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Abstract: Isothermal compression experiments were performed to investigate the hot deformation behavior of TA1/AZ31B multi-layer
composites. Flow stress-strain curves were obtained for deformation at temperatures from 573 K to 723 K within the strain rate range
from 0.01 s”' to 10 s™, and the height reduction range from 30% to 50%. The results show that both TA1 and AZ31B have plastic
deformation during the compression bonding process. However, all layers’ deformation of TA1/AZ31B multi-layer composite does not
occur at the same time and is not uniform. The deformation of AZ31B is larger than that of TA1, and dynamic recrystallization of AZ31B
occurs during the deformation process. When the strain rate is 10 s™, necking and fracture occurs in the middle TA1 layer. Based on the
flow stress-strain curves, the Arrhenius-type constitutive equation could precisely predict the flow stress behavior of TA1/AZ31B
multi-layer composite. The value of the correlation coefficient is 0.991 when the average absolute relative error is 3.976%. The
processing map at true strain of 0.5 for TA1/AZ31B multi-layer composite was developed using the dynamic materials model (DMM)
theory. The processing map of isothermally compressed TA1/AZ31B multi-layer composite exhibits that the optimum parameters are the
temperature of 723 K and the strain rate of 0.01 s with power dissipation’s maximum efficiency of 28%. In the meanwhile, there is one
instability domain in the processing map of isothermally compressed TA1/AZ31B multi-layer composite; it is in the deformation

temperature range from 573 K to 692 K and the strain rate range from 0.6 s™ to 10s™.
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composites''. However, the technique of roll bonding has been
influenced by rolling reduction'?, rolling temperature™™,

During recent years, laminated metal composites (LMCs)

have attached great attention due to their special properties,
[2.4]

such as magnetic properties and complementarity among
constituent metals, electrical properties, corrosion resistance
and advanced mechanical performance. So far, there are
various techniques that have been improved for the production
of LMCs, for example, friction-stir welding, diffusion bonding,
roll bonding and explosive welding. In comparison with other
techniques, roll bonding has been commonly used due to its low
cost and efficiency. It is a kind of solid-state welding processing
where various layers of either dissimilar or similar metals have
been stacked together and hence to produce multi-layer
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rolling speed™, initial thickness between dissimilar metals
rolling direction[4], surface roughnessm, and heat treatment
during the roll bonding processing™*. Till now, roll bonding has
already been used successfully for the manufacturing of LMCs,
such as Cw/A1™ !, Mg/AI™ and Ti/A1®.

TA1/AZ31B multi-layer composites possess the potential
for the industrial applications because of their wonderful
mechanical properties, low density, strong shock absorption
performance and corrosion resistance” ). However, the TA1
and AZ31B are hexagonal close-packed structure, and the
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AZ31B melting point (923 K) is extremely different from that
of TA1 (1933 K). In the range 573~673 K of deformation
temperature, the deformation behaviors, mechanical properties,
and flow characteristics of TA1 and AZ31B are diverse, which
would lead to the inhomogeneous deformation between TA1
and AZ31B, and the cracks during roll bonding processing.
Thus, there are still a few studies on the deformation
of TAI1/AZ31B multi-layer
composites in roll bonding processing. Yasser et al'''"! applied
the Al-alloy interlayer for the bonding of the AZ31 and Ti for
the manufacturing of the composites through the cold roll
bonding. It has been measured that there is 44% of the
threshold deformation of the rolling reduction. The results
show that the growth of the heat treatment temperature would
lead to the appearance of the transition layer along the
Al/AZ31 interface. It has been found that there was none
intermetallic compound over the interface of Ti and Al
According to Wu et al''?!, explosive welding can be used to
produce the TA2/AZ31B laminated composites. According to
the results, there is the coexistence of the wavy and straight
interfaces over the bonding area. There was obvious element
diffusion when it has been heated at 723~763 K for 4 and 8 h.
There was a significant increase of the hardness of AZ31B and
TA2 because of plastic deformation and strain hardening. The
composite plates’ mechanical properties have been improved
dramatically in comparison with those of the base plate
AZ31B. Motevalli"” used roll bonding to produce the
AlTi/Mg laminated composites. The results of the first

behaviors of layer-wise

accumulative roll bonding (ARB) cycles show that Ti and Mg
layers have been fractured and necked through this process
because of the non-uniform distribution and strain hardening
of the matrix’s reinforcement layers. Through five ARB cycles,
it is formed that the tri-metal Al/Ti/Mg multilayer composite
has homogeneous distribution. There was an increase of the
corresponding hardness.

