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TAGEDPA B S T R A C T

The Split Hopkinson tensile Bar (SHTB) is one of the most widely used methods to study various material
behaviors under tensile loading and high nominal strain rate. Since the specimens and grips with thread
may disturb the wave propagation between bars and specimen, the stress-strain relation of the specimen,
which is calculated from the strains of the incident and transmitter bars, may not match with the stressstrain relation measured directly from the specimen. In order to ensure a high accuracy of SHTB system,
specimen calibration is usually carried out. To ensure the no wave distortion in the thread region, the stress
wave should be entirely transmitted from the incident bar to the transmitter bar in tests using the calibration specimen (not the real specimen) of the same material and the same diameter with the transmitter
and incident bars. Therefore, the strain signals at the incident and transmitter bars need to be the same.
This study investigated the wave transmit characteristics through threads in SHTB test. To investigate the
effect of the thread on the wave transmission, a specimen with the same diameter of the incident and the
transmitter bars is used in the SHTB test. The effects of the thread inner diameter, yield stress, thread type,
and strike velocity on the wave propagation characteristics are investigated. Based on the analysis results
for various conditions, a proper design guide for a thread shape to secure the measurement accuracy in the
SHTB test is proposed.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction
TagedPThe split Hopkinson bar (SHB) technique, ﬁrst introduced by Kolsky [1], is one of the most widely used methods to study material
behaviors under high nominal strain rate in a range of 102104 sD13X¡1
X .
In general, SHB methods are classiﬁed into torsion (SHToB) [2], compression (SHPB) and tension (SHTB) [39] split Hopkinson bars.
Recently, tensile SHTB test are widely used to measure the tensile
stress-strain relation [39]. The SHB tests can be approximately categorized into direct [2] and indirect [39] methods. Fig. 1 shows
schematic illustration of the indirect tensile SHB test. In the same
way to the SHPB test, the SHTB test apparatus, shown in Fig. 1, is
consists of a striker bar, incident and transmitter bars, and a specimen. In this technique, a short material specimen is sandwiched
between the incident and transmitter bars. Since a striker is ﬁred at
an incident bar, upon impact a stress wave propagates along the
incident bar. At the end of the incident bar, a part of the stress ﬂow
is reﬂected back because of the impedance mismatch between the
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TagedPbars and specimen. A part of the stress ﬂow keeps travelling along
the specimen and the transmitter bar until it reaches the end of the
bar. The deformation and load in the specimen are determined by
measuring the stress wave ﬂows in the bars, which remain elastic
during the experiment.
TagedPSpecimen and grip shapes were investigated to obtain high measurement accuracy for the SHTB system. Lindholm and Yeakley [6]
performed tensile tests with hat type specimens. Although the test
was easy to perform, the design of the hat type specimens was complicated and expensive. Huh et al. [7] and Pham et al. [8] used bolts
to ﬁx sheet type specimen into the bars. Pham et al. [8] investigated
the errors caused by bolt type ﬁxing. Nicholas [9] used threaded
specimens to obtain high nominal strain rate stress-strain curves for
over 20 different materials. In these experiments, however, the reliability of the wave transmission through the specimen threaded
region was not veriﬁed.
TagedPFig. 2 shows examples of measurement accuracy in SHTB. Fig. 2
(a) shows detailed view of assembled specimen and bars, utilizing a
screw ﬁxing. Specimen dimensions are shown in Fig. 2(b). Fig. 2(c)
and (d) show examples of the measurement error caused by
improper specimen design. Fig. 2(c) and (d) also show the comparison of the calculated (using the incident and transmitter bar strain)
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Fig. 1. Schematic illustration of the SHTB system.

