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Abstract: The thermomechanical behavior of precipitation-hardened aluminum alloy AA7022-T6 was studied using
isothermal compression at temperatures of 623—773 K and strain rates of 0.01—1 s '. The experimental results indicated
that dynamic recrystallization (DRX) is a predominant hot deformation mechanism, especially at elevated temperatures
and low strain rates. The modified Johnson—Cook (J—C) and the strain compensated Arrhenius-type models were
developed to predict the hot flow behavior under different deformation conditions. The correlation coefficients of
modified J—C model and the strain compensated Arrhenius-type models were 0.9914 and 0.9972, respectively, their
average relative errors (ARE) were 6.074% and 4.465%, respectively, and their root mean square errors (RMSE) were
10.611 and 1.665 MPa, respectively, indicating that the strain compensated Arrhenius-type model can predict the hot
flow stress of AA7022-T6 aluminum alloy with an appropriate accuracy.
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1 Introduction

The precipitation-hardenable 7xxx series
aluminum alloys (Al-Zn—Mg—Cu) have unique
mechanical properties and great fatigue resistance,
which are thus widely used in the aerospace and
transportation industries [1-3]. These parts are
usually formed, especially forming processes at
elevated temperatures such as hot extrusion, rolling,
and forging. The high deformation temperatures,
large strains and extensive strain rates of forming
processes cause drastic changes in the
microstructure of materials [4,5]. Furthermore, the
mechanical behaviors of materials are dependent
strongly on the microstructural evolution [6,7].
Al-Zn—Mg—Cu alloys have a high value of
stacking fault energy and metallurgical phenomena
can occur during hot working [8,9]. Thus, in order
to have excellent mechanical properties of

components, the microstructure should be
controlled during the hot deformation processes.
The investigation of the hot deformation behavior
of 7xxx series alloys is necessary for the selection
of optimum processing parameters
thermomechanical processes.

The hardening and softening mechanisms
consist of work hardening (WH), dynamic recovery
(DRV) and dynamic recrystallization (DRX) as the
metallurgical phenomena during hot deformation
cause to complicate the mechanical behavior of
materials [10—12]. Thus, the complicated
microstructure of materials after hot forming
significantly affects the strength of metallic
products [13—15]. So the prediction of hot
deformation behavior of materials is complicated
and can only be computed with the assistant of
computer code which models the response of the
deformed material under the specific loading
conditions. For this reason, constitutive equations

during
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are mostly used to display material flow behaviors
in a form that can be employed in computer code to
simulate and model the forming processes and
material behavior under the general loading
conditions [16—19]. A comprehensive and accurate
model for describing the relationship between
processing parameters and flow stress is essential to
credibly simulate.

The mechanical and microstructural behaviors
of metallic and base metal composite materials are
investigated by various developed constitutive
models which include the phenomenological
models [20,21], physically-based models [22,23]
and artificial neural networks models [24,25]. These
the models can reflect the different deformation
mechanisms such as hardening and softening
mechanisms on hot flow stress. The most widely
used models of these are phenomenological models
that the material constants of these models have
great importance to the prediction of flow stress at
different deforming conditions [4]. The Arrhenius-
type and Johnson—Cook (J—C) models are two
conventional phenomenological constitutive
models [26—29]. The J-C model can forecast the
deformation behaviors of ferrous and nonferrous
materials at elevated temperatures [30—32]. The low
accuracy of J—C model predictions has led to
providing the modified J-C models to more
accurately predict the softening and hardening
effects of flow behavior [33—35]. The effects of
deformation temperature, strain rate and strain are
considered in the Arrhenius-type model to
predict the flow stress of materials. The strain
compensated Arrhenius model has been developed
to accurately predict and exhibit the dynamic
softening and work hardening mechanisms during
hot deformation [35—38].

