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FOREWORD

The enclosed inserts for the Cryogenic Materials Data Handbook
are issued as the second semiannual progress report on Air Force
Contract AF33(657)-9161, This handbook of data on solid materials
at low temperatures was initially prepared under the sponsorship
of the Air Force Ballistic Missile Division by personnel of the
Cryogenic Engineering Laboratory, National Bureau of Standards,
Boulder, Colorado., During the performance of this work, the re-
sponsibility for the handbook was transferred to the Aeronautical
Systems Division, The eleventh quarterly report, dated 15 Feb-
ruary 1962, was the final addition to the handbook prepared by
the National Bureau of Standards.

The contract for continuing the generation, assimilation, and
presentation of data for the handbook has been awarded to the
Materials Research Section of the Martin Company, Denver Division,

The handbook's scope has been increased so that additional
properties and materials will be presented, The index insert
shows the current scope of materials, The most significant addi-
tion to the properties 1list is the inclusion of data on the ten-
sile strength of welded joints.

Handbook inserts are now being prepared with a slightly dif-
ferent format, The upper temperature limit of our graphs has
been decreased from the original 500°F to 100°F. allowing us to
provide the reader with more accurate and more egible curves,
Other minor changes include the separation of unnotched, notched,
and weld tension data and the inclusion of notch strength ratio.

This progress report consists chiefly of tensile data obtained
by Martin Company under the subject contract effort. These data
are identified by reference number 1115. Data obtained from other
ASD programs, such as General Dynamics/Astronautics work on pres-
sure vessel materials for cryogenic application [Contract
AF33(616)-7719), are included. References 1107 and 1122 identify
this work. A group of reports recently obtained from NASA-
Huntsville has provided additional information for inclusion in
the handbook.




To maintain the handbook as a comprehensive document, the con-
tractor must keep a complete file of cryogenic data, Users of the
handbook are urged to send appropriate data to us for inclusion
in the handbook. Information can be forwarded to the following

address:

Fred R. Schwartzberps, Mail No. L-8
The Martin Company

P.0. Box 179

Denver, Colorado 80201
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INDEX
MATERIAL
Aluminum
1, Tens-50
2. 358
3, 1100
4, X2020
5. 2024
6., 6061
7. 17075
8. 2014
9, 2219
10, 5052
11, 5456
Cobalt
1. Elgiloy
2, Stellite 3
3, L-605(HS25)
Copper
1. Berylco 25
2. 70/30 Brass
3, Copper
Iron
1, Invar 36
2, 347 Manganese Steel
3., Ni-Span C
4, Vascojet 1000 or Unimach #1
5, 17-4 PH
6. 17~7 PH
7. A-286
8. 301
9. 302
1g. 303
11, 304
12, 310
13, 321
14, 347
15, 410
16, 4lé
17. 440C
i11

H,

18, 1075

19, 2800 (9% Ni)
20. 4340

21, AM-355
Nickel

1. Inconel

2. Inconel X
3., K Monel

4. S Monel

5. Nickel

6 Rene 41

7 Hastelloy B
8 D-979
Titanium

1. Ti~5A1-2,58n

2, Ti-13V-11Cr-3Al
3. Ti-6Al-4V

4, Ti-8Al-1Mo-1V

Carbides
1, Titanium Carbide
2, Tungsten Carbide

Nonmetals
1, Ice
2, Kel-F
3, Mylar
4. Nylon
5, Teflon

Miscellaneous Metals and Alloys
1, Beryllium
2. Molybdenum

Compar isons

Monographs

References
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PROPERTIES )
a, Yleld Strength n, Fatigue Behavior and Strength
(0.27 Offset)
b, Tensile Strength o, Creep Behavior and Stress-
Rupture

¢, Elongation

p. Expansivity
d. Reduction of Area

q. Poisson's Ratio
e, Stress-Strain Diagram

r,.  Thermal Conductivity
£, Modulus of Elasticity

s, Mechanical Hysteresis
g, Impact Energy

t, Electrical Resistivity
h, Hardness

u, Magnetic Properties
i, Compressive Yield Strength

v, Compression Set
j. Compressive Strength

w, Compression Modulus
k. Shearing Yield Strength

x, Flexual Strength
1, Shearing Strength

y. Flexure Modulus
m, Modulus of Rigidity
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ACCUMULATIVE INDEX -

The letters and numbers in the left column denote the general
group and specific material as listed in the Index, The letters
of the top row denote a property, and the numbers within the
squares refer to the last report in which data represented by
the coordinates was issued. Numbers through 1l refer to quarterly
reports issued by the National Bureau of Standards under the pre- -
ious contract. Numbers 12 and over refer to semiannual progress
reports issued by Martin under Air Force Materials Laboratory
sponsorship.
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NOTE: ALL CURVES T6, LONGITUDINAL, AS~TIG WELDED, AUTO
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—400 —300 —200 —100 0
TEMPERATURE (°F)

SHEAR STRENGTH OF 2014 ALUMINUM

100




&/

SR BT R )

T
A

ok

A9.a

100
90 NOTE: ALL CURVES Té2,
80
A /7- 0,100~ IN, SHEET (1118)
/ Y //l_O’NG.
o TRANS
i 70 \\ '// 0,030—IN, SHEET (1116)
X \\ / ol
gz TRANS
\é // / 0,090~IN, SHEET (1108)
& 60 : / L/JNG
M SRS
~d '\\
50 = .
. \‘\\ —— \‘
L ~—_| N
/ ‘/ \‘:\\
40 £—1— g.125~IN. SHEET (1037) \"\‘_\
30
—460 —400 —300 —200 -—-100 0 100
TEMPERATURE (°F')
YIELD STRENGTH OF 2219 ALUMINUM
(7me1863)




A.9.a-1

100
NOTE: T81, LONGITUDINAL AND TRANSVERSE,
0.090—IN, SHEET (1108)
90
0.100~IN, SHEET (1113)
0.063=IN. SHEET (1118) (1112)
LEGEND:
80 AV LONG ITUDINAL
&’; //////] TRANSVERSE
X
£ 7 %
0 .
()]
™
F
D))
60 -,
;ESZ)(7‘7
50 Z‘
40
—460 400 -300 —200 —100 0 100

TEMPERATURE (°F)

YIELD STRENGTH CF 2219 ALUMINUM

(T=ts -

©
L
.




———

A X d

STRESS (PSI X 103)

(7w 15m63)

A.9.a-2

100
90
NOTE: TB7, LONGITUDINAL AND TRANSVERSE,
0,100=iN, SHEET (1115)
2,00=IN, PLATE (1117)
80 0,063=~IN, SHEET (1119)
70
60
50
LEGEND!:
40 A\\\W]  LoneiTupinaL
Y/////] TRANSVERSE
30
—460 —400 —300 —200 —100 0
TEMPERATURE (°F)
YIELD STRENGTH OF 2219 ALUMINUM




STRESS (PSI X 103)

(7o 135me63)

AS%.b

110

NOTE: T62, LONGITUDINAL AND TRANSVERSE,

100

0,128—1IN, SHEET (1037)
0.030~IN. SHEET (1108)
0,100~ IN, SHEET (111%)

0,090~ IN, SHEET (1118)

90

LEGEND:

“\\\“ LONGITUDINAL

//////] TRANSVLRSE

80

R

70

60

T
S

50
—460

—400 —300 —200 —100 4] 100

TEMPERATURE (°F)

TENSILE STRENGTH OF 2219 ALUMINUM




b g

STRESS (PS1 X 103)

(7= 13em6 3)

110

A.9.b-1

100

90

NOTE: T81, LONGITUDINAL AND TRANSVERSE,
0,090=1IN. SHEET (1108)
0,100—IN, SHEET (1115)
0,083~1N, SHEET (1119) (1122)

80

s

LEGEND,

60

AMMWMWY  LonerTuninal
[7/7//]} Ttransverse

50
—460

—400 ~-300 =200

—100

TEMPERATURE (°F)

TENSILE STRENGTH OF 2219 ALUMINUM

100




A.9.b-2

110
NOTE: T87, LONGITUDINAL AND TRANSVERSE,
% 0.100—IN, SHEET (11185)
100 2.00=IN, SHEET (1117) ||
0,063—=IN. SHEET (1119)
90
@
2
b
0
& 80
0
0]
L
[0
m
LEGEND
60 A\\NW\Y  LonerTubinal
[/////]] TRANSVERSE
50
—460 —-400 —300 —200 —100 0 100

TEMPERATURE (°F)

TENSILE STRENGTH OF 2219 ALUMINUM

(71553}




VRNV

x

100

STRESS (PSI X 103)

(7= 15=63)

90

80

70

60

50

40

Aoqob"3
1 ] | ] i Al
NOTE: ALL CURVES T62, LONGITUDINAL,
0,125=1N, SHEET (1037)
0.090—IN. SHEET (1108)
0,100~ 1N, SHEET (1115)
X
N\
/- Ko = 3.5 (1115)
T
X N
- K+ = 8,0 (1113
\ \ Ky = 8.0 (1108) \\
\‘
N \\;—é
/
Z KT = 21,0 (1120) \
P
—460 —400 —300 —200 -100 0

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM

100




A.9.b-4

1.20

/— Ky = 3.3 (1115)

1.00 k—'
/ KT = 8,0 (1115)

Ky = 8.0 (1108)

A\

0.90 4

K = 21,0 (1037)

0.80

NN

NOTCH/UNNOTCH STRENGTH RATIO

”
0.70
NOTE: ALL CURVES T62, LLONGITUDINAL,
0.125—=IN, SHEET (1037)
0,080—IN, SHEET (1108)
0.60 0.100—IN, SHEET (1118)
0.50
—460 —400 —-300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM

