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Tandem shaped charge is one of the hotspots in the research of antiarmor ammunition at present, but because of the shortcoming
that the front-stage jet penetrates and detonates ERA (Explosive Reactive Armor), then it will aﬀect the rear-stage jet to penetrate
the main armor. Our research team proposes that the front charge of the tandem shaped charge can be designed as a low-density
material charge liner so that the front-stage low-density jet can penetrate a small hole in the reactive armor without detonating.
The rear-stage main charge forms a main jet through the small hole to penetrate the main armor. In this article, the damage of
tandem shaped charge to armored target is studied when copper and new modiﬁed PTFE (polytetraﬂuoroethylene) materials are
used as front-stage charge liner, and the numerical simulation results are veriﬁed by experiments. The numerical results show that
the Cu (copper) jet formed by tandem shaped charge of double-copper material has strong impact performance. The interlayer
explosive in reactive armor is detonated in the process of penetrating reaction armor, which weakens the penetration ability of the
main rear-jet. However, the interlayer explosive in the reactive armor is not detonated during the penetration of the doublematerial tandem shaped charge. The front-stage modiﬁed PTFE jet and the rear-stage main jet are not aﬀected by the explosion
loading before penetrating the main armor. The experimental results show that the double-material tandem shaped charge
overcomes the shortcoming of the inﬂuence of the front-stage explosion, and the penetration depth of the main armor reaches
703 mm, which is 14.3% higher than the penetration ability of the double-copper tandem shaped charge, which is basically
consistent with the numerical simulation results. It provides a reference for improving the damage ability of tandem shaped charge
to armored target.

1. Introduction
With the emergence of new concepts, new materials, new
structures, and new principles of armor, especially the application of ERA (Explosive reactive armor), the protection capabilities of ground armored vehicles have been improved day
by day. As the main protection means for armored targets such
as ground armored vehicles, wearing explosive reactive armor
can interfere with the penetration of the metal jets formed by
the shaped charge to main armor and play an eﬀective role in
protecting the main armor. Thus, it presents a serious challenge
to the traditional tandem shaped charge warhead [1, 2]. In this
context, how to improve the damage performance of armored
target caused by tandem shaped charge warheads has become
one of the focuses and hotspots in the ﬁeld of armament science
and technology at home and abroad [3–12].

