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ABSTRACT

The dynamic mechanical properties of 10B/Al composite have been tested by

split Hopkinson pressure bar. High-purity aluminum, the matrix of composite,

has been tested as the comparison with 10B/Al composite. The scope of strain

rate is from about 3000 s-1–12000-1, and the temperature scope is from room

temperature to 350 �C. The true strain–stress curves have been obtained. The

sensitivity of strain rates and temperatures on the true stress of 10B/Al com-

posite and high-purity aluminum has been analyzed. The true stress of the 10B/

Al composite material is 50% higher than that of pure aluminum. The strain rate

sensitivity of 10B/Al composite material is less than that of pure aluminum. The

true stress of 10B/Al composite material drops obviously when temperature is

higher than 250 �C, due to the interface fracture between particles and matrix,

and the movement of boron particles. The adiabatic temperature rise due to

material deformation has been calculated, considering the heat capacity with the

various temperatures. The total temperature due to plastic deformation of the
10B/Al composite material is 41% higher than that of pure aluminum. The

constitutive equations based on power-law and Johnson–Cook models have

been introduced to characterize the dynamic mechanical properties of materials

under different temperature and strain rates. The fitting results of the two

constitutive models are compared with the experimental results. The fitting

accuracy of the Johnson–Cook model is higher than that of pow-law model.
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List of symbols

D Specimen diameter

L0 Specimen length

E Elastic modulus of bar

A0 Cross-sectional area of bar

A Cross-sectional area of the specimen

er Amplitude of the reflected strain

et Amplitude of transmitted strain

C0 One-dimensional elastic wave velocity

q0 Density of bar

rT True stress

eT True strain

N Strain hardening exponent

M Strain rate hardening exponent

c0–c3 Material constants

r0 Yield strength

_e Strain rate

DT Adiabatic temperature

q Density of the material

Cp Specific heat capacity

b Energy conversion rate

Tdef Total deformation temperature

Troom Room temperature

H Thermal softening coefficient

ri Isothermal stress

A Yield strength

B Strain hardening coefficient

C Strain rate hardening coefficient

n Strain hardening exponent

m Thermal softening exponent

Tmelt Melt point

Introduction

The material research from monolithic to composite

materials is a trend in the past 10 years. Among

various composite materials, aluminum matrix com-

posite is very popular due to the lightweight of alu-

minum as the matrix and the wide selection of

reinforced particles. And reinforcements like partic-

ulate alumina, silicon carbide, graphite, fly ash, etc.,

can easily be incorporated in the melt using cheap

processing methods. The additive of alumina, silicon

carbide, etc., could increase the material strength [1],

while the additive of graphite, boron carbide, etc.,

could improve the tribological properties [2]. Besides,

some additives in the aluminum matrix composite

could result in some special material performance [3].

The additive of boron into aluminum matrix realizes

the material properties of high thermal neutron

absorption cross section and wide absorption neutron

energy range, which can be used to simulate the

helium damage behavior of materials [4]. The B/Al

composite parts with the requirement of high geo-

metrical precision and surface quality are widely

used in the physical experiments to enhance the

experimental accuracy. The ultra-precision manufac-

turing of B/Al composite parts is a big challenge due

to the local high hardness, nonuniform material flow

and higher cutting temperature. In addition,boron

particles doped in aluminum have an important

influence on the wear of cutting tools during the

ultra-precision cutting process [5]. So the under-

standing of material deformation mechanism is the

basis of ultra-precision manufacturing of B/Al com-

posite parts.

In recent years, researchers have realize that the

inherent relationship between the material deforma-

tion mechanism and the dynamic mechanical prop-

erties of materials. Material constitutive models have

been widely used to describe the plastic behavior of

materials over the decades. Macroscopic constitutive

descriptions could be divided into constitutive

models based on physic and phenomenon [6]. Physic-

based constitutive models account for physical

aspects of the material behavior, and phenomenon-

based constitutive models usually derive from

empirical observations. Phenomenon-based constitu-

tive models consist of fewer material constants com-

pared with physic-based constitutive models, which

makes it easier to be developed and more widely

used in the process of cutting, forming, welding and

impact [7]. Johnson–Cook model and power-law

model are most widely used constitutive models [8].