(7=15=63)




Lo

9 M9

i A

it

+ b

A.9.b-5

90

50 AN

-« S+ Ko = 3.8 (1118)

g\ \
= ——
: §
— K = 8.0 (1108)
i‘g 60 \\; /
$ -—-\ Ko = 21,0 .(1037) Q@N /
; Z.
()] \‘\ Ko = 8.0 (1115)

50 ~]

—

\g~

40
NOTE: ALL CURVES T62, TRANSVERSE,
0.125=IN, SHEET (1037)
0,090=IN, SHEET (1108) |
0.100—IN, SHEET (i115)
30 1 1 1 1 J
460 —400 —300 ~200 —~100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM

(7~ 15=63)




A9.b-6

1.20

/—KT = 3,5 (1119)

] — 4{
/ ==Kt = 8.0 (1108)
/ T | y

——K, = 8.0 (1115)

A\

L

]
Z/‘" e
0.80 T2 =
Y
T
/ AKT = 21,0 (1037)

NOTCH/UNNOTCH STRENGTH RATIO

0.70 /
/

[
NOTE! ALL CURVES T62, TRANSVERSE,
0.60 0.125—IN, SHEET (1037)
0.090= 1IN, SHEET (1108)
0,100~ IN, SHEET (1113)
0.50
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM

(7= 15m63)




) ]

IR BN )

Y
¥

A ¥

1

1

STRESS (PSI X 103)

(7om15e=63)

10 T 1 1
NOTE: ALL CURVES T81, LONGITUDINAL.
0.090~IN, SHEET (1108)
0,100=IN. SHEET (1115)
0,063=IN, SHEET (1118) (1122)
00
x Ko = 3.5 (1108)
\‘ /-—KT = 3,8 (1118)
. \ / :
LK = 7.2 (1119)
80 /] L]
\ — Ko = 7.2 (1122)
\ |
\ e
S~
70 E ——]
AKT=B.0 (1118) \ *
60 / \ ] \
AKT = 13,0 (1108) > K = 8.0 (1108)
| I
és_.K.r = 21,0 (1122)
50 | \S.I__/
-—460 —400 —300 —200 -—100 0

A.9.b-7

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM

TEMPERATURE (°F)

100




A.9.b-8

1.20
1.10 K_ = 3.8 (1108)
V4 T ==
/ A{_’
%; Ky = 8.3 (1115)
1.00 i i
Koy = 7.2 (1119)
(o) / Ky = 7.2 (1122) /
> /
<
1 4
X —
[
i b <
o > .
)] /// \r Ky = 8,0 (1115)
I
o 0.80 K‘ \\.—_K = 8.0 (noa! /
s . / \_ T /
Z / L K. = 13.0 (noL)
5
s
LI) l
E e /
g 0.70 A Kt = 21,0 (1122)
NOTE: ALL CURVES T8l, LONGITUDINAL,
0.60 0,090—iN, SHEET (1108)
0.100= N, SHEET (111%)
0,083=IN, SHEET (1119) (1122)

0.50
—460 —400 —300 —200 —100 0 100
TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM

(7= 15emE3)




i

A
v

P

R I

110

160

90

80

70

STRESS (PSI X 103)

60

50

40

A9.b-9

NOTE! ALL GURVES T8&1, TRANSVERSE.
0,090—IN, SHEET (1108)
0,100=1N, SHEET (1115
0.068—=1N. SHEET (1119) (1122)
\ A= Ko = 3.5 (1108)
/—KT = 3.5 (1115)

7

/—KT = 7.2 (1119)

\
N
— K= 7.2 (1122)
N \\ /]
\\¥ wl
/ ~
LKT_-_-BO (1108) \ -
N§‘
S ——
\ LK-,- = 8.0 (1115) / e
\ KT = 13,0 (1108)
/ N
Z_KT = 21,0 (1122) \\ //
TN -
—460 —400 —300 —200 —100 0

(7=1%—63)

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM

100




1.20

1.10

1.00
o
=
<
14
E

(U] 0.90
Z
W
o
F
)]
S

I 0.80
o]
Z
Z
=2
I
O
3

s 0.70

0.60

0.50

A.9.b-10

K_ = 3,5 (119)

r
/ |
| K = 3.3 (1108)

—

A\

Kt = 8.0 (1108)

; /_K.r = 7.2 (xlns) /— -~
Ky = 7.2 (1122)
- |
—
~
Ky = B,0 (1115)
/

N«

NN

Y
-+ = 13.0 (1108) /

= 21,0 (1122)

/

/
7
%

~_ T

NOTE! ALL CURVES T8i, TRANSVERSE,
0.,090=IN, SHEET (1108)
0,100~IN, SHEET (1115)
0,063=~IN., SHEET (1119)
| I 1 L |
—460 —400 -300 —200 —100 0

(Tom15=63)

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM

100




STRESS (PSI X 103)

(7a15=63)

110

100

90

80

70

60

50

A.9.b-11
NOTE! ALL CURVES T87, LONGITUDNAL,
0.100~IN, SHEET (1115)
2,00—1IN. PLATE (1117} —
0.063=IN, SHEET (1119)
\
\
\ /1—-K_r = 3.5 (311%)
\ Ko = 7.2 (1119)
\\
Ky = 8,0 “"\wﬂ
Ko = 21.6 (1117)
\\
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM




NOTCH/UNNOTCH STRENGTH RATIO

(7w 15me63)

1.20

1.00

0.90

0.80

0.70

0.60

0.50

A.9.b-12

K, =33 (1118)

/ Ky = 7.2 (1119) o

= -

- K+ = 8.0 (1113)

KT = 21.6 (1117)

e .
i
Vr'
/ NOTE; ALL CURVES T87, LONGITUDIN';\-;_
0.100—~1N, SHEET (1115)
2,00~IN, PLATE (1117)
0,063=IN, SHEET (1119)
—460 —400 ~—300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM




BRL LT

‘9 M N 9 @

A
v

4

A.9.b-l3
110
NOTE: ALL CURVES TB87, TRANSVERSE,
0,100~IN, SHEET (111%)
2,00—IN. PLATE (1117)
100 0,063—IN, SHEET (1119)

\ Ko = 3.5 (118)
90 N\
\ L K. = 7,2 (1119)
N, /

£ a0 N R\
g N .0 (111%) \\

TS—

\

/- Kr = 21,6 {(1117)
60 .
A\
/] N
[ 4
50
—460 —400 —300 —200 —100 Y 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 2219 ALUMINUM

{7m=15=63)




A.9.b-14

1.20
1.10
/ / [ — -
o 1.00 S Ky m 3,5 (115
: _.“/
x -
= ~
l.lz.l 0.90 Ky = 7.2 (1119) /
0 %’
5 -
5
% 0.80 /—K.r = 8,0 (1113)
=
-~
5
5
Ky = 21.6 (117) e
Z 0.70 //" T /
0.60 /
/ NOTE: ALL CURVES T87, TRANSVERSE.
0.100=1N, SHEET (1118)
2,00= 1IN, PLATE (1117) 1l
0,063—IN, SHEET (1119)
0.50 | 1 | 1 |
—460 —400 —300 —200 —100 0 100

(7186 3)

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 2219 ALUMINUM




9 A

100

- A.9.b-15
90 = == ———————
- - NOTE; ALL CURVES T62, AS—TIG WELDED
. . EXCEPT AS NOTED, AUTO, 2319 ROD,
0,125=1N, SHEET (1)37)
- . 0.090=1N, SHEET (1108)
80 o.:oo—lm. smzlt-:'r (1113)
- \\\ TRA@—RE—HEAT TREATED J!o:n)
§ LONG.
70 —
@
X N ——
= 60 N (1108) =
Ll-l LONG.}'O TRANS
[+ 4
0 TRF@ \ \
50 / LONG i: : S /‘
L——L(n'zo) B
I_ON,G. S ——
40 TRANS
L__Z_ (H]‘IS)
30
—460 -—400 —300 —-200 —100 0
TEMPERATURE (°F)
WELD TENSILE STRENGTH OF 2219 ALUMINUM
(7=15=63)




STRESS (PSI X 103)

(7= 15=63)

80

70

60

50

40

30

20

A9.b-16

\\ IMANUAL (1119)
N \ /
\ LONG,
N N
N \\\<
\ \ LONG.TO TRANS (1108)
LONG. ,\ e SR
/ TRANS LoNe
a11s) / / | . ——
TRANS
— 4043 ROD (1122)
NOTE! ALL CURVES T8B!, AS-TIG WELDED, -1
AUTO AND 2319 ROD EXCEPT AS NOTED,
0.090~IN. SHEET (1108)
0.100~IN, SHEET (1115) 5
0,063—IN, SHEET (1119) (1122)
| 1 ] | 1 1
—460 —400 —300 -—200 100 0

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF 2219 ALUMINUM

100




1

R N R VR

BN
r

STRESS (PSI X 109

(7w 156 3)

80

70

60

50

40

20

A.9.b-17

-~ \\ (1119
NQG.
LONG. \
(1115) =
n
\\
—— é
S —— /
TRANS
(1118) =" S — _//
NOTE!: ALL CURVES T87, AS~TIG WELDED, 2319 ROD.
AUTO, 0,100~IN, SHEET (1115) i
MANUAL,, 0,063—IN, SHEET (1119)
| [ [ I [ I I
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF 2219 ALUMINUM




20

15

—
o

ELONGATION (PERCENT)
o

0

(7= 156 3)

