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In order to have both the surface corrosion resistance of aluminum alloy and the high specific strength characteristics of titanium
alloy, titanium alloy TC4, and aluminum alloy 6061 can be used to make aluminum-titanium-aluminum (Al-Ti-Al) three-layer
laminated plate by hot rolling. In this paper, the classical laminated plate theory was used to calculate the stiffness, specific stiffness,
strength, and specific strength of the laminated plate. +e results showed that when the coating rate of titanium alloy TC4 was 0.5,
bending specific stiffness and bending specific strength were the minimum, but all other parameters increased with the increase of
the coating rate of titanium alloy TC4. +erefore, in actual production, the coating rate of titanium alloy should be avoided being
0.5. +en, the rolling experiments of the Al-Ti-Al laminated plate were carried out with different temperatures, reduction rates,
and thickness ratios. Finally, the tensile test and energy spectrum analysis of the laminated plate were carried out. +e results
showed that, with the increase of rolling temperature, the tensile strength, the extensibility, and the thickness of the diffusion layer
increased; if the coating rate of titanium alloy TC4 was between 0.2 and 0.33, the mechanical properties, the bonding strength, and
the thickness of the diffusion layer increased with the increase of the coating rate of titanium alloy TC4.

1. Introduction

Titanium and titanium alloys have the advantages of low
density, high strength, good corrosion resistance, good high-
temperature performance, and good biocompatibility, which
are widely used in the fields of aerospace, marine vessels,
petrochemical industry, and medical devices [1–3]. How-
ever, that price of titanium and titanium alloy is relatively
valuable, and it is necessary to reduce the use cost of the
titanium as a universal type of metal. Aluminum and alu-
minum alloys have the advantages of low density, low cost,
high specific strength, strong corrosion resistance, and good
thermal conductivity, which are widely used only after the
steel. Aluminum and aluminum alloys have a very important
position in architectural decoration, transportation, and
sanitary equipment [4–6].

+e layer metal laminated materials were made of two or
more single-layer metals by suitable composite technology
[7–9]. It combined the advantages of single-component

metal, which not only made the application value of single
metal fully play but also can reduce the amount of precious
metal, improve the deficiency of single metal, and better
adapt to the industrialization and market-oriented devel-
opment [10–12]. Titanium and aluminum alloys can be
made into layered Ti-Al laminated plates by laminated
technology. +ese laminated plates not only had the tita-
nium alloy’s advantages of high-temperature resistance,
corrosion resistance, and high specific strength but also had
the aluminum alloy’s characteristics of low price, good
conductivity, and thermal conductivity. It was a kind of
layered composite with excellent comprehensive properties,
which had good comprehensive application value and de-
velopment prospect [13–15].

