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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
a

S

Research. Facility (NARF) at the Fort Worth operation of Convair
7

Aerospace Division of General Dynamics Corporation. 	 Previous
a

tests in this series span ten years and are described in General
f

Dynamics' reports.

The NERVA program is administered by the joint NASAAEC

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
a

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 230

_
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SUMMARY

Specimens 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 LN2 were stored in LN,2 and finally tested

in LN21 or at some higher temperature in a few instances. The

specimens irradiated in LH2 underwent an unplanned warmup while

in storage so this portion of the test was lost; some speci -

mens were tested in LN2 but none were tested in LH2.

The test specimens and test specifications were provided

r	
by Aero j et Nuclear Systems Company and Westinghouse As tronuc lear

Laboratory. However, with the terraiariation of these companies'
F

participation in the program, the Los Alamos Scientific Labora-

tories has been designated as the recipient or the raw data and

untested specimens.

The Ground Test Reactor was the radiation source. The

t:	 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 S-3 list the
w

materials and give information pertinent to the test.

v



Table 'S-1
MATERIALS 'TENSILE TESTED, TEST CONDITIO_NS. - AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST

w

Material Type
Specimen

Exp©surea
E > 1 feV
n/cm

Temp
Irrad/test

oR

No.
Specimens

Cont/Irrad

% Change (Irrad - Control)
at Same Test Temp

Yield	 Elong	 Area Reduct

Text
Ref
Page

Ti 6A1 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) 140/140c 3/3 0.05	 -18.9	 -23.4
1.52 (17) 550d/140 3'/3 2.0*	 0.97	 28.0 5-4
1.20 (18) 550a/140 3/3 2.8*	 1.5	 20.6
1.52 (17) 550 /540 3/3 0.25	 -1.6	 1.4
1.20 (18) 550d/540 3/3 4.0*	 -14.1	 -3.5

Ti 6A1 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

Al 7075-T73 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*

AISI 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
(All 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 ;'/3 29.1*	 -30.3*	 -17.3

Ti 5A1 2.5 Sn Buttonhead 1.45 (18) 140/140 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 5A1 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)

Hastelloy X Buttonhead 1.43 (18) 140/140 8/9 66.0*	 -15.4*	 -3.9 5-1
(Bar) Unnotched 4.25 (18) 140/140 8/9 92.4*	 -30.1*	 -7.1
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Table S-1
MATERIALS TENSILE TESTED, TEST CONDITIONS, AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST (Cont'd)

ww

Material Type
Specimen

Exposureo
E > 1 VeV
(n /cm

Temp
Irrad /test

(OR)

No.
Specimens

Cont Irrad

% Change (Irrad - Control)
at Same Test Temp

Yield	 Elong	 Area Reduct

Text
Ref
Page,

Hastelloy X Buttonhead 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*	 -11.6
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 1	 10.6	 222.2	 168.4*

a. Maximum where different for various specimens in group
b. Asterisk indicates significant change at the 95% confidence level
c. Annealed for 100 min at 540OR
d. Irradiated in water

r.

f

F



TableS-2.
ESTED, TEST CONDITIONS, AND AVERAGED DATA	 -

Y.s

^a

aA
t

5j

t.q

Material Type
Specimen

Exposurea
E >1	 eV
n/ cm

Temp
Irrad /Test

t
No.	 j

Specimens
KQ (ksi vin.)

Ave	 Std.Dev	 % Std Dev

Text'
Ref
Page

t

Al 6061-T6 Compact tensionb 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	 2.00	 :8.2
Control -/140 3 27.09	 2.38	 8.8
7.10 (16) 140/140 3 31.51	 1.63	 5.2
3.94 (18) 140/140 4 27.91	 2.21	 7.9

Al 6061-T61 Compact tension Control - /140 2 2631	 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	 -
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	 2.2
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 tensionb Control - 1140 4 28 . 17	 1.40	 5.0 5-49
(Forging) Fatigue cracked 2.97 (16) 140/140 4 27.20	 088	 3.2

4.23 (17) 140/140 4 25.99	 1.00	 3.8
3.16 (18) 140/140c 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	 053	 2.1
3.80 (18) 140/140 2 25.93	 1.08	 4.2
2.53 (18) 140/140c 1 26.97	 -	 -

t

18 Ni Maraging, Compact tensionb 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 42.66	 2.67	 6.3

-	 _	
.;.a*^«... "5	 •`ate•^"	 v .,;....?,rvk,,Nh{ .•+ef	 - igr Y y1°-i	 ^ --'^'^.^'°^`°' .. , ,^^^?t,"	 . ,	 ... _	 , -	 -	 ...	 t	 ^_
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Table S-2
MATERIALS FRACTURE TOUGHNESS TESTED, TEST CONDITIONS, AND AVERAGED DATA (Cont'd)

F

x

f

'a

..

f

s F _-

f;

a

Material	 Type
Specimen

Exposures	 Temp
E >1 MeV	 Irrad/Test
n/cm2(OR)

No.
Specimens

i	 (ksi Vin.)
Ave	 Ntd Dev	 % Std Dev

Text
Ref
Pa e

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

jBeryllium WOL Control -/140 2 9.83	 1.01	 10.2 5-54
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	 -	 -

l ZrC

..

Similar to KQ (psi Vin. )
d

J(Plate) compact tension Control -/140 1 442.`5	 •-	 - 5-53
Not precracked 2.89 (18) 140/140 3 310.8	 116.6	 37.5

Control -/540 2 370.8	 14.6	 3.9
2.61 (13) 140/540 4 393.7	 31.4	 8.0

K UO (ksi Vin.)e

Ti hA1 4L' Center crackedc ControlC nt -,140/ 4 63 	 5	 6.7	 3. -S5 ^9
i (Pla_te welded) sheet 3.33 (16) 140/140 5 61.70	 1.24	 2.0

-	 - 5.81	 (1.7) 140/140	 - 5. 52.64	 2.03 	 3.9
r

.,	 IO KO (ksi Vin. ) fCU B Center cracked i
i

sheet Control -/140 1 7.76	 -	 - 5-58
2.29 (18) 140/140 .2 19.20	 1.11	 5.8
Control -/540 1 6.98	 -

}	 - 2.25 (18) 140/540 3 14.19	 1.63	 11.5



f̂  a. Maximum where different for various specimens in,group
.	 b. Two lots of specimens

s C. Annealed for 100 min at 540OR -	 {

d. Toughness calculated on basis of ultimate load
e. KUO is calculated at ultimate load using initial crack length
fa KO is calculated. at 5% offset load using initial crack length

^^

F

1

f



Table S-3
MATERIALS FOR MISCELLANEOUS TESTS, TEST CONDITIONS, AND PERCENT CHANGE IN PROPERTIES WITH SIGNIFICANCE TEST

r. aExposure	 Temp	 No.
Material	 Type	 E >1 MeV	 brad/test	 Specimens	 Change (irrad - control)

Specimen (n/cm2) - (OR) Cont/Irrad

Text
Ref

at Same Test Tee 2	 Page

I 5086-H-34 Kahn-type tear Tear	 Energy to	 Energy to 5-32
(Sheet) Strength	 Initiate	 Propagate

Unwelded 2.95	 (17) 1401140 3/3 13.1*b	 -15.2	 -33.3*
2.86 (17) 140/340 3/2 2.5*	 4.5	 7.5
2.78 (17) 140/540 4/4 -0.08	 18.2	 13.3

Welded 2.92	 (17) 140/140 3/3 40.9*	 16.4	 -9.9
2.84 (17) 140/340 3/3 13.9	 -0.45	 -0.22

12.75-(17) 140/540 4/4 5.3	 -21.9	 12.0
Heat Affected 2.89 (17) 140/140 3/3 38.7*	 -5.9	 m26.1*

Zone 2.81 (17) 140/340 3/3 9.5*	 0.11	 20.5*
2.72	 (17) 140/540 4/4 2.4	 -21.4*	 -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 m-7.4	 24.7

Feuralon, Round tensile Max Stress
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).140/140 4/4 -8.8
4.3(9)rad(C) 140/540 4/4 2.8

Feuralon, Flexure (bar) Max Stress	 Deflection
type AW Lot A 3, 5 (9) rad (C) 140/140 5/0 9.0	 0. 22 5-73
(Sheet) 3.5(9).rad(C) 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	 m15.9
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t	 'Fi

' able g -l.contains a summary of the tensile test data.
a.

The	 ercent	 the..chap a between	 average values for irradiatedS	 gxxr ,

an, 	 -spec 	 tested at the , samesame temperatpre are tabu i
c 
	 '

rI	 lated for 02%.offset yi eld stress and bench"measured elon a-y	 g

"t"t ion :and. area reduction. 	 ^	 test was used to evaluate the1
tq

'differencessignificance or nonsignificance of the observed 	 in

,.	 the averages. ,In making the statistical test, a probability

\f «= 0,05 ^^5% confidence level) was used.	 Significance at
N

this level is indicated in the table by the asterisk. 	 When ^.

the difference is not indicated as being significant, it does 3

' not ,necessarilyy mean there is no difference, it may only be

r	 that" the experiment was not sensitive enough to detect the

difference if it existed.

Table S-2 gives the averaged fracture toughness datag	 g	 ^
1

L ,
g	 specimens.. with in-Because the .,avers es include data, from some

,4 	
r	 valid fatigue precracks, differences were not taken. 	 The inter-

1\.	 pretation of these data should include an evaluation of pre-

crack information given in Section 5.3	 for each individual

sp oc imen .c,
1t	 l	 ^t

t	 Table S-3 summarizes the information for a tear test of

;.	 an aluminum, the flexure test of ZrC, and the tensile and

`	 ,flexure tests of Feuralon. 	 The.,percent change between averaged

.	
xii i
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values for irradiated and control specimens are given, and the

s ign'ificance at the 95% confidence level is indicated.

Beryllium-copper Belleville springs were irradiated in

LN2 and A-286 springs were irradiated in LN 2 and in air at 5400

and 12000R. 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 1000-psi hydrogen gas atmosphere were irradiated in LN 2 . The

Hastelloy X and Titanium 5A1 2.5Sn from the LN2 irradiation were

maintained in LN2 after irradiation and tested in LN2 after

being removed from the capsules. Averages for properties of

encapsulated and unencapsulated specimens at approximately equal

fluence groups were compared; 0,2% offset yield, maximum stress,

and bench elongation were the properties considered for unnotcbed

specimens, while 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 extensive

damage to the specimens. Statistically significant differences

,(at the 95% confidence level) were noted for several properties

of Has telloy X, both unnotcbed 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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Material and
ecimen T yp e Group Properties and Significance—

0.2% Yield Sig Max Stress Sig % Bencb.Elong Sig
Encgp	 Bare Diff Encap Bare Diff Encap Bare Diff

Hastelloy X
m

Unnotcbed Low 121.8	 148.3 yes 178.9 208.1 yes 29.3 46.6 yes
High 143.7	 158.6 -yes 189.0 193.4 no 22.5 38.5 yes

Sig
Max Stress Diff

Notched Low -249.8	 216.2	 yes
High. 254.4	 240.4 yes

0.27. Yield Sig Max Stress Sig % Bench Elong Sig
EncR	 Bare Diff Enc;!p Bare Diff Encap Bare Diff 

Titanium 15Al 2.5Sn
Unnotcbed Low

High,
202.4	 192.6
210.7	 209.9

no
no

207.1
214*8

197.6
214.0

no
no

4.9
4.4

2.5
3.4

no
no

Sig
Max Stress Diff

Notched Low 23-1.5	 215.7	 no
High 205.5	 200.6 no
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3.

Actuator lubricant specimens were irradiated in LH 2 . 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 540oR; seven irradiated and six

controls were tested at 10000R. Results of the sliding wear

tests (Tables 5-35 and 5-36) showed no significant change in

wear life of the lubricants at 1000oR; however, there was a

significant improvement in wear life of the irradiated speci-

mens at 5400R.

r
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I. INTRODUCTION

This report documents the results of the irradiation test-

ing of selected structural materials in the experiment designated

GTR 28. 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 Aero j et Nuclear Systems Company (ANSC) , Westinghouse

Astronuclear Laboratory (WANL.), and the Los Alamos Scientific

Laboratory (LASL) 0

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 LH2 and LN2

dewars. The mapping run was made on 17 May 1972 at a power level

of LOCI kW for one hour.

The 6000-MWh irradiation began 24 May 1972. The test plan

called for keeping the specimens in the LN 2 and LH2 dewars sub-

merged in cryogen from the beginning of the irradiation through

postirradiation testing. After 2676-MWh of operation,

detonations in the ice that had accumulated on the exhaust lime

to the LH2 dewar forced a reactor shutdown and termination of

1-1

,



.L:Lt.I .rx. a •4 ^,^.crlaa. .0 ..4.._..._ .s.r. <-^. 	^_ i .".R.M, yr.saxy.- 7. G. YuL......0 ..k »..:...<:li 	 ^	 a .. s - y	 ..	 Lr.....	 ..	 - " ..

LH2 flow. Investigations proved that the detonations were not

the result of hydrogen leakage and on 8 June the LH2 dewar was

again filled and the irradiation was resumed.

Shortly after reaching the 10-Mfg power level (— 45 min) ,

a number of detonations in and around the LN2 dewar forced

another shutdown. Because these detonations damaged the dump

valves in the dewar, the dewar was removed from the irradiation

cell and the specimens were transferred to holding dewars in

the Irradiated Materials Laboratory. The irradiation of all

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

1972

The detonations in the LH2 exhaust line and LN2 dewar re-

suited in deviations from the test plan in that the specimens

in LH2 had a warmup about midway through the irradiation and

the specimens in LN2 received about half of the planned exposure.
k

During the period after the irradiation when the radioactivity
4

r

Of the LH2 dewar and specimens was decaying sufficiently to

enable handling, the liquid hydrogen supply was depleted because

of a faulty gage on the supply trailer. As a result of the en-

su ng warmup, it was decided that the LH2 specimens would not be

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

Scientific Laboratories. Tests on the specimen s irradiated in

LN2, 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.



II. TEST MATERIALS AND SPECIMENS

Table 2-1 lists the materials irradiated in GTR 23, the

type of test, and other pertinent 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 LN2 dewar; these are indi-

cated in the table.

Figures 2-1 through 2-5 illustrate typical specimens of

each configuration. The metal tensile specimens (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 buLtonhead configuration with a

notch diameter of nominally 0.18 in.

The fracture toughness specimens (Fig. 2-2) consisted of

three sizes of compact 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)

2-1
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Drawing	 Len tgtb (X)	 Width	 Thickness (B)
E fl

1138365	 2.50	 2.00	 1.00

100E439 H38	 2.50	 2.00	 1.00
#.c

1139208	 1.875	 1150	 0.75

57 7F544 H4F	 0.62	 0.50	 0.25 jr

100E439 H18	 3.20	 2.55	 1.00
r

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

{ cracked, r

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.

F thick.	 The CUB10 sheets were about 3.2 in. wide and 0.L in. z

thick and the CUBN sheets were about 3.1 in. by 0.05 in.	 The y

actual dimensions of each specimen are given in the data tables
F

of Section 5-3.

Specimens illustrated in Figure 2-4 are the Al 5086-H-34
{

tear, Feuralon 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-

T73 adhesion, and the Timken race used in the sliding wear test x,

of the actuator lubricant.	 Figure 2-5 shows an A-286 sprir.6 and x

a copper-boron Belleville spring.

Available pedigree data for the materials are contained in

Appendix A
^l

2-2
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Test
Sponsor

Test
Specification Material i	 Type of Test

Configuration
Drawing

Irradiation
Media

ANSC :	 M-5-1 A-286 Bolt a	 Tensilea 1118388
i

LH2
M-6-1 Fibrous Graphite Flexures 1138147 Heii_um	 i
M-7-1 A16061-T6 Fracture Toughness 1138365 LN2
M-9-1 Ti 6A1 4V Tensile 1138194 LN2 & H2O
M-9'-2 Ti 6A1 4V Tensile 1138194 LN2
M-9-3 Ti 6A1 4V Sheet Fracture Toughness 1138226 LN2
M-14-1 Feuralon, Type AW Tensile	 E 1139068 LH2
M-14-2 Feuralon, Type AW Flexure 1138147 LH2
M-16-1 18 Ni Maraging Steel Tensile 1138265 LN2
-M-16-2 18 Ni Maragin; Steel Fracture Toughness b 1139208 LN2M-21-1 Al 7075-T73 Tensile 113826.5 ;	 LN2
M-21-2 Al 7075-T73 Fracture Toughness 1138365 !	 LN2

I'
-M-21-4 Al 7075-T73 Adhesions 1138310 LN2 & H2O
M-31-1 AISI 9310 Steel Tensile 1138265 !	 LN2M-31-2 AISI 9310 Steel Fracture Toughnessb 1138365 ;	 LN2
M-38-1 ARMCO Alloy 22-13-5 Tensile 1118388 j	 LN2
M-38-3 ARMCO Alloy 22-13-5 Fracture Toughness 1138365 LN2
M-38-4- ARMCO Alloy 22-13-5 Tensile 1138265 LN2

j M-39 - 1 Be Cu Springs Spring Constants N/A LN2
P`•-40-1 Hastelloy X Tensile 11138265 LN2 & LH2

ANS'C M-40-1 Ti 5A1 2.5Sn ELI i	 Tensile	 i (1139567 LN2 &LH2	e
WANL M-40-1 & RTS-60 Al 6061-T61 Tensile 1389DO82 H01 LN2 'a LH2.

1 1389DO84 H01
44AO04 Bearing Retainers -a 1139961 LH2
RTS.-56 Actuator Lubricant Timken Race N/A LH2
RTS-58 A-286 Springs Spring Constants	 ( 388D992 LN2, LH2, & Air
RTS-61 Al 6061-T61 Fracture Toughness lOOE439 H38 LN2
RTS-62 Al 5086-H-34 Tensile 100E445 HO1 LN2
RTS -63 Al 5086-H-34 Tear 100E445 H05 LN2
RTS-64
RTS-65

CuB10
CuBN

Sheet Fracture Toughness 577F686 H03 LN2
Sheet Fracture Toughness 577F686 H04 LN2

RTS-66 ZrC f	 Flexure 388D613 LN2
RTS-6.7 ZrC I	 Fracture Toughness 577F544 H14F LN2
RTS-68 A-286 I	 Tensilec	 d 609B231 LN2

WANL RTS-69 Beryllium Fracture Toughness 100E439 H18 LN2

N
t

w

+!€!???p,MF-?n,'Y^,,L^'r`^tu L'i£4^_..£Wid^d."=Y.iu'Y^.a •n..:;:'.va re)r^.x-,wx-.x 	 ^^+_•.1+""' ^. :-`._a++3k'!:^i'iri?S'd-s'^S`F—.:F ..oi:v«n r ,.

Table 2-1

STRUCTURAL MATERIALS IRRADIATED IN GTR 23

aSpecimens shipped to LASL for testing,
bSome specimens shipped to LASL for testing.

cSpecimens lost due to detonations in dewar.
dSome specimens lost due to detonation in dewar.
eUnnotched and notched specimens were irradiated bare in the cryogens
and in steel capsules pressurized with hydrogen gas at 1000•x25 psig.
The encapsulated specimens were irradiated in LN2 only.



ANSC 1139567
WANL 3890084 HO 1
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Figure 2-1 Configurations of Tensile Specimens
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Figure 2-2 Configurations of Compact-Tension Type Fracture
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III. IRRADIATION PROCEDURES 	 r
;y

Test GTR 23 consisted of the irradiation and testing of

selected components and structural materials, which were irra
a

diated in LN2 . LH2 , water, and air, The fast-neutron fluences

required by the ANSC and WANL tests called for an irradiation

^Ff 600o ho	 M.W	 A separate low-power-level mapping run was made

,:;,to confirm the correct positioning of the test specimens in

the irradiation fixtures, 	 u

3 1	 d ,	 -	 ^^Ra cation- Source

The 10-Mw Ground Test Reactor (GTR) , which served as the

radiation source for this experiment, 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 suspended 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 dry irradiation cell
;E

at the other end. The reactor is carried by a horizontal posi-

tioning mechanism that permits it to be moved into and out of

tbeL closet-like structure built into the north wall of the

GTR tank. When in the closet, three faces of the core are

available for irradiation of test items placed adjacent to the
-	 a

3-1
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three . s .des of the closet - designated east, west, and north..a

The hydrogen dewar. was placed in the east posit ion , the nitro- ^
n
y

gen ctewar in the north position, and the ;table for components

An air in the west position.
s
w

The reactor closet is constructed of 1-in. aluminum plate

covered (on areas adjacent to the reactor core) by a;20-mil-
44

thickness of cadmium to attenuate thermal neutrons. 	 The cadmium

extends 36 in	 east and west from the closet along the tank	 - r;
a

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

the reactor core.	 The centerline is 59 in. above °th.e irradia-

tion cell floor.

362 .. Ir•radiat ion Fixtures

.3.2.1	 Liquid Hydrogen Dewar.

The liquid hydrogen dewar was a double-walled stainless-

steel vessel with the annulus evacuated to provide an insulating

barrier.	 Inner dimensions were 24-in. diameter b 	 40-in. height.Y	 g
The dewar was equipped with two ^iupply lines, one exhaust line,

^

and two liquid level _probes.	 Effluent hydrogen gas was exhausted.

directly through,a port in the dewar lid to an exhaust, gas system Ft

which ;carried it to the flare stack where it was burned.

Allpenetrations through. the LI 2 dewar lid were .enclosed by

din inerting shroudatop the lid.	 The purpose of the shroud was

3-2
w
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to pxQVide an inert atmosphere (gaseous helium)'in the 'immediate

vicinity of penetrations at the lid and far enough` above the lid

to allow the lines and cables to warm to near cell temperature,

The_sbroud was continually purged with helium gas; the outflowing

tgas was monitored for hydrogen content and exhausted through th,."

GH2 exhaust system.	 The seal between the shroud and the dewar
"a

lid was a bolted flange with a compressible gasket.' Penetrations	 5

into the shroud were tbrougb welded or bolted flanges for lines 	 d
i

t
and tubing and hermetic connectors for electrical harnesses,

3.2.2	 Liquid Nitrog en Dewar

ry The liquid nitrogen dewar was of similar design to those`

Used previously in tests GTR 20C and GTR 22; it consisted of

a removable inner LN2 container and an outer chamber wbicb main-

wined a flow of GN2 around the LN2 container. The inner con-

tainer was designed in such a manner that when it was attached

to the dewar lid effluent gaseous nitrogen flowed over the front

edge (reactor side) of the LN2 container, down the front face,

under the LN2 container, and back up and out the dewar vents.

