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Abstract: Taking 5A02 aluminum alloy cold-rolled sheet as the research object, the plastic deformation behavior of 5SA02

aluminum alloy at different temperatures and strain rates was analyzed through uniaxial tensile test and metallographic test.

Through combining experimental data and Zener-Hollomon parameter model, the constitutive model of 5A02 aluminum alloy

under high temperature conditions was studied. The results show that the strain rate and deformation temperature have a great

influence on the elongation when the 5A02 aluminum alloy is deformed under high temperature conditions. At strain rates of
0.01, 0.001, 0.0005 and 0.0001 s™', the elongation of 5A02 aluminum alloy is greater than 100% when the deformation

temperature is above 250 °C. The true stress-strain curve of SA02 aluminum alloy is characterized by dynamic recovery when

the deformation temperature is 150~250 °C, and the flow stress curve has obvious softening phenomenon when the

deformation temperature is above 250 °C.
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With the development of industrial technology and the
rising of energy issues, lightweight design has become the
primary design principle in the aerospace, automotive, rail
transportation, electronics, communications and other in-
dustrial fields!". Therefore, the application and forming
technology of lightweight alloy materials represented by
aluminum alloys has become one of the focus and hot top-
ics in current research”*!,

Abedrabbo et al’”! studied the hardening model and ani-
sotropic parameters of AA3003 aluminum alloy at different
temperatures and strain rates, and then established an ani-
sotropic material model of aluminum alloy that can be used
for thermo-mechanical coupling finite element analysis.
Soer et al used the transmission electron microscope
(TEM) to analyze the microstructure and dislocation sub-
structure during the deformation in order to determine the
superplastic deformation mechanism and the optimal de-
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formation parameters of the aluminum-magnesium alloy,
and then established a function relation between dislocation
and strain, strain rate and temperature. Jia et al'”’ studied the
effect of Sc content on the nucleation and precipitation of
the second phase by adding trace element Sc to Al-0.11%
Zr alloy. The results showed that the precipitation of sec-
ondary phase is more uniform with the increase of Sc con-
tent, and the more precipitation of the secondary phase
Als(Sc, Zr), the higher the recrystallization temperature of
the Al-Sc-Zr alloy. Sun et al®® studied the superplastic
properties of Al-Mg-Sc-Zr alloys. The results showed that
dynamic recrystallization occurs during the superplastic
deformation of Al-Mg-Sc-Zr alloys, and the precipitated
second phase particles can effectively inhibit the growth of
coarse grains at the same time. Zhu et al”! studied the
thermal deformation behavior of 2050 Al-Li alloy under hot
compression, and the flow stress curve was modified based
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on the influence of friction and temperature difference on

the flow stress. Gao et al ['”

used scanning electron micro-
scope (SEM), transmission electron microscope (TEM),
tensile test and differential scanning calorimetry (DSC) to
investigate the effects of different solution methods on mi-
crostructure, mechanical properties and precipitation be-
havior of Al-Mg-Si alloy. The results revealed that the re-
crystallized grains of the alloy after the solution treatment
with hot air become smaller and more uniform, compared
with solution treatment with electrical resistance. Chaman-
far et al'l established the constitutive model of AA6099
aluminum alloy using a power-law empirical model, and
revealed the microstructures and dynamic softening
mechanisms of the alloy under various deformation condi-
tions by light optical microscopy (OM) and electron back
scattered diffraction (EBSD) techniques. The results show
that the main flow softening mechanism for AA6099 is dy-
namic recovery, and the partial dynamic recrystallization
enhances the flow softening, especially at low deformation
temperatures and high strain rates. Using the same research
method, Li et al"'?
microstructure evolution of Al-5Zn-2Mg(7005) aluminum

studied the flow softening behavior and

alloy during dynamic recovery, and results indicated that
the remaining softening after deformation heating correc-
tion at high strain rate and the softening observed at high
temperature are associated with grain coarsening induced
by grain boundary migration during dynamic recovery
process. He et al!"*! studied the plastic deformation behav-
ior of 2024 aluminum alloy at elevated temperatures by
uniaxial hot tensile tests. In order to calculate the local
stress-strain curves for different points of the specimen, the
digital image correlation system was applied to determine
the strain distribution during uniaxial tensile tests.

