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tDEPARTMENT OF THE NAVY

NAVAL AIR DEVELOPMENT CENTER

JOHNSVILLE
WARMINSTER. PA. 18974

Aero Materials Department
MA-6932

I EVALUATION OF,-_IZEEFFECT ON THE.FATIGUEPROPERTIES OF
ALUMINUM ALLOYS 7075, 7079 and T 8Y

The first phase of an evaluation to determine the size effect on the fatigue
properties of 7075-T651, 7079-T651 aluminum alloy stretcher leveled plates
and an X7080 aluminum alloy hand forging has been completed. Evaluation of
the large section specimens (4 square inches test section) showed that the
fatigue strength of the X7080 aluminum alloy hand forging, 40,000 p.s.i. at
10 cycles, was approximately 48% and 60% higher than the fatigue strengths
of 27,000 p.s.i. and 25,000 p.s.i. for the 7075 and 7079 alloy stretcher
leveled plates, respectively. The notched fatigue strength of the X7080
alloy, 14,000 p.s.i. at 106 cycles, was approximately 17% higher than the
notched fatigue strength of 12,000 p.s.i. for the 7075 and 7079 alloys.

Additional phases of the investigation will involve evaluation of the fatigue
properties of intermediate size specimens (0.4 square inches test section)
and small size specimens (0.04 square inches test section), and an analytical
comparison of the fatigue results to determine size effe ts.
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IS U MM A R Y

INTRODUCTION

Reference (a) authorized a fatigue evaluation of specimens having large,

intermediate and small cross sections to ascertain, quantitatively, the
influence of size on the fatigue properties of 7075-T651, 7079-T651 and
X7080-T7 aluminum alloys.

A progress letter report, reference (b), was issued to summarize what-

ever investigational studies had been done as of that time, however
incomplete. This current report includes the data presented in the previous
report, as well as the new data obtained since its issuance. The data
reported herein, the fatigue properties of smooth and notched large section
fatigue specimens, completes the first phase of this investigation, to be
followed later by the second and third phases; namely, the fatigue evalua-
tion of the intermediate and small sections, respectively.

SUHMARY OF RESULTS

The fatigue strength of the X7080 hand forging aluminum alloy, 40,000
p.s.i. at 106 cycles, was approximately 48% and 60% higher than the fatigueIstrengths of 27,000 p.s.i. and 25,000 p.s.i. for the 7075 and 7079 aluminum
alloy stretcher leveled plates, respectively.

The notched fatigue strength of the X7080 alloys, 14,000 p.s.i. at 106

cycles, was approximately 17% higher than the notched fatigue strength of

12,000 p.s.i. for both the 7075 and 7079 alloys.

CONCLUSIONS

On the basls of the fatigue resuits obtained in the 4nvestigationk reported herein for the large section specimens, it may be concluded that:

a. The fatigue strength of the X7080 aluminum alloy hand forging showed
a marked superiority over those of the 7075 and 7079 aluminum alloy
stretcher leveled plates, with the 7075 alloy having a slightly

4 higher value than the 7079 alloy;

b. The notched fatigue strength of the X7080 aluminum alloy forging was

only slightly superior to those of the 7075 and 7079 aluminum alloy
v stretcher leveled plates, which were of equal value.

RECOMMENDATIONS

In the light of the preliminary fatigue test results obtained in this
investigation of the large section specimens, it is recommended that the X7080
aluminum alloy hand forgings be given prime consideration in applications
where high fatigue strength of large section aluminum alloy components is of

F " primary importance, all other things being eoual.

; iii
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FUTURE PLANS

It is planned to conduct a fatigue evaluation of the 7075, 7079 and
X7080 aluminum alloys in the intermediate size sections (0.4 square inches
test area) and tha small size sections (0.04 square inches test area) for
comparison with the large size sections (4 square inches test area).

