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Abstract: The temperature and strain rate significantly affect the ballistic performance of UHMWPE,
but the deformation of UHMWPE under thermo-mechanical coupling has been rarely studied.
To investigate the influences of the temperature and the strain rate on the mechanical properties
of UHMWPE, a Split Hopkinson Pressure Bar (SHPB) apparatus was used to conduct uniaxial
compression experiments on UHMWPE. The stress—strain curves of UHMWPE were obtained at
temperatures of 20-100 °C and strain rates of 1300-4300 s~!. Based on the experimental results,
the UHMWPE belongs to viscoelastic—plastic material, and a hardening effect occurs once UHMWPE
enters the plastic zone. By comparing the stress—strain curves at different temperatures and strain
rates, it was found that UHMWPE exhibits strain rate strengthening and temperature softening
effects. By modifying the Sherwood-Frost model, a constitutive model was established to describe the
dynamic mechanical properties of UHMWPE at different temperatures. The results calculated using
the constitutive model were in good agreement with the experimental data. This study provides a
reference for the design of UHMWPE as a ballistic-resistant material.

Keywords: UHMWPE; strain rate; temperature; constitutive model; SHPB

1. Introduction

Ultra-high molecular weight polyethylene (UHMWPE) is extensively applied in various fields, such
as the aerospace, transportation, and medical fields, due to its low density, non-toxicity, and excellent
impact resistance [1-3]. In the domain of weapons manufacturing, UHMWPE has great potential for
application as a ballistic-resistant material due to its great impact resistance and high specific energy
absorption [4]. While studying the ballistic performance of UHMWPE, in addition to exploring the
deformation of UHMWPE at high strain rates, the effect of ambient temperature on the mechanical
properties of UHMWPE should be considered [5-7]. Hence, it is important to study the dynamic
mechanical properties of UHMWPE at different temperatures.

To broaden the application of UHMWPE, many studies have been carried out on its mechanical
properties. Bergstrom et al. [8] compared the abilities of “J2-plasticity” theory [9], the “Arruda—Boyce”
model [10,11], the “Hasan-Boyce” model [12], and the “Bergstrom-Boyce” model [13] to reproduce
the tensile and compressive mechanical behaviours of UHMWPE under quasi-static conditions.
Furthermore, a new hybrid model was proposed based on previous theories to effectively predict the
quasi-static tensile and compressive mechanical behaviours of UHMWPE. Kurtz et al. [14] studied
the effects of thermal treatment and y irradiation on the mechanical properties of UHMWPE under
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static conditions, finding that the mechanical properties of UHMWPE could be significantly changed
by varying the mode of thermal treatment and the radiation dose. Furthermore, the thermodynamic
behaviours of UHMWPE could be precisely predicted by the Arrhenius model at temperatures of
20-60 °C. By comparing the uniaxial compression experiments of low-density polyethylene and
UHMWPE under static and dynamic conditions, Xu et al. [15] found that UHMWPE had a stronger
energy absorption capacity than low-density polyethylene under the same conditions. Qin et al. [16]
conducted quasi-static experiments to study the uniaxial compression mechanical properties of
UHMWPE with a molecular weight of 2.25-5.09 million, the results of which showed that the yield
stress of UHMWPE increased first and then decreased with the increase in the molecular weight.
Zhang et al. [17] explored the deformational behaviours of UHMWPE at strain rates of 0.001-3300 s~}
and established a constitutive model for UHMWPE in the dynamic plastic stage. By studying the effect
of hybrid braided UHMWPE fibres on the impact properties and residual bending stiffness of CFRPs
through falling weight impact tests, four-point bending tests, and finite element analysis, Hu et al. [18]
explained the mechanism for restricting damage propagation in impact tests and improved the damage
tolerance and integrity of the structure. However, the elastic-plastic constitutive model considering
both strain rate effect and temperature effect was not studied in Ref. [8-18]. On this basis, the research
considering the strain rate effect and temperature effect was carried out in the present paper.

