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Taylor impact test is characterized by high impact energy, low cost, and good
repeatability, giving it the technical foundation and development potential for
application in high-g loading. In this paper, the feasibility of performing high-g load
impact testing to a missile-borne recorder by conducting Taylor impact test was
studied by combining simulation analyses with experimental verification. Acccording to
the actual dimensions of the missile-borne recorder, an experimental piece was
designed based on the Taylor impact principle. The impact loading characteristics
of the missile-borne recorder were then simulated and analyzed at different impact
velocities. In addition, the peak acceleration function and the pulse duration function of
the load were fitted to guide the experimental design. A Taylor-Hopkinson impact
experiment was also conducted to measure the impact load that was actually
experienced by the missile-borne recorder and the results were compared with the
results of strain measurements on the Hopkinson incident bar. The results showed that
the peak value of impact load, the pulse duration and the waveform of the actual
experimental results were in good agreement with the results predicted by the
simulations. Additionally, the strain data measured on the incident bar could be
used to verify or replace the acceleration testing of the specimen to simplify the
experimental process required. Based on the impact velocity, high-g loading impact
was achieved with peak values in the 7,000–30,000 g range and durations of 1.3–1 ms,
and the waveform generated was a sawtooth wave. The research results provide a new
approach for high amplitude and long pulse duration impact loading to large-mass
components, and broaden the application field of Taylor impact test.
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INTRODUCTION

Advanced penetrating weapons such as the ordnance penetrator can sense environmental
information and control their burst point using the electronic equipment on the bomb (e.g.,
smart fuze, missile-borne recorder) when actually striking the target, thus maximizing the damage
and effectiveness of the weapon. During this process, the onboard electronic equipment generally
needs to experience an impact of tens of thousands of g (where 1 g � 9.8 m/s2) with a duration of
several milliseconds. To improve the reliability of the missile-borne electronic equipment, it is
necessary to perform anti-impact performance experiments to assess the survivability and the
working performance of the equipment in such high impact environments during the development
and production processes.

Edited by:
Yu-Fei Wu,

RMIT University, Australia

Reviewed by:
Pavlo Maruschak,

Ternopil Ivan Pului National Technical
University, Ukraine

Ching Tai Ng,
University of Adelaide, Australia

*Correspondence:
Chen Gang

chengang@caep.cn

Specialty section:
This article was submitted to

Structural Materials,
a section of the journal
Frontiers in Materials

Received: 30 May 2021
Accepted: 10 August 2021
Published: 25 August 2021

Citation:
Juncheng L, Gang C, Yonggang L and
Fenglei H (2021) Investigation on the
Application of Taylor Impact Test to

High-G Loading.
Front. Mater. 8:717122.

doi: 10.3389/fmats.2021.717122

Frontiers in Materials | www.frontiersin.org August 2021 | Volume 8 | Article 7171221

ORIGINAL RESEARCH
published: 25 August 2021

doi: 10.3389/fmats.2021.717122

http://crossmark.crossref.org/dialog/?doi=10.3389/fmats.2021.717122&domain=pdf&date_stamp=2021-08-25
https://www.frontiersin.org/articles/10.3389/fmats.2021.717122/full
https://www.frontiersin.org/articles/10.3389/fmats.2021.717122/full
http://creativecommons.org/licenses/by/4.0/
mailto:chengang@caep.cn
https://doi.org/10.3389/fmats.2021.717122
https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#editorial-board
https://doi.org/10.3389/fmats.2021.717122


At present, under laboratory conditions, the main methods
used for high impact environment simulations are the Machete
hammer test, the drop tower test and the Hopkinson bar test.
Among these methods, the Machete hammer test is commonly
used in safety testing of energetic materials and in impact tests to
verify the cushioning performances of potting materials (Li et al.,
2016) The experimental operation required for this test is simple
but the impact duration is short (generally tens of microseconds)
and the load consistency is poor. The drop tower test is typically
performed using indoor experimental equipment, meaning that
its lifting height is generally limited to no more than 3 m, and the
impact energy generated is low. The Hopkinson bar experiment
has been used widely in the calibration of acceleration sensors and
can also be used in dynamic impact experiments for small
structures (Frew and Duong, 2009), (Foster et al., 2011). The
maximum overload value of this method can exceed 100000 g, but
the overload duration is short and the mass of the test piece is
limited, generally to within several tens of grams. The means of
high amplitude and long pulse duration impact loading in this
case thus remain insufficient for use with larger components (≥
0.5 kg). Large caliber cannon testing, rocket sled experiments and
airdrop experiments enable realistic impact environments, but
these test methods are expensive, with long cycle times and poor
repeatability, which means that they are not suited to performing
large numbers of research experiments.