Barrier plates on either side of the LN2 container formed the

exhaust ,.patb for the GN2. The continuous flow of cold GN2

provided sufficient cooking of the reactor side of the irradia.o

Lion dewar to preclude; excessive h.eating. The dewar was equipped

:3-3



- , withA*o ­LN supply lines, two liqu d level probes -,,, two dump

..^'_Valves and four exhaust tubes

The pressures and liquid levels in both the LN2 and LH2

^.^_,^.Oewarswere monitored and controlled from the Radiation Effects

.(RETS) Console, The liquid level probes-were

equipped both with Tesistors and thermocouples located at pre-

,...ditermined points throughout the depth of the dewar. The re-

sistors were connected to a discrete-level indicator/annunciator

'i-panel. The thermocouples were connected through a switch

selector, to Bristol recorder-co.ntrollers. , , The Bristols provide

automatic level control at any of the probe thermocouple loca-

tions

Pressures in bothdewars and in the shroud of the LH 2 dewar

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

located outside the high 
radiation field of the GTR cell and were

connected to the dewars with, copper tubing. The transducer

outputs 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 hold the air-irradiated specimens. The specimens were grouped

by target fluence and located accordingly on the table which

extended from the closet to the cell wall



e_

i

The specimens irradiated in water were installed in a

water rack which attached directly to the south face of the

GTR frame.

3.3	 Dos imetry Procedures

Target neutron exposures for the components were specified

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

arrive at a specimen arrangement for the various irradiation

fixtures and then determine by measurement the actual exposurek

of each specimen required the following steps: F	 q	 g ^.^

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

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

3.	 Neutron fluences received by the specimens during
t	 the actual irradiation were measured by means of

isj.

nickel foils.	 Conversion factors necessary to con- t`'
vest measured fluences to the proper energy range
(E >1 MeV) were based on neutron spectral data ob-
tained in this and previous tests.

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

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

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

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

but to avoid possible damage to the electronic components during
Y

a

a:

the subsequent warmup and handling to remove the dosimeters, most
J

i
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Source of Error Accuracy and/or
Precision

Basis

Nuclear Measurements

Neutron detectors (count data)
•	 Sulfur	 E >2.9 MeV +11/0 Estimated from count data obtained in

the mapping run
•	 Phosphorus	 E <0.48 eV ±2% of	 it

•	 Indium	 E >0.85 MeV +2%

•	 Nickel	 E >2.9 MeV +11/0 Estimated from count data obtained
from actual test configuration
( 6000 MWb) .

Weight +11/0 Estimated from sample.

Intercalibration.of Counters +1% Estimated from counting same foil on
-each counter.

Gamma (Cobalt Glass) +3% - Estimated from pairs ' of Cobalt glass

gamma detectors-from mapping ruv, e

GTR Spectrum -	 E >1- MeV +100/0 -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 coanters +5% Calibrations-of counters with:.  4 pi

including counting precs'ion counters, beta-gamma coincidence
counting and counting standard source
techniques.

F

F

w

V
3

_	 Table 3-1

s ERROR ANALYSIS OF DOSIMETRY MEASUREMENTS
t



S tirc	 f0	 e- Accuracy, and 
/0 

r

Precision

Extrapolation from mapping run , +1070 judgment,
data to measured Ni fluences
for specimen irradiation

Combined (E'>l MeV) +15%L
Mop Root mean square.

Thermal neutrmfluence +7% Estimated by the difference between
(E < 0.48 eV) bare and. cadmium covered phosphorus

(1/v) detectors which are activated
independent of spectrum shape up to
cadmium flux.	 Each detector uncer-
tainty is +5%.

Averagin	 of fluence fox each.1	 - --g.	 _ - ^	 .-- ---a	 _ +5% Used only average fluence for each-
group of specimen (E <0.48 eV) group of specimen instead of indi-

viduals,

Combined (E <0.48 eV) +18% Root mean square:	 extrapolation
from mapping run data, calibration
of counters, etc,

Gamma Dose +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.

i
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3.4	 GTR-23 Irradiation ='

The 6004-MWh irradiation was started on.24 May 1972 and

was concluded on 7 July 1972.	 A summary of the reactor log

is given in Table 3-2. It should be noted that the elapsed time

at power includes only the time the reactor was operating in i

the closet position.

3.5	 Postirradiation
i
a

The specimens irradiated in LN 2 were stored in LN2.

Those to be tested in LN2 were transferred to the test apparatus

without being removed from the cryogen. Specimens tested at

temperatures above 1400R were transferred from LN2 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 LH2 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 LOG

..Power Elapsed Time Accumulated N^
.Level --; at Power Exposure Remarks
MW h MWh

4 033 1.3
7 0.47 4.6 - x

10 4.12 45.8
GTR scram.

10 2411 2869
GTR retracted; hydrogen leak 4

on ramp.
1 0110 287.0 F

10 25.97 546.7

9i,2 0^.23 5488
r 10 30992 858.0

GTR retracted; electronic com-
r

ponent9 data cycle.
9.5 0.28 860.7
10

)
24.40 1140.7

GTR retracted; electronic com'
3

a ponents data cycle.
9.6 0 1, 03 110590
10 201.52 1310.2 Z

8 0.17 1311.E
10 9.15 1403.1

e

9 .1 0,17 1404.E

' 10 10.72 1511.8
GTR scram.

963 -0.12 1512.9k^
10" 116.35 2676A

GTR shutdown; detonations in
' ice on GH	 exhaust line.

1 0:06	 - 2676.5
10 0978 268493

GTR shutdown , detonations in
LN2 dewar, , }

10 3`:.20 2716.3 i
OTR shutdown; malfunction of
irradiation-cell exhaust
dampers.

10 217.10 4887.3'
GTR shutdown; broken air line.

10 6.92 4956.5 r
w,

GTR scram
10 104.45 6001.0

r
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IV. TEST EQUIPMENT, AND METHODS

2. Displacement gages for fracture toughness tests.

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

Additional equipment used included an optical comparator {x
#:3
y

for determination of physical dimensions of test specimens before

and after testing and a macrocamera with . Polaroid attachment
=r

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 Mode l 120A Baldwin test machine. The
Model TT-C (10 , 000-1b load capacity) and the Model TT- D (20,000-

lb load capacity) Instrons were used for testing of all tensile,

fracture toughness, tear, and flexure specimens with the excep-

tion of the Ti 6A1 4V fracture toughness specimens which were

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

a
3
5
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4

The  cryostat of the type used for immersing ANSC and WANL

Y q̂

a

wa

specimens in LN2 while being tested is shown installed in the

Instron strain frame in Figure 4-1	 Figure 4-2 shows the Baldwin

tester with cryostat in place. 	 The cryostats were fabricated of

urethane' foam material. 	 The inner and outer surfaces were coated

with, successive layers of RTV 102 silicone adhesive and fiber-

glsss cloth, with: the final layer of RTV 102

For WAND tensile and fracture toughness tests at 2760 3400

and 4060R , a double-walled container having small holes in the

inner wall was used for temperature control of the test specimen.

The container enclosed the grip and specimen section of the

Instron load train.	 Cold nitrogen gas supplied at a controlled

rate between the chamber walls flowed over the test specimen and

grips.	 The flow rate of the cold GN2 was adjusted to keep the
nspec imen at the desired temperature during testing.	 This double-

walled container was also used for annealing of specimens at }

._

C

temperatures between 140° and 5400R.	 The specimens were sus-
pended in the wire basket within the cylinder wall along with a j

dummy- specimen instrumented with. a thermocouple to monitor A

_ temperatures, during annealing. 	 The flow rate of the cold nitro-

gen gas was . .adjuste4_ to keep ' the specimen at the desired tempera-

x tore.

4-.2
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Figure 4-1 Instron Cryostat Mounted in Test Position
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t

In tensile tests performed above 5400  (one material) spec"
5

r r

men test temperature was maintained by use of a Norton Model ' 4

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

calibrationrocedures for elevated temperature tests and forP	 P

the low temperature tests between 140 0 and 540°R are described s

in Sections 4.2.2.1 and 4.2.2.2, respectively.

4.1.2	 Displacement Gages for Use in Fracture Toughness,
f

Tests r

The displacement gages used in fracture toughness tests were _3

made according to ASTM Part 31, 10Proposed Method of Test for

r Plane-Strain Fracture Toughness of Metallic Materials," dated

E; 31 May 1970.	 Figure 4-4 is a drawing of a typical displacement r

gage mounted in a specimen, and Figure 4-5 is aP botograpb of a.
s

displacement gage	 mounted in a specimen.	 Figure 4-6 is a dimen-
k ,

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.

Two types of foil strain gages were purchased from two
Y

s

separate manufacturers. 	 Epoxy bonding material compatible with {

the respective gages was chosen to bond the strain gages to the

beams.	 Strain gage type SA-06-125AG-350, manufactured by Micro-

Measurements, Romulus, Michigan, was bonded onto th.e beams with
z,

u

t

r: 4-5 s .

h



Figure 4-3 Norton Model 2285 Split Furnace Installed on
Instron Model TT-D Tester
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Foil Strain
Gage

^	 6	 ^

1

I

-ION

'Tension Strain

Figure 4-4 Typic«1 Displacement Gage Mounted in a Specimen



Figure 4-5 Fracture Toughness Specimen with Displacement
Gage in Place
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1.625	 0.370

r	 1.620

0.188	 +d.
0.186

0.142 Dia.
0.140 Dia.

0.375
0.373

.-

le

0.041
0.039

I

• %90	 70 '+ l°	 0.065
,

1 	
0.060

1 
0.020 Rad
0.010 Rad

0 0 21 i/ `^^ 
0.019	 0,006 Rad

0 004 Rad

0.188
0.186

0.030
0.025

(a) dimensions of beams

0.190
0.188
^_ 0.510

0.500

0.250
0.245

0.205
).195

0.378
0.376

0.050	 J Undercut
0.045

0.142 Dia	 "
0.140 Dia

450 Chamber
by 1/32 deep

0.500
0.490

5/64 Drill Hole

0.188
0.186

0.402
0.400

W • v i u

0.072

_ 0.375
0.373

(b) dimensions of spacer block

Figure 4 -6 Dimensional Drawing of Displacement Gage Beams
and Spacer Block
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Di-Bond 600 epoxy. Strain gage type FSM-25-35S6, manufactured

by BLH Electronics, Waltham, Mass., was bonded onto the beams

with EPY 5.50 epoxy.

Two gages of the same type were bonded onto each of the

two 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.

Tj	
Balance
-----

i i	 Output

T2	 C2

Displacement Gage Bridge Circuit

r ^ 7 Tcacf ' Me^thnt^e

z,
4.2.1 Axiality Checks for the ANSC Tensile Specimens

In order to ascertain that the pull rods, the specimen grips,

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

provide 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

[using a strain gage instrumented specimen provided by ANSC.

_4-10

-	 t
.4FlS.^vw'^!xiaw^v!. xi" +ih.-.w'^.i^auwraa^hrrz- ,R ,Wrt;.xr ^.•^ .r. ,.,,	

- .

. , 	 .,rrxa	 * n ^+.. tiw:c,+..rwr^-a;.ia vu ^:.^vawtaa aumwrt;a.vwsr..ars..st^evu.-u.er-^.,¢,..,ss,:,.. n.. _^ 	 ^ ..



.ae.e::.:c.wy z-	 ,:3, .rc v.w.+.v:...ut..	 dw	 ry +.1 ''+.w.e....	 xL..._	 ., _	 u	 r

	

u.,-N	 x	 w .,<	 ww . v	 r,	 y	 car . M._. _..._	 _.. . _ _ . __._. .
^4rS, a	r„at`4"'Aa'.lr ..ran, : r e yq^rrx

 
rhi

i

L
z

7

i
x

The axiality checks were performed in accordance with ANSiC
t;

Preliminary Standard Procedure RP-n1 9 "Procedure for Axiality	 5

Determination for Tensile Test Apparatus," dated July 1970. The

procedure provides a method for assessment of the stability of 	 Y

the load.train, the magnitudes and directions of the bending

strains over the specimen length, and proportions of the bending
?A

t^r	
strain due to test apparatus and test specimens.

E

The following are the general requirements of the procedure:
Y

t
l: Axiality Test Specimen (ATS)r..iws .^.^.•^^ar^.sas_

a. -The ATS shall be of the same configuration in
the grip or holder area an:^. the same length as	 y
the specimens used for data collection.

b. The ATS shall be of a material and dimension suf -
1k

t ,	

ficient to withstand the anticipated load required 	 a
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.

2. Load Train

s. 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, 	 k

:.

	

	 :b. Record the relationship between the location of
th-e load train vertical line and some permanent
fixture of the test machine. An accuracy of +50 	{
is sufficient for this purpose.

'	 co Record the relationship between the ATS and the	 4
ttest machine so that location of strain gages

with respect^to the test machine can be determined.

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

3. Strain Ga es

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

4.	 Colle;;tion of Axiality Data

Record strain gage readings in microinches per inch.

a.	 Take strain gage readings with the load train
hanging freely. }

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

C,	 Release the load and read the gages again.
_1
4

1

d.	 Rotate the ATS 180
0
 acid repeat the test.	 Do not ti!

rotate the load train or any portion thereof.
ti

r e.	 Return the specimen to its original position.
Repeat the cycle of two loadings (specimen at
0	 and 1800) so as to obtain five loadings in
the first position (00) alternating with five

r loadings in the second position (1.800){
Axiality tests performed prior to testing all buttonhead

specimens were accomplished with an Inconel 718 buttonh.ead speci-

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

assemblies mounted according to AGC Drawing No. 1138347.
r

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 section,y

4-12
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and the gages were spaced circumferentially (90 
0 Apart) as indi-

cated in the sketch below,

^L^R

	

Gages	 Gages

	

8	 14

	

5	 +1

(3 in back)
(7 in back) L	 ^,^...

K

8	 4

5	 3♦1

6 ,	 2

L-L	 R-R

Sketch of Strain Gage Location for Round Axiality,
Test Specimen (ATS)

The res,ults of axiality tests performed prior to testing

the buttonbead specimens showed that the maximum bending strain

due to the apparatus was 6.8%. ANSC has concluded that a tolerance

of 9.2% maximum bending strain due to apparatus at the center

of the specimen will provide acceptable axiality.

4.2.2 Temperature Calibration Procedures

Calibration Procedures for 7409R

in the test requiring specimens to be tested at a tempera

..tore of 7400R, the temperature of the spkimen 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 gradients 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	 at each test

temperature to ensure reproducible results.

4.2.2.2 Calibration of Cold GN2 Fixture for Temperatures
Between 140 and 540 OR-

Calibration of the double-walled GN2 temperature control

fixture for test temperatures of 276°, 340 0 , and 406°R was

X

4-14	 a
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accomplished in much the same manner as for elevated tempera-

tune 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 LN2.

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

5 The LN2 was drained from the cryostat and flow of cold
GN2 through the double-walled fixture was initiated.

6. Flow of GN2 was controlled manually until the tempera-
1	 ture approached to within about 50 0 of the desired

temperatur9, at which time the system was switched to
Automatic control and brought to the test temperature.

r 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.

t-,
4.2.3 Annealing of Specimens at 540°R

The thermocouple-instrumented specimen was placed in LN2 and

allowed to cold soak for 30 minutes Then it was removed from

the LN2 and placed in a water bath,. The time/temperature profile

of the instrumented specimen was monitored and the time required

for it to reach.5400R was noted; this was found to be approximately

1 minute. Therefore, specimens scheduled for anealing at 540OR
n i

dr ,a
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were removed from LN2 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 LN2 until tested.

4.2.4 Tensile Tests

For those specimens tested at 140 0R, 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 LN2 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 3400 the double-walled fixture described

in Section 4.1.1 was used in conjunction with the LN 2 cryostat

used in testing at 1400R. The fixture was installed in the ten-

sile test machine so that it enclosed the specimen grips. With.

the cryostat filled with. LN2 , the specimen was loaded into the

grips and cold GN2 flow was initiated to the annealing fixture.

The LN2 was then drained from the cryostat. The GN 2 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 maintain 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-A 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 2 storage dewar and placed
E.

in a water bath.(. gallon) for approximately 1 minute. Then it

was dipped in acetone and dried. The specimen was then placed

E.: 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

stalled in

storage de

were performed at 14008 by use of the cryostat in-

the Instron. Specimens were transferred from the

war to the test cryostat under LN2 . The displacement

4-17r



gage was installed in the test specimen opening between the two

gage points, allowed to stabilize at LN2 temperature, and adjusted

by the procedures described below.

For fracture toughness tests at temperatures between 140
0

and 5400R, the same fixtures and procedures as described for

the tensile tests were used. Specimens to be tested at 540OR

were removed from the LN2 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, "Proposed Method of

Test for Plane-Strain Fracture Toughness of Metallic Materials,"

dated 31 May 1970. Each displacement 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 before 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

4-18



^
a'`'yyŷyŷ
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The equipment used for evaluating the displacement gages

consisted of a Boeckeler Micrometer, a strain gage switching

and balancing unit, a strain indicator, a dewar to contain LN2 ,

and miscellaneous hardware.

The Boeckeler Micrometer that was used for displacement

interval settings is a precision instrument manufactured by

Arizona Tool 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 BLF1 Electronics, Inc . ,

were used for balancing and indicating displacement gage output.

The strain indicator has a readability of 1 microinch/inch..
^v A minimum of three sets of data were recorded at test tempera-

cures of 1400 , 2730 , 4060, and 5400R. Temperature stabilization

for 30 min was allowed has required 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

``	 of the micrometer at the test temperature. Readings were obtained
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The data were analyzed to detect deviations from linearity

over the displacement range.	 The required linearity corres-

ponded to a maximum deviation of 0.001 in, of the individual }
w

displacement readings from a least-squares best-fit straight
3

line through the data.	 Displacement gages which did not conform

to the linearity criterion were rejected*
•A

In setting up for the fracture toughness testing, the dis-
Y

'i
placement gage was connected to the Instron chart drive system

by means of an external balance potentiometer and the Instron
s.

strain-gage preamplifier as shown in the sketch below.
:w

Instron a

Disp.

Wage
Balancing

l

i ServoStrain'Chart
Pot l Gageg Amp Dri vel	 Pre Amp	 I

t

a

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-

Cure stabilizat i on, the strain-gage preamplifier was nulled by

alternately adjusting the external balance potentiometer and

'e

A

r
t;
r.
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strain-gage preamplifier balance control. Upon completion of

null, the displacement gage was opened to force chart travel.

The gain of the preamplifier was adjusted , to give the desired

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

placement gage opening. Linearity of the system was satisfac-

tory over 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,

4.2 16 Tear Test

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

Instron machne:operated in the same manner as for tensile tests.

o
Tests at 140 and 340 R were by the same techniques as described

2 h	 stropn Section 	 4 Al ddef	 d nt a ni Sect o	 oa	 orm ti	 plotted o	 I^	 ./	 a on ^ c urve p o

recorder with the machine operating at a constant crosshead 	 <<
.a

speed. , provided the required data,	
j

it	
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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 flat 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 lest 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 S 1 id ing Wear Test

The actuator lubricant was tested by use of ta l e Hohman A-6

sliding wear tester (Fig. 4-7). A bearing load of 110 lb per
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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 0.40

4.2.10	 Bench-Measurements

Bench measurement data used for calculating percent elonga-
u

tion and percent reduction of area were measured with. a Scherrer-
d

Tumico Model P-1500 optical comparator. 	 Special fixtures were,

designed to align the broken specimens and fit them together, thus
z

facilitating determination of specimen length at fracture and s

cross -sectional area.	 These measurements were compared with.

preirradiation data which were also obtained with the optical

comparator.
ry

Bench measurement data required for determination of frac-

ture toughness characteristics were also obtained with, the

Scherrer-Tumieo 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

5.1 ,- ' , Tensile Data

The tensile data in Tables.5-1 through 5-16 are presented

in tne- following order;

M-9-1 Titanium 6A1 4V (sheet)
M--9-2 Titanium 6A1 4V (welded sheet)
M-16-:1 18 Ni Maraging Steel
M-21-1 Aluminum 7075-T73
M-31-1 AISI 9310 Steel
M-38-1 ARMCO 22-13-5 Steel
M-38-4 ARMCO 22-13-5 Steel
M-40-1 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)

z	 The following general information and property data are

presented in the data tables for the unnotched specimens
F

l Designation of the material

2. Drawing number

3. Specimen number

4 Test condition (control or irradiated)

5 Instron crosshead speed
rn

6 Irradiation and test temperatures n

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



f,
12. Percent area reduction from bench measurements

13. 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 Q indicates that
the break was, roughly, transverse or oblique, res-
pectively.

--Gage Section

1/8"

4111211121314

Similar information is given for the notched specimens

except that the tensile data consists of:

1. Average notch, diameter

2. Area at notch

3. Fracture load

4 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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i cnt-ìle Stress % Elongation Radiation Exposure

Specimen est % Area
FractureU. 2/	 Max	 F -acc Bench

Chart Neutron
(n/cm

Fluence

Number Terp- Offset (ksi) (ksi) To Max To (Bench)
Location

E > 1 Met E C 0.48 eV(OR) (ksi) Stress Fract

22 140 200.1 215.4 215.4 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 4.6 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)
44 540 125.1 134.8 125.6 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 0.5 0.4 0.8 0.4 0.2 0.4 3.3
% STD DEV 0.4 0,3 0.7 2.0 3.0 2.1 22.7

19* 1	 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 22.0 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 4.94 0.46 3.70 3.18
% STD DEV 1.66 0.22 0.19 29.53 8.33 25.07 33.83

*

1

Annealed for 100 min at 540 °R

R	 Ln

yr

i

Table 5-1

TENSILE DATA FOR TITANIUM r--Al 4V SHEET IRRADIATED AT 1400R _N TESTED AT 1400 AND 540OR
CrncchAnd q"nnA n n7s 4- 1-4-	 (Sneni finati nn M-9-1)

r

x

6

i	
x

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

r
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Tensile Stress % Elongation Radiation

p, 2% Max Chart. Neutron FluenSpecimen Test % Area
Fracture

Number Temp Offset
Fract Bench

Location (n/cm2)

( R)
(ksi) (ksi) To Max To (Bench)

E > 1 MeV

Expol

e

E < (ksi) Stress Fract

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
T STD DEV 1 . 37 0.33 0.09 10.43 2.04 7 . 39 7.02

18 540 "127.1 136.1 126.1 19.2 7.3 18.8 15. 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
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ANSC LYWg. No. LLJdLV4-19UV. Data to be used for material evaluation only. Do not use for desig
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FOR TITANIUM 6AI 4V WELDED SHEET IRRADIATED AND TESTED AT 140OR
(Snecification M-9-2)

i

1 N T R . .•	 "- "381,54-2709. Data to be used for material evaluation only. Do not use for design

Tensile Stress % Elongation Radiation Exposure

SpecimenP Test
% Area Fracture0.2/o	 Max	 Fract Bench

Char t Neutron Flue,:^ca
(n/cm 2^Number r0 Offset	 (ksi)	 (ksi) To Max To (Bench

Location

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

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.? 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

46 216.5	 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 6.8 4.7	 (17)	 1.80 (16)
55 218.4	 223.9	 222.4 9.8	 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	 (17)	 1.80 (16)
AVG I.	 :.217.3	 224.6	 221.3 10.3	 2.7	 9.4 5.1
STD DEV ('	 1.78	 1.03	 2.01 2.89	 0.26	 2.98 2.31
% STD DEV

_
^

i

^
{

0.82	 0.46	 0.91

i

27.99	 9.66	 31.57

I
3

45.52

f

f

i

1

r,

Table 5-3



Tensile Stress % Elongation Radiation Exposure

Specimen Test 0.2% Max Fract
o°/.