The split Hopkinson pressure bar (SHPB) is a good tool to study the mechanical behavior of
materials at the strain rate range of 102-10%. In this paper, the uniaxial compression mechanical
properties of UHMWPE at temperatures of 20~100 °C and strain rates of 1300-4300 s~! were studied
by SHPB. In this experiment, the temperature range included the maximum storage temperature of the
projectile of 50 °C and the maximum working temperature of the projectile of 70 °C, with the strain rate
range being close to that of projectile impact [15]. To understand the dynamic failure behaviours of
UHMWEPE from the perspective of the molecular structure, after the SHPB experiment, the UHMWPE
samples were observed and analysed using an FEI Quanta 250F field-emission environmental scanning
electron microscope. The UHMWPE stress—strain curves obtained from the experiments were used
to modify the Sherwood-Frost constitutive model, and the modified constitutive model was used to
describe the dynamic mechanical properties of UHMWPE at different temperatures.

2. Materials and Methods

2.1. Materials and Sample Preparation

In this study, commercially produced moulded UHMWPE, which is widely used in aircraft,
automobiles, and medical equipment, was utilized. The moulding plate of UHMWPE was obtained
from the moulding machine. Figure 1 shows the manufacturing process of the samples. The UHMWPE
powder was pressed in a hot press at a moulding temperature of 260 °C and a pressure of 20 MPa.
After 5 h of hot pressing followed by 5 h of cold pressing in a cold press, the UHMWPE powder was
cooled and shaped to obtain 1000 mm X 1000 mm X 20 mm UHMWPE sheets. Table 1 shows some basic
performance parameters of the UHMWDPE material provided by the manufacturer. The UHMWPE
dynamic compression specimens were designed by referencing Ref. [19]. The specimens used in the
SHPB experiments were cylinders with 10-mm diameters and 5-mm heights, which were obtained by
turning the UHMWPE sheets. Xu et al. [15] proved that there is almost no difference in the tensile
mechanical properties of UHMWPE in different material directions, which meant UHMWPE can be
considered as isotropic material. Therefore, we also believe that the UHMWPE samples used in this
paper are isotropic. To the convenience of machining, the axes of all the cylindrical compression
specimens prepared in this experiment were perpendicular to the surface of the UHMWPE sheet.
The prepared compression specimens were stored at room temperature for 48 h, and the residual stress
was eliminated before the experiment [17].
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Figure 1. The manufacturing process of UHMWPE specimens.

Table 1. Properties parameters of UHMWPE.

Density p Elastic Modulus Poisson’s Ratio v Melting Point  Molecular Weight
(g/cm®) E (MPa) O (g/mol)
0.98 450.49 0.46 136 3 million

2.2. SHPB Testing

In the present study, the SHPB experimental apparatus was used to explore the dynamic mechanical
properties of UHMWPE. Figure 2 shows the schematic diagram of the SHPB apparatus. The SHPB
apparatus mainly consisted of an air gun, bullets, an incident bar, a transmission bar, and a damping
system. Since UHMWPE is a low-impedance material, all the bars used in this experiment were made
of 7A04 aluminium alloy to obtain a relatively high signal-to-noise ratio (SNR) [20]. Table 2 shows the
detailed parameters of the SHPB used in this experiment.

Heating furnace
. 1 Striker Incident bar Specimen Transmission bar
A4

] —
Air gun
train‘ gaug

| Data acquisition system |

Damping device

Figure 2. Schematic diagram of the SHPB experiment.

Table 2. Detailed parameters of SHPB.