A9.c
N
\\ (1108}
P [ /—r1037)
\5
L(ms) o
(11153)
NOTE: ALL CURVES T62, LLONGITUDINAL, -
0,125=1IN, SHEET (1037)
0,090=iN, SHEET (1108)
0,100=IN, SHEET (1113) [
0,090—~1IN, SHEET (1116)
1 I 1
—460 —400 -300 —200 -—100 0 100

TEMPERATURE (°F)

ELONGATION OF 2219 ALUMINUM




4)

Tk

VRV RNV

A.9.c-1

20

(1108)

"N

{1118)

=Y
(¢}

DAY,

(1037)

-
Z
I1]
($]
14
o
= L (1116) — -
g 10 =
k
(4] — ————
g NOTE ALL CURVES T62, TRANSVERSE,
| 0,125=~IN, SHEET (1037)
1] 5 0,090~ IN, SHEET (1108)
0,100=iN, SHEET (1115)
0,090=1N, SHEET (1116)
—460 —400 —300 —200 -—100 0 100

(7= 1563}

TEMPERATURE (°F)

ELONGATION OF 2219 ALUMINUM




(7= 15w63)

TEMPERATURE (°F)

A.9.c-2

20
(1118)
15 /’_
/ /—-( 108)
/ L
§ L
' | / ﬁ-‘\g
/ |- (1119)
A (1122)
5
NOTE: ALL CURVES T81, LONGITUDINAL,
0.090~IN, SHEET (1108)
0,100~IN, SHEET (111%)
0.063~IN, SHEET (1118) (t122)
0 J 11 L 1 1
~-460 --400 -—300 —200 —100 ~ 100

ELONGATION (PERCENT)

ELONGATION OF 2219 ALUMINUM




-

ELONGATION (PERCENT)

(7= 18~63)

A.9.¢c-3

20
15 K\ a11s)
(1108)
7\ A
a (ans) \.
[(nzz)
5
NOTEE: ALL CURVES T81, TRANSVYERSE.
0,090~IN. SHEET (1108)
0.100=1N, SHEET (1115)
0,063=1N, SHEET (1119) (1122)
0 1 T T I I
-460 —400 --300 =200 —100 0

TEMPERATURE (°F)

ELONGATION OF 2219 ALUMINUM

100




20

—
[3)]

ELONGATION (PERCENT)
S

0

(7ee 186 3)

A9.c-4

{
LONG. (1117)
’ /—-—-r—(llis)

4

\/ TRANS

7
LONG,

AR

/

S

—

A\

—

2 I
TRANS

(1117)

(1119

£ ONG. AND TRANS

NOTE! ALL CURVES T87,
0.100=IN, SHEET (1115) |
2,00-IN, PLATE (1117)
0,003=IN. SHEET (1119)
I . T |
~460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

ELONGATION OF 2219 ALUMINUM




STRESS (PSI X 103)

(7= 15e=63)

All.a

70 [T 1 [
NOTE! LONGITUDINAL AND TRANSVERSE,
-H343, 0,063—IN. SHEET (1107) |
\ ~H343, 0.100=IN. SHEET (1115)
b -H343, 0,050—IN, SHEET (1119)
60 ~H24, 0,100—IN, SHEET (1121)
% =H343, 0,092—IN, SHEET (1123)
50
40 é
LEGEND :
Al LLONGITUD INAL
'lllll‘ TRANSVERSE
5 [ T T ]
—460 —400 — 300 - 200 — 100 0 100

TEMPERATURE (°F)

YIELD STRENGTH OF 5456 ALUMINUM




A.llb

90
5 NOTE! LONGITUDINAL AND TRANSVERSE,
80 =rai43, 0.063—IN. SHEET (1107) ||
~H343, 0.100—IN, SHEET {1113)
~H343, 0.080~IN, SHEET (1119)
—H24, 0.100—~IN, SHEET (1121) =
~H343, 0,092—=IN. SHEET {(1123)
70
fom )
™
=
b4
0
& 60
n
i
o aN
=
)]
50
LEGEND!
40 m LONGITUD INAL
7’[’[/ TRANS VERSE
30
—460 —400 —300 ~— 200 — 100 0 100

(Tam13em63)

TEMPERATURE (°F)

TENSILE STRENGTH OF 5456 ALUMINUM

e ) )




IR I BN

- A
v

A.11.b-1

100
90
80 4
:,——\Haas. K., = 3.5, 0,100~IN, SHEET (1115)
- \ \\ HH43, Ky = 7,2,
“s LONS: | RANS [o.oss-m. SHEET (1107)
X N
g N < / TRANS
" LONG. §
n
w 60
i N\
-
0 |
W B
50 /
TRANS /
/
/
LONG,
40 L H343, Ko = 8,0, 0,100~IN. SHEET (111%)
30
—460 —400 —300 —200 —100 0

(Ten18~63)

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 5456 ALUMINUM




A.11.b-2

1,30

1.20

e ]
1.00 \\ E[KG //

sA{qs \ / / P
NER 7//L/

\L.ON \ \ ) /
v

['H“3, K_I_ = 7,2, 0.063=~1IN,

0.90

AL

0.80

NOTCH/UNNOTCH STRENGTH RATIO

;—// T

\

N

\\ 7
/

7

<

0.70
[ LO\NG. \
‘TRANS
TRANS \
\
\__‘L' H343, KT = 8.0, 0,100~1IN,
0.60 SHEET (1118)
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 5456 ALUMINUM

(7e13=63)



SR BRI |

"9

STRESS (PSI X 10°)

(7= 15-63)

A.11.b-3

80 1 | 1 1 - 1
NOTE: ALL CURVES —H343, AS~T16 WELDED, AUTO
0,063=~IN, SHEET, 53% FILLER (1107)
0,100~ (N, SHEET, 5886 FILLER (1117} ]
,-l— L ¢1107)
70 : LONGI /;
o k‘\% TRANS
<v\
/ \
60 \ \
\‘\\
\.\k I
-
50 S ="
—— -
LONG.
/
TRANS
0 (1118)
4
30
— 460 —400 — 300 - 200 — 100 0 100

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF 5456 ALUMINUM




All.c

20
|

= H343, 0,063—IN, SHEET (1107)

Tl{Ans- y. H343, 0.092=IN. SHEET (1123)
| LONG, ;

I
TRANS ”
/

7

-—
w
r
2]
\g‘
— ]

Ji

\

\ i/

7\
/

A\

LONG.
p)

ELONGATION (PERCENT)
=)

——
N g

)
N /1 / |

LONG, H343, 0,050—IN, SHEET (1119)
\ TRANS

LHZA. 0,100=IN, SHEET (1121)

[$)]

0
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

ELONGATION OF 5456 ALUMINUM

(7= 15=63)




il d l

VNN Yy

]
v

B.3.a

/ ~—

/ -

T
Lao’/,cou: REDUCTION
0.008=IN, SHEET (1062)

S~

LONG. AND TRANS

\

0.020~1N, SHEET (1062)

20%,COLD REDUCTION, [ —

LLONG., AND TRANS

/ANNEALED. 0.076=1IN,

SHEET (1115)

400
320
N
(=]
= 240
x
M)
L
)]
o
o 60
=
n
80
0
—460

(7ee 15=63)

—400 — 300 —200 — 100
TEMPERATURE (°F)

YIELD STRENGTH OF L-605

100




B.3.b

480,
400
407, cOLD REDUGTION,
N / 0.008=IN, SHEET (1062
\Q
320
nﬁe\ | \\
\\
= 20%COLD REDUCTION, %
g I A
240 o,
g‘l) \\
1 \\
& T~ _
" —
160 ’\.\\ —
LONG. AND TRANS
ANNEALED,0,076~IN.
SHEET (1115)
80
0
—460 —400 — 300 — 200 ~100 0 100

(7ea18=63)

TEMPERATURE (°F)

TENSILE STRENGTH OF L-605




N e

Y

‘9

STRESS (PSI X 10°)

(7en 185 3)

B.3.b-1

300
- | ) ~
N \
a \ ——
/ ™
250 LONG, \
N / 40%,COLD REDUGTION, \
\ [ A— K, ™ 7.2, 0.008=IN, \\
TF\;NSI \ \ SHEET (1062)
i x_o—ré. \ \
N 20%,COLD REDUGTION, \\\
200 \ K, = 7.2, 0.020=iN. =
SHEET (1062) \\
\ ANNEALED, K, = 3,5,
/ \ ey /- 0.076=IN. SHEET (1113)
150 M L.ONG, AND TRANS \\ LONG. AND TRANS
/[ N
/ T -
ANNEALED, K. = 8.0, \\
.076=1N. ( )
0,076=1N, SHEET (1115 \\
100
-~460 —400 — 300 - 200 — 100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF L-605




B.3.b-2

1.10
20%COLD REDUCTION, K= 7.2
/ TRANS ~  020-iN. SHEET (1062)
g 1,00 7
l— LONG.
n<= O\ / N/ 7~ ANNEALED, K_ = 3.5,
- \ / / / 0,076—IN, SHEET, (1115)
= -~ LLONG, /
LZ', 0.90 [ — TRANS
| . .
14 / *\\S<’
(l’-’ \\ — —
_— — S
= — —
Q o.80 Y ——— —
< LONG. AND TRANS
2 /
S~ ANNEALED, K_ = 8.0,
I S T
3 LONG. 0,076~1IN, SHEET (1118)
5 I | l
0 \! ., .
Z 407,COLD REDUCTION, K_ = 7,2,
0,70 T
¢ 0.008-IN, SHEET (1062)
0.60
— 460 —400 — 300 — 200 — 100 0 100

(7=15~63)