During roll bonding processing, it is an important problem
for TA1/AZ31B multi-layer composite material to effectively
control the cooperation-deformation of TA1l and AZ31B. In
the present work, TA1/AZ31B multi-layer composites were
studied by isothermal plane compression. The deformation
behaviors and microstructure of TA1/AZ31B multi-layer
composites were investigated at different temperatures and
strain rates by flow stress-strain curves, and constitutive
were established. In addition the optimum
processing parameters of TA1/AZ31B multi-layer composites

equations

by roll bonding were studied by processing maps and
macrostructure observations.

1 Experiment

In this experiment, TA1 and AZ31B sheets after being
annealed were used for isothermal plane compression. The
chemical composition (wt%) of TA1 and AZ31B is given in
Table 1. The optical microstructure of TAl and AZ31B are

shown in Fig.la and 1b, respectively. The experimental
specimens, with the size of TA1 of 1.0 mm (7)x15 mm
(W)x45 mm (L) and AZ31B of 3.5 mm (7)x15 mm (W)x45
mm (L), were prepared by electrodischarge wire cutting. Both
the ends and the plate surface of TA1 and AZ31B were treated
by sandpaper and alcohol, and TA1 sheets and AZ31B sheets
were then stacked into five layers according to
TA1-AZ31B-TA1-AZ31B-TALl. The final size of the specimen
was 10 mm (7) x15 mm (W) x45 mm (L). The compression
experiment is shown in Fig.2. The specimens before and after
compressing are presented in Fig.3.

The Gleeble-1500 machine was used for the implemen-
tation of the isothermal plane compression experiment. The
compression temperatures were between 573 and 723 K, the
interval of which was 50 K. The strain rates were corres-
pondingly 0.01, 0.1, 1.0, 10 s. All of the specimens have
been heated until reaching to the desired temperature. Then,
they were held for 5 min to obtain the uniform temperature
distribution before compression. During the process, there was
none lubrication over the top or bottom of these specimens.
Afterwards, a compression deformation of the specimens to
40% of their original height was carried out hence to get a true
strain around 0.5. Afterwards, air-cooling was performed to the
room temperature. Fig.4 presents the thermo-deformation
schedule of the plan compression. The flow stress data of every

Table 1 Chemical composition of TA1 and AZ31B (wt%)

Fe C Si N H O Ti
0.15  0.05 0.1 0.03 0.015 0.15 Bal

TA1

Al Mn Zn Ca Si Cu Mg
29 056 1.05 0.03 0.08 001 Bal

AZ31B

Fig.1 Microstructures of original material: (a) AZ31B and (b) TA1
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Fig.2 Compression experiment of TA1/AZ31B multi-layer
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Fig.3 Compression specimen of TA1/AZ31B multi-layer composites:

(a) before compressing and (b) after compressing
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Fig.4 Thermo-deformation schedule of the compression experiment

plane compression has been recorded for the calculation of the
efficiency of the energy dissipation. Afterwards, the instability
parameter of the TA1/AZ31B composites’ processing map was
analyzed. The specimens were deformed and then sectioned
along the compression axis. Metallographic specimens were
prepared through the standard techniques. The solution of

15% HNO; and 80% H,O were used for the etching of the
AZ31B layer of TAI1/AZ31B multi-layer
Subsequently, 4% picric acid, 4% acetic acid, 8% H,O, and
84% ethyl alcohol were used for the etching of the TA1 layer
of TA1/AZ31B multi-layer composite. The OLYMPUS GX51
optical used for the
observations.

composite.

