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;k/ ABSTRACT

AR The tensile, compressive, sherr rnd berring properties
heve—been determined for »11 of the 2014-T652, 2024-T852,
7075-T7352 snd 7079-T652 hend forgings being investigrted., The
property veslues snd the rrtlos emong these properties sre
reported, All of the tensile end compressive stress strrin
tests, including modulus determin-tions, have—been mrde, The
results of the 1ndividua1 notch-bend fracture toughness tests
are reported, All of the romainiog exlsl-stress fatigue tests

of smooth specimens were completed, ()

The current status of the stress corrosion tests 1s
presented. Performance of the 2024-T852 and 7075-T7352 forgings
- W4 hes, in general, been typicel of that expected for these slloy-
‘ temper combinatlions. Accelerated exfolistion tests of speclmens
from the 6x24-in. hend forgings displsyed excellent resistance
to exfollation, and there wes no significant difference between
alloys. The fatigue crack propesgation tests of the 2014-T652
specimens have been compieted. The effects of notch geometry,
specimen length and change of the load during testing are

reported.
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Fifth Technical Menagement Report

MECHANICAL PROPERTIwS, INCLUDING FRACTURE TOUGHNESS AND FATIGUE,
CORROSION CHARACTBRISTICS AND FATIGUE-CRACK- PROPAGATION RATES OF
STRESS-RELIEVED ALUMINUM ALLOY HAND FORGINGS

I. Introductlon.

The design mechanical properties, fracture toughness,
corrosion characteristics and fetigue-crack propagaiion rates
are four of the most importsnt factors involved in the selection
and efficient design of aircreft structures, DOuch data are
needed for aluminum alloy hand forgings for several ressons:
(1) much of the published design dats Lkss become obsolele by &
change in the besis of specifying minimum properties, from one
in which the length, width and -hickness were considered, to
one where only the ihickness is involved; (2) the development
of & technlque of stiress relleval by cold work in compression
has resulted in relatively new tempers (TX52) for many of the
elloys; end (3) ihere have been some sigrifiranlL problems with
forged parts 1n recent years that were re'asted 1o fracture end
stress-corrosion characteristics,

Accordingly, the properties of hend forgings of
several ealuminum alloys currently being used 1in aircreft
structures are being determined under thls contract. The tests

re intended to provide stautistically reiilable data for deriv-
ing design mechanlcel properties for MIL-HDBK-5A, including

stress-strailn end compressive tangent-modulus curves, In
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eddition, delm concerning the f'racture toughness, axirl-stress
{gtigue, siress-corrosion, exfolistion end fetigue-creck
propagrticon rates are heilng obtelned.

This Fifth Technlcel Menegement Report summarizes the
results cf tests carried out during the fifth quarter of the

contract, and the genersl status of the progrem at this time,

II. Meteriel.

s previously reported in the Fourth Technicel Manege-
ment Report, all of the hend forging samples to be investigated
have been recelved, They meet the applicable composition and
tensile property requirements specifiled in Federsl Specification
QG-A-3%7g and the Aluminum 4Associstion, “Aluminum Stenderds and
Deta, April 1968, |

III. Procedure.

The specimens and test procedures belng used sre
essentielly the ssme =8 described in the First Technical
Menegement Report, deted Mey 15, 1968,

IV. Progreas During -“uarter,

A, Mechanicsl Properties

A,1, Tensile, Ccmpressive, Shear end Beering

The remeining tensile, compressive, shesr and bearing
tests were completed during the quarter. The results of all the

tests are summarized in Tables I through IV. The tensile

propertles of each semple exceed the specified minimum values
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shown in Teble V, Retios among the properties of the individual
samples are shown in Table VI, These ratio values have been
submitted for statistical analyses,

All of the individuel tensile snd compressive stress-
strain tests, including modulus determinations, heve been made,
These data are now belng analyzed for preparation of typicsl and
minimum curves which will be presented in the finsl report;
average modulus values will also be determinad,