For a long time, national and international experts have
done a lot of research onTi-Al composite technology. Chen et al.
[16] prepared a pure Al-pure Ti-pure Al three-layer laminated
plate by hot rolling. +e microstructure and mechanical
properties of the laminated plate were studied. Xia et al. [17]
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obtained TA2 Ti-2A12 Al alloy laminated plate by an explosive
composite method and studied its mechanical properties. Wang
et al. [18] obtained a Ti-Al laminated plate with the thickness
being 6.5mm by oxygen-free continuous cast rolling. Luo and
Acoff [19] obtained multilayer laminated plates of the pure Ti
andAl by cold rolling.+ey found that after holding for a certain
period of time at a certain temperature, TiAl3 mesophase was
produced on one side of the aluminum plate at the interface
between titanium and aluminum laminated plates. Guo et al.
[20] made a Ti-Al bimetallic tube by explosive welding. It was
found that the bonding interface was composed of a straight line
and two forms between the straight line and a wavy state. Bataev
et al. [21] obtained a multilayer Ti-Al laminated plate by ex-
plosive welding and through the subsequent heat treatment
found that the intermetallic compound Al3Ti was formed when
annealed at 630°C. Ma et al. [22] obtained a Ti-Al composite
plate with the thickness being 1.5mm by explosion rolling
process and optimized the explosive welding process parameters
of TA1 and 2Al2.Ma et al. [23] fabricated Ti-6Al-4V/Al 3003/Ti-
6Al-4V laminated composites by hot-roll bonding and inves-
tigated the microstructure and mechanical properties of the Ti-
Al-Ti laminated composites. Ma et al. [24] fabricated Al 6061/
Ti–6Al–4V/Al 6061 laminated composites by hot-roll bonding
and investigated the effect of rolling temperature and reduction
on the microstructure and mechanical properties of Al-Ti-Al
laminated composites. Yu et al. [25] investigated the annealing
effect on microstructure evolution and deformation mechanism
during tensile testing of Al-Ti-Al laminate sheets. Mi et al. [26]
fabricated TA2/5052Al/AZ31/5052Al/TA2 five-ply laminates by
hot rolling and studied the effect of anisotropy on their mi-
crostructures and mechanical properties. Fronczek et al. [27]
manufactured Al-Ti clads by explosive welding and examined
the microstructure evolution of the Al-Ti interface at 825K and
various annealing time. Jafari and Eghbali [28] produced Ti-
Al–Nb composites by solid-state diffusion bonding through hot
pressing and rolling followed by annealing at 700°C for 0.5
hours, 1 hour, 1.5 hours, and 2 hours and investigated the
morphologies of TiAl3 intermetallic by Scanning Electron Mi-
croscopy combined with Energy-dispersive X-ray spectroscopy.

In this paper, the stiffness and strength of the Al-Ti-Al
laminated plate were studied by classical laminated plate
theory; the effect of the coating rate of titanium alloy on the

properties of the laminated plate was obtained. According to
the guidance of theoretical calculation results, Al-Ti-Al
laminated plate hot rolling experiments were carried out
under different temperatures, pressure reduction rates, and
coating rates of the titanium plate; and the mechanical
properties test and energy spectrum analysis of the rolled
laminated plates were carried out. +e research work is is of
great scientific and practical significance to improve the
production technology level of Ti-Al laminated plate and
promote the application field of laminated materials.

2. Theoretical Calculation of Mechanical
Properties of the Al-Ti-Al Laminated Plate

+e stiffness and strength analysis of laminated plates must
be more complicated than the single plates; generally, the
single-layer plate of laminated plates is regarded as thin
plates with uniform properties. +e classical laminated plate
theory hypothesis is as follows:

(1) +e solid combination is achieved between each
layer of the laminated plate, the deformation of each
layer is continuous, and the slippage between the
layers is ignored, and so, the laminated plate can be
regarded as one object.

(2) Ignore the strain in the width direction and make the
metal laminated plate in the plane strain state.

(3) +e bending deformation of the laminated plate
belongs to the range of small deformation [29].

(4) σx, σy, and τxy represent the normal stress and shear
stress of single-layer plate under the action of ex-
ternal force, respectively, and εx, εy, and cxy rep-
resent corresponding strain, respectively.

Suppose that the total thickness of the laminated plate is
h, the layer number of the laminated plate is n, and the
thickness of the k-layer is Zk − Zk−1; the structure of the
laminated plate is shown in Figure 1 [30].

According to the classical laminated plate theory, in
plane strain state, the stress-strain relationship of the single
plate is shown as follows:
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, (1)

where E is the elastic modulus of the material, v is Poisson’s
ratio, Qij is the stiffness matrix coefficient of the single-layer
plate, and G is the shear modulus.

2.1. StiffnessCalculationof theLaminatedPlate. In this paper,
Al-Ti-Al laminated plate is a symmetrical laminated plate.+e
base material is titanium alloy TC4, and composite material is
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aluminum alloy 6061, which are isotropic materials. Material
performance parameters can be seen in Table 1.

