Hindawi

Shock and Vibration

Volume 2023, Article ID 1115125, 12 pages
https://doi.org/10.1155/2023/1115125

Research Article

@ Hindawi

Impact Dynamic Analysis and Rubber Impact-Resistant

Design of a Launcher

Cunsheng Zhao and Bo Tong

College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China

Correspondence should be addressed to Bo Tong; tongbo19890712@126.com

Received 14 November 2022; Revised 19 December 2022; Accepted 24 December 2022; Published 7 January 2023

Academic Editor: R. Luo

Copyright © 2023 Cunsheng Zhao and Bo Tong. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

To study the influence of the opening process of a naval ship’s weapon launcher on the local strength of the impact-resistant
structure, the load and inherent characteristics of the system were analyzed, a finite element dynamic model and theoretical
Kelvin-Voigt single degree of the freedom system model were established, the dynamic response properties of the impact-resistant
structure under an impact load were studied, and the impact spectrum of the system at different impact load durations was
obtained. The results indicated that the first-order vibration period of the impact-resistant structure was much shorter than the
impact load duration, and the dynamic amplification coefficient of the system was close to 1. Consequently, a theoretical model of
a single degree of the freedom system was established, while the analytically derived displacement spectrum was consistent with
the finite element calculation results. Therefore, the dynamic strength check of this impact-resistant structure could be treated as a
static problem. According to the static calculation, the maximum stress of the structure occurred at the root of the base, which was
188.3 MPa, exceeds 0.3 times of the material yield stress specified in the military standard. To meet the military standard, a
simplified collision model was established with the thickness of the rubber pad as the reference variable, the combined force on the
bottom surface of the rubber pad was extracted, and the resulting equivalent displacement was calculated according to
Hooke’s law. The range of the rubber pad thickness was determined as 11.6 mm < d < 12.5 mm to meet the military standard and

not affect the normal firing of the weapon.

1. Introduction

The impact resistance of naval ships has attracted increasing
research attention as an important index to evaluate their
vitality [1]. The transient noise caused by the impact force of
a weapon launch can expose the position of submarines
during wartime, which can have fatal consequences.
Therefore, it is necessary to examine and improve the
transient noise control technology to realize the combina-
tion of acoustic stealth and combat functionality [2, 3]. Lai
et al. [4]Jand Kuang et al. [5] enhanced the hydraulic
mechanism design of the lifting and closing device of a naval
ship, successfully reducing the impact force of the drag
reduction plate on the hull structure. Wang et al. [6] per-
formed a finite element numerical simulation of the sub-
marine cabin structure to obtain the law of impact spectrum

varjation with mass and stiffness of naval ship equipment in
different connection modes, revealing the limitations of the
dynamic design analysis method (DDAM) commonly used
for naval vessels. It is common to use rubber materials in
military equipment to generate a considerable amount of
internal friction during the deformation process, absorbing
the kinetic energy of impact to reduce the transient impact
force [7, 8]. Zhao et al. [9] established the constitutive re-
lation of rubber buffer components through static and dy-
namic load experiment and analyzed the impact of rubber
buffer component of a sniper grenade launcher on its firing
performance using Adams software. Li et al. [10] applied
finite element calculation and analysis to the impact problem
presented by the projectile ejection device with a rubber
cushion and examined its dynamic structural strength. Li
[11] adopted the finite element method to establish a
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mechanical model of a composite material launcher while
analyzing and evaluating its dynamic performance in a
launch state. Ravishankar et al. [12, 13] conducted finite
element modeling for ballistic impact behavior of sandwich
structures made of different composite materials, pointing
out that the energy absorption capacity of glass-rubber-
epoxy sandwich was highest among the natural rubber and
glass-epoxy.