'I v



NADC-MA- 6932

TABLE OF CONTENTS

SUMMARY iii

Introduction iii
Summary of Results iii
Conclusions iii
Recommendations iii
Future Plans iv

EXPERIMENTAL PROCEDURES 1

Materials 1
Specimen Preparation I
Fatigue Machine I
Test Procedure 2

RESULTS 2

DISCUSSION OF RESULTS 3

REFERENCES 5

TABLE

1 - Fatigue Test Results 6

FIGURES

1 - Details of Large Section Fatigue Specimens 7

2 - S-N Curves - Large Sections 8

3 - Typical Fatigue Fractures 9

4 - Etched Microstructure of X7080 Aluminum Alloy 10

5 - Microstructure of Fracture Face of X7080 Aluminum
Alloy 11

v



NADC-MA-6932

EXPERIMENTAL PROCEDURES

Materials

The materials initially available for this program consisted of three
plates remaining from another program, size 3"x12"x48", as follows:

Originally Now
Identified As Designated As

Two (2) plates 7075-T6 stretcher leveled 7075-T651
One (1) plate 7079-T6 stretcher leveled 7079-T651

Due to the fact that a large number of the specimens did not fail in
the test section, because of the design of the specimens and the malfunction-
ing of the fatigue machine, the supply of 7075-T6 became exhausted before a
fully established S-N curve for the smooth specimens had been developed.
However, additional material to complete the objectives of this program were
received, as follows:

Three (3) 7075-T651 plates, 3"x12"x36" (see reference (c))
One (1) X7080-T7 hand forging, 6"x15'x48" (see reference (d))

In this report, future reference to the aluminum alloys 7075-T651 and
7079-T651 stretcher leveled plates and the X7080-T7 hand forging will be
made as 7075, 7079 and X7080, respectively, for convenience and brevity.

Specimen Preparation

The original large section specimens were dimensioned as shown on Figure
1, except that the grip lengths were 6" and the over-all lengths were 16",
instead of the 7" and 18" as shown on the drawing, respectively. Increasing
the over-all length of the specimens, and also increasing the diameters of
the grip section from 3" to 3 1/2" eliminated the failures in the grip
sections.

The area of the test section approximated 4 square inches and the notch
configuration resulted in a Kt value of 3. In all cases, the longitudinal
axis of the specimens corresponded to the direction of the grain flow of the
plates and the hand forging.

Fatigue Machine

All tensile and fatigue tests of the large size specimens were conducted
on a Budd UEH Testing Machine of 400,000 lbs capacity, equipped with a
programmed load controller and an electronic readout system.

Essentially, the original machine comprised three major units; (1) the
load frame with a single test area, (2) a high capacity hydraulic power

i1
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package, and (3) a control console. Static or dynamic loads are applied
hydraulically through a closed loop servo system, and are controlled and
indicated electronically. As desired, the machine can be operated at a
finitely controlled rate of strain, load or table motion. Any of these modes
can be governed by linear or sinusoidal functions, including the holding of
a set condition. In addition, a modification incorporating an MTS Systems
Corporation program console adds the capability of applying a wide variety
of programmed load spectra in fixed cr random sequence. The machine is
accurate to within 0.5% of the load or 0.1% of range capacity.

Test Procedure

For the purpose of this investigation, the specimens were subjected to
tension-tension fatigue loading (stress ratio of 0.25) and tested to failure
or one million cycles, whichever occurred first. In the interest of conserv-
ing time, it was decided to consider "run-outs" at one million cycles
(because of the slow speed of the machine) rather than the one hundred
million cycles, as is customary at NAVAIRDEVCEN when evaluating the fatigue
properties of aluminum alloys. Specimens which failed in the shoulder
after completing one million cycles were considered legitimate "run-outs"
for data purposes.

RESULTS

The results of the fatigue evaluation are tabulated in Table 1 and are
shown graphically on Figure 2.

