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Evaluatlon of Aluminum-Lithium Alloys in Compression-Stiffened
‘Aircraft Structures

J. C. Ekvall* and D. J. Chellmant
Lockheed Aeronautical Systems Company, Burbank, Califbrniq

Aluminum-lithium (Al-Li) alloys represent an area of considérable interest to the aircraft industry because of the
potentlal for high structural eﬂiclencles compared to conventional alloy products. The reported work addresses the
rdentlﬁcatlon and characterization ‘'of a candidate Al-Li alloy that demonstrates promise for use in 7075 aluminum
structural applications. Heat treatment studies were conducted initially to select a suitable combination of strength,
ductlllty, and toughness. Mechanical property ‘evaluations comprising static and cyclic testing were subsequently
performed on extruded bar materials, and compared to baseline 7075 aluminum extrusions. The structural behavior
was established by compression testing of stiffened panels, typical of those used in airframe construction.
Experimental findings and predictions are discussed in terms of the properties of materials. A structural welght
savmgs of between 8 and 13% was shown for Al-Li alloy materials in compression cntlcal components

Nomenclature
c = end fixity coefficient
= fatigue crack growth rate, in./cycle
DADT = durability and damage tolerance

e = tensile elongation, percent in four-dimensional

E, = compression thodulus of elasticity, psi

E, = secant modulus of elasticity, psi

E, = tension or tangent modulus of elasticity, psi

F, = critical buckling stress, ksi

F, = compression yield stress, ksi

Fux = maximum net area stress, ksi

F,, = ultimate shear stréss, ksi -

F,, = ultimate tensile stress, ksi

F, =0.2% offset tensile 'yield stress; ksi

Fy, = secant yield stress at 0.7E, ksi

f = flange width; in.

k. = compression buckling coefficient _

K, = plane strain fracture toughness, ksi-in.!/2

K, = conditional plane strain fracture toughness,
ksi-in.!/?

L = longitudinal grain direction

LT = long-transverse grain direction

I = total column length, in.

NTS = notched tensile stress, ksi

n = Ramberg- Osgood shape factor

RA = reduction in aréa, %

t = flange thrckness in.

—T3X =naturally aged heat treatment temper

—T8X = artificially aged heat treatment temper

P = radius of gyration, in.

Introduction

HE famlly of Al-Li alloys offers the potential for signifi-
cant’ weight savings in aircraft structures due to den51ty
reductions and stiffness improvements. The newly emerging
Al-Li alloys have been designed as functlonal replacements
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for various mill products based on conventional 7075 and
2024 aluminum alloys. Specific mechanical arid phys1cal prop-
erty targets have been established by the major alummum
producers for these first generation Al-Li alloy products.l™
Typlcally, the development goals represent equivalent proper-
ties'to the incumbent aluminum alloys, but with alloy density
reduct1ons ‘of 7-10% and elastrc modulus 1mpr0vements of
10—15%

" The accelerated development of low-density Al-Li alloys
stems from weight savings analyses and parametric design
studies performed by various aerospace companies in the
1978-1986 time frame.*® The relationship between weight
savings and" property improvements for a generic fighter
airframe from one such study is illustrated in Fig. 1. These
findings generally show that a reduction in alloy density is
more effective in improving performance and payload than
commensurate 1mprovements in any other single primary
property such as strength or modulus, or second-tier proper-
ties such as toughness or fatigue. Over the same period of
time, several major aluminum producers in the U:S., England,
and France started developing an advanced ing’ot casting
technology for Li-containing aluminum alloys. Screening eval-
vations have béen conducted on a wide ratige of Al-Li alloy
compositions to- identify the most suitable candidates for
satisfying the property targets. A numiber of Al-Li alloys have
been registered and produced in limited quantities for evalua-
tion purposes. The community of aluminum producers and
derospace users are now actively pursuing the maturation of
low-density Al-Li alloy materials for apphcatlons in aircraft
structures.

Alloying and processing development activities are cur-
rently underway at the major aluminum suppliers to support
the anticipated need for Al-Li alloy products. A number of
alloys, heat tieatment tempers, and product forms have been
introduced and scheduled for delivery to the aircraft industry.
However, to date, only limited quantities of materials’ have
been available for property evaluations. Complex issues in-
volving molten metal treatment. and fabrication schedules
apparently have slowed the emergence of suitable evaluation
materials. In recognition of this situation, LASC-Burbank in

‘cooperation with Naval Surface Weapons Center (NSWC)

initiated a series of development studies to identify promising
Al-Li alloy systems for structural applications.” One such
candidate alloy, suitable for replacing 7075-TXX aluminum
extrusions, was cast and fabricated into the two wrought
product forms shown in Fig. 2. Some of the material proper-
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ties and structural testing conducted on this Al-Li alloy are
described in Ref. 8 and in this paper.