The rubber collision and impact-resistant structure is not
limited to the military field but is also widely used in civil
engineering. For example, using the finite element method,
Yuan et al. [14] studied the influence of the rubber-damping
layer thickness on the damping characteristics of rock arch
structures under an explosion load. Liu et al. [15] designed a
flexible box structure, an anticollision device for the bridge
pier protection of ships. This device could effectively absorb
a significant amount of impact energy, reduce the impact
reaction force, improve the anticollision ability of vessels,
protect the bridge and ship, and reduce losses due to ac-
cidents. Chen et al. [16] used the honeycomb structure
composed of corrugated steel pipes as the anticollision
structure of bridge piers, and verified the effectiveness of the
design through test methods. Zeng et al. [17] calculated the
dynamic response of train tracks. Xu et al. [18] used the finite
element method and a genetic algorithm to optimize the
energy absorption rate of the rubber ring buffer at the
junction of a locomotive under impact load. Lu et al. [19]
established a multidegree of the freedom dynamic model for
the hinged floating structure with rubber cushion, and
studied its hydrodynamic response, the results show that the
strength of the rubber cushion designed meets the allowable
stress of the material.

Wang et al. [20] studied the impact of aircraft landing on
airborne equipment and analyzed the differences between
the impact characteristics of two types of engines. Luo et al.
[21] conducted numerical simulation on the dynamic
characteristics of the shield tunnel under aircraft taxiing load
to obtain a reasonable range of taxiing speed and tunnel
depth.

Most of these studies utilized dynamic software to
simplify and resolve the impact problem in the impact-re-
sistant structures of large equipment according to their
impact characteristics [22]. Based on this, and targeting the
impact response of the drag reduction plate on the hull of the
ship when the launching and closing device is opened, this
study extracted the main vibration components during the
impact response process to establish an effective mechanical
model of a single degree of the freedom system. Further-
more, it combined theoretical analysis and finite element
calculations, studied the load and dynamic response char-
acteristics of the impact-resistant structure under impact
load, and created the impact spectrum curves with different
load times. In addition, a simplified finite element model was
established based on the dynamic response characteristics,
impact spectrum, and rubber material performance tests,
while the rubber impact-resistant pad size was designed to
meet the strength requirements. This study provides a new
possibility for resolving the collision challenge presented by
launchers.
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2. The Dynamic Model Analysis of the Drag
Reduction Plate of the Launcher

2.1. Impact Load Analysis. Figure 1 shows a schematic di-
agram of a naval ship launcher. The cover plate could be
hydraulically opened, and the drag reduction plate, driven by
the crank connection mechanism, could rotate while the
stopper was attached to the hull. The drag reduction plate
consumed kinetic energy via the collision stopper, and the
angular velocity was reduced to zero to open the launcher in
place. The drag reducer plate weighed about 300 kg. Since the
stopper impact time was short, this could be regarded as the
transient impact load on the stopper, with a contact area of
1200 mm”. In order to avoid the stress singularity of the
connection part and ensure the accuracy, the part of the hull
structure connecting the impact-resistant structure is taken
into account, and the connection part of the hull can be
regarded as a fixed boundary. Figure 2 shows the size of the
stopper and its base. This transient impact caused two types
of damage. First, the significant short-term impact caused
the dynamic response of the structure to exceed the yield
strength, which could lead to local structural stress failure.
Second, the significant transient vibration and noise caused
by considerable impact force could easily expose the position
and attack intention from the side.

To further examine the impact on the system, a 511F05
dynamic force sensor was installed at the impact location to
test the force signal (Figure 3). The collected impact force-
time history curve of the stopper is shown in Figure 4(a).
After the impact force was restored to zero, it turned
negative, indicating that the drag reduction plate rebounded
after impacting the hull structure. Since the rebound dis-
appeared within 3 s, and the maximum value of the rebound
force was one order lower than the maximum value of the
impact force, the collision could be described as in a
completely inelastic state, that is, the rebound action did not
require consideration [23]. Due to the short duration of the
impact force, the impact load was approximated via the
triangular load for theoretical analysis, as shown in
Figure 4(b).

