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FOREWORD

To assist studies in the area of aluminum-lithium alloy development, Alcoa
requested the Navy supply samples of commercially produced 2020-T651 plate
for the purpose of developing baseline engineering data. In exchange for
two pieces of 2020-T651 plate from the Navy's inventory, Alcoa agreed to
characterize the plate and submit the test results at no cost to the Navj.
This transaction was handled as an amendment to Navy Contract No. N00019-79-C-0258
which was concurrently under way during the period 1979 July 1 to 1981 June 30
at Alcoa Laboratories, Alcoa Center, Pennsylvania. Mr. M. D. ValentLne was
the Navy Contract Monitor. R. J. Bucci served as Alcoa project manager, with
R. C. Malcolm, A. K. Vasudevan, and P. E. Bretz as the principal Alcoa
engineer/scientists for the program. A selected fatigue crack growth test
was subcontracted to Del Research Corporation, Hellertown, Pennsylvania, under
the direction of J. K. Donald and C. Miller as principal engineer.
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-VALtIO~d'T :EJb.R PRP{L" OF~ A COI~~R AL

PPODUCED LUNINTJM ALLOY ,'20O-TC5l PLATE

2: w, _ 'i'__1 Iith alance Alumi.nm(3 7) was developedi irn
1:>so-I:W h e for alloys with hdi strent and hihmduluIs

oh tc t :Xouia ~:aj~a:1truturs. owever, alloy 70220, particularly,
z*"' ,"-"' c-:-ue u~ leveloped lwfractuare toughness compared to,

I, cniaracter'I-tic coupled with manufacturing,
"" 1,-A ~ '''~ cli allj-' fo use In corr'ercial products.

* t iloCm'.all containingC 1 liium remain attractive for
.a I1I"It I rrIi ca* ion bIL , in iditloni to highn s-'utngth and hihmodulus of

IA L, ' ''w t'anld th-e uotent ial for higher re,.istance tc
,ii-1 loingC co it 2" Conseq4uently, current research hias teen directed

-dLX ilfi3 9 acture oAli-mealloys -*ito a -ange acceptable
f'or aircrafot e ,

To ai stu i t',- uar A:-it<: 1: Lmurcvement, t'tiO,,a h
.~av sppy 79 13', for the purooswc of eVt:jor'i.:geg crn

charcters~i ~ Il~'~7 aabaol~nosmtcial.iL~ xc! an~ge for two c ec
of luinm llo> (.)Y Ii -Lt fbiatdfo h am o>9p ed by te

Naval A-- sem Comandl ", A c gedt hrcel the p and sutmit th!e
tesit results anai evaluations at no additional cost' to t xk7 Nay-,- -Ids tr'ansaction
(14) was anle as an, arnenomevoi to Nay': Cotract L.X 0- ' 5S"Effect Of
Microstr'ucture on 7YQCK Ala~c l:;hoj Ta1 Io~Lt to tnsiy.

OBJECTIVES

The properties agreed upon- to !,, evaLiated on the ?0-51plate are as follows:

1. Characterize microotructiure 'by lighit miicroscouy,

2.chemnical analysis,

3. tensile,

4. tear,

5. frrlcture tough ness,

6. fatiimoe crack Ii~t i Wcnldd alir at room temperature (low, inteonnediat-e, anid
high AK), anid

7. Practogupli,-.
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MATERIAL

7Iwo pieces of a single lot of comercially produced 32.54 Mm (1.281-in.) thick
2020-T651 plate was supplied by the Navy for testing and study. Both pieces of
plate were identical in size and shape, as shown in Fig. 1. Also, as indicated
in Fig. 1, the rolling direction (longitudinal) of each piece of plate is parallel
to the longest dimension (14.44 m or 14 ft. 7 in.). An Alcoa Technical Center
sample number (523713) was assigned to each piece of plate with one denoted "A"
and the other "B". A typical optical micrograph of the alloy is shown in Fig. 2.
'Die structure is composed of coarse recrystallized grains. The grain size along
longitudinal direction is -380 m.
'De chemical composition of each piece of plate was determined and the remelt

analysis of each is shown in Table 1.