Materials Development

LASC-Burbank has been actively involved in the develop-
ment and evaluation of Al-Li alloy materials since 1978.
Diversified efforts from alloy optimization to process develop-
ment have been undertaken to promote the acceptance of
these low-density aluminum alloys as aircraft structural ma-
terials. Recent laboratory scale studies in cooperation with
NSWC have led to the identification of several candidate alloy
systems that represent replacements. for conventional 7075-
T6X, 7075-T76, 7075-T73X, and 2024-T3X aluminum al-
loys.>!°® In the present evaluation effort, an Al-Li alloy
exhibiting strength and damage tolerant properties competi-
tive with 7075 aluminum is described in terms of mechanical
properties and structural behavior. Integrally stiffened com-
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Fig. 1 Weight savings potential as a function of property improvement
for advanced fighter aircraft.
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pression panels typically encountered in airframe construction
have been designed and tested to verify the structural

efficiency of the candidate Al-Li alloy.

Materials Fabrication

A quaternary Al-Li-Cu-Mg-(Zr) alloy composition was
selected for further development at LASC-Burbank based on
a series of screening evaluations on laboratory size billets.
The nominal chemistry limits established for the optimized
Al-Li alloy, designated LOCKALITE, are given in Table 1.
A 1000 1b, 12 in. diam by 106 in. long ingot was cast of the
LOCKALITE composition at International Light Metals, Inc.
(formerly Martin-Marietta Aluminum) in Torrance, Califor-
nia. Chemical analyses indicated that the target composition
was achieved within +0.10 weight percent. The cast billet was
scalped to 10.5 in. diam to remove oxide scale and porosity at
the ends of the casting. A homogenization treatment of 975°F
for 12 h was uséd to minimize solute segregation prior to final
wrought product fabrication. Several product forms were
subsequently processed ffom the LOCKALITE ingot, includ-
ing the two extruded shapes shown in Fig. 2. The extrusion
products represent the first Al-Li shaped extrusions available
to Lockheed for test and evaluation. The wing plank section
was selected to establish the workability of complex shapes
used typically in the aerospace industry. In general, the candi-
date Al-Li alloy exhibited excellent hot working characteris-
tics, -and the resuliant wrought products appeared to be
visually equivalent to conventional high-strength aluminum
alloys.

Heat Treatment Studies

The 1 'x 4 in. rectangular bar and wing plank section were
directly ‘extruded from the 10.5in. diam extrusion charge,
resulting in extrusion ratios of 22:1 and 18:1, respectively. The
two extrusions were processed at a temperature of 750°F
using standard conditions for high-strength aluminum alloy
products. Differential scanning calorimetry (DSC) measure-

Table 1 Alloy chemistries and physical properties for candidate IM Al-Li alloy (LOCKALITE)

Composition (weight percent) Elastic
Product/ Density, modulus,
location Li Cu Mg Zr Fe Si 1b/in.? x 10° psi
Billet .
Target 2.20 2.50 1.10 0.12 <0.30 <0.20 _— —_—
Actual 2.13 2.51 1.05 0.14 0.08 0.06 — —
Rectangular
extrusion
Center 2.16 2.56 0.96 0.13 0.09 0.08 0.0932 11.76
Edge 2.23 2.48 0.95 0.14 0.12 0.07 0.0927 11.83

Rectangular bar

Wing plank section

Fig.2 Extruded products fabricated from IM Al-Li Alloy (LOCKALITE) billet.
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ments and optical metallography examinations were con-
ducted on the LOCKALITE alloy extrusions to determine an
optimum solution treatment practice. Solution heat treatment
at 990°F for 2h was employed to ensure that all alloying
elements were in complete solid solution. The extrusions were
stretched a nominal 2.5-3.0% immediately following solution
treatment and cold water quench, prior to any age hardening.
The extruded products were supplied to LASC-Burbank in
the —T3X condition for subsequent mechanical property
characterization. An isothermal aging study as a function of
temperature and time was conducted initially to identify
candidate heat treatment tempers as shown in Table 2. Tensile
tests were conducted on heat treatments that corresponded to
underaged (UA), peak-aged (PA), and overaged (OA) por-
tions of the precipitation hardening curves, in addition to the
naturally aged condition ( —T3X). The artificial aging temper-
atures under evaluation ranged from 300 to 400°F. Tensile
property trends for various aging temperature and time com-
binations are summarized in Fig. 3. The yield and tensile
strength results indicate that the age hardening peak is at-
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Fig. 3 Age hardening response for IM Al-Li Alloy (LOCKALITE)
extrusions.

