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Abstract. Comprehensive characteristics of a pneumatic underwater launching system were analyzed and 
the simulation was carried out by simulink. The components of the pneumatic underwater launching system 
were introduced, and the theoretical calculation formula for the system was derived. A rated pressure of 
3.5MPa and 5MPa was offered in the numerical work. Analyses in different piston height show good 
behaviors: Proper increase of piston-initial accumulator pressure is beneficial to reduce hydrodynamic noise, 
choose the appropriate pressure of accumulator. The hydrodynamic noise of the system can be significantly 
reduced by optimizing the structure of the double-acting cylinder, increasing the height of the piston and 
improving the structure of the piston. 

1 Introduction 
Pneumatic underwater launching system is a special 
power conversion device which uses compressed air as 
power source and seawater as working medium to realize 
non-rigid energy transmission. The system has many 
unfavourable factors, such as large structure volume and 
excessive hydrodynamic force produced during 
launching process. Therefore, it is necessary to optimize 
the design of the system to improve its overall 
performance. 

A complete mathematical model of launching system 
is established, and the Simulink simulation toll is used to 
realize the whole system. In the process of simulation, 
the dynamic effects of different factors on the launching 
process can be observed conveniently and quickly. It 
provides a certain theoretical basis and an effective 
analytical tool for the optimization design of the system. 

The composition and working principle of pneumatic 
launching system are shown in Fig 1. The system 
consists of high pressure accumulator, water chamber, 
canister launcher, double acting cylinder and control 
valve. When launching a weapon, the high-pressure air 
in the high pressure accumulator through the launching 
control valve to push the piston of double acting cylinder, 
which compresses the seawater through the water tank 
into the canister launcher, and the direction of pressure is 
as shown in the chart. 

Mathematic model of pneumatic underwater 
launching system was established, and then simulation 
work was carried out. The results were pretty suggestive 

on optimal design and improvement of the pneumatic 
underwater launching system.  

 
Fig 1  Cross-section of the dynamic flow balance valve 

2 Mathematic models 
The following assumptions were made to simplify the 
mathematic model. 

1. According to the thermodynamic model and 
continuity equation of air, Transient pressure of cylinder 
gas 
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 sp  was pressure of accumulator. 

 k  was adiabatic exponent. 
 ρ  was gas density of accumulator. 

 sT  was gas temperature of accumulator. 
2. Assuming that the pressure is uniform in each 

control body and the pressure flow equation in the 
double acting cylinder, water chamber and canister 
launcher can be obtained by using the fluid elasticity 
theory and continuity equation. 
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 wp  was pressure of cylinder. 

 px  was piston displacement of cylinder. 
 ρ  was gas density of accumulator. 
 E  was the volume elastic modulus of water. 
 wV  was the valid volume of cylinder. 

3. Pressure change of canister launcher 
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4. The flow of water from the water chamber into the 
canister launcher 
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 C  was flow characteristic coefficient. 
 S  was the area of annular hole. 
5. Pressure change of water chamber 
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6. The forces on the weapon are: gravity G, buoyancy 
F, head on resistance Fx, tube wall friction Fg, seawater 
thrust and external seawater static pressure. In the course 
of weapon movement, the volume left behind is 
replenished by seawater of the canister launcher. The 
motion equation of weapon is 
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3 Analysis 

Simulink was adopted for the mathematic character-
istics simulation (as seen in Fig 2). The simulation is 
designed by modularization and consists of five sub-
modules to simulate each component of the pneumatic 
underwater launching system. The basic module is 
implemented, so that the dynamic characteristics of the 
system can be observed and compared conveniently 
from each by the scope, thus improving the efficiency of 
system analysis. 

The main parameters of the pneumatic underwater 
launching system are shown in Table 1. 

 
Fig 2 Diagrammatic of simulink simulation 

Table 1  Simulation parameter setting list 

Variables Value 
Vs 4L 
L 1.225m 
ps 5×106 Pa  
D 20mm 
V0 10L 

3.1. Influences by different height of piston-
initial accumulator pressure at 5MPa 

A various height difference of piston from 0.25m to 
0.75m was given as the original input, Fig 3~Fig 10 were 
different performances when simulation conditions 
changed. 

In the process of system optimization, the structural 
constraints and the different effects of the stability and 
stiffness of the double acting cylinder on the piston are 
taken into account, 0.25m, 0.5m and 0.75m are 
recommended to be set among 0.25m~0.75m. 

 
Fig 3 Change of inferior vena pressure in different time 

 
Fig 4 Change of inferior vena force in different time 
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Fig 5 Change of inferior vena momentum in different time 

It can be seen from Fig 3 to Fig 5 that with the 
increase of piston height, the change trend of the inferior 
vena force on the bottom of the piston is the same, and 
the time required is gradually increasing. This is for the 
piston when the height is small, the fixed part of the 
mass is small, and the acceleration is large, under the 
same travel conditions the shorter the motion time. The 
momentum is determined by the inferior vena force and 
the acting time. The total size depends on the curve of 
the inferior vena force changing with time and the size of 
the envelope area of the transverse axis. From the curve 
of the inferior vena force with time, it can be seen that 
the product of the three sets of height is not different, 
and the momentum ratio of the three sets of height is 
close. During the whole course of motion, the three 
groups of high piston were subjected to the action of 
high gas at the bottom force not more than 4.6kN, and 
the pressure of lower cavity was not more than 0.14MPa. 