Explosive reactive armor (ERA) is an important protective means for main battle tanks and armored vehicles to
defend shaped charge warheads, as proposed by Held in
1969. When a shaped charge jet impacts the ERA, the
Sandwich charge will be detonated by the shaped charge jet;
thus, separating the front and the back plates along the
normal direction at a certain speed as driven by the explosive
load, cutting the jet and signiﬁcantly weakening the damage
performance of the shaped charge jet. In addition, detonation products with high temperature, high pressure, and
high-speed mixed with metal fragments produce a side
resistance to the shaped charge jet, making the shaped
charge jet twist, break, and ﬂy away. A combination of the
two reduces the penetration depth of the shaped charge jet
on the main armor. At present, a tandem shaped charge
warhead is used to destroy such targets; that is, the front
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shaped charge warhead destroys the ERA, and the main
charge experiences delayed detonation, and then, the main
jet penetrates the main armor. The conventionally shaped
charge liners primarily comprise metallic materials, including copper, iron, and aluminium, among others. In
recent years, extensive research has been conducted on the
problems related to the shaped charge jet impact on ERA.
Through many experiments, Held [13–19] studied the interaction mechanism between armor and jet, analyzed the
inﬂuence laws of the thickness of the Sandwich charge,
detonation velocity, metal plate thickness, and jet impact
angle, and proposed the famous v2 d initiation criterion,
which greatly contributed to the development of ERA.
The main means of antireactive armor is to use tandem
warhead in traditional shaped charge technology, the ERA is
detonated by the front-stage warhead, and the rear-stage
warhead penetrates the main armor with advance. But this
kind of tandem warhead has some shortcomings. Because
the detonation products and detonation wave produced by
the front-stage have very high pressure and velocity, it will
produce strong compression and impact on the main jet
formed by the rear main warhead. The high velocity part of
the main jet is deﬂected and dispersed, and the main jet
formed by the rear main warhead is disturbed and destroyed
by ERA, which cannot eﬀectively play its antiarmor role
[20, 21]. In view of this situation, researchers at home and
abroad have proposed that the front-stage warhead of
tandem warhead should be designed into a low-density
material warhead [22–25]. In this way, under the action of
explosive loading, the front-stage low-density jet penetrates
a small hole in the reactive armor but does not detonate, then
the rear-stage main warhead forms a main jet through the
hole to penetrate the main armor, thus realizing the penetration to reactive armor without detonation; meanwhile,
the eﬀect of the front-stage jet penetrating ERA on the
penetration performance of the rear-stage main jet is
avoided, and the penetration power of the rear-stage shaped
charge to the main armor is improved eﬀectively. At the
same time, domestic and foreign experts and scholars have
studied the materials that form low-density jets [22, 26–29],
by improving the dynamic mechanical properties and unit
speciﬁc kinetic energy of low-density materials under explosive loading, it is intended to achieve the ability to
penetrate but not detonate reactive armor and eﬀectively
improve the penetration ability of low-density jets.
The purpose of this paper is to study the damage
performance of tandem shaped charge penetrating armored target wearing “reactive armor,” which is based on
the establishment of the target structure model and ﬁnite
element model of the tandem shaped charge penetrating
the armor target wearing “reactive armor,” with the penetration depth of the armored target as the weighing
technical index; the ﬁnite element software is used to
simulate the penetration to armored target by tandem
shaped charge under explosive loading. The inﬂuence of
copper liner and modiﬁed PTFE liner on the penetration
performance of tandem shaped charge is analyzed, which
provides a reference for improving the ability of tandem
shaped charge to damage armored target.
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2. Numerical Simulation
2.1. Finite Element Model. In order to study the damage
performance of tandem charge to armored target wearing ERA,
the tandem charge was designed to penetrate 45# steel target
after penetrated reactive armor, and the damaging eﬀect of
tandem shaped charge on tank target wearing ERA was
simulated by Autodyn14.0 software. The ﬁnite element model
of the tandem shaped charge penetrating the armored target is
shown in Figure 1. The front part was a tandem shaped charge,
the middle was a reactive armor, and the back was a simulated
armor. For the front shaped charge, the charge diameter was
40 mm, the charge height was 40 mm, the liner cone angle was
55°, and the wall thickness of the liner was 3.5 mm. In the rear
shaped charge, the charge diameter was 90 mm, the charge
height was 175 mm, liner cone angle was 45°, and wall thickness
was 2.5 mm. The distance between the front and the rear
warhead was 160 mm, the blasting height of the front warhead
was 3 times the charge diameter, and the distance from the
ERA to the target was 80 mm.
The ﬁnite element software was used to simulate the
penetration of tandem shaped charge to armored target. Because the formation and penetration of shaped charge jet is a
problem of large deformation of the material, the multimaterial
Euler algorithm is adopted. In order to better present the jet
shape, gradient grid technology is used to encrypt the grid in
the axisymmetric direction. The size of the air domain is
1200 mm × 120 mm, and the mesh size is 2400 × 240. The “ﬂow
out” boundary condition is added to the boundary of the air
domain to avoid the reﬂection of stress on the boundary. When
it was calculated to 102 μs, the front-stage low-density jet
penetrated but not detonated the reactive armor and opened
the channel for the rear-stage main jet penetrating the 45# steel
target on the reactive armor plate and the back plate. At this
point, the computational time step was too small to be simulated for a long time, so the paper selected the calculation ﬁle,
which was kept at 100 μs and used AUTODYN mapping
technology to map the main jet to the Euler domain. At 137 μs,
in order to improve the calculation speed, the mapping
technique was used again, and the main jet mapped to
Lagrange was numerically simulated.
For the mapping technique, simply speaking, because of the
obvious size eﬀect of the grid in the process of the explosion,
only a small grid can simulate the shock wave in the early stage
of explosion. If the grid is large, the peak pressure of the shock
wave will become very low. However, due to the limited
performance of the computer, we usually establish a 2D model
ﬁrst and then import the 2D results into the 3D model to
facilitate other calculations. In this paper, the map ﬁle is
generated by 2D explosion calculation and then extracted into
the 3D model to calculate the penetration process. Therefore, at
100 μs, the shaped charge jet needs to be mapped to the Euler
domain to penetrate the explosive reactive armor. At 137 μs,
the jet needs to be mapped to the Lagrangian domain to
improve the calculation speed of the penetration process.