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF L-605




o

B.3.b-3

250
s
2 \ NOTE: ALL CURVES TIG WELDED, AuTtﬂ
30 —~ -
\ /
210 LONG. \\
Z‘U%.ICOLD REDUCTION, ROLL PLANISHED \\
AFTER WELD ING, NO FILLER, 0,008=IN,
—SHEET (1062)
s~ 190
m?.. \v \
x AN
a LONG. /- \
& /[ \ \
N
((B 170 L TRAKS
1]
'D_:' A__/ANNEALED.AS WELDED, Ny
n L-605 ROD, 0,076— (N, 7\
SHEET (1115)
150 /
LONG. \
/ 20%,GOLD REDUGTION, ROLL, N
130 Z | PLANISHED AFTER WELDING,
NO FILLER, 0,020=IN. SHEET
(1062)
110 l
—460 —400 —300 — 200 —100 0
TEMPERATURE (°F)
e TENSILE STRENGTH OF L-605




ELONGATION (PERCENT)

(7=15=63)

B.3.c

60
ANNEALED,
; 0.076—IN.SHEET (1115)
50 \1
\ TRANS j/j/" —
S //
\
40 \\//
/
/ / 207%,COLD REDUCTION,
30 - A // 0,020-IN. SHEET (1062)
‘/ / TRANS
LONG, /
/ / Y.
20 / \
\\
40%,cOLD REDUCTION,
A 0,008=IN, SHEET (1062)
10 :
L.ONG/.
/
/
-
—“/
0
—460 —400 —300 — 200 — 100 4]

TEMPERATURE (°F)

ELONGATION OF L-605

100




T IRUR I I Y

[ Y

D.7.a
240 I

NOTE: ALL CURVES LONGITUDINAL

200 SOLUTION TREATED, COLD REDUCED, AND AGED
— (1800 F/30 MIN, AC; 60%CR; 1325 F/16 HR, AC),
°

0.078=~IN, SHEET (1115)

160 SOLUTION TREATED AND AGED \\

(1800 F/1,5 HR, AC; 1350 F/16 HR, AC), \

A N 3/4=IN, DIA BAR (137) e~
o .
- § SOLUTION TREATED AND AGED i
» \\\ (1800 F/30 MIN, AC; 1325 F/16 HR AC),
a \ \ﬁho.ors—m. SHEET (1062)
o 120
Nt \\
) h
n 4 )
] r———
x i SOLUTION TREATED AND AGED —
5 \ (1800 F/30 MIN, AC; 1100 Ff16 HR, AC),
80 0,016—IN, SHEET (1062)
/\
S
SOLUTION TREATED
40 (1800 F/30 M IN, AG),
0.016=IN, SHEET (1062)
0
—460 —400 — 300 — 200 —100 o} 100

TEMPERATURE (°F)

YIELD STRENGTH OF A-286 STAINLESS STEEL

(7==15—63)




D.7.b

280 |
SOLUTION TREATED, COLD REDUCED, AND AGED
— (1800 F/30 MIN, AC: 60%CR; 1325 F/16 HR, AC),
\ /' 0,078=IN, SHEET (111%) |
~ I |
SOLUTION TREATED AND AGED
240 H [ (1800 F/30 MIN, AG: 1323 FJi6 HR, AC),
\\ afa-IN. DIA BAR (137)
|
\ SOLUTION TREATED AND AGED
\\ (1800 F/30 MIN, AG; 1100 F/16 HR, AC},
\ 0.016—IN, SHEET (1062)
\\ T
160 e
6\ \
e S~
SOLUTION TREATED AND AGED
X ~g L= (1800 F/30 MIN,AC; 1325 F[16 HR, AC),
0 \ 0.016—IN. SHEET (1062)
& /
8 120
i M
= SOLUTION TREATED
2 L ~
(1800 F[30 MIN, AC),
0,016~ 1IN, SHEET (1062)
80 ST :
FOTE: ALL CURVES LONG‘ITUDINA:I
40
0
—460 —400 —300 —200 — 100 0 100

(7-=15=63)

TEMPERATURE (°F)

TENSILE STRENGTH OF A-286




9 9 o

“‘/_9 ;l‘

)
v

D.7.b-1

280 T 1 I |

LNOTE: ALL CURVES LONGITUDINAL]

—= SOLUTION TREATED, COLD REDBUCED,

/

240 / K = AND AGED (1800 F/30 MIN, AG! 607CR;
\\ K-.-= 3.5 1325 F/16 HR, AC), 0.078~iN, SHEET (111%)
200 H—N =
T

/

T~
P~ T~
/ S —
169 Y ——
/T

1,2

A

SOLUTION TREATED AND AGED

(1800 F/30 MIN, AC: 1325 F/16 HR, AC),

STRESS (PSI X 107)

120
0,016~IN. SHEET (1062)
80
40
0
—460 —400 — 300 —200 — 100 0 100

TEMPERATURE ('F)

NOTCH TENSILE STRENGTH OF A-286 STAINLESS STEEL

(7—15=63)



D.7.b-2

| T 1
) 7 SOLUTION TREATED, COLD REDUCED, AND
acep (1800 F/30 MIN, AC; 60%CR: 1325 F/i6
/ / HR, AC), 0,078=IN, SHEET (111%5)
O 1,10
": K, = 3.5
< /
"‘ i
fﬂ

E 1.00 - y / \ A
E > K, = 8,0 )&
2 / //
T T —
0 /
Z 0.80 7
D 1N
< K_ = 3.8
o
z 2y
5 / K}— 7.2
z 4 501 uUTION TREATED AND AGED (1800 F/30 MIN, AC:

0.80 1325 F/16 HR, AC), 0,016—IN, SHEET (1062) T

NOTE; ALL CURVES LONGITUDINAL
0.70 | l | |
— 460 —400 — 300 — 200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF A-286 STAINLESS STEEL

(7= 15=63)




v

S

D.7.c
60 [ I [ I l

NQTE: ALL CURVES LONGITUDINAL

50 7
SOLUTION TREATED

N

ELONGATION (PERCENT)

(1800 F/30 MIN, AC),
0.016=IN. SHEET (1062) \\
40
SOLUTION TREATED AND AGED \
(1800 /1,8 HR, AC; 1325 F[16 HR, AC), \
3/4—IN, DIA BAR (137) \
30 1 N
SOLUTION TREATED AND AGED
(1800 F/30 MIN, AG; 1328 F[16 HR, AC),
0.016= IN, SHEET (1062)
—
7 P B
[ vor ' A=
SOLUTION TREATED AND AGED \
10 | ce00 F[30 MIN, Ac: 1100 F[16 HR, AC), / e —————
0.016=IN, SHEET (1062) L
SOLITION TREATED, COLD REDUCED,
AND AGED (1800 F[30 MIN, AG! 60%CR;
1325 F[16 HR, AC), 0.078=IN. SHEET (1119
0 |
—460 —400 — 300 ~-200 — 100 0 100

TEMPERATURE (°F)

ELONGATION OF A-286 STAINLESS STEEL

(7= 13=63)




REDUCTION OF AREA (PERCENT)

(7=15~63)

D.7.d

60
50
r/ 7

/ A,_ SOLUTION TREATED AND AGED

40 (1800 F/1.5 HR, AC; 1325 F[16 HR,
AC), 3/4=IN. D1A BAR (137)
30
20
10
—460 — /00 —300 — 200 - 100 0

REDUCTION OF AREA OF A-286 STAINLESS STEEL

TEMPERATURE ( F)

100




STRESS (PSI X 10%)

(7= 19-~63)

E.2.a

170
(1115)
\ LONG, AND/'I:ANL
150 —— —
130 \
- ﬁs*\
LONG, o
TRZNS QN
/ /i I —
110 ] f
’——J—-(losz) / \
&= (1081) \
90
NOTE: ALL CURVES SOLUTION TREATED
AND AGED (1300 F/20 HR, AC)
0.7%0~1M. RIA, BAR (137)
0.063~IN, SHEET (1062)
70 BAR (1081)
0,630~ IN, SHEET {1118)
50
—460 —400 ~— 300 — 200 — 100 100
TEMPERATURE (°F)
YIELD STRENGTH OF INCONEL-X




E2.b

260
\ {1062)
240 S v Ahiars
\ONG. AND TRANS
\ \ / 7 (1118)
% / |TRANS |
N
T RO
(137
\ N -

N
200 s \
ST

(1081)
e S
\\

/

STRESS (PSI X 10°)

=3
NOTE, ALL CURVES SOLUTION TREATED
AND AGED (1300 F/20 HR, AC) N
3/4=IN, BAR (137)
160 0.063=IN, BHEET (1062)
BAR (1081)
0,080~IN., SHEET (1115)
140
— 460 —400 — 300 —200 — 100 0 100

TEMPERATURE (°F)

TENSILE STRENGTH OF INCONEL-X

(7~18=63)




STRESS (PSI X 10°)

(7= 15mm63)

250

230

210

190

170

150

130

—460

E.2.b-1

U | 1 ] ] ]
NOTE: ALL CURVES SOLUTION TREATED

AND AGED (1300 F/20 HR, AC)

0.063~IN, SHEET (1062)

0.080—IN, SHEET (1115)

/——/—- Ky = 3.8 (1115)

TRANS

-\\
7\; \\\
LONG.,
VA
f TRANS <
K, = 8.0 (1115)
LONG. AND TRANS
/ Ko = 7.2 (1062)

— 400 — 300 — 200 — 100 0

NOTCH TENSILE STRENGTH OF INCONEL-X

TEMPERATURE (°F)

100




1.10
——— K = 8.0 (1115

o ——
= K, = 3,5 (11s) \ /
é : _‘ TRANS A e
E 1.00 \ L\ONG LONG. = ol =
Y] TRA{S J """ L Z
Z
W — L
0 > iy

