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any form in vhole or in part without prior approval of the
Government. Since this is a progress report, the information

herein is tentative and subject to changes, corrections and modi-
fications.
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ABSTRACT

VSamples from about 225 lots of 2014, 2024, 6061, 7075,
7079 and 7178 extrusions in sizes listed in applicable specifications
have been ordered from two major producers. |
Three samples of 6061-T6510 extruded shapes have just
been received. Arrangements have been made to have test specimens
machined from these samples‘\
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'FIRST QUARTERLY REPORT

MECHANICAL PROPERTIES, INCLUDING FRACTURE TOUGHNESS AND
FATIGUE, AND RESISTANCE TO STRESS-CORROSION CRACKING OF
STRESS-RELIEVED STRETCHED ALUMINUM ALIOY EXTRUSIONS

|

I. Introduction.

' In the tables of design mechanical properties for
aluminum alloys in MIL-HDEK-5, the "A" values for ultimte tensile
stress, t;enaile yleld stress and eldngation 1_n ones direction are
the minin;lmn valuas required in material specifications. These
values axlo besed on statistical analyses of the results of consider-
able nnvml;er of inspection tests of commercial lots as described in
Section i.&.l.a* of MIL-HDEK-5. The values are chosen so that, with
95 per cht confidence, the properties of 99 per cent of the total
prbducti&p 161:3 bf the particular alloy, temper, product and size
range uﬁ meet or exceed those values. Tests for the tensile
propertie{‘a in other directions and for the compressive, shear and
bearing properties are seldom, if ever, made during routine inspection
and 1t wo!gixld be impractical to provide an equally largs amount of
data for ql‘petabliahing individually the values toz; these other proper-
ties. For this reason, the "A" design values for these nroperties
are "derived" values based on a smeller number of tests, as described

' in Section 1.4.1.3* of MIL-HDEK-5.

The desirebility of stretching heat-treated aluminum alloy
products, not only for straightening, but also to reduce residual
stresses and wvarpage during subsequent machining operations, has
been recognized in recent ysars by the establishment of the TX51-
type tempers. It is realized, however, that this stretching may
have a significant effect on soms of the mschanical properties,

* As revised November 1, 1963.
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particularly a reduction of the compressive yield strength in the
longitudinal direction. While values for some of the propertles
not covered by specifications are included in MIL-HDEK-5, it 1is
not certain that all of these values would be the same if they had
been established on the statistical basis recommended by the
Handbook Reliability Subcommittee of the MIL-HDEK-5 Working Group.
The data to be obtained under this contract are intended
to form a satisfactory basis for establishing design mechanical
properties for use in MIL-HDEK-5, including stress-strain and
sangent-modulus curves, for aluminum alloy extrusions in the TXS51X
tempers. For comparison, limited similar tests will be made of
extrusions in "heat-treated-by-user' tempers. V

II. Scope.

The scope of this progrem will include the determination
of the following properties of 2014, 2024, 6061, 7075, 7079 and
7178 extruded shapes in the sizes and tempers listed in Teble I:

1. The ultimate tensile stress, tensile yield stress,
compressive yield stress, ultimate shear stress, and tensile al ong-
ation in the longitudinal and long-transverse directions at locations
required by specifications, and for shapes thicker than 2 inches,
in the short-transverse direction.

2. The same properties at the center of the qross-section
for shapes wider and/or thicker than 1.5 in.

3. The ultimate bearing stress and bearing yleld stress
in the longitudinal and long-trensverse directions with (a) flatwvise
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- gpecimens from the same locations as in the tensile tests and,
(b) for shapes equal to or greater than 1.0 in. in thickneés,
edgevise specimens from the center of the thickness.

4. The mcdull of elasticity in tension and in compression
in the longitudinal and long-trensverse directions, of representative
lots.

5. Tensile and compressive stress-strein curves and
compressive tangent-modulus curves for the longitudinal and long-

i trensverse directions of the ssme lots for which moduli are deter-
mined. Complete tensile stress-strair curves for representative
lots.

6. lane-strain stress-intensity factor, KIc’ in the
longitudinsl and long-transverse directions of representative lots.

7. Axial-stress fatigue strengths in the longitudimal |
and long-transverse directions of reﬁreaerrtative lots.

8. Resistance to stress-corrosion cracking of represené’ative
lots.

From these data, {id following informstion will be
developad:

1. Statistically reliable expected-minirum temnsils, comp-
ressive, shear and bearing Sropervies suitable for inclusion in
MIL~-HDEK-5. ' |

2. Moduli of elasticity and typical snd minimm tensile

and compressive stress-strain curves and tangsnt-modulus curves
suitable for inclusion in MIL-HDEK-5.
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3. Average (if practical, statistically reliable average)
values of plane-strain fracture toughness (Kyc) and fatigue lives,
for engineering compaﬁrisons.

4. Relative resistance to stress-corrosion cracking.

|

IITI Material.

The alloys , tempers and sizes of the samples of extruded
shapes to be tested areahown in Table I.