TagedPstress-strain relation with that obtained directly from the specimen.
It is difﬁcult to measure the stress directly from the specimen; therefore, the validation of the measured stress is also difﬁcult. In this
study, a full 3-dimensional numerical experiment using the wellknown commercial software, ABAQUS/Explicit, is carried out to validate the accuracy of the SHTB test results. The analysis model for
SHTB test consists of a striker bar, incident and transmitter bars, and
a specimen. The interaction between each part is treated by surface
to surface contact. Initial velocity condition is imposed to the striker
bar, and the strains at the incident and transmitter bars are monitored. In the ﬁnite element analysis, the stress and strain of the specimen can be monitored and the numerically measured stress and
strain can be validated using the monitored value. Fig. 2(c) and (d)
show the results for specimen diameters of 2.0 and 8.0 mm, respectively. In this analysis, the length and diameter of the incident and
transmitter bars are 2000 mm and 16 mm, respectively. As can be
seen in Fig. 2(c) and (d), the stress-strain relation is measured accurately when the specimen diameter is 8.0 mm, while a large discrepancy between the measured and monitored curves is shown when
the specimen diameter is 2.0 mm. The proper design of the specimen
shape, therefore, is very important. The only difference between the
SHPB and SHTB is the ﬁxing structure including thread. Therefore, it
is considered that the wave is corrupted while passing the ﬁxing
structure including threads in incident bar, transmitter bars, and
specimen. To conﬁrm the stress equilibrium on the specimen, axial
stress is monitored at the elements ES1 and ES2 (see Fig. 2(b), left and
right ends of the specimen) and shown in Fig. 2(e) and (f). Before the
ﬁrst drop of the axial stress near 0.5 ms, the stress equilibrium is
almost satisﬁed. After the drop of the axial stress, stress equilibrium
is not satisﬁed and this is considered due to the different cross-section area by necking. Therefore, it is considered that the stress equilibrium is satisﬁed before necking.
TagedPThe abrupt change of the cross-section may cause necking in
early stage of tensile test. However, in the specimen that has smooth
changing cross-section, it is difﬁcult to deﬁne the deforming length
‘Ls’. This issue will be investigated in the later works of specimen
design. In this work, only the wave propagation characteristics in
the thread region will be investigated.
TagedPTo conﬁrm the stress transmitting characteristics through the
threads, Naik and Perla [10] and Pothnis et al. [11] carried out a calibration test using a specimen with a diameter identical to those of
the incident and the transmitter bars. In their test, the striker velocity was very low at about 6 m/s. As will be discussed in the main
text, the stress wave can be transmitted without distortion through
the thread when the strike velocity is low. However, severe wave
distortion takes place when the striker velocity is high. Therefore,
the proper striker velocity and specimen shapes, including the shape
of the thread, should be designed to prevent wave distortion in the
thread region.

TagedPIn order to avoid error caused by the ﬁxing structure of the
specimen, Vilamosa et al. [12] used a high-speed camera to
measure the local strain directly from the specimen and monitor
the fracture processes in high strain rate tests. The advantage of
this method is the measurement of the material beyond necking
or fracture for some materials, such as glass, stone, etc. However,
this technique is very complicated and expensive. Haugou et al.
[13] proposed a new grip structure for the SHTB to measure the
stress-strain relation of a sheet metal specimen and to investigate the inﬂuence of the grips on the elastic wave propagation.
Fransplass et al. [14,15] studied the tensile behavior of threaded
steel fasteners at high strain rate deformation. They showed
that the force equilibrium is satisﬁed when the stress wave
passes through the thread region. While the force equilibrium is
satisﬁed, the stress and strain, which are calculated using onedimensional stress wave theory, may contain error due to plastic
deformation of the thread region. As will be discussed in
Section 3.3, all of the specimen regions except the specimen center (marked by ‘Ls’ in Fig. 2(b)) should remain in an elastic state
for accurate measurement. Chen et al. [16,17] also measured the
tensile stress-strain relation at high nominal strain rate using
the SHTB. They used non-uniform specimens and corrected the
strain error caused by non-uniform diameter of the specimen.
TagedPFor the compressive SHB test, Chen et al. [18] investigated the
effect of specimen length to diameter (Ls/D) on the measurement
accuracy. In SHPB test, the ratio of length to diameter is a wellknown parameter to obtain good signal. In SHTB test, also, the ratio
of length to diameter of the specimen is a main design parameter.
Moreover, the thread design is also very important to get an accurate
result in SHTB test. So, only the wave propagation characteristic is
investigated in this work. The specimen design (including dumb-bell
and uniform cross-section specimen) will be carried out later.
TagedPIn this study, as a preliminary work for the specimen shape
design, the wave transmitting characteristics of thread are investigated. As was done in the studies of Naik and Perla [10] and Pothnis
et al. [11], a calibration specimen, having diameter and material
properties identical to those of the incident and transmitter bars, is
used instead of a real specimen. With the calibration specimen, the
effect of the specimen size and the mechanical properties on the
stress transmitting characteristics can be excluded, and the effect on
the wave propagation of only the thread can be investigated. The
strain at the transmitter bar is compared with that at the incident
bar for various thread conditions. For the accurate measurement of
the stress and strain of the threaded specimen, the stress wave,
when a calibration specimen is used, should not be distorted in the
thread region and the strains at the incident and transmitter bars
should be the same [11]. The effect of the thread shape and the yield
stress of the calibration specimen on the stress transmit characteristics is investigated. Finally, a design guide for thread and striker
velocity is proposed to reduce the wave distortion in the thread
region.
2. Principle of tensile split Hopkinson bar system
2.1. Tensile split Hopkinson bar system and accuracy issues
TagedPFig. 1 provides a schematic illustration of the SHTB system. A
striker tube is ﬁred to impact an anvil. From the impact, a tensile
pulse is generated in the incident bar and propagated to the specimen. Part of the incident pulse is transmitted to the specimen and
propagates through a transmitter bar as a tensile pulse. The rest of
the pulse reﬂects to the incident bar as the compressive pulse. The
transmitted and reﬂected pulses are measured at the points to which
strain gages have been attached on the two bars at equal distances
from each end of the bars. The transmitted and reﬂected pulses are
used to calculate the stress and strain in the specimen according to
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Fig. 2. Examples of measurement error: (a) schematic illustration of screw ﬁxing, (b) dimensions of specimen, (c), (d) comparison of the calculated (using the incident and
transmitter bar strain) stress-strain relation with that monitored form the specimen for specimen diameters of 2.0 and 8.0 mm, respectively, and (e), (f) axial stress at
elements ES1 and ES2 for specimen diameters of 2.0 and 8.0 mm, respectively.

