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Abstract: The hot deformation and dynamic recrystallization (DRX) behaviors of 7055 aluminum alloy were studied at
temperatures of 390-470 °C and strain rates of 0.01-1 s '. A low DRX fraction between 1% and 13% was observed by
using EBSD technique. A modified IMAK-type DRX model was proposed for such low DRX fraction problems. The
model was used together with commercial FEM software DEFORM-3D to simulate the hot compression of 7055
aluminum alloy. There was a good agreement between experimental and predicted DRX fractions and grain size with an
average absolute relative error (AARE) of 13.7% and 6.3%, respectively. In order to further verify the validity of the
proposed model, the model was also used to simulate DRX in industrial hot rolling of 7055 aluminum alloys. The
results showed that the distribution of DRX fraction was inhomogeneous, and agreed with experimental observations.
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1 Introduction

7xxx aluminum alloys have been widely used
in the aviation, aerospace, transportation and other
industrial fields due to their high strength, excellent
corrosion resistance, and low density [1]. Hot
deformation is generally needed to form aluminum
alloys into final products. During this process, the
dynamic recovery (DRV) and the dynamic
recrystallization (DRX) happen, and show the
significant influence on the microstructure of the
final products [2,3]. Precise control of deformation
parameters is necessary for the control of DRV and
DRX during hot deformation to obtain desired
microstructure, and thereafter good mechanical
properties. In order to find optimum deformation
parameters, a reliable DRX model is needed to

predict the microstructure of products.

Various DRV/DRX models have been
proposed [4,5] considering different DRX
mechanisms. One type of these are empirical
models, which are purely based on experimental
observations. In these models, the stress is defined
as a function of temperature, strain and strain rate.
DRV model is mainly based on the dislocation
density model proposed by ESTRIN and
MECKING [6], while Johnson—Mehl—Avrami—
Kolmogorov (JMAK or Avrami) type model is
often used to simulate the DRX [7—11]. Based on
the Avrami’s work [7], SAITO [11] adopted the
JMAK model in the following form:

X =1-exp[-A(t/t,)"] (1)

where X is the volume fraction of recrystallized
grains, 4 and k are constants, ¢ is the time, and ¢,
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is the time to a certain recrystallization fraction x
(0<x<1). This model is suitable for the situation that
only DRX occurs during hot deformation [11].
Based on Saito’s work, researchers have proposed
different JIMAK-type DRX models to simulate the
fractions of DRX in different materials, as shown in
Table 1. Though there are a series of descriptions,
the JIMAK DRX model can be expressed in a
general form as follows:

K,
Xprx :1_exp{_ﬁd(€_gcj }: £>¢, (2)

6‘I‘

where Xprx is the DRX fraction, f4 and ky are
material constants, ¢ is the strain, ¢, is the critical
strain where DRX starts, and ¢ is a reference
strain [12]. WANG et al [13] adopted the strain for
50% fraction of DRX (&) as &, and used the model
to estimate accurately the volume fractions of DRX
in 316LN austenitic stainless steel during hot
deformation process. XU et al [14] found that there
was a good consistency between the JMAK model
and microstructure observation results using the
strain for maximum softening rate (&¢*) as & in
AZ91D magnesium alloy. Similar result was
obtained by CHEN et al [15] using the peak strain
(&p) in 40Cr steel. Based on ¢,, MIRZAEE et al [16]
modified JIMAK model with the steady state strain
minus peak strain (e—¢,) as & to predict the DRX
flow curves at temperatures higher than 1000 °C in
low alloy steel.

