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Pneumatic systems widely exist in the industrial productions, using high
pressure compressed air as power source. The air charging and discharging
prol'cesses of pneumatic cylinder through valves are recurrent to generate
éerodynamic noise, especially the venting exhaust to atmosphere directly. In order
to suppress this kind of impulse exhaust noise, the characteristics of such noise
and the suppression strategy are presented. The aerodynamic properties of impulse
exhaust are studied ‘firstly. ‘Based on ther analysis of aerodynamic parameters
during the exhaust process, the sound sources are discussed. Then the radiated
noise of exhaust w.ith a typicétl sintered bronze silencer is predicted both in
time-domain and frequency-domain. A noise suppression strategy of controlling
the opening process of valve is proposed. Finally the experiments based oﬁ a
modeled pneumatic exhaust system and a pneumatic friction clutch and brake
system of mechanical press are carried out to verify the validity of the pfesented
model and the suppression strategy.

In Chapter 1, the impulse exhaust noise will be introduced briefly, including
the definition,.characteristics and harm to thé environment. Then the research
\background of pneumatic exhaus‘c, the progress 6f classical exhaust noise control
and the purpose of this study will also be introduced.

In Chapter 2, analysis of aerodynamic properties of impulse exhaust will be
presented in details. The typical pneumatic exhaust systems Wiil be introduced

firstly. Then based on some basic assumptions, the mathematic model of

aerodynamic properties of pneumatic exhaust will be described. A




one-dimensional thermodynamic model is used to describe the transient exhaust
process. So the aerodynamic parameters during the exhaust can be obtained, such
as cylinder pressure, mass flow rate. In addition, the movement equation of piston
in the cylinder of typical pneumatic friction clutch and brake system will be
introduced to describe the whole systems. In practice, some classical porous
materials are used to reduce the impulse noise. The aerodynamic model of porous|.
material with rigid frame, such as sintered bronze used in muffler devices
normally, will also be obtained.

In Chapter 3, the sound sources of impulse exhaust noise will be introduced
according to the Lighthill's general theory, as the impulse exhaust noise is a kind
of aerodynamic noise. The impulse exhaust noise is mainly composed of monopole
sources related to the mass flow and quadrupole sources generated by the
turbulence. Based on a piston sound source assumption, the noise radiation
characteristics of the exhaust with sintered bronze muffler will be predicted. The
mass flow considered as a monopole source is related to the sound pressure of
impulse exhaust noise. And the sound pressure level (SPL) at a far-field
observation point is predicted by the piston acoustic source approximation.

In Chapter 4, the control sfrategies of imp.ulse exhaust noise will be
presented. There are three approaches to qontrol the noise from the sound source,
the propagation path and the receiver, respectively. Muffler devices are used to
reduce the aerodynamic jet noise classically. The features and disadvantages of
various mufflers in the industrial applications will be introduced firstly. Unlike
the steady noise or period noise, the evaluations of impulse noise are introduced.
Then a semi-active control strategy to change the gound source of impulse exhaust
by controlling the opening process of exhaust valve is presented. The principle and
specific control method will be introduced.

In Chapter 5, experimental study will be presented. The experiments were
based on a pneumatic friction clutch and brake (PFC/B) system of mechanical

press and also a simplified cylinder exhaust system. In order to test the presented




semi-active noise control strategy, a modified pneumatic valve was designed,
which can adjust the poppet valve by a servo motor. The experimental results will
be shown to verify the validity of the presented aerodynamic model and the
radiated noise predictions. The noise was analyzed to study the effect of presented
suppression strategy comparing to the direct exhaust.

In conclusion, the aerodynamic properties of impulse exhaust based on typiclal
pneumatic exhaust systems have been investigated. According to the aerod)'/namic
models,l the flow parameters during the impulse exhaust were obtained. The sound
sources of impulse exhaust noise were studied based on the Lighthill's general
theory of aerodynamic noise. The radiated ndise of exhaust with a typical sintered
bronze silencer is predicted both in time-domain and in frequency-domain. In
addition, a semi-active noise control strategy has been presented to suppress the

impulse exhaust noise especially to reduce the peak SPL.
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