¢3-3-2
GIlNFID

GENERAL DYNAMICS I CONVAIR

402165

Report No. 8926-143

Material - Alunminum - 2020-T6, 2024-T3 and 7075-76

A

Crack Propagation and Fatigue Characteristics

K

:-.—

coy o

% P —~

*SCD G. D. Lindeneau, E. Schiff, W. E. Wise
- <L

=

€S <C

23 February 1959 Y "S‘i':f/

Published and Distributed
under
Contract AF33(657)-8926

Post Office Box 1980, San Disgo 12, California 2068-8811
Material Post Office Box 2071 273-8000 | Accounting Post Office Box 510 .

i i ecn - : ' S T ——




Gl

GENERAL DYNAMICS | CONVAIR

MODEL PAGE
DATE REPORT_NO.

Report No. 8926-143
Material - Aluminum - 2020—T6, 2024-T3 and 7075-T6

Crack Propagation and Fatigue Characteristics

Abstract:

Crack propegstion tests were made with 20" wide by 40" long specimens

of .079" thick 2020-T6, .0795" thick clad 2024-T3, .091" thick clad
202k-T3, .081" thick bare 7075-T6 and .091" thick clad 7075-T6 aluminum
alloys. Initial 5 inch long cracks were introduced into each specimen
‘and crack growth was observed as it related to incremental load increases.
The fracture work rate for crack propagation was calculated according to=
the formula dW/dA = n x/2E where 0 = max. gross stress, x = crack
length at max. load and E = modulus of elesticity. The several crack
propegation test results were as follows.

Material dw/dA, in 1b./sq.in.
.079" thick clad 202€-T6 4L, 181
.0795" thick clad 2024-T3 1000, 990
.091" thick dad 202L4-T3 1040
.081" thick bare T075-T6 Loo
.091" thick clad 7075-T6 384

Axisl fatigue curves were developed with the .079" thick 2020-T6 alloy
in both the notched and un-notched conditious, and these ars shown.

Reference: Lindeneau, G. D., Schiff, E., Wise, W. E.,
"Aluminum Alloy Sheet Evaluation, Crack
Propagation and Fatigue Tests of Clad 2026-T%
Sheet," General Dynamics/Convair Report
SL 58-233, San Diego, California, 23 February
1959. {Reference attached).
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ABSTRACT: Crack propegetion tests were made with 20" wide by 40" long specimens
of .079" thick 2020-T6, .0795" thick clad 2024-T3, .091" thick clad 2024-T3, .081"
thick bare 7075-T6 and .091" thick clad 7075-T6 aluminum alloys. Initial 5 inch
long cracks were introduced into each specimen and crack growth was observed as

it related to incremental load increases. The fracture work rate for crack
propagation was calculated according to the formula dW/dA = 02 n x/2% where ¢ = max
gross stress, x = crack length at max. load and E = modulus of elasticity. The
several crack propegetion test results were as follows.

Material : dW/dA, in 1b./s3.in. :

.079" thick clad 2026-T( 144, 181 i

.0795" thick clad 2024-T3 1000, 990

.091" thick clad 2024-T3 1040
.081" tLick bare TOT5-T6 430

.091 thick clad 7075-T6 384 1

(CONTINUED) i
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ACCESS NO.

Title: MATERIAL - ALUMINUM - 2020-T6, 2024-T3 and TO75-T6. CRACK PROPAGATION
AND FATICUE CHARACTERISPICS..sceceseess. (Continued)

Axiel fatigue curves were developed with the .079" thick 2020-T6 alloy in
both the notched and un-notched conditions, and these are shown.

15 pages, 3 tables, 7 figures, 3 references.
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INTRODUCTION:

The crack propagation characteristics of several materials have been reported.
A proposal to use 2020-T6 aluminum alloy in the near future was being considered.
This test was initiated in order to evaluate the crack propagation, mechanical,
and fatigue properties of this material.

Parallel crack propagation and mechanical property tests were made on Clad
2024-T3 and Bare 7075-T6 materials.

OBJECT:
To determine:
a) The crack propagation characteristics of clad 2020-T6, clad 202L-T3, .
and bare 7075-T6 aluminum alloys.
b) The mechanical properties of the above three elloys.
c) The fatigue stress - cycle curves of notched and unnotched clad
2020-T6 aluminum alloy.
CONCLUSIONS :

e) The crack propagation tests show clad 2020-T6 to have the greatest
tendency for crack propagation. This conclusion is based on the low
dv value (Reference Table I).
da

b) The longitudinal and transverse mechanical properties of the three
materials tested may be found in Table II.

