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Abstract 

As the actual working process of the gun needle is complicated by the state of forces, it is 
simplified to a two-rod shaped component. By means of theoretical and numerical 
simulations of the impact process of rod-shaped elements, the generation and 
propagation of stress waves during the impact process has been analyzed. The 
comparison of the study demonstrates that the calculation results of the LS-DYNA 
software numerical simulation are in good agreement with the theoretical calculation 
results, providing a theoretical support for the subsequent collision analysis of the gun 
needle assembly. 
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1. Introduction 

The pneumatic nail gun has been widely used in various fields such as construction, wooden 
housing construction and interior decoration due to its low energy consumption, 
environmental friendliness and convenience of use. The needle assembly is the main 
component of a pneumatic nail gun where its performance directly affects the function of the 
nail gun. Therefore, it is necessary to study the impact performance of the needle assembly in 
order to propose optimization solutions for its structure and materials. 

The study of the mechanical response of a structure under impact loading generally considers 
two basic types of effects, i. e. stress wave effects and strain rate effects[1]. These two types of 
effects are coupled to each other in practical situations. The wave propagation, on the one hand, 
presupposes that the dynamic intrinsic structure of the material is known and, on the other 
hand, the knowledge of stress wave propagation is applied in the analysis of the dynamic 
intrinsic structure of the material at high strain rates. But this problem has been solved since 
the invention of Kolsky[2] of the Split Hopkinson Pressure Bar (SHPB) in 1949. Two 
corresponding research directions have then emerged, one of which is the study of the dynamic 
properties of materials at different strain rates using a discrete SHPB experimental set-up[3-5], 
and the other is the study of the propagation of stress waves in structures[6-7]. 

Since the actual working process of the needle is complex, this study simplifies it into two rod-
shaped components to examine the generation and propagation of stress waves during the 
impact process, providing theoretical support for the subsequent collision analysis of the 
needle assembly. 
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2. Theoretical analysis of the two rod axial collision 

When a collision occurs, the objects do not all respond at the same instant, but rather a 
disturbance is first generated at the contact interface and then the disturbance propagates from 
near to far within the object. The same applies to a two rod collision. As shown in Fig. 1, we 
consider two rods A and B with no initial stress and the same cross-sectional shape, the wave 

impedance of which is A AC and B BC respectively. If rod A is moving with speed Av and rod B is 

moving with speed Bv with Av > Bv , rod A catches up with rod B at a certain instant. 

 

 

The two rods collide, whereupon two strong intermittent compression waves are generated 
from the impact cross section towards each end of the rod. By the continuity condition, the 
particle velocities at the interface after the collision of the two rods are equal; Depending on 
the relationship between the action and reaction forces, it is evident that the stresses at the 
interface are equal after the collision. The following equation can therefore be derived: 

    A A A B B BC v v C v v        (1) 

Thereby the particle velocity and stress at the interface after the collision can be found as 
follows: 
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If the wave impedance of the two rods is the same, the particle velocity after the collision can 

be found from equation (2) to be
 0.5 A Bv v v 

，and the stress to be
 0.5 A BC v v   

. 

A brief discussion has been given on the above axial collision, and it is observed that when the 
rod is of finite length, wave reflection occurs when the stress wave reaches the end of the rod, 
and the reflection and incident waves act superimposed on each other to form the force state 
of the rod. 

  
 

  

Fig. 1 Schematic diagram of the axial collision of two rods 

  



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 5, 2022 

ISSN: 2664-9640                

608 

We still take the two rod collision in Fig. 1 as the subject of analysis, the cross-sectional area 
and wave impedance of the two rods are respectively equal, where rod A is a finite length rod 
with a length L and rod B is a semi-infinite length rod. Two compression waves are generated 
from the collision interface upon the collision of the two rods and propagate towards each end 

of the rod. The compression wave in the left row reaches the left end of the rod at time /L C . 
The compression wave in the left row is reflected into a stretching wave due to its free end and 
then propagates along rod A towards the right end. The reflection tensile wave reaches the 

collision interface at time 2 /L C , when the stress in rod A is zero due to the superposition of 
the tensile and compression waves. Due to the equal wave impedance of the two rods, the 
tensile wave passes unimpeded through the collision interface, where a pulse with a 

wavelength of 2L and wave surfaces of strong intermittent loading wave and strong 
intermittent unloading wave is propagated in rod B. 