5xxx is a kind of aluminum-magnesium alloy. With good
forming performance and corrosion resistance, it is widely
used in aviation, automotive and rail transportation !'"*'*. In
order to obtain the optimum deformation temperature and
strain rate of 5083 aluminum alloy during superplastic
forming, Hosseinipour''® conducted a thermal uniaxial ten-
sile test and scanning electron microscope for 5083 alumi-
num alloy sheet. The stress-strain relationship, strain rate
sensitivity coefficient and pore volume fraction were de-
termined at different temperatures and strain rates. Zhang et
al"! studied the superplastic deformation mechanism of
annealed 5A90 aluminum alloy using uniaxial tensile test
and scanning electron microscopy, and pointed out that the
superplastic elongation of 5A90 aluminum alloy after re-
crystallization annealing can be significantly improved.
Based on the M-K theory and numerical simulation tech-
niques, Kapoor et al'"®! studied the plastic forming proper-
ties of 5086 aluminum alloys at 20~200 °C and predicted
the ultimate strain of 5086 aluminum alloys. Rudia et al""”’
studied the isothermal hot deformation behavior of alumi-

num alloy 5083+15 wt% SiC composite through compres-
sion test, and established the constitutive equations based
on modified Johnson-Cook model and modified Zeril-
li-Armstrong model to predict the hot flow behavior of the
composite. Through the research, Rudia indicated that the
hot flow stresses of 5083+15 wt% SiC depend on tem-
perature and strain rate significantly, and both the models
can give good description of the deformation behavior.

In the process of metal plastic forming, the construction
of metal constitutive model is the basis of process simula-
tion and process testing™. In order to investigate the flow
behavior of 2219 aluminum alloys during warm deforma-
tion, Liu et al® conducted the thermal compression tests
on 2219 aluminum alloy under various temperature and
strain rate conditions with Gleeble-3500 thermomechanical
simulation press, and determined the modification method
of conventional Arrhenius-type constitutive model. On this
basis, Liu et al established the constitutive equations of
2219 aluminum alloys under thermal compression deforma-
tion. Quan et al®?! determined the influence of deformation
temperature and strain rate on the flow stress characteristics
of 7075 aluminum alloy through the isothermal compres-
sive tests, and established the constitutive model based on
an artificial neural network (ANN) with back-propagation
(BP) algorithm. The results indicated that the well-trained
ANN model with BP algorithm has excellent capability to
deal with the complex flow behaviors of as-extruded 7075
aluminum alloy and has great application potentiality in hot
deformation process prediction. In order to characterize the
flow behavior of 6083 aluminum alloy in hot compressive
tests, Li et al'”! analyzed the experimental data by the
phenomenological Arrhenius-type model, the physically
based Estrin and Mecking (EM) model+Avrami equation,
and an artificial neural network model; results indicated
that the Arrhenius-type model is simpler and more efficient
than the EM+Avrami model. Moreover, the well-trained
ANN model has the best predicting performance. Liu et al*"
established the constitutive model of Al-Mg-Si-Mn-Cr alloy
under thermal deformation conditions using the John-
son-Cook model, modified Zerilli-Armstrong model and
strain-compensated Arrhenius model, and compared the re-
sults of the three prediction models with the experimental
data. The results showed that the three models are able to
predict the flow behavior of the alloy. Strain-compensated
Arrhenius model has the best simulation ability in predict-
ing flow stresses, while the modified Johnson-Cook model
has lower modified
Zerilli-Armstrong model has poorer predictive ability at
low strain rates. It can be seen from the above research that

prediction accuracy and the

the recovery and recrystallization will occur in aluminum
alloy sheet during thermal deformation, and the true
stress-strain curve is obviously softened, and these charac-
teristics should be considered in the construction of alumi-
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num alloy constitutive model. The most widely used con-

stitutive model includes Johnson-Cook model,
Zerilli-Armstrong model, Arrhenius-type model, etc.

In this study, the 5A02 aluminum alloy cold-rolled sheet
was used as the study object. The deformation characteris-
tics of 5A02 aluminum alloy sheet under the conditions of
different temperatures and strain rates were studied by uni-

axial tensile test and metallographic analysis.

1 Experiment

1.1 Uniaxial tensile test

In order to obtain the plastic performance index of alu-
minum alloy at high temperature, the 5A02 aluminum alloy
cold-rolled sheet was selected as the base material during
the study. The composition of the selected test sheet was
obtained by spectral analyzer, as shown in Table 1.