The triangular load can be described mathematically as
follows:

FO
it 0<t<t,

1

F(t) = (1)
Fy

-4

(t, —t), t;<t<t,,

where Fy=15kN, t; =0.125s, and t,=0.635s.

2.2. Analysis of the Inherent System Characteristics and the
Static Mechanics Calculation. The impact-resistant structure
composed of the stopper and the base was considered the
vibration system, while the connection between the bottom
of the base and the hull was regarded as the fixed support.
The free vibration of the structure was calculated via finite
element software, using common carbon steel as the impact-
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FIGURE 1: The structural diagram of the launcher.

FIGURE 3: The dynamic force test.

resistant structure material, with an elastic modulus of
210 GPa, Poisson’s ratio of 0.3, yield stress of 355 MPa, and a
density of 7850 kg/m’. The geometric parameters are shown
in Figure 2, and the finite element mesh is shown in Figure 5.
The first-order natural frequency calculated by the finite

element method (FEM) was f; = 993.02 Hz, that is, the first-
order vibration period was about 0.001s. The impact load
duration was much longer than the first-order vibration
period of the system. Therefore, the vibration system will
likely produce only first-order vibration at the impact force
and can be treated as a single-degree-of-freedom system.

The static analysis of this system was performed using
finite element software. A static force with a size of F, was
applied to the force surface of the impact load of the stopper,
while the center point of the dynamic load action surface was
considered the equivalent displacement point. The defor-
mation vector diagram is shown in Figure 6, with an
equivalent displacement of xy=0.2mm. The equivalent
stiffness and mass of the system were calculated according to
the abovementioned expression of the first-order natural
frequency was f; = 1/2nvk/m. The equivalent stiffness was
k=Fy/xy=7.04x10"N/m, and the equivalent mass was
m =1.81 kg. After grid independence analysis, the maximum
stress value and location are obtained by using the optimal
mesh strategy with acceptable calculation speed and accu-
racy. As shown in Figure 7, the maximum stress occurred at
the middle of the connection, which is 188.3 MPa.

2.3. The Analytical Solution and Finite Element Analysis of the
Impact Vibration Response. The dynamics analysis in this
paper is likely to exhibit only low modal response. For this
case, the use of implicit unconditional stabilization algo-
rithms is usually preferred over conditional stabilization
algorithms [24]. Therefore, an implicit direct algorithm was
used to perform the matrix iteration using the New-
ton-Rapson method to ensure calculation accuracy. Eight
time steps of 0.12588 ms were set in each vibration period,
respectively. The computing platform consisted of four cores
and a 3.2 GHz processor, while the computing time was 3.5 h.
The center point of the action surface of the force was
considered the reference point to calculate its acceleration
curve with time, as shown in Figure 8. Due to the influence of
structural damping, the variation in the acceleration response
caused by the impact was attenuated in three time periods
(0 < t<0.125s,0125s < t < 0.635s,and 0.635s < t < 15s).
In addition, during the first two periods, the structure was
subjected to different external loads, while no external forces
were evident in the third period. Therefore, the three periods
showed different attenuation trends.

Fourijer transform analysis was performed on the vi-
bration curves of the three stages (as shown in Figure 9),
showing that the system only has one resonant frequency
point, namely 993.01 Hz, which is highly consistent with the
first-order natural frequency (993.02Hz), of the impact-
resistant structure and verifies the accuracy of the implicit
direct calculation method. It also indicated that the impact
response analysis of the stopper and base system could be
considered a Kelvin-Voigt single-degree-of-freedom model
under this transient impact load, as shown in Figure 10,
where ¢ represented the damping coeflicient of the system.