SPECDUENS A!D TEST PROCEDLRES

Test specimens to determine the various mechanical properties of both pieces of
2020-Tb51 plate were taken from Section 2 location in each piece, as shown in,
ig.1. The location of each individual specimen taken from Section 2 of pieces

"A" a nd "B" is shown in Figs. 3 and 4, respectively. All the mechanical properties
were determi-ned from tests at room temperature on specimens taken in both the
longitudinal and long-transverse orientations with respect to the rolling direction
of each piece of plate.

1. Tensile Tests

The tensile tests were conducted in accordance with the ASM4 Standard Method B557
using nominally 12.7 Mn (0.500-in.) diameter specimens. Tests were made of both
plate pieces "A" and "B" and Ln both the longitudinal (L) and long-transverse (LT)
directions.

2. Tear Tests

The tear tests were made using nominally 2.54 mn (0.100-in.) thick Kahn-t pe tear
test specimens. Tests were made of both plate pieces "A" and "B" and in both the
longitudinal (L-T) and long-transverse (T-L) orientations.

The energy required to initiate and propagate a crack in each specimen were both
determied from measurements of the appropriate areas under autographic load-
defoiation curves of the types represented in Fig. 5. The unit-propagation
energy, which is used as an index of tear resistance, was determined for each
specimen by dividing the net area of the specimen into the energy to propagate
the crack. The ratio of the tear strength (the maximum nominal combined direct-
and-bending stress developed by the specimen) to the tensile-yield strength was
determined for each specimen for use as an index of toughness.

3. Fracture Toughness Tests

A. Kc

The fracture tougtness KI tests were conducted in accordance with the ASTM
Standard Method E399 usii nominally 31.8 mm (1.250-in.) thick compact-tension
fracture toughness specimens, W = 63.5 mm (2.500-in.) and 2H = 76.2 mm (3.000-in.).
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conducted for each- condition.

res-ulted in valid K10 va1,c - howeve-r, nanon 4I V1 i c.e to in th-e T--
orientation resutet lin ,al!J 1'jc aI-uc'-. On "he other hand, t he v~ alues
for the T-L orientationi cer t plate "A" tts and cne plate- "B" tecv areC
considered meaningful. Th.e-e t 'st res-ults tl 'at toie fracturetuges
of plate pieces "A" and ""are equal, owevt-,r, Itt val ues~ are rat>~- low
indicating, poor twces.in rc-flral, t0rc'prpts are, comparahic- to'
those of two :ipn'of Afo onnerciall,'i prodiuce , h.9o,(.75i.
thick 2020-T( 51 plate t't -peviousl-y HrbihdAlcoa data).



B. R-Curves

R-cu 'w= .,: .wori dilop fom tests of specimens tacen in the L- and
T-L r.tatio.: 0L'd ily from pilate piece "B". -. e data aru snowr in

Fr. mpused of data establis..el from duplicate test.
.ee Out of plate f.act ores occurred in otn

-Z., however not wit! the '-L oriented specimens..da tId ig . t represent ' those values w-ere

. '" , remained .ormzl ( wi. + , to th.e
'or the higher tou' h teus 1-1 -rietntation,

Cut of I L' , ccored at Ia value- wich correspond

C. a]n , k--. 0:,

. es-ts were conducted on specimen tae, n" ti e
,-,_- and on- l c-dy from plate piece "B". Four test -.-ere

.. orientation, two each of 1, rr. (?.15_-..
,. -i t.ick specimens. The results of these rest ae

from the S 3 rn (. -c. specimen:
aout 12 percent in the L-7 orientation wd

tha. those values deterined from the
.. thick specimens. The 'values shown iAn

v!-t-- specimens are sr-cific r I-Y-_h11er ta
.* -. soecimens. Also, the fractu re pa'-, observed

eS (C? and o- ..... '. ' retained their
,,-,ere!%" eliminating the confoundin- effect of out of

,i:-e:'l,:~s'--n est interpretation.

.' e "o'marale to the K_, values -_able 4.

... ,.... - ..-- .. 't- ooe crack gro;, ch (FCC) da/dN tests were made only
or eOl -51 plate piece "B". Two tests wert- conducted on

Speclme- . i' .  - orientation ard one in the T-L orientation at ani R-ratio
4 f ' !.-()--a os-lr e:tvironment. Crack growth measurements for two of the

tests (.r, eI Ior I in the L-T orientation and number 1 in the T-L
oriet at~; i ,;~.'e dceterined visually and those for one test (specimen num ,ber 2
in he -1 t ) .er determined electronically (compliance method).