In recent years, the thermomechanical and
microstructural behavior of aluminum alloys has
been investigated because of the significance of hot
forming processes of these materials. Accordingly,
the noticeable researches have been performed on
the various constitutive models to describe and
analyze hot flow behavior along with the efficacy of
metallurgical phenomena on the trend of material
deformation. REZAEI ASHTIANI et al [39] studied
hot deformation behavior of pure aluminum alloys
and developed strain compensated Arrhenius model
as well as reported the WH mechanism due to an
increase of dislocation density. LI et al [40]

reported the DRV and DRX as softening
mechanisms for the deformation behavior of
Al-Cu—Li—Sc—Zr at elevated temperature and
developed the Arrhenius model. The hot tensile
behavior of 2099 Al-Li alloy and Arrhenius
equations were investigated by CHEN et al [41].
MOSTAFAEI and KAZEMINEZHAD [42]
reported that the DRV occurred during hot
compression of Al-6Mg and provided the
Arrhenius model. NAYAK and DATE [43]
compared the Arrhenius, strain-compensated
Arrhenius, J-C and modified J-C models of
Al-SiC composite in a board range of strain rate
and temperatures. DAI et al [44] analyzed the
characteristic hot deformation of 5083 aluminum
alloy and DRX occurred at high deformation
temperatures and strain rates as well as introduced
the strain-compensated Arrhenius equation. LIU
et al [45] characterized the flow behavior of
Al-Mg—Si—-Mn—Cr alloy at elevated temperature
and predicted the phenomenological and physical-
based models. SHI et al [46] developed the
Arrhenius model and DRV is a dominating
mechanism of the hot deformation of homogenized
AA7150 aluminum alloys. ZHOU et al [47]
indicated the application of the Arrhenius model to
simulate the hot compression process to optimize
the deformation process of the aluminum base
composite. DONG et al [48] simulated the
extrusion process of complex profiles of AlI-Mg—Si
using strain compensated Arrhenius model. Also,
ZHANG et al [49] used the material constant of
strain compensated Arrhenius model as computer
code to simulation extrusion of Al-Zn—Mg. More
studies reported that the DRX and DRV were hot
deformation mechanisms of aluminum alloys at hot
working conditions. Also, the developed models
have indicated the complex flow behavior due to
dynamic softening mechanisms and accurately
described the flow stress of aluminum and
composite alloys at hot deformation conditions.

In this study, the mechanical behavior of
precipitation-hardened aluminum alloy AA7022-T6
has been investigated at different strain rates and
temperatures. The hot deformed microstructures
were observed to validate the deformation
mechanisms and influence of temperature and strain
rate on the microstructural changing of this alloy.
The constitutive models were developed based on
the modified J-C model and strain compensated
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Arrhenius-type model, respectively.
2 Experimental

The extruded AA7022 was employed for the
hot compression test in this work, whose chemical
composition is listed in Table 1. A series of
cylindrical samples were machined from the
extruded bars in the sizes of 4 and 12 mm in radius
and height, respectively. For the preparation of
AAT022-T6, the extruded bars were heat-treated at
733K for 1 h in a furnace as solution treatment then
followed by water quenching. Then artificial aging
heat treatment was employed at 393 K for 16 h to
achieve proper precipitation-hardened AA7022-T6
aluminum alloy samples. The optical micrograph of
the initial microstructure of the heat-treated alloy is
shown in Fig. 1, which indicates that the grains are
fibrous along the extrusion direction.

Table 1 Chemical composition of experimental AA7022
alloy (wt.%)

Zn Mg Cu Si Mn Cr Fe Ti Al
4.80 340 0.70 0.50 0.30 0.30 0.50 0.10 Bal.

Fig. 1 Initial microstructure of AA7022-T6 alloy

For determination of the flow stress behavior
of the AA7022-T6 alloy at elevated temperatures,
the hot compression tests were performed using a
Gotech-AI7000 universal testing machine at the
temperatures of 623, 673, 723 and 773 K with the
strain rates of 0.01, 0.1 and 1 s™'. The AA7022-T6
alloy samples were firstly heated to the forming
temperature by the electrical resistance furnace, as
each one of them was warmed to test temperature
and held for 6 min for the thermal balance. The
artificial aging heat treatment and hot compression
deformation tests of AA7022-T6 were performed
according to the test schedule illustrated in Fig. 2.
In order to reduce the interfacial friction effect, a

very thin silicate sheet called mica was used
between dies and samples as lubricate. The samples
were compressed to a strain of 0.6, and then directly
quenched in water for preventing the unsought
microstructural transformation and maintenance of
hot-formed microstructure.