microscope was microstructure

2 Results and Discussion

2.1 Flow stress-strain curves of TA1 and AZ31B

Fig.5 illustrates the flow stress-strain curves of AZ31B in
the temperature range of 573~723 K with various strain rates.
Fig.5 demonstrates that when the true strain is less than 0.1,
the flow stress quickly increases with increasing the strain. It
is because the dislocation density increases rapidly at initial
deformation stages. The interlaced dislocations structures
impede the movement of dislocation, leading to the increase in
flow stress, which makes the deformation of AZ31B exhibit
work-hardening. The flow stress decreases after reaching the
peak stress with increasing the strain. When the true strain
exceeds 0.4, the flow stress continuously maintains a steady
status implying the occurrence of dynamic recovery and
dynamic recrystallization (DRX). It is because the dislocations
have sufficient time to activate the higher capability of
climbing and sliding, leading to softening behavior such as
DRX and DRV, thus reducing the density of dislocations
resulting in the decrease of work-hardening. Therefore,
work-hardening phenomena disappear gradually until both of
the softening and work- hardening phenomena acquire a
steady state!"*]. When the strain rate is 10 s’ (Fig.5d), the
curves show significant serrate oscillation, which is the result
of dynamic recrystallization competing with work-hardening,
alternate hardening and softening implying that discontinuous
dynamic recrystallization (DDRX) with the occurrence of
flow instability.

Fig.6 illustrates the flow stress-strain curves of TA1l in the
temperature range of 573~723 K with various strain rates. It can
be found from Fig.6 that the flow stress increases rapidly when
the true strain is less than 0.05. Then, the flow stress shows a
slowly increase tendency with increasing the true strain. The
reason is that the deformation of TA1 in the temperature range
of 573~723 K belongs to cold deformation process and the rate
of dislocation generating increases rapidly. Therefore,
work-hardening is obvious, leading to the increasing of
deformation resistance of material. At the same strain rate, the
flow stress decreases with increasing the temperature, sug-
gesting that thermal activation and the kinetic energy between
atoms increase, the activity of vacancy and dislocation increases,
so the flow stress decreases. When the strain rates are 1.0 and
10 s (Fig.6c, 6d), the flow stress-strain curves reach the peak
stress at strain of 0.3. Then, the curves of stress have a slight
decline with the increase of true strain. This flowing behavior is
ascribed to the co-existence of work hardening and softening
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Fig.5 Flow stress-strain curves of AZ3 1B at different strains rates: (a) ¢ =0.01 s, (b) & =0.1s", (¢) & =1.0s",

and (d) ¢ =10 s™' for various temperatures
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Fig.6 Flow stress-strain curves of TA1 at different strains rates: (a) ¢ =0.01s™, (b) =0.1s", (¢) £ =1.0s",

and (d) ¢ =10 s for various temperatures

such as the dynamic recovery (DRV) and dynamic recry-

stallization (DRX).
2.2 Flow stress-strain curves of TA1/AZ31B multi-layer
composite

Fig.7 illustrates the flow stress-strain curves of TA1/AZ31B

multi-layer composites in the temperature range of 573~723 K
with various strain rates. It shows that the flow stress of TA1/
AZ31B multi-layer composites decreases with the increasing
of deformation temperature at the same strain rate. At the same
deformation temperature, the flow stress increases with
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Fig.7 Flow stress-strain curves of TA1/AZ31B multi-layer composite at different strains rates: (a) ¢ =0.01 s, (b) € =0.1 s, (c)é=1.0s", and

(d) € =10 s™" for various temperatures

the increasing of deformation rate, and this can also be observed
in Fig.8. It indicates that the TA1/AZ31B multi-layer composite
has positive strain rate sensitivity under this experiment
condition, i.e. the larger the strain rate, the lower the
deformation temperature; it is more difficult for the TA1/
AZ31B multi-layer composite to achieve steady deformation.
During the compressed composite process, dynamic recry-
stallization (DRX) occurs in AZ31B of the composites. When
the deformation temperature increases from 573 K to 723 K, the
average peak stress of TA1/AZ31B multi-layer composite
decreases by 113 MPa (Table 2).

