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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-T€51 plate

for the purpose of developing baseline engineering data. In exchange for

two pleces 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 Navy.
This transaction was handled as an amendment to Navy Centract No. NOO015-7G-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. Valentine was
the Navy Contract Monitor. R. J. Buccl 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, Pernsylvania, under
the direction of J. K. Donald and G. Miller as principal engineer.
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EVALUATION OF [T ENGINEERING PROPERTTES OF A COMMERCIALLY

PRODUCED ALUMINUM ALLOY ~020-T651 PLATE

\w w\\oqv e ‘::

«4¢k ool oy whien b nonomdial composition or 4.8 Copper, 1.17 Lithium,
S “Lhk"wrxa, T b ‘gei the balance Aluminum (93.79), was developed in
th- PEETERICE RVERS'S need for glloys with high strength and high modulus
Toelusticivy o Ttostructures.  However, alloy 2020, particularly
Iro the pedis SLrent Tehy developed low fracture toughness borpared to
it conmere il x\L: chiargeteristvic coupled with manufacturing

,1.

Tealey JTed Lo the w’ diruwul or alloy 2020 fur use in commercizl products.
:M;ALLC thls setitacs, : trnen alloye containing lithium remain attractive for
aircrart arrlicatvions b e in addition to hign strength and high modulus of
clastieity, they pocsceos Tow daencity and the potential for higher resistance to
evelic ludd*nb Lovultiomu.\l 21 Consequently, current research has beern directed
toward increasings Sractwre b«uqﬁu1c;; of Al-Li-type alloys into a range acceptable
for alreraft use.(’, 3)

To aid studies In the area o Al=-Li-tiye allyy imorcovement, Alcoa reqguested the
Navy supply come ZO20=Te5H1 plat: for tny purrose of developiny engineering:

AR

characteristics ~f alloy OO0 as o badeline material. In exchange for twe pleces
of Aalumirmum 2lloy J000-TehRL plinte (fabricated f e same lot) supplied by the

Naval Air yotems Commund, Aleoa agreod <o "ize the plate and submit the

e ol

test results ana evaluatiolo at rno dddlLl; to thw Navy. This transaction
(4) was haniled as an amendment o Navy Jo NOD0L0-TO-0=0088, "Effect of
Microstructure o 700 Adaninw Alloy atl i uro“uh at Low Jtress intensity.”
OBJECTIVES
The properties agreed upon to be evaluated on the 2000-TCH1 plate arc as follows:
1. Characterize microctructwre by light micrescopy,
2. chemical analysis,
3. tensile,
4, tear,
5. frocture toushness,
6. fatipue crack growth i humid air at room temperature (low, intermediate, and
high AK), and
7. fractography.
— o - - "~ o




MATERIAL

Two pieces of a single lot of commerclally 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 plece of plate is parallel
to the longest dimension (4.44 mor 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 1s shown in Fig. 2.
The structure is composed of coarse recrystallized grains. The grain size along
longitudinal direction is 380 wum.

The chemical composition of each plece of plate was determined and the remelt
analysis of cach is shownt in Table 1.

SPECIMENS AND TEST PROCEDURES

Test specimens to determine the various mechanical properties of both pieces of
2020-THh5] plate were taken from Section 2 location in each piece, as shown in

Fig. 1. The location of each individual specimen taken from Section 2 of prieces
"A" and "B" is shown in Figs. 3 and 4, respectively. All the mechanical properties
were determined from tests at room temperature on specimens taken in both the
longitudinal and long-transverse orientations with respect to the rolling direction
of each plece of plate.

1. Tensile Tests

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

2. Tear Tests

The tear tests were made using nominally 2.54 mm (0.100-in.) thick Kahn-type tear
test specimens. Tests were made of both plate pieces "A" and "B" and in both the
longitudinal (I~T) and long-transverse (T-1L) orientations.

The energy required to initiate and propagate a crack in each specimen were both
determined from measurements of the appropriate areas under autographic load-
deformation 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 ratlo of the tear strength (the maximumn 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. KTC

The fracture toughness K tests were conducted in accordance with the ASTM
Standard Method E399 usin% nominally 31.8 mm (1.250-in.) thick compact-tension
fracture toughness specimens, W = 63.5 mm (2.500-in.) and 2H = 76.2 mn (3.000-1in
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Tonwtant-load-any iitude fatisue crack growth (FCG) da/di tests were made only
on sperimei. Srom the 2000-Th51 plate plece "B". Two tests were conducted con
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cimens in $he I~T or ntatlon and one in the T-L orientation at an K-ratic
SHUNNE S S 41 —uir unvironment. Crack growth measurementc for twe of the
teste (Jpecimcn waer 1oin the ~T ordientation and number 1 in the T-L

orientation; were devermined visually and those for one test (specimer. rumber 2
in the -1 criortation) were determined electronically (compliance method).

