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Abstract: The mechanical properties and grain structures of 2A55 Al-Li alloy plate with 20 mm in thickness after
T6-aging at 165 °C for 24 h were investigated. The aging precipitates, grain structures and mechanical property
distribution along the circumferential and axial directions in the T6-aged spun-dome with 1 m in diameter
spin-deformed through the 2A55 Al-Li alloy plate with 20 mm in thickness were studied. The precipitates in the
T6-aged dome include a great number of 71 (Al,CuLi) precipitates and a small number of &’ (AlsLi) and 8’ (Al,Cu)
precipitates. The distribution of 71 precipitates is uneven, which is characterized by dense distribution at subgrain
boundaries and the formation of precipitate-free zone (PFZ) at high angle grain boundaries. The T6-aged plate
possesses almost same strength along a same direction, but there exists anisotropy with the lowest strength along 45°
direction and the highest strength along the rolling direction. The T6-aged dome possesses great mechanical property
discrepancy along a same circumferential direction and axial direction, which is correlated with the variation of the
angle of the dome circumferential direction and axial direction to the rolling direction and the resulting different
textures and grain aspect ratio at different locations. There exists a heredity effect in the grain structures and mechanical
properties from the original hot-rolled plate to the subsequent spin-deformed dome.
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Novel Al-Li alloys were developed and are
1 Introduction still in development through adjusting main
alloying elements of Cu and Li and micro-alloying

Al-Li alloys were considered as the most
attractive Al alloys in the aircraft and aerospace
industries because of their desirable properties, such
as low density, high specific strength and elastic
modulus, good corrosion resistance, excellent
cryogenic properties, and low fatigue crack growth
rate [1]. In fact, the third generation Al-Li alloys,
such as 2195, 2050, 2099, 2196 and 2197 alloys
were successfully used and performed excellently
in aircraft and aerospace structures [2,3].

elements such as Mg, Ag, Mn and Zn [4]. It was
reported that Mg+Ag and Mg+Zn additions greatly
enhanced the strength of Al-Li alloys [5,6], the
representative alloys include 2195 applied in the
space shuttle tank [7,8] and 2099 used in Airbus
A380 [2]. A super-high strength Al-Li alloy 2055
was developed by a combined addition of Mg,
Ag and Zn [9-12]. According to the alloying effect
investigation of micro-alloying elements Mg, Ag
and Zn [13] and main alloying elements such as Cu
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and Li [14], our research group also invented a
novel ultra-high strength Al-Li alloy 2A96
(later registered as 2A55). After T8 aging, the
representative ultimate tensile strengths of the
sheet with 2 mm in thickness and the plate with
10 mm in thickness are 600 and 630 MPa,
respectively [15—17].

Single-piece spin-formed dome manufactured
from Al-Li alloy plate has the potential application
prospect in fabricating cryogenic propellant tanks in
carrier rocket. HALES et al [18,19] joined two
2195 Al-Li alloy plates together to provide a
sufficiently wide plate through friction stir welding
(FSW) and then fabricated a hemispherical dome
with 5m in diameter through spin-forming
technology. Spun-domes with diameters of 1 and
3.35 m were also fabricated in China [20—22]. The
invented 2A55 Al-Li alloy is potential in
application in cryogenic tanks and can be used to
fabricate dome through spinning deformation. It is
noted that Al-Li alloys possess in-plane anisotropy
(IPA), which are affected by texture and grain shape
(aspect ratio) [23—27]. The IPA of 2A55 Al-Li alloy
plate may be inherited into its subsequent
spin-deformed domes, which can lead to strength
discrepancy at different locations in the dome and
difficulties in structural design. In order to achieve
uniform distribution of mechanical properties in the
2A55 Al-Li alloy spun-dome, it is of great
significance to clarify the mechanism of mechanical
property distribution and therefore effectively
reduce this heredity effect. However, there is little
research on this heredity effect. Therefore, the
anisotropy of 2A55 Al-Li alloy plate and its
dependent mechanical property distribution in
subsequent To6-aged spin-formed dome
investigated.