The material removal and related physical phenom-

ena during cutting processing are studied by char-

acterizing the dynamic mechanical properties of the

materials. Modeling and simulation of the machining

processes has become a key method in the machin-

ability assessment of difficult-to-cut workpiece

materials [9]. Ghandehariun et al. presented a novel

comprehensive constitutive equation, which is used

on machining modeling of metal matrix composite.

The particle size and volume fraction of metal matrix

composite have been explicitly included as control

parameters of constitutive equation [10]. Zhang et al.

considered the influence of high temperature on the
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constitutive model of Al/SiCp/45 metal matrix

composite. It has been employed for the modeling of

saw-tooth chip formation during laser-assisted

machining process. Especially for metal matrix com-

posites, the additive of hard particle influences the

true stress, as well as the failure criteria of materials.

So the interface between particles and matrix is a hot

research topic [11]. Zhou et al. built the elastic–plastic

constitutive model and Johnson–Cook damage model

for the Al alloy matrix and the elastic-brittle failure

for SiC particle to simulate the machining of high-

volume fraction SiCp/Al composite and analyze the

machinability of high-volume fraction SiCp/Al

composite [12]. Xu et al. built the cutting modeling of

hybrid CFRP/Ti composite with induced damage

model. The numerical results highlighted the pivotal

role of the affected interface zone in affecting the

formation of interface delamination and the signifi-

cant impacts of feed rate and cutting speed on

delamination extent and fiber/matrix failure [13].

However, the mechanism of particle movement

related to metal matrix is not clear. And the tem-

perature during aluminum matrix composite defor-

mation is seldom considered, which is very

important for the geometrical precision of machined

parts. In this study, the impact compression of 10B/Al

composite and its matrix of high-purity aluminum

materials under different strain rates and different

temperatures have been performed by split Hopkin-

son pressure bar (SHPB). The stress–strain curves

under different strain rates and temperatures have

been obtained. The adiabatic temperature rise due to

material deformation has been calculated, consider-

ing the heat capacity with the various temperatures.

The differences between 10B/Al composite and its

matrix of high-purity aluminum have been analyzed.

The constitutive equations based on power-law and

Johnson–Cook models have been introduced to

characterize the dynamic mechanical properties of

materials under different temperature and strain

rates. The fitting results of the two constitutive

models are compared with the experimental results.

Materials and experiments

Materials and samples

The material selected in this experiment is 10B/Al

composite, whose matrix is high-purity aluminum,

which is selected as the comparison. The 10B/Al

composite is manufactured by adding 10B powder

(mass ratio 0.13%) into high-purity aluminum, and its

metallographic SEM image is shown in Fig. 1a. It is

found that the boron particle is strip shaped and the

grain size of purity aluminum matrix is about 25 lm.

The surface of 10B/Al composite is processed by

focused ion beam (FIB) technology to investigate the

interface between particle and matrix, as shown in

Fig. 1b. It is found that the contact between particle

and matrix is compass. The grain of purity aluminum

matrix near the interface between particle and matrix

is obviously refined, even smaller than 1 lm. The

refinement is gradual from the interface to the matrix.

It is different from other aluminum matrix composite,

like Si/Al [14] or SiC/Al composite [15].

The optimum length–diameter ratio of the sample

could minimize the error caused by the inertial effect

[16]. The length–diameter ratio of the experimental

sample is designed to 1, where specimen diameter

D is U2 mm and the length L0 is 2 mm. In order to

meet the stress homogeneity of the split Hopkinson

bar and to reduce the influence of the friction

between the rods and the specimens [17], the two end

faces of the cylinder specimen were finished to

ensure that the parallelism of two end faces is less

than 0.01 mm, while their perpendicularity with the

axis is less than 0.01 mm. And the average surface

roughness is lower than 0.32 lm.