In the Taylor impact test (Taylor, 1948) a flat cylindrical
projectile is used to impact on a rigid target. The dynamic yield
stress of the target material is then obtained by measuring the
dimensions of the recovered deformed projectile. This
experimental method is simple and convenient for impact
analysis. In addition to being widely used to study the dynamic
mechanical behavior of metallic materials at high strain rates
(Panin et al., 2017), (Bloniarz et al., 2018), (Chausov et al.,
2018), (Xu et al., 2020), (Li et al., 2021a), this method has also
been used in research into polymer materials, foam metals, glass
and other materials. Liu et al. (2018) proposed their own model
that considers the impacted surface as a viscoelastic surface. Based
on this model, they investigated the impact response of expoxy
resin target to polyethylene (PE) projectiles with blunt head. Lee
and Huh, (2021) designed a novel shear specimen and conducted
shear tests with a Taylor impact testing machine to study the shear
properties of AISI 4130 steel at various strain rates from the quasi-
static state to ultra-high strain rates.Wang et al. (2013) adopted the
Taylor impact method to investigate the dynamic constitutive
relation of cellular materials. This method was also employed
by Willmott and Radford (2005) to observe the deformation and
fracture behavior of glass materials. Since the Taylor impact test
was introduced, researchers have been constantly refining it,
including introducing a symmetric Taylor impact test to
eliminate the assumption of regarding the target as an ideally
rigid material (Forde et al., 2013), applying stereo digital image
correlation (DIC) technology to measure the strain field (Bigger
et al., 2018), using the Taylor impact test to measure the
stress–strain curves of the materials (Gao and Iwamoto, 2018),
and so on. One of the most important characteristics of the Taylor
impact test is that the specimen’s head must have a large plastic
deformation range, while the tail must remain elastic. The

specimen can be divided into two parts: the plastic deformation
area and the elastic deformation area. The impact load that is borne
in the elastic deformation area is generated and transmitted by the
plastic deformation area located at the front end of specimen. The
plastic deformation area at the front end of the specimen can thus
be regarded as a load generator, while the elastic deformation area
at the tail of the specimen can be considered as the impacted part
(Li et al., 2021b). The Taylor impact test itself offers the advantages
of high impact energy, low cost and good repeatability. Because the
nose shape of the specimen was changed appropriately by each
impact, this experimental method has the potential to produce
impact loads with different pulse shapes and thus has good
application prospects for use in impact load simulations and
high-g loading experiments.

At present, the research on the Taylor impact test is mainly
focused on the material properties and only a small amount of the
research involves measurement and application of the impact load.
Hu et al. (2010) tested the impact pressure in Taylor impact testing
of a polycarbonate projectile using a polyvinylidene fluoride
(PVDF) force measurement film, which was sandwiched
between a thin steel sheet and a target pier. However, the
experimental result obtained was the local pressure only
because of the small area of the PVDF film, which could not
fully reflect the impact load of the experiment. El Moumen et al.
(2018) installed a force sensor on the back of the impact target plate
to study the impact resistance and energy absorption
characteristics of polymer composites by measuring and
comparing their pressure variation curves during the impact
process. Based on the characteristics of metal foams collapsing
under approximately constant pressure, Radford et al. (2005)
proposed an experimental method to simulate impact loads
using a metal foam projectile. The impact force and impact
duration were controlled by the velocity and density of the
metal foam and by the length of the experimental piece.
However, the pressure pulse always approximated to a rectangle
shape and this limitation was relatively serious because of the small
pulse shape differences that occurred. On the basis of Radford’s
research, Li et al. (2019) proposed the introduction of a density
gradient in the foam metal projectile to change the impact load
shape, which resulted in the production of pulse loads with specific
variations, and rectangular, triangular and exponentially
decreasing pulses were obtained. The essence of this method
was that the collapse pressure was controlled by the foam
metal’s density and the waveform evolution was realized by
superposing time sequences of different amplitude pressures.
However, the foam metal projectile was comparatively light in
mass and thus generated lower impact energies. In addition, when
compared with the homogeneous metal projectile used in the
classical Taylor impact test, the preparation of the gradient
foam metal specimen required more sophisticated processing
and technology and higher costs.