Table 1 Various IMAK-type DRX equations

DRX equation Material Ref.
3417 316L
E—E austenitic
Xnry =1—exp| —0.887 <
DRX *P ( Eos ] stainless [13]
steel

o e \P308]  AZ9ID
Xprx =1-exp {—0-5575( - j } magnesium [14]
€ alloy

2.0657
&—¢ 4
Xnkle_exp{—o.mws[ . J } S?e(élr [15]
p

£.—€
s “p steel

2e-) " Low
X=l-expq—0.693| ——— alloy [16]

However, HADADZADEH et al [12] found
that the accuracy of Avrami DRX and Avrami
SRX models was greatly reduced when the
recrystallization fraction was lower than 50%, and
the models even cannot be applied if the
recrystallization fraction was too low when they
were used to simulate the hot deformation of ZK60
alloy. This means that the current JMAK models
mainly deal with materials with high DRX fraction
during hot deformation. The reliability and capacity
of these IMAK-type models will be greatly reduced
if they are used to work on materials with low DRX
fraction, for example, 7xxx series aluminum alloys.
The DRX fraction of 7xxx aluminum alloys during
hot deformation is generally very low [4,17]
because 7xxx aluminum alloys have a large number
of precipitates, which can strongly retard DRX by
inhibiting the motion of grain boundaries; while
DRV can occur easily due to high stacking fault
energy of aluminum matrix, which reduces the
driving force for DRX. LIAO et al [1] found that
the main softening mechanism during hot
deformation of 7050 aluminum alloy was DRV, and
the fraction of DRX was very limited. ZANG
et al [17] reported the fraction of DRX in
Al=7.9Zn—2.7Mg—2.0Cu alloy was lower than 12%
at the temperatures of 300—450 °C and the strain
rates of 0.001-1s™'. LI et al [18] reported the
highest fraction of recrystallization was 10.2% in
7085 aluminum alloy. In order to simulate the hot
deformation of 7xxx aluminum alloys, current
JMAK models need to be modified.

In this work, 7055 aluminum alloy was
researched as a typical material with low proportion
of DRX. A modified JMAK DRX model was
proposed for low DRX fraction (Xprx) problems.
The proposed model was applied in the finite
element method (FEM) software DEFORM-3D to
simulate hot compression of 7055 aluminum alloy
and calculate the fraction of DRX, as well as the
grain size. Finally, industrial hot rolling of 7055
aluminum alloy was simulated to further verify the
proposed model, and the DRX fraction after hot
rolling was calculated and compared with
experimental observations.

2 Experimental

The chemical composition of the studied 7055
aluminum alloy is shown in Table 2. The alloy was
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manufactured by the semi-continuous casting to
approximate dimensions of 4000 mm x 500 mm X
400 mm. Before hot compression, the samples were
homogenized at 460 °C for 3 h and 470 °C for 1 h.
The microstructure of the homogenized sample is
shown in Fig. 1. It has equiaxed grains with a grain
size about 120 pum.

Table 2 Chemical composition of alloy (wt.%)

Zn Mg Cu Zr Fe
7.7 2.2 2.0 0.12 0.04
Si Ti Cr Mn Al
0.03 0.04 0.01 0.01 Bal.

Cylindrical compression samples with 8§ mm in
diameter and 12 mm in height were used for the
isothermal compression tests. Hot deformation was
performed on a Gleeble—3800 thermal simulation
machine. The specimens were heated to the
deformation temperature at the heating rate of
2.5°C/s and held for 3 min before compression
to ensure uniform temperature distribution. The
samples were compressed at temperatures of 390,
430, and 470 °C, and strain rates of 0.01, 0.1, and
1s' with a reduction in height of 60%,
corresponding to a true strain of 0.9. During the
compression process, lubricant was used to reduce
the friction between the mold and samples. After
compression, the samples were quenched into water
immediately to reserve the microstructure after
compression. The samples were cut into halves
along the direction parallel to the compression
direction. The electron backscatter diffraction
(EBSD) observations were carried out in the middle

area of the cut surface. The EBSD samples were
electro-polished in an electrolyte solution of 10%
HCIlO4 and 90% C,HsOH at 20V for 15s. The
EBSD characterization was carried out on a
TESCAN MIRA 3 instrument using a scanning step
length from 0.2 to 2.8 um depending on the grain
and subgrain size of the samples. Channel 5
software and MTEX software [19] were used to
analyze the EBSD data. Finally, the finite element
software DEFORM-3D was used to simulate the
Xprx results.