Listed below is a summary of the results of the fatigue evaluation:

Fatigue Strength* at 104 Cycles

Fatigue Strength/psi
Alloy Smooth Notched

7075-T651 61,000 31,000
7079-T651 61,000 31,000

X7080-T7 68,000 38,000

Fatigue Strength* at 106 Cycles

Fatigue Strength/psi
Alloy Smooth Notched

7075-T651 27 000 12,000
7079-T651 25,000 12,000

X7080-T7 40,000 14,000

*The fatigue strength values were determined from the S-N curves

As can be seen from the above results, the fatigue strength of the
X7080 aluminum alloy was approximately 48% and 60% higher than the fatigue
strengths of the 7075 and 7079 aluminum alloys, respectively. The notched
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fatigue strength was approximately 17% higher than the notched fatigue
strengths of the 7075 and 7079 aluminum alloys, which were of equal value.

It must be emphasized that the above fatigue strength values are based
on a life of one million cycles. If the customary life of one hundred
million cycles had been used instead, as a life criteria, it could well be
that the proportion of superiority of the X7080 alloy might prove to be
quite different.

D I S CUS S I ON OF RE S ULT S

An examination of the graphical presentation of the fatigue test data,
3hown on Figure 2, shows conclusively that the X7080 aluminum alloy has
superior fatigue characteristics, particularly at the longer life of 106
cycles, where the fatigue strength is indicated as being 40,000 p.s.i., as
compared to 27,000 p.s.i. and 26,000 p.s.i. for the 7075 and 7079 alloys,
respectively.

The test plots for the 7075 and 7079 alloys fit well within the normal
scatter band at the higher stress levels but there is a slight tendency for
the 7075 alloy to exhibit greater fatigue strength as the life approaches
106 cycles. The difference is not too significant, so that for all practical
purposes it may be stated that the fatigue properties of the 7075 and 7079
alloys are equal in the large sections investigated and reported herein.

Evaluation of the notched fatigue properties of the three alloys showed
a slight superiority of the X7080 alloy over the 7075 and 7079 alloys. The
combined test plots of the 7075 and 7079 alloys fall within the normal
scatter band for the fatigue properties for either of the Individual alloys,
so that one curve was drawn as representative of the notched fatigue
properties of both alloys.

Perhaps the notch sensitivities of the 7075 and 7079 alloys are more
acutely divergent in the presence of a stress concentration factor greater
than the Kt eqial to 3 which was used in this investigation. It is planned
to explore the notch sensitivities of these alloys in the smaller sizes,
in the presence of notches having stress concentration factors of four and
five as well rs three.

The conventional type of fatigue fracture, typical of both the 7075
and 7079 alloy specimens, a flat granular appearance across the entire
transverse direction, is shown on the photographic plate, Figure 3, together
with the unusual type fracture of the X7080 alloy specimens. The fracture
of the X7080 alloy specimens seemed to be of a fibrous nature, failure

progressing in the longitudinal direction, as well as in the direction
transverse to the application of the load. There was a marked change in
the elevation of the fracture face with increasing longitudinal clevation
as the crack propagated, leaving a very pronounced elevated section at the
middle or far end of the facture face.

3
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Because of the unusual type fatigue fracture of the X7080 alloy
specimens, a microscopic examination was made of the three alloys. The
examination of the 7075 and 7079 alloys showed a typical microstructure,
that is, subgrain structure with precipitation and subgrain and grain
boundaries (photomicrographs not shown herein). The microstructure of
the X7080 alloy, on the other hand, as shown in Figure 4, exhibited,
essentially, areas of heavy precipitation separated by light etching
areas relatively devoid cf any precipitation. This structure is typical
of an aged condition. One would expect that the areas free of precipita-
cion would be weaker than the heavily precipitated areas, and under
proper conditions, cracking could proceed longitudinally along such paths.

The implication of longitudinal crack propagation was somewhat veri-
fied by making a microscopic examination of a section taken at right angles
to a typical longitudinal "step", as shown in Figure 5. The fracture edge
of such a section is shown in Figure 5A, which illustrates the path of the
failure as it progressed through the weaker light areas. Figure 5B
depicts a different region of the same section with numerous instances
of cracking along the light etching areas.