Table 2 Isothermal aging study on IM Al-Li alloy (LOCKALITE) extrusions®

Aging

temp, Aging F,, F,,
Temper °F time, h ksi ksi e, % RA, % E, x 10°psi
-T3X R o 47.1 56.8 10.4 19.7 11.6
-T8X (UA) 300 4.0 63.4 75.8 8.2 7.6 11.5
-T8X (UA) 300 12.0 66.8 71.9 7.8 6.7 11.6
-T8X (UA) 350 1.5 60.4 72.3 8.5 6.1 11.3
-T8X (UA) 350 8.0 69.2 80.0 7.5 5.0 11.5
-T8X (PA) 350 24.0 83.2 88.3 7.6 9.4 11.7
-T8X (OA) 350 72.0 78.8 81.7 8.3 15.6 11.4
-T8X (OA) 375 32.0 73.3 71.5 8.8 17.5 11.3
-T8X (OA) 400 12.0 72.0 76.4 8.5 17.4 11.1
-T8X (OA) 400 48.0 64.1 71.4 7.8 12.4 11.2

2Longitudinal orientation, average of triplicate specimens.

Table 3 Mechanical property results for candidate IM Al-Li alloy (LOCKALITE) extrusion

Test
Property direction LOCKALITE? 7075-T6X" 7075-T76° 7075-T73%
Strength
F,, ksi L 82.9 76.0 67.0 63.0
LT 69.6 68.0 61.0 58.0
F,, ksi L 87.1 85.0 76.0 73.0
LT 78.6 78.0 71.0 69.0
e, % L 8.3 7.0 7.0 8.0
LT 6.8 7.0 7.0 8.0
E, x 10°psi L 11.6 10.4 104 10.4
LT 11.5 10.4 10.4 10.4
NTS/YS L 1.19 1.25 — —
LT 1.10 1.20 —_— —
F,_, ksi L 80.4 76.0 67.0 63.0
LT 71.2 74.0 66.0 61.0
E,, x 106 psi L 11.8 10.7 10.7 10.7
LT 11.6 10.7 10.7 10.7
F,,, ksi L 422 44.0 41.0 39.0
LT 42.4 40.0 —_— e
Fracture toughness:
Ky /K, LT 30.7 29.0 320 35.0
ksi-in.'/2 T-L 15.6 21.0 23.0 23.0
Fatigue
SFnaxs ksi L 23.8 26.0 220 21.0
dda/dN, x 10~%in./cycle L-T 32 18.0 10.0 9.0

2-T8X temper, aged at 350°F for 24 h.

SMIL-HDBK-5E design properties, “B” basis, 0.75-1.50 in. thickness.
°Constant-amplitude fatigue, F,,, at N =10° cycles, K, =3, R = +0.1.
dFatigue crack growth, da/dN at AK = 10 ksi-in.'’?, R = 40.1, f = 20 Hz, relative humidity > 95%.
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tained for times in excess of 8 h at 350°F. Apparently the peak
strength plateau is rather broad, from approximately 8 to 72 h
at this intermediate temperature, with all yield strength values
exceeding 75.0 ksi. Tensile property screening led to the selec-
tion of a recommended —T8X temper consisting of 350°F for
24 h.° For this heat treatment condition, an optimum combi-
nation of strength and ductility was obtained in the LOCK-
ALITE alloy extrusions.

Materials Properties

The mechanical property behavior of the LOCKALITE
extruded bar was determined from tests conducted using
standard ASTM testing procedures. The results were obtained
to facilitate comparisons with 7075-TXX aluminum extru-
sions and to provide a basis for interpreting the structural
panel evaluations. Smooth and notched tension, compression,
shear, fracture toughness, notched fatigue, and fatigue crack
growth properties were established for the candidate Al-Li
alloy in the recommended —T8X temper. Testing was con-
ducted in both the L and LT grain directions. The average test
results of LOCKALITE were compared with “B” basis design
mechanical properties for 7075-TXX aluminum extrusions
obtained from MIL-HDBK-5E in Table 3.