SHPB tester and principle

Split Hopkinson pressure bar (SHPB) technique is the

commonly used method for material dynamic

mechanical properties [18, 19] with the strain rate

range of 102–104 s-1 [20]. As shown in Fig. 2, the

specimen is sandwiched between two bars, where

one is the incident bar and the other is the transmit-

ted bar. The strike bar impacts the incident bar, and

the stress wave is generated. The specimen is

deformed plastically due to the cyclic load of stress

wave. The strain gauges located on the incident bar

and transmitted bar record the elastic strain of bars

and then solve the stress–strain curves during the

impact procedure.

The relationship between strain e and strain rate _e
with time is presented as follows:

rðtÞ ¼ EAetðtÞ=A0 ð1Þ
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eðtÞ ¼ � 2C0

L0

Z t

0

erðtÞdt ð2Þ

_e ¼ � 2C0er=L0 ð3Þ

where r is the engineering stress, E is the elastic

modulus of the bars, A0 is the cross-sectional area of

the bars, whose diameter is 5 mm, A is the cross-

sectional area of the sample, et is the amplitude of

transmitted strain, L0 is the length of the sample. er is

the amplitude of the reflected strain wave, and C0 is

the one-dimensional elastic wave velocity of the bar,

which could be presented as:

C0 ¼ E=q0ð Þ1=2 ð4Þ

where q0 is the density of the bar.

The engineering stress and strain can be calculated

from Eqs. (1)–(3). True stress rT and true strain eT are

defined as the following relationships:

rT ¼ 1 � eð Þr ð5Þ

eT ¼ � ln 1 � eð Þ ð6Þ

The original waveforms in each bar during the

compression process of high-purity aluminum

material are shown in Fig. 3.

Design of experiments

The influence of strain rates and temperatures on the

SHPB tests is considered. The design of experiments

is listed as given in Table 1.

However, the strain rates are calculated after tests.

The strain rate depends on not only impact pressure,

but also on the material hardening. So the calculated

strain rates of 10B/Al composite and high-purity

aluminum with the same impact pressure could be of

a slight difference.

Grain boundary Boron particles Matrix of pure aluminum 

 The metallographic SEM image  The interface between particle and matrix(a) (b)

Figure 1 The microstructure

of 10B/Al composite.

Figure 2 The diagram of split Hopkinson pressure bar.

Figure 3 The original waveforms in the incident and transmitted

bars, respectively.
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The temperature given in Table 1 is the tempera-

ture of the cylindrical surface of specimen, which is

measured by a thermal couple 1 mm near the cylin-

drical surface of specimen. So the heating time is set

to 3 min to ensure the uniformity of specimens. And

the adiabatic temperature rise could be considered

due to short deformation time of specimen materials.

The room temperature is 20 �C in this study.

The repeated time is two, but if these two results

are not repeatable, additional test is repeated to

ensure the repeatability of experimental results.

Results and discussion

Stress–strain curves in the different impact
pressures and temperature

Figure 4a, b shows the true stress–strain curves of
10B/Al composite and high-purity aluminum in the

room temperature at different strain rates, respec-

tively. It is found that the true stress increases non-

linearly with the increase in true strain. This

phenomenon is called as work hardening, which

indicates that the material enters the plastic defor-

mation stage. The mechanism of work hardening of

the material is due to the proliferation and interaction

of dislocations during plastic deformation [21].

As shown in Fig. 4, it is found that the true stress of
10B/Al composite is more than 50% higher than the

pure aluminum. As mentioned in ‘‘Materials and

samples’’ section, the additive of boron particle leads

to the grain refinement of pure aluminum matrix

near the particle–matrix interface, which improves

the strength of composite.

Figure 5a, b shows the true stress–strain curves of
10B/Al composite and high-purity aluminum at dif-

ferent temperatures in the strain rate of 3000 s-1.