0.90
5
=
o LONG. AND TRANS
% é Ky = 7.2 (1062)
> | I
E 0.80 NOTE: ALL CURVES SOLUTION TREATED AND |_|
2 ' AGED (1300 F/20 HR, AC)
(Z) 0.063=IN, SHEET (1062)

0.080~1IN, SHEET (1118) .
0.70
-~ 460 —400 -300 — 200 -~ 100 0 100

(7= 15w=63)

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF INCONEL-X




m}

9 9 "

ER Y
v

STRESS (PSI X 103)

(7ae 15m63)

220

E.2.b-3

200

180

SOLUTION TREATED AND AGED (1300 F/20 HR, AC)

2N

SHEET (111%)
TRANS

AS=TIG WELDFED, AUTO, IKCONEL X ROD, 0,080—IN,

160

7//

140

/

_
\§

120

100
— 460

—400 — 300 —200 — 100 0

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF INCONEL-X

100




60 | i | I | }
NOTE: ALL CURVES SOLUTION TREATED AND
AGED (1300 F/20 HR, AG) -
0.750—IN. D1A. BAR (137)
0.063~IN. SHEET (1062)
50 BAR (1081) 7

0,080~ 1IN, SHEET (1115)

N

=

Z

3

n 40

d L ¢111s)

& - (137) /

= /

o / LLONG., AND TRANS

E y

Y}

5

|

Wl

£ o2 \-'g-—""‘

/ 1
30, %\
LONG. AND -rr]uNs- \L \
g1

==

—1_/

// Zﬂow

10
—460 —400 — 300 —200 — 100 c \ 100

TEMPERATURE (°F)

ELONGATION OF INCONEL-X

(7= 18m63)




o H i
ity J

E.2.d
50
/"’7 N
L (137)
40
30 —‘
—T |

T

REDUCTION OF AREA (PERCENT)

20
// Luom)
e
NOTE_: ALl CURVES SOLUTION TREATED
10 AND AGED (1300 F/20 HR, AC), BAR | |
0
—460 —400 —300 ~- 200 —100 0 100

(7= 186 3)

TEMPERATURE (°F)

REDUCTION OF AREA OF INCONEL-X




e "!ﬁll

E7.a

250

230 \

210

/ ~__

g
.
/

N
> / N
» 40%,COLD REDUCTION, 0,011=IN, SHEET (1062) \
i{/ \
@ 170
Luk
E 20%,coLD REDUCTION,
“ \ A G .0s0=IN. SHEET (1115)
LONG, /
150
\\ TRANS \\
130 \
110
— 460 —400 — 300 — 200 — 100 0 100

TEMPERATURE (°F)

YIELD STRENGTH OF HASTELLOY B

(7o 15=63)




E.7.b

290
270
250
40%, COLD REDUCTION,
AV— 0.01i=IN. SHEET (1062)
230 N LONG,
———
"’: \ \
x 210 N \\
£ \ N
&
0 N N
n
: A\ N
0 \ 209 COLD REDUCTION,
L1 7 0,080—IN, SHEET (1115)._._‘

‘ TRA{JS /
. 2,

N
NN

150 \

130
—460 —400 —300 — 200 —~100 0 100

TEMPERATURE (°F)

(=156 TENSILE STRENGTH OF HASTELLOY B



it ]

SV

E.7.b-1

340
300 \\
\ /- 407,COLD REDUCTION, K_= 7.2,
N /  0.011—iN, SHEET (1062}
LONG

260
A
o
M) \L ™~
a 220 N
) N
[{)] 1 207, COLD REDUCTION,
E \\ o LONG. 7KT = 3.5 ]
- \ N / /| 0.080-IN, SHEET
® TRANS (111w

180 \\\ \

%\
TRANS )/ C—— ?
LONG,
140 A—
L——Zzo"/!,cox_o REDUCTION, K_ = 8.0,
0,080~ 1IN, SHEE'T (1115)
100
—460 —400 — 300 — 200 — 100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF HASTELLOY B

(7=~ 1863}




1.30

1.20

1.10

1.00

0.90

NOTCH/UNNOTCH STRENGTH RATIO

0.80

0.70

E.7.b-2

407 COLD REDUCTION, K_r =7.2,
0,011=IN. SHEET (1062)
LONG
'\\
I 4
209 coOLD REDUCTION, K, = 3.3, P"/
/ 0.080—1N. SHEET (11185) //
LONG, L /
/ 7 zﬁ/
TRANS 7/
/ ,/ /4 /
-]
. /
TRANS
“‘;NG / 20% COLD REDU.CTION, K, = 8.0,
0.080=IN. SHEET (1115)
—460 —400 — 300 — 200 — 100 0

(7= 18e463)

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF HASTELLOY B

100




STRESS (PS1 X 10°)

(7—-18-~63)

200

E.7.b-3

\\ / 7 20%,COLD REDUCTION,

180

7 AS—TIG WELDED, AUTO,
\ TRANS HASTELLOY B ROD, 0,080=IN.

\ / LONG, SHEET (1115)

160

AN

140

pa ~ N
Ty

Sy

120

TIG WELDED, ROL.L

Zao’/ccm_n REDUCTION, \ \

PLANISHED, NO FILLER,

0.011—IN, SHEET (1062) \

100

—460

—400 —300 — 200 — 100 0

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF HASTELLOY B

100




ELONGATION (PERCENT)

(7= 15=63)

E.7.c

60
20%,coLD REDUCTION,
50 7/ \\ 0,020-IN, SHEET (1115)
\LONG. AND TRANS
\ /
40 {
30
‘= 40% COLD REDUGTION,
20 // 0.011—IN, SHEET (1062)
LONG.
"
10 X\N
\*
\
0
—460 —400 — 300 — 200 — 100 0 100

TEMPERATURE (°F)

ELONGATION OF HASTELLOY B




e ]

STRESS (PSI X 10°)

(7=15—63)

E.8.a
130
120 \
ANNEALED, LONG,,

/_ 0.060—IN, SHEET (1115)
110 /

P

\
100 —— \\
y \
80
70
60
—460 —400 ~ 300 — 200 — 100 0

TEMPERATURE (°F)

YIELD STRENGTH OF D-979

100




E.8.b

240
220 \\
/-— ANNEALED, LONG,,

200 0.060=IN, SHEET (1113)
2 L
b \
g 180
)]
0n
i A,
= \
)]

160

140

120

—460 —400 —300 —200 — 100

(7=18=63)

TEMPERATURE (°F)

TENSILE STRENGTH OF D-979

100




e A

i A
v

E-s.b-l

220
NOTE: ALL CURVES ANNEALED, LONGITUDINAL,

0,060~1N, SHEET (1115)

200 <
K. = 3.5
\\ /

180

160 7

STRESS (PSI X 10°)

140 - ~

120

100
—460 —400 ~— 300 — 200 — 100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF D-979

(7= 15=63)




E.8.b-2

NOTE. ALL CURVES ANNEALED, LONGITUDINAL,
0,060—~IN SHEET (1118)

o 1.00
2
P P
= — —
2 - /

0.90
1 L~
o 7
n K, =38 /
-
O .80
s . /
z
3 7 /
5 -
5 / L.
< 0.70

0.60

—460 —400 ~300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF D-979

(7o~ 15=63)




g

9 9 9 9 9

N
»

ELONGATION (PERCENT)

(7=15=63)

E.8.c

50
40
/— ANNEALED, LONG.,
.060—~IN, SH (1118) _—__*.__

30 0.060~IN, SHEET

20

10

—460 —400 — 300 ~— 200 — 100 0 100

TEMPERATURE (°F)

ELONGATION OF D-979




T

TR RV

F.1.a-2

320 T T Y T
NOTE: ALL CURVES NMORMAL INTERSTITIAL,
ANNEALED,
-
ANALYSIS, WT Y
REF (o] N [+ FE
2 2
- 280
(1107) 0.170 | 0,009 | 0,015 | 0,04
(1112) 0,140 | 0,016 | 0,024 -
(1115} 0.171 | 0,016 [ 0,026 | 0,34
1 1 1
fo.oaz—m. SHEET
240
A LONG. AND TRANS (1107)
.032=IN, SHEET (1115)
N
()
Q
~— 200
>_f /- 0.020-IN, SHEET, LONG. (1112)
£
0
0n
Ll
E 160
n
%\
120 \
80
40
—460 —400 —300 —200 —100 0

TEMPERATURE (°F)

YIELD STRENGTH OF 5Al-2.5 Sn TITANIUM

(7o 156 3)




F.l.b

300x10°

280

6

260 |~ ANNEALED [e3, 66, 78, 79, 80,81,90, 100, 134, | 35,
136, 150, 247, 635, 658, 676, 793, 900, 1015, 1028,
1038, 1081,1094]

240

220

BAR, ANNEALED [137]

200 I
\ L0.040 IN SHEET, ANNEALED,
NOTCHED, K7+ 6.3, TRANS [1062]

} ] 1

fial

180 i I I
- 0.040 IN SHEET, ANNEALED,
« NOTCHED, Ky = 6.3, LONG
a T
> 160 i O, [1062]
)
0
& 140
5 0.040 IN SHEET, A
ANNEALED, LONG
AND TRANS [1062]/ P
120 7 o
e ,@7
80 ‘<:%/
60
40
20

%60 400 -300 200 _-100 o 100 200 300 400 500
TEMPERATURE, °F

TENSILE STRENGTH OF A-110-AT TITANIUM



STRESS (PSI X 10°)

(10— 15—62)

