENT HEAT TREAT SOURCE

Pacific Spring
Fngineering Co.

600°F for 2 hours

Pacific Spring
Engineecring Co.

P/N 10080

1T, SPECIFICATION REQUIREMENTS | .

CHEMISTRY _ pe C | M | Fe Si {Cu | Nif or |l M| Ti| Mg| Co | Mo § CbeTa | Zr | B | OTHER

MAY. 2.0 Bal | .60 ' .50
MIN 1.8 , ) .20 %
MECH. PRUPERTIES | TEMP.°F  |STRESS, Ksi  |YIELD .2% Ksi | ELONG. % |HEAT TREATMENT GRAIN SIZE ;
MAX :
MIN '
OTHER BeCu alloy 172 per ASTN~B 194, 1/4 hard in precipitation heat treat condition.

I1Y. PURCHASE ORDER DATA:

Deviations from specification:

P.0. N-02245

V. RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

P.O . N—022’|5

None

None

. e ameat

IV. SOURCE DATA:

VI. NERVA PROCESSING:

P .00 N-ozzlbs None
Deviations from Purchase Order: Deviation from Fab Order:
None
Vif. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATIGN AND TEST CHECKOUT FOR TEST AGENCY USE Date i

i
;)

RESULTS: Chemical Analysis

Ph 004 Zn  .030 Apprpximatelv 190 pounds_required 4o compress
Sn .05 Be 1.87 spring .100 inch.

"S54 .09 - Co .21
Cr .003 Al .06

SN .02 ~Ma .09
Cu Bal Ag___.015
Fe W10
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Test M-40-1

PEDIGREE DA™4 FORM Page 1 of 3
17En:
1. BATERIAL P.0. No. SOURCE FORK HEAT NO. BILLET NO. SIZE
102554 NO1S874 17" dda ¥
T4 S5A1 2.5%n ELY NOL515 N02722 Wyman~Gordon Co. Trrging 10" 1o )
NO1550 ong
T SPECUHICATION | TORGE SOURCE FORGING 1.0, FORGING STZE HEAT TREATMERT HEAT TREAT SOURCE "~
AGC 90163A Wyman-Gocdon Co. 17" dia X Vacuum anneal at Wyman-Gordon Co.
10" long 1400°F
I
1. SPECIFICATION REQUIREMENTS |
CHEMISTRY € Mn | Fe | N H Sn 0 Cr A} Ti Mg Co Mo Cb+Ta r B OTHER
MAY. 0.05]0.10 |0.25 10.04 [0.0125{3.00 | 0.12 5.60 | Bal 0.40
MIN - - - - - 2,00 4,70 - -
MECH. PROPERTIES TEMP . °F STRESS, Ksi YIELD .2% Ksi ZLONG. % HEAT TREATMENT GRAIN SIZE
MAX Ambient Keep material bLelow Beta
MIN Ambient 105 95 12 Transformation temperaturqg
OTHER
I11. PURCHASE ORDER DATA: V. RECEIVING AND INSPECTICN DATA:
» Deviations from specification: Deviations from Purchase Order:
PO 102554: None PO 102554: None
1V. SOURCE DATA: 41. NERVA PROCESSING:
Peviations from Purchase Order: Deviation from Fab Order:
PO 102554: None _PO NO1515 -~ None
' PO NC1550 - None

Req NO1874 Fill tube with .020" wall thickness was used;
rewcrked per SDAR 40123 to provide .016" wall in

gseal-nff area.

PO N02722:

None

1
1S

¢ rm———

PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TES™ CHECKOUT FOR TEST AGENCY USE Date

VII.

RESULTS: _P/N 1138265 - 104 "B" S/N 880024 thru 880083 per 20 NO1515

P/N 1139567 ~ 4 N/C_ S/N 880001 thru 880045 per 20 NG1550
P/N 1138751-1 S/N 880024 thru 880033
P/N 1138791-10 S/N 880001 thru 880005

Specimens oriented perpendicular to radial direction of forgir:.