2.2. Material Models and Parameters. In numerical simulation, Cu and modiﬁed PTFE were used as liner materials
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Figure 1: Finite element model of jet formed by tandem shaped charge penetrating the armored target. (a) Rear main charge. (b) Rear liner.
(c) Front main charge. (d) Front liner. (e) Shield panel. (f ) Sandwich charge. (g) Main armor.

for tandem shaped charge, the target material was 45# steel,
and the main charge was comp B explosive.
The main charge of the tandem shaped charge in the
numerical simulation calculation was comp B explosive.
Basic parameters were shown in Table 1. The Jones-Wilkins-Lee equation of state (EOS_JWL) was chosen to describe the comp B (explosive B) properties. The JWL state
equation accurately described the pressure, volume, and
energy characteristics of the detonation gas products
during the explosion-driven process. The expression is as
follows:
p � A 1 −

ω
ω
ωE
−R V
−R V
e 1 + B1 −
e 2 + 0 ,
V
R1 V
R2 V

(1)

where, A, B, R1, R2 and ω are input parameters; E0 is the
initial speciﬁc internal energy; V is the initial relative volume
of the detonation products.
In the tandem shaped charge, the front-stage liner
material was modiﬁed PTFE, the modiﬁed PTFE material
was obtained by adding a copper powder having a mass
fraction of 38.5% and a density of 8.93 g/cm3 to a PTFE
matrix, and the rear-stage liner material was copper. Under
the action of detonation products, the liner material can be
considered as an ideal ﬂuid elastic-plastic model, and the
strength of the liner material cannot be considered.
Therefore, von-Mises yield criterion, instantaneous failure
principle, and shock equation of state can be used to describe
the dynamic response behavior of the liner material under
the action of detonation wave and to calculate the large
deformation of the material under the condition of high
strain (>105s−1). The liner material parameters of copper and
modiﬁed PTFE were shown in Table 2.
The target plate material was made of 45#steel, which
showed a certain strain rate eﬀect under diﬀerent impact,
while the Johnson-Cook model has a very good advantage in
describing the strain rate eﬀect of metal materials, and its
form is relatively simple so it is also widely used. Therefore,
the J-C model was used to describe the constitutive relationship of 45#steel, and some of its material parameters
were shown in Table 3.
The equation of state of air was chosen as Ideal Gas.
The main parameters are as follows: density is
ρ � 1.293 × 10−3 g/cm3, speed of sound is C � 340 m/s,
initial relative volume is V0 � 1.0.

3. Numerical Simulation of Jet Formation
and Penetration
In order to better understand the inﬂuence of the traditional
shaped charge liner material on the penetration performance
of front-stage charge of tandem shaped charge, the numerical simulation of penetrating armored target was carried out by two kinds of tandem shaped charge, front-stage
copper liner and modiﬁed PTFE liner, respectively. The
tandem shaped charge was called double-copper material
tandem shaped charge for short, for which, copper was used
for both the front-stage charge and the rear-stage charge
liner. And another tandem shaped charge was called doublematerial tandem shaped charge for short, for which, modiﬁed PTFE material was used for front-stage charge liner and
copper for rear-stage charge liner.
3.1. Penetration of Armored Target by Double-Copper Tandem
Shaped Charge. When both the front-stage charge and the
rear-stage charge liner of the tandem shaped charge were all
made of copper, the ﬁnite element software was used to
study the jet penetrating reactive armor and main armor
under explosive loading. Through numerical simulation, the
penetration process of the double-copper material tandem
shaped charge penetrating the armored target at a typical
time was shown in Figure 2.
In the penetration process of the double-copper tandem
shaped charge to the armored target, after the detonation of
the tandem shaped charge, at about 35 μs, the copper jet
formed in the front-stage charge region began to penetrate
into the reactive armor, about 45 μs, the reactive armor was
detonated by the front-stage copper jet. After the reactive
armor was detonated, the ﬂying plate eﬀect was generated.
The front-stage jet was disturbed by the detonation wave and
lost the penetration ability, and the rear-stage main jet would
also be subject to certain interference. The main jet that was
disturbed starts to penetrate the main armor at about 150 μs
when the detonation product of the front warhead loses its
eﬀect on the secondary main jet, and in order to improve the
eﬃciency of numerical simulation, the main jet was mapped,
and the penetration process of the main jet to the main
armor was shown in Figure 3.
At 150 μs, the rear-stage main jet began to penetrate the
main armor at a speed of 4970 m/s. The velocity of the jet
head decreased rapidly after it contacted the main armor.
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Table 1: Basic parameters of comp B explosive [5].