3 Results and discussion

3.1 Flow behavior

Figure 2 shows the true stress—true strain
curves in different hot compression conditions. A
gradual decrease of stress with increasing strain
after the initial work hardening stage during plastic
deformation can be observed in most of the curves,
which is the result of dynamic softening caused by
DRX and DRV. However, at lower deformation
temperatures and higher strain rate (390 and 430 °C
in Fig. 2(a)), a gradual increase of flow stress with
increasing strain can be observed because the effect
of work hardening was higher than that of dynamic
softening [20]. Figure 2(d) shows the temperature
changes at a strain rate of 1 s~', where the samples’
temperature changes significantly at a high strain
rate during deformation due to the heat induced by
mechanical work. The flow stress strongly depends
on the temperature, i.e., drops as the temperature
increases, while it rises as the temperature
decreases. In order to obtain the true stress—strain
curves at constant temperatures, which are needed
for FEM simulation, the experimental stress—strain
curves need to be corrected to remove the influence
of temperature change. The correction can be made
using following equation [21]:

uc

(e, & T)=0"(¢, &, T)—%lmAT 3)
where ¢° is the corrected flow stress, ¢'° is the
experimental flow stress, & 1is the strain rate, T is
the temperature, and AT is the difference between
the setting temperature and true temperature. An
example of the flow stress—strain curves after
temperature correction is shown in Fig. 2(e), and an
obvious change in flow stress after correction can
be observed.
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Fig. 2 True stress—true strain curves of 7055 alloy compressed at 1s™' (a), 0.1 s ' (b), 0.01s™' (c), variation of
experimental temperatures at strain rate of 1 s~ and different setting temperatures (d), and stress—strain curves after

temperature correction (e)

3.2 Microstructure

Figure 3 shows the EBSD maps of the
isothermal compression samples. The grey lines are
subgrain boundaries with the misorientation angle
between 2° and 15°, and black lines are grain
boundaries with misorientation higher than 15°.
The microstructure exhibits a typical feature of
deformed grains, i.e., the grain is elongated
perpendicularly to the compression direction. Some

shear bands can be observed in the samples
deformed at a higher strain rate, as shown in the
white circles in Figs. 3(a) and (b), which is the
typical characteristic of unstable deformation. It can
also be observed that some small grains are located
at the triple junctions (shown in white rectangle) or
surrounded by deformed grains boundaries (shown
in black rectangle), which are typical features for
DRX. DRX grains can be observed in all graphs, as
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Fig. 3 EBSD maps of 1sothermal compression samples under different conditions: (a) 390 °C, 1 s°'; (b) 430 °C, 1 sf1
(c) 470 °C, 157" (d) 390 °C, 0.1 s'; (e) 430 °C, 0.1 s°'; (f) 470 °C, 0.1 s '; (g) 390 °C, 0.01 s”'; (h) 430 °C, 0.01 s°';
(i) 470 °C, 0.01 s™' (Grey lines are subgrain boundaries with misorientation angle between 2° and 15°, and black lines

are grain boundaries with misorientation angle higher than 15°)

indicated by black arrows. The proportion of DRX
grains and DRX grain size increase with the
increase of isothermal compression temperature
and decrease with the increase of the strain
rate [22—24]. Many subgrain boundaries can be
observed in Fig. 3, which are the evidence of DRV,
suggesting that DRV is the main softening
mechanism in all samples. DRX and DRV are
competing processes because both of them are
driven by the stored deformation energy. Aluminum
alloys are high stacking fault energy materials.
Dislocations can easily glide, climb and cross slip
into partial dislocations, which favors DRV, and
thereafter reduces the stored energy and retards
DRX [4]. Moreover, the addition of alloying

elements in 7xxx aluminum alloys is very high,
which can form a large number of precipitates.
These precipitates, especially Al;Zr precipitates in
Zr alloyed Al-Zn—Mg—Cu alloys, can produce
strong Zener pinning force on grain boundaries,
which also inhibits DRX. Therefore, the fractions of
DRX will be very low in the experimental alloys
(1.28%—12.9%), even if the materials are deformed
at high temperature and low strain rate.