According to previous studies, the temperature of dynamic
recrystallization of AZ31B is above 523 K under this experiment

300

Peak Stress/MPa

—_
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(=]
T

50 . . .
560 640 680 720
Temperature/K

600

Fig.8 Relationship between peak stress, deformation temperatures

and strain rates

Table 2 Peak stress value of TA1, AZ31B and TA1/AZ31B multi-
layer composites (MPa)

Temperature/K 0.01s" 0.1s'  1.0s' 105’
573 398.04 311.61 433.56 463.5
623 341.51 262.63 378.12 408.22
TA1 673 299.35 220.87 336.69 359.68
723 263.17 207.92 301.83 323.66
Difference 134.87 103.69 131.73 139.84
573 88.134 114.19 132.88 126.57
623 61.587 85.835 110.54 113.76
AZ31B 673 4395 63.886 83.663 96.539
723 30.171 47.941 63.92 95.271
Difference 57963 66.249 68.96 31.299
573 162.45 208.11 247.06 280.92
623 124.1 166.31 201.12 242.86
TA1/AZ31B 673 97.388 128.27 1563 196.54
723 74263 97.734 116.46 155.77
Difference 88.187 110.376 130.6 125.15
condition. Therefore, the flow stress exhibits obvious

work-hardening before reaching the peak stress and then the
stress decreases, when the temperature is in range of 573~723
K. With increasing the strain rate (from 0.01 s to 10 s™), the
flow stress increases. The curves show significant serrate
oscillation, which is the result of dynamic recrystallization
competing with work-hardening, alternate hardening and
softening between TAl and AZ31B, implying that discon-
tinuous deformation with flow instability has occurred. When
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the deformation temperature increases, the flow stress decreases,
and the stress tends to be a relatively stable state.

More obviously, from Fig.7d, when the strain rate is 10 s'l,
the stress drops sharply after reaching the peak stress. When the
true strain reaches 0.45, the stress rises again, and then the stress
decreases after reaching the second peak stress. It indicates that
necking and fracture occur in the inner layers of TA1/AZ31B
multi-layer composite during the compression processing. This
phenomenon can be found in Fig.9.

Fig.9 microstructure  of TAI1/AZ31B
multi-layer composites after compression at 723 K with the
strain rate 10 s™. Necking and fracture also occurs inTAI layer
in the middle of TA1/AZ31B multi-layer composite  (Fig.9¢,
9d), which is caused by the shearing and pressing stress, and the
grain size is very fine (Fig.9f). The microstructure of TA1 layers
on the outer side of TA1/AZ31B multi-layer composite has little
change during the compression process and only has slight

illustrates  the

shearing deformation in the corner site. The deformed grain
occurs along 45° shear direction (Fig.9a, 9¢). AZ31B layer’s
grain microstructure is depicted in Fig.9d, 9b. The sample
shows the deformed grain structures, which are characteristic

200 pm

200 pm

for compressed material, as well as DRX fine grains around
large deformation grain, indicating that the deformation is of
inhomogeneity and asynchrony between TAl and AZ31B
during the compression processing.

Fig.10 illustrates the flow stress-strain curves of TAl,
AZ31B, and TA1/AZ31B multi-layer composite in the
temperature range of 573~723 K with the strain rate 1.0 s™.
Through comparing the flow stress curves of TA1, AZ31B and
TA1/AZ31B multi-layer composite, the flow stress curves of
TA1/AZ31B multi-layer composite is between those of TA1
and AZ31B, and closes to that of AZ31B. It indicates that both
TA1 and AZ31B have been deformed during the compression
bonding process, but the deformation does not occur at the
same time and is not uniform. The deformation of AZ31B is
larger than that of TA1, and dynamic recrystallization occurs
in AZ31B during the deformation processing. Therefore,
TA1/AZ31B multi-layer composite is affected by deformation
reduction, deformation temperature, strain rate, initial
thickness of TA1 and AZ31B sheet, and other factors in the
compression bonding process. The same phenomenon occurs

during roll bonding process””.