Artificial aging  Thermo-mechanical test

Solution heat
treatment

Temperature

733K,
1h

Quench

|

Quenching

Precipitation
heat treatment

393K, 16h

Time
Fig. 2 Artificial aging heat treatment and thermo-
mechanical schedule used to compress samples

3 Results and discussion

3.1 True stress—true strain curves

After hot compression tests, the barreled
samples are created by changing the stress state
from 1D to 3D due to the interfacial friction,
although the lubricant was applied for reducing
friction between sample and die. Therefore, with
the increase of the deformation, the effects of
friction increase. Thus, there are heterogeneous
deformations as a drum shape of samples and error
in measured flow stress. So, the effect of friction
should consider experimental data for predicting the
accurate flow stress. The corrected flow stress is
expressed by [42,50]

O-m
1+(2/3\3m(ry /by exp(3e,, 12))

e (1)
where o, oy, and &, are the corrected and measured
flow stresses and measured strain, respectively; ry
and A are the initial radius and the initial height of
the sample, respectively; and m is the friction factor
selected as 0.2 [50]. The comparison of friction
corrected and measured flow behavior of
AA7022-T6 is illustrated in Fig. 3 at various
deformation temperatures and strain rates. The
corrected flow stresses are lower than the measured
ones, therefore, the effects of friction appear with
increasing strain because of increasing contact area
between the sample and die. Also, the work
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hardening effects at original curves are reduced by
correction [42]. Figure 3 presents that the
influences of the strain rate and temperature on the
flow stress are really considerable. The decrease in
temperature and the increase of strain rate can
increase the flow stress. In addition, the strain
effects on the flow stress are significant. Therefore,
at the beginning of deformation that the flow stress
has low value, stress increases sharply with the
increase of strain due to the significant work
hardening effect.

3.2 Microstructural evolution
The micrographs observed by the optical
microscope of the AA7022-T6 deformed at
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different strain rates and temperatures are displayed
in Fig. 4 and Fig. 5. At the strain rate of 0.01 s, the
effects of deformation temperature on the
microstructures of deformed samples are shown in
Figs. 4(a)—(d). It is observed from Fig. 4 that the
microstructure of AA7022 is sensitive to the
temperature. At the temperature of 623 K, the
microstructure mainly consists of the deformed
grains and a little percentage of recrystallized grains
is shown in Fig. 4(a). When the deformation
temperature increases to 673 K, new recrystallized
grains are formed (Fig. 4(b)). At high temperatures
of 723 and 773 K (Figs. 4(c) and (d)), many
recrystallized and fine grains are observed along the
deformed grain boundaries and grain interior. And,
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Fig. 3 Comparison of original and friction corrected true stress—strain curves of AA7022-T6 alloy with strain rates of

0.01s'(a), 0.1 s (b)and 1 s ' (c) at various temperatures

Fig. 4 Microstructures of AA7022 alloy deformed at temperatures of 623 K (a), 673 K (b), 723 K (c¢) and 773 K (d) with

strain rate of 0.01 s
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" 3 . 2 —
Fig. 5 Microstructures of AA7022 alloy deformed at

temperatures of 623 K (a) and 723 K (b) with strain rate
of 0.1 s

the volume fraction of recrystallized grains
increases with increasing forming temperature.
Thus, at the constant strain rate, the flow stress
decreases as the forming temperature increases (see
Fig. 4) due to the dynamic recrystallization as a
softening mechanism.

Figures 5(a) and (b) exhibit the micro-
structures of the deformed sample at temperatures
of 623 and 723 K with a strain rate of 0.1 ™. The
microstructural  observations show that the
deformed sample at the temperature of 623 K
consists of insignificant recrystallization in the
non-uniform grains, while the more recrystallized
grains are observed in some deformed areas at the
deformation temperature of 723 K.

4 Constitutive equation of flow stress
during hot deformation

4.1 Modified J—C model

The modified J-C model, which regards the
coupled effects of strain, strain rate and temperature
on the mechanical behavior of materials at elevated
temperature, was developed by LIN et al [51]. Also,
the work hardening, dynamic recovery and dynamic
recrystallization are evaluated by this model. The
modified J—C model can be represented as

o=(B,+B,e+B,e*)1+C,In&").-
expl[(4 +4, In& )(T-T)] 2)

where o is the flow stress for a specified strain, 7 is
the thermodynamic temperature, & is the
dimensionless strain rate, and can be expressed as
& =¢/é,, where & and &, are strain rate and
reference strain rate, respectively; T; is the reference
temperature; By, Bi, By, Cy, A1 and 1, are material
constants. In this study, the deformation
temperature of 623 K and the strain rate of 1s'
were applied as the reference conditions.

Under the reference conditions, Eq. (2) can be
written as a function of strain.