The “B” basis properties for LOCKALITE would be 5 to
10% lower than the values given in Table 3. Therefore, the B
basis properties of Al-Li would fall between the properties for
7075-T6 and 7075-T73 aluminum extrusions. Tension and
compression properties are shown in Fig. 4 for the two
extruded products. High strength levels in both grain orienta-
tions, ultimate of 79-87 ksi and yield of 70-83 ksi, were
obtained for the LOCKALITE alloy with tensile elongations
of 7 to 8%. A slightly greater tendency for anisotropic
strength and modulus properties was exhibited by the Al-Li
alloy extrusion. Elastic modulus improvements of 13-15%
compared to 7075 aluminum were in agreement with results
obtained in the aging study. Fracture toughness indications
for the LOCKALITE extruded bar was determined using
compact-tension (CT) fracture toughness specimens. Results
of the fracture toughness tests on the Al-Li alloy are com-
pared with several high strength aluminum alloys in Fig. 5.
Due to minor differences in crack length measurements and

specimen load levels, the test findings were not considered to
be strictly valid K. values. However, the K, toughness values -

appear to be equivalent to typical results for 7075-T76X and
7075-T73X aluminum extrusions. The preliminary damage
tolerant and durability properties, established from notched
fatigue and crack growth rate testing, met or exceeded 7075-
T6X properties. For these reasons, the LOCKALITE alloy
extrusion appears to be a suitable candidate for consideration
in structural applications involving conventional 7075 alu-
minum alloy products.
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Structural Tests

Specimens and Test Arrangements

Two integrally stiffened compression panels approximately
18in. long were machined from the extruded plank to the
configuration shown in Fig. 6a. Identical panels, shown in
Fig. 6b, were also fabricated from 7075-T73 aluminum ex-
truded bar. The 7075-T73 extruded aluminum was selected for
comparison with Al-Li, because the coupon tests indicated the
compression strength of the Al-Li panels would be equal to or
greater than the compressive strength of 7075-T73 panels. The
panels were designed so that three equally spaced risers could
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Table 4 Summary of panel dimensions
Panel dimensions, in.
Panel h t 1, ty 1, W, w, Ws L
1 1.051 0.144 0.136 0.138 0.1005 4.505 1.556 1.544 17.83
2 1.053 0.140 0.136 0.141 0.0965 4.500 1.556 1.555 17.80
3 1.052 0.138 0.136 0.132 0.0975 4.505 1.556 1.554 17.83
4 1.052 0.142 0.137 0.140 0.1040  4.504 1.556 1.554 17.81
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Table 5 Section properties of test panels

Section properties

Area, 7, I RHO
Panel Material in.? in® . in*4P in.°
1 7075-T73 0.875 0.291 0.0894 0.319
2 Al-Li 0.859 0.305 0.0840 0.313
3 7075-T73 0.0853 0.290 0.8740 0.320
4 Al-Li 0.0891 0.289 0.9020 0.318

“Distance to neutral axis from skin side of panel.
bSection modulus.
“Radius of gyration.
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Fig. 6 Cross section of integrally stiffened compression panels machined
from extrusions.
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‘be machined from the Al-Li extruded plank. The grain flow
characteristics in the skin and the junction between skin and
riser are similar for both extrusions, because of the selected
panel locations (refer to Fig. 6). At the midheight of the
risers, the grain flow is somewhat perturbed in the Al-Li
‘panels, although a significant influence is not expected on test
results.

The compression panels were sized so that column buckling
would be more critical than localized buckling of the skin and
risers.'? Table 4 summarizes the results of measurements made
on each panel. The final dimensions were very close to the
nominal dimensions given in Fig. 6a. The ends of the panels
were machined flat, square, and parallel to within +0.0005 in.
The section properties given in Table 5 were calculated using
the dimensions given in Table 4.
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integrally stiffened panels.

The compression tests were conducted at California State
Polytechnic University at Pomona."® The tests were conducted
in a Tinius Olsen hydraulically actuated test machine located
in the Strength of Materials Laboratory on the Pomona
University Campus. The specimens were tested flat-ended
between flat square plates that were surface ground to a very
smooth finish. Back-to-back strain gages (Micro Measure-
ment Type CEA-00-125UW-120) were installed at the middle
of the panels at three locations: on the skin midway between
the risers at two locations, and at the end of the middle riser.