Along the rolling direction of the test sheet, uniaxial ten-
sile specimens were obtained by wire cutting equipment.
The sample size is shown in Fig.1. The uniaxial tensile test
was performed on the INSPEKT Table 100 kN electronic
universal material testing machine (Fig.2) according to the
parameters shown in Table 2. The tensile specimen was
heated by the electronic universal material testing machine
according to the test setting parameters. The sample was
completely placed in the heating furnace during the entire
uniaxial tensile test, which provides a constant temperature
environment.

Table 1 Composition of SA02 cold rolled sheet used in the

test (Wt%)
Si Fe Cu Mg Cr Ti Al
0.10 0.20 0.05 2.60 0.25 0.05 Bal.
R3 3 J
e
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Fig.1 Specimen for uniaxial tensile test
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Fig.2 Equipment of uniaxial tensile test

1.2 Metallographic analysis

The 5A02 aluminum alloy used in this study belongs to
Al-Mg series aluminum alloys, and the thermal deformation
process is affected by heating temperature, holding time,
deformation rate, deformation degree and other factors.
When the SA02 aluminum alloy sheet is deformed in the
high temperature environment, it will undergo recovery and
recrystallization and the change of the metallographic
structure will lead to the change of plastic properties. In
order to clarify the reasons for the change of plastic proper-
ties of 5SA02 aluminum alloy sheet at high temperature,
metallographic specimens were prepared by electrolytic
polishing and anodizing.

2 Results and Discussion

2.1 Specific elongation

The curve of the elongation of 5A02 aluminum alloy at
high temperature with the change of temperature obtained
by the uniaxial tensile test is shown in Fig.3. From the test
results, it can be seen that under the same strain rate condi-
tions, the elongation gradually increases as the temperature
increases when the deformation temperature is between 150
°C and 350 °C. At strain rates of 0.01 and 0.001 s™, the
elongation to fracture of the specimen shows an overall in-
crease trend when the deformation temperature increases
from 350 °C to 450 °C, and reaches the maximum at
400~425 °C. At the strain rates of 0.0001 and 0.0005 s™', the
elongation of the specimens tends to decrease when the de-
formation temperature increases from 350 °C to 450 °C.

From the elongation curves shown in Fig.3, it can be seen
that the elongation of SA02 is greater than 100% when the
tensile temperature is greater than 250 °C.

Comparing the temperature at the maximum elongation
under different strain rate conditions shown in Fig.3a and
Fig.3b, it can be seen that the temperature at which the
maximum elongation is reached is significantly lower under
the conditions of lower strain rate (0.0001 and 0.0005 s™)
compared to under the conditions of higher strain rate (0.01
and 0.001 s™).

Table 2 Parameters setting of tensile test

Temperature/  Heating rate/ Holding time/  Strain rate/
°C °C-min’’ min !
150 10 15
200 10 15
250 10 15 0.01
300 20 15 0.001
350 20 15 0.0005
400 20 15 0.0001
425 20 15
450 20 15
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From the relationship curves of strain rate and elongation
shown in Fig.4a, it can be seen that the elongation to frac-
ture of the specimen gradually increases as the strain rate
decreases when the deformation temperature is lower than
350 °C. However, the pattern shown in Fig.4a will no
longer exist when the deformation temperature continues to
rise above 400 °C, especially at the deformation tempera-
ture of 425 and 450 °C. As the strain rate decreases, the
elongation of the specimen also decreases, as shown in
Fig.4b.

2.2 Metallographic analysis

The original sheet metal was rapidly cooled after holding
at 350, 400 and 450 °C for 60 min. The corresponding mi-
crostructures of the sheet metal are obtained, as shown in
Fig.5.

The 5A02 aluminum alloy used in this study is annealed,
and the fibrous structure of the sheet metal in the rolling
plane disappears, as shown in Fig.5a. The comparison of
the metallographic results between the original sheet and
the sheet after heat treatment shows that the recrystalliza-
tion of 5A02 aluminum alloy occurs in different degrees
during the heating process. By comparing the grain sizes at
different temperatures, the grain morphology of the sheet
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Fig.3 Elongation curves at relatively higher (a) and lower (b)
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Fig.4 Elongation curves at relatively lower (a) and higher (b)

temperatures

shows little difference between the sheet metal and the
parent metal at 350 °C, except some new small grains are
generated between individual grains. The irregularly shaped
grains in the original base metal disappear, and the grain
size of the sheet metal tends to be uniform at 400 °C. The
grains grow significantly when the temperature is increased
to 450 °C. Therefore, the grain sizes of SA02 aluminum al-
loy under high temperature conditions can be greatly af-
fected by temperature and holding time. The higher the
temperature and the longer the holding time, the greater the
grain size of sheet metal can be obtained.

