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ABSTRACT

The mechanical properties of aluminum—lithium alloy 2090-T8E41 were
evaluated at 298 K, 77 K, and 4 K, Previously reported temsile and frac-
ture toughness properties at room temperature were confirmed. This alloy
exhibits substantially improved properties at cryogenic temperatures; the
strength, elongation, fracture toughness and fatigue crack growth resis-
tance all improve simultaneously as the testing temperature decreases.
This alloy has cryogemic properties superior to those of aluminum alloys
currently used for cryogenic applications,

INTRODUCT ION

The dual objectives of minimizing operating costs and maximizing
performance of aircraft and aerospace systems provide a powerful incentive
to reduce aircraft empty weight. Recent design studies indicate that
structural weight is more effectively lowered by reducing the demnsity of
structural materials than by improving their mechanical properties.” This
conclusion has provided the rationale for the development and application
of resin composites. However, the highly anisotropic properties of compo-—
sites make their application difficult, and it seems likely that at least
commercial aircraft will remain primarily aluminum. As a consequence,
there is a strong impetus to develop advanced high strength aluminum
alloys. This challenge is responsible for a renewed interest in producing
low density aluminum alloys to replace current alloys. A number of promi-
sing alloys have been developed which contain additions of lithium to
reduce their density.

Intensive research and development in the last several years have led
to the registration of several aluminum—lithium alloys intended to replace
at lower density standard commercial aluminum alloys such as 2024, an Al-
Cu-Mg—Si alloy and 7075, an Al-Zn-Mg alloy. One of the new alloys is 2090,



designed to have properties similar to those of 7075-T651. In addition to
having a significantly lower demsity, 2090 is superior to 7075 in many
respects; in fact, although low toughness has been a problem of aluminum-
lithium alloys in the past, the room temperature strength-toughmness rela-
tionsh%p of 2090 is better than that of any other standard aerospace
alloy. (see Figure 1). It appears likely that aluminum—lithium alloys
will see service within the next decade. ’

Although aluminum—lithium alloys have been developed with aircraft
structures in mind, there are a number of potential cryogenic applicatioas
for a low density, high strength, aluminum alloy. These applications
include space systems, cryogenic tankage, and high-field magnet cases,
Preliminary investigations by other workers have suggested that aluminum-
lithium alloys may be particularly promising cryogenic alloys because
their toughness tends to improve at low temperatures.,”’” Imn addition,
preliminary results indicate that 2090 is sufficiently weldable for
cryogenic applications,

This paper is both a characterization of the room temperature mechani-
cal properties of this new alloy, 2090, and a study of the alloy's low
temperature properties.

EXPERIMENTAL PROCEDURE

All specimens were taken from a 12.7 mm (0.5 in) plate of 2090 sup-
plied by the Alcoa Technical Center. The plate was received in the T8E41
condition, where E41 is a proprietary thermomechanical processing treat-
ment. The nominal composition of 2090 is A1-2.7Cu-2.2Li-0.12Zr. Regis-
tered composition limits are given in Table 1. The actual composition of
the plate is still under investigation. Chemical analysis of Al-Li alloys
is hampered by a lack of standards. Several analyses were performed and
although all composition determinations were within the specified composi-
tion limits, they scattered widely. The alloy is hardened in the T8 condi-
tion by a combination of the coherent ordered precipitate phases &', Ti
and T, '

Elastic-plastic fracture toughness tests and tensile tests were con-
ducted at room (298 K), liquid nitrogen (77 K), and liquid helium (4 K)
temperatures. Round tensile specimens with a 2.54cm (1.0 in) gauge length
were tested according to ASTM standard E8-82 in both longitudinal (L) and
long-transverse (LT) orientatioms. The 0.2% offset yield stress, ultimate
tensile strength, and total elongation were determined for pairs of speci-
mens, Compact tension specimens were tested according to ASTM standard
E813-81 in both L-T and T-L orientations to determine the crack imitiation
toughness, IIc' The measured J data were used to calculate the plane
strain fracture toughness KIc values, The room temperature elastic modulus W
of 79 GPa was used for all calculations. Since the elastic modulus of most
aluminum alloys increases with decreasing temperature, the low tempera-—
ture KIc values represent a lower limit on the actual KIc values. Fracture
modes were characterized using a scanning electron microscope.