Elastic Modulus Elastic Wave Bar Diameter  Striker Length  Incident Bar Transmission
Ey (GPa) Velocity Cp (m/s) (mm) (mm) Length (mm) Bar Length (mm)
70 4991 14.5 400 1500 2000

Prior to the experiment, the UHMWPE specimen was sandwiched between the incident bar and
the transmission bar. The bullets were made to hit the incident bar at different speeds by controlling
the gas pressure in the air gun. The bullet impact caused an incident stress pulse ¢;() in the incident
bar. As the stress pulse reached the specimen, the specimen was deformed under the stress pulse,
a backward reflection pulse ¢,(t) was generated in the incident bar, and a forward transmission pulse
&¢(t) was produced in the transmission bar. These pulse signals were measured by strain gauges glued
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to the incident and transmission bars. The true stress o, true strain ¢7, and strain rate ¢ of UHMWPE
were calculated using the following equations [21,22]:

__2G

L er(t) @
t

= cd 2
EE L edt )
OF = A/Olfo et (t) 3)
or = op(1—¢g) 4)
er = —In(1-¢g) (5)

where Ag and Lg are the initial cross-sectional area and length of the specimen, respectively, and Co,
Ap, and Ej denote the elastic wave velocity, cross-sectional area, and elastic modulus of the bar,
respectively. Table 3 shows the pressure of the air gun and the strain rates of the UHMWPE specimens
in the experiments.

Table 3. Loading pressures and strain rates of specimens.

Air Gun Pressure (MPa) Average Strain Rate (s~1) Maximum Deviation (s71)

0.015 1300 +50
0.05 2200 + 50

0.1 3300 + 60
0.15 4300 +90

To study the dynamic mechanical properties of UHMWPE at different temperatures, the specimen
was heated to the specified temperature and maintained for 5 min before the SHPB experiment was
carried out [23]. The temperatures in the experiment were 20, 50, 70, and 100 °C. Before the experiment,
the effect of the temperature on the SHPB was eliminated by an empty bar experiment. To improve the
accuracy of the experimental data, experiments under the same working conditions were repeated
three times to obtain the average value.

3. Results and Discussion

3.1. Strain Rate Effect

To study the strain rate effect of the UHMWPE, SHPB experiments were conducted at 20 °C.
Figure 3 shows the deformation of the UHMWPE specimen before and after the SHPB test. As the strain
rate increased, the thickness of the specimen decreased gradually, the diameter increased gradually,
and the deformation became more significant after the experiment.

: Strain rate(s™') Diameter(mm) Height(mm)

’ 0(Original) 10 5

. 1300 1023 479
‘ 2200 10.86 425
@ 3300 1150 3.85

‘ 4300 11.95 3.52

Figure 3. UHMWPE specimens before and after the SHPB experiment.
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The stress—strain curves of the UHMWPE at 20 °C and strain rates of 13004300 s~! were obtained
(Figure 4). Each of the dynamic compression stress—strain curves increased linearly in the beginning
and entered a yield stage with the increase in the load. After the yield stage, the stress grew slowly
but the strain continued to rise, showing significant plastic deformation. By comparing the dynamic
UHMWPE stress—strain curves at different strain rates, it was found that the compressive stress
exhibited a significant strain rate effect. The elastic modulus and yield stress of the UHMWPE increased
as the strain rate increased, which were shown in Table 4.

The yield stress of UHMWPE was calculated by using the inverse method [24]. Like the method
in the study of Qin et al. [16], the secant modulus was calculated by the two points of strain equal to
0.05% and 0.25%, which was used as the elastic modulus of UHMWPE. The formula is as follows:

E— 00.25% — 90.05%
€0.25% — €0.05%

(6)

where E is the elastic modulus of UHMWPE, 0259, and o g5, are the stress value when the strain
reaches 0.25% and 0.05%, respectively, and & 75, and &g g5¢, are the strain value when the strain reaches
0.25% and 0.05%, respectively.

z
=
S
1]
2}
(9]
oy
"
7 —— 13005
L —— 2200s”!
o —— 33005
—— 4300

0 1 1 1 1 1 1 1
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

True strain g;
Figure 4. Stress—strain curves of UHMWPE at a temperature of 20 °C and strain rates of 13004300 s

Table 4. Compressive properties of UHMWPE.