Bench
Chart Area

ReducY
Fracture>:, Neutron Fluen^ ce

(n/;cm2)
To Max ToNumber Temp Offset	 (ksi)	 (ksi) (Bench) Location

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

169 321.3 333.3 242-.2 5.9' 1.0 6.3 45.2 l/T Control
173 325.1 332:8 242 .5 6.2 1.0 6 .0	 .. 40.7 3/T Control
AVG 323.2 333.0 242.3 6.0 1.0 6.1 42.9
STD DEV 2 . 69 0.35 0.21 0.21 0.0 0 . 21 3.1$
% STD DEV 0.83 0.11 0.09 3.51 0.0 3.45 7.41

168 320.5 ' 330.1 215.3 7.0 1.0 7.4 52.7 2/T 8.4	 (16) 4.5 (15)
172 325.8, 336.9 245.5 7.1 1.1 6.5 47.8 3/T 9.0	 (16) 4.5 (15)
AVG 323.1 333.5 230.4 7.0 1.0 6.9 50.2
STD DEV 3. 75 4.81 ' 21.35 0.07 0.07 0.64 3.46
% STD DEV 1.16 1.44 9.27 1.00 6.73 9.16 6.89

170 327.4 338.9 239.7 7.4 1.2 6.9 42.9 3/T 1.40 (18) 4.5 (16)
-171 331.4 342.0 236.2 7.0 1.1 6.8 49.6 2/T 1.66 (18) 4.5 (16)
AVG 329.4 340.0 238.0 7.2 1.1 6.8 46.2
STD DEV 2.8 2.2 2.5 0.28 0.07 0.07 4.74
% STD DEV

Lot 2

0.9 0.6 1.0 3.93 6.15 1.03- 10.24

177 318 .8 326 .4 229.4 6.1 0.8 6.1 44.5 3/T Control
178 319.3 326.5 223. 7 7.0 1.0 7.1 49.4 3/T Control
AVG 319.0 326.4 226.5 6.5 0.9 6.6 46.9
STD DEV 0.35 0.07 4.03 0.64 0.14 0.71 3.46
x_STD DEV 0.11 0.02 1.78 9.72 15.71 10.71 7.38

176. 314.1 326.7 231.3 6.1 1.0 6.5 47.2 3/T 7.5	 (16) 4.5 (15)
174 320.2 329.9 223.9 6.2 1.0 7.1 48.8 3/T 1.03 (17) 4.5 (15)
AVG 317.1 328.3 227 . 6 6.1 1 .0 6.8 48.0
STD DEV 4.31 2.26 5.23 0.07 0.0 0.42 1.13
% STD DEV 1.36 0.69 2.30 1.15 0.0 6.24 2.36

175 324.9 333.5 239..7 5.3 0.8 5.8 45.3 2/T 1.60 (18) 4.5 (16)
179 325.5 334.7' 237.7 " 4.0 0.8 5.8 44.7 3/T 1.78 (18) 4.5 (16)
AVG 325.2 334.1 238.0 4.6 0.8 5.8 45.0
STD DEV 0.42 0.85 1.41 0.92 0 . 0 0.0 0.42

STD DEV 0.13 0.25 0.59 19.77 0.0 0.0 0.94

u

s

Y

} j

r

ANSC Dwg. No. 1138265-120.	 Data to be used for material evaluation only.	 Do not use for design.
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Tensile Stress % Elongation Radiation Exposure

Specimen
Number

Test
Temp
(OR)

% Area
Reuct
(Bench)

Fracture
location

0 .2%Max	 Fract
Offset	 (ksi)	 (ksi)
(ksi)

Bench
Chart Neutron Flue nce

(n/cm2)
To Max
Stress

To
Fract E > 1 MeV	 E < 0.48 eV

156 76.9 94.2 92.0 12.6 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 9.4 I1.0 18.7 2/0 I	 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 9.04

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 (18) 4.9 (16)
164 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
% ETD DEV 0.85 0.19 7.56 1.72 196.80 4.02 13.63

Table 5-5

TENSILE DATA FOR ALUMINUM 7075-T73 FORGING IRRADIATED AND TESTED AT 140oR
n n g;n ;n /min	 (Cnsari fi rnti nn M-91 -IN

I

z

s

Y

f1SC Dwg. No. 1138265-114. Data to be used for material evaluation only'. Do not use for design.
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Tensile - Stress % Elongation .Radiat;on Exposur

Specimen
Number

Test
Temp
(oR).

% Area.,
Reduct
{Bench}`

Fracture
Location

.,	 :._^;c%`	 Max	 Fract
Offset	 (ksi)	 (ksi)
(ks)

Bench
C	 -

^-	 Pharr -.Neutron Fluence
(n/cm2)

To Max
Stress

To
Fract E > 1 MeV	 E < 0.48 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 12J6 0.35 0:..07 0.71. 6.:65
% STD DEV 0 . 64 0.92 6 . 30 2.59. 1.37 5 . 20 13.88

6 226.3 256.0 200.1 11.8 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-- 50.8 2/7 2.60 (16) 1.8 (15)
3 226.1 255.7 197.5 13.1 4.6 1316 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

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 X2.7 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/T 3.00 (17) (16)
AVG 225.4 255.9 173.0 12.5 4.2 12.8 57.4 -

1.8

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

q

to

3,.

S

Table 5 

ii	 TENSILE DATA, FOR AISI 9310 BAR. IRRADIATED AND TESTED AT 14.0oR 	 y	 _
1	 Crosshead Speed _-.0.:050-in./:min ^	 _. -	 S ecificetion M-31-1)_

ANSC Dwg. No, 1138265-117. Data to be used for material evaluation only. Do not use for design.
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Tensile Stress % Elongation Radiation Exposure

Specimen
Number

Test
Temp

(°R)

% Area

(Bench)

Fracture
Location

0.2%	Max	 Fract
Offset	 (ksi)	 (ksi)
(ksi)

Bench
Chart Neutron Fl

(n/cm^ )̂ 
ence

2
To Max
Stress

To
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	 161.1	 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	 159.8	 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

Table 5-'7

TENSILE DATA FOR ARMCO ALLOY 22-13-5 WELDED FORGING IRRADIATED AND TESTED AT
Crosshead Speed = 0.050 in./min	 (Specification M-38-1

ANSC Dwg. No. 1118388-3215. Data to be used for material evaluation only. Do not use for design.
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Table 5-8-

TENSILE DATA FOR ARMCO ALLOY 22-13-5 PLATE IRRADIATED AND TESTED AT 140OR
roashead Sod _	 S ecification M-38-4

Tensile Stress % Elongation Radiation Exposure

YSpecimen Test
% Area FractureU.2^o	 Max	 Fract Bench

Chart Neutron
(n/cm2)

Fluence

To Max ToNumber Temp Offset	 (ksi)	 (ksi) (Bench) Location

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

211 156.0 214.3 214.3 21.2 22.0 22.0 19.0 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 5.94 5.94 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)
217 175.9 226.7 225.9 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 31T 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 Dwg. No. 1138265-115. Data to be used for material evaluation only. Do not use for design.
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Table 5-9 A

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

^.rvssnCau a CCU ^	 . VJV 1[l	 [11L11

Tensile Stress '/, Elongation Radiation Exposure

Specimen Test
% Area
Reduct

Fracture
0.2%	 Max	 Fract Bench

Chart Neutron
(n/cm

Fluence

2)
to Max ToNumber TempTe p	 0 Offset	 {ksi)	 (ksi) (Bench)

Locationi

E ? 1 MeV E < 0.48 eV( OR) (ksi) Stress Fract

4.5 174.5 1-86.9 174.5 17.7 9.6 17.8 32.6 3/T Control

48 186.7 198.2 189.6 14.2 8.6 14.4 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 29.0 310 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 20.4 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 i	 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 Dev 6 . 2 6.5 6 . 5 0.7 0 . 2 0.7 2.7

% 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)
78 218.8 221.3 206.3 3.3 0.6 3.0 18.1 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 21.4.8 198.6 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 4.6 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.
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XCAPSULATED IN HYDROGEN GAS AND
VgP AT 140OR

Tensile Stress a % Elongation Radiation Exposure

Specimen
% Area
Reduct

Fracture0,2%	 Max	 Fract Bench Chart neutron Fluence
(n/cm2)

To Max ToNumber Offset	 (ksi)	 (ksi) (Bench)^
Location

(ksi) Stress Fract E ? 1 MeV	 E < 0.48 eV

27 202.4	 208.5	 193.5 3.2	 0.9	 2.9 27.2 2/T 3.40(18)	 4.5(16)

29 220.2	 224.1	 205.34 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 0.21	 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 31T 6.33(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)

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.
aArea taken to be 0.0314 in.2.
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Table 5-10-A	
0

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

Crosshead Speed = 0.050 in/min

Ln
I

Specimen
No

Ave Notch
Diam
_(in.)

Area at
Notch
(in. 2)

Fracture
Load*
(lb)

Fracture
Stress
(ksi)

Neutron Fluence
(n/cm2)

E >1 MeV	 E <0.48 eV 1

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)

M;
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Table - 5 -10-A
TENSILE' DATA FOR NOTCHED TITANIUM 5A1 2.5Sn IRRADIATED AND TESTED AT 140OR (Cont'd)

(Specification M-40-1)

Specimen
No.

Ave Notch
Diam
in.

Area at
Notc
in.

Fracture
Load*

lb

Fracture
Stress
ksi

Neutron Fluence
(n/cm )

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 1111

Fracture load is same maximum load
** Not included in average

R`
ANSC Dwg. No. 1139567. Data to be used for material evaluation only. Do not use for

design



Table 5-10-B

TENSILE DATA.FOR NOTCHED TITANIUM 5A1 2.5Sn ENCAPSULATED 0 IN HYDROGEN
GAS AND IRRADIATED AT 140OR AND TESTED AT 140 R

(Specification M-40-1)

Crosshead weed = 0.05 in . /min

^T

i;

Specimen
No.

Max
Load
lb)

Max
Stressa
(ksi)

Fracture
Load
(lb

Fracture
Stressa
ks i

Neutron Fluence
(n/cm

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
Std Dev 26.3 26.3

/o 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

X Std Dev 4.48 4.48

ANSC Dwg. No. 1139567. Data to be used for material evaluation only. Do not use for
des ign .

aArea at notch taken to be 0.026 in.2.



Table 5-11-A

TENSILE DATA FOR UNNOTCHED HASTELLOY X IRRADIATED AND TESTED AT 140°R
(Specification M-40-1)

Crosshead S eed = 0 050 in /min
{

r+
o^

Tensile Stress % Elongation Radiation Exposure

Specimen Test 0.2% Max Fract Bench
Chart % Area

Reduct
Fracture Neutron Fluence

/cm 2)( n
To Max ToNumber Tom{ Offset	 (ksi)	 (k4^.) (Bench)

Location

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

101 88.3 178.9 178.0 56.9 53.2 57.6 41.2 3/T Control
102 77.2 166.3 155.0 60.8 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
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 1/T Control
126 82.5 170.3 155.4 58.6 52.1 60.4 56.7 2/T Control
127 84.0 1642 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)
1228 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
Std Dev 3.6 1.2 2.4 2.3 2.0 2.4 5.1

% Std Dev 2.8 0 .7 1.3 5.0 4.3 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)
115 142.2 204.9 194.7 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)
12? 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

7 Std Dev 1.2 1.2 1.4 7.0 4.0 6.4 6.5

ANSC Dwg. No. 1138265. DF.ta to be used for material evaluation only. Do not use for design.
$This group of specimens was inadvertently warmed briefly during handling; the time/temperature profile is not known.
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ANSO Dwg. No. 1138265. Data to be used for material evaluation only. Do not use for design.
aArea taken to be 0.0314 in.2.
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Table 5-11-B

TENSILE DATA FOR UNNOTCHED HASTELLOY X ENCAPSULATED IN HYDROGEN GAS
AND IRRADIATED AT 140OR AND TESTED AT 140OR

(Specification M-40-1)
%1A.VU0 LLAeFU1J.&A	 ---

Tensile Stress % Elongation
-

Radiation Exposure

0.2% Max Fract Bench
Chart Neutron Fluence

(n/cm2)Specimen
% Area
Reduct

Fracture

To Max ToNumber Offset	 (ksi)	 (ksi) (Ber-Leh
Location

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

86 139.1 181.4 173.8 21.9 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 44.4 3/T 3.38(18) 4.5(16)

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

Ave 143.7 189.0 182.1 22.5 20.6 23.7 45.5

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 5.78 4.85

84 124.1 180.8 173.4 34.1 26.7 30.1 48.4 3/T 1.53(18) 4.9(16)

85 121.9 181.6 178.5 29.0_ 28.6 31.3 44.8 3/T 1.19(18) 4.9(16)

87 121.3 175.0 165.5 30.3 27.8 32-.6 1	 50.7 1IT 1.37(18) 4.9(16%

88 1i5-? 167.1 161.0 26.9 24.0 28.7 31T 1=96(19-) 4.9(1

89 127.3- '184. 6 184.0 2v.7 24.0 28.5

1--48.3

37.5 T I. 0"I 18) 4.9(16)

91 125.4 183.8 176.5 27.5 26.8 29.1 42.7 1 12--6(18) 4.9(

92 116.5 179.7 175.4 29.7 28.7 31.2 1	 44.8 3/T i.10(8) 4.90_6

Ave 121.8 178.9 173.5 29.3 26.7 30.2 i	 45.3

Std Dev 4.22 6.09 7.83 2.58 1.97 1.55 4.39

% Std Dev 3.47 3.40 4.52 8.83 7.41 5.11 9.70
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Table .5-12-A
TENSILE DATA FOR NOTCHED HASTELLOY X IRRADIATED AND TESTED AT 140OR

(Specification M-40-1)
Crosshead	 0.050 in.,/min

Ave Notch Area at Max Max Fracture Fracture Neutron F uence
Specimen Diam., Notci Load Stress Load Stress (n/cm

No. (in.) (in. L lb) (ksi) (lb) (kg i) 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 178.8 4550 175.2 Control
61 0.1821 0.0260 4520 173.6 4300 165.2 Control
64 0.1820 0.0260 4610 177.3 4500 173.1 Control
66 0.1814 0.0258 4,470 173.0 4300 166.4 Control
68 0.1821 0.0260 4480 172.0 4250 163.2 Control
76 0.1820 0.0260 4510 173.5 4400 169.2 Control
77 0.1821 0.0260 4430 170.1 4250 163.2 Control
Ave 4539 174.5 4381 168.6
Std Dev 84.6 3.1 122.3 4.8

% Std Dev 1.9 1.8 2.8 2.8

72 a, 0.1828 0.0262 5400 205.8 5300 201.9 8.50(17) 4.9(16)
00	 80a 0.1816 0.0259 5500 212.3 4500 173.7 1.00(18) 4.9(16)

53a 0.1818 0.0259 5590 215.5 5400 208.1 1A4(18) 4.9(16)
67 a. 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
fi

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 244.8

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) '16)4.5(
51 0.1819 0.0260 6630 255.1 6500 250.1 3.95(18) 4.5(16)
83 0.1.820 0.0260 6590 253.3 6400 246.0 3.98(18) 4.5(16)
70 0.1.827 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
 profile is not known.



Specimen
No,

Ave Notch
Diam.
in.)

Area at
Notch
(in.2)

Max
Load
(lb)

Max
Stress

ksi)

Fracture
Load
(lb)

Fracture
Stress
ksi

Neutron Fluence
(n/cm2)

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(11-8) 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
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Table 5-12-A
TENSILE DATAFOR - NOTCHED HASTELLOY X IRRADIATED AND TESTED AT 140 oR (Cont'd)

(Specification M-40-1)
4+

a

ANSC Dwg. No. 1139567. Data to be used for material evaluation only. Do not use for design.
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ANSC Dwg_. No. 1139567. Data to be used for material evaluation only.
design.

$Area at notch taken to be 0.026 in 2.

Do not use for

i_

Specimen
No.

Max
Load
lb)

Max
aStress

(ksi)

Fracture
Load
(lb

Fracture
Stress

ks i

Neutron Fluence
n/cap

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 7.57

o Std Dev 3.50 3.63

46 6250 240.0 6100 234.6 3.35(18) 4.5(16)
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Table 5-13

TENSILE DATA FOR UNNOTCHED ALUMINUM 6061-T61 (DM-320) IRRADIATED AT 140 OR AND TESTED AT 1400, 3400 , and 540OR

Crosshead Speed - 0.050 in /min	
(Specification RTS-60 and M-40-1)

I	 Tvni-Alc Szxass 1. Radiation Exposure

Specinen T es t M a Fracc Bench
Chart '/0 Area

Reduct
Fracture Neutron

(n/cm2)
Pluence

To Max ToNumber 'r	 iC- I Offset	 (ksi)	 (k si) (Bench)
Location

E > I MeV E < 0.48 eV(OR)' (ksi) Stress Fract

1701 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 I/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 32.6 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 De ► 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
748 540 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 1	 7.0 2.8 4.2 3.4

735 140 70.1 72.4 71.7 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 i	 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 f	 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 1/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 1/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 1	 1
1

5.1 5.4 6.3 32.7 45.1 32.8 14.7

762
11

1	 340 51.0 54.8 54.4 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 1 0.3 0.1 0.0 2.1 1.9 1.8 1.0

% Std Dev 0.6 0.1

r.

0.0 30.7 35.7 27.4 6.6

WANL Dwg. No. 389DO82H01. Data to be used for material evaluation only. Do not use for design.
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Table, 5-13 (cont'd)

tin
rN

Tensile Stress % Elongation Radiation Exposure

0, 2%

Offset
(ksi)

Max
(ksi)

Fract
(ksi)

Bench
Chart luenceNeutron F z

(n/cm )Specimen
Number

Test
Temp

(°R) '

% Area
Reduct
(Bench)

fracture
Location

To Max
Stress

To
Fract E > 1 Mel'	 E < 0.48 eV

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
Std Dev 0.7 0.1 0.8 3 .8 33 5.2

% Std Dev 1.7 0.2 1.9 13.3 59.7 45.2 31.3

757 140 70.7 70.9 67.7 2.5 0.3 2.2 12.6 2/0 4.30(18) 4.47(16)
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)
760 140 79.8 79.8 77.7 2.5 0.4 2.1 9.8 3/0 4.33(18) 4.47(16)
740 140 73.0 73.0 69.0 3.7 0.2 3.3 17.8 2/T 4.35(18) 4.417(16)
739 140 71.0 71.1 66.8 2.8 0.3 2.3 12.1 3/0 4.43(19) 4.47(16)
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)
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

3 it



Table 5-14
TENSILE DATA FOR NOTCHED ALUMINUM 6061-T61 (DM- 320) IRRADIATED AND TESTED AT 140OR

(Specification RTS-60 and M-40-1)
Crosshead Sneed. = 0-050  Yn . /min

Ln

w

Spec imen
No.

Ave Notch	 Area at
Diam	 Notch
Kin.)	 in ?

Fracture
Load*
(lb)

Fracture
Stress
ks i)

Neutron Ruence
(n/cm )

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
9 Std Dev 3.9 3.9

813 0.1831	 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 23'75 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 (DM-320) IRRADIATED

AND'TESTED AT 140 OR (Copt'd)
(Specification RTS-60 and M-40-1)

Specimen
No.

Ave Notch
Diam
(in.)

Area at
Notch
(in.4

Fracture
Load*

lb

Fracture
Stress
ksi

Neutron Fluence
(nicm2)

E >1 MeV	 E <0.48 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

* Fracture load is same as maximum load.

to
WANL Dwg. No. 389DO84 HO1. Data to be used for material evaluation only.