O':B0+Blg+3282 (3)

Replacing the strain values and corresponding
flow stress values into Eq. (3) gives the relationship
between ¢ and ¢ using the second order polynomial
fitting, as shown in Fig. 6(a). When the deformation
temperature is reference temperature (623 K),
Eq. (2) comes as the following:

O
(B, +B,&+B,&")

=1+C,Iné" (4)

Then, the mean value of Cj can be taken by the
method of linear fitting with different strain rates at
the reference temperature from the slopes of the
lines in the o/(BytBie+Bye’)—1Iné" plot, as shown
in Fig. 6(b).

The final step is to calculate the material
constants A; and A,. These material constants were
replaced by a new parameter /, here, A=A;+4,Iné" .
A can be taken by catching the natural logarithm of
both sides of Eq. (2).

o
In P
(By+B,&+B,&”)(1+CyIn&")

}=/1(T )

The value of 1 can be specified by linear
fitting of the relation between
In{o/[(By+B e+Be”)(1+Colné")]} and T-T, under
different strain rates and temperatures from
Fig. 6(c). Therefore, the values of 1; and 1, were
derived by the slopes of the lines in the A—Iné"
plot, as shown in Fig. 6(d).

Consequently, all of the material constant
values of the constitutive equation of AA7022-T6
alloy based on the modified J-C model are
confirmed as shown in Table 2.
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Table 2 Material constants based on modified J—C model
B() Bl B2 CO /11 /12
87.518 —13.114 3.694 0.1339 —0.0044 0.0007

The comparison between the predicted values
by the modified J-C model and experimental
results at different conditions for AA7022-T6 alloy
is shown in Fig. 7. As it is clear from this figure, the
modified J-C model could correctly predict the
flow stress of the AA7022-T6 alloy at elevated
temperatures. So, there is a suitable relation
between the predicted data and experimental
results. It can be seen that some of the predicted
data at the temperature of 773 K fitted well with the
experimental results. However, the modified J—C
model cannot predict the drastic changes due to
hardening power as observed at the temperatures
623 and 673 K and the strain rates 0.01 and 0.1 s'.
Anyway, the modified J-C model can describe the
effects of softening and hardening processes on the
hot deformation behavior of materials.

4.2 Arrhenius-type model

The Arrhenius-type model has high accuracy
for the prediction of the flow behavior of materials
in the hot working, SELLARS and McTEGART [52]
developed this phenomenological constitutive
model. The correlation among the flow stress, strain
rate and temperature could be expressed by the
power-law at low-stress level, by the exponential
law at high-stress level, and by the hyperbolic
sine-type equation at all stress levels, which are
given by Egs. (6)—(8).

Z=¢exp[Q/(RT)] (6)

e=Af (o)exp[-Q/(RT)] (7)
", 05<0.8

f(o)=1exp(fo), ac>1.2 (8)

[sinh(ao)]", forall o

where Q is the deformation activation energy, R is
the universal gas constant, and A4, n’, n, § and a
(0=0/n") are material constants.
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Fig. 7 Comparison between experimental and predicted
flow stress by modified J-C model of AA7022 alloy at
strain rates of 0.01 s ' (a), 0.1 s ' (b)and 1 s ' (c)

Generally, the high and low levels of stress are
described by the power-law and the exponential
law, respectively. However, the hyperbolic law in
the Arrhenius-type equation gives better estimations
between flow stress and Z in the whole ranges of
hot working (Eq.(6)) [53]. However, the
interpretation of flow stress is imperfect by these
equations, because it is not considered the strain
effects on the flow stress of AA7022-T6 at elevated
temperature.

4.2.1 Determination of material constants for
Arrhenius model

The material constants of constitutive
equations were obtained from the experimental
result from the hot compression test under different
temperatures and strain rates. It has been found that
the deformation strain effect on the flow stress will
not be considered in Egs. (6) and (7). In this
research, it has been afforded to consider the
influence of strain on the material constants of
developed constitutive equations. As an example,
the continuation is the estimate process of material
constants at the deformation strain of 0.1. For the
low-stress level (00<0.8) and high-stress level
(ao>1.2), replacing appropriate function into Eq. (8)
leads to Egs. (9) and (10), respectively.
i=do” ©)
E=4, exp(fo) (10)
where A, and A4, are the material constants, which
are not dependent on the deformation temperatures.
Equations (11) and (12) can be obtained by taking

the logarithm of both sides of Egs. (9) and (10),
respectively.

