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Te double-layer charge can efectively improve the axial driving ability of explosives, which shows a considerable engineering
application prospect in highly efcient damage warheads. Due to the complex wave structure produced by the overpressure
detonation of a double-layer charge, a series of dynamic behaviors inside the shaped charge liner will be afected. By comparing the
detonation wave shapes of single-layer charge and double-layer shaped charge structure and the jet shaping parameters of a
double-layer shaped charge with diferent structural parameters, the evolution of detonation wave and the state parameters in the
wave system are analyzed in this research. Te research found that the double-layer charge with high detonation velocity in the
outer layer and low detonation velocity in the inner layer can produce continuous overpressure detonation, which makes the
overpressure detonation state be applied efciently. Meanwhile, this study found that the overpressure detonation feld formed by
the double-layer charge changes the action law of the traditional single charge on the shaped charge liner. Te detonation
waveform of the entire charge is controlled by diferent detonation velocities and detonation energies, and a detonation waveform
that matched well with the shaped charge liner is obtained. Tis study solves the matching relationship between the structure of
the overpressure detonation wave system and the properties of a double-layer charge, which is of great value for improving the
detonation-driving efect of condensed explosives on surrounding media. Te double-layer charge can efectively enhance the
potential of explosive charge. It is not only widely used in military felds such as improving the armor-breaking power of shaped
charge penetrators and improving the muzzle velocity and concentration of fragments of directional warheads, but also can
promote the development of industrial felds such as explosive processing.

1. Introduction

Te overpressure detonation of explosives occurs under a
strong impact that is beyond the critical initiation condition,
and the pressure is higher than the von Neumann peak value
in the ZND detonation model. Tis high-intensity impact
process is bound to cause another detonation mode of
explosives [1]. Compared with CJ detonation, the over-
pressure detonation state point is located above the CJ point
on the Hugoniot curve. Te phenomenon of overpressure
detonation is frst observed by Altshuler in explosive B. By
special experimental means, the detonation velocity is more

than twice of CJ detonation velocity, and the overpressure
detonation pressure reaches 120GPa [2].

At present, overpressure detonation can be obtained by
means of high-speed fyer impact, Mach refection between
detonation waves, and double-layer charge of high and low
detonation velocity explosives. Te outer charge adopts a
high detonation velocity explosive, which is prior to the
inner low detonation velocity explosive. Overpressure det-
onation is formed in the inner explosive under the strong
impact of the detonation products of the outer charge.
Because of the particularity of this kind of excitation mode,
the state of overpressure detonation can be maintained over
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a long distance. In recent years, the excitation mode of
overpressure detonation has been widely concerned by
scholars. Te laboratory of material impact dynamics of
Kumamoto University in Japan has carried out in-depth
research and achieved representative research results.
Hamada [3] and Liu et al. [4] used the HEMP program to
simulate the action process of explosive overpressure det-
onation, including double-layer charge and high-speed fyer
impact initiation. Hamada et al. [5] set up a test device to test
the overpressure detonation, in which the inner explosive is
a high-density explosive with diferent proportions of
tungsten powder, and the outer explosive is a high deto-
nation velocity explosive. Te plane wave generator is used
to obtain the initial detonation waveform, and the deto-
nation pressure and detonation velocity of the inner charge
are measured by sensors and optical fber probes. Kato et al.
[6] carried out experimental research on the performance of
double-layer charge with high-density explosives as inner
charge and obtained the jet head velocity, penetration ve-
locity, and penetration performance of double-layer shaped
charge. Zhang andQiao [7] based on the Lee Tarver model of
impact initiation of condensed explosive, numerically
simulated the action process of double-layer shaped charge
by using AUTODYN fnite element calculation software,
calculated and analyzed the jet forming and penetration
performance of sandwich-shaped charge with diferent
detonation velocity explosive matching relationship. Com-
pared with single structure charge, the jet head velocity and
total kinetic energy of double-layer shaped charge have been
greatly improved. Te double-layer shaped charge can ef-
fectively improve the head velocity of shaped metal jets, the
penetration depth, and the workability of explosive charge.
Hussain et al. [8, 9] compared the diference of jet formation
between single charge and double-layer charge by numerical
simulation and experimental research and obtained that
under some specifc conditions, the shaped charge jet
formed by single charge is better than that of double-layer
charge, which is determined by thematching of overpressure
detonation wave waveform and liner structure. Wang et al.
[10] used orthogonal multislit scanning technology to
measure the detonation waveform of double-layer charge
under eccentric initiation conditions, analyzed the propa-
gation characteristics and variation law of overpressure
detonation wave, and obtained that the double-layer charge
structure can optimize and adjust the detonation waveform.
Ha [11] proposed a trailing edge fap system, and the design
study was performed to show the equilibrium condition
analytically, and the applicability of the new trailing edge
fap system for wind turbine blades with regard to the
aerodynamic force. Fouad et al. [12] carried out the nu-
merical investigation of RC columns with diferent rein-
forcement detailing subjected to near-feld explosions. Te
efect of several modeling parameters was studied such as
mesh sensitivity analysis, and the inclusion of air medium
and erosion values on the displacements and damage pat-
tern. Ansori et al. [13] numerically investigated the geo-
metrical efects of the sandwich panel on intact and damaged
models. Te results showed that the hexagonal core was
more resistant to blast loads than the square design.