Li et al. (2021b) studied the impact load characteristics
produced by different warheads in the Taylor impact test. As a
result, it was proposed that the waveform and pulse duration of
the impact load could be controlled through the design of the
projectile head shape and the impact speed. Additionally, a
provisional structural design for an experimental high-g load

Frontiers in Materials | www.frontiersin.org August 2021 | Volume 8 | Article 7171222

Juncheng et al. Taylor Impact in High-G Loading

https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


piece was presented. On the basis of the work above, a high-g load
experimental piece is designed in this work according to the actual
dimensions of a missile-borne recorder. By performing simulation
analyses, the impact load characteristics of the missile-borne recorder
are analyzed under various impact velocities. Furthermore, the peak
acceleration function and the pulse duration function of the impact
load are fitted and the impact velocities required to produce different
impact environment conditions are then estimated. Finally, impact
experiments are carried out and overall high-g loading with a peak
value of approximately 30,000 g and a duration of approximately 1ms
is achieved. The results obtained show that the actual experimental
results are in good agreement with the results predicted by the
simulations in terms of the peak value of impact load, the pulse
duration and the waveform. In addition, these results indicate that it is
feasible to apply the Taylor impact test to high-g loading experiments.

DESIGN OF THE HIGH –G LOAD
EXPERIMENTAL PIECE

As shown in Figure 1, the missile-borne recorder has a cylindrical
shape, with main body dimensions of Φ60 mm × 75 mm and a
total mass of approximately 0.82 kg.The structural design of the
experimental piece is mainly composed of a head cone, a shell and
a tail cover. The missile-borne recorder is placed at the tail of the
experimental piece and the axial compression of the recorder is
performed by the tail cover. The tail cover and the head cone are
both connected to the shell using threads. The impact
acceleration waveform is controlled by the shape, the material
and the impact velocity of the head cone. The 3A21 aluminum
alloy is selected for use as the head cone material because it has
high plasticity and it is insensitive to the strain rate under
annealing conditions. The shell is designed to be a rigid
bearing part and the shell material is the 7A04 high strength
aluminum alloy, the chemical compositions of the material are

presented in Table 1. During the impact process, the shell has
sufficient strength and thus only produces deformation within the
elastic range, which allows part reuse to be realized. After each
test, it is thus only necessary to replace the head cone, and the
follow-up experiment can then be conducted.

A light gas gun with an inner diameter of 120 mm is used as the
launch platform. The maximum diameter of the experimental
piece is the same as that of the launch platform and a good fit
between the piece and the gas gun was realized using the
dimensional tolerances. To reduce the total weight and obtain a
higher launch velocity, the material contained in the middle part of
the shell is partially removed. After completion of the design, the
total length of the experimental piece was 336 mm, the head cone
angle was 20°, the top diameter was 12 mm and the total mass was
approximately 4.57 kg (including the missile-borne recorder).

SIMULATION ANALYSIS OF TAYLOR
IMPACT

Model and Initial Conditions
The impact process of the experimental piece on the rigid target is
simulated and analyzed using transient dynamics finite element
software. During the modeling process, one quarter of the model is
constructed using the symmetry characteristics of the piece, the
three-dimensional solid element is used to mesh the experimental
object. The mesh is densified near the head impact area, and the
minimum mesh size is 0.5 mm, while the mesh size outside the
impact area is gradually enlarged, with a maximum mesh size of
2 mm. In addition, the arbitrary Lagrangian-Eulerian (ALE)
algorithm is used in the element algorithm and can control the
rotation, expansion and smoothness of the element nodes.
Additionally, this algorithm can overcome the mesh distortion
caused by the large-scale deformation of the structure. The
missile-borne recorder is equivalent to a solid mass and its
interaction with the other parts is simulated by dynamic contact.