TagedPthe following equation:

s ðtÞ ¼

Ao
Eo ɛT ðtÞ
A

C
ɛðtÞ ¼ 2
Ls

Zt

ɛR ðt Þdt :

ð1Þ

ð2Þ

0

TagedPIn Eqs. (1) and (2), EO is the elastic modulus of the bars. AO and A
are the areas of the bar and the specimen, respectively. eT and eR are

TagedPthe transmitted and reﬂected strains measured at the transmitter
and incident bars, respectively. C is the wave speed and Ls is the
specimen length. Eqs. (1) and (2) were derived with assumptions of
one-dimensional wave propagation and contact condition of specimen with bars. As mentioned in chapter 1, the equilibrium of SHTB
system was checked by measuring the stress signal at specimen
ends (ES1 and ES2 in Fig. 2(b)) and the results are shown in Fig. 2(e)
and (f). As can be seen in Figs. 2(e) and (f), the strain signals at ES1
and ES2 are almost same, so the Eqs. (1) and (2) are sufﬁcient for
one-dimensional wave propagation condition of SHTB system. In
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TagedPaddition, the contact condition means the velocity and displacement
of the specimen end should be the same as that of the bar end. In the
compressive SHPB test, the contact condition is usually satisﬁed during compressive deformation of the specimen. In the SHTB test, however, due to wave propagation through the thread, the displacement
of the specimen ends (ES1 and ES2 in Fig. 1) is not the same as the displacement of the bar ends (EB1 and EB2 in Fig. 1). For example, if
severe plastic deformation takes place on the thread or specimen
outside measured specimen Ls, the displacement of the specimen
end will be different from that of the bar end and error will be
included in the measured results. The aim of this study is to investigate the effect of the thread of the specimen and of the bars on the
stress wave propagation characteristics. As a result, a thread shape is
proposed to minimize the wave propagation error.
2.2. Bars and calibration specimen description
T o investigate the effect of threads of the specimen and bars on
agedPT
wave propagation error, a calibration specimen is used instead of a
real specimen. Fig. 3 provides a schematic illustration of the SHTB
calibration apparatus and a detailed view of the threaded calibration
specimen. The lengths of the incident and transmitter bars are
2000 mm and the diameter is 16 mm. The diameter of the calibration
specimen is identical to the diameter of the incident and transmitter
bars. In the calibration SHTB apparatus, the bars and threaded cylindrical calibration specimen are joined together directly. When the
bars and the identical sized calibration specimen are assembled, the
two bars, along with the calibration specimen, have to behave as a
single continuous bar. This means that the strains at the incident
and transmitter bars should be the same and no stress can be
reﬂected at the thread boundaries. Two types of thread shape, i.e.,
rectangular and triangular threads, are subjected to analysis. Fig. 4

Fig. 3. Schematic illustration of SHTB calibration apparatus and detailed view of
threaded calibration specimen area.