A2, Fracture Toughness

Notch-bend fracture toughness tests were mede of 8ll
the samples scheduled f'or test, The test results for ell but
twelve of the individual specimens tested are shown in Teble VII.
Although some of the reported vslues are not strictly velid by
nll the criterie of the ASTM Recommended Method of Test for
Plane-Strain Fracture Toughness of Metallic Meterisls, most of
the calculated Kg values are considered to be meaningful velues
of KIc’ As mey be noted, 1n most ceses the stress intensity
used 1in fatlgue cracking was only siightly in excess of 50 per
cent of the K;, or the fatigue crecx front deviasted from
straightness by slightly more than 5 per cent., Retests are now
being made in the twelve cases where the values obtained in the
original tests were invalid beceuse (1) the stress intensity
used in fatigue cracking was definitely too high, (2) there was
excessive ylelding before crack propagation, or (3) because of

excessive crack front deviacion.
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£.3, Axlal-Stress Fetlgue

All of the remalning sxlal-stress fatigue tests of

smooth long-trensverse specimens have been completed. The data

for all ot the tests are summarized in Teble VIII and the results

of the tests completed durlng this querter (7075-17352) are
plotted in Klg, 1,

In genersl, the log-meen fetigue 1life velues of the
respeclive hail Icrging elloys erc about the ssme or slightly
higher then those of extrusions tested ln & previous contract,
AF33(615)-3530, end slightly lower then those of plate tested
in previous contracts AF33(657)-11155 and AF33(615)-2012.

B. Corrosion Characteristics

B.l. Resistence to Stress-Corrosion Cracking

Stress-corrosion tests of short-transverse specimens
from the 2x8, 3x12 and 5x20-1n. hend forgings were completed
during this querter. Tests of longlitudinal and long-tresnsverse
speclimens from these forgings are continuing, end have now been
in progress for 164 days.

All of the slLress-corrosion test spacimens from the
wx1l€-1n. end 6x24-in, forgings were exposed to the 3.5% NaCl
alternate-immersion test during the quarter.

The current ststus of stress-corrosion tests of longi-
tudinel and long-transverse specimens 18 given in Table IX, end
of the short-transverse specimens in Teble X.

Thus far, no longitudinal test specimen has falled,
While tests of the 4 end 6-in. thick forgings have progressed

e

.ogir) ]

Do WIS ORI G L0bW S 50ekd b i IRA A 0% . b i ) HRE 1 0o Avomir BSOS D1
™~

b L, L

- e,




I 4SO () SR

_5-

cre bl ne

or only short perlods, tes's o!f specilmens trom the Z-1n, thick
forgings nave nesrly completed the 182-dey exposura withou!. :
failure, thereby conf'irming the expected high resistence of 81l
alloy-temper combinat.ions in thils direction.

Long-transverse rallures have occurred conly with
2014-1652 and 7079-T652 specimens siressed at (5% of Lhe tensile
yleld sLrength, Representative f'allures were cxamined micro-
scoplically and the mode ol fellure was confirmed &3 stress-
corroslon cracking.

The resulls of tests of she rt-trensverse speclmens :
from the 2, % and 5-1in., thick forglings were considered in the

Fourth lechnicsl Menagement Report, and 1t waes observed that the

Wbl s

performence of the 20i4-T7652 and 7079-TH52 materlals was better
than that typlcally seen for these alloys. The performence vas
within the bounds of existing stress-corrosion data for the
alloys, however, and therefore wasn't questioned st that time,
Subsequent test results for tne % and 5-in. forgings revesled
more typlicel porformance (see fcllowing paregrephs), however,
Since the 2-in. thick forgings would be expected to shcw an even
greater susceptlibllity to stress-corrosion cracking than the 4
and 6-in, thick meterial, specimens are being obteined for
retests to verify the test results for the Z-in. thick 20i4-T652
and 7079-T652 forgings.