3. Numerical simulation analysis of the two rod axial collision 

The propagation of stress waves in the rods is simulated through the non-linear display 
dynamics program LS-DYNA after the theoretical calculation of the stress wave propagation in 
the rods. 

We consider two rods with the structural dimensions shown in Fig. 2, where the two rods are 

of the same material, the density is 7.85e-6 kg/mm3, the elastic modulus E is 200Gpa and the 
Poisson's ratio is 0.3. The rod A impacts the rod B with an initial velocity of 25m/s while the 
rod B is in a static state. Based on the theory of stress wave propagation, it is found that the 

velocity of elastic wave propagation in the rod after the collision of the two rods is C =
/E 

=
6200 / 7.85 10 =5047.5m/s, the particle velocity of the collision interface is v =

 0.5 A Bv v

=0.525=12.5m/s, and the stress is =
 0.5 A BC v v 

=0.57.8510-65047.525=0.491Gpa. 

 

A simple quantitative analysis of the stress wave propagation in a co-axial collision between a 
finite length rod and a semi-infinite length rod has been carried out based on theoretical 
knowledge, which is further analyzed by means of simulation. We first model the geometry of 
the model shown in Fig. 2, then perform the gridding and impose boundary conditions. To 
simulate the infinite length condition for rod B, we built rod B as a finite length rod and then 
imposed a reflection-free boundary condition at the right end of the rod to stop the reflection 
of the stress wave. Finally, the above pre-processed model is converted into a K-file by the 
software and submitted to the LS-DYNA solver for solution. The equivalent stress cloud 
visualizations for the two rods at different moments after collision are shown in Fig. 3. 

At the time t=0ms, a finite length rod collides with a semi-infinite length rod and two strong 
intermittent compression waves are generated from the collision interface towards the ends of 
the rods respectively. As the length of rod A is 200mm, the stress wave generated from the 
collision interface reaches the rod at 100mm from the collision interface at the time t=0.02ms, 

Fig. 2 Co-axial collision of a finite length rod with a semi-infinite 

length rod 

a b c 
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as shown in Figure a in Fig. 3. At the time t=0.04ms, the compression wave in rod A reaches the 
free end, at which moment rod A is in a fully compressed state, as shown in Figure b in Fig. 3, 
where the compression wave is reflected into a tensile wave at the left end of rod A, and then 
propagates along rod A towards the right end. At the time t=0.08ms, when the tensile wave 
reaches the impact interface as shown in Figure d in Fig. 3, a strong intermittent unloading 
tensile wave surface continues to propagate through the collision interface in rod B due to the 
same wave impedance of the two rods, after which a rectangular pulse consisting of the strong 
intermittent loading wave surface and the strong intermittent unloading wave surface travels 
along rod B to an infinite distance, as shown in Figures e and f in Fig. 3. 

To further analyse the stress wave propagation in the rods, three units were taken from the rod 
B at 100mm, 200mm and 300mm from the collision interface, the locations of each unit are 
shown as a, b and c in Fig. 3. A comparison between the Numerical Solution and the Theoretical 
Solution of the axial stress has been carried out. 

 

 

 

(a) t=0.02ms 

(b) t=0.04ms 

(c) t=0.06ms 
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Fig. 4 shows the Numerical Solution and the Theoretical Solution of the axial stresses at 
different locations in rod B. As can be seen from the curves in the figure, the finite element 
simulation results and the theoretical solution are very similar, both in terms of stress wave 

Fig. 3 Stress cloud visualizations at different moments of co-axial 

collision of finite and semi-infinite length rods 

(d) t=0.08ms 

(e) t=0.1ms 

(f) t=0.15ms 
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Fig. 4 Comparison of Numerical Solution and 
Theoretical Solution for axial stress at different locations 

in rod B 
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amplitude and change trend. The stresses at locations a, b and c in the rod are maximized at 
0.02ms, 0.04ms and 0.06ms respectively by the disturbance of a strong intermittent loading 
wave. After 0.08ms, the three positions are perturbed in turn by the strong intermittent 
unloading wave which returns them to their initial state. The stress where the strong 
intermittent unloading wave passes is zero and a stress pulse with a wavelength of 400mm is 
propagating in rod B. 