¢) The clad 2020-T6 material has an unnotched million cycle life stress of
18,000 psi as compared to 26,000 psi for 2024-T3.

rony 1010y
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TEST SPECIMENS AND PROCEDURE:

Part a) Crack Propagation Tests

The test specimens were 20" x U4O" long with the grain direction parallel
to the 40" dimension. Five inches at each end were gripped in the fixture
leaving a test section 20" wide by 30" long. The final cut in the test section
was made by an .008" diameter jewelers saw. These cuts extended approximately
.38" beyond the end of th: preliminary cut. A draving of the test specimen is
shown in Figure 1.

The specimens were loaded in increments in a 400,000 pound universal
standard Baldwin-Southwark testing machine. Crack measurements and photographs
wvere made at each increment. The load increments were small in order that the
failure load could be correlated with the slowly propagated crack length.

Part b) Mechanical Property Tests

Standard 2" gage length tensile specimens were cut both with and cross
grain from each sheet of material used in this test.

The tensile yield, ultimate strength and 2" gage elongation were determined
in a 12,000 pound Tinius-Olsen electromatic testing machine.

Part c) Fatigue Tests

8ix notched and six unnotched specimens &s shown in Figure 2 were cut
from the two sheets of clad 2020-T6 material. Half of each type were cut
from each sheet.

The axial fatigue tests were run at the stress levels shown in Table III
and e stress ratio (R) = .05 in a Sonntag SF-1U universal fatigue machine
(Reference Figure 3).

PORN 1810~
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RESULTS:

Part a) Crack Pro tion Tests

The resistance of a material to crack propagation (or tear resistance)
has been investigated by a number of laboratories. The two metnods in use
to measure this resistance are:

1) The energy balance between strain energy and the worz necessary to
cause fracture.

2) The use of a stress concentration factor based on an effective notch
radius.

The factors obtained by these methods vary from 3.35 to 1 from(l), to
5.50 to 1 from ¢). The variance is a result of tne specimen size and initial
crack length. Emperical formulas developed for a more reliable estimate of
the tear resistance show a variance in results based on specimen size zs well
as material type.

A thorough discussion of the theory involved is beyond the scope of this
report; however, the results of the test are calculated on the basis of these
tneories and compared to the results of tests by other laboratories. The
results are presented in Table I. The discussion of the tear resistance
theory may be found in Reference 1.

The clad 2020-T6 material shows tne greatest tendency for crack propagation
by the low value of dw
da.

The comparison of data from previous investigators shows a reasonable
correlation.

Photographs of tne cracks from initial to juet vefore feilure are shown
in Figures U through 6.

Part b) Mechanical Property Tests

The complete resultis from these tests may be found in Table II. A
sumation of the test is shown below by three specimen averages.

rORN 1918~
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RESULTS: (Continued)

Part b) Mechanical Property Tests (Continued)

Material Grain Yield Ultimate ﬁ Elongation
Direction §tr#h Strength 2_ Gage

Ciad 2020-T6 Long. 6i4,789 69,346 9.0
Sheet #1 Trans. 64,723 69,479 7.5
Clad 2020-T6  long. 63,366 69,071 8.66
Sheet #2 Trans . 63,268 69,301 8.0
Clad 2024-T3  Long. 52,110 70,064 19.83
(One Sheet) Trans. 45,966 67,41k 19.83
Bare 7075-T6  Long. 76,173 83,097 14.5
(One Sheet) Trans. 73,594 82,648 13.66

Part c) Patigue Tests

The fatigue test results on clad 2020-T6 are listed in Table III and
shown as an §-N diagram in Figure 7. Data from Reference 2 on clad 7075-T6
and from Reference 3 on clad 202u4-T3 material has been added to the curve
for comparison purposes.

NOTE:

The test data from which this report was prepared are recorded in Structures
Test Laboratory Data Book No. 4065, page 18.

PORN 1918 =
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Figure 3 TYPICAL AXIAL FATIGUE TEST SETUPS FuK SHEET SPECIMENS
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CRACK PROPAGATION PHOTO SHOWING TYPICAL INITIAL CRACK

Figure 4
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CRACK PROPAGATION PHOTO SHOWING START OF STABLE CRACK GROWTH - CLAD 2024.T3
NOTE DOUBLE CRACK AT EACH END.