+e stiffness coefficient of the laminated plate is as
follows [30]:
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where Aij is a stiffness coefficient related to internal force
and strain of symmetry plane of the middle-layer metal,
which is collectively called tensile stiffness; Dij is the stiffness
coefficient related to torsional curvature of internal torque,
which is collectively called bending stiffness; and Bij rep-
resents the coupling relationship between bending and
tension, which is collectively called coupling stiffness [29].
+is study is based on the plane strain hypothesis, so the
coupling stiffness is 0. In order to facilitate the comparison of
the above stiffness coefficients, these stiffness coefficients and
other mechanical parameters are regularized.

Suppose that N∗ � N/h, M∗ � 6M/h2, A∗ij � Aij/h,
B∗ij � 2Bij/h2, D∗ij � 12Dij/h3, κ∗ � hκ/2, and the thickness
of the whole laminated plate is 1, the thickness of base
material titanium alloy TC4 is t(0≤ t≤ 1), and the thickness
of composite material aluminum alloy 6061 is
(1 − t)/2(0≤ t≤ 1). +e expression of the regularization
stiffness coefficient of the laminated plate can be obtained, as
shown in the following formula:
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Assume that titanium alloy TC4 and aluminum alloy
6061 are isotropic materials, so the longitudinal and
transverse elastic models are equal, and also the longitudinal
and transverse Poisson’s ratio. +e regularization tensile
stiffness coefficient and bending stiffness coefficient are
obtained by replacing the performance parameters of TC4
and 6061 into formula (3). A∗11 represents the tensile stiffness
of the laminated plate; D∗11 represents the bending stiffness
of the laminated plate.
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where s � t3 + 3t.
+e specific stiffness is obtained by the regularization

stiffness coefficient divided by the density of the metal plate.
+e formula for calculating the density of the laminated plate
is as follows:

ρ � t ρ2 − ρ1(  + ρ1, (5)

where ρ1 and ρ2 represent the densities of TC4 and 6061.
+e curves of stiffness and specific stiffness of laminated

plate 6061-TC4-6061 with the coating rate of titanium alloy
can be obtained, as shown in Figure 2.

In Figure 2(a), when the abscissa is 0, the parameters
are those of 6061; when the abscissa is 1, the parameters
are those of TC4. With the increase of the thickness of
TC4, the tensile stiffness and bending stiffness of the
whole laminated plate increase. In Figure 2(b), with the
increase of the thickness of TC4, the tensile specific
stiffness of the laminated plate increases slowly, and the
bending specific stiffness decreases first and then in-
creases. It indicates that the titanium alloy can signifi-
cantly change the tensile specific stiffness of the laminated
plate. When the coating rate of titanium alloy TC4 is
about 0.5, the bending specific stiffness of the laminated
plate is the minimum.

2.2. Strength Calculation of the Laminated Plate. +e failure
process of the laminated plate can be regarded as that under
the continuous action of external force; the one layer plate
with the weakest performance in the laminated plate fails
first, which will change the stress state of the whole lami-
nated plate. +e first failure strength is the regularization
internal force when the first layer plate fails, and the ultimate
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Figure 1: Structure of the n-layer laminated plate.

Table 1: Material performance parameters.

Metal ρ(g/cm3) E (MPa) v Rρ0.2(MPa) Rm (MPa) A (%)

6061 2.71 68950 0.3 276 310 12
TC4 4.51 117200 0.31 1100 1306 8.07
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strength is the regularization internal force when the lam-
inated plate fails completely [30].

2.2.1. Tensile Strength Calculation of the Laminated Plate.
Assume that Nx, Ny, and Nxy are the internal force on the
unit width (or length) of the cross section of the laminated
plate; Mx, My, and Mxy are the internal torque (bending or
torque) on unit width of the cross section of the laminated
plate. +e stress of the k-layer of the laminated plate can be
expressed as
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where [κ] is the curvature of bending and distorting de-
formation of the symmetry plane of the middle-layer metal
of the laminated plate; ε(0)

ij is the normal and shear strains on
the symmetry plane of the middle-layer metal of the lam-
inated plate; k represents the kth layer of the laminated plate,
if k� 1 or k� 3, k represents the upper or bottom aluminum
alloy layers, and if k� 2, k represents the titanium alloy layer;
Qijk

is the stiffness matrix of the k-layer plate; z is the
coordinate of the thickness direction of the k-layer plate.