Test Results

The panels were loaded incrementally to failure. Strain
readings and lateral deflection measurements were recorded at
each load increment. Typical results of the strain gage read-
ings are plotted in Figs. 7 and 8. The back-to-back gages read
approximately the same value of strain at all load levels. This
indicates that no localized skin or flange buckling occurred up
to the maximum load that was recorded for the strain read-
ings. In all cases, the load-strain curves exhibited essentially a
linear relationship up to the point indicated as “initiation of
bending.” When bending occurred, the skin gage readings
curved in one direction, and the flange gage readings curved
in the opposite direction. For panels 1 and 2, the bending
increased the compressive strain in gages 3 and 4 on the riser,
and decreased the compressive strain in the skin gages. For
panels 3 and 4, the bending strains were in the opposite
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Fig. 11 Tangent modulus of elasticity for 7075-T73 aluminum and
Al-Li extrusions.

direction; i.e., increasing the compressive strain in the skin
gages and decreasing the compressive strain in the flange
gages. This behavior is typical of compression tests conducted
on ccﬁumns as the compressive load approaches the failure
load.

The elastic stiffness of the panels, given by the initial slopes
of the load-strain curves, is indicated by the values of E on
Figs. 7 and 8. The stiffnesses were obtained by dividing the
slope by the calculated cross-sectional area given in Table 5. If
these panels were uniformly loaded with no eccentricity, the
slopes of these curves would be approximately equal to the
moduli of elasticity of 10.7 x 10° psi for 7075-T73 aluminum
and 11.5 x 108 psi for Al-Li. It is apparent that the stiffnesses
obtained from the skin gage measurements agree very well
with the moduli values for these two materials. The fact that
fthe slopes are different for the flange gages and skin gages
indicates that the skin and flanges were not being loaded
equally and uniformly. This difference in strain was small and
within the accuracy of measurements up to the “initiation of
bending” load.

_ The mode of failure of the four panels is depicted schemat-
ically in Fig. 9. Panels 1 and 2 failed by column buckling and
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local buckling of the risers at the midheight of the panels, as
shown in Fig. 9a. At failure of panel 2, the risers separated
from the skin at the top of the fillet radius. A photo of failed
panels 1 and 2 is shown in Fig. 10. Panels 3 and 4 also failed
by column buckling with local flange buckling occurring at
the ends of the panel as shown in Fig. 9b. The risers also
separated from the skin at the top of the fillet radius on panel
4. As a result of differences in lateral deflection of the
columns, the compressive strain in the flanges of panels 1 and
2 is highest at the center of the panel. Panels 3 and 4 deflected
laterally in the opposite direction, producing the highest
compressive strain in the risers at the ends of the panels.
Separation of the risers from panels 2 and 4 is attributed to
the lower ductility of Al-LI alloys in the short-transverse (ST)
grain direction across the riser thickness compared to 7075-
T73 aluminum. The elongation of some Al-Li alloys is re-
ported to be less than 2% in the ST direction. High tensile
strains are induced at the base of the flanges when the flanges
buckled at panel failure.

Comparison of Predictions and Test Results

The preliminary analysis using a Lockheed-Advanced
Structures computer program indicated that the panels would
fail in column buckling. The predicted local buckling stress of
the cross section was much higher than the predicted column
buckling strength. In the computerized analysis, the predicted
stability loads cannot be exceeded unless localized buckling
occurs at stresses below the predicted stability loads. Based on
the results of this analysis and the following discussions,
column buckling is considered the primary mode of failure,
and localized bucklling of the flanges the secondary mode of
failure.

The column buckling strength was predicted using the
tangent modulus formula given by:'*

P n’E,
(L)

(1

The tangent modulus of elasticity as a function of the applied
stress is given in Fig. 11 for the two materials. The tangent
modulus for Al-Li alloy material was calculated based on
values of F, ; and n obtained from tension stress-strain curves.
The end fixity coefficient of ¢ = 3.5 was based on experience
obtained on other compression panels tested in a flat-ended
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Table 6 Summary of test results and predictions for compression panel tests

Initiation of Panel Predicted
bending failure failure
Panel Material Load, Ib Stress, psi Load, 1b Stress, psi Stress, psi®
1 7075-T73 45,000 51,429 " 54,500 62,286 62,000
2 Al-Li 37,500 43,655 52,500 61,118 61,500
3 7075-T73 43,500 50,996 54,450 63,834 62,000
4 Al-Li 43,500 48,822 56,500 63,412 61,500

2Column buckling using tangent modulus of elasticity.

configuration. The radius of gyration of each panel cross
section is ‘given in Table 5.