P/N 1138791-1 aund 1138791-10: The capsule walls were swaged t: contact specimen button heads to improve

heat transfer.
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Test M-40-1

PEDIGREE_DATA FORM | Page 2 of 3
1TEM: | |
L _MATERIAL _ |P.0.iMo. _|SOURCE FORM ___ | HEAT NO. BILLET NO. SIZE
NO1109 NO1550 Stellite :
Hastelloy X NO1251 NO1874 Bar 2610-0-4007 .15"X 15!
Sy | 01515 no2722 (Cabot Corp) | "
- SPECYITUATION— JFORGE_SOURCC FORGING ID “JFORGING STZE HEAT TREATMENT. HEAT_TREAT SOURCE

AGC 90056E except

' v Simulated braze Pyromet Ind.
weld test : per PO NO1251
TT. _SPECIFICATION REQUIRENMENIS | , - -
CHEMISTRY W C 1 Mn Fe S Si Cu Ni Cr Al Ti] V Co Mo P Ir B OTHER
. MAX 1.00]0.15 | 1.¢0 p0.00| .014 1.00] 0.35) - |23.00)0.02 {0.02 0.50 |2.50 |10.00] .020  j0.02 |.001
MIN o0.20f0.05sf - g7.00 - | - | - |Bal Joo.sof- |- |~ Jo.50]|8.00] - |- -
MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Kéi | ELONG. ¥ |HEAT TREATMENT GRAIN SIZE
| o | = Anneal at 2qoo'r for 60 .60 finer than No. 6
MAX ' ' minutes o 100X finer than No. 3
MIN
OTHER
. PURCHA DER DATA: PO NO1109 ] v. RECEIVING AND INSPECTION DATA:
111. PURCHASE ORDER DA PO NO1251 . » ECEIVI
Deviations from specification: ' Deviations from Purchase Order:
~__PO HO1109 - Noue % PO NOL109 - None
PO N01251 -~ None 4 PO NO125. ~ None
IV. SOURCE DATA: e VI. NERVA PROCESSING: i
Deviations frem Purchase Order: | : Deviation from Fab Ovder:’ ’“
PO NO1109 - None , PO NO1515 - None
Yo uo1251 - None . . PO NO1550-- None
: Req NO1874 Fill tube with .020" wall thickness ?4
was used. reworked per SDAR 40123 to provide %’
.016" wall in seal-off area. ?n
PO N02722: _None :
B
©
i
Vll. PRE SHIPMENT TEST!NG - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE - Date Ej
- | ¥
RESULTS: P/N 1138265-110-B S/N_880084 thru 880143 per PO KO1515

P/N 1139567-10 NC S/N 880046 thru 880090 per PG MOL550
_P/N 1138791-3 S/N 880034 thru 880093
P/N 1138791-12 S[ 880046_thru {80050

— PIN 1138791-3 and 1136791-12: The cap,gulg vummmwmwhn
improve heat transfer,
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Test M-40-1

\ ‘ C
PEDIGRLE DATA FORH! Page 3 of 3
1TEM: g : _ ,
1. MATERIAL P.0. No. |SOURCE FORM HEAT NO. BILLETNO.  JsizE "
Al 6061-=T61 R i e s
SPECTFTCATION O SOURCE ————|FORGING T8 FORGTNG STZE [ WeAT TREATMERT | REAT_TREAT SOURCE
T1. SPECIFICATION REQUIRENENTS ] o
CHEMISTRY C M frefs|sifculN]joe ] mm] 1if M| Co| M | Cb#Ta | 2r | B | OTHER
MAY, ' - e
MIN _
MECH. PROPERTIES | TEMP.°F  |STRESS, Ksi YIELD .2% Ksi | ELONG. %  |HEAT TREATMENT GRAIN SIZE
MAX
KIN
OTHER
I11. PURCHASE ORDER DATA: V. RECEIVING AND INSPECTION DATA:
. Deviations from specification: Deviations from Purchase Order:
IV. SOURCE DATA: VI. NERVA PROCESSING:
Deviations from Purchase Order: Deviation from Fab Ordei?:
VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE Date
RESULTS: See WANL RTS 60 for pedigree information,

P/N 1138791-2 S/N 725 thru 731 and 770 thru 776 _and

P/N 1138751-11 S/N 833 thru 838: The capsule walls were swaged to contact specimen button heads

to improve heat transfer.
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