Parameters
Numerical value

ρo (g/cm3)
1.717

D (km/s)
7.98

A (GPa)
524.23

B (GPa)
7.678

R1
44.2

R2
11.1

ω
0.34

E0 (kJ/m3)
8.5e6

PC-J (GPa)
29.5

Table 2: Basic parameters of liner materials [25].
Parameters
Copper

Modiﬁed PTFE

EOS
Shock
Strength
von-Mises
EOS
Shock
Strength
von-Mises

ρ/(g/cm3)
8.93
ρ/(g/cm3)
3.05

G/GPa
47.7
G/Mbar
0.46
G/GPa
1.37
G/Mbar
0.2330

Table 3: Basic parameters of 45#steel [6].
45#steel

ρ/(g/
cm3)
7.85
m
1.06

G/
(Gpa)
81.8
D1
0.10

K/
(Gpa)
148
D2
0.76

A/
(Gpa)
0.507
D3
1.57

B/
C
n
(Gpa)
0.32
0.28 0.064
D4
D5
0.005 −0.84

However, due to the continuous impact of the subsequent
high-speed jet on the armor, the armor material was extruded and deformed to form a penetration into the main
armor.
Through the numerical simulation of the penetration
process of the tandem shaped charge with double-copper
material to armored target, it can be seen that when the
copper material was used in the front-stage charge liner of
the tandem shaped charge, the copper jet could not eﬀectively achieve the penetration but not detonation to the
reactive armor which is in front of the main armor, but
would detonate the reactive armor. And the ERA would have
a great eﬀect on the rear-stage main jet, resulting in a
penetration depth of 627 mm for the double-copper tandem
shaped charge to main armor, as shown in Figure 4.
3.2. Penetration of Armored Target by Jet Formed by DoubleMaterial Tandem Shaped Charge. The numerical simulation
of penetrating reactive armor and main armor was carried
out by using AUTODYN software when the front-stage
charge of the tandem shaped charge was modiﬁed PTFE
charge liner and the copper charge liner was used for the
rear-stage charge. The penetration process of the doublematerial tandem shaped charge against the armored target at
a typical time was shown in Figure 5.
In the penetration process of the double-material tandem shaped charge to the armored target, after the detonation of the tandem shaped charge, at about 30 μs, the
modiﬁed PTFE jet formed by the front-stage charge began to
penetrate the reactive armor, and the penetration of reactive
armor was completed at about 40 μs. It can be seen from
Figure 6 that the front-stage modiﬁed PTFE jet did not
detonate after penetrated the reactive armor and began to
penetrate the main armor at 60 μs. Since the reactive armor

sY/MPa
90
sY/MPa
46

Gruneisen coeﬃcient
1.99

C1 (km/s)
3.94
σs/Mpa
900
Gruneisen coeﬃcient
C1 (km/s)
0.90
1.34
σ s/Mpa
500.000

S1
1.489
S1
1.930

was not detonated under the action of the front-stage
modiﬁed PTFE jet, the reactive armor did not interfere with
the rear-stage main jet.
In order to analyze the damage eﬀect of the rear-stage
main jet to the main armor, and to improve the eﬃciency of
numerical simulation, after 100 μs, the explosive, reactive
armor, and the front-stage jet were deleted because both the
detonation products and the reactive armor of the frontstage charge lost their functions, and the main jet of the rearstage after 130 μs began to penetrate the main armor. In
order to further improve the eﬃciency of the numerical
simulation, the main jet was mapped, and the penetration
process of the main armor by the mapped main jet was
shown in Figure 6.
At 130 μs, the main jet of the rear-stage charge began to
penetrate the main armor at the speed of 6470 m/s, and the
velocity of the jet head decreased rapidly after contacting
with the main armor. However, due to the continuous
impact on the armor by the subsequent high-speed jet, the
armor material was extruded to form a penetration into the
main armor.
Through the numerical simulation of the penetration
process of the double-material tandem shaped charge to
armored target, it can be seen that the modiﬁed PTFE
material was used in the front-stage liner of the tandem
shaped charge; the modiﬁed PTFE jet could eﬀectively
penetrate the main armor in front reaction armor without
detonating. At the same time, the modiﬁed PTFE jet had a
certain damage eﬀect on the main armor after penetrating
the reactive armor, and the penetration depth of the doublematerial tandem shaped charge to the main armor was
721 mm, as shown in Figure 7.
3.3. Comparison and Analysis. The penetration process of
the jets formed by the double-copper tandem shaped
charge and the double-material tandem shaped charge
penetrating reactive armor was shown in Figures 2 and 6.
The results of numerical simulation show that the frontstage liner material in the double-copper tandem shaped
charge was a high-density Cu material; the Cu jet had
strong impact property; it was easy to detonate the interlayer explosive in the reactive armor in the process of
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Figure 2: The penetration process of double-copper tandem shaped charge to armored target before150 μs. (a) t � 10 μs. (b) t � 30 μs.
(c) t � 60 μs. (d) t � 90 μs. (e) t � 150 μs.
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Figure 3: Continued.
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(e)