WCETe

2 Experimental

2.1 Materials and procedures

The hot-rolled 2A55 Al-Li alloy plate with
20 mm in thickness and chemical composition of
Al-3.75Cu—1.24Li—0.41Mg—0.37Ag—0.11Zr—0.3Mn
(mass fraction, wt.%) was received from Southwest
Aluminum (Group) Co., Ltd., China. After annealing,
a dome with a diameter of 1 m was then spin-
formed at approximately 300 °C through using the
Al-Li alloy plate.

Top, middle and bottom parts were cut from

about one quarter of the dome. The top, middle and
bottom parts were then divided into 4 blocks,
respectively (Fig. 1(a)). For simplicity, different 4
blocks in the top group are represented by T-1, T-2,
T-3, and T-4, those in the middle group are
represented by M-1, M-2, M-3, and M-4, while
those in the bottom group are represented by B-1,
B-2, B-3, and B-4. Tensile samples were then cut
from the blocks at the center through thickness
along the circumferential direction (i.e. parallel to
the spinning line) and axial direction (i.e.
perpendicular to the spinning line), respectively, as
shown in Fig. 1(b). In addition, samples for
metallography and texture observation were
cut at the locations shown in red color. After
solution treatment at 510°C for 50 min, the
samples cut from the dome were quenched in cold
water and then aged at 165 °C for 24 h.

Texture sample

Tensile sample

>
>

Spinning line

Fig. 1 Milled 2A55 Al-Li alloy dome (a) and schematic
diagram of sampling location (b)

For comparison, some samples were cut from
the original hot-rolled plate at the center through
thickness along the direction with angles of 0°,
30°, 45°, 60°, and 90° to the rolling direction. The
samples were then solution-treated and aged at
165 °C for 24 h.
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2.2 Tensile tests

After T6 aging, the tensile properties of the
samples cut from the plate with 20 mm in thickness
and the dome blocks were measured using an MTS
858 universal testing machine with a strain rate of
1.0x1073s™! at ambient temperature, respectively.
The dimensions of the parallel section in the test
samples are 25 mm in length and 5 mm in diameter.
Three tensile tests were carried out for each
condition, and the average strength and elongation
were then calculated.

2.3 Structure observation

The samples for metallographical observations
were cut at the center through thickness. The
circumferential section parallel to spinning line and
axial section perpendicular to spinning line were
mechanically grounded and polished, and then
anodically treated at room temperature and a
voltage of 23 V for 1 min in a solution containing
1.1 g H3BOs, 95mL H,O and 3mL HF. The
metallographical observations were performed with
an optical microscope (OM, Leica DMI300 M).

The texture detection was carried out through a
Brucker D8 Discovery X-ray diffractometer.
Incomplete polar figures (IPFs) of {I111}, {200}
and {220} were detected, and the orientation
distribution function (ODF) was then calculated.
The texture was analyzed quantitatively through
particle swarm optimization (PSO). For the texture
measurement of the dome sample, the spinning
direction was defined as rolling direction.

Precipitates were observed by means of
transmission electron microscopy (TEM). The TEM
foils were prepared by mechanical grinding and
twin-jet electropolishing in a solution containing
30% nitric acid and 70% methanol (volume fraction)
at —25°C with a voltage of 15-20V. TEM
observation was performed with a Tecnai G?20
TEM operating at 200 kV through conventional
bright-field (BF), dark-field (DF) imaging, and
selected area electron diffraction (SAED).