The density of geometrically necessary
dislocation (GND) of all compressed samples was
calculated based on EBSD results by MTEX, which
was an open-source free MATLAB toolbox for
EBSD data analysis [25]. The results are shown in
Fig. 4. The density of dislocations is very high near
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the grain and sub-grain boundaries and gradually
decreases with the increase of distance from grain
and sub-grain boundaries, which suggests that
grain boundaries are the main obstacles for the
dislocation movement during hot deformation. With
the increase of temperature and the decrease of
strain rate, the density of GND gradually reduces.
This can be attributed to DRV. Due to the DRYV, the
dislocations are aligned to compose a network, and
part of the dislocation walls form sub-grain
boundary. At higher temperature and lower strain
rate (for example, 0.01 s™'and 470 °C in Fig. 4(i)),
larger recrystallized grains can be observed, of
which the dislocation density is very low. But for
the small recrystallized grains (Fig. 4(f)), some
have low dislocation density, while others have
high dislocation density. The deformed grains
with higher dislocation density may be served as
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nucleation sites for recrystallization.

The DRX begins to nucleate when the
dislocation density reaches the critical dislocation
density, p., which can be calculated by the
following equations [26—30]:

1

. = 80y,é0, |3
© 3t kM

where y; is the grain boundary energy, o, is the

saturated flow stress, b is the modulus of Burger’s

vector component, u is the shear modulus, K is a

constant about 10 for most metals, and M is the

velocity of grain boundary movement. ¢ and M can
be expressed by

4)

1= pto[1-0.91(T =300)/T,,] (5)
_b O
M= AD, exp( o7 j (6)

’,\_;‘ ~ n ) 4‘

Fig. 4 GND maps of isothermal compression samples under different conditions: (a) 390 °C, 1 s™'; (b) 430 °C, 1 s ';
(c) 470 °C, 15", (d) 390 °C, 0.1 s'; () 430 °C, 0.1 s '; (f) 470 °C, 0.1 s '; (g) 390 °C, 0.01 s '; (h) 430 °C, 0.01 s ';
(i) 470 °C, 0.01 s
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where p represents the shear modulus at room
temperature, 7, is the material’s melting
temperature, k is the Boltzmann constant, 4 is the
thickness of characteristic grain boundary, Dy, is the
boundary self-diffusion coefficient, @, is the
activation energy (69762 J/mol), and R is the mole
gas constant (8.314 J/(mol-K)).

The values of p. in different deformation
conditions were calculated using the parameters
listed in Table 3 [28,29], and the calculated results
are shown in Fig. 5(a). It can be noticed that p.
decreases with increasing deformation temperature
and decreasing strain rate. The average dislocation
density of the compressed samples is calculated as
well according to Fig. 4, and shown in Fig. 5(b).
The dependence of average dislocation density on
deformation parameters is similar to that of p.. Most
values of the average dislocation density are higher
than the corresponding p. shown in Fig. 5(a),
suggesting that DRX can happen under these
deformation conditions. However, the average
dislocation density is lower than the corresponding
p. for the samples deformed at a strain rate of 15,
suggesting that in these deformation conditions
DRX is hard to happen. These results correspond to
the EBSD observations, of which the DRX
fractions are very low in the samples deformed at
strain rate of 1 s~' (Fig. 3(a—c)).

Table 3 Material parameters for 7055 aluminum
alloy [28,29]

Parameter Value
y/(Im?) 0.231
b/m 2.6x107"°
1o/GPa 26
T/K 903.15
IDy/(m*s™") 5x10°
KK 1.38x10 %

3.3 DRX fraction

In order to calculate the fraction of DRX
grain orientation spread (GOS) was
introduced to calculate Xprx. GOS represents the
average deviation between the orientation of each
point in a given grain and the average orientation of
that grain [31,32]. The grain with threshold degree
of GOS<2° [33,34] can be defined as recrystallized

grains,

grain. An example of GOS mayp is shown in Fig. 6,
in which blue color areas (<2°) are recrystallized
grains, the yellow color areas (2°-5°) and the pink
color areas (>5°) are recovered and deformed grains,
respectivley. The fraction of DRX can then be
calculated according to the area fraction of the blue
color area.
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Fig. 5 Critical dislocation density (a) and average
dislocation density (b) under different deformation
conditions

Fig. 6 GOS map of sample deformed at 470 °C and
0.01s™
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LAASRAOUI and JONAS [35] proposed the
following equation to calculate the Xprx at a given
true strain &:

Ot — O

Xppx =—"——> £€>&, (7)

Osat — Oy

where o is the stress at a given true stain &, gg,and
o are the saturated stress of DRV and DRX,
respectively. oy can be determined on the work
hardening rate 8 (=do/de) vs o curve. A typical 6—¢
plot is shown in Fig. 7 for the sample compressed at
a temperature of 430 °C and a strain rate of 0.01 s .
In Fig. 7, the inflection point is defined as the onset
of DRX, and the stress and strain at the inflection
point are &, and o, (critical stress), respectively. og,
can be determined as the horizontal intercept of the
tangent line of 6—¢ curve through the inflection
point with 6=0.

800
600 Slope=—r/2
< 400 & O
n‘ ~
= ~
% ~
200 F Ss
AN Osat
Ol = = = = = = = = = = _\;( -
\
\
_200 C Il 1
35 40 45 50

o/MPa

Fig. 7 6—c curve at 430 °C and 0.01 s (r is coefficient
of DRV at a given temperature and strain rate)

If a sample is fully crystallized after hot
deformation, oy can be easily determined as final
stress [14]; if a sample is not fully crystallized, o is
usually determined by extrapolation method.
However, if the recrystallized fraction is too low,
negative oz might be acquired sometimes, which
is meaningless. Therefore, Eq.(7) needs to be
modified in the current case. The DRX fraction in a
given experimental deformation condition can be
determined by microstructure characterization.
According to Eq. (7), Xeyp can be expressed by
Ky =t ®)

Osat ~ O
where o, is the true stress at the maximum strain,
Xexp and oy, are the DRX fraction and stress at a

true strain of 0.9, a given deformation temperature
and strain rate in this work, respectively.
Substituting Eq. (8) into Eq. (7), the following
expression can be acquired:

Ot — O

XDRX :Xexp ° €>€c (9)

Ogat — O-exp

Then, the dependence of Xprx on ¢ can be
obtained using Eq. (9) and the experimental
stress—strain curves, which is shown in Fig. 8.
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Fig. 8 DRX fraction as function of strain under
different deformation conditions: (a) 0.01 s '; (b) 0.1 s';
(c)1s™!
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3.4 DRX and cellular automation (CA) Kkinetic
models
3.4.1 DRX kinetic model
Due to the low DRX fraction in the current
work, ¢ggs, the strain at DRX fraction of 50%,
cannot be acquired experimentally. Therefore, &0,
the true strain at DRX fraction of 1% is used as the
reference strain, because all experimental DRX
fractions are higher than 1%. Then, the JMAK
model can be modified as

kd
Xprx =1—exp —ﬁd(g_‘%] , E>&, (10)
€001

The way to obtain ¢ is already shown in
Fig. 7.

By fitting the curves in Fig. 8 with Eq. (10), B4
and ky can be obtained, which are 0.03 and 0.5,
respectively. Therefore, the modified DRX kinetics
equations of the studied samples can be expressed
as

E—&,

0.5
Xprx =1—exp —0.03[ J , E> &, (11)

€o.01
3.4.2 Simulation of DRX during hot compression
Commercial DEFORM-3D software was used
to simulate the hot compression of 7055 aluminum
alloy cylinder at temperatures of 390, 430, and
470 °C, and strain rates of 0.01, 0.1, and 1 s~' with
a reduction ratio of 60% [36]. The developed
DRX kinetic model was embedded in software
DEFORM-3D to calculate Xprx in the middle of the
samples, and was compared with experimental
results, as shown in Fig. 9(a). It can be seen that the
calculated results agree well with the EBSD results,
and the average absolute relative error (AARE) is
only 13.7%. Figure 9(b) shows the evolution of
Xprx with strain at 430 °C and 0.01 s_l, which also
has a good agreement with the experimental Xprx.
Hence, it is evident that the modified JIMAK model
can simulate the DRX in 7055 aluminum alloy very
well.
3.4.3 Grain size modeling by cellular automation
The grain size was calculated using the
CA module in the DEFORM-3D software.
Laasroui-Jonas model was used to calculate the
evolution of dislocations, in which the change of
dislocation density p relative to the change of ¢ was
expressed as [37,38]