Figure 3: Penetration process of armored target by double-copper tandem shaped charge after 150 μs. (a) t � 150 μs. (b) t � 350 μs.
(c) t � 550 μs. (d) t � 750 μs. (e) t � 1000 μs.
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Figure 4: The penetration results of main armor by rear-stage main jet of double-copper tandem shaped charge (unit: mm).

(a)

(b)

(c)

(d)

(e)

Figure 5: Penetration process of armored target by double-material tandem shaped charge before 130 μs. (a) t � 10 μs. (b) t � 30 μs.
(c) t � 60 μs. (d) t � 90 μs. (e) t � 130 μs.

penetrating reactive armor. At 40 μs, the front-stage Cu jet
of the double-copper tandem warhead began to penetrate
the interlayer explosive in the reactive armor. At 50 μs, all

the interlayer explosive in the reactive armor had been
detonated, and the inﬂuence on the front-stage jet had
begun. At 100 μs, the high velocity of the Cu jet was
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Figure 6: The penetration process of armored target by double-material tandem shaped charge after 130 μs. (a) t � 130 μs. (b) t � 450 μs.
(c) t � 750 μs. (d) t � 1050 μs. (e) t � 1200 μs.
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Figure 7: Penetration results of armored target by double-material tandem shaped charge (unit: mm).

dispersed under the detonation wave of the Sandwich
explosive, and the penetration ability was lost, while the
part of the lower velocity pestle was less aﬀected by the
detonation wave, but also because the velocity of the frontstage copper jet was low, at 110 μs, part of the pestle body
was overtaken by the rear-stage main jet, which was interfered with the rear-stage main jet.
Since the front-stage liner material in the double-material tandem shaped charge was a low-density modiﬁed
PTFE material, the front-stage modiﬁed PTFE jet formed by
the double-material tandem shaped charge did not detonate
the reactive armor in the process of penetrating armor, so
neither the front-stage modiﬁed PTFE jet nor the rear-stage

main jet was aﬀected by the detonation of interlayer explosive and the ﬂy-plate eﬀect of reactive armor before
penetrating the main armor.
By comparing the penetration depth curve of the jets
formed by the double-material tandem shaped charge and
the double-copper tandem shaped charge to the main
armor (as shown in Figure 8), it can be seen that the doublecopper tandem shaped charge front-stage jet was aﬀected
by the explosion of the Sandwich explosive after penetrating the reactive armor, the front-stage jet completely
lost the penetration ability, and the rear-stage jet was also
disturbed; ﬁnally, the penetration depth of the doublecopper tandem shaped charge to the main armor was
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Figure 8: Penetration depth curve of two kinds of tandem shaped charge jets penetrating into main armor.

627 mm. Since the front-stage jet of the double-material
tandem shaped charge was not aﬀected by the explosion of
the Sandwich explosive after penetrating the reactive armor, it could continue to penetrate the main armor after
penetrating the reactive armor. Finally, the penetration
depth of the double-material tandem shaped charge to the
main armor was 721 mm, and the penetration ability was
increased by 15.0%.

4. Experimental Verification
It is a complicated dynamic process for the jet formed by
tandem shaped charge penetrating the armored target. The
numerical simulation cannot completely describe the real
situation in order to obtain a more realistic penetration
eﬀect. An experimental study was carried out to verify the
penetration of two tandem shaped charges into the main
armor. The experimental layout is shown in Figure 9, including the tandem warhead, the blasting height tube, the
ERA, and the main armor. The front shaped charge, D2 is
the charge diameter of 40 mm, H2 is the charge height of
40 mm, α2 is the cone Angle of the charge type and
2α2 � 55°, and δ2 is the wall thickness of the charge type
cover 3.5 mm. The tail shaped charge, D1, is 90 mm in
diameter, H1 is 175 mm in height, α1 is the cone Angle of
the charge column and 2α1 � 45°, and δ1 is 2.5 mm in wall
thickness. H is the distance between the front and rear
warheads of 160 mm, Z1 is the blasting height of the front
warhead, which is 3 times the diameter of the charge of D2,