Do not use for design,
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Tensile Stress % Elongation Radiation Exposure

0.2 /o Max Fract Bench
Chart Neutron Fluence

(n /cm 2)Specimen Test
% Area
Reduct

Fracture

To Max ToNumbe r Temp Offset	 (ksi)	 (ksi) (Bench)
Location

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

219 140 48.0 69.1 63.4 31.2 24.1 32.3 28.1 Control

227 140 44.1 68.2 62.3 32.7 23.8 33.8 29.6 Control

236 140 48.2 70.6 65.8 32.8 23.6 33.5 28.8 Control

Ave 46.8 69.3 63.8 32.2 23.8 33.2 28.8
Std Dev 2.3 1..2 1.8 0.9 0.3 0.8 0.8
Std Dev 4.9 1.7 2.8 2.8 1.1 2.4 2.6

237 340 39.1 51.8 44.3 17.4 11.0 17.7 21.3 Control
246 340 38.6 51.9 43.7 17.2 12.1 17.1 20.7 Control
250 340 39.3 51.9 52.0 16.3 11.9 16.2 19.7 Control

Ave 39.0 51.9 46.7 17.0 11.7 17.0 20.6
Std Dev 0.4 0.1 4.6 0.6 0.6 0.8 0.8

% Std Dev 0.9 0.1 9.9 3.5 5.0 4.4 3.9

201 540 39.0 51.1 46.3 9.1 8.9 11.2 13.0 Control
212 540 39.9 52.4 47.6 10.5 7.8 10.3 11.0 Control
214 540 37.8 51.4 45.9 11.1 9.2 10.5 11.2 Control
Ave 38.9 51.6 46.6 10.2 8.6 10.7 11.7
Std Dev 1.1 0.7 0.9 1.0 0.7 0.5 1.1
Std Dev 2.7 1.3 1.9 le.0 8.5 4.4 9.4

255 740 36.7 41.7 35.7 16„2 5.5 18.2 33.8 Control
263 740 35.6 40.8 33.5 17.9 4.5 18.1 35.6 Control
266 740 36.3 41.1 34.1 16.3 4.1 16.8 32.6 Control
Ave 36.2 41.2 34.4 17.5 4.7 17.7 34.0
Std Dev 0.6 0.5 1.1 1.0 0.7 0.8 1.5

% Std Dev 1.5 1.1 3.3 5.8 15.3 4.4 4.4

221 140` 65.7 73.3 68.1 23.7 14.4 22.8 59.0 3.9(17) 1.8(16)
226 140 64.7 73.2 68.6 20.9 14.5 20.7 59.3 3.9(17) 1.8(16)	

a

230 140 65.0 71.4 65.6 24.1 14.2 23.8 27.3 3.9(17) 1.8(16)
Ave 65.1 72.5 67.4 22.9 14.4 22.4 48.5
Std Dev 0.5 1.1 1.6 1.7 0.2 1.6 18.4
Std Dev 0 .8 1.5 2.4 7.6 1.1 7.1 37.9

239 340 46.7 53.5 45.2 16.1 10.6 14.6 21.9 3.9(17) 1.8(16)
243 340 44.1 52.4 44.7 15.4 10.1 14.4 20.3 3.9(17) 1.8(16)
254 340 47.9 53.5 4/4.7 15.6 9.8 14.5 23.4 3.9(17) 1.8(16)
Ave 46.2 53.1 4.4.9 15.7 10.2 14.5 21.9
Std Dev 1.9 0.6 0.3 0.4 0.4 0.1 1.6

%e Std Dev 4.2 1.2 0.6 2.3 4.0 0.7 7.1

s

N

a'

f

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)

WANL Dwg No. 10OB445 H01. Data to be used for material evaluation only. Do not use for design.
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* not used in average

Tensile Stress % Elongation Radiation Exposure

% Area FractureChart Neutron Fluence
Specimen

Number
Test
Temp

0.20
Offset-

Max
(ksi)

Fract
(ksi)

Bench Reduct
(Bench)

Location
2(n/cm )

( OR) (ksi)
To Max
Stress

To
Fract E > 1 MeV E < 0.48 eV

203 540 38.5 50.5 45.9 11.7 10.0 10.9 20.2 3.9(17) 1.8(16)

210 540 39.6 51.2 46.8 11.5 10.1 11.0 21.4 3.9(17) 1.8(16)

217
Ave
Std Dev

540 40.1
39.4
0.8

51.0
50.9
0.4

48.7
47.1

1.4

9.7
11.0
1.1

8.3
9.5
1.0

9.1
10.3
1.1

14.1
18.6
3.9

3.9(17) 1.8(16)

% Std

257

Dev

740-

2.1

35.3

0.7

40.7

3.0

33.7

10.0

21.9

10.7

5.2

10.3

21.7

21.1

42.8 3.9(17) 1.8(16)

264 740 36.6 41.3 34.0 19.4 3.9 19.5 37.4 3.9(17) 1.8(16)

270
289
Ave

740
740

35.1
37.4
36.1

41.5
44.7
42.1

33.2
37.6
34.6

28.9
22.0
23.1

5.3
5.8
5.1

28.9
22.0
23.0

39.9
29.0
37.3

3.9(17) 1.8(16)

x.
Std
Std

220

Dev
Dev

140

1.1
3.0

75.9

1.8
4.3

78.9

2.0
5.8

72.3

4.1
17.7

12.4

0.8
16.0

0.6

4.1
17.7

11.9

5.9
15.9

21.5 1.84(18) 4.9(16)

232 140 79.9 77.7 74.9 9.0 0.3 8.8 4.7 1.84(18) 4.9(16)

235 140 73.3 76.0 71.9- 16.0 0.3 15.1 22.4 1.84(18) 4.9(16)

Ave 76.4 77.5 73.0 12.5 0.4 11.9 22.0
Std Dev 3.3 1.5 1.6 3.5 0.2 3.2 0.6

% Std Dev 4.4 1.9 2.2 28.1 43.3 26.4 2.9

238 340 48.8 53.4 44.6 13.4 8.9 12.7 21.1 1.84(18) 4.9(16)-

245 340 51.8 55.1 45.1 12.3 6.5 13.4 18.9 1.84(18) 4.9(16)

251 340 50.9 53.5 44.5 13.0 7.9 12.2 20.9 1.84(18) 4.9(16)

Ave 50.5 54.0 44.7 12.9 7.8 12.8 20.3
Std Dev 1.5 1.0 0.3 0.6 1.2 0.6 1.2

2 Std. Dev 3.0 1.8 0.7 4.3 15.5 4.7 6.0

202 540 44.0 52.9 49.0 10.0 7.7 8.7 13.5 1.84(18) 4.9(16)
207 540 45.1 53.2 49.2 9.1 7.3 8.4 10.4 1.84(18) 4.9(16)
211 540 45.2 54.0 49.9 9.8 7.8 8.9 14.1 1.84(18) 4.9(16)
Ave 44.8 53.4 49.4 9.6 7.6 8.7 12.7
Std Dev 0.7 0.6 0.5 0.5 0.3 0.3 2.0
Std Dev 1.5 1.1 1.0 4.9 3.5 2.9 15.7

256 740 35.6 41.5 34.6 19.3 5.1 20.1 41.5 1.84(18) 4.9(16)
261 740 35.1 40.3 33.8 18.5 4.3 18.4 39.9 1.84(18) 4.9(16)
271 740 35.1 40.9 34.8 18.4 4.8 18.1 36.4 _1.84(18) 4.9(16)
Ave 35.3 40.9 34.4 18.7 4.7 18.9 39.3
Std Dev 0.3 0.6 0.5 0.5 0.4 1.1 2.6

% Std Dev 0.9 1.5 1.5 2.6 8.5 5.7 6.6

N

r
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Table 5-16

TENSILE DATA FOR WELDED ALUMINUM 5086-H-34 (DM-311) SHEET IRRADIATED AT 140°R AND TESTED AT SEVERAL TEMPERATURES
(Specification RTS-62)

Nv

Crosshead Speed - 0.050 in./min

Tensile Stress % Elongation Radiation Exposure

Neutron Fluence
(n/cm2)Specimen Test

% Area
Reduct

Fracture
0.2%	 Max	 Fract Bench

Chart

To Max ToNumber Temp Offset	 (ksi)	 (ksi) (Bench)
Location

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

224 140 28.7 56.2 55.5 15.8 14.3 14.6 25.5 Control

229 140 24.7 52.8 52.8 10.9 8.0 8.0 15.9 Control

234 140 26.2 44.4 38.7 5.4 2.8 3.9 11.2 Control

Ave 26 .5 51.1 49.0 10.7 8.4 8.8 17.5

Std Dev 2.0 6.1 9.0 5.2 5.8 5.4 7.3

% Std Dev 7.6 11.9 18.4 48.6 68.8 61.1 41.6

240 340 21.5 36.1 33.0 5.8 3.8 4.5 12.6 Control

252 340 21.2 39.9 38.3 7.9 5.4 6.1 13.9 Control

Ave 21.4 38.0 35.7 6.9 4.6 5.3 13.3

Std Dev 0.2 2.7 3.7 1.5 1.1 1.1 0.9

Std Dev 1.0 7.1 10.5 21.7 24.6 21.3 6.9

206 540 20.5 36.5 35.4 6.3 3.7 4.3 24.4 Control

208 540 24.4 42.2 40.5 8.2 6.1 7.2 20.6 Control

218 540 24.0 41.0 39.1 14.1 5.3 6.0 27.2 Control

Ave 23.0 39.9 38.3 9.5 5.0 5.8 24.1

Std Dev 2.1 3.0 2.6 4.1 1.2 1.5 3.3

% Std Dev 9.3 7.5 6.9 42.7 24.3 25.0 13.8

258 740 21.8 28.6 27.2 1.5 1.3 1.8 9.4 Control

267 740 21.7 27.8 25.0 2.0 1.3 1.8 13.9 Control

Ave 21.8 28.2 26.1 1.8 1.3 1.8 11.7 Control

Std Dev 0. 1 0.6 1.6 0.4 0.0 0.0 3.2

% Std Dev 0.3 2.0 6.0 20.2 0.0 0.0 27.3

222 140 49.1 54.7 52.2 3.4 2.2 2.6 10.0 3.9(17) 1.8(16)

231 140 49.4 51.7 50.6 2.2 0.6 0.8 43.0 3.9(17) 1.8(16)

233 140 50.0 60.4 59.0 4.6 3.3 3.5 35.2 3.9(17) 1.8(16)

Ave 49.5 55.6 53.9 3.4 2.0 2.3 29.4
Std Dev 0.5 4.4 4.5 1.2 1.4 1.4 17.2

% Std Dev 0.9 7.9 8.3 35.3 66.8 59.8 58.7

242' 340 32.8 43.0 39.9 6.6 4.0 5.1 16.3 3.9(17) 1.8(16)
247 340 26.7 27.2 25.0 2.0 0.5 1.1 0.8 3.9(17) 1.8(16)
249 340 29.5 41.9 38.3 6.7 4.2 5.4 19.6 3.9(17) 1.8(16)
Ave 29.7 37.4 34.4 5.1 2.9 3.9 12.2
Std Dev 3.1 8.8 8.2 2.7 2.1 2.4 10.0

% Std Dev 10.3 23.6 23.8 52.6 71.8 62.1 82.1

'	 WANL Dwg No. lOOE445 GO2. Dpta to be used for material evaluation only. Do not use for design.
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16 (cont'd)

Tensile Stress % Elongation
Radiation Exposure

Neutron Fluence% AreaChart
-^--Specimen Test 0.2% Max Fra^t Bench Reduct LocationLocation (n/cm2)

Number Temp Offset (ksi) (ksi) LO Max To (Bench)
(orz) (ksi) Stress Fract E >1 MeV E < 0.48 eV

204 540 26.1 41.1. 40.0 6.5 3.9 4.3 26.6 3.9(17) 1.8(16)

209 540 22.5 34.2 32.8 5.1 3.0 3.8 9.6 3.9(17) 1.8(16)

215 540 21.8 31.6 22.1 3.8 2.2 3.1 27.8 3.9(17) 1.8(16)

Ave 23.5 35.6 31.6 5.1 3.0 3.7 21.3
Std Dev 2.3 4.9 9.0 1.4 0.9 0.6 10.2
Std Dev 9.8 3.8 28.5 26.3 28.0 16.1 47.7

260 740 22.3 31.7 28.7 3.1 3.7 5.5 21.2 3.9(17) 1.8(16)

265 740 22.2 31.5 29.7 2.5 2.7 3.3 26.5 3.9(17) 1.8(16)

272 740 24.9 36.0 34.4 7.7 4.6 6.8 38.8 3.9(17) 1.8(16)

Ave 23.1 33.1 30.9 4.4 3.7 5.2 28.8
Std Dev 1.5 2.5 3.0 2.8 1.0 1.8 9.0
Std Dev 6.5 7.7 9.8 64.2 25.9 34.0 31.3

223 140 53.5 53.5 53.0 0.8 0.2 0.4 17.9 1.84(18) 4.9(16)
225* 140 - 50.4 50.4 1.6 0.1 0.1 0.0 1.84(18) 4.9(16)
228 140 60.2 62.8 60.3 3.6 1.4 2.0 16.9 1.84(18) 4.9(16)

Ave 56.9 58x2 56.7 2.2 0.8 1.2 17.4
Std Dev 4.7 6.6 5.2 2.0 0.8 1.1 0.7

% Std Dev 8.3 11.3 9.1 90.0 106.1 94.3 4.1

241 340 35.3 41.5 40.7 3.4 2.4 2.7 7.8 1.84(18) 4.9(16)-
248 340 32.8 36.9 21.5 4.3 1.7 3.0 14.8 1.84(18) 4.9(16)
253 340 32.5 37.4 21.5 4.2 2.0 3.4 18.2 1.84(18) 4.9(16)
Ave 33.5 38.6 27.9 4.0 2.0 3.0 13.6
Std Dev 1.5 2.5 11.1 0.5 0.4 0.4 5.3

% Std Dev 4.6 E.5 39.7 12.4 17.3 11.6 39.0

205 540 26.7 38.8 37.6 4.6 3.4 3.7 17.0 1.84(18) 4.9(16)
213 540 29.4 38.2 36.0 3.0 1.9 2.2 6.9 1.84(18) 4.9(16)
216 540 28.9 39.9 38.7 4.8 2.5 2.9 11.6 1.84(18) 4.9(16)
Ave 28.3 39.0 37.4 4.1 2.6 2.9 11.8
Std Dev 1.4 0.9 1.4 1.0 0.8 0.8 5.1

% Std Dev 5.1 2=2 3.6 23.9 29.0 25.6 42.7

259 740 23.5 36.1 34.4 6.4 4.5 5.9 28.0 1.84(18) 4.9(16)
262 740 24.9 32.5 31.6 4.2 3.0 3.5 28.9 1.84(18) 4.9(16)
268 740 24.0 33.9 31.3 6.9 4.5 6.5 37.2 1.84(18) 4.9(16)
Ave 24.1 34.2 32.4 5.8 4.0 5.3 31.4
Std Dev 0.7 1.8 1.7 1.4 0.9 1.6 5.1

% Std Dev 2.9 5.3 5.3 24.6 21.7 30.0 16.2

*No yield point. Data not included in average.
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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, S t , was computed from (Ref. 2)

S t = P/A + Mc/I = P/bt + 3P/bt = 4P/bt

where: P = maximum load, lb
A = net area, in. 2 , = bt
M = moment, in.-lb
c _ distance from centroid4to extreme fibers, in.
I moment of inertia, in.
b = width at root of notch, in.
t = thickness, in.

^_l 7/16"--i

9/16"

9/16"	 ^^2^

9/16"

9/1,611

 y

n



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

b was taken to be 0.995 in. for all specimens and other di men-

s igns are shown in the sketch

If the load/deformation 'curve is divided into two sections

by a vertical line passing through the point.of maximum load,

the area under the first part 'of the curve is.a measure of the

energy necessary to initiate the crack and the area under the

second part of the curve represents the energy necessary to s
propagate the crack across the specimen.	 Because of the length

of the recorder traces 	 several feet in some instances 	 the two }
areas were obtained by a procedurelin which three pairs of data

points (xi-2) yi-2 ; xi- 1 1.yi- 1 9 xi g
 Yid from the Instron record y

were fitted to the function

_Ax2
yi 	 +Bxi+C

^	 i

and integrated between the limits xi-2 and xi .	 The first two
n:

points were then dropped and the next two points, x i+l and xi+2 , .'
were added to x	 and integrated between x	 and x	 and so on,-	 i	 g	 i	 i+2 ^

The summat ion o 	 the integrals over the two sect ions of thef	 g	 - ,

Instron records "gave the required data. 	 Enough points were used

to assure an accuracy in the area of at least +1.5%.	 The co	 u-
y	 ^	 ^ r

tations were made by:use of the Hewlett-Packard-9100B desk
k

. calculator.
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Table 5-17 presents the tear strength and area data for

a

the aluminum alloy specimens, which were either unwelded.(UW)

or welded (W) or had a heat affected zone (HAZ). 	 Table 5-18

gives the averages and standard deviations for each type speci- a

men at each test condition... Table S a3 in the Summary gives the

percent difference between data for the irradiated and control

specimens and indicates if the difference- is statistically signi-

ficant at the 95% ..confidence level.
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' Table 5-17
TEAR STRENGTH DATA FOR ALUMINUM 5(186-H-3'+ SHEET (UNWELDED, WELDED, AND HEAT AFFECTED ZONE)

IRRADIATED AT 140OR AND TESTED AT SEVERAL TEMPERATURES
3

(Specification RTS 63)
Crosshead Speed = 0.050 in./min

r

t
e	 f

c.....,wi+.uwu....•^n..-=!-.s3xrc...sri-uw.`.-a....:.r.-•wr..-•....-w+......,^,^»..,:...«,.,.	 ,.	 ..	 ...	 ... - ...................	 ..	 ....,.....	
-..f .«,..-,^	 ^..

..	 ... ^.W,.,,	 .r,^.,^w M+<	 <•r .4d.. ,^	 .^,	 x,ri,w^x,_w.e..rwx=nom.,

,.,.: ^.,:-.^: .x]..,	 wy	v....	 r.^^-s:,:.	 ^^.^..x..., _,-;,,..,^;.	 ..

F=
pj

^F

Specimen
No.	 Type

Test
Temp
(op.)

Thickness
in.

Max
Load
lb

Tear
Strength

kai

Energy	 in, -1b	 To
Initiate	 Propagate
Crack	 Crack

Total
Energy
(in.-lb)

Unit Energy
(in.-lb/in.'-)

Propagation Total

Neutron Fluence
(n/cm )

E > 1.0 MeV	 E < 0.48 eV

328	 UW 140 0.0647 1286 79.90 40.7	 76.5 117.2 1188	 1820 Control
337	 UW 140 0.0644 1280 79.90 42.0	 85.9 128.0 1341	 1997 Control
353	 U114 140 0.0649 1306 80.90 42.6	 67.1 109.7 1039	 1699 Control

331	 W 140 0.0639 860 54.15 24.0	 63.5 87.5 (	 1000	 1378 Control
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	 UW 140 0.0650 1466 90.74 35.4	 52.5 87.8 812	 1359 2.95(17)	 1.8(16)
339	 UW 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 i	 36.2	 50.0 86.2 779	 1345 2.93(17)	 1.8(16)

332	 W 140 0.0614 1172 76.74 25.0	 66.4 91.4 1087	 1497 2.92(17)	 1..8(16)
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 1052	 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 94.4 989	 1544 2.88(17)	 1.8(16)
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 70.16 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	 UW 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 340 0.0617 786 51.21 34.4	 72.9 107.2 1187	 1747 Control
374	 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-X SHEET (UNWELDED, WELDED, AND HEAT AFFECTED ZONE)

IRRADIATED AT 140oR AND TESTED AT SEVERAL TEMPERATURES (Cont'd)
(Specification RTS 63)

Test
Specimen	 Temp
No.	 Type(OR)

Thickness
in.

Max
Load

lb

Tear
Strength

ksi

Energy (in.-lb) To
Initiate	 Propagate

Crack	 Crack

Total
Energy
(in.-lb)

Unit,
(in.-lb /in.	 )	 j

Propagation Total

Neutron Iluence
(n/cm )

E > 1.0 MeV	 E < 0.48 e

356	 UW 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 lb 2.85(17)	 1.8(16)
373	 UW 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 2.75(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	 UW 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	 UW 540 0.0649 1060 65.66 26.6	 47.8 74.4 741	 1153 Control
317	 UW 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

302	 UW 540 0.0653 1090 67.16 45.4	 44.8 90.2 690	 1390 2.78(17)	 108(16)
314	 UW 540 0.0649 1078 66.83 31.4	 51.3 82.7 794	 1281 2.76(17)	 1.8(16)
325	 UW 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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Specimen
No. Type(OR) (

Test
Temp Thickness

in.

Max
Load
lb

Tear
Strength

ksi

Energy (in.-lb)lb	 To
Initiate	 Propagate

Crack	 Crack

Total
Energy
in. -1b

Unit Energy
(in.-lb/in.z)

Propagation Total

Neutron.Fluence
(n/cm2)

E >1.0 MeV	 E< 0.48 e

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 48.931- 16.9	 5108_ 68.8 848	 1125 2.73(17)	 1.8(16)
318	 W 540 0.0621 776 50.24 21..3	 65,6 87.0 1062	 1408 2.69(17)	 1.8(16)
405	 W 540 0.0624 820 52.83 1907	 43.1 62.8 694	 1011 2.75(17)	 1.8(16)

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 0.0606 804 53.34 22.1	 73.2' 95.3 1214	 1581 2.71(17)	 1.8(16)
406	 HAZ 540 0.0603 756 50.44 22.3	 51.9 74.2 866	 1238 2.67(17)	 1.8(16)

i
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Table 5-18

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

Specimen
Control

or
Test
Temp

Tear Strength Energy to Initiate Crack Energy to Pre o ate Crack
Ave	 Std	 % Std Ave	 Std	 o Std Ave	 Std % Std

Type _ Irrad (OR) 1____(ksi)' Dev Dev in.-lb Dev Dev (i.n. -lbj Dev Dev

UW Cont 140 80.23 0.58 0.72 41.77 0.97 2.33 76.50 9.40 12.29
DW Irrad 140 90.71 0.25 0.28 35.43 0.75 2.12 51.00 1.32 2.59
UW'' 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
UW Cont 540 66.64 0.73 1.10 29.18 1.88 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
W 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

i

52.03 1.22 2.35 19.80 2.08 10.48 63.30 11.66 18.42
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Fracture Toughness Data

Three types of precracked fracture toughness specimens were

tested:	 compact tension, WOL (wedge open loading), and sheet.

In ` addition, one material, ZrC, was in the form of small compact-

•	 p	 P	 Ptension-types specimens without	 x•ecracks.	 The computational

methods described below were used in obtaining the tabulated 9#{

`:,

results.- ,i

5.3.1	 Compact Tension Specimens

The fracture toughness data for the compact i:ensions ecig	 P	 P  ^

mens presented . in Tables 5-19 through 5-25 are in the following

orders

' M-7 -1 Aluminum 6061-T6
RTS-61 Aluminum 6061-T61
M-21-2 Aluminum 7075-T73ry

M-16-2 18 Ni Maraging Steel
r

M-31-2 AISI 9310 Steel
r M-38-3 ARMCO 22-13-5 Steel
4

s RTS-67"ZrC (not precracked)

Data reduction for these materials was performed in accordance

with the procedures recommended in the proposed ASTM Standard
F ,.

099 -70T (Ref. 3).	 This method covers the determination of

the	 fracture toughness	 ofplane-strain	 characteristics	 a notched
3

and fatigue-cracked specimen.	 In this method, measurement of

the plane-strain fracture tougbness, KIC , is based on the lowest

_lo d at which s ignif ican"; extens ion of the crack occurs.	 KIC is

determined from the load /displacement record, i.e., a graph
r
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:.showing wedge opening vs Instron load, and the critical specimen

dimensions shown in Figure 5-1. Referring to Figure 5-2, which

illustrates the three types of load/displacemerit record that

iVouldresult, KID is calculated as follows: the secant line, OPS1

is drawn tbroughtbe origin with a slope 5% less than the slope

of the tangent OA to the initial part of the record. The load

at the intersection of the secant with the record is Ps. If the

load at every point on the record which precedes P S is lower

than PS , PQ is equal to PS (Fig. 5-2, Type I); if, however, there

is a maximum load preceding PS which exceeds it, then the maximum

load is PQ (Fig. 5-2. Types II and III). The conditional plane-

strain fracture toughness, KQ, is calculated from

PQ	 6 i 1/2	 a)3/2
KQ	 BWl/! 29. W)	 185.5

5/2
+ 655.7 

a
	1017.0 

W)112
(W )

Of

U

9

(,a 9/2+ 638.9

where P	 maximum load lb
thickness of specimen, in.