+e internal forces and internal torques on the laminated
plate can be expressed as follows:
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+e relationship between internal force and strain of the
laminated plate can be obtained by integrating formula (6)
into formulas (7) and (8).
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Matrix (11) can be obtained by arranging formulas (9)
and (10) as follows:
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According to the formulas above, the coupling stiffness
coefficient of the laminated plate Bij � 0; then,
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. (12)

When only the internal force of the surface is loaded, the
deformation curvature of the middle surface of the lami-
nated plate is obtained by formulas (6) and (12):
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Figure 2: Stiffness and specific stiffness with the coating rate of Ti. (a) Stiffness of the laminated plate. (b) Specific stiffness of the laminated
plate.
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In order to compare, it is assumed that the laminated
plate only bears internal force in the x-direction, that is,
N∗y � N∗xy � 0; formula (13) can be written as

σ(k)
x �

A∗11Q
(k)
11 − A∗12Q

(k)
12

A∗211 − A∗212
· N
∗
x ,

σ(k)
y �

A∗11Q
(k)
11 − A∗12Q

(k)
12

A∗211 − A∗212
· N
∗
x ,

τ(k)
xy � 0,
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⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(14)

where σ(k)
x is the x-direction stress generated by N∗x on the k-

layer of the laminated plate; σ(k)
y is the y-direction stress

generated by N∗x on the k-layer of the laminated plate.
Because of Q11 >Q12 and σx > σy, it is only necessary to

check the x-direction strength of every single layer. So,

σ(1)
x �

3.68t + 5.22
2.6t2 + 7.38t + 5.22

· N
∗
x ,

σ(2)
x �

6.29t + 5.91
2.6t2 + 7.38t + 5.22

· N
∗
x ,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(15)

where σ(1)
x and σ(2)

x represent the tensile stress of Ti and Al,
under the action of external force.

When the laminated plate is being subjected to N∗x , the
tensile safety coefficients R1 and R2 of the titanium layer and
aluminum layer are as follows:

R1 �
R(1)

e

σ(1)
x

,

R2 �
R(2)

e

σ(2)
x

.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(16)

Figure 3 shows the tensile safety coefficients of the
laminated plate. In order to compare the safety coefficients
of the two metals, assume that the regularized internal force
N∗x is equal to the yield strength of the aluminum alloy. It
can be seen from Figure 3 that the tensile safety coefficient of
the laminated plate increases with the increase of the coating
rate of titanium alloy, and the safety coefficient of the ti-
tanium alloy layer is always greater than that of the alu-
minum alloy layer. It can be concluded that the aluminum
alloy layer of the laminated plate always fails first under the
action of the inner pulling force.+erefore, the tensile failure
intensity of the laminated plate can be expressed by the
following formula:

σs �
2.6t2 + 7.38t + 5.22

3.68t + 5.22
· R

(1)
e . (17)

2.2.2. Bending Strength Calculation of the Laminated Plate.
+e calculation process of the bending strength of the
laminated plate is similar to that of tensile strength calcu-
lation. When the laminated plate only bears internal torque,
[ε(0)

ij ] � 0, formula (11) can be written as
M∗x
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When the laminated plate only bears internal torque
M{ }, the central strain of the laminated plate is 0, which can
be obtained from formulas (6) and (18).
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(19)

In the same way, it is assumed that the laminated plate
only bears internal torque in the x-direction; formula (19)
can be written as

σx
′(k) � z

∗
·
D∗11Q

(k)
11 − D∗12Q

(k)
12

D∗211 − D∗212
· M
∗
x , σy
′(k)

� z
∗

·
D∗11Q

(k)
12 − D∗12Q

(k)
11

D∗211 − D∗212
· M
∗
x , τxy′

(k)
� 0, (20)

where σx
′(k) represents the x-direction stress on the bottom

surface of the k-layer of the laminated plate; σy
′(k) represents

the y-direction stress on the bottom surface of the k-layer of
the laminated plate.