and Z2 is the distance between ERA and target of 80 mm. In
order to ensure that the armor-piercing jet runs in the ERA
and the reaction armor, the central axis of the tandem
warhead was placed perpendicular to the ERA and the ingot
target and centered. After the detonating fuse was detonated, then the tandem warhead was detonated, and the
damage element was gradually formed and penetrated the
armor. The experimental results obtained are shown in
Figures 10 and 11 .
Through the experiments of tandem shaped charge
penetrating the target of “reactive armor,” it was proved that
after the front-stage charge adopted the modiﬁed PTFE
charge liner, under the action of explosion loading, the
penetration of reactive armor could be realized without
detonation. It solved the engineering problem that the frontstage jet penetrated and detonated reactive armor, which
aﬀected the penetration power of the rear-stage main jet
penetrating the main armor. Through the experimental
study on the penetration of the main armor by the main jet,
the penetration depth of the jet penetrating the main armor
was 615 mm. The double-material tandem shaped charge
overcame the shortcoming of the inﬂuence of the front-stage
explosion, and the penetration depth of the main armor
reached 703 mm, which was 14.3% higher than the penetration ability of the double-copper tandem shaped charge,
which was basically consistent with the numerical simulation results. A comparative analysis of jets formed by two
kinds of tandem shaped charge penetrating targets is shown
in Table 4.
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Figure 9: Experimental layout.

Figure 10: Experimental result of jet formed by tandem shaped charge of double-copper material penetrating main armor.

Figure 11: Experimental result of jet formed by double-material tandem shaped charge penetrating main armor.

Table 4: Comparative analysis of the results of two kinds of jets formed by two kinds of tandem shaped charge penetrating targets.
Type
Numerical
Experimental
Comparative

Penetrating reactive armor
Double-copper
Double-material
Detonated
Undetonated
Detonated
Undetonated
Consistent
Consistent

Double-copper
627 mm
615 mm
Basically consistent

5. Conclusions
(1) Based on the research purpose of the damage
performance of tandem shaped charge penetrating
armor target wearing reactive armor, the structure
model and ﬁnite element model of tandem shaped
charge penetrating “reactive armor” were established. Based on the penetration depth of the armored target, the ﬁnite element software was used
to study the numerical simulation of tandem shaped
charge penetrating armored target under explosion
loading. The inﬂuence of copper charge liner and
modiﬁed PTFE charge liner on the penetration
performance of tandem shaped charge was
analyzed.
(2) The numerical simulation results show that the Cu
jet formed by the tandem shaped charge of doublecopper material had strong impact performance,
and the interlayer explosive in the reactive armor
was detonated during the penetration of the reactive
armor, which weakened the ability of the rear-stage

Penetrating main armor
Double-material
721 mm
703 mm
Basically consistent

Enhancement
15.0%
14.3%
Basically consistent

main jet penetrating armor. The penetration depth
of the main armor was only 627 mm. However, in
the process of penetrating the reactive armor, the
double-material tandem shaped charge did not
detonate the Sandwich explosive in the reactive
armor, and the front-stage modiﬁed PTFE jet and
the rear-stage main jet were not aﬀected by the
explosion loading before penetrating the main armor. The penetration depth of the main armor was
721 mm, which was 15.0% higher than the penetration ability of the double-copper tandem shaped
charge.
(3) Through the experiments of the tandem shaped
charge penetrating into the armor wearing reactive
armor, it was proved that after the front-stage charge
adopted the modiﬁed PTFE charge liner, under the
action of explosion loading, the front-stage jet
penetrated but not detonated reactive armor. It
solved the engineering problem that the front-stage
jet penetrated and detonated reactive armor, which
aﬀected the penetration power of the rear-stage main
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jet to the main armor. The experimental results show
that the double-material tandem shaped charge
overcame the shortcoming of the inﬂuence of the
front-stage explosion, and the penetration depth of
the main armor reached 703 mm, which was 14.3%
higher than the penetration ability of the doublecopper tandem shaped charge, which was basically
consistent with the numerical simulation results. It
provides a reference for improving the damage
ability of tandem shaped charge to armored target.
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