Fig.9 Microstructures of TA1/AZ31B multi-layer composites after compression at 723 K with the strain rate 10 s
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Fig.10 Flow stress-strain curves of the TAl, AZ31B and TAl/
AZ31B multi-layer composites at & =1.0 s

2.3 Constitutive equations

It has been pointed out that the deformation process of the
metal materials actually is very complicated. To explore the
deformation of the TA1/AZ31B multi-layer composite, it is
suggested to apply the constitutive equations to explore the
relationship of the strain rate and the flow stress over the
deformation temperature!'”’. The influence of the strain rate
and temperature on the deformation behaviors can be featured
through the Zener-Hollomon parameter in an exponential

equation as follows!"®:

Z= éexp(%) (1)

- _Q

&= AF(o)exp( RT) (2
" 00 <0.8

F(o)={exp(fo) ac>12 (3)

[sinh(ao)]" forall &

where ¢ refers to the strain rate; o means the flow stress; 4
refers to the frequency factor; Q is apparent activation energy
of composites deformation; gas constant is represented by R,
defined as 8.314 J /mol-K; T stands for temperature in Kelvin,
and n’, §, a and » are the material constants.

The material constants have been determined through the
flow stress data of the isothermal compression experiment
under different processing conditions by the Arrhenius-type
constitutive model. In the present research, the true strain of
0.1 has been viewed as a kind of examples to depict the
solution procedures for the TA1/AZ31B multi-layer composite
materials constants. Afterwards, the Z and F(o) were
substituted into Eq. (2), which can result in

é=Bo" @)

&= Cexp(Bo) (5)
where B and C refer to the material constants, both of which
remain independent of the deformation temperature. Then,
both sides taking logarithms of Eq.(4) and (5) have been

considered and the equations below can be acquired:

lna:i'lné—ivlnB (6)
n n
lelné—llnC @)
B B

The slope of the lines in Ino-Iné plot and the o-Iné
plot can be used to obtain the values of »” and $, as shown in
Fig.11. Afterwards, it can obtain the relative value of a = f/n’'.

When it comes to the low stress levels, Eq. (2) can be
expressed as below:

& = A[sinh(ao)]" exp(—%) ®)

When both sides taking natural logarithm of Eq. (8), have
been considered, it would result in:
. Iné Q Ind
In[sinh(ao)] = —+——-—— 9
[sinh(ao)] T a— ©
For a specific temperature, Eq. (9) can be differentiated as:
d{In[sinh
{In[sin .(aa)]} 1 (10)
d(Ing) n
The slopes of the lines of In[sinh(ac)]-Iné can be used for
the calculation of the value of », as presented in Fig.12a.
Based on Eq.(9), Q value under a specific strain rate could
be acquired as what is listed below:
d{ln[sinh(aa)]}

O=Rn I
()

(11)
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Fig.11 Relationship curves between Ino and Iné (a); o and In & (b)

for TA1/AZ31B multi-layer composite at true strain of 0.1
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The value of O can be derived from the slopes in the plot of
In[sinh(a)] -T"', as depicted in Fig.12b. Averaging the values
of Q in different strain rates can determine its value. Value of
A under a specific strain rate can be obtained from the
intercept of the In[sinh(ao)]-Iné plot.

When there are evaluations of the material constants, the
flow stress in a specific strain can be forecast through the
equation below:

1 2 2
s=tin 5)"+ [5 | (12)
o A A

Adopting this method, it can be calculated for the
measurement of constitutive equations regarding TA1/AZ31B
multi-layer composites having height reduction of 40%. The
material constants of the Arrhenius model of the TA1/AZ31B
multi-layer composites are listed in Table 3.

Afterwards, Eq. (12) can be used to obtain the Arrhenius-
type model for TA1/AZ31B multi-layer composites.

The predicted value through the Arrhenius-type constitutive
equation and the experimental value are compared under
different processing situations in Fig.13.

The accuracy of the depicted models were tested through
the standard statistical variables, for example the correlation
coefficient (R) and average absolute relative error (AARE). R
is regarded as the strength of linear correlation between the

Table 3 Constitutive equation parameters at different true
strains for height reduction of 40%
€ In4 a n 0/)-(mol'K)"!