W width of specimen, in.
a = -average crack length, in., is the distance from

precrack profile to the center of the holes where
load is applied, i.e.,

al /4 + 8112 + 83 /4	 (Z2 Y2

(5-1)
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For the brittle ZrC specimens, which were not precracked,
l

only the ultimate load could be obtained since they broke

sharply.	 Equation 5-1 was used with P U replacing PQ and A,

the average length of the machined notch, replacing a.
3

x

According to the proposed AS'T'M procedure (Ref. 3) the

plane -strain fracture toughness K IC is equal to the conditional

value KQ only if certain constraints are satisfied. 	 In comput-

ing the KQ values given in the data tabaes, the specimen pre-

cracks were also evaluated on the basis o f. the following k

criteria , for invalid precracks;

1.	 Surface trace of fatigue crack i's less than 0.05 in.

2.	 Internal trace of fatigue crack front is closer to.
3i the machined notched root than 0.05 in.

3.	 Difference between two crack length measurements
E' exceeds 5% of the average.

y

t

4.	 Surface trace of fatigue crack is less than 90% of
r

average crack length, a.	 -

5
Table 5-27 contains a tabulation of those fracture toughness

specimens which are invalid on the basis of one or more of the

above criteria.	 The computed values for the criteria are given
x

in order that it may be seen how much they are outside the spec i-

fied limit.	 Specimens not listed in Table 5-27 are valid on

}4 the basis of the above four- criteria.
r
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Table S-2 of the summary contains the average conditional

plain-strain fracture toughness (K{2,, KU O , or KO) for each group

of specimens (including WOL and sheet) . All the data were

averaged without 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

""he beryllium fracture toughness specimens (RTS -69) were

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

by VA.̂ .., w4a uiwd to cute K9:

+ 1425.605 + 61.2 7 •^ - 141.08 • 2	 .80 a 3]	 5-2Kq 	 p	 Q	 ^Q

whore the orntolo are defined as previousl y . The data are given

in T3blo 546. Spec I .mvnn 4 4i th inva l id precrack.% hane d on the

criteria Riven in Section 5.3. 1 are listed ire Table 5-27.

5.3.3 S h^. a t Spec trier •

Te ,q t spec tmewi of the center-crack tens ion panel configura-

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

5-42
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Kx = a—*- l 1.7 7 + 0.2271-e) - 0.5101- a) + 2 7 ^- ) J (5-3)

where K = stress intensity factor, ksi vfn-.
AX = half-crack length, in.

B = specimen thickness, in.
W = specimen width, in.
Px = load, lb

The crack length, which is illustrated in Figure 5-3, was

measured both before (2CO) and, if possible, after tensile test-

ing (2C1)

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, KO , is computed from

Equation 5-3 using the initial crack length, 2CO, and the 5%

offset load, P0.

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, Kl , was calculated from Equa-

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

testing, 2C1 .	 -

5-43

n.



Width

I
Thickness

Measurements Made before Testing

Measurements Made after Testing

Figure 5-3: Measurements Required for Center-Crack Fracture
Toughness Specimens
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Since the initial portion of the load/deflection record

was not linear for all specimens and hence the effects of radia-

tion could not be effectively analyzed from K4 data, and most

specimens could not be unloaded before fracture thus negating.	 '	 g	 _ g
an analysis based upon Kl data, an effective stress factor, KUC,

was computed for purposes of evaluating the effects of radia-

tion. It was computed at ultimate load, PU , using the initial

crack length, 2C0.

Where applicable, gross and net section stress values were 	 E'
N Y

calculated from
PU

5)
gross	 WB	

-4
k,

P_	 U (5-5°'net	 B(W-2C1) 
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Specimen
Number

PQ
{lb)

Kn
(ps't/in.)

PU
alt
Load
lb

Radiation ENposure
Neutron Fluence

n/cm2

Machined
Notch
Left
in.

Edge
Meas
Left

Crack

1/4 B

Len th	 in.

1/2 B

":

3/4 B

=
Edge
Meas
Ri bt

Macbined.
Notch
Rigbt
in.E >1 MeV	 E< 0.48 eV -

Lot A
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 10560 1.1024 1.0655 0.9770 0.8393
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(1.5) 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 3660 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
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 1.0631 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 34.73 27471 3473 3.60x;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(16) 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) 0.8486 0.9912 1.0656 1.0656 1.0315 0.9596 0.8486

N,



Table 5-20

')061-T61 (DM-320) IRRADIATED AT 140 OR AND TESTED ATSEVERAL TEMPERATURES
(Specification RTS-61)i.,oauing nape - wvv i.uiu«u

PU
-

Radiation ExPosure Machined Crack Length	 in. Machined

Specimen Test Kn Ult Notch NotchNeutron Fluence Edge	 Edge

Number Temp
PQ
(1b) (psi Vin.) Load n/cm2 Left Meas	 1/4 B	 1/2 B	 3/4 B	 Meas Right

( 0R) lb in. Left.	 Right in.E >1 MeV	 E< 0.48 eV

109 140 3905 24606 4000 Control 0.8416 0.9829	 0.9762	 0.9222	 0.9440	 0.9828 0.8416
114 140 4225 '48010 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 27072 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
130 213 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)
129 273 3500 22825 3520 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,.0064	 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(1.7)	 5.8(15) 0.8399 0.9791	 1.0245	 1.0208	 0.9927	 0.9764 6.8382

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	 0.9338	 0.8757	 0.9414	 0.9530 0.7980

(cont'd)

WANL Dwg? No. 100E439H38. Data to be used for material evaluation. only. Do not use for design.
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s Table'	 0(cont'd)

t

_ PU Radiation Exposure Machined Crack Len th	 in. Machined
Specimen Test P Ult Neutron-='Fluence r Notch Edge Edge Notch

Number _.. ^ Temp (lb) r'. (ps'vin.) Load (n/cm2) L̀eft Mess 1/4 B 1/2 B 3,14 B Mess Right r
(OR)

_
lb , E >1 Me-V E < 0.48 eV in. Left Right ( in,

r
`., 104 540 5400. 32147 5400 1.63(17) 5.8(15) 0.8294 0.9139 0.9189 0.9086 0.8882 0.9328 0.8294

105 540 4890 3117.7 5100 1.5417) 5.8(15) 0.8407 0..96 71 0.9211 0.9643 - 0.9829 1.0022 0.8407

1,02: 540 5760 35293 5760 6.95(17) 3.4(16) 0.$310 0.9740 0.9553 0.9253 0.8999 0.9834 0.8310 fj
F 106 540 5030 33822 5'60 6.48(17) 3.4(16) 0.8296 0.9806 0.9976 0.9753 1.0045 0.9801 0.8296

135' 540 5170 32090 -5170 6.01(17) 3.4(16) 0.8316 0.9672 0.9420 0.9352 0.9314 0.9811 0.8316-

3.'s
108

 103
540
540

4800
4900

30638
31406:

5100
5120

3.94(18)
4.09{18)

4.0(16)
4.0(16)

0.8091
0.8259

0.9553
0.9619

0.9682
0.9783

0.9530
0.9446

0.9434
0.9508

0.9549
0.9824

0.8091-
0.8259

E

J

.a n

f

tqq
?'.

y r.

i
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PU Radiation Exposure Machined Crack Length (in.)- Machined'
Neutron Fluence Edge EdgeSpecimen PQ Ko Ult Notch Notch

Number (lb) (psi Vin.) Load n/cm2 Left Meas 1/4 B 1/2 B 3/4 B Meas Right
lb E >1 MeV	 E< 0.48 eV in. Left Right in.

Lot A
302 3728 26414 3795 Control 0.8446 0.9557 1.0368 1.0527 1.0068 0.9310 0.8446
307 3293	 j 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 0.8442 0.9078 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 0.9409 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 1.6306 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 C3540 4.01(17) 1.8(16) 0.8407 0.9309 1.0326 1.0707 1.0432 0.9495 0.8452
301 3660 26517 3660 4.23(17) 1.8(16) Oa8413 0.9684 1.0516 1.0614 1.0208 0.9145 0.8477

303* 3915 28037 3960 2.31(18) 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
338 3788 27406 3863 Control 0.8520 °" 0.;9937- 1.0484 1.0660 1.0235: 0.9126 0.8520
411 4140 27952 4140 Control 0.8482 0.8994 ?.9671 1.0183 1.0185 0.98t-,5 0.8482
415 3908 27283 3938 Control 0.8527 0.9246 _ 1.0013" 1.0402. 1..0277 0.9649 0.8527
417 4035 28020 4043 Control 0.8441 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 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 1.0121 0.9378 0.8501
336 3863 27073 3878 2.92(16) 1.8(15) 0.8467 0.9731 14-0343 1.0389 1.0071 0.9281 0.8467

339 3720 25269 3803, 3.50(17) 1.8(26) 0.8430 0.9143 0.9325 1.0209 1.0103 0.9704 0.8485
414 3765 25590 3765 3.83(17) 1.8(16) 0.8488 0.9813 1.0083 2.0138 0.9962 0.9256 0.8488
413 3728 25884 3765 4.12(17) 1.8(16) 0.8433 0.9175 0.9908 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 1.007 0.9821 0.9267 0.8519

343*' 4133 26973' 4185 2.53(18) 4.9(16) 0.8460 0.9061 0.9583 0.!+9.61 0.9782 0.9312 0.8460
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Table 5-2I

FRACTURE TOUGHNESS DATA FOR ALUMINUM 7075-T73 FORGING IRRADIATED AND TESTED AT 140'R_	
(Specification M-21-2)

Loading -Rate = 6250 lb/min

1

ANSC Dwg. No. 1138365-114. Data to be used for material evaluation only. Do.not use for design. 	 $$
3

*Annealed for 100 min at 54006.	 $

i
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P, Radiation Exposure Machined Crack ^Lenjtth l ifi,j Machined

EUge ..Edge.Specimen
P

Utt Neutron Fluence	 I Notch Notch-

Number (lb) (psi ilin.) Load ( n/cm 2) Left Meas 114 B 1/2 B ' B3/4 , ' Meas Right

7 >1 MeV` E < 0.48 eT-j(1b) (in.) heft Right

Lot A
29 5020 51444

1 
5020 Control 0.6481 0.7232 0.7390 0.7370: 0;7313: 0. 7028. -0.6481-

30 4820 49931 4820 0.6455 0.7293 0.7447 0.7410 0.7368, 0. 17146, 0. 6455
31 4525 '46696' 4525 0.6483 0.7063 0,7344 0.7403, 0.7439' 0.7285 0.6483-
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

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 0.7269 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 0.6449
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) 4.47(.151 -- 0.6447 0.7146 0.7253 0.7237 0.7222 0.7096 0. -6447

127 4000 43384 40W 1.37(18) 3.58 (16) ," 0.6607 0.7575 0.7662 0.7615 0.7516 0.7356 0.6607
38 4070-:- 42525 4670 1.45(18) 3.58(16) 0.6521 0.7223 0.7340 0.7461 0.7554 0.7459 0.6521
19 38,95,; '39627 3895 1.52(18) 3.58(16) 0.6492 0.7228 0.7299 0.7320 0.7332 0. 7214 0.6492

124 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 46704 4590 1.53(18) 3.58(16) 0.6464 0. *17140 . 0.7292 0.7318, 0.7328 0.7244 0.6464

Lot B
-7265 3775 37589 3775 Control 0.6530 0.7088 0.7237 0.7219 0.7246 0.7128

268 3790 36614 3790 0.6445 0 6947 0.7055 0.71.3-6 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 0.7347 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), 0.6470 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 3790 38646 3790 9.10(17) 4.47(15) 0.6450 0.7220 0.7323 0.7340 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 3 750 9.40(17) 4.47(15) 0.6509 0.7106 0.7229 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 0.714. 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 . . 39-579 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.
^f
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FRACTURE TOUGHNESS DATA FOR SAE 9310 STEEL BAR IRRADIATED AND TESTED AT'140OR
R 	(Specification M-31-2)

"	 Loading Rate _ 6250 lb/min

fl

t.

r

IT

w	
k

ANSC Dw No. 11.38365-117.	 -
g .	 Data to be used for material evaluation only. Do not use for design..
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PU Radiation Exposure Machined Crack Length	 in. Machined
Specimen PO K() Ult Neutron Fluence Notch Edge Edge Notch
Number (lb) (psi--Vin.) Load n/cm2 Left Meas 1/4 B 1/2 B 3/4 B Meas Right

lb E >1 MeV	 E< 0.48 a°J in. Left Ri bt 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
94 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 0.9794 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 0.9732 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

Lot B
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 X0.9420 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 6360 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 0.9440 0.9449 0.9320 0.9001 0.8332:

432 6000 36738 6000 3.1(17) 1.8(16) 0.8375 0.9018 3.9291 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 `'0.9451 0.9243 0.8381436 5685 37079 574'5 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 0.8308435 5385. 35130 7140

1

4.3(17) 1.8(16) 0.8245 0.9671 0.9911 0.9770 0.9536 0.9263 0.8341
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 Table, 544	 -

IIMS DATA FOR ARMCO 22i413-5-PLATE IRRADIATED AND TESTED AT 140ok
(Specification M-38'-3)

Radiation Exposure	 Machined	 Crack Length	 in:,_	 Machined
Neutron Fluence	 Notch	 ge	 Edge,	 Notch

n/cm	 Left	 Meas ..	 1/4 B	 1/2 B	 3/4 B	 Meas	 Right
' E >1 MeV	 E < 0.48 eV	 in	 Lett	 - Ri bt

457 10905 85211 10905 Control 0.8410 0.9861 1.0838 1.0973. 1.0887 1.0054 0.8410
459 9750 '82461 10890 0.8499 1.0993 1.1686 1.0766. 1.1646 0.0917 0.8499

"	 462 112,80 91620 111610 0.8555 1.0077 1.1039 1.].203 x.1164 11.0258 0.8555.
467 11220 87175 1]:220 0.8461 1.0059 1.0906 1.0984 1.0854 1.0301 0.84611
468 10560 82476 10560 Control 0.8371 1.0056 1.0862 1.0950 1.0912 1..0016 0.8437

461 11250 88735 11250 1.20(17) 5.8(15) 0.8389 0.9890; 1.0902 1.1003 1.0 65 1.0290 0.8542.;
451 9900 79298 9900 1.28(1.7) 5.8(15) 0.8359 0.9989 1.1032 1.1119 1.1000 1.0224 0.8432
456 10185 82715 10785 1.38(17) 5.8(15) 0.8381 0.9790 1.0699 1.0833 1.0757 1.0007 0.8381

10350' 80597 10350 1.45(17) 5.8(15) 466 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 1.0195 1.1086 1.1104 1.0985 - 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
464 8190 63498 8190 2.25(18) 4.5(16) 0.8341 0.9920 1.0770 1.0923 1.0886 1.0152 0.8341.,'

452 8250 65607 8250 2.70(18) 4.9(16) 0.8357 1.0073 1.0949 1.1082 1.0994 1.0016 0.8357
463 8610 62665 861a 2.90(18) 4.9(16) 0.8031 0.9524 1.0389 1.0475 1.0434 0.9693 0.8182
469 7500 58899 7500 3.10(18) 4.9(16) 0.8328 0.9887 1.01851 1.0975 1.0943 1.0021 0.8382
470 8400 66609 8400 3.26(18) 4.9(16) 0.8508 1.0021 1.0981 1.1037 1.0963 1.0028 0.8508
460 8190 62378 8190 3aµ0(18) 4.9(16) 0.8266 0.9892 1.0733 1.0808 1.0708 0.9929 0.,8266

D splacement gage came out,

ANSC Dwg. Rio. 1138365-15. Data to be used £or material evaluation only. Do not use for design.



FRACTURE TOUGHNESS DATA FOR ZrC PLATE IRRADIATED AT 140OR AND TESTED AT 140 OR AND 540OR
(Specif ication RTS-67)

Loading Rate = 60 lb/min

ff

4

Specimen
No.

Test
Temp
(OR)

B
Specimen
Thickness

(in.)

W
Specimen
Width
jin.)

Ave
Machine
Notch
(in.)

Pu
ult
Load
(lb)

K au
(ps t/in.

I	 Neutron Fluence
(n/cm2)

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 Contr,ol
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 4.05 19-7.8 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 54.0 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.

Table 5-25



Table 5-26

p	 FRACTURE TOUGHNESS DATA FOR BERYLLIUM IRRADIATED AT140 PR AND ' TESTED AT 140* and 540
0

 R
A,

oadinst Rate 400 lb/min	 (Specification RTS-69)

Specimen
Number

Test
Temp, P(lb

Ko
(psi Vin.' )

PU
Ult
'Load

Radiation Exposure Machined
Notch
^Left

Crack Length (in.) Machined
Notch
Right

Neutron Fluence
(n/cm2)

Edge	 Edge
Meas	 1/4 B	 1/2 B	 3/4 B	 Meas

( 'OR) _(lb) (in.) Left	 Right (in.)E >1 MeV	 E < 0.48 eV

14 140 .2060 10540 2060 Control 0.8649 0,9230	 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(1,	 41. 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 0.9023	 0.9077	 0.9116	 0.9133	 0.9245 0.8613

24 540 1920 9790 1920 Control 0.8724 0.9250	 0.9361	 0.9414	 0.9342	 0.9215 0.8724

30 540 2560 12880 2560 Control 0.8709 0.9193	 0.9171	 0.9164	 0.9186	 0.9177 0.8709

29 540 2390 11936 2390 3.00(18)	 4.0(16) 0.8731 0.9054	 0.9092	 0.9058	 0.9059	 0.9112 0.8731

WANL Dwg. No. lOOE439 H18. Data to be used for material evaluation only. Do not use for design.



Table 5-27

INVALID FRACTURE TOUGHNESS SPECIMENS BASED ON FOUR FATIGUE CRACK CRITERIA

c.n
cn

Material	 Specimen
No.

1
Surface
Trace
(in.)

2
Internal
Trace
in .

3
Trace

Difference

4
Surface
Tt--%. e

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 - j - 87.0
355 0.042 - - 89.0
364 - - - 89.4
359 - - 5.1 .89.0
360 - - no 88.0

Al 6061-T61	 109 - - 5.7
All - - 5.3 -
134 - e 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. Surface trace of crack is Tess than 90% of average crack length, a.

F

E
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Table 5-27 (cont 'd) ?'

1 2 3 4
Material	 Specimen Surface Internal. Trace Surface

Na. Trace Trace ` Difference Trace

130 -- 0.045 - -
123 0 0.046 - -
120 - - 6.2 -
119

5.7 -

122 - - 12.0 -
._	 107 - - 70 2 -

105 - - 6.5 -
102 - - 6,0 -

Al 7075-T73	 307 - _ 5.7 83.1
308 - - 88.9
388 - - 86.0
385 - - - 86.0
305 - - - 88.6
301 - - - 88.8
301 - - - 87.6
310 - - - 89.4
381 a ,. - 89.6
338 - - - 87.2
411 - - 5 .1 89.8
417 - - 5.3 89.6
413 - - 5.3 89.9
412 - - 5.4 -

No invalid specimens

SAE 9310 Steel	 88	 -	 -	 87.7

*-"v.i.Y...'V•+7-vti4`s2s.^`xuN_S1i^ site+..-±c`Ct'.Ya#° `try`^ .1-. ^Xask.^a<t!£kc hi itrsxtL`.F'..k.r. .sk::.N. .i^?2L^.i'.tr<. 	^i'-i. 4.']irry9 ;6'1e^idr'3Y.i i
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Table 5-27 (cont'd)

1 2
Material Specimen Surface Internal

No. Trace Trace
J;

ARmCO 22-1 3- 5 453 - -

7 ZrC Specimens not precracked

Beryllium 24 0.049 -
30 0.047 0.046

4
29 0.032 0.033
26 0.041 0.046

k '
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3	 4
Trace	 Surface

Difference	 Trace

89.7	 .,
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Test
Specimen :Material 	 Temp

No.	 I(OR)

B
Thickness.

(in.)

W
width
(in.)

2 CO
Initial
Crack
(in.)

2 Cl	 Po, 570
Final	 Offset
Crack	 i Load
(in.)	 (lb)

PU

Load
(lb)

Ult	 'Offset
50%

Stress
(ksi)

Max
Gross
Stress
(ksi)

Net
Section
Stress
(ksi)

KO
(ks i Vin.)

KI
(ks i -Vin.)

a
KU

(ks i Vin.)

Neutron Fl 
Y 
ence

 (n/cm
E > 1 MeV	 E < 0.48 eV

2 Cu 9 10 .140
-	

1 0.0992 3.3493 1.1434 1.7777 1800 3565 5.42 10.73 22.87 776 21.75 15.38 Control
12 Cu B10 540	 1 0.0990 3.31711 1.0818 1.7491 1655 27.15 5.04 8.27 17.49 6.98 16.57 11.45 Control

9 Cu BIO 140 	 1
0.0998 3.1883 0.9574 b 4540 6430 14.27 20.21 - 18.41 - 26.08 2.27(18) 4.9(16)

6 1	 Cu BIO 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 Cu B10 540 0,0993 3.2911 1.1332 b 3350 4200 10.25 12.85 14.64 18.36 2.19(18) 4.9(16)
19 Cu B10 540 0.0991 3.2098 1.1835 b 3350 4085 10.53 12.84 15.55 18.96 2.22(18) 4:9(16)

Cu . B10 540 0.0993 3.2.781 1.0550 b 2950 4235 9.06 13.01 12.38 17.77 2.25(18) 4.9(16)

1 Cu BN 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 t	 7.45 17.38 14.29 Control

11 i uCu B 540 0.0588 3.0261 1.4565 1.7401 644 1202 3.62 6.76 15.90 6.37 14.15 11.89 Control
13 Cu BN 540 0.0579 3.1014 1.4423 b 564 1272 3.14 7.08 - 5.43 - 12.25 Control
14 Cu BM 540

1
0.0579 3.0737 1.4488 1.6333 612 1118 3.44 6.28 13.41 5.99 12.22 10.94 Control

31 Cu BN' 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 Cu BN 140 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 BN 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 B" 540 0.0588 3.0941 1.3950 b 1830 2190 10.06 12.04 - 16.94 - 20.27 2.35(18) 4.9(16)

it

0C

-dl-577F686HO4. Data to 'be used foWANL Dw No. 577F686HO3 an 	 r 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 possible.
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Table 5-29

FRACTLJR"E, TOUGHNESS DATA FOR TIMINIM 6A1 4V WELDED SHEET IRRADIATED AND TESTED AT 1400R
(Specification M-9-3)

T --Adina Rate = 23 000 lb/min

Specimen
No.

P

B
Thickness

(in.)

W
Width

n(in.)

2 CO
Initial
Crack
ins)

2 C l
Final
Crack
(in.)

PU
Ultimate

Load
(lb)

Ultimate
Stress
(ks

-
KUO

(ksi	 N/in.) !

-
Neutron F uence

n/cm-
-1eV	 E< 0.48 eVE >1 M

I

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 28000 45.29 65.99 Control
16 0.2046 3.0068 1.1357 26200 42.59 61.89 Control

18 0.2035 3.0059 1.0858 27400 44.79 63.13 3.16(16) 1.8(15)

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 3.28(16) 1.8(15)
20 0.2003 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 23640 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.

bAl.1 specimens broke at the ultimate load; no measurement of final crack length was possible.
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5.4 Flexure Data

The ZrC flexure specimens (RTS-66) were tested by an

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/2bd2 	(5-6)

where. S = stress in the outer fiber at midspan, psi
P = maximum load, lbP-

L - span, in. (= 1 in.)
= width of beam, in.

d = depth (thickness) of beam, in.
t-
E;

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
E

determined from chart travel with the Instron operating at a

	

.	 constant crosshead speed, Table S-3 of the Summary gives the

FI- percent differences between data for irradiated and control

	

,	 rspecimens

	

r	 ,

	

.	 i
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Specimen
No,

.Test
Temp

oR
Width-	 Thickness
in.	 in.