Tests of short-trensverse specimens from the 4-1in,
thick forgings have progressed for a period of 48 days, and the

results are in agreement with expected performence of the

st bkl ben e




Fifth Technical Menagement Report

MECHANICAL PROFERTIES, INCLUDING FRACTURE TOUGHNESS AND FATIGUE,
CORROSION CHARACTERISTICS AND FATIGUE-CRACK- PROPAGATION RATES OF
STRESS- RELIEVED ALUMINUM ALLQY HAND FORGINGS

- I, Introduction.

| The design mechanical properties, fracture toughness,
corrosion characteristics and fatigue-crack propagation rates
are four of the most importent factors involved in the selection
and efficient design of alrcraft struétures. Such data are
needed for aluminum alloy hand forgings for several ressons:
'(1) much of the published design dats has become obsolete by &
chenge in the besis of specifying minimum properties, from one
in‘which the length, width and chickness were considered, to
one where only the thickness is involved; (2) the development
of a technique of stress relleval by cold work in compression
has resulted in relatively new tempers (TX52) for meny of the
alloys; and (3) there have been some significant problems with
forged parts in recent years that were related to fracture and
stress-corrosion characteristics,

Accordingly, the propertles of hand forgings of
several aluminum alloys currently belng used in aircraft
structures are being determined under this contract. The tests
are intended to provide statistically reliable data for deriv-
ing design mechanical properties for MIL~HDBK-5A, including

stress-strain and compressive tangent-modulus curves. In
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crack growth rates were determined from the slopes of the crack
- propegation curves,

L Figs, 6 and 7 show the data for the 24-in. long
specimens (sharp notch) whose tests were started at a maximum

gross stress of 8,2 ksi, Cracks were not visible at all four

' corners of the notch of specimen 14 until the total crack length

was beyond 0.5 1n,; speclmens with this great an eccentricity
are excluded from the dlscussion. The humidity appears to have
affected the rate of propagation of the specimens stressed to
this level; specimens 18 snd 20, which were tested under the
mest humld conditions, had the highest rates of propagstion.
There does not seem to be such a correlation in Figs. 8 and 9
for specimens initially stressed to 12.5 ksi. Crack initletion
was more uniform at the higher stress.

C.1. Notch Shape

The crack growth data for the specimens heaving the two
shapes of 0.5-in., long machined notches (Figs. 20 and 21) are
presented I1n Figs. 2 and 4 and the crack growth rates in Figs,

3 and 5. The crack growth rates for the mild-notched specimens
(Fig. 20) are generally within the range of those of the sharp-
notched specimens (Fig. 21). Even eliminating particularly
eccentrically-cracked specimens such &8s mild-notch specimen No. 4
from consideration, there was more scatter in the results shown
for duplicate speclmens than was shown for specimens having the
sharp notches, The fracture surfaces of mild-notched specimens

7 and 10, whilch showed a large difference 1in crack growth rate,

Best Available Cor
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were visually different as were those of the adjacent sharp-
notched specimens 8 and 11, Cross-sections of the surfaces of
specimens 7 and 10 are shown in Fig, 23. Specimen 7 has a
directional or (ibrous type structure in the fractured region
whereas the faster propagating specimen 10 shows a coarse, non-
fibrous structure., These specimens were taken at locations
about 3 1in. apart from the samé central portion of the cross-
section,

The most eccentric cracking was cbtained for specimens
having the mild notch., However, few specimens having either
notch had as uniform crack irdtistion as desired. As reported
in the Fourth Technical Menagement Report, crack initetion was
somewhat more uniform for 7178-T651 specimens having a thin elox
notch. In general, 1t does not appesr that the crack growth 1s
significantly different for the specimens having mild or sharp
notches,