lnazlllng'—irlnA1 (11)
n n
1. .1
o=—Iné——In4, (12)
B p
Then, substituting the strain rate and

corresponding true stress values under the strain of
0.1 into Egs. (11) and (12) yields the linear
relationship in the form of the straightforward and
parallel lines in deforming conditions, as shown in
Fig. 8. At a constant deformation temperature, the
partial differentiation of Egs. (11) and (12) gives the
following equations, respectively:

, [omé
" _L’)lnal (13)
| Olné¢
ﬁ_{ oo :lT (1

where the values of n’ and f can be acquired from
the slope of every single line in the Ino—In& and
oc—Ing plots at the constant temperature by linear
fit method, respectively (Figs. 8(a) and (b)).

For the entire range of stress levels (containing
low and high-stress levels), Eq. (7) can be
represented as follows:
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(15)

£=4 {sinh(aa)” exp [R_QTH

Equation (16) can be obtained by catching the

natural logarithm of Eq. (15).
Infsinh(co)]=nt 4 £ __In4
n nRT n

Differentiating Eq. (16) yields:

(16)

O=R an £ Oln[sinh(ao)] (17)
Oln[sinh(ao)] |, o(l/T) ;

For  special deformation  temperature,
differentiating Eq. (17) arrive to
l:{ﬁln[smh('aa)]} (18)
n Olné¢ T

The n value can be obtained by averaging from
the slopes of the lines in In[sinh(ao)] — In¢ at
constant deformation temperature, as shown in
Fig. 8(c). In the same way and with considering
Eq. (18), for a specific value of strain rate,
differentiating Eq. (19) supplies

o= Rn{@ln[sinh(aa)]} (19)

a(l/T)

So, by replacing the values of deformation
temperatures and flow stresses (under the strain of
0.1) obtained at a particular strain rate into Eq. (19),
the value of Q can be taken from the slope of
plotting In[sinh(ac)] versus 1/7, as shown in
Fig. 8(d).

For all levels of stress, Eq. (16) can be
represented as follows:
Z=Eexp (gjz/l[sinh(aa)]” (20)

RT

Catching the natural logarithm of Eq. (20),

yields

In Z=In A+nln[sinh(ao)] 21)

The relationship between In[sinh(ao)] and In Z
is presented in Fig. 9 with considering the
experimental results. Then, the values of In 4 and n
are the intercept and slope of the straight line in
In Z—In[sinh(ao)] plot, respectively.
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Finally, all of the material constants based on
the Arrhenius-type model, i.e., n, 8, a, n’, Q and 4 at
strain of 0.1 can be calculated for AA7022-T6, and
the results are shown in Table 3.

19

T 1n7=12.42242.675In[sinh(z0)]
InA=12.422

15F  A=2.845x10°

=2 = 1 0 1 2
In[sinh(20)]
Fig. 9 Relationship between In[sinh(as)] and In Z

Table 3 Material constants based on Arrhenius-type
model

Q/(kJ-mol) A
88.679  2.845x10°

n' S o n
3.7701 0.1006 0.0267 2.675

4.2.2 Compensation of strain

Variation of the flow behavior of studied alloy
with strain is evident in the true stress—true strain
curves as shown in Fig. 3. However, the effect of
strain should be taken into all of the material
constants of the Arrhenius equation to predict more
accurate flow stress.

The material constants of the Arrhenius
equation can be obtained by polynomial fitting to
establish the relationships among Q, In4, n, a, and
the true strain values from 0.1 to 0.6 in increment of
0.05. the
constants is shown in Fig. 10. A sixth-order
polynomial was found to represent the relationship
between the strain and material constants, as
expressed in Eq. (22).

influence of strain on the material

a=0.0284-0.0365+0.28585* +1.0857¢° +
2.3103¢"-2.5785¢” +1.1686¢°

n=3.1948-12.128¢+115.66£> +528.52&° +
1274.7* -1549.98° +747.27&°

In A=12.286+14.1936-226.945* +1430.1¢° —
3996.4¢* +5218.3¢° -2596.5&°

0=8.8257+6.2767c-104.71¢* +679.82¢> —
1916.4¢* +2509.45° —1248.8£°

(22)
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Fig. 10 Relationships among a, n, In4 and Q with true
strain by polynomial fit of AA7022 alloy

After the estimation of the material constants
of equations, the flow stress at a specific strain can
be presented as a function of the Zener—Hollomon
parameter (Z).