0.05 25.108 8 0.0111 9.128 1 151.0850
0.10 30.469 1 0.008 3 8.061 4 178.842

0.15 329745 0.007 4 8.073 0 192.393 5
0.20 34.084 2 0.007 0 8.054 7 198.417 3
0.25 34.1352 0.006 7 8.020 7 198.3452
0.30 32.3205 0.006 6 7.8221 188.444 5
0.35 32.343 8 0.006 5 8.028 2 188.475 5
0.40 35.0889 0.006 7 9.029 7 204.983 6
0.45 40.002 9 0.007 2 10.884 1 234.750 1

predicted and experimental which is listed below!':

R= ZI]V:](EI_E)(R_F)
VELE PR Py

where P and E refer to the predicted and the experimental
flow stress (MPa) based on developed constitutive equation,
respectively; The mean values of E and P are £ and P,
respectively. N is the total number of data adopted in this
study.

A statistical
Arrhenius-type constitutive model. Predictions were made

(13)

analysis was conducted based on
through the comparison with the relative experimental
statistics, and then the average absolute relative error (AARE)

18
can be expressed as!'®):

E[_P[
E

i

1 N
AARE :ﬁzle x100% (14)

Fig.14 demonstrates the good agreement between the
predicted value and experimental value. The R value for the
Arrhenius type model is calculated to be 0.991 while AARE
value is calculated to be 3.976%, demonstrating that the model
can accurately forecast the flow stress under deformation
situations. These results demonstrate the good forecasting
ability of this constitutive equation to TA1/AZ31B multi-layer
composites.

2.4 Processing maps

On the basis of the principles of dynamic material model
(DMM), the processing map is given. It is overlapped with the
dissipation of the power provided by a specific source. It is
frequently applied for the evaluation of the material
workability, serving as a kind of function of process
parameters, such as strain, strain rate and temperature“g'zz].
Under the DMM model, the workpiece in the hot deformation
is regarded as the dissipater of power. The features of power
dissipation can be obtained via the microstructural changes,
which are demonstrated and calculated regarding the power
dissipation efficiency by
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Fig.14 Correlation between the experimental and predicted flow
stress values from the Arrhenius-type model (height reduc-
tion of 40%)

2m

Cm+1

(15)

in which, m refers to strain rate sensitivity parameter and has
been figured up as a function of ¢ . Ino versus Iné curve has
been fitted by a cubic spline:
d(In
m = 2Uno)
o(Iné)

The variation of # with temperature and strain rates

(16)

composes the processing map, demonstrating multiple
domains, which can be related with particular microstructural

mechanisms. As what is known to all, there is deformed

instability in multi-layer composite in the plastic deformation
phase. The continuum instability criterion of irreversible
thermodynamics was used to identify the regimes of flow
instability. Kalyan™! proposed the instability conditions as:

m

Aln[- "]

. m+1
=— M+l tm<0
O=Zne "

a7

It has been used for the description of the temperature-strain
rate mechanisms of flow instability over the processing map. A
cubic spline function has been used in the plot of Ino versus Iné,
and the strain rate sensitivity (m2) has been assessed serving as
strain rate’s function. This has been repeated at different
temperatures. The power dissipation’s efficiency and dimen-
sionless instability parameter have been calculated based on a
set of m-values to acquire the power dissipation map. Finally,
the processing maps have been acquired through superimposing
the instability map over the power dissipation map.