Chart
Deflection

in.

Max
Max	 Fiber
load	 Stress

lb	 ks i

Neutron F2uence
(n/cm )

E >1 MeV	 E <0.48 e

611 140 0.2487	 0.1993 010099 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	 0.1994 0.0102 13.8	 2.08 2.84 (18)	 4.0 (16)
619 140 0.2482	 0.1983 0.0180 13.5	 .2.07 2.34 (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 000100 10.4	 1.58 Control
610 540 0.2495	 0.1990 0.0080 13.8	 2.10 Control
A-ire 0.0085 12.3	 1.88

Std Dev 0.0012 1.8	 0.27
% Std Dev 13.6 .14.5	 14.2

603 540 0.2496	 0.1989 0.0180 12.9	 1.96 2.84 (18)	 4.0 (16)
605 540 0.2486	 0.1981 I	 0.0085* 4.3*	 0.66* 2.84 (18)	 4.0 (16) F=

A ^^
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-30Table 5
FLEXURE DATA FOR ZrC PLATE IRRADIATED AT 140 OR AND TESTED

AT 140OR AND 540 OR (Cont'd)
(Specification RTS-66)

Specimen
No.

I

Test
Temp
(OR)

Width
(in.)

Thickness
(in.)

Chart
Deflection

(inj

Max
Load
(lb)

Max
Fiber
Stress

(ksi)

Neutron Fluence
(n/cm2)

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

WANL Dwg, No. 388D613. Data to be used for material evaluation only, Do not use for
design.
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tabulated in Table 5-31.

5.5 Data for Springs

Beryllium-copper Belleville springs (yi-39 -1) and A-286 coil
t

springs (Fig. 2-5) (RTS-58) were tested in compression. The

the Belleville springs to a height of

Table 5-31. The heights at loads of

from the lnstron record are also

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 fallowing the irradiation. Although the source of this
P"

°.	 discrepancy could not be determined, the assumption of a bias

r	 results in the conclusion that the-iae is no statistically signifi-

cant difference between the pre- and post - .irradiation data for

the irradiated springs.

. ?, 	 ^k^ ... -;	 :,.r , it o ,^ Ir t ? ^ ^ .f^ 4	 ; -	 of	 _	 "	 74	 -.^ }	 i	 `	
o	

^ ^^ I	 ^'•'^	 i x °^+a^f^a•^Y,^ 	 °•'^oa^kn,^l aeFk^a.Y., e>,.1i.€.r^,t^a,..a^.ai.r ^Nti..^a^^.._..^,aw;,^.^:. ^.. ^ ,b _^_ .^,., ^ ^.^' ^^^,a:..^.,^ ^..^.,.,^^...,^,a^.:.,^^..^,r^^:.i,^..,^^^^_1^,^.xe,.^.4^^,^^ . _ _ 	^.,^4.. ^ ,.. .^, . .,^ ^	 _-	 , „ ti,.	 a, . __..^. ^, ,;.
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Neutron 'Fluenc e. Height'; Loa d (lb) He i_gbt ^(in.) at G! en. Load'-v (lb)

Spring'
<'	

cm/ ) at 540°R" Test at. 0.0$1 in..
Kq-. E >1 MeW E< 0.48 eV Temp. Hei ht Pre PIO

st

Pre Pos t 50 100 150 50 IOG -i150

.Springs compressed to 0.08 in. during irradiation.
11 -Controls ' G,, 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

Contr. ol
0'. 149 540 192 177 0.130 0.115 0 * 100 0*132 0:116 .0.096

11 Control - 140 170 175 0.126 0.112 0.091 0.130. 00- 116 0.094
3 Control,6 140 172 0.125 0.110 0.093 0.117 04114 0.092
6 Control 140 192 - 172 0.133 0.118 0.101 0.129 0.116 0.094

12 7.39(i7) 1:80(16)(16) 0.160 540 176 160 0.129 0.113 M96 0.131 0.111 0.088
9 7:39(17.) 1.80(16) 0J52 540 178 168 0.131 0.115 0.099 0.131 0:114 0.093

7.39(17) 1.80(16) 0:150 540 179 168 0.131 0.115 0.098 0.132 0.115 0.093

12 7.-39( 117) 1.80(16) 140 173 169 0.128 0.113 0.093- 0.126 0.111 0.087
9 7039(17) 140 175 154 0.128 0.112 0.092 0.128 0.112 0.083
7 7.39(17) 1.80'16) 140 173 170 0.129 0.113 0.091 0.132 0.117 0.095

Springs compressed to 0.07 in. during irradiation.
Controls . 0. 153 540 178 177 0.130 0.115 0.098 0.133 OJ17 : 0.095
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 140 178 168 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

7.39(17) 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) 0'0' 151 540 182 185 0.130 0.115 0.100 0.134 0.119 0.101
2 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 0.091 0.126 0.110 0.086
4 7.39(1-1 .) K80(16) 140 170 169 0.127 0.112 0.089 0.133 0.114 0.091

(cont'd)
ANSC Dwg. No. N/A. Data to be used for material evaluation only. Do not use for design.
aControl springs were compressed for a comparable period of time at 1400R.
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Table 5-31 (cont'd)

,- x

Spring
No.

Neutron Fluence
(n/cm2)

E >1 MeV	 E <0.48 eV

Height
at 540OR
(in.)

Test
Temp.

Load (lb)
at 0.081 in.

Height

Height in. at Given Load (lb)

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 0.1.13 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 140 177	 165 0.131 0.114 0.095 0.129 0.114 0.088
16 Control 140 175	 164 0.127 0.114 0.095 0.128 0.113 0.087



Spring Irrad. Test
Preirr;diAtion Postirradiation Neutron

(n/cm
^luenceFree	 Spring Const. (lb/in.) a Free	 Spring Const. (lb/in.)a

No. Temp Temp Length Length
( OR) (OR) (in.) 3.292 in. 2.754 in. (in.) 3.292 in. 2.754 in. E >1 MeV E< 0.48 eV

15b 140 140 3.865 58.5 63.0 3.855 57.9 63.1 Control
540 3.895 52.7 62.2 1.-.882 53.1 60.0

18b 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

2 140 140 3.865 58.5 65.0 3.842 57.3 64.0 4.30(17) 1.8(16)
540 3.893 53.7 60.4 3.878 52.6 60.1

9 140 140 3.860 59.2 60.9 3.8522 57.1 59.9 i	 4.30(17) 1.8(16)
540 - - - 3.882 52.5 55.9

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

lo
b 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)-
6 540 540 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)

14b 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 9064(17) 2.0(16)

s.

Specimen configuration: WANL Dwg. 3880992
Data to be used for material evaluation only. Do not use for design.

b
Constant at spring lengths of 3.292 and 2.754 in. Springs were compressed to a length of 2.754 in. for irradiation.
The 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 corapress them because of galling of the threads.

ti
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5.6	 Tensile and Flexure Data for Feuralon
a

The Feuralon plastic material was tested in the form of

`. tensile specimens (M-14-1) and flexure specimens (M-14-2).

The test procedures were essentially as described for the metal

F tensile and flexure specimens.	 The specimens were irradiated
r

x in liquid hydrogen.
5

p Table 5-33 gives the tensile data. 	 Since the material does

not yield, only the maximum (or ultimate) load and stress were R
y

f obtained.
r	 .y

: 
h

v The maximum fiber stress given in Table 5-34 was computed
4

.z
d,

by use of Equation 5-6 with an L (span) of 4 in.	 The deflection
a

u

of the beam at rupture was determined from the chart travel L	 1

with the Instron operating at a constant crosshead speed; this b
3

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
z

is statistically significant at the 95% confidence "level.

a

3

5_b 
9x _



Specimen
No,

Test
Temp
(OR)

Ave
Diam
(in,

Are
in

Max
Load
(lb)

max
Stress

(ksi)

Neutron F uefice
(n/cmi)

E > I MOV	 E< 0.48 eV

Lot A
4 140 0.2462 0.90476 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 0o2483 0o0484 782 16o1 Control
Ave .756 15.5

Std Dev 51,9 1.3
% Std Dev 609 SA

7 140 0.2473 0o0480 .659 13.7 2.68 (16) 3  (16)
3 140 0.2464 0o0477 686 14.4 2.68 (16) 3o0 (16),

12 140 0o2497 0o0490 637 DoO 2,68 (16) 3.0 (16)
2 140 0.2484 0o0485 600 12.4 2.68 (16) 3.0 (16)

Ave 645 13.4
Std Dev 36.4 0.19

% Std Dev M 6.5

15 540 0.2499 0o0490 457 M Control,
14 540 0.2487 0,0486 469 M Control-
11 540 0o2481 0o0483 388 8,0 Control
10 540 0.2476 0,0481 542 11o3 Control
Ave 464 9*6

Std Dev 63.1 1.4
% Std Dev 13,6 14,2

9 540 0.2473 0o0480 434 910 2.68 (16) 3o0 (16)
6 540 0o2488 0o0486 442 901 2,68 (16) 3.0 (16)



Table 5-33
TENSILE DATA FOR FEURALOW IRRADIATED AT 40 OR TO A GAMMA DOSE OF 4.3 x 109 RAD(C)

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

f 6f

U " 7Specimen
No.

Test
Temp
(OR)

Ave
Diam
(in.)

Area
(in2)

Max
Load
(lb)

Max
Stress

(ksi)

Neutron Fuence
(n/cmi)

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
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 3.9

40 540 0,2496 0.0489 399 8.2 Control
46 540 0.2465 0,0477 582 12.2 Control
33

I
540

I

0.2490
I

0,0487 531
I

10.9 Control
I I
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Table 5-33
b:	 TENSILE DATA FOR FEURALON IRRADIATED AT 40°R TO A GAMMA DOSE. OF 4.3 x 109 RAD(C)

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

z

E
i-

^x
a
LL	 4^
P^

k ^
S y

Specimen
No .

Test
'Temp

°R.

Ave
Diam
(in.)

Area
in2

Max
Load
lb

Max
Stress

ks i

Neutron Fluence
(n/cm2)

E >1 MeV	 E< 0.48 eV

-31 540 0.2475 0.0481 546 11.4 Control
Ave 514 10.7
Std Dev 79.9 1.7

% Std Dev 15.5 16.3

42 540 0.2497 0.0490 521 10.6 2.63 (16) 3.0 (16)
44 540 0.2468 0.0478 530 1111 2.62 (16) 3.0 (16)
37 540 0.2475 0.0482 560 11.6 2.61 (16) 3.0 (16)
32 540 0.2503 0.0492 521 10.6 2.60 (16) 3.0 (16)
Ave 533 1110
Std Dev 18.5 0.5
Std Dev 3.5 4.4

N.
ANSC Dwg. No; 1139068 -15. Data to be used for material evaluation only. Do not use

for design.
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Table 5a 34	 9
FLEXURE DATA FOR FEURALON IRRADIATED AT 40o TO A GAMMA DOSE OF 3.5 x 10 RAD(C)

AND TESTED AT 140 OR AND 540OR

Crosshead Speed._= 0.050 in./min 
(Specification M- 14 -2)

vw

Specimen
No.

Test
Temp

°R
Width
(in.)

Thickness
(in.)

=

Chart
Deflection

in .

Max
Load

lb

Max
Fiber
Stress

ks i

Neutron Fluence
(n/cm )

E >1 MeV	 E< 0.48 eV

Lo_
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)
7 140 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

tT
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Specimen
No.

Test
Temp
(OR)

Width
(in.)

Thickness
--(in.

Chart
Deflection

(in,.)

Max
Load
-(lb)

Max
Fiber
Stress
(ksi)

Neutron Fluence
(n/cm2)

K >I MeV	 E< 0.48 eV

1 540 0,5038 0.2496 0.2725 96.0 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'I

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
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 19919 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

t q

a.

Table 5-34
FLEXURE DATA FOR FEURALON IRRADIATED AT 40"R TO A GAMMA DOSE OF 3.5 X 109 RAD(C)

AND TESTED AT 140 OR AND 540OR (Cont'd)
(Specification M-14-2)



Table 5-34

FLEXURE DATA FOR FEURALON IRRADIATED AT 40OR TO A GAMMA DOSE OF 3.5 x 109 RAD(C)
AND TESTED AT 140OR AND 540OR (Cont'd)

(Specification M-14-2)

Specimen
No.

Temp
(OR)

Width
in.

Thickness
in.

Chart
Deflection

in.

Max
Load
lb

Max
Fiber
Stress

ksi

Neutron Fluence
(n/.m2)

E >I 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)
39 140 0.5009 0.3024 0.2550 172.5 22.6 2.08 (16) 3.0 (16)
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
32 540 0.4988 0.3053 0.3875 117.0 15.1 Control
45 540 0.5014 0.3050 0.4850 132.8 17.1 Control
33 540 0.5016 0.305 1 0.3475 115.5 14.8 Control
Ave 0.4206 123.4 15.9,
Std Dev 0.0641 8.5 1.1
Std Dev 15.2 6.9 7.1

44 -540 0.5029 0.3054 0.3300 118.1 15.1 2.08 (16) 3.0 (16)
36 540 0.5005 0.3035 0.3850 126.8 16.5 2.08 (16) 3.0 (16)
43 540 0.5008 0.3048 0.3800 128.6 16.6 2.08 (16) 3.0 (16)
`41 540 0.4988 0.3031 0.3200 114.0 14.9 2.08 (16) 3.0 (16)
=Ave 0.3538 121.9 15.8
5 f	 D .ev:

t I 0.0335 7.0 0.9
%.. ltd`ev 9.5 5.7 5.7

Ln

u

^En

LE

Data to be used for material evaluation only.
for design.

Do not use

t
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5. 7 Data for Actuator Lubricant

f

	

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

lated and applied to the test specimens by Ball Brothers Research

Corporation, 'Boulder,, Colorado. The lubricant is known as

"Vac Kote" and its formulation is proprietary.

Test specimens were irradiated in Liquid hydrogen and were
t ,

subsequently tested at temperatures of ` 5400 and 1000°R. Results	 E

r	 ,

of the sliding wear tests are presented in Tables 5-35 and 5-36.

{	 Friction measurements were made during all runs and the

test machine was adjusted to cut 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
A

wear-life studies at NARF. Because other investigators often

E	 select a lower friction value as the failure point, wear - life

r	 (cyc`les) at friction .coefficients of 0.1, 0.2, and 0.3 are also.
E

reported.

In performing the sliding wear tests, the load was applied

after the machine was at operating seed 355 rpm).p 	 g p	 . In the^ 	p )
n.,

tests at elevated temperature (1000°R) , the machine was started

x
and the load applied prior to reaching test temperature in

order to prevent plastic deformation of the film surface by
^s

the rub shoes while coming to temperature. Test temperature

was reached during the first 4000 cycles in all cases

5-77	
r

s

I
-- sixFRRaSYR^iF^a'+s+N -t'W:.ict ,.;•4«r •.alas..+ru_rt. ..ir.v̀.ix.a.u_ ,z.i><xwvra,.,w,•,:6.,w.:`a.an,.FW=ti,.owl.,,4<l^^J.,...r..r.:xs.IJr^ck..Jm_.svv u. vs..ni2e...,, _



4 :+a! Ihl	 "A`?4.;[C	 f9^"'M1p	 fY'	 ^ ya ;x	 ^ N,	 T.9 t F i^'i	r+	 tl 'F 1::bTl W^	 t	 rri"A'ly- f	 n	 i-.:,	 ^	 .,	 ,A,	 , , vG+, ,	 (	 i	 ,...	 f•,x	 ,. Y 4	 ^'	 1.FYb'fi: ^	 •P ..	 ^	 igI	 YA$(,a°+'^,.... 	 :}. a. •	....	 ^i	 ,. -: r	^^F^^...K,`,^...	 .^.	 _	 ,.,, ....	 ,t^	 ..>>	 .,-.	
;^...	 \	 '^ ..	

r•	 ,,	 a - :'	 rU.	 ^vs,.	 -.^.. .5wA 3.Ya	 +:; t.-^K	 Y •3•, h.^. , i^	 K	 ,::
^^^W^g^6'MYSA^1^^^'^••l^^.'MNN^^^W.a^A+^N•,K^•ti!F'}WYM1k^lrn^}if+itWl 	 d°,1C"r^"M1'R^^2 ^'.n•'4 +'l^ad'M1 ^45ru' SAlr w'3fF+41.r.^ n err-[nht...+, lhbl++:::vr	 1 wk.nN-'it evS,ml.2KiwF11.a1.r. to Nnwl Fa..Mr ^-t1+rtM%rvLhY.4k i. 	 N	 ^L	 YirT^	 .. cxh i.-	 ty:	 ;1.^ :; IV	 AMa -	 ,i...	 ,:

^ ^^	 1d%i^^^1	 1'^{tl'^:i^S(4t'lb^t,,'^'.°P	 ti1T`^!'	 ^i^S^t^?1#Siu^'^^tWA	 ^.^:,Y^4x^a'1!utt4eb^a^u^^aniYnitm _	 ,^1^`

I
F";^	 ;i

•	 r

^Y,N

In all `runs on irradiated and control specimens, the fric-

ton, coefficient was 0.05 to 0.07 when the 'load was first

'applied.	 After a -period of 2 to 3 minutes of running, Ithe Al

fxiction c'oefficieit would drop to 0. 02 to 0.04 and remain at
ti ^ I level until j us	 prior to commencement of - film failure,;	 r	 I
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Table 5-35

0
LM - LUBRICANT AWEAR-LIFE CHARACTERISTICS OF "VAC-KOTE" SOLID-FI 	 T 540 R

%0

'Specimen
-Number

Film Thickness
_(_10-4 in. 

Y

Wear Life
(cycles)-'

Cycles at Friction.Coefficient of Test Date
0.1	 0.2	 0.3

Control Specimens

18 .6 599683 589000	 599420	 592500 10-8-72
.24 8 4889292 819700	 96.9100	 97,1700 10-9-7.21
11 6 419118 40,9960	 419000	 419000 _10-11-72
27 8 609363 579750	 599300	 599690 10-12-72
31 8 559579 55.9350	 559460	 559460 10-17-72
16 7 592413 592000	 59,350	 59$360 10-16-72
37 8 *107.2495 *106 240	 ^l ^O6 ^72 O 	̂ *107 90 1-9^73

Ave Ave	 Ave	 Ave
67 9 421 652571	 669764	 679157

*Value inAuded in average

Irradiated Specimens

9 5 130.1000 1289300	 1283,750	 1309100 1-16-73
13 6 1199623 117,140	 118s270	 119v673 1-23-73

6 7 1882118 1829170	 1849200	 1889100 1-24-73
1 7 1379123 1349350	 1369100	 1379000 2-15-73

17 8 1159907 1139400	 1149600	 1159480 12-6-72
19 7 157s318 1562350	 15	 157 12-4-72

Ave Ave	 Ave	 Ave

141 ,9 348 1389618	 139j777	 1419278

Test Conditions: Hobman A-6 machine: load 110 lb/sboe; speed 355 rpm (128 sliding ft/
min); substrate 440-C steel; rub shoe, 440-C steel

41
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Specimen
Number

Film Thickness
10-4 in.

Wear Lift
(cycles)

C Iles at Friction Coefficient of Vest Date_	 0.1	 0"2	 0.3-
Co trol Specimens

2 7 289333 269700	 279500	 279900 10-23-72
34 7 3330894 319300	 329560	 33,400 11-6-72
8 9 27,534 249730	 269530	 269 780 11-29-72

29 9 329052 263,920	 279900	 309400 2-28-73
20 7 329090 259700	 272100	 319900 3-1-73

21 6 26_ 905 239320	 24120	 26_ 875 3-2-73
Ave Ave	 Ave	 Ave
30,135 26,445	 273,618	 299542

Irradiated Specimens

4 9 30,654 27,280	 2;7,670	 289430 12-21-72
25 8 28,448 279450	 279860	 289300 1-3-73
10 8 272332 25,300	 25,800	 269110 1-4-73
14 7 3030747 29,220	 30,060	 30,540 1-4-73
38 8 329,877 28,660	 299310	 329877 1-25-73
30 9 293,183 262350	 269870	 299130 2-6-73
36 8 30 607 28 1.900	 291,550 	 29_ 880 2-12-73

Ave Ave	 Ave	 Ave
29 9 978 279594	 289160	 299324

Test Conditions: Hohman A-6 machine: load 1.10 lb/shoe; speed 355 rpm (128 sliding
ft/min); substrate 440-C steel; rub shoe, 440-C steel
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APPENDIX A

PEDIGREE DATA



111.	 PURCHASE ORDER DATA:	 V.	 RECEIVING AND INSPECTION DATA:

Deviations from specification: 	 Deviations from Purchase Order:

P. 0. N 01494:	 None 	 P. 0. N 01494:	 None

IV.	 SOURCE DATA:	 VI.	 NERVA PROCESSING:

Deviations from Purchase Order:	 Deviation from Fab Order:

P. 0. N 01494:	 None	
_	

InO 962852:	 None	 -

P. 0. N 01669: None

VII. PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION ANC,

RESULTS:	 Lot A Heat_462862, Serial No. 880345 thrir_88Q154

..	 12t; A =^Hea1 X33011 Serial Nos^^SjS th_1 .$"O^^yr__.

.	 TEST CHECKOUT FOR; TEST AGENCY USE 	 Date

v	 sun	 -	 ..,..,,
...	 ^ _e44N.mMCM+c+Fdn

PEDIGRLE DATA FORM
	

TEST M-7-1

k

I.	 MATERIAL	 P.O. No.	 SOURCE	 FORM	 HEAT NO.	 BILLFT NO.	 SIZE.

H 01494	
Earle M.	 _ 462862

Al 6061-T6	 IDO 962852	
Jorgensen. Co.	