MATERIAL.

Figure 5
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CRACK PROPAGATION PHOTO SHOWING STABLE CRACK GROWIH JUST PRIOR TO FAIIURE -

CLAD 202L-T3 MATERIAL.

Figure 6

PORN 1000y



01 oCT
—r@N W W0 w - —-pw~N e n o - o~ lo
) T ;
: 4 , L
v ! P f : -
! | u o m St
AN - H _ ..u?
; . - , - — 20004
; m 30 pokiant | _ T
i : s Y ! .
- H PR ! ' ]
~ I i i s
| T
By | - :
SR L) | m
T T |
m i = 1 ,
- 4+ Sl
" 3 R R m ¥
o ) I I N INE o N
§'2=(UCT3035 umz~ 3y 2-1 :133%q // m:
Ly dusg WdD 0081 paads 11l B
— J2U3) . AZ.U, :
—— = §359435 UEdY so = y \ 2
NI4S DVANNOG SUTUSEW  :SHOILIANOD LSIL / a8
|
U UL T ENNRNC ]
(A0 SHEWIdIdS aandLop) +1 —
- I E !
(2423) amidionnn -ol-SLoL 1 g Hizags ) S R
(€ #3%) Q3rOL00 N —EL-H202 -y | o4 ' N .U
ABMOLON - . o ~B " 19 ' § ..”. et
a3H2LOMN - q...r..ONON aviy-0 - 3,0 4 xuuw 4 - ‘_W‘*
nay i LSIET)
S6€ , 3 ~Tremyooy I 1] et isnm
np oL 3-*UTd *gamg  (SUCTBUSWIQ PU®T Yo3a¥us) NAWIORAS \j T Rt ooy
Yog = 15 tsa 00o'p9 = £33 1500069 = NIy JRET R B 2
133K avidtucy — "CN "3H R T T C_.T;
a¥1D 900202 : TYTHILYH VR !
ucisyaig oo Nvy 44 b H1i

uctseacdac) soTweukq [EJILUSD JO UCTSTATA VY
HIVYVANOD

Fiaure 7

ISd = $S$3ALS



32 YP
dd P TOLEL T g FNOVINIVI =
AL
|
R L O Fﬂn}.rzg;uu:na‘vi SOWa S AR ~aus 3] ..WI.U& Aewig [ae 3 )
;
y k.
§FSAINL] NS IAvWR) 355 | JONIYIINS Wold vaval ¥ ;
- S R _ j
- I . J
- 4t F T = —
o “f “veE [ooezz | coosi foorse L0 | pES 160" ] ooz | — — -— looot] T — - i si-szraviy
—_ — - 4 —_— 4 - S . *
PR SRR — 11— F
T T T ook |oosE2] oz ocose | 955 | L6t wo| eoz] =T — T =T —=—T1T= — [ 2
I . o2 athiad A SR S
—_— - + - ﬁ — e -
I — — ] oscoz]oorke| % x| .66+ 190'| ooz | evei] swi |ovoze[céoea|Fesec| e 1 | Yi-5cof D¥vg
S SR Rt Dt . o S A g § B S
_ . _ 1 1 | N
—_ ¥ ¥ = - 5 S Sm—— e S —
601 [0620% | 005921 0o60% | .09 ] .obS 160-1 002 | — — — loooze| — j— - 9 [EL¥2opovid
I — S e
T T T o6é [ oossn fro.ﬂan osiwp] 909 | beb| S6o] 002 — | — | — | =] =1T=1"7T1=21—
SR W—— ! I -
17T oooi Tooses] 00be[565Be] .59 | oo | sewo | 902 | ener | F96i [ FS Lo $F05L] P96sH] onzs [ i [FrerEeYs
—_—— — - - - - - - - - - - - - —--—- ——— - ——
T8l | cozi2]osysi| coewz| 025 | 66| Lo | ooz | o8B [ 998 | ocke| wosd[EEE[INES] 2 | 2 | B
>91 | oos%i] osiwij covzz] Ovs| 008 ero | 002 sL {1 o6 [éivs?| SPaeo|c2257] 66L%? 1 1915z avD
s Tsa ISd e g..&! Hi19NZ| N ] snval| S~en ] 1sd 1sd Isd ISd
Vp [ SS3S| iy avon !&..xdvﬂd@&\x Waim 3OYS 21 ] Fval Srom) | SAVAL| ono | ¥deny | waerny
. | a3 ...u!.x(.m—-l!cu W[ Xw N [ 2ovay ..(.._.:4— ﬂn iaﬂ e dias - @FSETTSY Jﬂﬂﬁﬂﬂlﬂh.r.loﬁuhbi