320
NOTE! ALL CURVES EXTRA—LOW INTERSTITIAL,
ANNEALED, CHEMICAL ANALYSES
AS SHOWN IN F,1,A=1,
280
0,025=IN, SHEET
V’LONG. AND TRANS
\ / (1113)
240 N | |
0,014—IN, SHEET
. y /T-ONG, AND TRANS
K@& ¢1107)
R
200H—N
NN Q 0.040~IN, SHEET
\ LONG, AND TRANS
\\ /_ (1114)
\\ Q§
\ ;\\
\ \
0,040=1N, SHEET \ '\\\
120}- LONG, (1112) \\\ ——r
80 -
40
—460 —400 —300 —200 —100 0

F.1.b-1

TEMPERATURE (°F)

TENSILE STRENGTH OF 5Al-2.5 Sn TITANIUM

100




F.]ob-z
320 T 1T 1 -

NOTE. ALL CURVES NORMAL INTERSTITIAL,
ANNEALED, CHEMICAL ANALYSES _‘
AS SHOWN IN F,1,A=m2,

280 0,032~IN, SHEET
|~ LONG, AND TRANS
prd (1107)
/
7_0.03Z—IN. SHEET (1115)
240 W
LONG, / | 0.020—IN, SHEET
4 Va / LONG,
P{\
o
200
X
n
n
E 160
=
n
B0
40
—460 —400 —300 —200 —100 0 100

TEMPERATURE ( °F)

TENSILE STRENGTH OF 5Al-2.5 Sn TITANIUM

(7w 13=g3)




'11«!}

STRESS (PSI X 10°)

(7 18—63)

Foll ob-s

320
280
. r—7""-r= 7.2, 0,032—IN, SHEET (1107)
i S —
TRANS .
240 —7K = 3.5, 0,032=IN, SH (1185)
A = , 0,032=IN, EET 18
LONG, T
/ =ﬁ\ / lras |
f \\N //—KT = 3.8, 0,032=IN, SHEET (1107)
200 LONG. IAr«m TRAINS
T K, = 21,0, 0.032~IN, SHEET (110?) ‘\
X P s
| e ——
160 v = P~
LONG., LONG,
\ TRANS 7
s
120
_l/// / KT = 8,0, 0.032~IN, SHEET (11185)
80
40
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 5Al-2.5 Sn TITANIUM




1.40

1.20

1,00

.0,80

NOTCH/ UNNOTCH STRENGTH RATIO

F.1.b-6

|

\_KT

LONG, AND TRAN

?HEET (lnn7)

= 3,8, 0,032=IN,

K

/' T

SHEET (1112)

3,5, 0,020=IN,

N

S

4
LONG,

e

TRANS

LONG,

T

7

”

SHE
LONG.

= 3.5 0.032- INL”

KT
SHEET (1113)
LKT = 7,2, 0,032=1IN,

ET (1107)

2

A~
e

p

w

\KT =

SHEET (1112)

8,0, 0,020~IN,

7

A/

ONG, AND TRANS
i

A
\-
K. = 21.0,

\ 0,032=IN, SHEET
y LONG. 1on
0.60 N
TRANS \
/ \ K_ = 8.0, 0,032-IN, SHEET (1118)
0,40
NOTE: ALl CURVES NORMAL INTERSTITIAL ANNEALED, CHEMICAL
ANALYSES AS SHOWN IN F,1,A=2,
0.20
C
—460 400 --300 —200 —100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 5Al-2.5 Sn TITANIUM

(7m1563)




et ]

S

h
¥

F.1.b-7

0 T T 1 T 1T 7
NOTE . ALL CURVES EXTRA~LOW INTERSTITIAL,
ANNEALED, CHEMICAL ANALYSES AS SHOWN
IN F,1,A=1, AS=~TIG WELDED, AUTO, NO
FILLER ROD USED,
280
0,014=1N, SHEET
240 (1107)
AN /
LONG,
N
o \\
- 200 N /( TRANS —
0
& ~N
” /TN
L R
E 160 7
0 LONG.
120 Ao.uo—m, SHEET (1114) \\
—
80
40 -
—460 —400 —300 —200 —100 0 100

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF
5AI1-2.5 Sn TITANIUM

(10—-18-62)




|

F.1.b-8

320
NOTE: ALL CURVES NORMAL INTERSTITIAL, CHEMICAL
ANALYSES AS SHOWN IN F,1,A=~2, AS~TI|G WELDED,
280 AUTO, NO FILLER ROD,
240 L 0,032~IN, SHEET (1107)
6\ 0,032=IN, SHEET (1118)
2
s¢ 200
0
e
0]
n
4 N
® 160
1))
NN =~
\ ——
120
N
80
40
—460 —400 —300 —200 —100 0 100

TEMFPERATURE (°F)

WELD TENSILE STRENGTH OF 5Al-2.5 Sn TITANIUM

(7m=i5=63)
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ELONGATION (PERCENT)

(70=15=—63)

F-" .C-z

60
lNOTE: ALL CURVES NORMAL INTERSTITIAL,
ANNEALED, GHEMIGAL ANALYSES AS
50 SHOWN IN F,1,A=2,
40
30 {"0.020=IN, SHEET, LONG, (1112)
|
\\ Y_T 0.032=IN. SHEET (1115)
LONG,
| 0,032—~IN, SHEET
20 TRANS (1107)
1/ LONG, o™
TRANS ] i
/ -
0 l
—460 —400 —300 —200 —100 100

ELONGATION OF 5A1-2.5 Sn TITANIUM

TEMPERATURE (°F)
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F.3.a
300 %10 |
SEE NOTE PAGE F.l.a
280
SOLUTION TREATED [137]
260
240
SOLUTION TREATED AT I7T00°F FOR
/zo MIN, WQ, AGED AT 1000 °F FOR
220 4 HR, AC. { EXCEPT REF 1063 WHICH WAS
v AGED AT 1000 °F FOR 6 HR, AC)
[1008, 1046, 1063, 1096]
200
180 R }/
R
. 160 ,
(7]
0
& 1o} ] 2N
%) ‘ﬂ //
120 A 4
SOLUTION TREATED [62, 63, 66, 67, €8,
70, 130, 132, 136, 146, 244, /
247, 620,635, 636, €76,1027, /] /
100 v
1038, 1046, 1063, 1068, 1081) %
8o
60
40
20
0
-460-400 -300 -200 -100 0 100 200 300 400 800

TEMPERATURE, °F
YIELD STRENGTH OF C-120-AV TITANIUM




F.3.a-1

340 T T T ! ] | | I i
NOTE: ALL CURVES EXTRA~LOW INTERSTITIAL, 0,032=IN, SHEET (1115)
ANALYS IS, WT .
CONDITION o, | N c | FE
ANNEALED 0,108 | 0,014 | 0,025 | 0,12
300 SOLUTION TREATED AND AGED 0,130 0,016 | 0,023 | 0,13 | |
(1660 F/5 MIN WQ; 1000 F/4 HR, AC)

] ! ] ]
/———7—501-UTION TREATED AND AGED

Vi
260 \4 TRANS

STRESS (PSI X 10%)
> ]
o o

5 /

a

>

r4

0

A \ \\ \
~
/ / ANNEALED \\\
140 P
100 .
—460 —400 — 300 — 200 — 100 0 100

TEMPERATURE (°F)

YIELD STRENGTH OF 6AL-4V TITANIUM

(7em 15=623)
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F.3.b
300x10°
- 280
b SOLUTION TREATED [137]
an 260} —¢
- 240
SOLUTION TREATED AT 1700 °F FOR
20 MIN,WQ, AGED AT 1000°F FOR
4 HR, AC. {EXCEPT REF 1063 WHICH WAS
220 AGED AT I000°F FOR 6 HR, AC)
Q% %% [1008, 1046, 1063, 1096 ]
20Nt —- ‘;2§x2 7
/%;% x
S 160 ¢ i / .
4 Z Wi,
L flii /
oz 140 7 y
i \Qé //
? /// ///
120 . i i N
SOLUTION TREATED[62, 63, 64, 66, 67, 68, ///
) 70, 130,132,138, 46, 150, 244,
247, 620, 635, 636, 676, 1027,1038, | _—1— |
100 1039, 1046, 1063, 1068, |081]
80
60
40
20
0
-460 -400 -300 -200 -100 ) 100 200 300 400 500

TEMPERATURE, °F
TENSILE STRENGTH OF C-120-AV TITANIUM

12-18 -8/




340

F.3.b-1

NOTE: ALL CURVES EXTRA=LOW INTERSTITIAL,

CHEMICAL ANALYSES AND HEAT TREATMENT

SHOWN iIN F,3.,A=-1, 0,032=1N SHEET (11t8)

300

—7—SOLUTION TREATED AND AGED

/

260

]
TRANS
jNG.

STRESS (PSI X 109)
n
nN
[»]

180

/
LL ANNEALED

//

140

100
—460

(7e=18=63)

- 400 —300

—200 - 100 0

TEMPERATURE (*F)

TENSILE STRENGTH OF 6AL-4V TITANIUM

100




4;5 A,’ A0 “

- h

F.3.b-2

380 :
NOTE: ALL CURVES EXTRA—LOW INTERSTITIAL,
LONG ITUD INAL, CHEMICAL ANALYSES AND
340 HEAT TREATMENT SHOWN IN F.3.A—=1, 0,032—IM.