C.2. Speclmen length

The results for specimens tested to determine the
effect of length of test section are plotted in Figs. 10 through
13. At a stress of 8.2 ksi, the results for the short (6-in.)
specimens ere generally within the range of the results for the
long (24-1in.) ones. At a stress of 12.5 ksi, the rate of crack
growth of 6-in, long specimen 9 was somewhat lower for cracks
beyond 1/2 in, than those of any of the three 24-in. long
specimens having the simlilar sharp notches, However, propagation
was not as slow as shown 1n Fig, 5 for specimen 7 having a mild

Best Availzbio L
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notch, Thus, it appears that the short specimens will be suitable
for evaluating the crack propagation behavior for short-
transverse spéciméns .
C.5. Change in load
Flgs. 14 and 15 present the data for all specimens for

which loads were changed when the crack length reached 0.5 in.
Thus, in Fig, 14, there is a new zero cycle origin at a notch

plus crack length of 1 in. (33.3%). The crack growth rates of
| specimens 16 and 19 after the reduction 1n loasd correlste well
with the plots for their initial losding at 12,5 ksi. For
specimen 13, however, the growth at this reduced losd i3 sub-
stantially slower up to a &K of about 10.5. The crack growth of
this specimen during its loading to 12.5 ksi had aslso been slower
than that of any other speclimen stressed to that level so its
slow propagation at 8,2 ksi does not appear to be & result of
the higher loading.

In Figs. 16 and 17, the crack propagation results for

the speclimen whose gross stresses were reduced from 12.5 to 8.2
ksl after the crack length reached 0.5 in., are compared with

the plote of specimens tested entirely at 8.2 ksi. Although it
1s not shown, a "rest" perilod of no propagation occurs when the
load 1s reduced. When propagation resumed, crack growth was
slower for specimen 13 and faster for specimen 19 than was found
for any specimens tested entirely at 8,2 ksi. However, the
general slopes for the crack growth rate plots are similar for

the two methods of test,
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Figs. 18 nnd 19 show the results of the tests in which
the cracks were developed to 0.5 in. et 8.2 ksl end then prope-
gated to feilure st 12,5 ksi, Genereslly, the propegation st the
low stress does not sppear to have affected the rate of propege- .
tion at the higher stress,

The deta indicate that the test loads cen be reised
or lowered between the levels of 8,2 end 12.5 without significantly
affecting subsequent propsgation. vThe w2duction in loed procedure
would apr2er to be more practical then the incresse in load,
However, for the method to be wdrthwhile, it is necessary thst
it be possible to extrepolete the rete of creck growth to lower
or higher velues of AK. Judging from the date for specimens
tested entirely »t one lord level, extrspolation of the dete
would not be relirble., This mry be ¢ result of the eccentric
cracking. If the revised test method described below does
produce uniform crecking, some specimens of the other alloys msy
be tested using = reduction of lond method.

Tests of specimens of alloys 2024-T852 and 7079-T652
have been started, In order to obtfin more uniform crecking then
was found for the 2014-T652 specimens, cracks sre being initieted
at the ends of 2 0,20-in. long elox notch (Fig. 22) using a losd
cycle of O to 12.5 ksl gross stress. When cracks are visible et
all four corners of the notch the load 1s sdjusted to the
desired level and the crack propegeted to 0.5 in. The test 1s
considered to start at this point. For the first two specimens,

this hes produced uniform crack lengths.

Best Available Copy
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V, Summary.

All of the tensile, compressive, shear end besring
uytests nave now been completed and the test results are shown in
Tables I through IV, The tensile properties of the semples
meet the spplicable minimum-property requirements shown in
Table V. The retios among the properties sre summnrized 1n
Table VI; they have been submitted for statisticsl enelyses.