The Numerical Solution and the Theoretical Solution of the axial velocity at different moments 
in the rod B at three positions a, b and c are shown in Fig. 5, from which it can be seen that the 
velocity response and the stress response are corresponded to each other, which is in line with 
the theoretical basis of stress wave propagation. In addition, the velocity and stress curves with 
time show that the stress and velocity at a location reach a theoretical maximum 
instantaneously after a disturbance, but this situation does not exist in practice because the 
collision is always completed in a limited short period of time, and the simulation results show 
that it is more in line with the practical situation. 

 

 

The stress wave propagation of an axial collision between a finite length rod and a semi-infinite 
length rod has been analysed above by means of theoretical and numerical simulations. If rod 
B is a finite length rod, a strong intermittent loading wave will be reflected into a tensile wave 
upon reaching the free end of rod and the reflection wave interacts with the incident wave to 
pass through the rod. The simulations of the co-axial collision of two finite length rods are 
carried out below by means of LS-DYNA. 

Taking the two rods shown in Fig. 2 as the study subject, the rod B is assumed to be 600mm 
long and is finally solved using the finite element program LS-DYNA by the geometry, gridding 
and imposing boundary conditions. 

The same method is used to analyse the co-axial collision of a finite length rod with a semi-
infinite length rod to analyse the collision of two finite length rods. Three units have been taken 
at 200mm, 300mm and 400mm from the collision interface on rod B to observe the change in 
stress. The stress curve for each unit as a function of time is shown in Fig. 6. 
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As can be seen in Fig. 6, at the time t=0.04ms, location a is first subjected to a strong intermittent 
loading wave from the collision interface, which passes through locations b and c in the rod in 
sequence as time progresses. Meanwhile, at time t=0.04ms, the compression wave from the 
collision interface in rod A reaches the leftmost end, and the strong intermittent loading wave 
is reflected as a strong intermittent unloading wave due to its free end, and this unloading wave 
propagates along rod A towards the right end and reaches the collision interface at time 
t=0.08ms. Since the wave impedance of the two rods is the same, this strong intermittent 
unloading wave continues to propagate through the collision interface in rod B and reaches 
position a at time t = 0.12, when the stress in the left part of location a is zero. In the meantime, 
the strong intermittent loading wave originally propagating in rod B reaches the rightmost end 
of rod B and is reflected into an unloading wave, which propagates along rod B towards the left 
end and arrives at location c in rod B at the same time as the unloading wave from the left end 
of rod A at time t=0.16ms. Based on the principle of elastic wave interaction, it can be seen that 
the interaction of the two unloading waves with the original compression wave causes the 
location c to change abruptly from a compressed state to a strained state, which is shown in 
Figs. 3-6 where the curve c leaps from a negative maximum to a positive maximum at time 
t=0.16ms. The two unloading waves then continue to propagate in their original direction and 
are reflected at the free end, and thus repeat the process. 

Fig. 7 shows the change of axial velocity with time at different locations from the collision 
interface. For the clearer understanding of the particle velocities in the rod, we have taken out 
one unit each from a distance of 200mm, 300mm, 400mm and 500mm from the collision 
interface. As can be seen in Fig. 7, the particle velocities in the rod are much more complex at 
this point than the collision process between the finite and semi-infinite length rods, which is 
mainly caused by the reflection of the stress wave at the free end. Locations a, b, c and d in the 
rod are perturbed at different times in turn by loading waves from the collision interface and 
the velocity reaches a maximum. At the time t=0.12ms, the compression wave in rod B reaches 
the rightmost end, and the compression wave is reflected into a tensile wave due to its free end. 
As the particle velocity in rod B propagates in the same direction as the stress wave, the particle 
velocity doubles at this point. As shown in curve d in Figs. 3-7, the reflected tensile wave 
propagates along rod B towards the left end and reaches a location 500mm from the collision 
interface at the time t=0.14ms, when the particle velocity at this location doubles. The tensile 
wave continues to propagate towards the left end and meets the tensile wave reflected from 
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rod A at the time t=0.16ms, when the stress wave at both ends interacts to maintain its original 
velocity. 

 

 

4. Conclusion 

This paper simplifies the process of the gun needle as a co-axial collision of two rods, and 
analyses the process of the generation and propagation of stress waves by using theoretical and 
numerical simulations as a base model. A quantitative comparison of theoretical and numerical 
simulations has revealed that both of them possess are of consistency. The nature of the 
collision problem of rod-shaped components has been fully understood to facilitate subsequent 
analysis of complex gun needle assembly collision systems. 
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