In summary, the double-layer charge structure of high-
and low-velocity explosive combinations provides a newway
for the development of overpressure detonation. Te dou-
ble-layer charge changes the layout of the traditional single
charge and uses the outer high-velocity explosive to take
precedence over the inner charge to detonate, and the inner
charge forms the overpressure detonation under the strong
impact of the detonation product of the outer charge. Te
advantage of this excitation mode is that the overpressure
detonation state can be maintained over a long distance, and
this characteristic of overpressure detonation can be used to
drive the liner to improve the damage efciency of the
shaped charge penetration body. Te key to realizing the
improvement of damage element performance is to control
the waveform and main characteristic parameters of over-
pressure detonation. Te overpressure detonation of a
double-layer charge can efectively improve the potential of
an explosive charge. It is of great signifcance to reveal the
formation mechanism and waveform evolution mechanism
of overpressure detonation of interlayer charge for im-
proving the detonation theory under diferent conditions.

Overpressure detonation of a double-layer charge in-
volves two layers of explosives with diferent properties
inside and outside, and there are interface efects such as
refection and transmission in the process of detonation
wave propagation. Moreover, since the detonation speed of
the outer explosive is higher than that of the inner charge,
the overpressure detonation will occur in the inner charge.
Finding out the matching relationship between the structure
of the overpressure detonation wave, and the properties of
the double-layer charge is the key to solving the overpressure
detonation mechanism of the double-layer charge. Te
overpressure detonation feld formed by the double-layer
charge changes the action law of the traditional single charge
on the liner, and the molding problem of the overpressure
detonation drive liner needs to be solved urgently.Terefore,
it is necessary to carry out the molding research of the
overpressure detonation drive liner, which provides the
theoretical and technical basis for the development of a new
generation of efcient damage technology.

How to adjust and control the overpressure deto-
nation waveform is the core of the superiority of over-
pressure detonation. In order to avoid the negative efect
brought by overpressure and make more reasonable use
of double-layer charge to improve the explosive poten-
tial, it is necessary to reveal the action law of double-layer
charge to form an overpressure detonation wave. Tis
paper will carry out the study of double-layer charge
overpressure detonation and its driving efect on the
liner from three aspects. First, the layered shaped charge
structure is designed and the overpressure detonation
propagation process is analyzed. Second, the detonation
wave propagation process and jet-forming parameters of
single-layer charge and double-layer shaped charge
structure under ring initiation are compared, and it is
found that the interlayer-shaped charge structure with
low detonation velocity inside and high detonation ve-
locity outside can form a better overpressure detonation
efect. Finally, the infuence laws of overpressure
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detonation properties and shaped penetration body
forming on the cone angle, charge height, and charge
radius ratio of inner and outer layers are studied,
respectively.