Plate	 533301	
1 in. t:hic

N 01669 
WC. F^FTIo	 RTF. SLURCE	 T1T(FGTNG I.D.	 RE	 EN i =FEAT-TAM  SOUT C E

Aerojet Liquid
QQ-A-230/lld	 Erle M. Jorgensen Co.	 T-6 per	 Rocket Company

MIL-H-6088

^Il. — S'?lC1FICATIO"^	 C UIRFMEN'I"S I

1 .35

CItEPtISTRY 	 C	 Mn	 Fe	 2n	 Si	 Cu	 Ni	 Cr	 Al	 Ti	 Mg	 Co	 Mo	 Cbg-Ta	 Zr	 B	 OTHER

MAX	 1.2	 .7	 .25 0.8	 .40 	 .15	 .15	 .15

MIN	 0.8	 .40	 .15	 ^ .15	 Sal
_	 -^--	 -	 —	 —

MECH. PROPERTIES	 TEMP.°F	 STRESS,	 Csi	 YIELD .2% Ksi	 ELONG. a	 HEAT TREATMENT	 GRAIN SIZE

MAX

MIN	 Ambient	 42	 35	 9	 T6	 1

OTHER	

111

A2A-2



PEDIGREE DATA FORM

wr-'-

1.	 MATERIAL P.O.	 No. SOURCE	 FORK HEAT NO.	 BILLET NO. SIZE

Ti 6A14V
NO1453

N01661

If-lversal'	
Sheet

T i ta n Wip.
G-50532 1/411

thick
C .u.	 111C.

HL T`M'F-A*	 'TIEAr-f—"PF0-1Uxf f FN	 r6pAc 50U.kc LIEW -TF',	 SoUkc;:

MI1.,-T-9046F,
Type III, Crucible Steel
Composition C

rTffI—F ffA 
fl

i-Niff

CHEMISTRY	 V

R .

C	 Mn	 I'L,	
N "--	

11	 Cu	 0	 Cr
--	

Al Ti- - Mg
--	

Co	 Mo Cb+Ta	 Zr

-

B

-----

OTHER

MAX	 3. 5

MIN

.08	 .30 .05	 .015	 .20	 6.75

15.5

.40

4.5 Bal

ME CH. PROPERTIES TEMP.-r	 STRESS, Ksi	 :YIELD .2% Ksi	 ELONG . dHEAT TREATMENT GRAIN SIZE

MAX

MIN	
I

Ambient 1.34 126 f3.0

OTHER

111.	 PURCHASE ORDER DATA:

Deviati ons from specification:

P.O. N01453: None

V.	 REC EIVIVG AND INSPECTION Wkr	 -

Deviations froin Put-chase Order:

r.O. N01453 - None

r. 
IV.	 SOURCE DATA:

Deviations from Purchase Order:

iVI.	 NERVA PROCESSING: 	 ^-

Deviation from Fab Order:

P.O. N01453:-tjgne_ ---- ---

-b-vj---w.Uj not a fsact-test re-sillars

VII. PRE SHIPIMENT TESTING —MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE	 ---Date

Rr"SULTS:--

Specimens fabricated from rollingdirection of plate. Specimen serial numbers are 8.80001 through 880030.

140'R unirradiat9d prt.

Max strength 209 k8i

.2% yield strength 202 kst

A-3



PEUIGRLE DATA FORM

ITEM:

Test M-9-2

I.	 MATERIAL	 P.O. No. Is URCE FORM	 HEAT NO.	 BILLET NO.	 SIZE

N 01897Ti Q]. 4V	
N 01947

Universal
Titan ium Co., Plate welded	 C50532	 1114" thick

kplul
G E S O	 E	

ne.
WE flff'fifff RUN —	 R	 FA-C	 TDOPNIG I.D.

MIL-T-9046

MUM	 WA—TTR̂--T11FT/KV-n	 i*	 —HE—AT TREAT

Weld per	 Airline Welding
Type III, MIL-T-5021 and	 and Engineering
Composition C ACC-STD-1194-12B

-S f̀'ri	 f.—C f	 folf E WREMENTS

CHEMISTRY	 V

__.

 C Mn Fe	 N$	 H 21	 OVV	 Ni Cr	 Al	 Ti	 Mg	 Co	 Mo	 Cb4Ta	 Z r 	 B	 OTHER

MAX	 4.5 0.08 0.30 0.05 .015 .0.20 6 .7, n_Q
MIN	 3.5 1 .5.5 Sa 1, 1 1 1
MECH. PROPERTIES TEMP. -F STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE

Stress relieve at

MAX 1100°F for 2 hours

MI N

OTHER

111.	 PURCHASE ORDER DATA: P. 0. N 01897

Deviatidns from specification:

V.	 RECEIVING AND INSPECTION DATA: 	 P. 0. N 01897

Deviations from Purchase Order:

P. 0. N 01897 - None P. 0. N 01897 - None

IV.	 SOURCE DATA:	 P. 0. N 01897—_^

Deviations from Purchase Order:

V1.	 NERVA PROCESSING:	
r. 0. N 01947

Deviation from Fab Order: 	
P. 0. F. 01695

P. 0. N 01897	 None P. 0. N 01947 - Parts of YiUp-pnt were porour. _bUZ___
these parts were not used to fabricate_s2Ac-!men

P. 0. N 01695 -Specimens do not meet flatness

reaulrement.	 They were bowed up to . 005 luch from

end to end.

VIT.	 PRE SHIPMENT TESTING	 MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USEF Date

4;



i ,rPiCREF DAT FORM	 Test M-9-3

ITEM:

_M I . MATERI AL _ P.O. No ._^-- SOURCE 	 _ FORM  _ HIAT_ NO.	 B I L.LET NO.  SIZE

T1 (.Al-0 N01897	 IDC 961.115 Universal
NO2947 T1t3nium Plate welded G--50532

^^
1/4	 thick

N01695 Co.,	 Irdc.
9YI EZ FI 70CI(TM F Iti;L SOU R r;C	 --^ - - r(RGIN G T 1.D.

--~^
^-	 FORGING S17L

__
HEAT TRFA.Th?LN: HEAl TREAT S011R(:E

MIL-T-9046F  Weld per MIL-T-
Type I71 Crucible Steel 5021 and 1:,C•-STD-	 Airline Welding
Composition C 1194-12B And Engineering

11. 	 SPEC T I ?CATION EQUIREMENTS I

CHEMISTRY v C Mn	 Fe N if 0 Ni Cr Al Ti rig Co Mo Cb+Ta Zr B OTHER

0.08 0.30 0.05 .015 0.20 6.75 0.40MAX	 4.5

MIN 3.5 5.5 Bal

MECH. PROPERTIES

_

TEMP. *F	 STRESS, Ksi YIELD .2% Ksi ELONG. `^ s HEAT TREATMENT GRAIN SIZE

r Stress Relieve^
1100 °F for 2 hours

MAX

MIN

OTHER

LLI.	 PURCHASE ORDER DATA:

Deviations fromm specification:

V.	 RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

PO N01897:	 None PO N01897:	 None

IV.	 SOURCE DATA:

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:

Deviation from Fab Order:

PQ N0189	 None 20 N0194 7 a	 Porous are	 pZran 	 ma	 { al ..M'.:____
areas not used.

PO N01695:	 Parts are bowed end to end from .007/ .01,0.

IDO 961 115:	 None

VII.	 PRE SHIPMENT TESTING - MATERIAL CHARAC[ERIZATION AV) TEST CHECKOUT FOR TEST AGENCY USE	 Date

^s
t

t :nz

f

X
t

r _

d! '^

p^

Gj

7

RESULTS:	 Serial numbers are SIN 880007 thru 880021.

i

3

._	
r

i

}
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--	 Lot 2 PO 1101358
LIL.	 PURCHASE ORDER DATA:	

Lot 1 PO N00714	 V.	 RECEIVING AND INSPECTION DATA:

Deviations from specification:	 Deviations from Purchase Order:

PO N00714 - None	 _	 _	 PO N00714 - Thickness varied from .250 to .420 inch

PO N01358 - None	 PO N01358 - Thickness varied from .370 to .440 inch

IV.	 SOURCE DATA:	 VI.	 NERVA PROCESSING:	 Lot 1	 PO N01252

Deviations from Purchase Order: 	 Deviation from Fab Order:

Lot 2	 PO N01528

PO N0071 4 - None	 PO N01 252 - Spec imens 0 up to .008 (should be .002

PO N01358	 None	 max.) and O up to .012 (should be .002

max.)

PO NO1.5 28 - $/N 16•- +	 A : O 10 is .022.	 It	 should be

.010 max.

RESULTS:	 Lot 1 S/N Of thru 16

-	 Lot 2 S/N 31 thru 46	
—	

+

Serializations

As purchased', Lot 1 consisted of S/N 1 thru 16 and Lot 2 consisted of S/N 880001 thru 880016 __ Lot 2 was reser_ia l i zed

S/N 31 thru 46 as indicated above to facilitate GTR-23 testing.

A-

VII. PRE SH I PMENT TESTING - MATERIAL CHARACTERIZATION AND, TEST CHECKOUT FOR TES" AGENCY US E Date

I
_ _.	

^'w^Y v1tMa#afihce emvxa fkat:l!R4'^+fik?Yi4KY.K!!iYSYk' `k ì e^^^iVaF+-.^_ «	x^^..'^^^k".5^4

APPENDIX A
	

1es t li-14-1	 r.

PEDIGREE DATA FORM

ITCM:

f.	 MATERIAL	 P.O. No.	 SOURCE	 FORM 

	

NEAT NO.r 	BILLET No.	 SIZE

1100714	 /4 x 10 x I(Fcur^lon	
N01358	 Denial Corp	 Sheet	 .3 x	 6 x 1(

SPECIFIC	 MR	 F6l2i^E-S^Uh^	 ^Ok	 NG-T.^.	 -	 b3tb`T^	 Z	 H	 T	 E	 1'^ENi	 F1EAf TRH ,T SbUPCE

Type AW

III.	 SPECIFICATION REQUIREMENTS

CHEMISTRY-	 C

I

Mn	 Fe	 S	 Si	 Cu	 Nib- Cr	 Al	 Ti	 Mg	 Co	 Mo	 Cb+Ta	 Zr	 B	 OTHER

MAX.
— — •---

MIN

MECH. PROPERTIES TEMP. *F	 STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SI7_E

MAX

MIN L
OTHER

Fabricate to Draw ing 11 39068,15 N/C

r
P

t

5
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APPENDIX A
	 1 

PC.L:GRrr DATA FrRM.

ITEM:
	

A	 i

I • MMATERIAL  P.O.	 No.  SOURCE FORM HF.AT.NO . BILLET• KQ	 SI7E

Feuralon N00714
N01358 Bemri Corp	 SleetC

l/4`'x10"x10°
.3009 (,"x10'

_ S^'CCrf°ICAi10tti^

.

-. - --- -- -	 TbR^ S^U^Ce _	 - 1'f)Rl
-------• - -•--

I'r^, 17 	 F	 - 'G!'-FfG--	 - - _
3"IZ	 ^^1EIS^ ^-._. ^!I A^MEN^i ^. _ Iif P.l^ Tt r̂ ^7- SOUi'1t_

Type AV' 

_ 11.	 SPEC,fVftAT10r1	 c[ l?UIRFMr_NTS	 —._	 _ ._ -- —^ ._
CHcMIS1RY	 C	 Mn	 Fe	 S	 Si	 Cu	 Ni	 Cr	 Al	 Ti	 Mg

MAY,

^.	 ^__	 _—..^..,.._-•--	 _	 --
Co	 Mo	 Ct,+Ta	 Zr	 Q	 OTHER

MIN

11ECH. PROPERTIES	 TEMP.°F STRESS, Ksi YIELD .2% Ksi	 ELONG. %	 FIEAT TREATMENT

-

GRAIN SIZE

MAX

MIN

`OTHER	 Fab r ica te  to Drawing 11361 47-159

I1I.	 PURCHASE ORDER DATA Lot 1 PO N00714	 -
Lot 2 PO N01358

Deviations from specification:

V. 	 RECEIVING AND INSPECTION DATA:
-	 -

Deviations from Purchase Order: 

-

PO N007 	 None  _	 PO N00714 'rh i ckness var i ed f rom .250 to . 4 20	 1 n, _-
PO N01358 - None Ph 1101358 - Thickness varied from . 370 to . 440 	in.

IV.	 SOURCE DATA:

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:

Deviation from Fab Order:

Lot	 1	 PO

Lot 2 PO
N01252
N01528

r_ I'D^1007L4 - NQAe-	 —
PO N.Q 	 8 - Non e .

.-W-NO.1,252-=-S	 are -:^{^-to- .L2A

pa ralt eli ty	 is up	 to

i ncf^ es_ S,SoLt _dC^
.006( s hould be	 .002

max.)

PO N01528 - S_pec imen l a nd 11	 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 thr u 24

Lot 2 S/N 31 thru 46

Seri al ization:

As purcha sed, Lot 1 consis ted of S/N 21 thru 36 and 40 thru 47. Lot: 2 cons isted of S/N-880029 thru 8800 li 4. They we re

reseri a lized to S/ N 1 thru 24 and 31 thru 46 as indicated above to facil itate GTR-23 -testing.
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1.	 MATERIAL	 P.O. No.	 ^_ souliCC	 FORM HEAT NO_	 BILLET NO. _	 SIZE_	 _
t 01635	 I00961146 ^1.8 N1 F1 3rag1 Vasco

_
_ Vasco

046<<2 . 7 5” X 12"
Steel	 N011 .75 Pacific Steel	 Plate 1634A X 24"'

-N 0152.9

- P4C1F1( ;rI1N	 F^R'S^URCE	 ^' 1 `ORGIG^D_G1NG S"17. 	 HETTTRE	 htENi	 HE71T TR_E_ T'SOURCE -

y^hend9x Corp. Fluid Age 3 hre at Aerojet Liquid
Division.	

Teledyne VascoSpec. E18--V 900°F Rocket Co.

II .	 SPECIFICATION .Ef UIR_EMENTi

CHEMISTRY	 C	 Mn Fe 	 S Si	 Cu	 Ni	 Cr	 Al Ti	 Mg	 Co	 Mo	 Cb+Ta	 Zr	 B	 OTHER

W Typicnl	 1.018 . 03	 Bal . 004 .04 18.47 .13 .50 8.40 4 . 92 .011 .003 .05
4

HECH. PROPERTIES TEMP. ° F	 STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE

MAX

MIN

OTHER

t	 •'

E

III.	 PURCHASE ORDER DATA: 	 P.O.
^—	 P.O.

Deviations from sp2cificaticn:

N 01175
N 01655

V.	 RECEIVING AND INSPECTION DATA:	 P.O. N 01175
-	 P.O. N 01655

Deviations from Purchase Order:

P.O. N 01175 - None P.O. N OL175 - None

N'01655 - None P.O. N 0165 - None

IV.	 SOURCE DATA:	 P.O.
P.O.

Deviations 'from, Purchase Order:

N 01175	 -
N 01655

— 

'V1. NERVA PROCESSING:	 P.O. N 01529
_ _^^ IDO 961146

Deviation from Fab Order:

P.O. N 01125 -	 one

P.O. N Q165S - None.

VI I. 	PRE 'SH I PMENT TESTING - MATERIAL CHARACTER IZATIC`i AND TEST CHECKOUT FOR TEST AGENCY USE Date

RESULTS:	 Lot 1	 Purchased on P.O. N 01655, SIN 980168 thru 880173.

Lot 2	 Purchased on P.04 N 01175, SIN 880174 thru 880179.

Unirradiated room temperatu re tensile properties.

Ultimate Strength	 266 Ksi

Yield Stren tg• hh	 - _259 _ KSI

;klongation . ' 	 ^	 102
E

a^
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1.	 MATERIALIAL P . 0.	 No. 	 SOURCE FOtR ^i	 H EAT NO.	 BILLET N0, SIZE

18. N1 Mai;aging N 01655	 N 01425	 Vance 04642 .75"X 12"
Steel N 01175	 IDO 961114	 Pacific Steel Plate	 1634A X 24"

N_01529
SPECi('1C	 ffilll v FbRfiC SOURCE	 F-6-DING^I.b.	 y F. f-2U10 S̀Tl^^	 HEAT TREUTMENT	 HEA7'PEA	 STURCE

Hendix Corp. Fluid
Age 3 hours Aero,jet Liquid

Division Teledyne Vasco at 900°F Rocket Co.
Spec. E18-V

II.	 SPECIFI CTTION RE UIREMENTS

CHEMISTRY C Mn	 Fe S Si Cu Ni Cr Al Ti Mg Co Mo Cb+Ta Zr B OTHER

8= Typical .01 8 .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

I

.,o.._,,,	 _.r.	 «.,	 +;	 .(..:':°.	 -'Mt,:,	 „	 a	 i;	 lu+, s.,	 .,w5,..;"	 ',.n ^1xJ'	 =^5r'1'	 '.:,x'3"4	 `S•a^'1
.	 ^	

r

	

^	 r2

	

:r^4^...^^"t'^"̂ - c^:£;',^^.",.'rY'K^.'X71fi6MV,'?..^"^P`,77di.^^^'A^:M'^17C+;.,w1.Y.FnC%+uatA^'Ktearcnvus :M.,«..o-k,^-.,, ....,..-..-.. «w,,... .^..,........_........^... m.-,w.H:-w^r,.^A_.w.-rM-..w,r+Uww:ate.+••..va^ccevw.v.,rs,..wsawv^,^xir.-,e'^n+»yM+e^aa*r+e..r„.+.+yWN.a:w.A,.y..va^wr+.nlu.awewu:...wA.-w,.w^.,wr+u	 Ir H•	 t k

Test ri-16-2

PEDIGREE DATA FORM

ITEM:

I1I.	 PURCHASE ORDER DATA:	 P.O. N 01175
P.O. N 01655

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA:	 P.O. N 01175
P.O. N 01655

Deviations from Purchase Order:

P.O.P.O. N 013,75 - None P.O. N 0117	 None

P.O. N 01655 - None P.O. N 01655 - N one.

IV.	 SOURCE DATA:
_^ P.O. N 01175._	

P.O. N 01655
Deviations from Purchase Order:

YI-.	 NERVA PROCESSING:	 I
J T.O. N 01425

P.O. 21 01529
Deviation from Fab Order:	 IDO 953.114

P.O. N OU25 - N P. - N_01425 ---Lxw^.___.—	 ^..
P.O. N 01655 - None P.O. 'N 0152 9 - None

IDO 961114 - None

V II-.	 PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHEC KOUT FOR TEST AGENCY USE Bate

RESULTS:	 Lo t A - Material purchased on P.O. N 01655; S/N 880027 thru 88 0038

_ and 880114 thru 880131

Lot B - Material. purchased on P.O. N 01175; S/N 880251 thru 880284

Max load at 300 cycles per minute is expected to be less than 7000 pou ndr^

A-9
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MATERIAL
r.J.
	 BILLET NU:	 SIZEP.O. No.	 _	 SOURCE 	 FORM 	 HEAT	 O.	 —	 _

AI 7075-T73 N 00655 	 Wyman-Cordon	 Forging
N 01584	 Company

-	 PEC:IF C11"t	 N ^I2(E	 Uit	 FOR<IN-G`I .D. 	 F7kGYNG-3 Zt:	 HET	 RE	 MEP^^	 HERE T SOURCE

MIL-A-22771 /B
Wyman.Gordon Company	 57" at base	 49 1/2" at base	 T-73	 Wyman-Gordon

48" at top	 50 1/2 at top	 Campany
18 1/2" high

--II.	 SPECIFICATION E UIREMENTS I

CHEMISTRY zn

6.1.

Mn	 Fe

0.30 0.7

S Si Cu Ni Cr Al Ti Fly Co Mo Cb+Ta Zr B OTHER

MAX 0.50 2.0 0.40 0.20 2.9 0.15

MIN 5.1 1
1 1.2 0.18 Bal 1 1	

2.1

MECH. PROPERTIES TEMP. O F	 STRESS, Ksi YIELD .2S Ksi ELONG. % HEAT TREATMENT GRAIN SIZE

MAX

MIN Tom_	 62 53 3 T-73

OTHER

111.	 PURCHASE ORDER DATA:	 P.O. N 00655

,.. Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA: 	 P.O. N 00655

Deviations from Purchase Order:

None None

IV.	 SOURCE DATA:	 P.O. N 00655	 -

Deviations from Purchase'Order:

V1.	 NERVA PROCESSIi+G:	 P.O. N 01584

Deviation from Fab Order:

Stress corrosion tests deleted per SIR 1017 Specimens idectified by vibro peer.

per SIR 11690

it	 .E

VII. PRE SHIPMENT TESTING 14ATERIAL'CHARACTERIZATION AND TEST CHECKOUT FOR , TEST AGENCY USE	 Date

RESULTS:	 Specimens from forging Ml, S/N 880156 thru 880167.

140'R unirradinted properties

Max strength	 90'ksi

'.22 yield strength ,70 iksl

Elongation	 131

t	 }

Si

tF	as
F	 A-10

H
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PEDIGREE 0AiA FORM	 peat M-•21 -2

ITEM:
.__ I,

	 MATERIAL _

	

P 0.	 No.  SOURCE	 FOR14 ^-'^- 	 HEAT NO. ,

	

3ILLET HO.	 -- SIZE

Al 7075-T73	 140065'
N01534

1 .00
Wyman-Cordaly Co. 	 Forging

_961115_	 _
S!'ECIF1^ 'fIT1t! ^	 F'Ok^E S'0'u CC	

____ _	 _
Ft7R fflr!' u.	 T YI-.6TR-G -STZL7	 HF7^T ►R:Hi- kNi HE	 REt;T S URC£_

MIL-A-22771/B	 Wyman-Gordon Company 	 37;, at Base	 49 '1./2" at Base
`' at 7`op	 50 1/2" at Top	 T-73 Wyman-Gordon Compan,

_—. tEOUIRCMEWTS	 •''^^

}	 18 112" High

1I.	 SPEC?FICAT (.1N ~r•	 ^-'^•	 ^__^-T—M _	 F_^^.-.	 _

CHEMISTRY	 2n	 NlnR S	 Si	 Cu	 Ni	 Cr	 Al	 Ti	 ^ Mg	 Co	 19: Cb+Ta	 Zr	 B	 OTHER

MAX	 6.1	 X3:30'	 0.7	 0.50	 2.0	 0.40	 0.20	 2.9 0.15

M1FJ^	 -'	 5 .1. 1.2 
	

0.18	 Bal L	 2.1—

MEW. PROPERTIES	 TEMP. °f	 STRESS, Ksi	 YIELD .20' Ksi	 TFLONG, %	 HEAT TREATMENT GRAIN S17F

MAX

_ -MIN	 Ambient	 62 y'+	 3	 T-73it
OTHER

__.
III.	 PURCHASE ORDER ̂DATA:-^^

Deviations from specification:

V.	 RECEIVING AND INSPECTION :ETA:

Deviations from Purchase Order;

PO N00655: None PO N00655:	 None

IV.	 SOURCE DATA:

Deviations from

_ _..

Purchase Order:

VI.	 NERVA PROCESSING:

Deviation frown Fan Orde-:

PO N00655: Stress corrosion testa:-deleted PQ 2i0	 84s 	 g	 eA.	 n: glec: by v^	 bre at;er^

per SIR 1017:.._. ^.....^ _ ^f'er S IR 11 690.	 ._.._

DO9Z Vii.^Ci,S3I51 on	 fi^^^ns v^r^_
extende .d per IR 512463.

