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any form in whole or in part without prilor approval of the

Government. Since this 1s a/ progress revort, the information
/

herein is tentative and subject to changes, corrections and

modifications.




ABSTRACT

The tenslile and some compressive, shear, bearing,
fatigue and fracture-toughness properties of a total of 130
samples of 2014, 2024, 6061, 7075 and 7178 aluminum alloy
extrusions in the TX51X and "heat-treated-by-user" tempers have
been determined. The extrusions ranged in thickness from
0.050 to 6.500 in, Ratios among the tensile, compressive,
shear and bearing propertles have also been computed.

Stress-corrosion tests of 18 samples of extrusions

have been completed.
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FOURTH QUARTERLY REPORT

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

I. Introduction.

The tests being made under this contract are for use
in establishing design mechanical properties in MIL-FDBK-5A,
including stress-strain and tangent-modulus curves, for 2014,
2024, 6061, 7075, 7079 and 7178 aluminum alloy extrusions in
the TX51X tempers., For comparison, a limited number of similar
tests are belng made of extrusions in the '"heat-treated-by-user"
temper. Also, some fracgyure-toughness, axial-stress fatigue
and stress-corrosion tests are being made.

This Fourth Qudrterly Report summarizes the results
of tensile, compressive, shear, bearing, fatigue, fracture
toughness and stress-corrosion tests made to date on 102 samples
in the TX51X temper and on 28 samples in the "heat-treated-by-
user" tempers. The samples ranged in thickness from 0.050 to 6.500

11’1.

II, Material, -

A total of 110 samples of commercially-produced
extrusions in the TX51X temper and 18 samples in the O temper
have been received from two producers. The sectlon thickness
and identification of each sample 1s shown in Table I, Eighteen
of the as-recelved samples in the O temper have been heat

treated. or heat treated and aged, in accordance with applicable
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conditions in MIL-H-6088D. Five samples each of 2024-0 and
7075-0 were tested in two "heat-treated-by-user" tempers, so

that the total number of sémples tested in those tempers is 28,

III. Procedure.

gmhanical Properties

Tensile, compressive, shear and bearing specimens were
taken at iocations described in the Second Quarterly Report,
dated September 15, 1966. The general dimensions of these
specimens were shown in Figs., 1 to 3, inclusive, of that report.
The testing procedures were as outlined in the First Quarterly
Report, dated June 15, 1966.

Tensile and céﬁpressive modulus and stress-strain
tests have been made of 27 samples of extrusions as described
in the Third Quarterly Report, dated December 15, 1966.

/ Fracture-toughness tests were made in accordance with
" the methods described in ASTM STP 411* on fatigue-cracked
single-edge-notched specimens from the longitudinal and long-
transverse directions., The types of specimens are shown in
Fig. 1; the proportions cf these specimens are the same as those
of specimens used by NASA, Iewis Research Centeg, The~ fracture
parameters were calculated from relationships developed from
the NASA calibration.

Values of the critical plane-strain stress intensity
factor, Kj,, were calculated using two values of load from the

* W, F, Brown and J. E. Srawley, "Plane Strain Fracture Toughness
Testing of High Strength Metals", ASTM STP 411, February, 1967.
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fracture-toughness tests, The first value was calculated using
the load at the initial burst of unstable crack growth, as
indicated by the 1nitial significant deviation from linearity
in the load deformation curve, In reporting the data, the
degree of clarity of the initlal deviation has been indicated
by the use of the letter "P" to indicate a clear instability or
pop-in, the letter "I" to indicate a less pronounced but yet
abrupt initial deviation from linearity whica 1is believed to be
a supressed pop-in, and "M" to indicate that the initial
deviation was at the maximum or fracture load. The second value
was calculated using the load at a 5 per cent secant offset, )
equivalent to about 2 per cent of crack extenslon; this was
done as a result of recent recommendations of ASTM Committee
E-24#% thet the secant-offset methiod be considered for establish-
ing K., and values thus determined are indicated in the table
with the letter "S", or the letters "SM" when the load at the
secant offset was the maximum or fracture load. Additional
analysis of the results will be necessary to establish the
permanent validity of the numbers, .Nb values of K;, are
reported at this time for those materials (principally 2024-T351X
and 6061-T6510) which exhibited no initial instability and/or
general yielding,

Some 2xlal-stress fatigue tests have been made of
fourteen selected samples of extrus;ons. Procedures for making

these tests were described in the First Quarterly Report.

* '"Draft Recommended Practice for Notch-Bend Fracture Toughness
Testing", ASTM Committee E24, February, 1967.



Q)

Resistance to Stress Corrosion

Stress-corrosion tests are being made of 43 selected
samples of extrusions; of these, 31 are 1n the TX51X temper and
12 are in the "heat-treated-by-user" temper. Procedures for

making these tests were described in the First Quarterly Report.

»

IV, Summary.