The rigid target is defined by the keywords
*RIGIDWALL_PLANAR. The no. 24 material model
(*MAT_PIECEWISE_LINEAR_PLASTICITY) is used to describe
the mechanical properties of the head cone material. A
compression experiment under quasi-static conditions was
performed using a material testing machine and the true stress-
strain curve of the 3A21 aluminum alloy was obtained as shown in

FIGURE 1 | (A) The missile-borne recorder and (B) structural diagram of the experimental piece.

TABLE 1 | Chemical compositions of the aluminum alloys (wt %).

Material
(A)

Si Fe Cu Mn Mg Cr Zn Ti

321 0.6 0.7 0.2 1.3 0.05 - 0.1 0.15
704 0.5 0.5 1.7 0.4 2.3 0.175 6.0 0.1
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Figure 2. The shell and tail cover material (7A04 aluminum alloy) is
described using the plastic hardening model
(PLASTIC_KINEMATIC) and the main mechanical property
parameters of this material are presented in Table 2. The initial
impact velocity range is from 50m/s to 200m/s, with intervals of
25m/s.

Simulation Results and Analysis
Figure 3 shows the impact deformation process of the
experimental piece at the velocity of 150 m/s. When the
experimental piece strikes the rigid target surface (t � 0 ms),
the head and the target surface are in close contact. In addition,

the impact end surface is approximately flat and the head cone
then gradually compresses. Because of the obstruction of the
target surface in the velocity direction, the material flows along
the radial direction. In addition, the cross-sectional area of the
head expands and a mushroom shape is formed at the impact
end. After t � 1 ms, the tail profile of the projectile no longer
moves forward, the deformation of the target pier stops, and the
plastic zone of the head stops expanding. After t � 1.25 ms, the
experimental piece rebounds backward, the head separates from
the rigid target, and the impact process then ends. The entire
deformation area is concentrated within the head, and there is no
plastic deformation in the shell or in the tail.

FIGURE 2 | True stress-strain curve of 3A21 alloy.

TABLE 2 | Main mechanical properties of shell and tail cover material.

Name (A) Density kg/m3 Elastic modulus
GPa

Yield strength
MPa

Hardening modulus
MPa

Poisson’s ratio

704 2,810 72 490 600 0.33

FIGURE 3 | Simulation of the impact process (equivalent plastic strain nephogram).

FIGURE 4 | Acceleration curve for the missile-borne recorder.
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The acceleration curve of the missile-borne recorder is then
extracted as shown in Figure 4. During the complete impact
process, the missile-borne recorder experiences an impact
environment with a peak value of approximately 3.11 × 104 g and
a duration of approximately 1.013ms. After the impact, it experiences
an accompanying axial oscillation that attenuates gradually.

The impact load stages are compared and analyzed under all
simulation conditions. A comparison of the load waveforms
obtained at different velocities is shown in Figure 5, and the
detailed impact load data are presented in Table 3. The results
show that the rising edge of the load becomes steeper and the peak
value of impact load increases significantly with increasing impact
velocity. When the impact velocity increases from 50m/s to 200m/s,
the peak load value also increases by approximately 7.2 times from6.89
× 103g to 4.97 × 104g. The pulse duration decreases with increasing
impact velocity, but the floating range is small.When the initial velocity
increases from 50m/s to 200m/s, the pulse duration decreases in
tandem from 1.279 to 0.927ms; this represents a reduction of
approximately 25%. The load waveforms with the different
velocities have similar shape characteristics that approximately
represent sawtooth waveforms.

The variations in the peak acceleration and the pulse duration with
the velocity are shown in Figure 6. In addition, each data point
presents an exponential function variation trend. Using the nonlinear
fitting method, the functions of the peak acceleration and the pulse
duration with respect to the velocity are obtained as follows:

ap � −21513.51 + 20886.73exp(v0/162.11) (1)

τ� 0.614 + 0.856exp(−v0/199.624) (2)

Where ap is the peak acceleration, v0 is the initial impact velocity
and τ is the pulse duration.

In practical applications, the function above can be used to
predict the impact velocity required for the experimental piece
according to the requirements of the anti-impact assessment for
the missile-borne recorder. For example, the peak impact value of
the shock environment is required to reach 30,000g and the pulse

duration must be no less than 1 ms, the load speed required is
approximately 147 m/s.