Average Strain Rate (s71)  Temperature (°C) Modulus of Elasticity (MPa) Yield Stress (MPa)

1300 20 1697.67 + 32.39 23.99 +£0.13
2200 20 1908.86 + 28.36 26.51 +0.27
3300 20 2476.46 + 48.72 29.90 + 0.46
4300 20 2628.82 + 23.97 32.62 +£0.74
1300 50 1455.06 + 38.81 20.84 + 0.25
1300 70 1214.88 + 33.76 18.74 £ 0.32
1300 100 896.86 + 25.47 16.48 + 0.24

3.2. Temperature Effect

UHMWPE is a high-molecular-weight polymer, and the effects of temperature on the mechanical
properties of the UHMWPE are of great concern. Figure 5 shows the stress—strain curves of the UHMWPE
at temperatures of 20-100 °C and a strain rate of 1300 s™!. By comparing the dynamic UHMWPE
stress—strain curves at different temperatures, it was found that the compressive stress was characterized
by a significant temperature effect. The elastic modulus and yield stress of UHMWDPE decreased as the
temperature decreased (Table 4). This indicated that with the increase in the temperature, the UHMWPE
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chain became softer and was more likely to deform at the same impact velocity, resulting in decreases
in the yield stress and elastic modulus [25,26].

45

40

35

30

25

20

15

True stress o;(MPa)

10

0 1 1 1 1 1 1 1
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

True strain g;

Figure 5. Stress-strain curves of UHMWPE at temperatures of 20-100 °C and a strain rate of 1300 s~!.
3.3. Microscopic Deformation Behaviour

To more clearly understand the dynamic deformation behaviour of UHMWPE microscopically,
the specimens before and after SHPB test were cut along the axial direction and then sprayed with gold.
The deformations of the cross-sections of the UHMWPE specimens under the impact of bullets with
different velocities were observed using a FEI Quanta 250F field-emission environmental scanning
electron microscope. Figure 6 shows the results.

Bending

(a) Original specimen

— 1L R—

NJUST

(c) 2200 51 (d) 3300 s1

Figure 6. Cont.
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(e) 4300 571

Figure 6. SEM images of UHMWPE specimens before and after the SHPB experiments.

The UHMWPE chains were orderly arranged before the SHPB experiment, and the UHMWPE
chains were bent at a compressive strain rate of 1300 s™!. As the strain rate increased, cracks were
found in the UHMWPE chains, and with the further increase in the strain rate, cracks propagated and
grew so that bulging appeared in the UHMWPE chains between cracks. As the strain rate reached
4300 s7!, this phenomenon became so obvious that the UHMWPE chains could not be identified.
This implied that with the increase in the strain rate, the molecular mobility ratio of the UHMWPE
chains decreased, and the molecular chains hardened, resulting in crack failure [27,28].

As observed by the electron microscope, the microscopic morphologies of the UHMWPE specimens
at a strain rate of 1300 s~! and temperatures of 20-100 °C were not significantly different from that at
room temperature. Thus, the microscopic morphology of the UHMWPE at other temperatures is not
discussed in this paper.

4. Constitutive Model

Through investigation, the constitutive models that can describe the dynamic mechanical properties
of polymers have ZWT [29] constitutive model, overstress constitutive model [30], and Sherwood-Frost
constitutive model [31]. The ZWT constitutive model can describe well the mechanical properties
of polymer materials in the strain rate range of 1074-103 s™!, but it cannot accurately describe the
viscoplastic mechanical properties after yielding, and it can only describe the mechanical properties
in the 8% deformation range. The overstress model can describe the elastic and plastic mechanical
properties in stages, but it does not consider the effect of temperature. The Sherwood-Frost constitutive
model includes a temperature term and a strain rate term, which can describe well the mechanical
properties of polymers at different temperatures and strain rates.