In order the further analyze the cause of the change of
elongation rate in the uniaxial tensile test, the metallurgical
structures of the aluminum alloy sheet after the tensile de-
formation at 400 and 450 °C were studied. The obtained
metallographic structure is shown in Fig.6 and Fig.7.

The grain of the SA02 aluminum alloy sheet is signifi-
cantly elongated along the deformation direction after de-
formation under the effect of higher strain rate (0.01, 0.001
s), as shown in Fig.6 and Fig.7. This indicates that the
deformation is mainly concentrated inside the grains under
high temperature and high strain rate conditions, which is
mainly caused by dislocation slip in the crystal. Under
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Fig.6 Metallographic structure after tensile deformation at 400 °C at different strain rates: (a) 0.01 s™', (b) 0.001 s, (c) 0.0005 s™', and

(d) 0.0001 s

Fig.7 Metallographic structures after tensile deformation at 450 °C at different strain rates: (a) 0.01 s™, (b) 0.001 s, (¢) 0.0005 s™', and

(d) 0.0001 s™!

low strain rate conditions (0.0005, 0.0001 s™), the grain is
elongated along the deformation direction with obvious
grain growth. There is obvious precipitation of the second
phase near the grain boundary, which will make it difficult
to carry out the slip of grain boundary and grain rotation,
thus leading to stress concentration in the area near the
grain boundary. Therefore, the plastic deformation per-
formance of 5A02 aluminum alloy is reduced. Comparing
the results of Fig.6 and Fig.7, the tendency of the grain
growth of the sheet is more obvious as the deformation
temperature increases and the deformation rate decreases
during the deformation process.

It can be concluded that the strain rate and deformation
temperature have a great influence on the elongation of
5A02 aluminum alloy when it is deformed under high tem-
perature condition by combining metallographic test results
and elongation test results. The elongation increases with
the decrease of strain rate when the deformation tempera-
ture is less than 350 °C. This is because the time is con-
sumed by the softening mechanism such as grain boundary

diffusion, dynamic recovery and dynamic recrystallization
of 5A02 aluminum alloy plastic deformation, and the de-
formation time increases with the decrease of strain rate;
the aluminum alloy has enough time to soften to counteract
the stress concentration caused by the work hardening, thus
increasing the elongation of 5A02 aluminum alloy. How-
ever, the elongation rate decreases with the decrease of
strain rate when the deformation temperature is greater than
400 °C. This is because the holding time of the 5A02 alu-
minum alloy under high temperature environment is in-
creased with the decrease of strain rate, and the grains are
easy to grow up and to coarsen, and the impurity elements
and the second phase precipitate along the grain boundaries,
which makes it difficult to carry out grain boundary slip and
grain rotation, thus leading to the reduction of elongation.
2.3 True stress-strain curves

Fig.8 shows the true stress-strain curves of SA02 alumi-
num alloy at 150~300 °C. It can be seen from Fig.8 that
true stress increases with true strain at 150 and 200 °C. At
the deformation temperature of 250 and 300 °C at a certain
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strain rate, the true strain has little effect on the true stress
when the true strain exceeds a certain value, manifesting a
distinct steady-state rheological characteristic, and the
steady state flow stress decreases as the deformation tem-
perature increases.

Fig.9 shows the true stress-strain curves of SA02 aluminum
alloy at 350~450 °C. It can be clearly seen that there is an ob-
vious softening phenomenon in the deformation of 5A02 alu-
minum alloy under this temperature condition. The higher the
deformation temperature and the slower the strain rate, the
more obvious the deformation softening phenomenon.

Comparing the true stress-strain curves in Fig.8 and Fig.9,
the true stress of SA02 aluminum alloy decreases as the
strain rate decreases under the same temperature condition.
With the same strain rate, the true stress gradually decreases
as the deformation temperature increases. Under the same
temperature and strain rate condition, the true stress of
5A02 aluminum alloy increases rapidly with the increase of
true strain first, but the slope of the true stress-strain curve
gradually decreases with the increase of cumulative strain.