The results of tensile, compressive, shear and bearing
tests of 102 samples of extrusions i1 { 2 TX51X temper are |
shown, according to alloy and temper, in Tables II through IX;
the correspording properties for extrusions in the '"heat-
treated-by-user" tempers are shown in Table X. The tensile
propertics of all sampleé exceed the values 1n applicable
Federal Specificatiors. Specified minimum tensile properties
for extrusions are shown 1n Table XI; the values shown in this
tavle are those published in the Aluminum Assoclation Booklet,
"Standards for Aluminum Mill Products", 1967. Some of these
values, as indicated in the table, are lower than those shown
presently 1n Federal Specifications. It 1is understood,
however, that the values in "SAMP" will be in the next revisions
of the Federal Specifications. -

The ratios among the tenslle, compressive and shear
properties of the extrusions in the TX51X tempers and the '"heat-
treated-by-user" tempers are shown in Tables XII and XIII,
respectively, and the ratios among the bearing and tensile
properties of the corresponding extrusions are shown in Tables

XIV and XV, respectively. The ratios among the properties at
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different locatlions with regard to width and thickness are
shown in Table XVI, The ratios among bearing properties
obtained using edgewlse specimens *“o those obtained using
flatwise specimens are shown in Teble XVII.

The results of the fracture-toughness tssts are shown
in Table XVIII and those of the axlal-stress fatigue tests are
shown in Fig . 2 through 6.

T™e current status of the stress-corrosion tests is
given In Table XIX. The tests of specimens of 18 samples were
terminated after 84 days exposure, and tensile tests were made
of these specimens to determine losses 1n tensile strength as a
result of corrosion. Ihé tests thus far indicate typilcal
performances for the varlous materials.

Because 1t 1s expected that more samples of each
alloy and temper will be tested, no analysis of the data already
obtained 1s being presented at this time.

' ._b,g Wc/«éf/ o
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TABLE XI

SPECTFIED MINIMUM VALUES* FOR ALUMINUM ALLOY EXTRUSIONS

[AF33(615)-3580]

Tensile
Alloy and Ultlmte Yleld Elongation Federal
Temper Thickness, Area, Stress, Stress,t 2 in. or 4D, Specificati
in. s8q. in. psi psi
2014-T62 0. 749 All 60 000 53 000 7 1 QQ-A-200/2b
-T6510 !e.uzg All- 60 000 sg 000 T
0.500-0.749 All 64 000 58 000 7
20.750 25 68 000 60 000 7 )
202&-'1'3510,‘ «0.2l9 All 57 000 42 000 12 A QQ-A-200/3b
-T3511 0.250-0.749 All 60 000 L4 000 12
0.750-1.499 All 65 000 46 000 10
1,500 <25 70 000 32 000 10
»l.500 =25,e32| 68 000 8 000 8 |
-T42 «0. 749 All 57 000 38 000 12
51.500 «25 57 000 38 000 10
-T8510, 0.050-0.249 A1l 64 000 56 000 4
-T8511 0.250-1.499 A1l 66 000 58 000 5
»1.500 32 66 000 58 000 5
-162 ‘' «0.T49 - -- - - } None
»1.500 - -- == =
6061-T62+%, =0.249 All 38 000 35 000 g% QQ-A-200/8b
~-T6510 #0.250 All 38 000 35 000 10
T7075-T62%, <0.249 A1l 8 000 70 000 7 QQ-A-200/11b
-T6510 0.250-0.499 All 1 000 73 000 7
n.500-2.999 A1l 81 000 72 000 7
3.000-4,.499 «20 81 000 71 000 7
-T73X,tt 0. 249 - -- - - None
-T73510 t1.250-0. 499 - - - —
0.500-1, 499 - - - -
1.500-2,999 - - - =
7079-T62, % <0.249 20 75 000 57 060 7 -A-200/12b
-T6510 0.250-0, 499 :20 77 000 Gg 000 7 | Z
7178-T62% 0. 061 20 9 000%* T3 000%# 5 -A-200,
0.250-1.499 §2o 2 000#* 72 000+ 5 = /13
~-T6510 0.062-0.249 «20 . 84 000%* 76 QOO 5
0.250-;.499 @5 87 OnNO*+ T8 O00## 5

% All values are as shown in the Aluminum Association Booklet, "Standards for Aluminum Mill

Produots," 1967.
t+ Offset equals 0.2 per cent.

$ In QQ-A-200/8b, 11b, 12b and 13, values for T6 temper apply also ior extrusions heat treated
and aged by user (T62 temper)..

#* Lower than in Federal specifications.

tt "P73X" signifies T73-type temper for 7075 when heat treated and aged by user. Standard
designation not yet assigned. . ‘
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1 BOpq = Xpo2 (1 - £7) =

P
** Cumbined (P/A + Mo/I) stress at tip of orsck
Fé ES‘)Q 32 (2% + u7 (Q)J; refi AW STP 1L

E = modulus of elasticity, pai

U1 = plane-strein strein-ensrgy relesse rete,
Ko = Dlane-strein stress-intensity factor, psi

P'= load, 1b, at unstable creck

B - thtckmu, in.

= grogs vidth, in.

" Produoor B, all othe

™ are Producer A

# = Polssun's retio = 0.35 for aluminum a'loys

vr_u/ln.

yo

oorrection factor, in.
= tenslle yfeid stress, pui

amaye t;y-.? = actual creck lenpth, in., plus plastic-zone
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