3 Results

3.1 Tensile properties and structures of Al-Li
alloy plate
3.1.1 Tensile properties of T6-aged plate
Figure 2 shows the representative tensile
curves of the solution-treated and T6-aged Al-Li
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Fig. 2 Representative tensile curves of 2A55 Al-Li alloy

plate with 20 mm in thickness along different directions:

(a) Solution-treated; (b) T6-aged at 165 °C for 24 h

alloy plate along different directions. The solution-
treated plate shows different tensile behaviors along
different directions. Along the directions with 45°
and 60° angles to the rolling direction, the alloy
shows lower strength, smaller strain hardening rate
and larger elongation than that along the other
directions (Fig. 2(a)). After T6 aging, the strain
hardening rate along different directions is
decreased, but the yield strength difference among
different directions is obvious, as shown in Fig. 2(b).
The tensile curves also indicate the strength along
45° direction is the lowest and that along the rolling
direction is the highest. According to these tensile
curves, the yield strength (YS), ultimate tensile
strength (UTS) and elongation (EL) after fracture
are obtained, as shown in Fig.3. Both the
solution-treated and T6-aged plates possess IPA.
However, it should be emphasized that the tensile
properties along the same direction are almost the
same in both the solution-treated and T6-aged
plates, as indicated by the error bar in Fig. 3.

According to Ref. [25], the IPA can be defined
as the following equation:
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where N(=5) is the number of stress loading
directions, Xmax, Xmin, and Xmia represent the
maximum, minimum and intermediate values in the
tensile properties along N directions, respectively.
The tensile property X can be YS, UTS and EL.
Table 1 shows the calculated IPA of YS, UTS and
EL. The IPAs of YS and UTS in the solution-treated
and T6-aged plates are similar, but the IPA of EL in
the solution-treated plate is much higher.
3.1.2 Grain structures of plate

Figure 4 shows the metallographic images of
center layer in the solution-treated plate through
thickness. The solution-treated plate exhibits
pancake shape grains elongated along the rolling
direction. It is noted that the aspect ratio on
longitudinal section (Fig. 4(a)) is much higher than
that on transversal section (Fig. 4(b)).

The ODFs of the center layer in the solution-
treated plate with 20 mm in thickness are shown
in Fig. 5. There exists obvious Brass texture. The

Table 1 IPAs of YS, UTS and EL in solution-treated and
T6-aged 2A55 Al-Li alloy plates (%)

State YS UTS EL
Solution-treated 6.54 6.37 30.76
T6-aged 7.01 6.97 17.8
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Fig. 5 ODFs of center layer in solution-treated plate with 20 mm in thickness
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deformation texture of S component and
recrystallization texture of Cube and Goss

components can also be found. The volume fraction
of the Brass texture and S texture is up to 35% and
16%, respectively, as shown in Table 2.

Table 2 Volume fractions of different textures of center
layer in solution-treated plate (vol.%)

Brass S
35.23 16.15

Cube
7.93

Total
63.22

Goss
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3.2 Tensile properties and structures of Al-Li
alloy dome
3.2.1 Tensile properties of T6-aged Al-Li alloy
dome
Figure 6 shows the tensile curves of 4 blocks
of the bottom group in the Al-Li alloy dome along
circumferential direction and axial direction after
solution treatment and T6-aging. The tensile curves
of different blocks along the same circumferential
direction and axial direction are different. Table 3
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Fig. 6 Tensile curves of 4 blocks in solution-treated and T6-aged bottom group along circumferential direction (a, b)
and axial direction (c, d): (a, ¢) Solution-treated; (b, d) T6-aged

Table 3 Average tensile properties of different blocks in bottom group

Circumferential direction

Axial direction

Block No. State
YS/MPa UTS/MPa EL/% YS/MPa UTS/MPa EL/%
B.1 Solution-treated 168.8 336.9 30.5 167.2 334.9 24.1
T6-aged 519.5 570.0 11.2 5413 580.0 11.4
B2 Solution-treated 173.6 345.5 22.7 166.2 332.2 27.3
T6-aged 537.4 585.0 12.0 519.4 567.0 15.4
B3 Solution-treated 170.7 341.0 25.0 166.8 328.7 31.2
T6-aged 543.0 593.0 9.0 531.4 571.0 10.3
Solution-treated 172.2 347.6 23.6 173.2 343.9 323
B4 T6-aged 561.7 603.0 8.4 528.8 568.0 11.3
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shows the specific tensile properties of 4 blocks in
the bottom group, and there exists great discrepancy
in the strength and elongation. This discrepancy is
not caused by accidental error, because the strength
of three samples at the same location and along the
same direction is almost the same.
3.2.2 Grain structures of dome at different locations
Figure 7 shows the metallograhic images of