In summary, it appears as if the fatigue cracks progressed naturally
along the paths of light etching weaker areas, which, in the case of the
X7080 alloy, were in the longitudinal as well as in the transverse direction.
Thus, the superior fatigue properties of the X7080 aluminum alloy hand
forging may be attributed to the fact that time (cycles of stress) was
involved in re-starting more of the injurious transverse fatigue cracks,
after the fatigue cracks had propagated, less harmfully, in the longitudinal
direction following the paths of longitudinal precipitate-free zones.

t4
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TABLE 1

FATIGUE TEST RESULTS

Smooth Specimens

7075-T651 Alloy 7079-T651 Alloy X7080-T7 Alloy
SCress ycles Stress/psi aycles Stress/psi Cycles
70,000 4,952 60.000 13,054 70,000 10,211
50,000 24,504 48,000 25,458 60,000 21,322
35,000 328,024 40,000 72,246 50,000 130,674
30,000 421,087 36,000 17,630 45,000 259,255
28,000 410,468 30,000 126,170 40,000 1,134,932
25,000 1,000,080* 28,000 256,069
26,000 1,000,000* 25,000 1,033,154

Fatigue Strengths Fatigue Strengths Fat gue Strengths
10 Cycles - 61,000psi 10 Cycles - 61,000 psi 10 Cycles - 68,000 psi
106 Cycles - 27,000psi 106 Cycles - 25,000 psi 106 Cycles - 40,000 psi

Notched Specimens

7075-T651 Alloy 7079-T651 Alloy X7080-T7 Alloy
Str-ess/ps~i Cycles Strss/psi Cycles Stress/psi Cycles

60,000 1,320 60,000 1,261 60,000 1,475
45,000 4,091 40,000 3,400 40,000 8,147
30,000 15,579 20,000 69,371 30,000 18,556
14,000 231,416 15,000 191,801 20,000 138,912
12,000 1,008,897 10,000 1,040,049* 15,000 332,850

12,000 1,508,412* 14,000 1,000,000*

Fat4gue Strengths Fatigue Strengths Fatigue Strengths
I0 Cycles - 31,000 psi 10 Cycles - 31,000 psi 104 Cycles - 38,000 psi
106 Cycles - 12,000 psi 106 Cycles - 12,000 psi 106 Cycles - 14,000 psi

* Indicates no failure
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Smooth Notched

Magnification -IX

Fracture Surfaces, 7075 and 7079 Alloy

Smooth Notched

Magnification 1 X

Fracture Surfaces, X7080 Alloy

TYPICAL FATIGUE FRACTURES FIGURE 3
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This micrograph,
showing a
longitudinal
section
containing
a longitudinal
fracture,
indicates that
this type of

im cracking
- - ~ occurred in the

**.;-- weaker, white,
>i '~' ~ precipitation

free areas.

A. Fract-ure Edge at "Stepped" Region (50OX)

* Thismirgah
Vi" showing a

IS' a longitudinal

~ ~ section adjacent
1...'4 to the fracture

.7 -4:& face, indicates
Wt that longitudinal

4%6 cracking occurred

7- ISM 7t quite freely in
the weaker, white,

$, J; ;,I, . 3v.U,.precipitation
YK, Pfree areas.
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STRACT

The first phase of an evaluation to determine the size effect on the fatigue
properties of 7075-T651, 7079-T651 aluminum alloy stretcher leveled plates
and an X7080 aluminum alloy hand forging has been completed. Evaluation of
the large section specimens (4 square inches test section) showed that the
f gue strength of the .7080 aluminum alloy hand forging, 40,000 p.s.i. at
10 cycles, was approximately 48% and 60% higher than the fatigue strengths
o 2 1 00 p.s.i. and 25,000 p.s.i. for the 7075 and 7079 alloy stretcher
leveled lates, respectiy . The notched fatigue strength of the X7080
alloy, 14, .s.i. at ) cycles, was approximately 17% higher than the
notched fatigue s th ' 12,000 p.s.i. for the 7075 and 7079 alloys.

/ Do 0
Additional phases of the investlgation will involve evaluation of the f at gue
properties of intermediate size specimens (0.4 square inchet LeFL secticn
and- small size specimens (0.04 square inches test section), and an analytical
comparison of the fatigue results to determine size effects.
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