Fig.15 demonstrates the construction of processing map of
TA1/AZ31B multi-layer composites at the temperatures
between 573 K and 723 K, strain rates from 0.01~10 s™'. The
processing map of TA1/AZ31B multi-layer composites has
one instability domain. It is in the deformation temperature
scale between 573 and 692 K while the strain rate is between
0.6 and 10 5. There is a gradual decrease of power dissi-
pation efficiency with the increase of the strain rate and
reduction in temperature within this domain. It implies that the
composites’ workability is worse through the increase of strain
rate and decrease of temperature. Such characteristic has been
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Fig.15  Processing map of TA1/AZ31B multi-layer composite

obtained at true strain of 0.5

Fig.16 Macro pictures of TA1/AZ31B multi-layer composites at the
strains rates of £=0.01 s (a), &=0.1 s (b), &=1.0 s (c),
and ¢=10s" (d)at 723 K

found to be classical in a fracture process in Fig.9. The defor-
middle layer occurs under such
situations, which demonstrates fracture along the maximum

mation of specimens’
shear stress planes. The optimum parameter has been
determined to be the temperature of 723 K and the strain rate
of 0.01 s with power dissipation’s maximum efficiency of
28%.

Fig.16 demonstrates the specimen’s macroscopic structure
of TA1/AZ31B multi-layer composite at 723 K and the strain
rates of 0.01~10 s'. Good bonding is presented by the
interface of TA1/AZ31B multi-layer composites of 723 K with
0.01 s (as shown in Fig.16a). With the increase of the strain
rate, there is necking and fracture occurring in the middle
TAl-layer (as shown in Fig.16b, 16¢c, and 16d). Thus, it has
been shown that the calculation results of the processing map
can be applied for the TA1/AZ31B multi-layer composite.

3 Conclusions

1) TA1/AZ31B multi-layer composite has positive strain
rate sensitivity. When the strain rate is larger and the
deformation temperature is lower, it is more difficult to
achieve steady deformation. During the compression bonding
process, dynamic recrystallization (DRX) occurs in AZ31B
layer of TA1/AZ31B multi-layer composite. With the increase

of deformation temperatures from 573 K to 723 K the average
peak stress of TA1/AZ31B multi-layer composite decreases by
113 MPa.

2) The Arrhenius-type model can be used for the numerical
simulation of hot working of TA1/AZ31B multi-layer
composite , which adopts the Arrhenius constitutive model
constructed by the constitutive equation of TA1/AZ31B
multi-layer composite in the temperature range of 573~723 K
and the strain rate range of 0.01~10 s™". The value of R for the
Arrhenius-type model is 0.991 and the value of AARE is
3.976%.

3) There is one instability domain in the processing map of
isothermal compression of TA1/AZ31B multi-layer composite.
It is in the deformation temperature range from 573 K to 692
K and the strain rate range from 0.6 s to 10 s™'. The optimum
processing parameters of TA1/AZ31B multi-layer composite
are the temperature 723 K and the strain rate 0.01 s™ with the
maximum efficiency of power dissipation of 28%.
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TAI/AZ31B Z RESMHEFRERIEPRIERITA

sk M8k RV, ERW Y, 2R ok R BEw ', o, & Y, piut
(. VI HRCRE, BRIE P42 710055)
Q. &NERIHERA R BETEIRLG AR A E K E S0, Wl &5 737100)
(3. ThAEA RN T K5 B TREMF oL, BRPY 7§ 710055)

B E: RAHSERA S TR IR 573~723 K, WASHEETEHN 0.01~10 57, KR 30%~50%[14 1 T TAI/AZ31B £ )2
AR PEAS AT N R A 2 BB 2 WML 2N A . TFSUR W TAL M1 AZ31B 7845 2 Al R s R B ks, (HE
AL ERAMESZ IR AR YA, AZ31B RIERRE KT TA1 2, HAEZELRET AZ3IB BRETHEHS . 4
WA Sy 10 s I, A TAL 2 B AR . 404 FAE W, Arrhenius 4K 5 R AT LIMERI TN TA1/AZ31B £ )2 &M EHRIEH
N IAT K, HTLERARRZE N 3.976%, AHRAECH 0.991. MAk, FETEhEMEHE(DMM)BIEH#ST T TAI/AZ31B £/2H &4k
FEFCNAS Yy 0.5 FIFINLI, #E et T4tk 723 KRR, RNARH AN 0.01 s, BRI R FERUE Y 28%. [, TA1/AZ31B
2 A E MR I T AR — AR X8, BIARTERLE S Bl 573~ 692 K I R ARH % [ 0.6~10s7
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