Based on the SHPB experiment, the UHMWPE was characterized by apparent strain rate
strengthening and temperature softening effects. The stress-strain behavior of UHMWPE was similar to
that of the polyurethane foam studied by Frost [31,32]. In this study, by modifying the Sherwood-Frost
constitutive model proposed by Frost, a constitutive equation was obtained to describe the dynamic
uniaxial compression properties of UHMWPE.

The Sherwood-Frost constitutive equation includes a shape function f(¢), a temperature function
H(T), a density function G(p), and a strain rate function M(e, é), as follows:

oc = H(T)G(p)M(e, £)f(¢) 7)

The density range of UHMWPE on the market is between 0.93-0.98 g/cm?, so the change of density
is very small, which results in a small change of G(p). Hence, the influence of the density term on the
entire constitutive model can be ignored, and Equation (7) is simplified to the following;:

oc = H(T)M(e, £)f(¢) (8)
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where f(¢) is a polynomial function that describes the shape of the stress—strain curve:
10
fle) =) Ane" ©)
n=1

Nagy et al. proposed the use of an exponential strain rate [33], and thus, M(s, é) was expressed
as follows:

Mle, &) = (¢/é0)" (10)
n(e) = by + bye (11)
The temperature function was expressed as follows:

H(T) = — % (12)
@ M(e, £)f(e)

where A, is a parameter that describes the stress—strain shape of the material, which was determined by
fitting with a tenth-order polynomial, ¢y denotes the lowest possible strain rate in the experiment, by and
by are parameters of the material determined by the experiment, and H(T) = 1 at room temperature.

4.1. Establishment of Constitutive Model

4.1.1. Strain Rate Effect

First, the shape function f(¢) in the constitutive equation was fitted. f(¢) was determined by an
SHPB compression test at the lowest possible strain rate at room temperature. In this experiment,
the room temperature was 20 °C, and the lowest possible strain rate was ¢y = 1300 s™1. By fitting the
stress—strain curve of the UHMWPE under these conditions, parameter A, was obtained and is listed
in Table 5.

Table 5. Coefficient value A, (MPa) of the shape function f(¢).

n 1 2 3 4 5
Ay 3000.89 —155,721.90 445534 x 106 ~7.46181 x 107 7.75704 x 108
n 6 7 8 9 10

Ap —-5.15158 x 10° 218663 x 1010 —5.73634 x 1010  8.46851 x 1010  —5.37847 x 1010

According to Equations (10) and (12), M(e, é) = H(T) = 1, so the stress—strain relationship of
UHMWPE was reduced to the shape function f(¢). Therefore, Equation (8) becomes the following:

. =1f(¢) (13)

Due to the inherent rate dependence of the polymer matrix and aerodynamic damping [28],
the UHMWPE was strain rate dependent. To explore the effect of the strain rate function M(e, é) on the
mechanical properties of UHMWPE at room temperature, Equation (8) was changed to the following;:

. OC O¢
Mg, ) = = (14)
( ) f(e)  loclizoos

Based on the stress—strain curves at strain rates of 1300-4300 s~

the relationship between M(e, é) and the strain ¢ was obtained (Figure 7).

1 at room temperature,
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Figure 7. The relationship between M(s, é) and ¢ at a temperature of 20 °C and different strain rates.

To obtain the parameters in 1(¢), the logarithm of Equation (10) was taken to obtain the following:

In M(a, é)
n(e) = ———— (15)
Ine/eg
Figure 8 shows the relationship between n(¢) and the strain ¢. There was a non-linear relationship
between the strain rate index function n(¢) and the strain ¢ of the UHMWPE, so a quadratic function
bze? was added to Equation (11):

n(e) = by + bpe + b3€2 (16)
0.24
0.22+ 4 a R square 0.90844
| ]
0.20F ® o
0.18 |
N\
= 0.16 [ 8 °
=  §
0.14 > a ”
s & LI
0.12 - i —
(]
| |
o101
0.08 - |Experiment ® 2200s' @ 3300s!
A 43005
1 1 1 1 1 1 1 1 1 1

0.06
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.30 0.33

strain €

Figure 8. The relationship between n(¢) and ¢ at a temperature of 20 °C and different strain rates.