\ SHEET (1118)
300 N \

\ ['_‘l“\NNEALED"I l'\_r = 3,5

260 _ N | SOLUTION TREATED
\\/— AND AGED, K. = 3.5

TN
\ \
\ \\
:ANNEALED, K. = 8.0 \

180 \J\

220

STRESS (PsI X 105)

/
/

SN

/
/
\
\

~ /
140
AF‘ SOLUTION TREATED
AND AGED, K = 8,0
T
100
—460 —400 — 300 — 200 — 100 0 100

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 6AL-4V TITANIUM

(7= 15ee63)




F.3.b-3

1.30 I
ANNEALED, K_ = 3.5
T
- ’—4—
, d
/
o 1.10 \\ /?‘_#_7 —_
£ —t
14
E - SOLUTION TREATED AND AGED, KT = S.S/, /
Y]
E 0.90 ,/
g " /
o P /
5 - /
= / ANNE ALED, K =8.0
S o.70
g %
S —
(§] / LSOLUTION TREATED AND AGED, K_ = 8.0
lC_D / T
o | N
i NOTE: ALL CURVES EXTRA~LOW INTERSTITIAL,
LONGITUDINAL, CHEMICAL ANALYSES AND
HEAT TREATMENT SHOWN IN F,3,A=1, 1
0.032~iN. SHEET (1115)
- N N O
— 460 —400 —300 — 200 - 100 0

NOTCH STRENGTH RATIO OF 6AL-4V TITANIUM

(7me15=63)

TEMPERATURE (°F)

100




) 9

EIE

LS
b4

340 -
. ALL CURVES EXTRA=LOW INTERSTITIAL,
TRANSVERSE, GHEMIGAL ANALYSES AND
HEAT TREATMENT SHOWN IN F.3 A=1,
0.032— IN. SHEET (1115)
/_EBOLUTION TREATED AND AGED, K = 35
300 ~L L
\\ —
260 N \
X // \ \
0
& 220 7 \\ \\
g; ANNEALED, K_ = 3.5 \ \
E a——
=
" \ /
180 \\
\CNNEALED, K, =80 \ :
“
'
SOLUTION TREATED AND AGED, KT = 8.0
100
—460 —400 — 300 — 200 —100 0

(7 150m5 3)

F.3.b-4

TEMPERATURE (°F)

NOTCH TENSILE STRENGTH OF 6AL-4V TITANIUM

100




F.3.b-5

1.30

ANNEALED, K = 3.8
1
/ ,—=SOLUTION TREATED AND AGED, K = 3.5

1.10 / 4__7/
/

\

™
\
)
/

A
]]
o

0,90 ~_] /

//

0.70

s‘!\

—7
/ ZSOLUTIC‘N TREATED AND AGED, K._r = 8.0

e [ N

NOTCH/UNNOTCH STRENGTH RATIO

0.50 4 NOTE: ALL CURVES EXTRA=LOW INTERSTITIAL,
- TRANSVERSE, CHEMICAL ANALYSES AND
HEAT TREATMENT SHOWN IN 7.3,A=1, ||
0.032—~IN, SHEET (1115)
0.30
—460 —400 —300 —200 — 100 0 100

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 6AL-4V TITANIUM

(7= 18=63)
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F.3.b-6

300
\
\\
275 \
/7 SOLUTION TREATED AND AGED
LLONG., ;
/ T4
N TRANS
250 \
\ N\
%
- 225
b
)
&
2 N\
w200
0w LONG. \
/ / \ \\
175 / T'}ANsi7 \ \ \\
L—-ZANNEALED \\ NG
\ \
\\\\
NOTE! ALL CURVES EXTRA=LOW INTERSTITIAL, \\\
AS=TIG WELDED, AUTO, NO FILLER, ne
1] CHEM ICAL ANALYSES AND HEAT TREATMENT
SHOWN IN F,3.A—1, 0,032=IN, SHEET (1118)
125 | | 1 [ 1 | [
—460 —400 — 300 — 200 —100 0

TEMPERATURE (°F)

WELD TENSILE STRENGTH OF 6AL-4V TITANIUM

(7m18—63)

100
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percent

percent in 2 inches

F.3.c

30 T T T T
SOLUTION TREATED AT i550°F -
FOR | HR, WQ, AGED AT I000°F
a5l | FOR 24 HR, AC [132,635,636) A soLuTioN TRERTE .
T EATED AT 1580 °F r ATED AT 1750 °F
FOR 24 HR AC. (70] ~ FOR 24 HR, AC. [108,132,635,636
SOLUTION TREATED AT 17009F N
FOR 20 MIN, WQ, AGED AT 1000°F \
FOR 4 HR, AC.{ EXCEPT REF 1063 WHICH 3
16 | WAS AGED AT 1000°F FOR 6 HR, AC).
[1008, 1046, 1063, 1096] <]

| 7
'® roreED °F, |725°F FOR /4= % . g
RN o
L

5 |— [1062] /

2\

20

A

\\

%60 400 300 200 _-100 00 200 300 400 500
TEMPERATURE °F

ELONGATION OF C-120~-AV TITANIUM

30 T r
SOLUTION TREATED [62,63,64,66,67,70,102,105,106,
107, 132, 136, 146, l50 244 247 620 665
636 676 1027, 1038 |O4G l063 IOGG IOBI]
25

+}0.063 IN SHEET, SOLUTION
TREATED, AGED AT 1250°F

5 | A —< | FOR 8 HR,AC [1038] l

YsoLUTION TREATED, AGED
AT 975°F FOR B HR, AC.
[1038,1050] |

S60 400 300 200 _-100 200 300 400 500
TEMPERATURE °F

ELONGATION OF C-120-AV TITANIUM

M%%,w%%/%%
/s




.1-5 t’

1
‘l

ELONGATION (PERCENT)

F.3.C-1
20
-1~ ANNEALED
TRANS
L \
/ LONG.
15 r\
ap=m =
10 /' // >
SOLUTION TREATED
[ / LON/G. // AND AGED 7/‘{
TRANS é
5
/ / NOTE! ALL CURVES EXTRA=LOW INTERSTITIAL,
/ CHEMICAL ANALYSES AND HEAT TREATMENT
/ SHOWRN IN F.i. A~1, 0,032—IN, SHEET (1115)
o i 1 1 1 | i | 1
—460 —400 — 300 — 200 — 100 0 100

(7= 15~63)

TEMPERATURE (°F)

ELONGATION OF 6AL-4V TITANIUM




- 1
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340
300
260

a

=

X

0

a 220

0

0

nj

14

=

"
180
140
100

(7w 15=63)

F.4.a
LN
N
g /TANNEAL.ED, 0.032=IN, SHEET (1118)
LONG. T‘RA/NS
N S
\ \
o
\\
—460 —400 —300 —200 —100 0

TEMPERATURE (°F)

YIELD STRENGTH OF S8AL-IMO-1V TITANIUM

100




F4.b

340

300

260 N\

ANNEALED,
; 0,032~IN, SHEET (11158)

TRANS
z

N |

\\
.l

STRESS (PSl X 103)

180 \
\‘\
140 ]
100
—460 —400 —-300 —200 —100 0 100

TEMPERATURE, (°F)

TENSILE STRENGTH OF 8AL-IMO-1V TITANIUM

(7= 15=63)




N )

A
L4

é

260

220

180

STRESS (PS1 X 103)

140

100

F.4.b-1

NOTE: ALL CURVE
0,032—~IN, SHEET (1115),

S ANNEALED,

LONG.

S

‘ﬁr KT = 8,0

—460

—400

—300

—200

—100

TEMPERATURE (°F)

0 100

NOTCH TENSILE STRENGTH OF 8AL-IMO-1V TITANIUM

(7= 15=63)




NOTCH/ UNNOTCH STRENGTH RATIO

(7= 15=63)

F.4.b-2

1.30
1.10 \’
NN
/1 NX
4 \ \
TRAtL K, = 3.5
0.90 /
~, 2
0.70 \
LONG.
|
TRANS
A / \—A——KT = 8.0
0,50
NOTE: AL!l. CURVES ANNEALED,
0,032=IN, SHEET (1118)
0.30
—460 ~-400 —300 —200 ~100 0

TEMPERATURE (°F)

NOTCH STRENGTH RATIO OF 8AL-IMO-1V TITANIUM

100




15 ;‘a ‘..‘

L |
v

F.4.b-3

300

TRANS ;

NO

ANNEALED,

FILLER,

AS—T1G WELD
0.032—IN. SHE

ED, AUTO,
ET (1115)

260 \

LONG,

220

v

/

STRESS (PSI X 103)
®
Q

140

100
—460 —400

--300

—200
TEMPERATURE (°F)

—100

WELD TENSILE STRENGTH OF 8AL-IMO-1V TITANIUM

(7= 15=63)

100




F.4.c

20
>(

o s A
& /AN
I LONG.
8 / \ TRANS
& N
9} ANNEALED, 0,032—IN, SHEET (1115)
5 10
; /
b
Y]
5
|
W

0

—460 —400 -3 ~-200 —100 0 100

TEMPERATURE (°F)

ELONGAITIION OF 8AL-IMO-IV TITANIUM

(7ow 18~63)
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APPENDIX B

TEST PROCEDURE




L]

- ' This appendix briefly describes the specimens and test tech-
niques used by the Martin Company to determine the mechanical

* s properties of various structural sheet alloys at room and cryo-

genic temperatures under Contract AF33(657)-9161.

- Tests were conducted to obtain the following properties for
inclusion in the handbook:

Unnotched Tensile

Ultimate Tensile Strength
Tensile Yield Strength
Elongation

Modulus of Elasticity
Stress/Strain Diagram

Notched Tensile

Notched Tensile Strength
Notched-to~Unnotched Strength Ratio

Weld Strength

Weld Tensile Strength

Shear Strength

Tensile Shear Strength

Properties were obtained at room temperature and three cryo-
genic temperatures, using the iIndicated constant-temperature baths,

Temperature (°F) Bath
-110 Dry Ice/Alcohol
-320 Liquid Nitrogen
-423 Liquid Hydrogen

During ummotched tensile tests, platen speed was controlled.
An approximate strain rate of 0.0l0 in./in./min was used in the
elastic region for aluminum, stainless steel, and nickel alloys.
Following yield, the speed was increased tenfold. Titanium alloys
were gimilarly tested, except that a rate of 0,005 in./in./min
was used.
7-15-63
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Weld tensile tests were performeda.t the same rate, except
that a constant rate of platen speed va_s maintained until failure.