Figure 6a, b shows the true stress–strain curves of
10B/Al composite and high-purity aluminum at dif-

ferent temperatures in the strain rate of 12000 s-1.

It is found that the thermal softening of 10B/Al

composite in the lower strain rate (3000 s-1) is

stronger than that of high-purity aluminum, espe-

cially in the temperature beyond 250 �C. The thermal

softening of both 10B/Al composite and high-purity

aluminum is stronger when the strain rate is up to

about 12000 s-1. But the thermal softening of 10B/Al

composite is more obvious than that of high-purity

aluminum in the high strain rate. The material plas-

ticity decreases with the increase in temperature. The

material plasticity almost does not change with the

change of strain rates for 10B/Al composite, while the

material plasticity increases in the higher strain rate

for high-purity aluminum, especially in the condition

of high temperature.

The adiabatic temperature rise

The deformation process of material in the SHPB tests

could be considered as the adiabatic condition. The

adiabatic temperature rise during the dynamic

deformation of material can be calculated by the

following equation:

DT ¼ b
qCp

Z e

0

rde ð7Þ

where q is the density of the material, Cp is the

specific heat capacity of the material, and b is the

energy conversion rate. The density of high-purity

aluminum and 10B/Al composite is 2.6991 g/cm3 and

2.6968 g/cm3, respectively.

The specific heat capacity of materials is greatly

affected by the temperature. So the specific heat

capacity of 10B/Al composite and high-purity alu-

minum has been tested at the temperature of room

temperature, 100 �C, 150 �C, 200 �C, 250 �C, 300 �C
and 350 �C, by the aid of laser thermal conductivity

Table 1 The design of SHPB experiments

Impact pressures (MPa) Temperatures (�C)

0.04 Room temperature

100

150

200

250

300

350

0.08 Room temperature

0.12

0.16

0.20 Room temperature

100

150

200

250

300

350
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meter (type NETZSCH LFA 457), as shown in Fig. 7a,

b. The specific heat capacity of 10B/Al composite and

high-purity aluminum increases with the increase in

temperature. And the specific heat capacity of 10B/Al

composite is a little lower than that of high-purity

aluminum.

The temperature-depended specific heat capacity is

fitted by polynomial equation to use in the calcula-

tion of adiabatic temperature rise. The mathematical

expression for the relationship between specific heat

capacity and temperature of 10B/Al composite in the

temperature range from room temperature to 350 �C
is as follows:

Cp ¼ 0:8279 þ 0:0004T þ 4e�7T2 � 6e�10T3

20 �C�T� 350 �C
ð8Þ

The mathematical expression for the relationship

between specific heat capacity and temperature of

high-purity aluminum in the temperature range from

room temperature to 350 �C is as follows:

Cp ¼ 0:8736 þ 0:0003T þ 4e�7T2 þ 3e�10T3

20 �C�T� 350 �C
ð9Þ

Hodowany et al. have studied the energy conversion

rate during SHPB test of 2024-T3 aluminum alloy

with the strain rate of 3000 s-1. It is found that the

energy conversion rate varies with the strain, as

shown in Fig. 8.

Figure 4 The true strain–strain curves of different strain rates in the room temperature.

Figure 5 The true strain–strain curves of different temperatures in the strain rate of 3000 s-1.
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For the calculation of adiabatic temperature rise DT
in this study, the curve in Fig. 8 is presented as

follows:

b ¼ 0:30 eE\0:20
b ¼ 2:75eT � 0:25 0:20� eT � 0:44
b ¼ 0:96 eT [ 0:44

ð10Þ

The theoretical adiabatic temperature rise can be

calculated from Eq. (7). The curve of adiabatic tem-

perature rise with various strains could be calculated

by trapezoidal integration method to consider the

coupling relationship between the adiabatic temper-

ature rise and the temperature-depended specific

heat capacity. The adiabatic temperature rise of dif-

ferent temperatures in the strain rate around 3000 s-1

is shown in Fig. 8. And the adiabatic temperature rise

of different temperatures in the strain rate around

12000 s-1 is shown in Fig. 9.