2. Methods

In this study, a double-layer shaped charge structure was
frst designed. Two kinds of explosives with diferent det-
onation speeds were used for the inner and outer layers of
charge, respectively. Te propagation process of overpres-
sure detonation was numerically simulated and analyzed,
and it was found that the explosives with high detonation
speed in the outer layer and low detonation speed in the
inner layer could form long-distance overpressure detona-
tion. On this basis, fve charge structures were designed,
including three double-layer charges and two single-layer
charges.Te diferences in detonation wave propagation and
jet-forming parameters under diferent charge types were
analyzed, and the evolution law of the angle between the
detonation wave front and the axis was obtained. Te
performance parameters of jet forming and the utilization
rate of the liner were compared. Based on the charge type of
the inner TNTand the outer B explosive, the infuence law of
the double-layer charge structure layout on the forming of
the overpressure detonation-driven liner was systematically
studied. Te laws of typical physical quantities such as
detonation waveform, the angle between the detonation
front and the axis, jet velocity gradient, the utilization rate of
the liner, the pressure of the Mach rod, and the density of the
Mach refection overpressure region were obtained. In this
study, under the infuence of complex factors such as
convergence, refection, and transmission of detonation
waves in the process of propagation under the condition of
double-layer charge, the matching rule among double-layer
charge structure, overpressure detonation waveform, and
liner structure is obtained, which efectively improves the
shape of overpressure detonation wave and forms a control
method that can replace the traditional multipoint initiation
to generate overpressure detonation wave. It avoids the
problems that the design of a multipoint initiation network
needs to consider the initiation deviation, and the initiation
accuracy increases exponentially with the increase of charge
diameter.

3. Structure Design and Overpressure
Detonation Propagation Process of Double-
Layer Shaped Charge

3.1. Te Structure of Double-Layer Shaped Charge. Te
structure of the double-layer shaped charge is shown in
Figure 1. Considering the symmetry of the model, a 1/2
model is established. Te charge radius is R, and the inner
charge radius is r. Te outer charge thickness is R-r, and the
charge height is h.Te top charge height of the liner is h, and
the liner adopts a conical structure. Te top inverted arc
radius is R’. In order to ensure the formation of overpressure
detonation in the charge, the top ring initiation mode is
adopted, and the initiation radius is R.

3.2. Selection of Algorithm and Material Model. Te two-
dimensional fnite element model of double-layer shaped
charge is established by using AUTODYN software, as
shown in Figure 2. Te Euler algorithm is selected, and the
JWL equation of state is used for the outer explosive. Te
Lee-Tarver impact initiation model is used for the inner
explosive, and the CU-OFHC model is used for the liner.

3.3. Propagation Process of Overpressure Detonation. In
scheme 1, the inner charge is TNT and the outer charge is
explosive B. In scheme 2, the inner charge is explosive B and
the outer charge is TNT. By setting gauge points on the
explosive, the evolution of detonation pressure is analyzed.
A gauge point is arranged every 2 cm on the charge axis with
an axial distance of 2.2 cm to 18.2 cm from the initiation
center. Te pressure change of the gauge point on the axis is
shown in Figure 3 during the detonation process. X is the
axial distance from the gauge point to the initiation surface.

It can be seen from Figure 3 that for the double-layer
charge with low detonation velocity in the inner layer and
high detonation velocity in the outer layer adopted in
scheme 1, the detonation pressure of the inner charge occurs
obvious overpressure detonation, and the detonation
pressure reaches 92.886GPa at 7.2 cm from the initiation
center in the axial direction, and then gradually decreases.
Te detonation pressure is basically stable at about 46GPa at
15.2 cm from the initiation center in the axial direction,
which can reach 2.19 times the C-J pressure. In scheme 2, the
detonation pressure reaches 90.432GPa at 7.2 cm away from
the detonation center, but the pressure drop trend is more
obvious. It is basically stable at about 25GPa at 15.2 cm away
from the detonation center, while the C-J pressure of the
inner charge is 29.5 GPa.

Because the inner low and outer high double-layer
shaped charge can form good overpressure detonation,
several typical moments in the process of detonation
propagation are analyzed in Figure 4, and then the formation
process of overpressure detonation is simply analyzed.

Te detonation of the outer charge occurs after initia-
tion, forming the detonation wave in the initial stage. At this
moment, the pressure and temperature increase rapidly. Te
pressure and temperature change in this stage are almost
dominated by the chemical energy released by the deto-
nation of the outer charge. Te detonation wave gradually
propagates to the inner charge, and detonates the inner
charge with the Lee Tarver shock initiation model, as shown
in Figure 4(a). With the propagation of the detonation wave,
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Figure 1: 1/2 model of the double-layer shaped charge.
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the detonation products behind the wavefront gradually
converge to the center line. Te detonation waves on both
sides collide at the charge center line and propagate forward
at a certain angle after convergence. Under the combined
action of detonation wave, explosive, and detonation
products, a strong shock wave with extremely high pressure
and density is formed at the explosive center line. As shown
in Figure 4(c), Mach collision occurs after a certain distance.