Samples rrém ahout 225 lots of extruded shapes have been
ordered from Alcoa and another major producer. Quotations for
price and delivery oi’ about 1/3 of the total number of lots to be
tested wvere requeateg!l from two other major producers. Of the two
producers, only one 5ubm1tt_éd quotations. Therefore, orders for
about 1,5 the number of lots of extrusions of the different alloys
and thicknesses vere sent to the one outside producer that quoted.

Since all :samples are to be obtained from regular pro-
duction orders for éustomera, and no samples are to be extruded
espe:ially for this ;ilmrestigation, it is probable that the desired
number of lots will Fnot becob available in every combination cf |
alloy, temper, and a‘jizelthat is desired. Therefore, the schedule
for this program is ‘baaed upon the expectation that at least 2/3
of the total number of samples of lots ordered will actually be
tested.

In general, the samples of extrusions are to be selected
from regular lots produced for serospace customers. All samples
are to be from lots that meet the re§u1rem mts of applicable PFederal,
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Military and AMS Specifications. No two samples of any alloy and
thickness range shall be from the same production run except that
those of the 2024-7851X anu 7075-T7351X will be taken from the
same respective lengths as thcse of 2024-T351X and T075-T651X.
Three samples from lots of 6061-T6510 extrusions vere
received the second week in June. The thicknesses of these ox-

trusions are as indicated in Table I.

IV. Procedure.

The specimens and procedures used will in gereral be
in accordance with ASTM methods, and in essentlal agreerent with
Federal Test Method 151.

A_l tests will be made in testing machines that meet
ASTM and Government requirements for accuracy.

All tensile tests will be made in accordance witiu ASTM
Methods of Tension Testing of Metallic Materials (EB-65T). When-
ever possible, the specimens from thicknesses 0.499 in. or less
will be full-thickness sheet-type specimens (Fig. 7 of EB8-65T).
The specimens from thicker shapes will be 1/2-in. dia, except

where it 1s necessary to use subsize round specimens (Fig. 9 of
E8-65T). Specimens used in determinations of modulus will difjer
from these in that the gage lengths will L2 6 in. Their test sec-
tions will be of uniform width or diameter.

All compression tests will be made in accordance with
ASTM Methods of Compression Testing of Metallic Materials (E9-61)
and wvill be made using a subpress (Fig. 3 of E9-61). The speci-
mens from shepes thinner than 0.500 in. will be of the full-thickness,
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0.625 in. wide, and 2.63 in. long (Table II of E9-61). These
specimens will be laterally supported by a Montgomery-Templin
fixture (Fig. 4a of E9;-61.). The specimens from thicker shapes will
be cylindrical, 1/2 in. in diemeter x 1-7/8-in. long (1/r = 15),
except that for most determinations of modulus of elasticity, 3/4 L
diameter x 3-1/2-in. long specimens will be used.

Tensile and compressive yleld stresses will be deter-
mined from load-stralin diagrams obtained autographicaily for each
lot in each direction. | - '

On the basis of these tests, two thickness ranges of
each allcy and temper will be chosen, and from each of those two
ranges, three lots will bte selected, preferably those having the
high, medium and low properties, for tensile and compressive stress
strain tests. Complete tensile stress-strain tests will be made
of these lots of each alloy and temper. Longitudinal and long-
transverse specimens will be from the locations required by the
material specifications. The procedure in the tensile tests will
meet the requirements of ASTM Method for Determination of Ydung's
Modulus at Room Temperature (E111-61), and strains will generally
be measured over a 6-in. gage length ixsing an Amsler-Martens
mirror-type extensometer (ASTM Class A). In most compressive
tests, strains will be measured ovér a 2-in. gage length with a
Tuckerman optical strain gage (ASTM Class A), except that a 1 in.
gage length will be used in tests of shapes thinner than 3/4 in.
For each test, the modulus will be determined as prescribed in the
ASTM Method (E111-61). Based on the various tests, typical and




T.

minimum stress-strain and tangent-modulus curves will be de-
veloped using the method similar to Boeing's method in Attach-
ment 59-25 of minutes of 18th meeting of ANC-S Panel.

Tests to determine ultimate shear stress will be made
with specimens from the same locations as in the tensile tests,
except that tests of short-transverse specimens will be made
only on shapes 3 in., or more, in thickness. When possible the
specimens will be 3/8 in. in dizmeter; specimens of smaller
diameter will have to be used for shapes 3/8 in., or less, in
thickness. The tests will be made with an Amsler double-shear
tool in which a l-in length is sheared from & specimen 3 in.
long, the end thirds being supported throughout their lengths.
In the tests of longitudinal and long-transverse specimens, the
loads will be applied in the direction normel to the mejor sur-
faces of the shape from vhich the specimen vas taken.

Bearing tests will be made in accordance with Asm
Method E238-64T using longltudinal and, 1f possible, long-

~ trensverse sheet-type specimens, 0.094 in. thick x 1-1/8 in.

wide, with a 0.375 in. dia hole and edge distances of 1.5 and

2.0 D. Flatwise and edgewise specimens will be tested from

Shapes of sultable size. The edgewise specimens from shapes
thinner than 1-1/2 in., hcwever, will be only 1 in. wide and
have a 0.250 in. dia hole. Before making these tests, the test
fixture and sbecimens will be cleaned ultrasonically in a
suitable non-toxic solvent (Toson 3, Giannini Controls Corp. );
The yleld stress will be determined as the stress at a permanent

JUUT—



deformation of 2 per cent of the pin diameter, as indicated on
autographic load-deformation diagrems.