Notch and shear tests were performe:d using constant platen
speed control to failure at a rate of 0¢.01lV in./min.

Specifications for test specimens aare shown in Figures B-1
through B-5. Friction-gripped specimemas were used for testing
at 70°F. Pin-loaded specimens were use:d for all low-temperature
tests. The pin-loaded specimens were diesigned for use with the
multiple-linkage specimen tester desipaed by the Martin Company.
This apparatus is described in detail i_n Appendix C.

Resistance strain gages were used t:o obtain stress versus
strain curves,

More detailed information regardingxy the cxyostats and asso-
ciated equipment used at Martin are co:tained in the literature.¥

775%.25

|-—TEST sscnou———-‘-— HOLDING SECTION ~=

fe—2722% .030———]»4— 23/%.030— '
«-C e
-8 —
' =A .010 —A-
.1;531 .o§ R;%! - 1
|.|92.050‘* 300
SIOE fon 1002
} ¥ v
T L
/] T T 1-C .008 |
o
——

= =8B 080
— 2 PLCS.
L [ 1184.030
—+oETAIL FOR WELDED SPECIMENS

Figure B-1 Specification for Unnotclicd Tensile Specimen Tested
at Room Temperature

*R, Markovich and F. R, Schwartzber-g: Testing Techniques and
Evaluation of Materials for Use gt Liq:id Hydrogen Temperature.

ASTM STP 302, 113, 1961,

F. R. Schwartzberg: ‘Mechanical Proper ty Testing Techniques for
the Cryogenic Temperature Range," Adw:mes in Cryognic Engineer-
ing, Vol VIII, Plenum Press, New York, IN.Y., 1963.
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S 3873 .25 — ] ¢
-~ _B_ —A—

[=a .002 |

Yetlhie

srocn s 500 1.000
SIZE é I%ﬂ 005
4 L] T “

OPTIONAL FOR MACHINING

Figure B-2 S8pecification for Notched Tensile Spccimen Tested at Room Temperature

TWet i/1e STOCK SIZE

L
[ 7.75+.030
1.59 -
, g 2:31 £.030 —]
112 £.030 RAD, ~B— '
2 PLCS. 75 +.015 RAD. 1
2 d = A .00
IWls“/m f !
STOCK 150 A 1 =00
SIZE oI5 — +.002
| a | “weo |
y * WELD
e ]
+ ! .
[=B.060 [
fe——2.78 £.080
5580 £.030

Figure B-3 Specification for Unnotched Tensile Specimen Tested at Cryogenic Temperatures

7-15-63 5-3




7't e STOCK SIZE —

7.754 030

1i2.£ 030 RAD. 28+
2 PLCS. ¥

03 RAD.

331t 030

=]

2+ A.010 =A.002]

1'he ¢ Vie T
stock )80
sizg .08

1/

5:
4PLO$? ‘
'

1,000 \{,C.'s%o

+.008 +.00)
Y Jﬁ) -
L/

e

fe—-2750%.030

|
*C 005 | [=8.030]

2 PLCS.

64°
OPTIONAL FOR MACHINING

5.500 £.0t10

| L] L
= T
THA ¢ OF HOLES

Figure B-4 Specification for Notched Tensile Specimen Tested at Cryogenic Temperatures

e —— 7.94%.060 $TOCK SIZE
- 750£.030
= 112£.030+] < ees 5.800+.010
1.|3T1Y.93 \RAD. l 138 030 ™ [=A002 ]

THRU £ OF HOLES
_A_l

|

so0e H)—&—(+
* s

B>
|

181 +.060
STOCK
SIZE I
P !
750
%0 1304.03+]
150£.0025
125 MIN,_|
S ~|7 o028 MAX.NOTCH RAD
| TYP 4 PLCS
)
45° TYP 150+.002%
TYP

|~—125 M.

NOTCH DETAIL

\

Q— N\
OPTIONAL

CONFIGURATION

Figure B-5 Specification for Shear Specimen Tested at Room and Cryogenic Temperatures

7-15-63




7-15-63

APPENDIX C

A Multiple Tensile Specimen
Test Device for Use
in Liquid Hydrogen

(Copy of paper presented by R. D. Keys, Space
Weapons Laboratories, Martin Company, Denver,
Colorado, at the Cryogenic Conference, Univer-

sity of Michigan at Ann Arbor, 15-17 August
1961)
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A. INTRODUCTION

Tensile tests of materials in liquid hydrogen are usually
accomplished 1n a rather slow and involved manner when compared
with similar tests done at room temperature. This slow procedure
is due mostly to the difficulties of transferring liquid hydrogen,
as well as working inside a sealed container. The time spent in
"pulling'" a test specimen in liquid hydrogen amounts to only a
fraction of the total time involved in conducting such a test.
Most of the test time is spent on '"conditioning" the test chamber;
that is, the sealing, evacuating, purging, filling, emptying,
warming, and re-opening necessary with liquid hydrogen testing.

One way to save time during such a test routine is to perform
several tests in sequence, requiring only one filling. In this
way the liquid hydrogen is handled in the usual manner but far
less frequently, thus reducing time and costs, A multiple test
specimen holding device (patent dlisclosure made) was developed
for this purpose and put to use on cryogenic materials tests at
the Denver Division.

B. DESIGN AND OPERATION

Most of a missile's structure is of thin sheet material.
Therefore, a multiple system to test flat sheet specimens was of
primary interest to Martin. A chain-link loading and specimen
series arrangement was developed. The linkage is shown, dis-
assembled, in Figure C-1. Several test specimens are attached
to the link pins in a series of flat link sections (A). The
link pins are actually the loading pins for the top of the speci-
mens., The specimens are held between the flat links when the
second row of links is placed on the pins. The bottoms of the
specimens are gathered together and held by one common, curved
loading pin (B). The curved pin is retained by a V-shaped yoke
(C), This yoke is held in place at the bottom of the test chamber
by 2 loose fitting pin that allows the yoke unit to swing laterally
under load.

The entire assembled test unit has the appearance of a quarter
section of a spoked wheel (Fig. C-2), the rim being the chain-link
belt, the specimens forming the spokes, and the hub made up of the
lower loading pin and yoke,
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Fig. C-2 Assembled Test Unit
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The test load is transmitted to the first specimen by a rod
through a connecting clevis to the loading pin of the first spec-
imen, This rod is the only moving unit that extends outside the
test chamber., It moves vertically through the chamber 1lid.

When the first specimen fails, the lower half falls out of
the way of the second specimen, which is then drawn into the
vertical test position as the chain-link belt is drawn upward.
This process continues (Fig. C-2(b)] until the last specimen fails.
The specimen loading pins also provide self-alignment in one
direction, and the lateral alignment is accomplished by the swing
of the lower voke under load.

The test chamber and linkage currently in use allow up to six
specimens to be tested in sequence, Vertical movement of the
loading rod, using 2-inch links, is slightly over 10 inches.

The linkage and yoke are made of Type 321 stainless steel,
and the curved pin in the yoke of A-286 stainless steel, hardened
to over 125,000 psi. Tolerances on lengths were held close enough
to assure aligmment of the chain links under load, but hole diam-
eters made large to allow ease of assembly or disassembly while
cold or frosty, Binding of the mechanism at low temperatures has
proved to be no problem.

The success of the linkage system is demonstrated by the close
agrecement of test results. Typical examples are the results of
eight tests performed on 6061-T6 aluminum alloy at -423°F. Speci-
mens were taken from one sheet of 0.063 material transverse to
direction of rolling.

Yield Strength

Specimen 0.2% Offset Ultimate Tensile Strength
Number (1000 psi) (1000 psi)

1 47.0 72.6

2 47.7 72.6

3 47.7 72.5

4 49.0 72.9

5 48.5 73.0

6 49.4 72.7

7 50.3 72.7

8 50.8 72.9
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Alignment is indicated by the close agreement of data on
similar notch tensile tests, where misalignment would show incon-
sistency of results, 1.000-inch specimens were taken from one
sheet of material transverse to direction of rolling and vee-
notched at 60 degrees to a 0.500-inch width.

Notch Root Radius Specimen Ultimate Strength
(in.) Number (1000 psi)
0.001 UTUTY”TLSOTT r - 65.7
2 64.9
3 65.6
. 0.030 1 70.2
2 71.5
3 69.9

Strain pickup on specimens is presently accomplished through
the use of strain gages bonded directly to the specimens, (A re-
motely actuated extensometer can also be used for this purpose.)

The usefulness of the linkage system in rapid testing is
evident from the present rate of up to 30 specimens tested in one
eight-hour workday.

As with any mechanical system, there are some limitatioms.
Because of the existing dimensions, specimen thickness cannot be
changed greatly. Consequently, extremely thin specimens require
doublers around the pin-loading holes to prevent buckling. (There
is very little side support at the base.) The mass of the linkage
(designed for a 20,000-1b load) and the test chamber require longer
cooldown time and more liquid than the comparable single test unit.
However, the volume of liquid lost per test specimen during cool-
down is minimized by the use of the multiple system,

C. CONCLUSIONS

The limitations of this device are partially designed into
the mechanism and do not hamper the required test work. The dis-
advantages are more than offset by the reductions in liquid hydro-
gen consumption, testing, manpower and costs, as well as by
increased safety.
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