Combining the obtained true stress-strain curves of SA02
aluminum alloy with the elongation and metallographic
structure, it can be concluded that the heating temperature,
holding time and deformation rate have a great influence on
the plastic properties of SA02 aluminum alloy under high
temperature condition. SA02 aluminum alloy belongs to the
materials that are sensitive to the deformation temperature
and the deformation rate.

3 Constitutive Model

Jia Xiangdong et al. / Rare Metal Materials and Engineering, 2020, 49(7): 2189-2197

According to the true stress-strain curve of the 5A02
aluminum alloy obtained from the experiment, the true
stress-strain curve of the 5A02 aluminum alloy belongs to
the dynamic recovery type at deformation temperatures of
150 and 200 °C and it can be fitted with the common ex-
ponential function constitutive model. When the deforma-
tion temperature is greater than 250 °C, the 5A02 aluminum
alloy exhibits superplasticity. The true stress does not in-
crease with the increase of true strain, and the true stress is
greatly affected by the strain rate and deformation tem-
perature. Therefore, the following research will focus on
the constitutive model of SA02 aluminum alloy at deforma-
tion temperatures greater than 250 °C.

Existing research results have shown that the deforma-
tion of aluminum alloy under high temperature conditions is
affected by the activation energy””’
curve can be expressed by Eq.(1).

o= flgz) (1)

where o is the peak stress or steady-state flow stress, ¢ is

, and true stress-strain

the true strain and Z is the Zener-Hollomon parameter
which represents the relationship between strain rate &,
deformation activation energy O and deformation tempera-
ture 7 during the deformation process. Z can be obtained
according to Eq.(2).

Z=éexp [Q/(RT)]

where R is the molar gas constant, R=8.31 J/K-mol.
Under the condition of low strain, the flow stress o and

()

strain rate & have an exponential relationship, as shown in
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Fig.8 Stress-strain curves of 5A02 aluminum alloy at temperatures below 300 °C at different strain rates: (a) 0.01 s™, (b) 0.001 s™,

(¢) 0.0005 ™', and (d) 0.0001 s
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Fig.9 Stress-strain curves of 5A02 aluminum alloy at temperatures above 350 °C at different strain rates: (a) 0.01 s, (b) 0.001 s™,

() 0.0005 s, and (d) 0.0001 s™'

Eq.(3). Under the condition of high stress, the relationship
between flow stress ¢ and strain rate & satisfies the func-
tion of Eq.(4).

é=40", a0 < 0.8 3)

é=A,exp(fo), ac > 1.2 (4)

where 4, 4,, a, f and n' are temperature independent mate-
rial constants, and a, f, and »' satisfy the relationship of
o=pf/n".

Senars and Tegart established the Arrhenius relationship
of the flow stress, strain rate, and temperature at any stress
level® ! which is modified by the hyperbolic sine form
containing the deformation activation energy and the de-
formation temperature when the material is deformed in a
high temperature environment.

é=A [sinh (aa)]” exp [fQ/ (RT)] )

where 4 and n are temperature independent material con-
stants.

Substituting Eq.(5) into Eq.(2), parameter Z of Ze-
ner-Hollomon model can be expressed as follows:

Z=4 [sinh(aa)]" (6)

According to the definition of the hyperbolic sine func-

tion, the expression of the flow stress ¢ including the Z pa-
rameter can be obtained from Eq.(6).
1/2

1 Z l/n Z 2/n /
==l Z] +|[Z] +1 )
o A A

Both sides of Eq.(3) and Eq.(4) are simultaneously loga-
rithmic and sorted:

Ing= né _ Ind, ()
n n
y= e _ Ind, (9)
B

It can be seen from Eq.(8) and Eq.(9) that when the tem-
perature is constant, ' is the reciprocal of the slope of func-
tion Ino-In g, and B is the reciprocal of the slope of
function o-Ing . The obtained experimental data can be
analyzed by a linear regression analysis according to Eq.(8)
and Eq.(9), and the relationship curves of Ino-lng and
o-lng can be obtained, as shown in Fig.10.

According to the results shown in Fig.10, »’ and 8 under
different temperature conditions are calculated, as shown in
Table 3. The a value under different temperature conditions
can be obtained by taking the »’ and f into formula a=p/n".