Y _hrp (12)
de

14 @

12+

—_
(=}
T

AARE=13.7%

e e}

(o)}

Slope=1

Predicted Xprx /%
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L(b
8 H(b) o
n n

6 L
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&

Fig. 9 Comparison between experimental and predicted
Xprx after hot compression: (a) Xprx after 60% hot
deformation at different compression parameters;
(b) Evolution of Xprx with & at 430 °C and 0.01 s~

where £ is the work-hardening rate. 4 and » can be
described as follows:

h=h, [giJ exp(%) (13)
0

r=r, [i} exp (%) (14)

where &, is the strain rate calibration constant and
is taken as 1 in the commercial FEM DEFORM-3D
software, hy and r, are the initial hardening
parameter and the initial recovery parameter,
respectively, O is the activation energy from the
modified JIMAK-type equation, and m is the strain
rate sensitivity [39,40], which is related to the
material hardening tendency with the increase of
strain rate. The calculation formula of m could be
described as

_dlgo

_ 15
BT (15)
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Figure 10 shows the change of stress vs strain
rate on logarithm scale for the studied alloy at

different true strains of 0.3, 0.6 and 0.9, respectively.

m is the slope of the lines.
The value of r can be determined from
Fig. 7 [37], and & can be calculated as

1’0'2

sat 1 6
b (16)

h

The value of a is 0.5 [29]. After determining r
and A, the values of 7y and Ay can be solved
according to Egs. (13) and (14), and listed in
Tables 4 and 5.
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Fig. 10 True stress vs strain rate on logarithm scale at
strains of ¢=0.3 (a), &=0.6 (b), and £=0.9 (c)

Table 4 r, values under different temperatures and strain

rates

Temperature/ o
°C £=001s"' £=01s" £=1s"
390 365.98 362.44 633.06
430 283.28 371.47 656.32
470 144.86 196.70 1614.78

Table 5 £, values under different temperatures and strain

rates

Temperature/ ho/ le_z
°C £=001s"' £=0.1s" &=1s"
390 128761.62 25549438  798215.04
430 50101.21 166083.96  639639.84
470 15314.00 46055.70 876758.66

The recrystallization starts when the density of
dislocations is higher than the critical dislocation
density p.. The nucleation rates were set as
constants between 1x10™* and 4x107 pm™-s™
according to the experimental results, and the grain
growth rate was set as 1. CA simulation was used
for an area of 1200 pm x 1200 pm with the initial
grain size of 120 pum. The calculated results are
shown in Fig. 11. The experimental grain sizes
increase with increasing temperature and decreasing
strain rate, because higher temperature and lower
strain rate can offer more deformation energy and
time to stimulate the growth of grains. There is a
good fit between experimental and predicted data of
average grain sizes, with an AARE as low as 6.3%.

Therefore, the method described in this
work can be used to simulate the low DRX fraction

70
60 O&S Experimental data
[0 Predicted data
. 50 V _ )
2 %
@ 40 %
: /
g 30 /
S 7
20 /
2
10| /
: %
390 430 470
Temperature/°C

Fig. 11 Experimental and predicted average grain sizes
of all samples
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problems, especially it can be implemented in the
commercial FEM software DEFORM to calculate
the DRX fraction and grain size evolution during
hot deformation of aluminum alloys.

3.5 Simulation results of DRX in industrial hot

rolling plate

In order to further verify the validity of the
modified JMAK model, industrial hot rolling of
7055 aluminum alloy thick plate was simulated
with DEFORM software. A 340 mm-thick cast
ingot was homogenized, then subjected to multi-
pass hot rolling to a final plate of 80 mm in
thickness. The true stress—strain curves, the DRX
kinetics model, and other materials constants
acquired from thermal simulation tests were

(a)

Normal direction

Rolling direction

P2

Jia-chen LI, et al/Trans. Nonferrous Met. Soc. China 31(2021) 1902—-1915

imported into the DEFORM  software. The
parameters for the simulation are listed in Table 6.
The distribution of Xprx on the longitudinal
section of the plate is shown in Fig. 12(a). It can be
found that the distribution of recrystallization area