..... • ,,,--,lte data, at low, intermediate and high stress intensities (1K.
for b- te -,ver Lire :ho'm plotted together in Fig. 11.

Come of tll,- data shown in 'ig. 11 violate an AZOM E647 requirement that at a
rgiven numb-r of ye,0 an" two crack lengths differing by more than .,
actually :.,, ( . :j-iii.) for these two tests, is invalid. However, sinc
the reuirement i.:, nt 'aed by much, not more than 0.84 cr (0.G3-i.
any' instance, rid a iflcat amount of critical low AK data i inivol,ed,
data L-. included i !-' g. i1 (represented by solid symbols). his decisio,, 1
also subotatiated K ti2 fact that there is sufficient data that does not
violate the reiuirement that is interspersed with the invalid data aw.d -
good a- ,ment inlti that the, slight violation of the AJ, h reuim,
can ho tol-','t, in , i intnc



, a- a% .. ,. . .

aI



-8-

I'he chemical cono-ositiun and various mechanical properties have been determined

alon g with ancrostrutural ad fractographic examinations of a 32.54 r, (1.2 8 1-n.)
thick sampqle of coi-me rcially produced 2020-T651 plate, two pieces (A and B),
supplied by the Department of the Navy. The results of the various tests and
examinations of tIe material are shown as follows:

1. -, emi cai , Oesition - Table I

. ficrostoruct, I ii-nxatiorl - FiCore2

3. Tensile Properties - Table 2

4. Tear, Froperties - Table 3

5. 'acture 7oaus Table 4 (KIC and Slow Bend Charpy) and Figure (U_ (-Cu rve'

u. FatiL-ue iCara r ' - Figures 11 through 14

7. racto. ga'aic Exa'ination of FCG Specimen - Figure 15 (a-f'

'The composition of the plate is about nominal for 2020 and the tensile propero ....
of plaoe pieces and "B" are comparable.

The :racture toa. hess of the plate is rather poor compared to 7)CC( alloy-: and
is indizca'ed bv the poor tear resistace and low F R-curve and slow Lend char
values. On the other iand, the resistance of the 7620-T65l plate to constant-load-
amplitude fatigue crack growth (FCG) at an R-ratio of 0.33 in a moist air envircn-
ment is quite good over the low, intermediate and high AK ranges, and generally
superior to 723 plate in the '7651 and T7351 tempers under similar conditions.
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Enlarge view of notch

Slow-Bend Charpy Specimen
Figure 7
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2 Direction 2
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3 3

L-T T-L
Orientation Orientation

(Rolling direction) (Rolling direction)

Effect of Specimen Orientation on the Fracture Path of
Triplicate Kahn-Type Tear Specimens from a Sample
(523713-A-2) of 2020-T651 Aluminum Alloy Plate

(32.54 mm Thick)
Figure 10
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202-T51AK, NW20

2020-T651 plate (32.54 mm thick)
Sample No. 523713
Plate piece B, Section No. 2 -

M.T. No. 040780-A
Specimen Type: CT (B=6.35 mm, W=63.5 mm, H/W=0.6) 0 0
Environment: High Humidity (>90% R.H.) Air

at Room Temperature C
Frequency: 25 Hz C0 c
R-Ratio: 0.33 C C

c~) 0
U ,

C 2 -~

% Specimen ,

-- u5 l Symbol No. Orientation

* c0 1,2 L-T
S1 T-L io-

Note: Solid symbols represent data which
* exceed the ASTM E647 crack front

10,0 straightness requirement that
SC (a-a2) Z 0.256.

.00

2 10

Fig. 11 Constant-Apltude Fatigue Crack Propagation Data for Commerciallv
Produced 2020-T651 Plate (32.54 n thick) in the Longitudina (L-T)
and Long-Transverse (T-L) Orientations.