different blocks in the bottom group on
circumferential section and axial section at the
center through thickness. For Block B-4, the grains
display the elongated morphology along both
circumferential direction and axial direction, but the
aspect ratio along the circumferential direction is
higher (Figs. 7(a, b)). For Block B-3, the grains
display similar feature (Figs. 7(c, d)).

—— = e

Fig. 7 Metallographic images of different solutionized dome blocks in bottom group along circumferential direction
(a, c, e, g) and axial direction (b, d, f, h) at center through thickness: (a, b) B-4; (c, d) B-3; (e, f) B-2; (g, h) B-1
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For Block B-2, there is no significant
difference between the aspect ratio on the
circumferential section and the axial section
(Figs. 7(e, 1)). However, for Block B-1, the grain
morphology is much different, and the aspect ratio
on the circumferential section is much lower than
that on the axial section (Figs. 7(g, h)).

Figure 8 shows the ODFs of different
solution-treated dome blocks in the bottom group at
the center through thickness, which indicates that
the texture types are much different. In Blocks B-4
and B-3, there exist obvious deformation textures of
Brass, Cu and S components (Figs. 8(a,b)).
However, in Blocks B-2 and B-1, the deformation

0,=45°

»,=0°
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textures weaken or disappear (Figs. 8(c, d)). Table 4
shows the volume fractions of different textures in
the solution-treated blocks of the bottom group. The
deformation texture volume fraction in Blocks B-3
and B-4 is much higher than that in Blocks B-1 and
B-2. However, it is also noted that the volume
fraction of deformation textures in solution-treated
Blocks B-3 and B-4 is obviously lower than that in
the original solution-treated plate.
3.2.3 Precipitates in T6-aged dome block

Figure 9 shows the SAED patterns and TEM
images of the dome after T6 aging at 165 °C for
24 h. In the [100]a1 SAED pattern, spots at {110} i
and {100} 4; are observed. In addition, weak and
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Table 4 Volume fractions of different textures in solution-treated blocks in bottom group at center through thickness

(vol.%)
Block No. Brass Cu S Cube Goss  R-Cube (101)[111] Deformation texture Total
B-1 14.02 0 0 8.45 0 2.45 21.36 14.02 46.28
B-2 5.8 5.78 0 7.57 0 8.19 0 10.58 27.34
B-3 11.31 9.69 1453 10.87 4.11 0 0 35.53 50.51
B-4 16.78  12.85 8.38 11.43 7.25 0 0 38.01 56.69
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Fig. 9 SAED patterns and TEM images of dome after T6 aging at 165 °C for 24 h: (a) [100]a1 SAED pattern; (b) [112]a
SAED pattern; (c) DF image showing 6”and 6’ precipitates viewed along (100)a1 direction; (d, ¢) BF images showing

T1 precipitates viewed along (112)a; direction

discontinuous streaks passing through {110} 4; spots
are distinguished (Fig. 9(a)). Accordingly, a small
number of ¢’ (Al:Li) precipitates and 6’ (Al,Cu)
precipitates are observed in the DF image viewed
along (100)a: direction (Fig. 9(c)). In the [112]as
SAED pattern, bright streaks passing through
1/3{220} a1 and 2/3{220} o1 (Fig. 9(b)) are observed,
indicating a great number of 71 precipitates.
Accordingly, a great number of 71 precipitates are
observed in the BF images viewed along (112)a;
direction (Figs. 9(d, )). However, T1 precipitates
are distributed unevenly, and their number density
at subgrain boundaries is much higher than that
within the grain (Fig. 9(d)). At the high angle grain
boundaries, the T'1 precipitates are scarce and a PFZ
(precipitate-free zone) is formed (Fig. 9(e)).