VII. PRE SHIPMENT TESTING - 61TERIAL. CHARACTERIZATION AND TEST CHFCY.OUT FOR TEST AGENCY USE	 Date

ti RESULTS : M Lnt A s„peclmens from Foreine N 1_ are S N F,80	 Ss tah-,MQ:Il?,-And 880 $3, h-nuah RHMAR-

w
,,	 Lod H sPe meylP _€ 9rl. o giaC-l^^-+4 . Slti $$0 3 ..t6r i1t_ 81034.,and^.6i 1 t hr	 AAA417
r:

s

I
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1.	 MATERIAL	 P.01-.No.	 SOURCE	 FORM	 HEAT NO.	 BILLET 110.	 S I

Al 7075-T73 with	
N 01517	 Pacific Metals	 .187" x 48'
N 01881	 Division, Aig.	 Sheet	 53880	 x 18"

Industrial. Ifeat

MECH. PROPERTIES TEMP.*F STRESS, Ksi YIELD .2% Ksi ELONC. HEAT TREATMENT GRAIN SIZE

MAX

MIN

OTHER

I

°

^

Test M-21-4

111.	 PURCHASE ORDER DATA:	 P. 0. N 01517

Deviations from specification:

V.	 RECEI'O"ING AND INSPECTION DATA: 	 P. 0. N 01517

Deviations from Purchase Order:

P. 0. N 01517 - None-- P.O. N 01517 - Sheet not staimped wirh identification

prior to heat treatmeat. 	 Dispositioned conditionally

IV.	 SOURCE DATA:	
j P. 0. N 01517

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:	
P. 0. N 01881

Deviation from Fab Order: 	
P. 0. N 01948

P. 0. N 01948- SIR 1042 authorizes use of equipment

developed after flame spral specification was

VII.	 PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY Date

"

^̂
^

RESULTS:	 cim!^!j S N 68006 thru 880115 fabricated an P. 0. N
Serial munbers 880066 thru 880097 are used for GTR-23



PEDIGREE DATA FORM
	

Test M-31- 1

ITEM:

I.	 MATERIAL P.O.	 No. SOURCE	 F ORM	 HE,T NO.	 BILLET 01j. SIZE

SAE 933.0
N00837
N01460

Erle H.
Bar -*923443 4"	 din X

N01953
Jorgensen 6' long

sp	 I -ICATION rofflG—i WORT-	 fb	 HE T TPUTMENF/-MIT -----ST7L 	 1	 F1	 FTET	 ftfi T SOURCE

Same as test
AHS 6 2 65 Republic Steel M-31-2 specimens Cal Doran

except no carbon
used.

II.	 SPECIFICATION EQUI EMEN S I
F

CHEMISTRY	 P C	 Mn Fe	 S	 Si	 Cu	 Ni	 Cr	 Al	 Ti Mg	 Co	 Mo	 Cb+Ta Zr	 B	 OTHER

MAX	 .015 0.13	 0.70 .015 0.35	 0.35	 3.50	 1.40 0.15
MIN 0.01	 0. 40 0.20	 3.00_11.00 0.08

MECH. PROPERTIES TEMP.*F STRESS, Ksi YIELD .2% Ksi ELONG. % HE17 TREATMENT GRAIN SIZE

MAX

MIN

OTHER

111.	 PURCHASE ORDER DATA:

Deviations from specification:

V.	 RECEIVING kND INSPECTION DATA:

Deviatiors from Purchase Order:

PO N00837:	 None PO N008-37:	 lone

IV.	 SOURCE DATA:

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:	 ^^

Deviatior from Fab Order:

PO N00837:	 None PO N01460:	 None

PO N01953:	 Specimen identification lost during heat

treat.	 Separated into lots by spectographic analysis

and re-identified.

PO NO2374: None

VII.	 PRE SHIPMENT TESTING - MATERIAL CHARACTER I ZAT 101-1 AND TEST CHECKOUT FOR ,%-- ST AGENCY USJE7 Date

RESULTS:	 Specimen serial numbers are 880001 through 880008.

140*R unirradiated properties

Max strength	 210 ksi

.2% yield strepSth 170 ksl
Elongation	 20%

I

A-13-
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PEDICREE DATA FORA
	

Test M- 31-2

ITf:M:

1.	 MATERIAL	 P.O. No_._ _	 _ _	 SOURCE	 FORM	 HEAT NO.	 BILLET NO.	 SI7.E
^^.	 Ii-00837	 N 01832	 -_

	 .^.	 ._ 	 .^ 

SAE 9330	 N 01452	 N 01875	 Erle M. Jorgenser	 Bar	
3913443	 4" Lia

N 01460	 IDO 96.1113	 Allen F'rve Steel	 3521068	 r. 6	 Long

J3-	 ^C	 i	 -	 --	 _1P Mr-T nTI W	 i	 SOL ^^E 0530'	 TORG11^^^.	 '^	 ft1^GIIVG IZ	 EAT TftEATh1ENi '-	 EA^TREA1' SOUi?CE
Carburized to .0131 -

AMS 6265	 .018" deep, surface	 Cal Doran
Republic Steel	 hardness of RC 58

minimum.

I I. ^ SF^C I F I fAl I ON	 ;Ef^U I REMENTS	 ^	 _	 •

CHEMISTRY	 p	 C	 Mn	 Fe	 S	 Si	 Cu	 Ni	 Cr	 Al	 Ti	 Mg	 Co	 Mo	 Cbf •Ta	 Zr	 B	 OTHER

MAX	 .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

VIFCH. PROPERTIES	 TEMP.°F	 STRESS, Ksi	 YIELD .2% Ksi	 ELONG. %	 HEAT TREATMENT	 GRAIN SIZE

MAX

MIN

OTHER

111.	 PURCHASE ORDER DATA:	 P. 0. N 00837	
V.	 RECEIVING AND INSPECTION DATA: _ 	 P. 0. N 00837

..;Deviations from specification: P. 0. N 01452
	

Deviations from Purchase Order:	
P. 0. N 01452

P. 0. N 00837 - None	 P. 0. N 00837 -• Nong_

P. 0. N 01452 - Non e 	P. 0. N 01452 - None

_IV.	 SOURCE DATA:	 Vi.	 NERVA PROCESSING:	 P	 0. N 01460

Deviations from. purchase Order:	 Deviation from Fab Order:	 P. 0. % 01832

P. _0. Z, 00831 	 P. 0. N 01513
P. 0. N 01452	 IDO 961113

P. 0. N 00837 - No 	 P. 0. N 01460 - None 	 P. 0. N 01875

P. Q. N 01452 - No 	 P. 0. N 01513 - None	 IDO 965020

IDO 961113 - None

P. 0. N 01832 - Specimen serial numbers lost during_

carburization. Lots were separated by spectr 13l analysis

and re-serialized on IDO 96 0520.

P. 0. N 01875 - None

IDG 960520 - ::one

VII'.	 PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE	 Date

RESULTS:	 Lot A purchased on P. O. N 0083 7 from Erle M .̀ Jorgensen b Co., Heat 3923443, Serial Numbers 88008 7

thru 880101 and 880421 thru 880431.

Lot B pruchased on P.O. N 03.452 from. Allen Frye Steel Co.. Heat 3821068. Serial jumbers 860132

thru 880146 and $80432 thru 880441._	
Max expected load at 300 cycles pe r minute to 6000 

pounds

A-14
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I .	 MATERIAL

AttFC10

22-13-5

P.O. No. _	 ' SOURCE	 -^^FORM^—HEAT NO. «	 BILLET  NO.

.^	 N 02116	 Aerojet Liquid

	 _ •---

N00090	 N 00772	 Rocket Co.	 All weld	 038096

SIZE— _	 _

—PE^CTf1MATIDfF
S.O.A83296

"OR(ZE SDURCE	 -	 MR-G-1 N--G-—1. -D 	 FOhGING 'S Z '	 HCAT TR 7-1fENi	 HE7,%T 1`i:EAT SOURGF-

1950°F +
1825°F +

Pyropet

1775°F
Industries

^II.	 SPECIfTCTION

CHEMISTRY

_E UIREMENTS.1

C	 Mn	 Fe	 S	 Si	 Cu Ni	 Cr_	 Al	 Ti	 Mg	 Co	 Ho	 Clj+Ta 7r	 B	 OTHER

WX Typical .037	 i.91	 Bal	 .02	 .47 14.18 21.22	 ..27 .07

MIN

MECH. PROPERTIES TEMP.°F	 STRESS, Ks YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE

Simulated Braze Cycle

VIA 

MIN

• 	 07HER ' -

Y

IIL.	 PURCHASE ORDER DATA:	 P.O. N 00090

Deviations from specification:

V.	 RECEIVING AND INSPECT104 DATA:	 P.O. N 00090

Deviations from Purcf+:se Order:

None None

IV.	 SOURC E DATA:

Deviations from

P.O. N 00090

Purchase Order:

VI.	 NERVA PROCESSING
:^	

-	 P.O. N 02116
P.O. N 00772

Deviation from Fats  Or er:	 S.O. A 83296

None S.O. A 53296 - None

P.O. N 00772 - None

P.O. N 02116 - None

VII.	 PRE SHIPMENT TESTING - 14ATERIAL CHARACTERIZATION Ar) TEST CHECKOUT FOR TEST AGENCY U_c ^ Date

RESULTS:.	 Serial Numbers are 1-3, 1-4, 2-3, 2-4, 6-3, 6-4

Control Data (test at 1400 R)_	

Specimen	 Ultimate Strength 0.2	 Yield Strength Elong R.A.

1-1	 158 ksi 97.3 ksi 20% 27.2%

2-1	 151 ksi 99.5 kst 14X 13.1%

6-1	 159 ksi 101.0 ksi 16% 11.0%

k

A-15



I.	 MATERIAL	 P.O. No.	 SOURCE	 FORM !HEAT NO.	 BILLET NO.	 SIZE

ARMCO ^	 N-00231	 N- 02321 1 1/4" x

22-13-5	 N-00952	 C. 0. Carlson,	 Plate 300321-1C	 4811

N-02060	 Inc.
Vrc-1 Mr.	 u—	 OURla	 'CE	 FORG1161-.0. --jrENT T E T SOURCF---'HEAT TREA1	 Ff

1950 O F +	 pyromet1825*F +
1775°F	 Industries

11.1	 SPECIFICATI ON 	 —EQ-U' l EMENTS I
CHEMISTRY C Mn— - -Fe S Si Cu Ni Cr 'Al Ti Mg Co Rio Cb+Ta Zr 8 OTHER

109	 Typical . 042 4 . 68 Bal . 010 .41 12.42 21.19 2.22 .16 .73

MIN

MECH. PROPERTIES TEMP. O F	 STRESS, Ksi YIELD .2% Ksi ELONG. Z NEAT TREATMENT GRAIN SIZE

Simulated furnace braze

MAX cycles for Phoebue 11 A
nozzle

MIN

OTHER

x

PEDIGREE DATA FOR 11•1
	

Test H-38••3

111.	 PURCHASE ORDER DATA:	 P.O. N-00231

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

P.O. N-00231

None Nor-L_

IV.	 SOURCE.,DATA;	 P.O. N-00231

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:

Deviation from Fab Order:

F.O.
P.O.
P.O.

hl-00952
N-02060
N-02321

None P.O. N-00952 - None

P.O. N-02060 - None

P.O. N-023111 - None

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

RESULTS:	 Specimen serial numbers are 880451 thru 880470.

140*R unirradiated .K r.	 84 kai	 in

J

21

A-16

r. '1011
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Test N-38-4
PEDIGREE DATA FORA

ITEM:

1.	 MATERIAL P.O.  SOURCE FORM_No.~	_ 	 _ HEAT NO._ BILLET NO. SIZE

ARMCO	 _	
N 00231

	 Inc.	 Plate	 300321-1C	
1 1/4" x 8"

N 00952	 '	 x 48
22-13-5	 N 02060	 _

sPECIf1Lr^ f N	 f6RGE^1 1RCE	 MRG^NGI.D.	 Ia_(—,I N	 Z	 FN^	 HEAT	 RE ii^l	 ^ HLAT TFCGT SOURCE

-_	 -	 1950°F +	 Pyromet
1825"F+	 Industries

1775°F

II.	 SPECIFI CATION E UIREMENTS I

CHEMISTRY C Mn Fe S Si Cu Ni Cr Al Ti Mg Co Mo Cb+Ta Zr 8 OTHER

Typical „042 4.68 Bal .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

MAX

Simulated Braze

MIN

OTHER

1II.	 PURCHASE ORDER DATA:	 I	 PO N 00231

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA:	 PO N 00231

Deviations from Purchese Order:

None None

IV.	 SOURCE DATA:	 y^	 PO N 00231

Deviations from Purchase Order:

VI.	 NERVA PROC ESSING: 	 PO N 00952
PO N 02060

Deviation from Fab Order:

None PO N 00952 - None

PO N 02060 - Non:

VII.	 PRE SHIPMENT TESTING - MATERIAL CHARACTERIZATION AND. TEST CHECKOUT FOR TIEST AGENCY U Date

RESULTS:	 Soecimen S/N 880210 thru 88021$	 ._
Expected tensile properties

Yield Strength	 155 KS1	 90 ka 

Naxiinum Strength	 215 KS1	 235 KS1

Elongation	 15%	 12%
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Test M-39-1

ITEM:

I.	 MATERIAL P.O. No.	 SOURCE  	 FORM	 _HEAT NO,	 BILLET NO.	 SIZE _ `~

r~	 Y
BeGu

Pacific Spring +	Bellevillt	 4-1076	 4.7" 01)
N-02245	 Engineering Co.	 Springs	 Lot No	 3.3" ID

1-9-523	 .7 . 62 high
-	 PEG; -1C1;	 -'-

_
(iUItEI	 —	 RR^ 	 (1i^G '(:	 !L 	 HST-'TREA r^Erii 	 WI-TRE .T SUU'RCE

^—	
—	 w 

WYPacific Spring Pacific Spring

Engineering Co. 600°F for 2 hours	 Engineering Co.

P/N 10080

II.	 SPECIFICATION

CHOIISIRY	 Be

REQUI

C

REMENTS I

Mn	 Fe	 S	 Si	 Cu	 Ni	 Cr	 Al	 Ti	

w 

Mg	 Co	 _ Mo	 Cb+Ta	 Zr	 B	 OTHER

MAX	 2 . 0 Bal	 r60	 .50

MIN	 1.8
^L

{{
1	 1 .20

MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Ksi ELONG. HEAT TREATMENT GRAIN SIZE

MAX

MIN

OTHER I	 BeCu alloy 172 per ASM-B 194, 1/4 hard in precipitation heat treat condition. 	 —

III.	 PURCHASE ORDEP. DATA:	 _	 P.O. N-02245

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA: _. 	 P.O. N-02245

Deviations from Purchase Order:
--

None None	
^	 ----

IV.	 SOURCE DATA:	 P.O. N-02245

Deviations from Purchase Order:

VI.	 NERVA PROCESSING: 	 hone

Deviation from Fab Order:

None

V11.	 PRE SHIPMENT TESTING - 14TERIAL CHARACTERIZATION AND TEST CHECKOUT FOR TEST AGENCY USE  Date

RESULTS:	 Chemical Analysis _

Ph	 .004	 Zn .030	 Approximately 190 pounds required too compress

Sn	 . cis	 Be 1.87	 spring .100 inch.

S1	 .04	 Co	 .21

Cr	 .003	 Al	 . 06

N!	 .02	 Mn .009

Cu	 Bel	 Ag .01 5

Ve	 .10

m



1

III.	 PURCHASE ORDER DATA:

Deviations from specification:

RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

PO 102554:	 None PO 102554:	 None

IV.	 SOURCE DATA:

Deviations from Purchase Order:

•/I.	 NERVA PROCESSING:

Deviation from Fab Order:

k i

Test M-40-1

PEDIGREE GA'_t FORM
	

Page 1 of 3

ITEM:

I.`MAI ERIAL —	 P.O._ No. 
ioi554	 Ho>.s7 4

 _ SOURCE 	 FORt,-^ _ ^_ _H EAT N0.	 BILLET NO. SIZE _N

17" dia r. -Tt 5A3 2.5Sn ELI	 N01515	 NO2722 Wyman-Gordon Cu. 	 Yzrging
loll	 lone,N01550

SPECIF ILAi Ibh!	 r	 f 'O ( tf, E sour+^F —	 " "	 F^ r, NG 'I .n.. -' ;`FdRG INUr' STZ.E	
-	

fIET TftF. TMElVi^	 NE7CT 'fRl:l1T SUURCE r_

AGC 90163A Wyman-Gordon Co.i	 17" ilia X	 Vacuum anneal at	 Wyman-Gordon Co..
II 	 10" long	 1400°F

!I. SPECIFIC	 Et J7 NTS

CHEMISTRY	 C	 Mn	 Fe	 N	 N	 Sn	 0	 Cr	 Al Ti	 Mg	 Co 

_	

Mo	 Cb+Ta —Zr B `	 OTHER

MAX 0.05 0.10 0.25 0.04	 0.0125 3.0_0	 0.12	 5.6.0 Bal0.40.^
MIN -	 - -	 -	 -	 2.00	 4.70

-

MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD .2% Ksi =LONG. HEAT TREATMENT GRAIN SIZE

MAX

MIN

Ambient

Ambient 105 95	 T 12

Keep material below Beta

Transformation temperatur

OTNER

PO 102554: None _	 E PO 110151 5 =rune
4	 PO N01550 - None	 _	 a

Reg 1101874 Fill Tube with .020" wall thicknesc war^up

reworked per SDAR 40123 to provide .016" :all in

seal-nff area.

PO NO2722: None M
4	 ?

f

VIL. PRE SHIPMENT TESTING - 14ATERIAL CHARACTERIZATION AND TES - CHECKOUT FOR TEST AGENCY USE
	

Date

RESULTS: P/N 1138265 - 104 "B" S/N 880024 thru 880083 per ?O N01515

P/N 1139567 - 4 _?3/C 11/14 8 80001 thru 880045 per ?0 N01550

P/N 1138751-1	 SAN 880024 thru 880033

P/N 1138791 _1 0	 S IN 880001 thru 880001

Specimens oriented perpendicular to radial direction of forAir:z.-

P/N 1138791-1 and 113879 1̀ 10: The capsule wall s were swaged is contact_aQt^imgn utto^r hea^g_Ye_improte_ -	 _

heat transfer.

z

^1.Y°
•:
 C `L-ri:.wr•`RNid ,e•'n*rY4t7wA^;5."^	 c`	 t	 cri.,.-2	 yr	 .•,n..,:	 •. ,y.^ aN^,	

___	 .	 . „ ..;	 `d	 4



T	 M 40 1	 ^.est

PEDIGREE DATA CORM 	
Page 2 of 3

1:1 EM:

nrf.

^	 1I►Ti,RIAL	 P O: ,yo.	 _	 SOURCE 	 FORM

N01109	 N01550 
Stellite

pastelloy X	 N01251	 N01874	 Bar
N01515	 NO2722	 (Cabot Corp)

I RX1	 ii r	 MI	 .	 RCL	 r 4(i]NG 1.D.

HEAT NO.

2610-0-4007

BILLET NO. SIZE

.75"X 1.5'

TW TREATIEfVi T SOURCE

AGC 90056E except 	 Simulated braze	 Pyromet Ind.
weld test	 per PO N01251

I.	 SPEC I -07- ONE(^UTREMENIS I

CHEMISTRY	 W C	 I _ Mn— Fe S Si Cu Ni Cr Al Ti V Co Mo r Zr B

_

OTHER

MAX	 1..00 0.15 1.CO 20.00 .01 1.00 0.35 - 23.00 0.02 0.02 jO.50 2.50 10.00 .020 0.02 .001

MIN	 0.20 0.05 - 7.00 - - - Bal 20 . 50 - - 0.50 8.00 - - -

MECH. PROPERTIES TEMP.°F STRESS, Ksi YIELD . 2% Ksi (LONG, % HEAT TREATMENT GRAIN SIZE

MAX

Anneal at 2000'F for 60
minutes

.60X finer than No. E
100% finer than No. I

MIN

OTHER

III_.	 PURCHASE ORDER DATA: 	 1	 PO N01109
PO 'N01251

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

PO N01109	 None PO N01109 - None

PO P01251 - None PO N01251 - None

y	

IV.	 SOURCE DATA:	 _

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:

Deviation from Fab Orderr

PO N01109 - None PO N01515 None

PO N01251 - Nona PO N01550:- None

Req N01874 Fill tube with .020" wall thickness

was used.	 reworked per SDAR 40123 to provide

.016" wall in seal-off area.

PO NO2722:	 Nurse

V11.	 PRE SHIPMENT TESTING - MATERIAL CHARACTERI ZATION AND TEST CHECKOUT FOR TEST A GENCY USE r
`

^ Date

RESULTS:	 F/N-1138265-110-B S IN 880084

P/N 1139567-10 NC S IN 880046

thru

thru

880143 per PO N01515

880090_yer PO 1:0050

PIN 1138791-3	 SIN 880084 thru 880093

-`	 P/N 1138791-12	 -SIN 880046 thru 680050'

T/N 1138791-3 and 1136791-12: 	The capsule

!*prove heat , tcansfert

w_*119 were- swaged to contact specimen button heads to

s	
r

A-20



n ;^

4

1.	 MATERIAL

Al 6061--T01

SPECIi'IC^1T`1 N

II.	 SPECIFICATION

P.O. No.	 SOURCE	 FORM	 HEAT NO.	 FILLET NO:	 SIZE

'Gt'UE	 -R-T—	 1 RING^^(TtGING	 Z	 WATTHE	 t1ENi-'	HEAP' Tf2EAT`S URGE

E, UIRE(;ENTS I^

^~ I

CHEMISTRY C Mn	 Fe S Si Cu Ni Cr Al Ti Mg Co Mo Cb+Ta Zr ` B OTHER.

MAX

MIN

MECH. PROPERTIES TEMP.°F	 STRESS, Ksi YIELD .2% Ksi ELONG. % HEAT TREATMENT GRAIN SIZE

MAX

MIN

OTHER

RESULTS: See WANL RTS 60 for pedigree information

P/N 1138791-2 SLN 725 thru 731; and 770 thru 776 and

P/N 1138791-11 SIN 833 thru 8385 The capsule walls were swaged to contact specimen button header 	 ;G

to improve heat transfer.

III.	 PURCHASE ORDER DATA:

Deviations from specification:

V.	 RECEIVING AND INSPECTION DATA:

Deviations from Purchase Order:

IV.	 SOURCE DATA:	 -

Deviations from Purchase Order:

VI.	 NERVA PROCESSING:

Deviation from Fab Order:

VII.	 PRE SH IPMENT TESTING - MATE R IAL CHARACTERIZAT ION AND TEST CHECKOUT FOR TEST AGENCY USE Date
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of Metallic Materials, ASTM Designation E399-70T.