4. Comparison of Jet Formed by Single-Layer
Charge and Double-Layer Charge

4.1. Simulation Scheme. Based on the AUTODYN software,
the detonation wave propagation process of the single-layer
charge structure and the double-layer charge structure is
compared and analyzed. Meanwhile, the jet forming is
numerically simulated, and the detonation wave propaga-
tion and jet-forming parameters of the single-layer charge
and the double-layer charge structure are analyzed. Te
scheme design and the explosive material model of diferent
charge structures are shown in Table 1.

4.2. Te Propagation Process of Detonation Waves.
Figure 5 shows the detonation wave waveforms of the fve
schemes. In scheme I, with the inner low and outer high
double-layer charge, the outer detonation wave always
propagates forwards ahead of the inner detonation wave,
which has a good adjustment efect on the detonation wave
waveform. Compared with the scheme I, the inner and outer
layers are loaded in scheme III. Te detonation velocity
diference of the medicine is larger, and the adjustment efect
on the detonation wave is more obvious. In scheme II, the
detonation wave of the outer charge will propagate in pri-
ority to the detonation wave of the inner charge in the initial
stage of the sandwich charge of the inner high and outer low
type, which has a certain adjustment efect on the detonation
waveform of the double-layer charge. However, the deto-
nation wave of the inner charge has surpassed the detonation
wave of the outer charge at 4 μs, and the detonation wave
generated by the detonation of the outer charge has no efect
on the detonation wave of the double-layer charge. Te
wavefront gradually became fat at 5 μs. Tere is almost no

diference in the overall change of the detonation waveform
of the two single-layer charge structures in scheme IV and
scheme V, except that the detonation wave front of scheme
V with a higher detonation velocity charge is closer to fat.
Comparing the above fve schemes, it is not difcult to
conclude that the inner-low and the outer-high double-layer
charge has the best adjustment ability to detonate waves.Te
greater the diference in detonation velocity between the
inner and outer layers, the more obvious the adjustment
efect.

Te initiation of the charge can be equivalent to the
detonation wave propagation process in Figure 6. During the
explosive detonation, the refection of the detonation wave
can be divided into normal oblique refection and Mach
refection, as shown in Figure 6. Using the ring initiation
method, the detonation wave converges at point A of the
charge axis, and the angle between the wavefront of the
incident wave and the charge axis is β1. At this moment, the
normal oblique refection occurs. Te blast wave continues
to propagate forward at a certain angle. When the angle of
the incident wave α is more than 44.5°, Mach collision
occurs. A strong shock wave with extremely high pressure
and energy density is formed at the charge axis. At this
moment, the angle between the wavefront and the charge
axis β2>β1. When the Mach wave propagates to point C, the
height of the Mach rod is h, θ is the angle between the
tangentm and the straight-line n, where the tangentm is the
tangent of the detonation wave front at the apex of the Mach
rod., and the straight-line n is the line connecting the point
where the Mach collision occurs initially and the apex of the
Mach rod at point C.

In order to compare the changes of detonation
waveform after the Mach collision more objectively,
Figure 7 shows the change curve of angle θ of single-layer
charge and double-layer shaped charge with L, where θ is
the apex of the Mach rod after the Mach collision. Te
angle between the tangent m of the incident wavefront,
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Figure 2: Simulation model.
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Figure 3: Pressure change of gauge point at the axis.
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and the line n between the point where the Mach collision
occurred initially and the apex of the Mach rod. Te
smaller θ, the better the adjustment efect on the deto-
nation wave, where L represents the axial distance be-
tween the Mach collision point and the detonation center.

Te angle θ of the two single-layer charge structures is
signifcantly higher than that of the three double-layer
charge structures. Te higher the explosive detonation ve-
locity of the single-layer charge structure used, the larger the
angle θ, that is, the worse the adjustment of detonation
waves. Among the three types of double-layer charges, the
inner-low-outer-high-type double-layer shaped charge with
a higher detonation velocity in the outer layer has the best
efect on detonation wave adjustment, and the inner-low-
outer-high-type double-layer charge with a high detonation
velocity in the outer layer has the best efect on the ad-
justment of detonation waves. Second, the inner high-outer
low type double-layer shaped charge is the worst. Com-
paring the L values of the fve schemes, it can be seen that the
single-layer charge structure generates the convergent det-
onation earlier than the sandwich charge structure, that is,
the single-layer charge structure is more conducive to the
formation of convergent detonation waves.