The above TEM observations indicate that the
precipitates of 2195 Al-Li alloy dome with T6

aging at 165 °C for 24 h include 71, #”and 6" The
main precipitates are 71, which are distributed
unevenly.

4 Discussion

4.1 In-plane anisotropy of Al-Li alloy plate

Both the solution-treated and T6-aged Al-Li
alloy plates with 20 mm in thickness possess IPA,
which is related to the texture existing in the plate.
The plate was fabricated through hot-rolling,
during which dynamic recovery and dynamic
recrystallization occurred and the stored energy was
released. During the subsequent solution treatment,
the stored energy is too low to activate the
recrystallization. Deformation textures with a large
volume fraction were therefore maintained in the
solution-treated plate and the grains kept as
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thin-pancake shape.

The IPA of the solution-treated and T6-aged
Al-Li alloy plates is correlated with Schimid factor
(fsr) along different directions caused by the
deformation textures. The fsr value is defined as

fsri—=C0S @,cOS A; 2)

where ¢; is the angle between tensile direction and
normal direction of the ith slip system, and 4; is the
angle between tensile direction and slip direction of
the ith slip system. With the fsr, the resolved shear
stress 7; on the ith slip system due to external tensile
stress o can be calculated as

TiZO'fSF,i (3)

As 1<t (7. 1s the critical resolved shear stress),
the slip system with maximum fsr value is the most
possible slip system activated during tensile
deformation. Along different directions, the
maximum fsr for a certain texture component is
different. Therefore, the total fsr (fsrr) for the
solution-treated plate along different directions can
therefore be calculated. Considering the specific fsr
values of different textures and the average fsr (0.33)
of texture-free FCC polycrystal [28], the fsgr is
calculated according to the following equation:

Jser = ZfSF,i F+ fsro By “4)
i=0

where F; means the fraction of different textures, i
describes the texture type and n refers to the
number of textures in the sample. fspo and Fo
represent the average fsr and fraction of the rest
texture-free polycrystal without texture, respectively.
The maximum fsr values of different textures
in Al alloys along 0°, 45° and 90° directions
are presented in Table 5. The fsrr values for the
solution-treated plate along these directions are

Table 5 Maximum fsr of different textures and fsr
along 0°, 45° and 90° directions for solution-treated plate

Texture Volume Maximum fsr

type fraction / % 0° 45° 90°
Brass 35.23 0.4096 0.4453 0.2753
Cu 0 0.2753 0.5 0.4082
S 16.15 0.4254 0.4819 0.4449
Cube 7.93 0.4082 0.4082 0.4082
Goss 3.91 0.4082 0.3485 0.4048
JSET 0.3827 0.4021 0.3384

therefore calculated according to Eq. (4). Because
the low temperature aging has little influence on the
texture [23], the texture can be assumed to be the
same for the T6-aged and solution-treated plates.
The fser values of the T6-aged plate are therefore
almost the same to those of the solutio-treated plate.

It is found that the fsrr of the sample along 45°
direction is higher than that of the sample along
both 0° and 90° directions. Higher fsr,r means easier
sliding of dislocations and lower YS. The highest
fsrr of the sample along 45° direction contributes to
its lowest strength. However, it is noted that the
sample along 90° direction possesses the lowest fskt,
but its strength is not the lowest.

Another factor should be considered. Along
the 90° direction, the maximum fsr of Brass texture
(0.2753) is much lower, and that of S texture
(0.4449) is obviously higher than that of other
textures. At the beginning of the tensile deformation,
S texture with maximum fsr of 0.4449 should be
quickly activated. Therefore, although the total fsrr
is lower, the strength along 90° direction is still a
little lower than that along 0° direction.