The crack rrowth rate data, at low, intermediate and high stress intensitles (A
for the threo tests are chown plotted together in Fig. 11.

Some of thr: data shown in Fig. 11 viclate an ASTM EOGU7 requirement that at a
given numbter of cyolos wy two crack lengths differing by more than 0.208,
actually 1.07 rm {(C.0u2-in.) Tor these two tests, 1s invalid. However, since

the requirement 1o not viclated by much, not more than 0.84 mm (0.033-in.) in
instance, and a cigmificant amount of critical low AK data ir involved, tiic

data ic included in ¥ip. 11 (represented by solid symbols). This decision ic

also subctantiated by the fact that there is sufficient data that does not

violate the requirement that is interspersed with the invalld data @wd 3o in

rood arprecment Indicatiry that the slight vieclation of the ASTM requironmost

can be tolerated In thils Instance.
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SUMMARY

The chemical composition and various mechanical properties have been determined
along with microstructural and fractographic examinationc of a 32.54 mm (1.251-in.)
thick sample of comercially produced 2020-T651 plate, two pieces (A and B),
supplied by the lepartment of the Navy. The results of the various tests and
examinations of the materlal are chiown as follows:

1. Themical Composition - Taple 1

2. Microstiucture Fxamirnation - Figure 2
U £

W]

3. Tensile Properties - Table
4. Tear Properties - Table 3

5. TPracture Tougwmess - Table 4 (K, and Slow Bend Charpy) and Figure © (R-Curve)
Ic

N

iy - Figures 11 through 14

W

O

. Fatisue Cracs irowth (i
7. IFractograrhic mxaminatior of FCG Specimen - Figure 15 (a-1)

The composition o the plate is about nominal for 2020 and the tensile properticc
of plate pieces H' and "B" are comparable.

The ‘racture towdriess of the plate is rather poor compared to YXXX alloys and

is indicated by the poor tear resistance and low ¥, , R-curve and slow tend chary.
values. O the other nand, the resistance of the LBDO-mGSl plate to conztant-livad-
amplitude fatigue crack growth (FCG) at an R-ratio of 0.33 in a meist air envircr-—
ment is quite good over the low, intermediate and high AXK ranges, and generall:w
superior to 7775 plate in the T651 and T7351 tempers under similar conditions.
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(REF: FIGS.3+Y) —f

175" (14" 77)

X
<—— ROLLING DIRECTION —>
(LONGITUDINAL)

METRIC (S1)
CONVERSION FACTGR:
1iN. 2254 v

, \

}-zfz’svslé—;A SCALE: 0.1 IN.T 2 IN.

S1ZE AND SHAPE OF TWO PIECES OF COMMERCIALLY PRODUCEL ALLOY
2020-T6S! PLATE (1.281 IN. THICK) —— SAMPLE 523713 (A+B)
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FIG.3  LOCATION OF TEST SPECIMENS, ALUMINUM ALLOY 2020-T65! PLATE
(SAMPLE S23713, PIECE A, SECTION 2)
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FI6.H  LOCATION OF TEST SPECIMENS, ALUIMINUM ALLOY 2020-T6S! PLATE
(SAMPLE $23713, PIECE B, SECTION 2)
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GA 13490

27.2 mm

(1.1 in.)
55.9 mm /
r

(2.2 in.)
Fatigue R = 0.254 mm
crack / (0.01 in.)
45°

B =6.354¢+10 mm
(0.25 ¢+ 0.395 in.)

Enlarge view of notch

Slow-Bend Charpy Specimen
Figure 7

i
<‘3
i

i
|
4@1




. Averaging
s LVDTs

: 7
/ﬂ - measures

‘ ‘/ specimen
displacement)

-Test

/ apparatus

Slow-Bend Cha v Ffest Set-Up
Figure 8
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1 1
2 Direction 2
of Loading
~\‘. —
3 3
L-T T-L
Orientation Orientation
(Rolling direction) (Rolling direction)

il

Effect of Specimen Orientation on the Fracture Path of ‘
Triplicate Kahn-Type Tear Specimens from a Sample
(523713-A-2) of 2020-T6851 Aluminum Alloy Plate I
(32.54 mm Thick) a.

Figure 10 f
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. 2020-T651 plate (32.54 mm thick) ; e
- Sample No. 523713 -
. [ Plate piece B, Section No. 2 o c ~ 12
M.T. No. 040780-A D
- Specimen Type: CT (B=6.35 mm, W=63.5 mm, H/W=0.6) ¢ C
5 | Environment: High Humidity (>90% R.H.) Air o al
e r at Room Temperature JRels C 1
+ Frequency: 25 Hz of c cC ¢ . ]
[ R-Ratio: 0.33 o c P f
© i =
—_ 3 I 3
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. I ps Specimen ] .
Z g £ o ? symbol _ No.  Orientation 1 z
< E s e) 4 <
N\ 1,2 L-T N i
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© ooy ] - I L
Q i a f! ) 1 T-L 3 2 <
L Note: Solid symbols represent data which 3
. exceed the ASTM E647 crack front ]
2 ®L 8~ straightness requirement that il
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Fig. 11 Constant-Amplitude Fatigue Crack Propagation Data for Commerciall
9 Produced QBEO-TGSf Platg ?32.54 mm tﬁigkg in the Longitudina? ?L-¥)

and Long-Transverse (T-L) Orientations.
(Moist Air Environment, R-Ratio=0.33)
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+ 2020-T651 Plate (32.54 mm thick) ! -5