 
Fig 6 Change of piston acceleration in different time 

 
Fig 7 Change of piston speed in different time 

 
Fig 8 Change of piston stroke in different time 

From Fig 6 to Fig 8, it can be found that with the 
increase of the height of the piston, the acceleration of 
the piston motion becomes smaller and smaller, and the 
time required for the same stroke is getting longer and 
the speed is getting smaller and smaller. This is because 
the smaller the height of the piston, the greater the mass 
of the water in the chamber before the outlet, and the 
more the mass is reduced after the exit, so the 
acceleration is greater. During the whole course of 
motion, the final velocity of the three sets of height 
piston is about 10m/s to 20m/s, and the maximum 
acceleration corresponding to the 0.5m piston is about 
30g, the maximum acceleration corresponding to the 
0.75m piston is about 20g, and the acceleration 
corresponding to the 0.25m piston is slightly larger. 

 
Fig 9 Change of hydrodynamic force in different time 

 
Fig 10 Change of hydrodynamic force in different piston 

stroke 
As seen in Fig 9 and Fig 10, with the increase of the 

height of the piston, the hydrodynamic force as a whole 
shows a decreasing trend, and the bottom force does not 
change much and there is no obvious law of change. 
This is because the greater the height of the piston, the 
smaller the velocity, and the positive correlation between 
the hydrodynamic force and the square of the velocity, 
so the hydrodynamic force as a whole is decreasing 
gradually. As seen, curve at 0.75m has good 
performance in hydrodynamic force. 
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3.2. Influences by different height of piston-
initial accumulator pressure at 3.5MPa 

The initial pressure of the accumulator changed from 
5MPa to 3.5MPa, and the opening rule of the control 
valve was changed to keep the other conditions 
unchanged. Using the same method, the simulation 
results are shown in from Fig 11 to Fig 18. 

 
Fig 11 Change of inferior vena pressure in different time 

 
Fig 12 Change of inferior vena force in different time 

 
Fig 13 Change of inferior vena momentum in different time 

It can be seen from Fig 11 to Fig 13 that with the 
increase of piston height, the change trend of the inferior 
vena force on the bottom of the piston is the same, and 
the time required is gradually increasing. This is for the 
piston when the height is small, the fixed part of the 
mass is small, and the acceleration is large, under the 
same travel conditions the shorter the motion time. The 
momentum is determined by the inferior vena force and 
the acting time. The total size depends on the curve of 
the inferior vena force changing with time and the size of 
the envelope area of the transverse axis. From the curve 
of the inferior vena force with time, it can be seen that 
the product of the three sets of height is not different, 
and the momentum ratio of the three sets of height is 
close. During the whole course of motion, the three 
groups of high piston were subjected to the action of 
high gas at the bottom force not more than 5kN, and the 
inferior vena monentum was not more than 0.82 KN m⋅ . 

 
Fig 14 Change of piston acceleration in different time 

 
Fig 15 Change of piston speed in different time 

 
Fig 16 Change of piston stroke in different time 

From Fig 14 to Fig 16, it can be found that with the 
increase of the height of the piston, the acceleration of 
the piston motion becomes smaller and smaller, and the 
time required for the same stroke is getting longer and 
the speed is getting smaller and smaller. This is because 
the smaller the height of the piston, the greater the mass 
of the water in the chamber before the outlet, and the 
more the mass is reduced after the exit, so the 
acceleration is greater. During the whole course of 
motion, the final velocity of the three sets of height 
piston is about 22m/s, 16m/s and 13m/s. The maximum 
acceleration corresponding to the 0.25m piston is about 
80g, the maximum acceleration corresponding to the 
0.55m piston is about 40g, the maximum acceleration 
corresponding to the 0.75m piston is about 20g, and the 
acceleration corresponding to the 0.25m piston is slightly 
larger. 
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Fig 17 Change of hydrodynamic force in different time 

 
Fig 18 Change of hydrodynamic force in different piston 

stroke 
As seen in Fig 17 and Fig 18, with the increase of the 

height of the piston, the hydrodynamic force as a whole 
shows a decreasing trend, and the bottom force does not 
change much and there is no obvious law of change. 
This is because the greater the height of the piston, the 
smaller the velocity, and the positive correlation between 
the hydrodynamic force and the square of the velocity, 
so the hydrodynamic force as a whole is decreasing 
gradually. As seen, curve at 0.75m has good 
performance in hydrodynamic force. 

From the curves above, it can be seen that when the 
initial accumulator pressure was changed, the initial 
accumulator pressure has little effect on inferior vena 
pressure, inferior vena force and inferior vena 
momentum. 

Under two kinds of piston-initial accumulator 
pressure conditions, the variation trend of different 
piston height is consistent. The product of the three sets 
of height is not different, and the momentum ratio of the 
three sets of height is close. The effect of different 
pressure on piston motion is mainly determined by the 
pressure boundary of the canister launcher. But when the 
piston-initial accumulator pressure is reduced, the 
hydrodynamic force will increase. When the piston 
height is 0.75m, the maximum hydrodynamic power will 
increase from 2100KN to 2300KN. Therefore, proper 
increase of piston-initial accumulator pressure is 
beneficial to reduce hydrodynamic noise. 

4 Conclusions 
Generally some understandings are obtained for 
designing of the pneumatic underwater launching system. 
 It is recommended to enlarge the height of the 

piston. 

 The initial accumulator pressure has little effect 
on inferior vena pressure, inferior vena force and inferior 
vena momentum. 
 Proper increase of piston-initial accumulator 

pressure is beneficial to reduce hydrodynamic noise. 
Choose the appropriate pressure of accumulation. 

Some simulation work was carried out and the 
conclusions above were well verified. 
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