(Moist Air Environment, R-Ratio=O.33)

LI.
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2020-T651 Plate (32.54 mm thick)
Sample No. 523713
Plate piece B, Section No. 2 c c
M.T. No. 040780-ASpecimen Type: CT (B=6.35 ram, W=63.5 ram, H/W=0.6) C

1 -  Environment: High Humidity (>90% R.H.) Air C

at Room Temperature 0C
Frequency: 25 Hz c 00 C J
R-Ratio: 0.33
Specimen Orientation: L-T CCO

o 00c

0 0; C

C
C C 10 F
Z Z

Z iw7 bol Specimen Method of
<< S No. Crack Measurement

0 1 Visual

0 2 Compliance

10- 0

2 S C

11 

0

2 10 20

AK, ks 'LvfnL
Fig. 12 Comparison of Constant-Amplitude Fatigue Crack Growth Rate Data

Determined Using Visual Versus Compliance Methods of Crack Growth
Measurement for Commercially Produced 2020-T651 Plate (32.54 mm thick)
in the Longitudinal (L-T) Orientation

(Moist Air Environment, R-Ratio-0.33)
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2020-T651 Plate (32.54 mm thick)
Sample No. 523713, Specimen Nos. 1 and 2

Plate piece B, Section No. 2
M.T. No. 040780-A C -1

Specimen Type: CT (B=6.35 mm, W=63.5 mm, H/W=0.6)
- Orientation: L-T
F Environment: High Humidity (>90% R.H.) Air C C

at Room Temperature
Frequency: 25 Hz

F R-Ratio: 0.33 xi-

9' U

Band for 2020-T651 plate (34.9 mm thick)*© ~~(I lot , I test ) _ ..

K-Unpublished Alcoa dataI -

:I -

i ~~~ "N'.... _

Fig. 13 Comparison of the Constant-Amplitude Fatigue Crack Propagation Data for Samples
of Commercially Produced 2020-T651 Plate.
(Moist Air Environment, R-Ratio=0.33, L-T Orientation)
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Plate P ie B, Section No.
Ma.T. No."O4OTRO.A
Specimen, Type: CT IP1. 35 an ', . M. HIW0,
Orientation: L-1
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FrPe9.,ency: ?5 H2
A-Rat o: 0.33
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2commnercially produced lots' I tests4
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0
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2 5.,4 and 34.9 f"n thicknesses

/4 Un Spublished data
/ P Oe Navair Contract Nos.
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Fig. 14 Comparis On of Constant-Loa-Anotitulo Fatmoan crack Piop~gat~on 0:at; fr
Coniperci ally Produced 2020-7T651 ,lt ,uhDt o Comm, c ialyRe
Laboratory Produaced 7075-4651 Plate and Comgiue ollly Prodaced TOTS

T31Pae(Moist Air Enviroment, R-Ratlo-0.33, 1-0 Orientation)



(a)

(5 10 in. cycle)

4q~

S50 -m

Propagation direction

da/dN 2.54 - 10 m/cycle
(11 10-8 io./cycle) d I

/ - 50'.m

Fracture Surface Appearance of Alloy 2020-T651 Plate
(32.54 mm Thick) in the L-T Orientation for FCG Rates
(da/dN) of 1.27 x 10-10 and 2.54 ' 10-10 rn/cycle

(5 x 10-9 and 1 IX10-8 in./cycle, respectively)
Figure 15 (a and b)
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(c)
da-dN =1.27 - 10- m cycle ' -

(5 10-8 in. cycle) C

Propagation direction

(d ) 8

( a/d N ) 1. 7 f 1 .2 7 × 0 -  a d 1 . 7 1 -  m c y l
(5 × 1 -  10 - 7 in./cycle e p ciey

II

FractreSrfaceAiperae of Allo 200n65 Plat

(3 .5 mm Thck Iin the I Oretto for r limte I

dd /N of 1.27 10-9 rn/ycl 1.27x108m/y

(5 x 1 0-8 and 5 x 10-7 in./cycle, respectively)
Figure 15 (c and d)
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da dN 1.27 10 7 m cycle " -.
(5 10 6 in cycle) 4 - " - , -

-,. _., 50 m

Propagation direction

da/dN 1.27 ,o 1. c 1 1 10 - 6 m/cycle
(5 10-5 in. 'cycle)W

1-I 5 0 m

Fracture Surface Appearance of Alloy 2020-T651 Plate
(32.54 mm Thick) in the L-T Orientation for FCG Rates

(da/dN) of 1.27 x 10-7 and 1.27 x 10-6 rn/cycle
(5 - 10 - 6 and 5 Y 10 - 5 in./cycle, respectively)

Figure 15 (e and f)
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