Equation (16) was fitted by the data in Figure 8, and the fitted curve correlated well with the
experimental results. Table 6 shows the values of parameters by, by, and bs.

Table 6. Experimental constants in n(¢).

by by b, b3
Value 0.25287 —1.43586 3.8433
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Based on the parameters of the shape function f(¢) and the strain rate function M(e, é‘) obtained
through fitting, the stress—strain curves of UHMWPE at a temperature of 20 °C and strain rates of
13004300 s~! were calculated and compared with the experimental values (Figure 9). The calculated
curves were in good agreement with the experimental data, which showed that the dynamic UHMWPE
stress—strain curves at different strain rates could be described well by modifying the n(¢) function in
the Sherwood-Frost constitutive equation.

55
50 |
45
40

%‘E 35

o 30

1]

g 25

~

w20
15k Experiment = [300s' m  2200s7!

3300s™' = 4300s!

10 Calculation 1300s™" 2200s 7!
5 3300s ! —— 4300s”!
0 1 1 1 1 1 1 1

0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

strain &

Figure 9. Stress—strain curves of UHMWPE at a temperature of 20 °C and different strain rates.
4.1.2. Temperature Effect

The experiments showed that the temperature and strain rate had similar effects on the mechanical
properties of the UHMWPE. As the temperature increased and the strain rate decreased, the stress—strain
curves of the UHMWPE varied similarly. The stress of the UHMWPE varied with the increase in the
strain and the temperature. Hence, in this study, the temperature function H(T) of the constitutive
equation was described in a form similar to that of the strain rate function M(s, é). The temperature
function H(e, T) was proposed with reference to the strain rate function:

H(e, T) = (To/T)™®) (17)

where T is the room temperature in the experiment, Ty = 20 °C, and m(¢) is a function of the strain.
In this study, the stress-strain curve of UHMWPE at 20~100 °C and the strain rate of 1300 s~} were
used to study the temperature function H(¢, T). Here M(e, é) = 1, Equation (8) became the following:

0c = H(e, T)f(e) (18)
The relationship between the temperature function H(¢,T) and the strain ¢ was as follows,
the results of which are shown in Figure 10:

O¢ O¢
H(e, T) = = (19)
fle)  locloec
To study the relationship between the strain function m(¢) and strain in the temperature function
H(e, T), the logarithm of Equation (17) was taken to obtain the following:

_ InH(T)
" InTy/T

m(e) (20)

Based on the data in Figure 10, the relationship between m(¢) and the strain ¢ was obtained
(Figure 11).
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Figure 10. The relationship between H(e, T) and ¢ at a strain rate of 1300 s~! and different temperatures.

R square 0.96477
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strain €

Figure 11. The relationship between m(¢) and ¢ at a strain rate of 1300 s~! and different temperatures.

The strain function m(¢) in the temperature function was described well by the following function:

2
N 21
m(e) v +c3 (21)

where ¢y, ¢, and c3 are the material parameters determined by the experiment. Based on the experimental
data in Figure 11, Equation (21) was fitted to obtain the values of parameters cj, ¢z, and c3 (Table 7).
Figure 11 shows the comparison of the calculated curves and the experimental results, indicating that
there was a good correlation between the calculated curves and the experimental results.

Table 7. Experimental constants in m(¢).

Cn C1 €2 c3

Value  0.00411 0.03198 0.61374

The stress—strain curves of the UHMWPE at temperatures of 20~100 °C and a strain rate of 1300 s~
were calculated based on the parameters of the shape function f(¢) and the temperature-dependent
function H(e, T), which were obtained by fitting (Figure 12). The calculated curves were in
good agreement with the experimental results, indicating that the H(¢, T) function proposed was
able to describe the stress—strain curves of the UHMWPE well at a strain rate of 1300 s~' and
different temperatures.
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Figure 12. Stress—strain curves of UHMWPE at a strain rate of 1300 s™! and different temperatures.