Both sides of Eq.(5) are simultaneously logarithmic and
sorted:
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Table 3 Values of n', f and a at different temperatures

Temperature/ °C

Parameter Average
300 350 400 425 450
n' 9.671 8.511 8258 7.651 7.315 8.281
AMPa 0.144 0211 0323 0374 0496 0304
o/MPa’  0.015 0.025 0.039 0.049 0.064  0.038

Ind 0O (10)
n nRT

In [sinh (aa)} = IHTS -

When the deformation temperature is constant, the partial
derivative of Eq.(10) for Iné can be obtained.

1 0 [smh (0{0’)] an
n Olng
When the strain rate is constant, the partial derivative of

Eq.(10) for 1/T can be obtained.

0 [sinh (0!0'):| (12)
o (1/T)

It can be seen from Eq.(10) and Eq.(11) that the strain
rate sensitivity index 1/n is the slope of linear function

O=nR

curve of In[sinh(ao)] with respect to Iné , and the intercept
with the ordinate axis is Q/nRT-InA/n. From Eq.(10) and
Eq.(12), O/nR is the slope of curve of the linear function
In[sinh(ao)]-1/T.

Based on the analysis above, combining a values under

various temperature conditions shown in Table 3 with the
data obtained from the experiment, the In[sinh(aoc)]-In g
curves and the In[sinh(ao)]-1/T curves are plotted using
linear regression, as shown in Fig.11 and Fig.12. According
to Fig.11 and Fig.12, n and A values under different tem-
perature conditions are calculated, as shown in Table 4. The
deformation activation energy Q under different strain rate
conditions is obtained, as shown in Table 5.

Taking the calculated 4, n, a, Q and other material pa-
rameters into Eq.(5~7), the constitutive model of 5A02 alu-
minum alloy under high temperature conditions can be ob-
tained.

£=5.7 % 10" [sinh (0.0380)] " exp[-297.7/(RT)] (13)

5.43
7=5.7 x 10" [sinh (0.0380)] (14)
3t m 300°C e 350°C -
400°C o 425°C
2t 450 °C
E °
S
= 1t »
R °
= o} /
/
Q
-1t — Fitting curve
a2 a0 8 6 4
In( /s™)

Fig.11 Regression analysis curves of In[sinh(ao)]-In ¢
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Fig.12 Regression analysis curves of In[sinh(ao)]-1/T

Table 4 Values of n and A at different temperatures

T/°C 300 350 400 425 450  Average
n 369 520 6.09 583 6.34 5.43
A/x10"%  0.16 1.9 7.2 5.0 14 5.7

Table 5 Values of Q at different strain rates
-1

0.01 0.001  0.0005 0.0001

Q/kI'mol™" 3473 297.1 295.7 250.7 297.7

Els Average
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1 7 1/5.43 Vi 2/5.43 /2 (15)
= I§ + || — +1
70,038 [5.7 X 10‘”} {(5.7 X 10“’] 1

4 Conclusions

1) At the strain rates of 0.01, 0.001, 0.0005 and 0.0001
s, the uniform elongation of the 5A02 aluminum alloy is
greater than 100% when the deformation temperature is
greater than 250 °C.

2) When 5A02 aluminum alloy is deformed under high tem-
perature conditions, strain rate and deformation temperature
have a great influence on the elongation of the material. The
higher the heating temperature and the longer the holding time,
the lower the uniform elongation of 5A02 aluminum alloy.

3) The true stress-strain curve of 5A02 aluminum alloy
belongs to a dynamic recovery type when it is deformed at a
lower temperature (150~250 °C). However, there is a sig-
nificant softening phenomenon during deformation under
high temperature conditions (>250 °C). The higher the de-
formation temperature and the slower the strain rate, the
more obvious the deformation softening phenomenon.
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(2. #LREE, WAL B#E 5 066004)
(. IHERH R, ILE FiH 266590)
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PEPEREHEAT 00T, JF FLAE B iR 46 BH5 A1 Zener-Hollomon S35 AL, Sl 461F F SA02 486 S A BRI TS, 45 R M.
5A02 H A G0 R AR N ARSI, AR S 0 A U 8 o A AR R SR K. 7R AT 2 0.01, 0.001. 0.0005 £ 0.0001 s 4%
PR, BT KT 250 CH, 5A02 SE&4MEMEKRT 100%. LA TR N 150~250 CHF, 5A02 484 4 E SN -V AR
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