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Pressure Oscillation Analysis in the Recoil Mechanism
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Abstract. A periodic oscillation in the working chamber pressure was observed
in the pressure test data of the recoil mechanism, with an amplitude accounting
for 6% of the maximum pressure. This pressure fluctuation affects the calculation
of the hydraulic resistance of the recoil mechanism. In previous studies, pressure
oscillations were generally considered to be noise introduced by sensors, and ear-
lier calculation methods failed to capture the pressure oscillations in the working
chamber. Since the outer tube of the recoil mechanism is a thin-walled, long-
cylinder component, this study takes its radial expansion stiffness into account
and establishes an equivalent spring-mass model, using a non-oscillatory pres-
sure curve as the model input. The comparison between the calculation results
and experimental data shows that the calculated curves under different operating
conditions closely match the experimental curves. Moreover, the oscillation fre-
quency of the calculated results is very close to that of the experimental results,
indirectly proving that the pressure oscillations in the working chamber of the
recoil mechanism are caused by the radial expansion of the outer tube.
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1 Introduction

The recoil mechanism is an essential component of the artillery's firing system. It gen-
erates hydraulic resistance through the principle of throttling via small orifices, signif-
icantly reducing the impact loads during the firing process!'l. Therefore, the calculation
of the hydraulic resistance in the recoil mechanism is a key aspect of its structural de-
sign. The current hydraulic resistance calculation formula is based on the assumption
of one-dimensional steady-state incompressibility, which results in significant calcula-
tion errors. Zheng Jianguo established a two-dimensional turbulent flow calculation
model and obtained hydraulic resistance curves through numerical simulations, thereby
improving the accuracy of hydraulic resistance calculations!). Some scholars used dy-
namic mesh calculations in CFD software to accurately simulate the distribution of the
internal flow field. This allowed for the acquisition of pressure data for each chamber
of the recoil mechanism, making the flow field characteristics of the recoil mechanism
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clearer® 4. Miao Wei et al. used a hydraulic node model and considered the compress-
ibility and phase change of the recoil fluid. The calculated pressures for each chamber
were found to be very close to the experimental results®!,

On the other hand, some scholars!®” have used multi-objective optimization methods
to optimize the structure of the throttling bar, reducing the peak hydraulic resistance
and improving the buffering performance of the recoil mechanism. Other scholarst®’!
have used intelligent algorithms to identify hydraulic resistance coefficients, thereby
enhancing the accuracy of hydraulic calculations.

In current research on recoil mechanisms, scholars have focused on studying the
internal flow field characteristics or resistance coefficients, which have contributed to
making hydraulic resistance calculations closer to the actual values. However, no schol-
ars have considered the impact of the thin-walled structure of the recoil mechanism on
the pressure in each chamber. This study establishes a spring-mass dynamic model for
the outer tube of the recoil mechanism and investigates the effect of the radial expansion
stiffness of the outer tube on the pressure in the working chamber of the recoil mecha-
nism.

2 Pressure Oscillation in the Working Chamber of the
Recoil Mechanism

2.1  Experimental Process

This study takes a certain vehicle-mounted cannon firing test as an example. Pressure
sensors were installed at the bottom of the recoil mechanism's outer tube, as shown in
Figure 1, to measure the time-dependent pressure data of the working chamber during
the recoil process. To minimize experimental variability, multiple firing angles and dif-
ferent charge numbers were tested. The experiment obtained multiple sets of valid
working chamber pressure data for the recoil mechanism.

(1: piston rod; 2: outer tube; 3: counter-recoil throttling piston; 4: pressure sensor for
P;; 5: valve; 6: throttling bar; I:working chamber; II:non-working chamber 2;).

Fig. 1. The diagram of sensor installation locations



Pressure Oscillation Analysis in the Recoil Mechanism 951

The pressure data from the working chamber under three different operating condi-
tions are selected, as shown in Figure 2. In all three sets of experimental data, periodic
oscillations are present throughout the pressure curves. Around 16ms, due to the closure
of the crescent groove, the flow passage area decreases sharply, forcing a sudden
change in flow, resulting in a significant pressure shock in the working chamber B,
This shock causes the pressure oscillation pattern in the working chamber to be unclear
before 40ms. After 40ms, the pressure shock effect gradually dissipates, and the overall
pressure stabilizes, making the pressure oscillation pattern in the working chamber
more distinct.
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Fig. 2. P1 under different working conditions.

In these three sets of experimental data, the pressure oscillation pattern after 40ms is
clear, and there is no interference from pressure shocks. Therefore, the pressure data
from this segment is taken as the subject of study. The oscillation periods of pressure
in the three sets of data are essentially consistent.

2.2 Analysis of the Oscillation Causes

The working chamber of the recoil mechanism is composed of the outer tube and the
recoil piston rod. The recoil rod moves with the artillery breech, and the hydraulic re-
sistance is transmitted through the recoil rod to the recoil body, thereby cushioning the
impact load during firing 1'%, In the design criteria of the recoil mechanism, the wall
thickness of the outer tube only needs to ensure safety under the working chamber pres-
sure. To reduce the overall mass, the outer tube wall is relatively thin, and the outer
tube is generally long. In such a thin-walled, long cylindrical structure, the radial elastic
stiffness of the tube wall cannot be ignored !, In this case, the outer tube of the recoil
mechanism exhibits radial expansion stiffness, and under the action of the working
chamber pressure, it forms a spring-mass model, resulting in periodic oscillations in the
working chamber pressure.