Constant awmplitude fatigue crack growth rate behavior of 2090 was
determined over a range of AK values using manual load shedding techniques
on 6.4 mm thick single—edge—notched four point bend specimens. Tests were
conducted at room temperature in room air (relative humidity, 25%) and at



77 K (submerged in liquid nitrogen) at a load ratio R=Kmin/Kmax of 0.1,
The test frequency was 50 Hz at fatigue crack propagation rates below 10—5
mm/cycle and 20 Hz at higher crack growth rates. Crack growth was moni-
tored using DC electrical potential methods. The fatigue threshold was
defined as the value of AK at which the fatigume crack growth rate
decreased below 10 ° mm/cycle.

Specimens for metallography were polished to 0,05 um and then etched
with Keller’'s etch——2.5% HNO;, 1.5% HC1, 0.5% HF, balance H,0——for 15 to
30 seconds., The grain structure of the 12.7 mm plate of 2090 is shown in
Figure 2, Large constituent particles were not observed.

RESULTS AND DISCUSSION

The tensile and fracture toughmess properties of 2090-T8 are shown in
Table 2. The data are displayed graphically in Figure 3. The room tempera-
ture data differ only slightly from those published by Alcoa.? Signifi-
cantly, strength, elongation and toughmess in both orientations increase
simultaneously with decreasing temperature. The data are compared to the
properties of standard aluminum alloys at room temperature in Figure 4.

The yield strength increases with decreasing temperature in both the
L and LT directions, The yield strengths are identical in the two orienta-
tions at room temperature; however, at lower temperatures the strength is
higher in the LT direction. The increase in yield strength is fairly
typical of precipitation hardened aluminum alloys.

The fracture toughness in the L-T orientation is consistently higher
than in the T-L direction. Similarly, the tensile elongation in the LT
direction is considerably lower than in the L direction. Although a small
difference in properties parallel to and perpendicular to the rolling
direction is not unusual, the separation seen here is atypical.

It might be expected that the large increase in fracture toughness
at low temperatures would be reflected in the observed fracture mode.
However, the JIc fracture surfaces at all three test temperatures are
strikingly similar., The fracture mode at all temperatures in the L-T
orientation is illustrated in Figure 5. It appears to be controlled by
intergranular delamination that is linked by regions of transgranular
shear. The fracture mode in the T-L orientation appears to be similar
mechanistically and also does not display an obvious change with test
temperature. The large amount of intergranular cracking observed in this
alloy suggests that its short-transverse properties may be poor; however,
the small thickness of the plate precluded any testing in the short-
transverse direction,

Fatigue crack growth rate data for 2090-T8 at room temperature and at
77 K are presented in Figure 6. Similar data for 7475-T651 taken from
reference 10 are included for comparison, The 123 K data shown for 7475-
T651 are probably quite similar to the 77 K data, which were not measured.
As can be seen in the figure, 7475 and 2090 have comparable fatigue thres—
holds in both temperature regimes., However, fatigue crack growth rates for
2090 are considerably lower at higher values of AK. This difference is
most pronounced at low temperatures above AK~8MPavm where crack growth
rates are extremely rapid for 7475,



Figure 7 is a comparison of the appearance of the fatigue fracture
surface in the near-threshold regime at 298 K and 77 K. The room tempera-—
ture fatigue surface appears to be relatively similar to those observed in
other aluminum—lithium alloys; relatively brittle, crystallographic crack
growth features are observed. The 77 K fatigue crack surface contains
unusual ductile regions. The c¢rack path is highl{lifiegnlar_and branched,
a typical morphology in aluminum—lithium alloys.” ™’