Table 6 Parameters for simulation of hot rolling

Parameter Value
Size of roll/mm 800
Rolling speed/(r-min”") 50
Pass reduction/mm 8-20
Environmental temperature/°C 20
Heat transfer coefficient/(W-m >-K™") 1000
Friction coefficient 0.7

Xprx/%o
12.0
10.0

Fig. 12 Simulation result by DEFORM-3D software (a), EBSD images (b—e) with GOS maps in insects of samples

during hot rolling
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is not homogeneous, which is due to the
inhomogeneous deformation of the plate during
rolling. Thus, the Xprx is ranged from 0.6% to
11.8% over the whole plate. The materials in
different positions of the plate, i.e., P1, P2, P3 and
P4 in Fig. 12(a), were characterized by EBSD, and
the results are shown in Figs. 12(b—e¢), respectively.
The corresponding GOS maps, used for the
calculation of DRX fraction, are shown in the insets
as well. The plate has a typical feature of deformed
and recovered microstructure. Some small DRX
grains can be observed, as indicated by the red
arrows. The DRX fractions are determined on the
basis of the GOS map, and Xprx in the four
different positions has an obvious difference, i.e.,
the lowest one at P1 (3.2%) and highest one at P3
(10%). A comparison between the predicted and
observed Xprx is shown in Fig. 13, which basically
agrees well. However, the difference between the
predicted Xprx and the experimental Xprx for hot
rolling is obviously higher than that for hot
compression. This might be because hot
compression tests were carried out on a thermal
simulation machine, in which the deformation
parameters were well controlled, while the
deformation parameters for industrial hot rolling
were not well controlled.

12
[ Predicted data
10+ Il Experimental data
8 -
S
2 of
b
4 -
2 -
0
P1 P2 P3 P4
Position

Fig. 13 Comparison between predicted and experimental
DRX fractions at different positions of hot rolling plate
(Positions of P1, P2, P3 and P4 are shown in Fig. 12)

4 Conclusions

(1) In 7055 aluminum alloy, DRV was easy to
happen during hot deformation, therefore the DRX
was very limited, lower than 12.9%. The increase of
deformation temperature and decrease of strain rate

could increase the fraction of DRX.

(2) With the increase of temperature and the
decrease of strain rate, the density of geometrically
necessary dislocation (GND) gradually reduced
because of DRV and/or DRX.

(3) A DRX kinetics model was proposed for
low proportion DRX materials. The model can be
implemented in DEFORM-3D software to predict
the DRX during hot compression and hot rolling
very well. The AARE of the predicted DRX
fraction is 13.7%. The modified JIMAK-type DRX
model was also used together with cellular
automaton in DEFORM-3D software to predict the
grain size after hot compression. The AARE of
grain sizes is 6.3%.

(4) The modified IMAK-type DRX model was
used to simulate commercial production of 7055
aluminum alloy thick plate, and the results showed
that the DRX distribution was inhomogeneous. The
predicted DRX fraction agreed with experimental
observation.
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7055 5 & & PR LGS B AR

FEHE, A, B K2, mrad, g

1. BRRZ MEEES TR%E WETREEMEERSERASLIRE, HK 400044;
2. EEENRmARAR, BT 530031;
3. BERKEE TRFEMRREE A AL, EK 400044

1 E: W 7055 A SN 390~470 °C MINASHEFA 0.01~1 5™ & F FAERBIA L BTN BT
B BT (EBSD)RIELE KW, 7055 HEEERAT THEHEHGTERIK, IEHERETEN 1%~13%.
NT BRI BB LS &, X IMAK S 4 REIGETEIE. MAEEMBR, 256 a Roukm
DEFORM-3D, %} 7055 #8454 1R R AR I Rt AT BB AN, AU 200 3 4 55 45 i LB R0 SR RS IR~ a0 4
xﬁﬂé(AARE) AN 13.7%H 6.3%, SRR G RIF. N 7 —SUE S0 R pA R, SRHZ 77255 7055
G & T ARG PR AT L, AL R I HELIR B A B 45 A AR5, 5l mgR 46 R —5.
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