Once the material constants are estimated, the
flow stress at an especial strain can be written as a
function of the Zener—Hollomon parameter (Z).
Therefore, the deformation behavior of AA7022-T6
at elevated temperature can be predicted by Eq. (23)
that this developed constitutive equation correlates
flow stress to Z with considering the Egs. (6) and

(15).

1/2
1 (Zjl/n (Z jZ/n
o=—<—| +|—| +l
a |\ 4 A

Figure 11 shows the predicted results of strain
compensated Arrhenius-type model and
experimental flow stress curves of AA7022-T6. A
comparison between the experimental results and
the flow stress predicted by the strain-dependent
constitutive equation indicates well conformity.

(23)
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Fig. 11 Comparison between experimental and predicted
flow stress curves by strain compensated Arrhenius-type
model of AA7022 alloy at strain rates of 0.01 s™' (a),
0.1s"'(b)and 15 '(c)

5 Verification of developed constitutive
models

Predictability of the developed constitutive
model for AA7022-T6 alloy has been evaluated by
standard  statistical ~methods consisting of
correlation coefficient (), average relative error
(ARE) and root mean square error (RMSE) which
are expressed as Eqs. (24)—(26), respectively.

i=1

D (E,~E)P-P)
"= i:lN =1 (24)
J2<Ei—ﬁ>zz<e—ﬁ>2
1 S Ei_Pi
ARE:NZ x100% (25)
i=1 i

RMSE= /Li(Ei -P) (26)
N3

where E; is the experimental flow stress, P; is the
predicted flow stress achieved from the proposed
constitutive models, P and E are the average
values of P; and FE;, respectively, and N is the
number that was applied in the research.

The stresses predicted by constitutive models
are plotted against the experimental results in
Fig. 12. The values of », ARE and RMSE for the
modified J-C model are 0.9914, 6.074% and
10.611 MPa, respectively. The », ARE and RMSE
are 0.9972, 4.465% and 1.665 MPa, respectively for

120
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Fig. 12 Correlation between experimental and predicted
stresses by modified J-C model (a) and strain

compensated Arrhenius-type model (b)
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the strain compensated Arrhenius model. The
correlation analysis indicates a good prediction
accuracy of the strain compensated Arrhenius
model to estimate the flow stress of the studied
AA7022-T6 alloy.

Also, the estimability of both the developed
models has been investigated by statistical analysis
of the relative error analysis. The relation of relative
error (e;) can be expressed as follows:

er=[Ef_B JxlOO%
Ei

The relative error results of both models are
presented in Fig. 13. The variation of relative error
1s —8.36087% to 16.779% with mean relative error
of 4.206%, and for the J—C model it varies from
—15.478% to 10.136% with mean relative error of
—0.2187% for the Arrhenius model.

(27)
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Fig. 13 Relative error analysis by modified J-C model (a)
and strain compensated Arrhenius-type model (b)

6 Conclusions

(1) The flow stress behavior of the AA7022-T6
alloy is very dependent on hot deformation

conditions such as strain rate, temperature and
strain. Increasing the strain rate increases the flow
stress while increasing the temperature produces the
reverse effect.

(2) The true stress—true strain curves were
modified by the correction of interfacial friction
effects, so that, the predicted frictionless flow stress
or corrected flow stress was used in the true
stress—true strain curves.

(3) The microstructural investigations of
deformed alloy indicated that dynamic
recrystallization (DRX) was a main hot deformation
mechanism at elevated temperatures and fine grains
were observed along the deformed grain boundaries
and grain interior.

(4) Both constitutive equations developed
based on the modified J-C and strain compensated
Arrhenius models can explain the flow behavior of
AA7022-T6 alloy at elevated temperature.
Although, the strain compensated Arrhenius model
represents better accuracy than the modified J—C
model.

(5) The predictability of two constitutive
models was measured by its correlation coefficient,
ARE and RMSE. The results showed that for the
strain compensated Arrhenius-type and modified
J—C developed models, the ARE values are 4.465%
and 6.074%, respectively, and also the RMSE
values are 1.665 and 10.611 MPa respectively,
while the r values are 0.9972 and 0.9914,
respectively. These results show that the strain
compensated Arrhenius-type model can more
exactly describe the hot deformation behavior of
AA7022-T6 alloy.
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