With the increase in temperature, the decrease in

true stress leads to the decrease in adiabatic tem-

perature rise. The adiabatic temperature rise has a

significant impact on true stress [23, 24]. With the

increase in impact pressure, the strain rate of material

deformation increases, while the maximal strain

increases, which leads to the obvious increase in

adiabatic temperature rise. The adiabatic temperature

rise of 10B/Al composite is a little higher than that of

high-purity aluminum at the strain rate of 3000 s-1.

But the adiabatic temperature rise of 10B/Al com-

posite is much higher than that of high-purity alu-

minum at the strain rate of 12000 s-1. The adiabatic

temperature rise at the strain rate of 3000 s-1 is lower

Figure 6 The true strain–strain curves of different temperatures in the strain rate of 12000 s-1.

Figure 7 The specific heat capacity at the different temperatures.
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than 5 �C, which is even ignored, while the maximal

adiabatic temperature rise at the strain rate of

12000 s-1 is 64.8 �C for 10B/Al composite and 40.1 �C
for high-purity aluminum. The adiabatic temperature

rise reflects the local temperature during machining

processes, and the local temperature greatly influ-

ences the geometrical precision of precision

machined parts. And the local temperature is difficult

to be lowered by regular cooling technology [25]. So

the cutting speed of machining processes should be

controlled in a lower level to decrease the strain rate

of workpiece material.

Isothermal stress–strain curves

As mentioned in ‘‘The adiabatic temperature rise’’

section, the temperature in the experimental stress–

strain curves of every strain is different. So it is dif-

ficult to analyze the influence of strain rate or tem-

perature in the same condition. The experimental

stress–strain curves should be switched to the

isothermal curves. The total deformation tempera-

tures Tdef, which are defined as the sum of room

temperature Troom and adiabatic temperature rise DT,

and the thermal softening coefficient should be pro-

vided for the calculation of isothermal curves. When

the initial temperature is set as room temperature and

the adiabatic temperature rise in the different condi-

tions is shown in Figs. 9 and 10, the total deformation

temperatures are determined. The thermal softening

coefficient is determined by the stress at the different

temperatures in the strain rate of 3000 s-1 for 10B/Al

and 3300 s-1 for high-purity aluminum when the

adiabatic temperature rise in low strain rate (about

3000 s-1) is ignored.

The true stresses in Fig. 5 are averaged in the strain

scope from 0.08 to 0.12, as shown in Fig. 11.

The thermal softening coefficients are expressed by

polynomial fitting, as shown in Fig. 12. The thermal

softening coefficients in the room temperature are

defined as 1.

The mathematical expression of the thermal soft-

ening coefficients H Tð Þ for 10B/Al composite is as

follows:

Figure 8 The energy conversion rate in the different strain [22].

Figure 9 The adiabatic temperature rise of different temperatures in the strain rate around 3000 s-1.
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H Tð Þ ¼ 1:008 � 3:608E�4T þ 6:283E�7T2 � 6:105E�9T3

ð11Þ

The mathematical expression of the thermal soft-

ening coefficients H Tð Þ for high-purity aluminum is

as follows:

H Tð Þ ¼ 1:013 � 1:9038E�4T � 1:163E�6T2

� 1:746E�9T3 ð12Þ

The isothermal stress ri in the different strain is

calculated as:

ri ¼ rTEH Tdefð Þ ð13Þ

The comparison of isothermal curves and original

curves is shown in Fig. 13. A difference is shown that

cannot be ignored, which explains the necessity for

the above correction.

After switching to the isothermal curves, the sen-

sitivity of strain rate on the true stress is analyzed

more accurately. Figure 14 shows the average true

stress of strain from 0.08 to 0.12 at the different strain

rates. It is found that 10B/Al composite and high-

purity aluminum materials have strong strain rate

sensitivity; namely, the true stress significantly

increases with the increase in strain rate. It is pre-

sented that the main reason for this phenomenon is

the dislocation sticking effect of the material during

Figure 10 The adiabatic temperature rise of different temperatures in the strain rate around 12000 s-1.