6561 Lrwnaqag ¢z

€ge-9518
e1

Lva
“ON JHOIEd
3OVd

SLTINS3) AS3I| NOILLVYDVAOu

MovN) -1 319 VL



- — — _ ey — g
S e S s Bt
-1l  FF — I T 1
3o vaany| os2Rp Leofeg 2wvaony vman - T eqpee vyl
Li6kg 1 seske ™ 1 T vesfEs CEESL ™0
28fka | seclee |t vester——1 198(S L 190"
TLizhe #9528 \U I BET-T) (72 ZzoL[w 190" ] YL-SPL Iuv
_ 4 v 1 == —
Povaaay] sivly +90pbs ;;Wuﬂuluf( %9¢k+ o1 RS ovany]
NN Lo - _ [ ] I -
22l 2424 i QGQT,V 041§ S56L0
T T eiidis Tl Tevelen T o798 1278 Séco
vo2lLo 1s6f6Yy oSy T eozs T T sot i Termeigs aviy
| avvarneg 10869 Cleden [aveny]T gazEd T T 33eke ETT Y™, .
. L T ~ ¥
oodoL +5169 osi[E9 6Lil6" 6LO"
ooslo” +siE osztke [ 261y 6L0"
£ovigD sodB voekes 1 ezz2p> 6L0 - 2 1
vyl EL¥er e wamy]l czcpe | Eihe ey 1T
[¥73 17 »5189 ] soolyy [ 6LO"
ic2g9e | tobko ‘ @29 osok9 6.0
T eivks I I I B Y] ) L7 5 6L0 " 0 1-0z¢2 ava)
FI1Y] Z(RIP v 1980 EI T w?(tu_i VaPreryy
[ TEISRa By s AL ] HLL 1IINS (DAL Yinaiv

sSANSRal 1S3 L RAVISNIL DIAviS - 1T 3Inav])y
6561 Lrenagag €2 Iva
€6e-951S oM IMOdEY
€T aFova



8158-283
DATE 23 February 1959

2
g2
o & NOWS3IS 433] Ny 937v4 sDA 000%SIb so - ooobi €-2
m ocoof6 coo'si -2
000921 coo 02 §—1
00022 00052 2-!
000 11 oooog 2-2
NOILDPAS US| N a3V SIA ooo1 € so- cooog e -1
NOILD3S Us3a| N} Q37ivd oN 000082 2 SO coo‘8 | 9-2
00012L cco 02 s-2
©00 2€9 o522 +-2
ololo Y 3] oos2¢ -1
oooL?® ooot b s -t
NOILDRS 4As3a | N a3anivd o/N oocols Yo X OO0 €S -1
ED R 189 SSJIS [wsemnN
S NAUVIVI)| Q3HAON| Q[ $ITIOAD 2 [SSOND WNWIXVIA vamidadS

A0y WWNRNIWWNTYy 91 -0202 Advid

IIT 29 avy

- viva 3N9ILvy



ANALYSIS

CONVAIR PAGE 15

Bai Prmawts sORNPRNATIIN

PREFPARED BY G. D. L.ndereau SAN DIEGO REPORT NO. SL5:G-2C3
CHECKED BY MODEL 2 D
REVISED BY DATE 23 Feoruary 1.5,

o

REFERENCES

J. Friscih, "Comparison of Semi-Enperical Solitvions for Cracx Propagation
witn Experiments" American Society ot Mechanical Engineers Fager lo. 57-8A-12,
dated Feoruary 11, 1;57.

G. D. Lindeneau, "XA 788-T6 and 755-T6 Clad Aluminum Allcy Sneet - Stazic
ard Fatigie Tests", Convair Engineering Test laocoratory Report llo. 6545
Addendum 2, dated July 1255.

D. M. Forney, Jr., "Tne Effect of Artif.cal Azing on ine Fatigue Benavior
¢i Bare and Clad 2024 Alam num Alloy", Convair Engineerin: Tesc Laloratory
feport No. 56-479, dated October 20, 1j56.

roan 1018~