TagedPshows the meshes of the two types of specimen shape. First, the
thread shape and pitch were determined to obtain a minimum value
of strain error. Then, to investigate the wave transmitting characteristics of the thread region, various tests were performed numerically
for different thread inner diameters, yield stresses of the calibration
specimen, and striker velocities.
TagedPWhen the stress wave was transmitted perfectly without loss,
the strains at the incident and transmitter bars should be the
same. Therefore, the average strain error ratio is used to compare the difference between the incident and transmitted strain
signals. The average strain error ratio is calculated using the

Fig. 4. Element discretization and dimensions for (a) triangular and (b) rectangular thread specimen.

K.-H. Nguyen et al. / International Journal of Impact Engineering 109 (2017) 253263

TagedPfollowing equation:



Pn 

k¼0 ɛIk ɛTk 
λɛ ¼ Pn
k¼0 ɛTk

ð3Þ

where ɛIk ɛTk is the difference between the incident strain ɛI and the
transmitted strain ɛT at the sampling point k, and n is the total number of sampling points within the strain pulse.
TagedPIn this paper, the Johnson-Cook constitutive relation of AISI 4340
steel is applied to the calibration specimen and bars material. The
John-cook constitutive model describes the plastic ﬂow stress by the
relation,
_ ɛ_ 0 Þð1Tm Þ
s ¼ ðA þ Bɛ n Þð1 þ C lnðɛ=

ð4Þ

where A, B, n, C, and m are material constants, ɛ is the equivalent
plastic strain, ɛ_ is the equivalent plastic strain rate, ɛ_ 0 is the reference strain rate, and T* is the homologous temperature given by
Eq. (5).
T ¼

TTroom
Tmelt  Troom
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TagedP ig. 4. Fig. 5 shows the deformed shape and von-Mises stress of the
F
rectangular and the triangular thread specimens when a stress wave
passed through the thread region. The inner diameter is 9.0 mm and
the striker velocity is 20 m/s. Very high stress is shown in the thread
region. Analyses were carried out for various pitches and the average
strain error ratio was calculated using Eq. (3). The thread length was
ﬁxed at 20 mm. Therefore, the number of threads varies as the pitch
changes. Fig. 6 shows the incident and transmitted strains for the triangular and rectangular thread specimens, and the average strain
error ratio for various values of thread pitch. In Fig. 6(a) and (b), it
can be seen that the transmitted strains are very different from the
incident strain. Fig. 6(c) shows the calculated average strain error
ratios for two thread types. It can be clearly seen that the average
strain error ratio when using rectangular thread is much lower than
that when using triangular thread. Also, it is shown that the thread
shape and pitch have an effect on the wave transmit capability
through the thread. Based on these results, the rectangular thread
with 2.4 mm pitch was chosen for the next analysis.

ð5Þ
3.2. Effects of thread inner diameter on calibration results

where T is the temperature of the specimen, and Tmelt is the melting
temperature of the specimen. The Johnson-Cook equation contains
ﬁve material constants, A, B, n, C, and m. The ﬁrst bracket in Eq. (4)
indicates a strain hardening term. The second bracket indicates a
strain rate hardening term, and the third bracket is a thermal softening term. The ﬁve constants in the Johnson-Cook constitutive relation for AISI 4340 steel are shown in Table 1 [19].
3. Results and discussion
3.1. Effect of specimen thread type on calibration results
TagedPIn the SHTB system, the thread shape and pitch of the specimen
and bars affect the stress wave propagation from the incident to the
transmitter bars through the specimen; therefore, the simulation of
thread is necessary and very important. To investigate the effects of
the thread on the wave propagation, calibrations were performed
and analyzed numerically using calibration specimens having two
thread types, i.e., rectangular and triangular threads, as shown in
Table 1
Material properties of AISI 4340 steel.
Property