IMPACT TEST VERIFICATION

Experimental Layout
The impact test was performed to test and verify the impact load
of the test piece. One of the actual processed and assembled
experimental pieces is shown in Figure 7. A high-g acceleration
sensor is installed inside the recording device located on the
missile to test and record the axial acceleration signal during the
impact process with a sampling frequency of 100 kHz.

Li et al. (2019) and Liu et al. (2016) replaced the rigid impact
target in the Taylor impact test with aHopkinson incident bar and then
tested the strain si gnal in this incident bar when studying the dynamic
mechanical properties of metal foams. Using the strain output signal
from the incident bar, the strain signal was then converted into the
pressure at the impacted end. The test data can thenbe used to verify the
results of the impact acceleration test on the test piece.

With reference to the experimental methods described above, the
entire experimental system is composed of a gas gun, a laser
velocimeter, a digital high-speed camera, a Hopkinson incident
bar, a strain testing system. The experimental layout is shown
schematically in Figure 8. The Hopkinson incident bar is 12m
long and 120mm in diameter and is made from the 7A04 high-
strength aluminum alloy.Two strain gauges were mounted on the
incident bar at a distance of 3m from the impact end, diametrically
opposed to each other, to measure the strain during impact, where the
sampling frequency of the strain measurement system was 500 kHz.
Two parallel lasers are placed at the outlet of the transmission tube to
measure the initial velocity of the test piece. The deformation processes
of the test pieces during impact are recorded using a digital high-speed
camera with an acquisition frame rate of 50,000 frames/s.

Three experiments were performed with impact velocities of
58 m/s, 130 m/s and 151 m/s.

Figure 9 shows high-speed photographic images of the
experimental object at the impact speed of 130 m/s, which is
similar to the impact process in the numerical simulation. After
the experimental object strikes the incident bar (t � 0 ms), the end
face of the experimental object is then in close contact with the
incident bar and the head is gradually compressed. The material
then flows along the radial direction of the experimental object
and the cross-sectional area of the head expands. After 1 ms of the
impact process, the tail profile no longer moves forward; after

FIGURE 5 |Comparison of impact load waveforms at different velocities.

TABLE 3 | Statistics of impact load information.

Num. Initial velocity Pulse duration Peak acceleration
m/s ms g

1 50 1.279 6,890.5
2 75 1.202 11,761.8
3 100 1.136 17,089.5
4 125 1.069 23,684.2
5 150 1.013 31,122.8
6 175 0.975 40,038.9
7 200 0.927 49,730.1

Frontiers in Materials | www.frontiersin.org August 2021 | Volume 8 | Article 7171225

Juncheng et al. Taylor Impact in High-G Loading

https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


1.2 ms, the tail rebounds andmoves obviously backward, the head
and the target surface separate, and the impact process then ends.

Strain Test Data of the Incident bar
The typical strain-time signals measured on the Hopkinson
incident bar during the tests, which are the incident pulse
signals generated by the impact in each case, are shown in

Figure 10. Using Eq. 3, the strain is converted into the impact
force at the impact end and is then divided by the mass of the test
piece to obtain the overall acceleration of the test piece.

F(t) � σ(t) · Sbar � Ebar · ε(t) · Sbar (3)

Where Sbar is the cross-sectional area of the incident bar, Ebar is
the elastic modulus of the incident bar, and ε(t) is the strain in the
bar measured during the experiment.

Integrating the acceleration curves obtains the velocity
variation curve, as shown in Figure 11. During the complete
impact process, the velocity loss of the test piece in each case is
equal to the initial velocity and the integral result is slightly
higher than that initial velocity because there is a small rebound
velocity (−3 m/s to −10 m/s) after the impact; a higher impact
velocity produces a greater rebound velocity, which is
consistent with the experimental results and indicates that
the strain test signal from the incident bar can reflect the
deceleration process of the test piece accurately.

A comparison of the shapes of the test pieces recovered
after the experiments is shown in Figure 12. Each head shows
typical upsetting deformation. A higher impact speed causes

FIGURE 6 | (A) Variations in the peak acceleration and (B) the pulse duration with the velocity.

FIGURE 7 | Photograph of an assembled experimental piece.