4.2 Mechanical property distribution within Al—
Li alloy dome

The strengths along both the circumferential
direction and axial direction in different blocks are
different (Fig. 6), which are associated with grain
structure difference at different locations. It is noted
that the grain morphologies of different blocks
in the bottom group along the circumferential
direction and axial direction are different, which is
characterized by various grain aspect ratios and
texture types and volume fractions.

It is known that fs¢ difference causes strength
discrepancy, and higher fsr corresponds to lower
YS. According to Eq.(4), combined with the
maximum fsr along 0° direction (corresponding to
circumferential direction in the dome) and 90°
direction (corresponding to axial direction in the
dome) shown in Table5, the fsgr along the
circumferential direction and axial direction in
different blocks can be calculated when total texture
component and texture-free component are included,
as shown in Table 6. However, the calculated results
are inconsistent with the performance relationship
that higher fsrr corresponds to lower YS. For
example, along the circumferential direction,
according to its almost the lowest fsr.r (0.3438), Block
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Table 6 fseT and YS values of blocks in bottom group along 0° and 90° directions

Block No. Direction Jser Average YS of EL of AverageYS EL of
Total included ~ Components excluded* ST/MPa ST/%  of T6/MPa  T6/%

B.1 0° 0.3664 0.3664 169 30.9 519 11.2

90° 0.3476 0.3090 172 24.6 537 11.4

B2 0° 0.3438 0.3279 174 21.9 537 12.0
90° 0.3437 0.3277 168 26.2 519 15.4

0° 0.3592 0.3326 172 24.2 543 9.0

B3 90° 0.3598 0.3287 164 30.5 531 10.2

0° 0.3589 0.3236 172 22.9 561 8.4

B4 90° 0.3551 0.3089 174 32.5 528 11.3

ST: Solution-treated; * Along circumferential and axial directions, the Cu component and Brass component are excluded, respectively

B-2 should possess almost the highest YS. However,
its YS is actually lower than that of Blocks B-3 and
B-4 along the circumferential direction.

It should be noted that Cu texture along 0°
direction and Brass texture along 90° direction have
the maximum fsr of 0.2753, thus the corresponding
sliding system actually cannot be activated as the
alloy begins to yield due to its too low fsr. Based on
this analysis, the fser calculation along 0° direction
and 90° direction should exclude the Cu or Brass
components, respectively. The fsgr is therefore
re-calculated, as shown in Table 6.

According to Table 6, the fspr of different
blocks in the bottom group along circumferential
direction changes in the following order: fsrrp4<
fskB2< fsrr3< fsrrp-1. This sequence corresponds
to the lowest strength of Block B-1 and the highest
strength of Block B-4 along the circumferential
direction. In addition, the volume fraction of Cu
texture displays as B-4>B-3>B-2>B-1. Along
the circumferential direction (0° direction), the
maximum fsr (0.2753) of Cu texture is much lower
than that of the other texture components, the
corresponding grains are unable to deform and also
impede the deformation of neighboring grains due
to coordinated deformation, which therefore leads
to greater deformation resistance during the tensile
process. As a result, the YS of Block B-3 is higher
than that of Block B-2 along the circumferential
direction.

Along the axial direction, the fsrr of different
blocks are as follows: fserp4 = fsetp1 < fSETB2 &
fskrps. In addition, along the 90° direction (i.e.
axial direction), Brass texture has a much lower
maximum fsp, but S texture has a maximum fsr

obviously higher than the other textures. Blocks
B-1, B-3 and B-4 have higher volume fractions of
Brass texture than Block B-2, and Block B-3 has
the highest volume fraction of S texture. These
factors therefore result in that the YS of Block B-2
is lower than those of Blocks B-1, B-3 and B-4 in
the bottom group along the axial direction.