The comparison between predicted column strength and
test results is given in Table 6. The predicted failure stress is
very close to the ultimate stress at failure of each panel. Also,
the predicted failure stress and the panel failure stress are
approximately the same for the two 7075-T73 aluminum
panels and the two Al-Li panels. This is because the tangent
modulus of elasticity for the two materials is approximately
the same for stress levels above 58,000 psi, as shown in Fig.
11. Therefore, the column strength is equivalent for panels
designed from the two materials for stress levels above
58,000 psi. However, the Al-Li panels would be approximately
8% lighter because of the differences in density between the
two materials. For stress levels below 58,000 psi, the Al-Li
panel would save additional weight because the modulus of
elasticity is higher, as shown in Fig. 11. Weight saving analy-
sis'® indicates a 13% weight saving potential for a compres-
sion surface column mode of failure.

As shown in Fig. 8, the compressive strain in the flanges at
the center of the column increases asymptotically to the
failure load, while the strain in the skin decreases near panel
failure. The comipressive strain in the flanges is highest at the
center of the column for panels 1 and 2 because of the lateral
bending of the column as depicted in Fig. 9a. Therefore,
localized buckling of the flanges at the center of the column is
expected to occur at the failure load as the compressive strain
‘approaches the critical value. For panels 3 and 4 the highest
compressive strain in the flanges occurs at both ends of the
column as depicted in Fig. 9b, and localized flange buckling
would be expected to occur there. Where localized buckling
occurred in the flanges, the compressive strain was much
lower in the skin.

To predict localized buckling of the ﬂanges it is assumed
that the flanges were simply supported by the skin. This
occurs because the local strains in the skin at the locations of
flange buckling were decreasing as the applied load ap-
proached the failure load, while the local strains in the flanges
were increasing. The buckling stress of long flanges simply
supported on one edge can be predicted from the following
equation:*?

Fu=kE(? @

For a long flange with one edge free and one edge simply
supported, k_ is equal to 0.375. The secant moduli of elasticity
for the two materials are plotted in Fig. 12. The width b of the
flange was measured from the riser side of the skin.

The flange buckling stress for the panels was calculated to
be 66,300 psi for panels 1 and 3, and 66,800 psi for panels 2
and 4. These stress values correspond to compressive $train
levels of 7600 and 7800 pin./in. for 7075-T73 aluminum and
Al-Li panels, respectively. By extrapolation of the curves in
Figs.. 7 and 8, these critical strain levels in the flanges are
achieved at loads very close to the ultimate load. The flanges
of panels 3 and 4 buckled at the ends of the panels where no
strains were recorded, but it is assumed the same type of
behavior occurred in these two panels.

Based on the data obtained during testing and the subse-
quent analyses, the failure sequence of the panels can be
described as follows. As compression load is applied to the
specimens, the compression strain increases linearly until the
column starts to bend. For these panels, this occurred at
approximately the proportional limit stress of the material as
indicated in Table 6. As the load is increased further, the
bending strains increase more on one side of the panel than on
the other side. Near the tangent modulus predicted failure
load for column buckling, the compressive strains in the
flanges have increased sufficiently to cause flange buckhng
When flange buckling occurs, the stiffness of the column is
further reduced, and complete failure ensues. Whether flange
buckling occurs at the center of the column or at the ends of
the column is related to the direction of column bending, as
indicated in Fig. 9. If the ductility of the material is low, as for
Al-Li alloys in the ST orientation, the risers can separate from
the skin when flange buckling occurs. Even if flange buckling
did not occur, these panels could not support significantly
higher compression loads, because the tangent and secant
moduli of elasticity for both materials decreases rapidly for
higher stresses as shown in Figs. 11 and 12.

- Conclusions

A materials characterization and structural behavior study
on Al-Li alloy extrusions has been described in the preceding
sections. The experimental results and analyses have led to the
following conclusions:

1) The mechanical property behavior of the candidate Al-
Li alloy, designated LOCKALITE, represents a suitable re-
placement for convent10na1 7075-T76X and - 7075-T73X
aluminum extrusions.

2) The results of stiffened compression panel tests using
both Al-Li and 7075 aluminum alloys are consistent with
prediction methods 1nvolv1ng stress analyses and materlal
properties.

3) The application of Al-Li alloys in compression critical
structures contributes to a weight savings of 8% due to
density reduction, and an overall savings of up to 13% based
on specific modulus improvements.
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