Figure 11 The averaged true stress in the strain scope from 0.08 to 0.12.
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high strain rate deformation [26]. The strain rate

sensitivity of high-purity aluminum is strong in the

strain rate beyond 9000 s-1, and the strain rate sen-

sitivity is weakened when the strain rate is lower

than 9000 s-1. The reason is that the material flow is

greatly limited by the dislocation sticking. However,

the strain rate sensitivity of 10B/Al composite is

strong in the strain rate below 6000 s-1, and the strain

rate sensitivity is weakened when the strain rate is

higher than 6000 s-1.

The section of specimen after impact in the strain

rate of 2800 s-1 and 12100 s-1 has been processed to

investigate the material deformation condition,

especially the interface between particles and matrix,

as shown in Fig. 15.

It is found that the interface between particles and

matrix failures in the high strain rate due to the

impact effect. The impact energy could be dissipated

during the crack propagation process, rather than

material dislocation. So the strain rate sensitivity

weakens. When the interface between particles and

matrix keeps integrity, the interface strengthens the

dislocation sticking, which obviously increases the

strength of materials. The high strain rate, which

could relate to the high cutting speed during

machining processes, influences the structural integ-

rity of 10B/Al composite, which is harmful to the part

life. For high-purity aluminum, the strong strain rate

sensitivity leads to the increase in cutting forces and

temperature in the high speed machining processes,

which results in the geometrical error of machined

parts.

Constitutive modeling of 10B/Al composite
and high-purity aluminum

Selection of constitutive models

There are many kinds of constitutive models for

describing material deformation behavior [27].

Among these models, the Johnson–Cook model and

the power-law model are simpler and more effective

for the industrial applications, compared with other

constitutive models [28].

The expression of power-law model is as follows:

Figure 12 The thermal softening coefficients (strain rate 3000 s-1).

Figure 13 The comparison between before correction and after

correction.
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r eT; _eT;Tð Þ ¼ r0 1 þ eT
eE0

� �N

� 1 þ _eT
_eT0

� �M

�

c0 þ c1T þ c2T
2 þ c3T

3
� � ð14Þ

And the expression of Johnson–Cook model is as

follows:

r eT; _eT;Tð Þ ¼ Aþ B � enT
� �

� 1 þ C ln _eTð Þ

� 1 � T � Troom

Tmelt � Troom

� �m� �
ð15Þ

where N, M and c0–c3 are the constants for the power-

law model; A, B, C, n and m is the constants for the

Johnson–Cook model ; Troom is the room temperature

and Tmelt is the melt point of material.

Parameters of constitutive models and their
error analysis

The data of isothermal strain–stress curves are

employed to fit the power-law model and Johnson–

Cook model, respectively.

The constitutive models for 10B/Al composite are

as follows:

r eT; _eT;Tð Þ ¼ 67:16 1 þ eT
0:0012

� �0:1334
� 1 þ _eT

10000

� �0:2044

�

� 1:008 � 3:608E�4T þ 6:283E�7T2 � 6:105E�9T3
� �

ð16Þ

Figure 14 The strain rate sensitivity in the room temperature.

Figure 15 The specimen section after impact and the interface analysis.
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r eT; _eT;Tð Þ ¼ 67:16 þ 9:238 � e0:3938
T

� �
� 1 þ 0:1245 ln _eTð Þ

� 1 � T � 20

562

� �1:7391
 !

ð17Þ

The constitutive models for high-purity aluminum

are as follows:

r eT; _eT;Tð Þ ¼ 35:11 1 þ eT
0:001

� �0:1784
� 1 þ _eT

10000

� �0:1277

�

1:013 � 1:9038E�4T � 1:163E�6T2 � 1:746E�9T3
� �

ð18Þ

r eT; _eT;Tð Þ ¼ 35:11 þ 6:165 � e0:4333
T

� �
� 1 þ 0:9290 ln _eTð Þ

� 1 � T � 20

663

� �2:0161
 !