952 K. Sunand Y. Xu
3 Establishment of the Calculation Model

3.1 Spring-Mass Model of the Recoil Mechanism Outer Tube

In the spring-mass model of the recoil mechanism's outer tube, it is assumed that the
fluid in the working chamber is incompressible and only transmits pressure without
participating in the oscillation. Thus, the outer tube of the recoil mechanism acts both
as a mass (the oscillator) and a spring.

The spring stiffness in the hydraulic cylinder is a series combination of the radial
expansion stiffness of the cylinder's outer tube, the elongation stiffness of the piston
rod, and the compressibility of the fluid [12]. The structure of the recoil mechanism is
similar to that of a hydraulic cylinder. However, since the recoil rod has a large diameter
and a high elongation stiffness, and the compressibility of the fluid is neglected, the
effects of the recoil rod's elongation stiffness and fluid compressibility are disregarded
in this study. Therefore, the spring stiffness in the spring-mass model is taken as the
radial expansion stiffness Kc of the recoil mechanism's outer tube.

ECSL’ (1)

d’+D?
m‘i‘\}c)

Kcz

2L,(

The material of the outer tube is 35Cr. The elastic modulus of the outer tube material,
E. , is 210 GPa; the working chamber area, S. , is 0.0158 m?; the outer diameter of the
outer tube, d, is 0.187 m; the inner diameter of the outer tube, D,, is 0.168 m; the
Poisson's ratio of the outer tube material, v, is 0.3. The effective length of the outer
tube, L., is considered constant during the recoil process, as there is no pressure acting
on the non-working chamber fluid and the outer tube is fixed at both ends. Since the
connection parts at both ends are relatively thick and their length is neglected, L. is
taken as 1.75 m, which is the length of the entire outer tube.

In the oscillation model constituted by the radial expansion stiffness of the recoil
mechanism's outer tube, since the outer tube is fixed at both ends and free in the middle,
and considering that the wall thickness of the outer tube is uniform along its effective
length, the outer tube's expansion motion can be equivalently modeled as having half
of the outer tube's mass participating in free vibration. Therefore, the mass of the oscil-
lator, m, is taken as half of the mass of the thin-walled outer tube of the recoil mecha-
nism.

m=—pla(d? - D?)

2
3.2 Input Load

The most obvious oscillation interval of the working chamber pressure P; from three
sets of recoil mechanism test data is selected as the subject of the study, as shown in
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Figure 3. The non-oscillatory curve within this interval is taken as the load input for the
spring-mass model. To obtain the non-oscillatory pressure curve P>, a ninth-order pol-
ynomial is used to fit P;, approximating and replacing P,. Thus, the input force F; for
the spring-mass model is:

Fi1=P2S. 3)
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(a) working condition 1; (b) working condition 2; (c) working condition 3.

Fig. 3. Comparison of P; and P> under different working conditions:

At time zero in the three sets of data, there is a difference between P, and P;. That
is, in the actual recoil mechanism's outer tube, at this moment, the outer tube has already
been compressed or stretched. In the spring-mass model, this means that the spring has
an initial preload F at the initial moment. The size of the preload Fis given by:

F2= Pi(to)Sc @
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4 Establishment of the Dynamic Model and Result
Analysis

In the dynamic software, the spring-mass model is established where the oscillator is
connected to the ground through a moving joint. A spring force is applied between the
oscillator and the ground. The mass of the oscillator is set as m, and the spring stiffness
is K. , with a preload F>. The magnitude of the force acting on the oscillator is set as
F;, as shown in Figure 4.

Fi K

F>

Fig. 4. Spring-mass model schematic.

The spring force in the simulation model is extracted and divided by the working
chamber area to obtain the simulated working chamber pressure P3. The comparison
between the simulation results and the experimental results is shown in Figure 5.
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Fig. 5. Comparison of P; and P; under different working conditions:
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Table 1. Comparison Between Experimental and Simulation Data.

Simulated
.. Experimental m.m a.e Experimental Simulated
Condition o . oscillation
oscillation period . number of peaks  number of peaks
period

1 3.828ms 3.825 ms 31 31

2 3.839ms 3.825 ms 29 29

3 3.839 ms 3.825 ms 29 29

As seen in the figure 5, the three sets of results show consistency. Taking the first
set of results as an example, in the initial section of the curve, the oscillation amplitude
of the experimental curve is larger than that of the simulation curve, and the
experimental curve is not smooth. This is because the pressure shock effect caused by
the closure of the crescent groove has not fully dissipated at this point. In the middle
section of the curve, there is a deviation in amplitude between the fitted curve and the
experimental curve, resulting in a larger offset between the simulation curve and the
experimental curve in this region. As seen in the table 1, the oscillation frequency of
the simulation closely matches the actual frequency, so throughout the entire curve, the
number of peaks in the simulation curve matches the number of peaks in the
experimental curve.

5 Conclusion

From the comparison between the calculation results and experimental data, it can be
concluded that the spring-mass model of the recoil mechanism's outer tube established
in this study matches the experimental data well. This indirectly suggests that the
periodic oscillation of the working chamber pressure is caused by the expansion
stiffness of the thin-walled structure of the recoil mechanism.

The oscillation amplitude of the working chamber pressure is 6% of the maximum
pressure, which can lead to significant errors in the calculation of hydraulic resistance.
Therefore, when designing the outer tube of the recoil mechanism, not only must the
strength requirements be checked, but the stiffness should also be verified. This ensures
that the working chamber pressure remains relatively stable.
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