The HHT [24] integration algorithm is adopted in the
implicit solution method, which has no numerical dissi-
pation for the low frequency response [25]. As shown in
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F1GURE 4: The impact force-time history curve of the stopper: (a) measured forced signal; (b) simplified impact load.
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FIGURE 5: The finite element mesh of the impact-resistant structure.
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FIGURE 6: The deformation vector diagram of the impact-resistant
structure under static force.
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FIGURE 7: The stress distribution of the impact-resistant structure
under static force.

Figure 11, the results of finite element calculation show that
the dissipated energy ALLVD is always zero with time, and
the total strain energy ALLIE reaches the peak when the
impact force is at its maximum, which exactly verifies the
above views of the literature [25]. Therefore, the real
structural damping coefficient can be extracted from the
attenuation curve of acceleration by the FEM model.

Amplitude attenuation curves, Al, A2, and A3, are
fitted in Figure 12, which shows that the attenuation
coefficients of the three curves were exceedingly close.
Due to the external force interference in A1 and A2 stages,
the curve A3 was used to calculate the damping coefficient
of the system.

According to the attenuation law of free vibration [26],
(w, = 13.23, where ( is the damping ratio; { = ¢/2mw,;; and
w,, is the natural circular frequency w, = 27 f; = 6239.3rad/s.
Therefore, the damping ratio is { =0.0021 and the damping
coefficient is ¢=47.9N/m-s".

Under the triangular load in equation (1), the dis-
placement response of the damped single-degree-of-free-
dom system is solved according to the Duammel integral.
The system response under the action of the microimpulse
F(7)dr is as follows:
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Then, in the first stage (0 < ¢ < t;), we have

P FoT  _to (-
x(t) = J 0T ol i, (£ - 7)dr 3)
0 Mmwyt,
F —{w,t
x(t) = —

mt w,’\1 -
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The equation mentioned above was integrated to obtain
the following:

(4)

[(wnt - 2()\/1—7%(“’"[ + 2(\/1 e cos(\/l e wnt> —(1 - 2(2)sin<\/1—7(2a)nt>].

Since ¢ (¢ =0.) is a minimum value, both \/1 — {* and 1 — 2{*
are approximately equal to 1. Equation (4) can be simplified
as follows:

—{w,t

FOe i (w,t .
x(t) = ko, [(wnt -2{)e’ " +2{ cos w,t — sin wnt]. (5)

In the second stage, (t; < t < t,), there are

b FoT  _te (-
x(t) = J L G N wy(t-T1)dr
0 mwyt,

tol F - -
+ J- —— 0 (t, - 1)e “sinwy (t - 7)dr.
f Mgt — 1

(6)
The equation was integrated to obtain the following:

Fye~ Cw,t

x(t) = £ V1 = e (w,t — w,ty — 20)

mw,’ty (t —t,)\1 - ¢

#2(0 - 1)0\1 - @ cos (V1 - e

#2001 - et cos [\1 -, (6-1,)] (7)
- F)

+ 1,0 (28 < 1)sin [\/1—752 w, (t - tl)].

Since ¢* ({ =0.0021) is a tiny value, both /1 — *and 1-20°
are approximately equal to 1. Equation (7) can be simplified
as follows:

Foe— (w,t

{w,t
—_—t " t—w,t, -2
kw,t, (t; —t,) 1 (@t =ty = 20)

x(t) =

+2(t, —1,){ cos w,t + 21,0 cos [w, (t —1,)]

+(t, — t,)sin w,t — t,e"“" sin [w, (t — £,)].
(8)
In the third stage (t > t,), there is

bW FoT e (-
x(t) = J 107 et iy wy (t—7)dr
0 mw,t;

1 F - -
+ J — 0 (t, - 1)e " sinw, (t - 7)dr.
t, Mmwy B — 1

(9)

The equation mentioned above was integrated and
simplified to obtain the following:

Foe~ %ot

0= kw,ty (t, —t5)

2(t; —t,) cos w,t

+ 26,08 cosw, (£ - 1) - 2t,{e"" cos w, (£ — t,)

w,t few,

" sin w, (t — t,).