In the same way, it is only necessary to check the x-
direction strength of every single layer. So,

σ′(1)
x �

3.68t3 + 5.22
2.6t6 + 7.38t3 + 5.22

· M
∗
x ,

σ′(2)
x �

6.29t4 + 5.91t

2.6t6 + 7.38t3 + 5.22
· M
∗
x .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(21)
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Similarly, the bending safety coefficient of the titanium
layer and the aluminum layer can be obtained by formula
(16), and the results are shown in Figure 4.

As can be seen from Figure 4, with the increase of the
coating rate of the titanium alloy, the bending safety coef-
ficient of the titanium plate decreases, but the bending safety
coefficient of the aluminum plate remains basically un-
changed. Since, under the action of the inner torque, the
bending safety coefficient of the titanium plate is always
higher than that of the aluminum plate, the aluminum alloy
layer of the laminated plate always fails first. +erefore, the
bending yield strength of the Al-Ti-Al laminated plate can be
expressed as the following formula:

σs
′ �

2.6t6 + 7.38t3 + 5.22
3.68t3 + 5.22

· R
(1)
e . (22)

+rough the analysis of formulas (17) and (22), it can be
seen that the strength of the whole laminated plate is closely
related to the thickness of the titanium layer which directly
affects the properties of the whole laminated plate. +e failure
strength and specific strength of the Al-Ti-Al laminated plate
with the coating rate of titanium alloy are shown in Figure 5.

As can be seen from Figure 5(a), with the increase of the
coating rate of titanium, the tensile strength of the laminated
plate increases linearly, and the curve of bending strength is
parabolic. It can be seen from Figure 5(b) that the tensile
specific strength increases slowly with the increase of coating
rate of titanium, but the bending specific strength of the
laminated plate decreases at first and then rises. +e in-
flection point of bending specific strength appears when the
coating rate of titanium alloy TC4 is 0.5.

+rough the analysis of the results of specific stiffness
and specific strength, it can be found that the trends of
specific strength and specific stiffness of the laminated plate
are basically similar. When the coating rate of titanium alloy
is 0.5, the bending specific stiffness and bending specific
strength of the laminated plate are the smallest.+erefore, in
actual production, the coating rate of titanium alloy should
be avoided being 0.5.

3. Rolling Experiment of the Al-Ti-Al
Laminated Plate

+e rolling experiments of the Al-Ti-Al laminated plate were
carried out with different temperatures, reduction rates, and
thickness ratios.

3.1. Experimental Materials. +e experimental research
objects were aluminum alloy 6061 and titanium alloy TC4,
the base layer material was titanium alloy TC4, and the
composite material was aluminum alloy 6061. +e main
components of the experimental materials were shown in
Tables 2 and 3.

3.2. Rolling Experiment. +e rolling experiments of the
laminated plate were carried out on the two-roller experi-
mental rolling mill of the laboratory; the specific process of
laminated plate hot rolling experiments is shown in Figure 6.
+e method comprised the following steps: firstly, in order
to ensure the bonding strength of the laminated plate,
carrying out surface treatment on the composite surface of
the metal plate, secondly, riveting the three-layer metal plate,
then heating and rolling the laminated plate according to the
rolling schedule, and finally, carrying out heat treatment on
the laminated plate. +e main parameters of the rolling mill
are shown in Table 4.