Value

Density
Young’s modulus
Poisson’s ratio
JohnsonCook [20]D2X m
X odel coefﬁcients

7865 kg/m3
200 GPa
0.285
792 MPa
510 MPa
0.014
0.26
1.03
1700 K

A
B
C
n
m
Tm

TagedPTo investigate the effect of the inner diameter of the thread, calibration tests were performed for various inner thread diameters.
Fig. 7 shows the deformed shape and von-Mises stress distribution
of rectangular threads with inner diameters of 5, 7, 9, and 11 mm. In
the analysis, the thread height and pitch were ﬁxed at 2.0 and
2.4 mm, respectively. The striker velocity was 20 m/s. The maximum
stress decreases as the inner diameter increases. When the inner
diameters were 5 and 7 mm, local necking and severe plastic deformation took place. Fig. 8 shows the strain signals monitored at the
incident and transmitter bars for different inner diameters of the
thread. The strain-time curves at the incident bar are same for all of
analysis cases. The strain-time curves at the transmitter bar, however, are very different. For perfect transmission of the stress wave
through the thread, the strain-time curves at the incident and transmitter bars should be the same. In Fig. 8, it can be clearly seen that
the inner diameter of the thread affects the stress wave propagation;
there is a great discrepancy between the strains at the transmitter
and incident bars and between the strains at the transmitter bars
with different inner diameters of specimen thread. Fig. 9 shows the
average strain error ratio calculated according to Eq. (3). When the
inner diameter was 9 mm, the average strain error ratio was at a
minimum. When the thread inner diameter was smaller than 9 mm,
the average strain error ratio became very high. The severe plastic
deformation in the thread region is considered to be the main cause
of the error. To investigate the reason for the error increase when
the inner diameter is 11.0 mm, the deformed shape and the vonMises stress of the incident bar end are shown in Fig. 7(e) and (f).
When the inner diameter of the thread is 11.0 mm, the outside thickness of the bar end becomes very small and severe plastic deformation takes place. This means that sufﬁcient tensile force cannot be
transferred to the calibration specimen, which causes error. In this

Fig. 5. Deformed shape and von-Mises stress distribution for (a) triangular and (b) rectangular thread specimen.
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TagedP aterials and different specimen diameters and lengths. So, the
m
optimization of the thread shape is not carried out and just the
effects of the thread shapes on the wave transmit characteristics
are investigated. A detailed study of error causes is carried out in
the next section.
3.3. Effect of static yield stress on calibration results
TagedPEven when the thread shape and inner diameter are determined properly for the calibration specimen, there is still some
discrepancy between the strain signals at the incident and transmitter bars. To investigate in detail the stress wave transmitting
characteristics through the thread, analysis is carried out for various yield strengths, i.e., values of coefﬁcient A of the JohnsonCook model. Fig. 10 shows the deformed shape and effective
plastic strain of the threaded calibration specimen for various
values of coefﬁcient A of the Johnson-Cook constitutive model
[20]. The striker velocity is 20 m/s, the thread pitch is 2.4 mm,
and the inner diameter of thread is 9.0 mm. The maximum effective plastic strain in the thread region decreases as the yield
strength increases. Fig. 11 shows the strain-time curve at the
incident and transmitter bars for various values of yield strength.
As the yield strength increases the discrepancy between the
strains at the incident and transmitter bars and ﬁnally, the
strain-time curves at the incident and transmitter bars become
almost identical when the material is assumed to be elastic.
Fig. 12 shows the correlation between the yield strength, average
strain error ratio, and maximum equivalent plastic strain. It can
be seen that the average strain error ratio is highly dependent
on the yield strength of the bars and that the strain error
decreases with the yield strength. The strain error is also highly
dependent on the plastic deformation of the thread region. As
the maximum equivalent plastic strain decreases, a more perfect
stress wave can be transmitted from the incident bar to the
transmitter bar without wave distortion. In test conditions of
20 m/s striker velocity and calibration specimen of diameter and
material identical to those of the incident bar, the incident stress
wave can be considered to pass without severe loss to the transmitter bar when the yield stress of the bar and specimen are
greater than or equal to 1500 MPa (Fig. 11). The yield strength of
the bar materials such as maraging steel is greater than
1500 MPa. However, the yield strength of the general specimen
materials such as copper is far lower than 1000 MPa. Therefore,
the SHTB test should be carried out considering the stress wave
transmitting capability of the thread, depending on the shape,
inner diameter, pitch, and yield strength of the thread.
3.4. Effect of striker velocity on calibration results

Fig. 6. Incident strains (eI) and transmitted strains (eT) for (a) triangular and (b) rectangular thread, and (c) averaged strain error ratio for various pitches.