(10)

+(t, —ty)sinw,t — 1" sinw, (t —t;) + ty€

After solving the equation mentioned above, the re-
sponse of the single-degree-of-freedom system under the
impact load can be expressed as follows:
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Stwntl(tl_tz) [ n( 1)] stwnt1 (tl_tz) [ n( 1)] ( )
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Xy Ce cos w,t + xst—zcec‘”” (171) cos [w,(t—1)] - x4 ¢ b (27) cog [w,(t-1,)],
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—x et sinw,f - x, 2 () gip [w, (t - 1,)] + xy———e (270 in [w,(t-1)],
T w,ty " Tw,t (t - 1) ! Yo, (t, —t) !

where x,, is the static displacement under static load Fy, and
x4 = Fy/k. The analytical solution of displacement on the
center point (equivalent displacement point) of the stopper
contact surface under impact load was compared with the
finite element numerical solution, as shown in Figure 13.

The trend of displacement variation with time deri-
vated by the Kelvin-Voigt single-degree-of-freedom
model is highly consistent with that by the finite element
implicit solution, and the maximum displacement ob-
tained by both methods occurs at 0.125seconds, with a
difference of 2.3%, which verifies the accuracy of the
theoretical model.

2.4. Analysis of the Influence of the Excitation Duration on the
Dynamic Response of the System. The natural vibrational
circular frequency of the system was w, =6239.3 rad/s, and
the natural period was T'= 0.001 s. When the excitation force
was applied to the system as a dynamic load, it produced a
certain dynamic load effect. Assuming that the ratio of the
rising time f; and the falling time ¢, — ; of the exciting force
was certain, then t, —¢;/t; = 0.635—0.125/0.125 = 4.08,
while the maximum change law value of the dynamic system
response at an excitation duration t,/T ratio and the first-
order vibration period T of the system were examined as
variables. Take the ratio of maximum displacement to static
displacement « = x,./x as the ordinate and ¢,/T as the
abscissa to draw the impact spectrum curve under dynamic
load. The calculation results are shown in Figure 14. When
t,/ T approached zero, the dynamic amplification coefficient
a approached zero; when t,/T=1.45, o reached the maxi-
mum value of 1.7; and when t,/T exceeded 5, the dynamic
amplification coeflicient a gradually tended toward 1. When
the load duration is much smaller than the first-order vi-

bration period of the system, that is, t,/T tends to zero, in
other words, the excitation frequency is much larger than the
first-order natural frequency of the system, the broadband
response of the vibrational system may be excited, it cannot
be regarded as a single-degree-of-freedom system. There-
fore, the impact spectrum curve is not considered in the
range when #,/T is much less than 1.

The duration ratio f,/ T of the impact load on the stopper
and the base to the natural vibration period of the system
studied in this study is 577, which is far greater than 5.
Therefore, the dynamic displacement of the stopper tended
to the static displacement, that is, the impact load has no
amplification effect on the system response. Since the
maximum stress was directly related to the structural de-
formation, the deformation and stress distribution of the
structure under the transient impact load was regarded as
the deformation under static load. According to the cal-
culation results obtained in Section 2.2, the maximum stress
of the structure was 188.3 MPa, which occurred at the
middle of the connection between the base and the hull.

Therefore, although the impact load did not dynamically
amplify the system, according to the design specifications
GJB/Z 21A-2001, the maximum generated stress still exceeded
the allowable stress value of [0.] = 0.3 x 355 MPa = 106.5 MPa.
Consequently, laying rubber impact-resistant mats on the
impact surface of the stopper to reduce the transient impact
force is commonly used in engineering to reduce vibration
and avoid local stress excess. The impact load generated by the
rigid contact between the drag reduction plate and the stopper
verified that the dynamic amplification factor equaled 1.
According to the law of the impact spectrum presented in
Figure 14, the t,/T ratio increased after the rubber pads were
laid, and the dynamic amplification factor was closer to 1,
which could still be regarded as a static problem.
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3. The Rubber Impact-Resistant Mat
Size Design

Since the impact response in this paper was a linear dynamic
problem, the linear relationship between the displacement
and stress of the stopper could be established. The force and
deformation of the stopper conformed to Hooke’s law, and
the maximum stress caused by unit deformation was as
follows:

Shock and Vibration

Rubber impact-
resistant pad

F1GURE 15: Installation position of the rubber impact-resistant pad.
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FiGURE 16: The “load-deflection” curve.