In summary, by modifying the strain rate function and adding the temperature function proposed
by the strain rate function for reference, the following constitutive equation describing UHMWPE
was obtained:

o, = H(e, T)M(e, e)f(e)
10

fle) = ¥ Ape"

"~ by+bye+bze? (22)

. . & &

M(s,e) = (e/eo) e
2

H(e, T) = (To/T)Ta

The parameter values in this equation are shown in Tables 5-7.

4.2. Verification of Constitutive Equation

To verify that the constitutive model proposed in this study could better describe the stress—strain
curves of the UHMWPE at different temperatures under dynamic conditions, nine combinations of
temperatures and strain rates were selected to verify Equation (22). Figures 13-15 show how the
actual and predicted stress responses of the UHMWPE varied with the strain at strain rates of 2200,
3300, and 4300 s~!. For the given experimental data, this model could predict well the experimental
results of the UHMWPE in the plastic stage, and there were some errors in the elastic stage, but all the
errors were less than 7%. The errors during the elastic stage likely occurred because it was difficult for
the UHMWPE to achieve a constant strain rate in the elastic stage of the material during the SHPB
experiments [34].

45

40 -

35

)
[aW
= 30
&
w 25
3
5 20f Experiment 50C
@ = 70C
15 = 100C
10 Calculation 50C
— 70C
5 — 100°C

0
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Figure 13. Stress—strain curves of UHMWPE at a strain rate of 2200 s~ and different temperatures.
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Figure 14. Stress—strain curves of UHMWPE at a strain rate of 3300 s~ and different temperatures.
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Figure 15. Stress—strain curves of UHMWPE at a strain rate of 4300 s~! and different temperatures.
5. Conclusions

SHPB experiments were carried out to study the uniaxial compression properties of UHMWPE
under dynamic conditions at different temperatures. By comparing the stress—strain curves of UHMWPE
at different temperatures under dynamic conditions, it was found that the yield stress and the elastic
modulus of the UHMWPE increased as the strain rate was increased and decreased as the temperature
was increased. The UHMWPE exhibited strain rate strengthening and temperature softening effects.

The microscopic deformation behaviours of the UHMWPE specimens after dynamic compression
were observed and analysed using a FEI Quanta 250F field-emission environmental scanning electron
microscope. As the strain rate increased, the molecular mobility ratio of the UHMWPE chains decreased,
and the molecular chains hardened, resulting in crack failure.

The Sherwood-Frost constitutive model was used to fit the stress—strain curves of the UHMWPE
under different compressive strain rates, the results of which showed that there was a non-linear
relationship between the strain rate index function n(¢) and strain ¢ of the UHMWPE. The strain
rate effect of the UHMWPE under dynamic uniaxial compression could be effectively described by
introducing the quadratic function bze?.

The experiments showed that the temperature and the strain rate had similar effects on the
mechanical properties of the UHMWPE. With reference to the strain rate function M(e, é‘) in the
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Sherwood-Frost constitutive equation, a temperature function H(e, T) was proposed. Based on
the experimental results, H(¢, T) could describe the temperature effect of the uniaxial compression
properties of UHMWPE well under dynamic conditions.

The constitutive model obtained by modifying the Sherwood-Frost model could effectively
describe the stress—strain curves of UHMWPE at temperatures of 20-100 °C and strain rates of
13004300 s~!, which not only provides a data reference and theoretical support for the design of
UHMWPE as a ballistic-resistant material but also serves as a reference for the secondary development
of a UHMWPE dynamic compression constitutive model for numerical simulations.

We have started the next research work, that is, studying the tensile fracture failure of UHMWPE
under dynamic conditions, for the purpose of predicting the perforation characteristics of UHMWPE
in ballistic impact tests.
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