All of the tensile =nd compfessive stress-strein tests,
Including modulus determinntions, heve been mrde. The test detr
ere being computed and enrlyzed,

Notch-bend frecture-foughness tests were mede of o1l
the semples scheduled for test. The results of the individusl
tests gre presented in Teble VII for »11 but four groups of
specimens whose Ky, volues were considered Invnlid for reessons
related to unsatisfactory precrecking of the specimens; re-
tests are now in progress.

The remeining pxinl-stress fetigue tests were
completed, The results of the tests nre shown in Teble VIII
and plotted in Fig. 1.

The current status of stress-corrosion tests is given
in Tables IX snd X, Some disparity wes noted in the performrnce
of 2014-T652 snd T7079-T652 forgings, with the 4 snd 6-in. thick
forgings showing e greater (but still typicsl) susceptibility to
stress-corroslon crecking than the 2-in. forgings. Specimens
are belng obtelned for retests to verify the performence of the

2-in. forgings. The performence of the 2024-T852 and 7075-T7352
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forgings has generally been typicel of that expected for these
alloy-temper comblnatlons.

The fstigue-crack propegation tests of the 2014-T652
specimens have been completed. ‘e tests (long-transverse
specimens) showed thst (1) the use of e shsrper notch than was
used 1in previous lnvestlgations did not sppesr to alter the
crack propagation behevior significently, (2) the 6-in. long
gpecimens (which will be used for short-trensverse tests of
2024-7852 and 7075-T7352) gave essentisrlly the ssme retes of
propegation as the 24-1in. long specimens, end (3) when the losd
was changed, the rate of propagetlion was not affected by the

* prevlious loading.

Crack prophgalion teats of 20°4-T852 snd 7079-T652
specimens heve been initisted. Use of a 0.20-in. long elox
notch insterd of n 0.50-in. mechined notch sand crack initiestion
2t o higher stress hasve produced more uniform cracking in the
f'irst severel speclmens. The 7075-T7352 specimens sre =lso
being elox notched.,

D p Tt
D.”J. BROWNHILL

- "‘,/; s ! N s
(TS a0l L)
C. F. BABILON
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VI. Tevles &nd Figures,
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lable VIII

TABLE VIII

AWSULTS OF LONG-TRANSVERSE AXIAL-STRESS FATIGUE TESTS
OF STRESS-RELIEVED ALUMINUM ALLOY HAND FORGINGS (R=0.0)
(F33615-68-C-1385)

Alloy
and Sample
Temper oize, 1hi. Number Cycles to Fallure ;
Maximum Stress, psi 60 000 40 000 35 000 i
2014-T65¢ 2x8 241007 34 200 358 100 10 264 500%
kXt 341009 1% 700 032 800 6 252 200
5x10 341012 18 900 230 000 10 017 300* :
tx12 341015 7 730 142 200 14 323 200%
1 Log-teen Fatigue Life 17 200 €19 400 —e- |
3 |
3 2024-T852 2x8 311017 22 600 232 900 10 029 500%
4x6 341019 1< 700 180 700 19 845 700*
5x10 24102+ 14 300 90 200 17 189 3c0* i ¥
Hx10 541015 7 200 93 600 14 882 4oo* | 3
Log-Mean Follgue Life 13 70C 140 200 --- ;
Meximum Stress, psi £0 000 5 000 38 000 :
| 7075-17352  2xB 341027 28 100 4 084 800 14 882 6oo*  ; R
? e ER Lx8 341029 4 700 82 400 1 455 800 ! 3
: 5x1C 241032 9 8oo 51 100 105 800 T
k Exlo 341035 3 600 38 600 93 000 |
L log-Mean Fetlgue Life 8 300 160 500 - §
b 7079-TH52 2X7 241037 22 200 109 800 720 500
l ' ] ix8 251030 22 700 61 400 11 607 Lkoo*
N 5%10 341042 19 200 75 500 162 700
$ &x12 341045 11 400 40 200 146 400
Log-Mean Fatigue Life 18 100 66 900 -—

-

* Specimen did not fall.
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b. Fast Propagetion
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