= 884.04 . (12)

Then, on the condition that the vibration system com-
posed of the stopper and the base met the allowable stress
scale, the allowable displacement of the equivalent dis-
placement point on the stopper was as follows:

o
X, =Ec=0.12mm. (13)

After the rubber pad was laid on the surface of the
stopper, as shown in Figure 15, the bottom area of the rubber
block was the same as the contact area between the drag
reduction plate and the stopper, which was A = 1200 mm®.
A thicker rubber block d absorbed more impact kinetic
energy. However, if the rubber was too thick, the height of
the drag reduction plate increased after it was opened and in
place, possibly affecting the launching channel of the
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3.1. Acquisition of the Property Parameters of the Rubber
Materials. This study installed a rubber impact-resistant mat
on the surface of the stopper. Because the mass of the drag
reduction plate of the launcher was relatively large and the
momenta of the contact with the stopper were substantial, a
rubber material with a Shore hardness of 65 and density of
1630 kg/m’ was selected while comprehensively considering its
deformation potential energy and impact resistance.

To accurately describe the mechanical properties of the
rubber material and facilitate calculation and analysis,
dumbbell-shaped rubber specimens were created, and their
tensile capacity was tested according to the determination
procedures of GB/T528-2009. Specimen length =25mm,
width b =6 mm, and thickness d =2 mm. The loading force
at both ends of the specimen varied with the elongation, as
shown in Figure 16. The axial force and deformation were
transformed to obtain the nominal stress (o = F/bd, where F
is the axial force) and the nominal strain (¢ = z/l, where z is
the deformation). The stress-strain curve obtained by the
experiment was fitted using the Mooney-Rivlin model on
the finite element calculation platform ABAQUS, yielding an
excellent general consistency, as shown in Figure 17. The Cy,
and Cy values of the Mooney-Rivlin constants were
3.62x10°Pa and 0.26 x 10° Pa.

3.2. The Finite Element Analysis of the Simplified “Rubber
Impact-Resistant Mat + Collider” Model. The reasonable
thickness of the rubber impact-resistant mat was determined
via finite element analysis after obtaining the material
property parameters. The impact process fulfilled the con-
servation of the momentum, while the integration of the
impact load presented in Section 2.1 over time yielded an
impulse of I=4762.5kgs. Actual ship measurements

40 mm

FiGURE 18: The collision model.

revealed that when the drag reduction plate collided with the
stopper, the linear velocity of the drag reduction plate was
Vi, =0.438 m/s. Therefore, the effective mass of the collision
was mg=10873.3kg. In the finite element calculation, the
actual geometric size of the collider did not need to be
expressed, requiring only the unstructured mass m, and
initial velocity V. The collision mechanics model is shown
in Figure 18. At 40 mm x 30 mm, the bottom area of the
collider and rubber block was the same, while the bottom of
the rubber block was fixed. The finite element calculation
defined the tangential frictionless and normal elastic contact,
while a display algorithm was adopted, with a calculation
and analysis time of 0.02s, a quadcore CPU, a main fre-
quency processor of 3.2 GHz, and a calculation time of 63 s.