4.3. Jet-Forming Performance. Te jet-forming parameters
and the velocities of the jet head and tail are shown in Table 2
(30 μs), where VT is the velocity of the jet head, VW is the
velocity of the jet tail, and L is the length of the jet.

Compared with the scheme (I) the jet head velocity and
tail velocity of scheme II are reduced by 0.75% and 4.24%,
respectively, and the jet length is reduced by 1.85%. Com-
pared with scheme IV with a low detonation velocity single-
layer charge structure, the jet head velocity and tail velocity
of scheme I are increased by 18.45% and 9.3%, respectively,
and the jet length is slightly reduced.Te jet head velocity, jet
tail velocity, and jet length of scheme V are better than those

of scheme (I) scheme II and scheme IV. However, the jet
formability of scheme III is better than that of scheme V
when the explosive with higher detonation velocity is used in
the outer charge of a double-layer shaped charge, in which
the jet length is increased by 2.18%. Te velocity of the jet
head is increased by 1.40%, which is benefcial to improve
the penetration depth.

Te utilization ratio of the liner is the ratio of jet mass to
liner mass. A good utilization ratio of the liner is benefcial to
the formation of the stable metal jet. Te utilization rate of
the liner of single-layer and double-layer charges is obtained,
as shown in Figure 8 (30 μs), where η is the utilization rate of
the liner. Te inner high and outer low type double-layer
shaped charge has a higher utilization ratio of the liner, and
the utilization ratio of the liner with single-layer structure is
signifcantly higher than that of the inner low and outer high
type double-layer shaped charge. For a single-layer structure,
the utilization ratio of the liner increases slowly with the
increase of detonation velocity. For the inner low and outer
high type double-layer shaped charge, the utilization ratio of
the liner increases slowly with the increase of detonation
velocity. When the detonation velocity diference between
the inner and outer charge increases, the utilization rate of
the liner increases slightly.

5. Influence of Structural Parameters of
Sandwich Charge on Jet Forming

5.1. Infuence of Cone Angle of Liner. TNT and B explosives
are selected for the inner and outer charges, respectively. α is
the cone angle. Te cone angles of the liner in schemes A, B,
C, and D are 55°, 60°, 65°, and 70°, respectively. Te variation
of θ of diferent cone angles is shown in Figure 9, where L is
the axial distance between the Mach impact point and the
initiation center, θ increases rapidly at frst and then slowly
with the increase of L. Scheme A has the least regulating
efect on the detonation wave and forms a convergent

Table 1: Scheme design of single-layer charge and double-layer charge.

Scheme
Double-layer charge Single-layer charge

Inner charge State equation Outer charge State equation Charge State equation
I TNT Lee-Tarver B JWL — —
II B Lee-Tarver TNT JWL — —
III TNT Lee-Tarver CYCLOTOL JWL — —
IV — — — — TNT JWL
V — — — — B JWL

(a) (b) (c) (d) (e) (f )

Figure 4: Detonation wave propagation of double-layer shaped charge with low inner and high outer: (a) t � 2 µs, (b) t� 4 µs, (c) t � 6 µs,
(d) t� 10 µs, (e) t� 20 µs, and (f ) t� 24 µs.
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detonation wave frst. Schemes B, C, and D have a less
regulating efect on detonation waves, and the ability to
produce convergent detonation wave increases gradually.

Figures 10 and 11 show the jet velocity gradient and
liner utilization under diferent cone angles. X is the axial
distance from the initiation center. It can be seen from the

Scheme 2 µs 4 µs 5 µs

I

II

III

IV

V

Figure 5: Detonation wave shape of single-layer charge and double-layer charge.

¦È

h

¦ 1Â

¦2Â

¦ Á
m

n

O

A B C

Figure 6: Detonation wave propagation process.
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velocity gradient curve in Figure 10 that the variation
trend of jet velocity under four kinds of liner cone angles
is relatively uniform, and the velocity and jet length are
better than those of the other three schemes when the liner
cone angle is 55°. When the cone angle of the liner in-
creases to 70°, the utilization rate of the liner increases
slowly. Tis is mainly due to the fact that the detonation

wave incidence angle increases with the increase of the
cone angle when the charge is driven by the double-layer
charge detonation wave.