ð19Þ

The prediction error of the power-law and John-

son–Cook constitutive models of the 10B/Al

composite and the high-purity aluminum constitu-

tive model is calculated by Eq. (20), and the results

are listed in Tables 2 and 3.

Error ¼
rT � rp
�� ��

rT
� 100% ð20Þ

where et is the strain and rT and rp represent the

measured and predicted true stresses, respectively.

As shown in Tables 2 and 3, the fitting precision of

power-law model and Johnson–Cook model is high,

with the averaged error that is lower than 8%. The

fitting accuracy of the Johnson–Cook model is a little

higher than that of power-law model.

Conclusions

1. The true stress of 10B/Al composite is more than

50% higher than the flow stress of pure alu-

minum because of the grain refinement of 10B/Al

composite due to the additive of boron particles.

Table 2 10B/Al composite

constitutive model prediction

error analysis (room

temperature)

Strain rate (s-1) et rT (MPa) PL-rT (MPa) JC-rT (MPa) PL-error (%) JC-error (%)

2800 0.04 100.28 111.79 101.12 11.5 0.8

0.08 115.02 123.16 112.45 7.1 2.2

0.12 125.89 130.10 120.12 3.3 4.6

3600 0.05 97.31 111.96 107.79 15.1 10.8

0.15 110.84 122.81 120.32 10.8 8.5

0.2 124.94 129.46 128.77 3.6 3.1

4400 0.1 115.21 130.04 123.16 12.9 6.9

0.15 125.46 137.33 131.81 9.5 5.1

0.2 142.58 142.66 138.37 0.1 3.0

5400 0.1 124.47 131.81 126.02 5.9 1.2

0.2 148.21 144.60 141.50 2.4 4.5

0.3 159.37 152.41 151.11 4.4 5.2

7100 0.1 130.50 134.69 130.12 3.2 0.3

0.2 156.63 156.38 164.70 0.2 5.2

0.3 165.56 155.75 156.14 5.9 5.7

8000 0.2 145.72 148.94 147.98 2.2 1.6

0.3 156.63 157.01 158.18 0.2 1.0

0.4 174.54 162.84 165.20 6.7 5.3

9200 0.2 135.87 150.94 150.63 11.1 10.9

0.4 167.51 165.00 168.22 1.5 0.4

0.6 186.72 173.39 176.95 7.1 5.2

11100 0.2 150.64 153.78 153.35 2.1 1.8

0.4 181.36 168.06 170.89 7.3 5.8

0.6 216.36 176.54 178.84 18.4 17.3

12100 0.3 164.92 163.60 165.23 0.8 0.2

0.5 195.89 174.37 177.36 11.0 9.5

0.7 234.99 181.34 182.21 22.8 22.5

Averaged error 6.93 5.50
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Moreover, the boron particles increase the diffi-

culty of dislocation movement due to pinning

and sticking effect.

2. The adiabatic temperature rise at the strain rate of

3000 s-1 is lower than 5 �C, which is even

ignored. But the adiabatic temperature rise of
10B/Al composite is much higher than that of

high-purity aluminum at the strain rate of

12000 s-1.

3. Both the 10B/Al composite and the high-purity

aluminum have strong strain rate sensitivity. The

strain rate sensitivity of high-purity aluminum is

strong in the strain rate beyond 9000 s-1, and the

strain rate sensitivity is weakened when the

strain rate is lower than 9000 s-1. However, the

strain rate sensitivity of 10B/Al composite is

strong in the strain rate below 6000 s-1, and the

strain rate sensitivity is weakened when the

strain rate is higher than 6000 s-1.

4. The constitutive models of power-law and John-

son–cook have been used to fit the experimental

results. The fitting precision of power-law model

and Johnson–Cook model is high, with the

averaged error that is lower than 8%. The fitting

accuracy of the Johnson–Cook model is a little

higher than that of power-law model.
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