Rubber blocks of different thicknesses were selected for
the finite element calculation, while the maximum resultant
force on the contact surface between the rubber blocks and
the stopper was extracted, as shown in Table 1. The rubber
impact-resistant mat absorbed more impact kinetic energy
as the rubber pad thickness increased, while the force
transferred to the stopper gradually decreased. However,
when the thickness exceeded 12.5 mm, the decreasing trend
diminished. The power was divided by the equivalent
stiffness k of the system consisting of the stopper and the
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TaBLE 1: The calculation results of the force and equivalent displacement at different rubber block thicknesses.

Rubber block thickness (mm)

Forces on the bottom (N)

Equivalent displacement of the stopper (mm)

5 12318
7.5 11452.2
10 9736.7
12.5 8610.5
15 8344
17.5 8324

0.167
0.155
0.132
0.117
0.113
0.112

5 mm

10 mm

7.5 mm

12.5 mm

FIGURE 19: Displacement nephogram of rubber impact pads with different thicknesses at maximum deformation.

Rubber impact-
resistant pad

FIGURE 20: Assembly diagram of the rubber impact pad.

base according to Hooke’s law to obtain the equivalent
displacement at the center of the force surface. Furthermore,
when the thickness exceeded 12.5 mm, the equivalent dis-
placement was below the allowable displacement of
0.12 mm. Consequently, the equivalent displacement of the

stopper with a rubber thickness of 11.6 mm was equal to the
permissible displacement by interpolation. Therefore, in
order to meet the requirements of the design specifications,
the thickness of the rubber impact-resistant mat laid on the
stopper should exceed 11.6 mm. Figure 19 shows the dis-
placement clouds of the four impact-resistant pads at
maximum deformation. Meanwhile, the deformation rates
of the rubber impact-resistant pad with different thicknesses
in the thickness direction were all about 20%.

To satisfy the requirement of a rubber pad thickness
below 5 mm after opening the drag reduction plate in place,
that is, the height of the portion exceeding the stopper
should be less than 5mm, it is compressed. On condition
that the stopper stiffness was not affected, a groove with a
depth of 5mm was added downward along the normal
direction of the contact surface, as shown in Figure 20.
Therefore, according to the 20% rubber deformation rate
calculation, the thickness of the rubber mat should be less
than 12.5mm to meet the requirements. In summary, the
thickness of the rubber impact mat should be
11.6 mm <d < 12.5mm.

4. Conclusions

This paper combines theoretical derivation and finite ele-
ment analysis to examine the load and dynamic response
characteristics of the impact-resistant structure of the
launching and closing device of a certain type of weapon
under an impact load. The size design of the rubber impact-
resistant mat is accomplished based on these characteristics,
and the conclusions are drawn as follows:
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(1) The first-order vibration period (0.001s) of the
impact-resistant structure consisting of the stopper
and the base is much lower than the duration of the
impact load. Therefore, the system only produces
low-order vibration deformation under the impact
load, which is verified via highly accurate implicit
finite element dynamic calculations. The damping
coefficient of the structure is obtained according to
the displacement response attenuation curve, while
the equivalent stiffness of the first-order vibration is
obtained through static calculation.

(2) Since the stopper and base of the impact-resistant
structure under the impact load only exhibit first-
order vibration deformation, the dynamic response
analysis is considered a Kelvin-Voigt single-de-
gree-of-freedom model. Consequently, the ana-
lytical solution of the displacement response of the
single-degree-of-freedom system is derived, and
the accuracy of the theoretical derivation is verified
via comparison with the finite element results.

(3) The impact spectrum curve of the system at different
impact load duration is obtained according to the
theoretical formula. For both the rigid and flexible
contact containing rubber mat, the dynamic amplifi-
cation coeflicient is close to 1, the stress and defor-
mation of the stopper is in accordance with Hooke’s
law, and the local strength can be checked as a statics
issue, which greatly reduces the computational cost.

(4) A simplified collision model is established for rubber
pads with different thicknesses, followed by finite
element calculations. According to Hooke’s law, a
rubber mat thickness range of
11.6 mm < d < 12.5mm adequately meets the speci-
fication requirements for a normal weapon’s launch.
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