5.2. Infuence of Charge Height. TNT and B explosives are
selected for the inner and outer charges, respectively.Te charge
heights of schemes E, F, G, andH are 7.33 cm, 9.33 cm, 11.33 cm,
and 13.33 cm, respectively. Figure 12 shows the jet velocity
gradient curve. With the increase of charge height, the length of
the jet is smaller.

Figures 13 and 14 are the curves of Mach rod pressure
and density, respectively. L is the axial distance between the
Mach rod and the initiation center. Te higher the charge
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Figure 10: Te velocity gradient of a jet of diferent cone angles.
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Figure 7: Variation rule of θ of single-layer charge and double-
layer charge.

Table 2: Jet formation parameters of single-layer charge and
double-layer charge.

Scheme V T (km/s) V W (km/s) L (mm)
I 8.0390 2.0269 131.04
II 7.9790 1.9410 128.61
III 8.233 2.0271 135.27
IV 6.7870 1.8544 132.31
V 8.1194 2.1954 132.40
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Figure 8: Te utilization rate of single- and double-layer charges.
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Figure 9: Te variation of θ of diferent cone angles.
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height is, the easier it is to produce a convergent detonation
wave. It can be seen from Figure 13 that the detonation
pressure of the four schemes can reach 210GPa at the be-
ginning of Mach collision, which is 10 times the C-J pres-
sure. With the progress of detonation, the Mach rod height
changes continuously, and the pressure gradually decreases.
When the liner is crushed, the detonation pressure gradually
decreases to 5.7 times the C-J pressure 3.1 times, 2.6 times,
and 2.2 times. It can be seen from Figure 14 that the density
of the Mach rod gradually decreases at frst and then tends to
be stable, and the stable density is 2.3 times, 1.9 times, 1.8
times, and 1.7 times the inner charge density, respectively.

With the increase of the charge height of the double-
layer shaped charge, the energy of the fnal charge keeps
increasing, but the jet head velocity and jet tail velocity do
not increase accordingly. On the one hand, it is afected by
the efective charge height; on the other hand, with the

increase of the charge height, the pressure and density of the
Mach rod gradually decrease when the pressure and density
of the liner collapse. When it decreases to the C-J pressure
and density, its detonation will also be transformed from
overpressure detonation to ordinary detonation. Te length
of the jet decreases gradually, but the utilization rate of the
liner keeps increasing, indicating that with the increase of
the charge height, the stability of the metal jet is improved,
which is mainly manifested by the more obvious role of
reaming.

5.3. Infuence of Radius Ratio of Inner and Outer Charge.
TNT and B explosives are selected for the inner and outer
charges, respectively, and the radius ratios of the inner and
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Figure 12: Jet velocity gradient at diferent charge heights.
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outer charges of schemes I, J, K, and L are 0.79, 0.83, 0.89,
and 0.94, respectively. Figure 15 shows the detonation wave
waveform of a double-layer shaped charge with inner and
outer charge radius ratios of 0.79, 0.84, 0.89, and 0.94, re-
spectively. With the increase of the radius ratio of the inner
and outer layers, the angle between the detonation wavefront
and the axis of the charge decreases gradually, that is to say,
the regulation efect of the outer layer charge on the det-
onation waveform becomes more and more obvious.

Figure 16 shows η and L of diferent charging radius
ratios of the inner and outer layers. When the ratio of inner
and outer charge radius increases, the efciency of the liner
decreases slowly. Te lower the radius ratio of inner and
outer charges, the easier the convergent detonation wave will
be produced.

In order to analyze the change rule of jet velocity, the jet
velocity at 30µs was intercepted, as shown in Figure 17. X
represents the axial distance between the jet fow and the ini-
tiation center. As can be seen from the change curve of the jet
velocity gradient in Figure 17, the jet velocity gradient of the
above four schemes is uniform, and the jet length is slightly
diferent. If the analysis is made only from the intercepted jet
velocity gradient at 30µs, the ratio of the inner and outer layer
charge radius has little infuence on the jet velocity gradient, but
it has a certain infuence on the jet velocity size and jet length.