Based on the results of the tensile tests, specific
lots will be chosen for fracture-toughness, fatigue and stress-
corrosion ests. They may or may not be the same lots chosen for
the stress-strain tests.

Fracture-toughness tests will be made in accordance with
the methods described in ASTM STP 381 on fatigue-cracked single-
edge-notched specimens from the longitudinal and long-transverse
directions. The geometry of the specimen, shown in Fig. 1, is the.
same as that used by W. F. Jrown et al, and so the fracture para-
meters will be calculated from relationships developed from their
calibration. The specimens will be fatigue cracked by flexural or
axial-stress loading at nominal stresses equal to or less than 20
per cent of the tensile yleld strength; the crack developed by fatigue
loading will be at lsast 0.1 in. long (total slot lengthel in.).
The plane-strain stress intensity factor, KIc’ and the plane strain-
energy release rate, GIc’ vill be determined from the load at the
initial burst of unstable crack growth (pop-in). Pop-in will be
detected from icad-deformation curves déveloped vith SR-4 electrical
resistance strain gage units, mounted as in Fig. 2, with a deformation
magnification of 500 on the recorder. Methods of establishl.ig
whether the pop-in i1s significsnt in terms of amcunt of unstable
crack grovth will be as indicated in the minutes of meetings of the
ASTM Practure Committee, May 10, 11, and 12, 1965.
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The axial-stress fatigue strengths will be determined
with specimens of the design in Fig. 3 in Krouse fatigue machines
operating at 2400 rpm. Three longitudinal and three long-transverse
specimens will be taken from each lot selected for fatigue teating.

The resistance to stress-corrosion cracking in 3-1/2%

(by weight) NaCl solution (Sterling Granulated Salt) will be
determined with longitudinal and long-transverse 0.125-in.-dia
tensile specimens of the design in Fig. 4 and, for samples 0.750 in.
or more in thickness, with short-transverse C-rings of the type in
Fig. 5. The 0.125-in. dia specimens will be stressed in fremes as
indicated in Fig. 6 and 7, while the C-rings will be stressed by
tightening the screw as indicated in Fig. 8; the stresses vill be
75 per cent of the tensile yield stress. The altermate-immersion
cycle will include total immersion of specimens for 1O minutea per
ncur and aeration above the solution for the remaining 50 minutes
por hour, 24 hours a day for 12 weeks. The equipment, such as
shown in Fig. 9, consistas of large stationery aluminum alloy tanks
containing the salt solution and a mechanism for reising and lowering

the specimens to provide the alternate-immersion cycle. All fractures

will be examined to determine their nature, and all tensile specimens
that do not fracture during exposure will be tested in tension to
determine the loss in properties as compared with control specimens

- exposed to the same environment but without stress. Ths short-trens-

verse C-rings that do not fail will be examined for incipient

stress-corrosion cracking.
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V. Discussion of Rqsults.

Arrangennnta have been made to have test specimens machined
from three samples of 6061-T6510 extrusions listed in Table I.

Vvi. Summary. _

Samples from about 225 lots of 2014, 2024, 6061, 7075,
7079 and 7178 oxtmidm in sizes listed in applicable specifications
have been ordered from two producers.

Three samples of 6061-T6510 extruded shapes have just been

received and arrangements have been made to have test specimens
machined from these samples.

2 e
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; TABLE I

EXTRUSIONS TO BE TESTED IN VARIOUS TEMPERS

Cross

: AL Thickness Sectional
(o) mnseo M“l
y in. sq. in. Temper
0.500'0-7 9 m
5 0.750 >25,T32
2024 0.050-0.249 All -T351X
00250-0. “‘9 All
- 0.750-1.499 All -'1‘&5% -THy2#
( s 1,500 2 -T62¢
s 1.500 >25,232
6061 z o.aug All -T651X, -T162%
0.250-0.499 All
0.500-1.499 All
s 1.500 All
00250'00 ” All
0 .500-1 .u% All -m51x
1.500-2, All -T6%*, -T73%*
3.000"". ” < 20
: 3.000-4.‘&99 >20,<32
| .500-5,000 32
| ( 7079 < 0021&3 =20 -T651X, -T6*
00250-00 % 220
0.500‘0. 9 220
00750-1_0 ” 220
7178 2 0.24 All -T651X, -T6*
0.250-0.499 All
0.500-1.499 All
1.500-2.999 All
6061 0.12 Semples Recelved v c10 (ARL Fo. 317846
0.12 -76510 (ARL No. 317835
0.250 -T6510 (ARL No. 317

& Contrector to produce these "heat treat by user" tempers
from -0 teaper.
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Pig. 2 Single-Edge Notched Fracture Toughness Specimen
P : ‘ with SR-4 Strain-Gage Units for Pop-In Detection
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