Figure 7 shows the laminated plate before and after
rolling. +e length of the metal plates was 200mm, and the
width of the metal plates was 100mm. +e other rolling
parameters of the laminated plate are set as shown in Table 5.
In order to ensure the strength and stiffness of the laminated
plate according to the previous theoretical analysis, it was
necessary to avoid the case when the coating rate of the
titanium alloy was 0.5. +erefore, 0.2, 025, and 0.33 were,
respectively, adopted as the coating rate of the titanium alloy
in the rolling experiment. For rolling temperatures, when the
rolling temperature is too low, it is not good for metal plastic
to play, and deformation resistance and rolling force are too
large; however, aluminum alloy is easy to generate crack
when it is subjected to large deformation force, so rolling
composite cannot be achieved. When the temperature is too
high, the surface oxidation of titanium alloy is serious, and
plate warping deformation is also relatively large. To sum up,
the suitable rolling temperature is 300–450°C. +e annealing
temperature after rolling selection is a critical point for the
appearance of brittle intermetallic compounds, and the
suitable temperature for annealing is 380–580°C [31].
+erefore, 350°C, 400°C, and 450°C were, respectively,
adopted as the rolling temperature in the rolling experiment.

As can be seen from Table 5, the thickness of the actual
rolled laminated plate was larger than that of the calculated
one according to the reduction rate.+emain reasons were as
follows: the stiffness of the rolling mill was not high enough,
and the deformation resistance of titanium alloy between
350°C and 450°C and the bouncing capacity of the rolling mill
were large, so the error between the actual thickness after
rolling and the calculated value was large. When the rolling
parameters were as S2, the three metal layers cannot roll
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Figure 3: Tensile safety coefficients.
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together, because serious oxygen absorption occurred in a
titanium plate, and a dense oxide film was formed on the
surface of the titanium plate at 400°C; moreover, the coating
rate of TC4 and reduction rate were relatively small.

4. Mechanical Properties of theLaminatedPlate

In order to analyze the effect of rolling process parameters
on the mechanical properties of the laminated plate, the
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Figure 5: Failure strength and specific strength with the coating rate of Ti. (a) Failure strength of the laminated plate. (b) Specific strength of
the laminated plate.

Table 2: Main components of titanium alloy TC4.

Al V Fe C N H O Others
TC4 6.3∼6.4 4.2 0.15∼0.17 0.01 0.01 0.007 0.15 0.10

Table 3: Main components of aluminum alloy 6061.

Si Fe Cu Mn Mg Cr Zn Ti Others
6061 0.4∼0.8 <0.7 0.15∼0.4 <0.15 0.8∼1.2 0.04∼0.35 <0.25 <0.15 <0.05
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tensile test and energy spectrum analysis of the laminated
plates were carried out in this paper.

4.1. Tensile Test. +e rolled laminated plates were subjected
to the WDW-200E universal testing machine to test their
mechanical properties. According to the relevant standards,
the specific sizes of the tensile specimens with different
thicknesses are shown in Figure 8.

Figure 9 shows the stress-strain curves at different rolling
temperatures; Figure 10 shows the stress-strain curves at
different thickness ratios. From Figure 9, the tensile strength
of S3 was 312MPa and the extensibility was 10%, while the
tensile strength of S1 was 209MPa and the extensibility was
only 7%. +e temperature had an obvious effect on the
bonding properties of the laminated plate; with the increase
of temperature, the tensile strength and the extensibility
increased. As shown in Figure 10, the tensile strength of S5

was 490MPa and the extensibility was 13%, while the tensile
strength of S6 was 513MPa and the extensibility was 16%. It
indicated that the bonding strength of the laminated plate
increased with the increase of the coating rate of the titanium
alloy when the other rolling process parameters were the
same.

4.2. Energy Spectrum Experiment. In order to analyze the
thickness of the bonding interface diffusion layers, the
laminated plates were cut and polished by sandpaper and
polishing machines. +en, the laminated plates were tested
by SEM at 1000 times magnification.