FIGURE 8 | Schematic diagram of the experimental layout. Deformation and Comparison of Test Pieces.
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more obvious upsetting and greater compression in the
length direction. At the different impact speeds, only the
head cone shows upsetting deformation, and there is no
evidence of tensile tearing, shear cracking, crushing or other
damage phenomena, which reflects the good plastic
ductility characteristics of the 3A21 aluminum alloy. Similar
to the results obtained from the numerical simulations, the
entire deformation area is concentrated within the head, and
no plastic deformation is observed in the shell and tail
structures.

Test Data and Comparison With
Missile-Borne Recorder
After the test, the acceleration data read-back characteristics
produced by the missile-borne recorder are as shown in
Figure 13; these characteristics are similar to the strain data
on the incident bar. During the impact loading stage, the load

waveform shows similar shape characteristics at different
speeds, with an approximately sawtooth wave shape. When
the impact velocity increases, the peak load value also
increases significantly but the pulse duration decreases
gradually. When the impact velocity was 151 m/s, the peak
load value exceeded 30,000 g and the impact duration was
approximately 1 ms. When the velocity was higher (≥ 130 m/
s), an obvious reverse impact signal could be observed after the
impact that was mainly related to the installation mode of the
recorder. The connection between the recorder and the shell is
fixed and is compressed axially through the tail cover. During
the impact process, both the shell and the recorder produce
elastic deformation, which results in an axial clearance, and
relative sliding and collisions will then occur between the
internal structures.

Under the same velocity condition (151 m/s), a comparison
of the overall acceleration curve obtained by converting the
incident bar strain data with the acceleration curve based on the

FIGURE 9 | High speed photographic images of Taylor impact of the test piece (130 m/s).

FIGURE 10 | (A) Strain test curves and (B) the acceleration curves of the projectile at various impact speeds.
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test data from the missile-borne recorder is shown in Figure 14.
The figure shows that, during the shock loading stage, the two
curves show good consistency in terms of their waveforms, peak
loads and pulse durations. A detailed data comparison is
presented in Table 4, and the data deviation between the two
curves is less than 10% under each of the different speeds, which
indicates that strain testing of the incident bar can be used to
verify or replace the acceleration testing of the test piece. When
compared with acceleration testing of the test piece, the strain
test on the incident bar does not experience the harsh
environment of the transient strong impact, it is easier to
obtain the test data and the overall test design process is simpler.

Comparison of the test data from the missile-borne recorder
with the theoretically calculated curve fitted during the
simulation analysis (see Figure 15) shows that the variation
trends of the two curves are consistent and that the relative
deviations are small, which verifies that the theoretical curve can
be used to guide the actual experimental design.

CONCLUSION

In this paper, based on the actual dimensions of a missile-borne
recorder, a high-g loading test piece based on the Taylor impact
principle is designed. The load caused by the impact is analyzed
using a combination of simulation analysis and experimental
research, and the conclusions drawn are as follows:

FIGURE 11 | Velocity change curves of the projectile at various impact
speeds.

FIGURE12 | Comparison of test projectiles after impact.

FIGURE 13 | Acceleration signal characteristics of the missile-borne
recorder.

FIGURE 14 | Comparison of acceleration curves (151 m/s).
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1) For the truncated cone head-type experimental piece
designed in this work, the waveform generated by the
impact is approximately a sawtooth wave. When the
impact velocity increases, the peak value of the impact
load also increases significantly, but the pulse duration
decreases gradually.

2) The overall acceleration obtained by converting the
incident bar strain data shows good agreement with the
acceleration test data from the actual test piece and can
thus be used to verify or replace the acceleration testing of the
test piece, which reduces the data acquisition difficulty and
simplifies the experimental process;

3) During the impact process, the complete specimen
experienced high-g loading with amplitudes in the
7,000–30000 g range and durations of 1.3–1 ms. The results
obtained verify the feasibility of applying the Taylor impact
test to high-g loading tests.
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TABLE 4 | Comparison of impact load data.

Velocity
m/s

Peak acceleration ap
g

Pulse duration τ

ms

Recorder Incident bar Deviation % Recorder Incident bar Deviation %

58 7,177 6,541 8.86 1.33 1.44 -8.27
130 21,409 20,099 6.12 1.11 1.19 -7.21
151 31,714 31,524 0.60 1.03 1.03 0

FIGURE 15 | (A) Comparisons between the numerical fitting curves and (B) the experimental data.
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