Many aluminum alloys have improved strength—toughness relationships A
at low temperatures, The reasons behind this phenomenon are not uander-
stood, The much greater improvement in yield strength and fracture tough— v

ness observed here is consistent with data obtained by Webster on binary
Al-Li alloys3 and on the Al-Li—Cu-}ig alloy 8090,4 but is also unexplained.
The properties of 2090-T8E41 are compared in Table 3 with those of 2219-
T87, a standard high-strength cryogenic alloy. The 77 K and 4 K '
properties of 2090-T8 appear to surpass those of any currently available
aluminum alloy. ' :

CONCLUSIONS

Alloy 2090-T8E41 has a better combination of strength and toughness
at room temperature thanm the standard aerospace alloys. Its cryogenic
mechanical properties — strength, elomgation, fracture toughness, and
fatigue crack growth resistance — all improve dramatically with decreasing
temperature. The mechanism behind these improvements is not well under-
stood at this time. The cryogenic properties of 2090 appear to be superior
to existing high-strength cryogenic aluminum alloys.
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Table 1, Registered Composition Limifs for 2090 in Weight Percent.

] I [ 1 N
Al I Cu l Li I Zr I Fe I | Mg I Mn I Ti
| I | | | | | |
| 2.4-3.0 | 1.9—2,6 l 0.08-0.15 | 0.10 l 0.12 | 0.25 | 0.05 | 0.15
W
Table 2, Strength, Elongation, and Fracture Toughmness of 2090-T8E41 at
Room, Liquid Nitrogen, and Liquid Helium Temperatures.
Test | Yield | U.T.S. | Elongation | Ky,
Temperature | Strength | | (in 25.4 mm) |
E | (MPa) | (MPa) [ (%) |  (MPavm)
| L LT | L rr | L T | L-T T-L
| | | |
268 | 535 535 | 565 565 : 11.0 5.5 } 34 25
| | '
17 | 600 625 : 715 695 { 13.5 5.5 } 52 34
|
4 | 615 705 | 820 815 | 17.5 6.5 | 65 39
| | | |
Table 3. Comparison of Cryogenic Mechanical Properties of 2090-T8E41 with
2219-T87. The 2219 data are taken from references 7 (298 K, 77 K tensile
properties), 8 (298 K, 77 K fracture toughness) and 9 (4 K).
l Yield Strength (MPa) l % Elongation‘ l Ki. (MPavm)
Alloy | | I
| 298 K 77K 4K ' 298 K 77K 4K | 298 K 77K 4K
| | |
2090-T8E41 | 535 600 615 | 11.0 13.5 17.5 | 34 52 65
| | |
2219-T87 | 386 461 s12 | 11.8 14.0 - | 36 43 48 "
- ) v

2090: elongation in 25.4mm (1.0in); 2219: elongation in 50.8mm (2.0im)
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Fig, 1. Comparison of the longitudinal properties in plate material of
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Fig. 2. CGrain structure of 12.7 mm (0.5 in) plate of 209C.
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COMPARISON OF ALLOY 2090-T8
TO STANDARD AEROSPACE ALUMINUM ALLOYS
(Plate Material;, Longitudinal Direction)
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Fig. 5. Comparison of fracture surfaces of Ji{o srecimens in the L-T
orientation broken at a),b) 298 K, c¢),d) 77 E and e),f) 4 K.
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FATIGUE CRACK PROPAGATION RATE (mm/cycle)
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Fig. 6. Effect of temperatuvre or the fatigue crack propagation rates im B3

2086-T8 and 7475-T651.

€T



14

XBB 858-6068

Fig. 7. Comparison of fatigue crack surface appearance in the near—
threshold region of specimens. a) AK = 2.6 MNFavm at 298 K, and
b) 4K = 6.3 MPavm at 77 K. Arrow indicates gemeral direction of
crack growth,
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