" Sample No. 523713 © 12

| Plate piece B, Section No. 2 c ©
M.T. No. 040780-A

Specimen Type: CT (B=6.35 mm, W=63.5 mm, H/W=0.6) o C

1 L i

~ Environment: High Humidity (>90% R.H.) Air c o
F at Room Temperature C i
Frequency: 25 Hz Ce C o
R-Ratio: 0.33 CF? 3 iR
Specimen Orientation: L-T oCcv 3
cc i
C ¢ 1
ﬁ
- &9
a. ) ]
o gﬁ_og CC
- -~ C =4 12
éd& & 3
-
I a le" %
st ]
E— @ Specimen Method of
F o Symbol No. Crack Measurement
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[ O 1 Visual 4 ie
i o 2 Compliance i
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O(,oCC 12
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Comparison of Constant-Amplithde 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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Na /AN .




- .

L i
N

< 2

~ '] !

X
©
(\/\}

12

e
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Symbol O -
2020-T651 Plate (32.54 mm thick) ) : .
t Sample No. 523713, Specimen Nos. 1 and 2 ' <o
Plate piece B, Section No, 2 . 3
F M.T. No. 040780-A S
Specimen Type: CT (B=6.35 mm, W=63.5 mm, H/W=0.6) - ) 3
Orientation: L-T ) - :
Environment: High Humidity (>90% R.H.) Air :
at Room Temperature | .
Frequency: 25 Hz 412
R-Ratio: 0.33 5 )
] _
) C
| > ]
=T ¢ 4
! 3
] .
J e
] <
Band for 2020-T651 plate (34.9 mm thick)* | .
(1 lot, 1 test) ?‘ e =
* Unpublished Alcoa data N =
j
| 2
. = 2
JE— i S S U SR S B - ___.j
g 2 L2
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A Ls
L/)_\;&‘ s } S ‘-/ (G

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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Symbo!
2020-T65! Plate /72 34 mm thick)
Sample No. 521713, Specimen Nos, 1 and
L Plate piece B, Section No, °
A “.T. No. Q40780-A
. Specimen Type: (T (8:<F 3§ mm, W:=£1,6 m, H/W=0,6) ;
Orientation: (-7 ' :
Environment: 4:gn Humidity />00% R.H.® Air :
at Room Temperature i
Frequency: 2?5 Hz l
R-Ratio: 0.3
A
e——— Band for 7075.7651 Plate .
/ 2 commercially produced lots, 3 testsd
{ 1 laboratoryproduced lot,+ 3 tests
K * 6,35 and 76.” mmn thicknesses
A+ 6.35 mm thickness
T T TIBand for 7075-T7351 Plate \
( 2 commercially produced lots,* 3 tests‘)
* 25.4 and 34,9 mm thicknesses /
4 Unpublished data
§ Ref  Navair Contract Nos.
N0O0019-76-C-0487 and
. NOON1 - 79-C-025R
2 : : ’ ' ) . °

Fig. 14  Comparison of Constant-Load-Amp!itude Fatique frack Propagation Gata for
Commercially Produced 2020-T65] Plate with Data for Commercially and
Laboratory Produced 7075-T65]1 Plate and Conmercially Produced 7075.

T7351 Plate
(Moist Air Environment, R-Rati0=0.33, L-T Orientation)




(a)
dadN = 1.27 - 10 'O m cycle
(5 - 10 %in. cycle)

(b)
da/dN = 2.54 - 10710 m/cycle
(1 - 1078 in./cycle)

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 1010 and 2.54 x 10-10 m/cycle

(5 x 1079 and 1 -~ 10-8 in./cycle, respectively)
Figure 15 (a and b)




(c)
da'dN = 1.27 - 1072 m cycle
(5 - 1078 in. cycle)

(d)
da/dN = 1.27 - 1078 m/cycle
(5 ~ 1077 in./cycle)

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 10~9 and 1.27 x 10~8 m/cycle

(5 x 10~8 and 5 x 107 in./cycle, respectively)
Figure 15 (c and d)
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(e)
da dN  1.27 10 7 m cycle
(5 - 10 %in. cycle)

(f)
da/dN = 1.27 + 106 m/cycle
(5 - 1075 in.’cycle)

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~ m/cycle
(6 ~ 1076 and 5 * 10-5 in./cycle, respectively)
Figure 15 {e and f)