TagedPcalibration test, therefore, it is shown that the inner diameter of the
thread has a great effect on the stress wave transmission. Under
these test conditions, the calibration specimen of 9.0 mm inner
diameter yields the best results.
TagedPUntil now, the effects of the thread shape, pitch, and inner diameter on the wave transmit characteristics have been investigated.
Optimum thread shapes may be different for different specimen

TagedPTo determine the striker velocity that guarantees accurate
wave transmission from the incident bar to the transmitter bar,
analyses were carried out for various striker velocities. Fig. 13
shows the deformed shape and von-Mises stress distribution of
the calibration specimen for various striker velocities. The pitch,
inner diameter, and thread height of the thread are 2.4 mm,
9.0 mm, and 2.0 mm respectively. The material properties of the
bar and the calibration specimen are listed in Table 1. When the
striker velocity is lower than or equal to 7.0 m/s, the maximum
von-Mises stresses are almost the same. When the striker velocity is greater than 7.0 m/s, the maximum von-Mises stress
increases as the striker velocity increases. Local necking is shown
when the striker velocities are 30.0 and 40.0 m/s. Fig. 14 shows
the strain-time curves at the incident and transmitter bars for
the various striker velocities. When the striker velocity is lower
than or equal to 10.0 m/s, the strains at the incident and transmitter bars are almost the same. However, the strain difference
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Fig. 7. Deformed shape and von-Mises stress distribution on the calibration specimen ((a)D(d))
1X X
and incident bar end ((e) and (f)).

TagedPbetween the incident and the transmitter bars becomes severe
when the striker velocity is greater than 10.0 m/s; this difference
increases as the striker velocity increases.
TagedPThe strain difference values between the incident and transmitter bars are summarized in Fig. 15. Fig. 15 shows the correlation between the average strain error ratio, the ratio of the
maximum von-Mises stress to yield strength, and the striker

Fig. 8. Incident and transmit strains for various inner diameters.

Fig. 9. Average strain error ratio for various inner diamters.

260

K.-H. Nguyen et al. / International Journal of Impact Engineering 109 (2017) 253263

Fig. 10. Deformed shape and equivalent plastic strain of specimen for various yield strengths.

TagedPvelocity. The ratio of the maximum von-Mises stress to yield
strength is deﬁned as:

h¼

s max
sy

ð6Þ

where s max is the maximum von-Mises stress measured at the specimen and s y is the static yield stress (coefﬁcient A of Johnson-Cook
model) of the specimen.
TagedPIt is clearly shown that the average strain error ratio drops when
the striker velocity is low and the stress ratio, h, is small. In these

Fig. 11. Comparison of the strain-time curves at incident and transmitter bars for
various yield strength.

Fig. 12. Effect of material yield stress on average strain error ratio and the maximum
plastic strain in the specimen.
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Fig. 13. Deformed shape and von-Mises stress distributions for various striker velocities.

TagedPtest conditions, with the calibration specimen, the incident stress
wave can be accurately transmitted to the transmitter bar
through the threaded specimen when the striker velocity is
lower than or equal to 10 m/s. Also, the wave transmission capability is strongly dependent on the plastic deformation of the
thread. It is certain that the specimen has different dimensions
and mechanical properties from those of the calibration specimen. To understand the wave propagation capability of the

tTagedP hread shape by excluding other factor affecting the wave propagation, a calibration specimen with outer diameter and mechanical properties identical to those of the bars is used. The plastic
deformation in the thread region is highly dependent on the
force needed for plastic deformation in the specimen region.
Therefore, the specimen for the SHTB test should be designed to
satisfy the condition of no plastic deformation of the thread
region when the specimen region deforms plastically.
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TagedP2. Strain error between the incident and transmitter bars is
deﬁned; we investigated the relation between the strain
error and the maximum plastic strain in the thread region,
and also the ratio of the maximum von-Mises stress to the
yield stress. It has been clearly shown that the strain error is
highly dependent on the maximum plastic strain in the
thread region and on the ratio of the maximum von-Mises
stress to the yield stress. As the maximum plastic strain in
the thread region increases, the strain discrepancy at the
incident and transmit bars increases.
TagedP3. As a result, the plastic deformation in the thread region depends
on the striker velocity and strain rate. It is shown that the specimen for the SHTB test should be designed to satisfy the condition of no plastic deformation in the thread region while the
specimen region (inside gage point, Ls in Fig. 1) deforms plastically. If it is impossible to design the thread to deform in the
pure elastic region, the thread should be designed to at least
minimize the plastic deformation. A good specimen design
depends not only on the material, geometry but also boundary
conditions, such as striker velocity and target nominal strain
rate.
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4. Conclusion
TagedPThe stress wave transmission characteristics through threading
in the SHTB test are investigated using a calibration specimen.
Through ﬁnite element analysis for various thread shapes and striker
velocities, the following conclusions were obtained.
TagedP1. The thread shapes, such as triangular and rectangular shape,
have great effects on the wave transmitting capability of the
thread.
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