Figure 11(a) shows the morphology and energy spec-
trum of S1 and Figure 11(b) shows that of S3. From Fig-
ure 11, we knew that the thickness diffusion layer of TC4 and
6061 of S1 was 2∼4 μm, and that of S3 was 4∼8 μm. We can
see that both sides of the junction surface of TC4 and 6061

Al

Al

Ti Heat Anneal

Surface treatment

Reventing

Al
Ti

Hot rolling

Figure 6: +e specific process of hot rolling.

Table 4: Performance parameters of the two-roll mill.

Roller size Motor capacity (kW) Motor speed Max rolling force (kN) Max rolling speed
Φ320× 350mm 90 1500∼2000 r/min 1500 2m/s

(a) (b)

Figure 7: +e Al-Ti-Al laminated plate. (a) Before rolling. (b) After rolling.

Table 5: Rolling parameters of the laminated plate.

No. +ickness of TC4
(mm)

Coating rate
of TC4

Total thickness
(mm)

Rolling
temperature (°C)

Reduction rate
(%)

+eoretical
thickness (mm)

+ickness after
rolling (mm)

S1 1 0.2 5 350 40 3 4
S2 1 0.2 5 400 40 3 —
S3 1 0.2 5 450 40 3 4.1
S4 1 0.2 5 400 50 2.5 3.1
S5 1 0.25 4 400 40 2.4 3.3
S6 1 0.33 3 400 40 1.8 2.6
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had been successfully combined, but there were some cracks
in the junction surfaces; with the increase of temperature,
the thickness of diffusion layers increased; it was because the
higher the rolling temperature was, the faster the metal atom
moved, and the greater the range of atomic migration caused
by thermal diffusion, the greater the thickness of the

diffusion layer. And it verified the theoretical calculation and
tensile test results.

Figure 12 shows the morphology and energy spectrum of
S4. From Figure 12, it can be seen that both interfaces of S4
formed good and uniform composite interfaces, and the
thickness of both diffusion layers was 5∼6 μm. Compared
with S1 and S3, higher rolling temperature and reduction
rate were adopted in S4; under the combined action of the
two factors, the performance of S4 was significantly better
than that of S1 and S3.

Figure 13(a) shows the morphology and energy spec-
trum of S5 and Figure 13(b) shows that of S6. From Fig-
ure 13, it can be concluded that both S5 and S6 had good
composite interfaces, and the thickness difference between
the two diffusion layers was only about 1 μm. +e main
factor affecting the mechanical properties of S5 and S6 was
the different thicknesses of the TC4.

As can be seen from Figure 13, S6 had good composite
interfaces and no obvious cracks, but there was a crack on
the interface of S5, which affected the mechanical properties
of S5 and also made the performance of S5 worse than that of
S6 in the process of tensile test. +rough the comparison of
the spectrum analysis of S5 and S6, it can be concluded that
with the increase of the coating rate of the titanium plate, the
mechanical properties and the bonding strength of the
laminated plate increased.
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Figure 8: Dimensions of tensile specimens. (a) +ickness less than 3mm. (b) +ickness greater than 3mm.
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5. Conclusion

(1) According to the theoretical calculation results, with the
increase of coating rate of titanium alloy TC4, all pa-
rameters except the bending specific stiffness and
bending specific strength of Al-Ti-Al symmetrical
laminated plate increased; when the coating rate of ti-
tanium alloy TC4 was 0.5, bending specific stiffness and
bending specific strength were theminimum.+erefore,
in order to improve the performance of laminated plates
and reduce the cost, in actual production, the coating
rate of titanium alloy should be less than 0.5.

(2) According to the experimental results, with the in-
crease of rolling temperature, the tensile strength, the
extensibility, and the thickness of diffusion layer
increased; if the coating rate of the titanium alloy
TC4 was from 0.2 to 0.33, the mechanical properties
and the bonding strength of the laminated plate
increased with the increase of the coating rate.
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