4.3 Relevance of plate in-plane anisotropy and

mechanical property distribution within dome

The mechanical properties of the T6-aged plate
along the same direction are almost the same, but
they are different along different directions. As
discussed above, this in-plane anisotropy of the
T6-aged plate with 20 mm in thickness is correlated
with its non-recrystallization and the existence of
the deformation texture.

The mechanical properties of the dome block
with T6-aging along the same direction are much
different. The measured YS of 4 dome blocks in the
bottom group along the same circumferential
direction changes from 519 to 561 MPa, while it
changes from 519 to 541 MPa along the same axial
direction. This mechanical property distribution in
the spun-dome is different from the characteristics
of almost the same strength along the same
direction in the plate. Although the mechanical
property distribution in the dome is dependent on
grain structures, i.e. the different textures at
different locations, there exists correlation between
the mechanical property distribution in the dome
and that in the plate.

The dome was spun through a circular
hot-rolled plate after annealing. At different
locations, the angle between the spinning direction
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and the original rolling direction of the plate
changes during the spinning process. As a result,
the angles between the circumferential (or axial)
direction of the dome and the rolling direction of
the plate are different at different locations. As
shown in Fig. 10, the circumferential direction to
the original rolling direction at Points 4, B and C is
much different, of which the angles are 0°, 45° and
90°, respectively. The directions of OD, OF, and
OF are all the axial directions, but their angles to
the rolling direction are 90°, 45° and 0°,
respectively. This leads to a feature that the grain
structures (grain aspect ratio and textures) at
different locations are different (Fig. 7 and Fig. 8).
There hence exists a mechanical property
discrepancy along the same circumferential or axial
direction in the bottom group of the dome (Table 3).
Actually, due to the same reason, this property
discrepancy also exists in the middle and bottom
groups, as shown in Fig. 11.

Part removed®,
from plate

: Rolling E
direction

Fig. 10 Schematic diagram of circumferential and axial
directions to original rolling direction

The above analysis indicates there exists a
heredity effect in the grain structures and
mechanical properties from the original hot-rolled
plate to the subsequent spin-deformed dome. For
effective application in the spun-dome of rocket
tank, the above property discrepancy of 2AS55
Al—-Li alloy along the same direction should be
abated, therefore, it is important to eliminate or
weaken this heredity effect by controlling the
grain structures (grain aspect ratio and textures)
through adjusting the spinning process parameters.
In addition, comprehensive understanding the
mechanical property distribution of the dome is also
critical for the design of spun Al-Li alloy dome.
These two aspects should be further studied
thoroughly.
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Fig. 11 Average YS distribution at different groups along
circumferential (a) and axial (b) directions

5 Conclusions

(1) The precipitates in the spun 2A55 Al-Li
alloy dome after T6 aging at 165 °C for 24 h
include a great number of 71 precipitates and a
small number of ¢’ and 6’ precipitates. 71
precipitates are distributed unevenly, their number
density at subgrain boundaries is much higher than
that within the grain, and PFZs are formed at high
angle grain boundaries.

(2) The plate with 20mm in thickness
possesses almost the same strength along the same
direction, but there exists the anisotropy with the
lowest strength along 45° direction and the highest
strength along the rolling direction. This anisotropy
is caused by a great number of deformation textures
(Brass and S components) with a volume fraction of
about 51% after solution treatment.

(3) The spun-dome fabricated through the
rolled plate possesses great strength discrepancy
along the same circumferential direction and axial
direction, which is correlated with its different grain
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aspect ratios and textures at different locations.

(4) There exists a heredity effect in the grain

structures and mechanical properties from the
original hot-rolled plate to the subsequent spin-
deformed dome. It is critical to comprehensively
understand the strength discrepancy along the same
direction caused by this heredity effect and
eliminate or weaken this heredity effect by
controlling the grain structures.
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W OE: WU 20 mm B 2A55 SR G &R T6 I RL(165 °C, 24 h)JG I 775 VERe K dhkiZH4 . LA 20 mm J&
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