6. Results and Discussion

Based on AUTODYN numerical simulation software, the
detonation wave propagation process and jet-forming pa-
rameters of single-layer charge and double-layer shaped
charge structure under ring initiation are simulated and
compared.

(1) For the double-layer shaped charge with low inside
and high outside, the detonation wave of the outer
charge always propagates ahead of that of the inner
charge, which has a good regulating efect on the
detonation wave shape. In the initial stage, the
detonation wave propagation of the outer charge is
prior to that of the inner charge. With the contin-
uous propagation of the detonation wave, the
propagation speed of the detonation wave of the
inner charge begins to be faster than that of the outer
charge. Te outer charge has no obvious regulating
efect on the detonation wave. Te detonation wave
of the single-layer charge is similar to that of the
double-layer shaped charge with the high inner and
low outer charge when the detonation wave of the
inner charge overtakes that of the outer charge, but
the increase of the angle between the detonation
wave front and the axis of the charge is more obvious
when the detonation velocity of the single-layer
charge is higher.

(2) When the cone angle of the liner of the sandwich-
shaped charge is 60°–70°, with the increase of the
cone angle of the liner, the regulating efect of the
outer charge on the detonation wave decreases
gradually. When the charge height of the double-

layer shaped charge increases gradually, the variation
law of the detonation wave is similar to that of the
sandwich-shaped charge, that is, the regulating efect
of the outer charge on the detonation wave decreases
gradually, which is conducive to the formation of the
convergent detonation wave. On the contrary, when
the ratio of the inner and outer charge radius of the
sandwich-shaped charge is 0.79–0.94, the regulating
efect of the outer charge on the detonation wave
increases with the increase of the ratio of the inner
and outer charge radius.

(3) With the increase of the cone angle of the liner, the
jet head velocity and jet length decrease gradually.
With the increase of charge height, the head velocity,
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Figure 15: Detonation wave shape with a diferent charging radius
ratio of inner and outer layers.
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Figure 16: η and L of diferent charging radius ratios of inner and
outer layers.
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tail velocity, and jet length of the jet decrease, and the
jet velocity gradient increases gradually.Te pressure
and density of the Mach refection zone decrease
slowly, but the liner utilization increases gradually.
With the increase of the radius ratio of inner and
outer charges, the jet head velocity and tail velocity
frst increase and then decrease, and the jet length
and liner utilization increase; with the increase of the
detonation velocity of the outer charge, the jet head
velocity, the jet tail velocity, and the jet length in-
crease in turn, but the jet density decreases gradually,
which is not conducive to improving the penetration
depth of the jet.

Te results of this study are consistent with those of the
literature [14]. In the literature, the jet head velocity of the
double-layer explosive with high and low detonation velocity
is 22% higher than that of the single structure, and the result
obtained in this paper is 18.4%. Te detonation waveform of
the double-layer charge with high and low detonation ve-
locity is horn shaped, which reduces the incidence angle of
the detonation wave to the medium. Constant and stable
Mach overpressure plays an obvious role in improving jet
velocity.

7. Conclusion

In order to improve the penetration ability of shaped
charges, the key is to improve the energy utilization rate of
the double-layer shaped charge. In this paper, by comparing
the detonation wave shape and jet-forming parameters of
single-layer and double-layer shaped charges, it is found that
the double-layer shaped charge with low-detonation velocity
inside and high-detonation velocity outside has a good
regulating efect on the detonation wave shape. Te

overpressure detonation waveform can keep a good match
with the liner. With the increase of the cone angle of the
charge and the charge height, the adjustment efect of the
outer charge on the detonation wave gradually decreases,
which is conducive to the formation of the convergence
detonation wave. On the contrary, the adjustment efect of
the outer charge on the detonation wave gradually increases
with the increase of the charge radius ratio of the inner and
outer layers. With the increase of the cone angle, the jet head
velocity and length decrease gradually. With the increase of
the charge height, the jet head velocity, tail velocity, and jet
length all decrease, and the jet velocity gradient gradually
increase. Te pressure and density in the Mach refection
zone slowly decrease, but the utilization rate of the liner
gradually increases. With the increase of the charge radius
ratio of the inner and outer layers, the jet head velocity and
tail velocity frst gradually increase and then decrease, and
the jet length and the utilization rate of the liner gradually
increase.
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