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Abstract. The paper shows a possibility of the tuning meadarsystem by means of two
pneumatic springs in a differential configuratiamoected with a throttle valve. The springs
are inserted into the lead mechanism and connéctési parts, and to its supporting platform.
The vibrations, transferred from the kinematic &ton of the base, are intended to be
minimized. The vibration isolation by means of pmatic springs is available in many
technical systems, e.g. in supports of heavy machias well as in systems characterized by
the human interaction, such as driver seats, ambelleouchettes, etc. The pneumatic springs
provide the option of adaption of the stiffnessd drerewith the adaption of the natural
frequency of the system according to the excitregdiency.

In cases of application of the object vibrationlason, they can change the load
characteristics in a relative large range. In thedied case of the differential spring
configuration, the springs are connected with arpgie to the throttle valve. The air being
exchanged during the motion period comes throughwlve, the cross-section of which
determines the time delay of the pneumatic subesyshus creating a hysteresis of load
characteristic of the spring support. This bringsadditional, controllable damping to such a
system that is profitable in most vibration isaaticases.

Introduction

There are many technical problems that are condedtd a necessity of the minimization of
the vibrations. Some of them are present duringrtime of the machines when intensive
dynamic forces are transmitted into their foundaion these cases, the elastic supports are
used for an effective dynamic isolation. Here, ltsic principle is grounded on the sufficient
difference between the force excitation frequenng sesonant frequency of the dynamic
system. For processing machines, the excitatiajquémecy is usually constant and relates to
the operation speed. The vibration isolation sysgempporting these objects is created by
springs with unchangeable load characteristics.

On the other hand side, especially in the autoreoiiMustry, there are many types of
equipment which have an excitation through the mmuarg of the foundation. The typical
instance of this set is a driver seat. With vilmatisolation of these objects, there are further
problems that come from variable excitation frequyerit is clear that the condition of the
sufficient difference between the force excitatioequency and resonant frequency of the
dynamic systems cannot be ensured at all timethelge cases, it is necessary to use special
supports with the possibility of the stiffness chiaug, and to tune the natural frequency of the
system appropriately.



Principle of the Resilient Pneumatic Support

The resilient support is created by a lead mechanis which two pneumatic springs are
inserted, see (Fig. 1). Here they have their ratiosansmission. One of the springs has a
positive ratio and the other one a negative onés teans that the first of the pneumatic
springs brings the support upwards and the secaeddownwards. The force effect of the
second spring on the support has a similar effédtsoloading. This configuration gives
possibility to adapt the stiffness as requiredhmy ¢hanging of the air pressure in the second
spring. This change can be executed in the stitidsbr during the movement of the supported
object.
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Fig. 1. Principled scheme of the differential pnetimsupport with throttle valve.

State Equation of the Pneumatic Mechanical System

The parameters given are the geometrical charatibsriof the both pneumatic springs. They
are polynomial functions of effective surfac&(zp) and Sy(zpp) and volumesVy(zp1)

and Vl(zpl) :
Having these characteristics, the spring forcesiangly
F1(zp1 Pp1) = S1(Zp1) [Pp1: F2(Zp2, Pp2) = S2(2p2) [ Pp2- (1)

Equation of motion of the mechanism platform wigdluced massn (including the part of
the mechanism, seat and the passenger) is simple

d2 d?
m—z(z(t) +u(t))+ b—2(z(t) —u(t))=-mg+F, (2
dt dt

where z(t) is the absolute displacement of the platfour(t) is the displacement of the base

under the kinematic excitatiol,is the construction damping of the mechanism, whaat be
observed experimentallymng the static load of the mechanism. The functibnis the

equivalent force from the springs
F =ip1(2) [F(Zp1, Pp1) +ip2(2) [F2(Zp2. Pp2), 3)

determined by means of transmission functigpgz) andipo(2)

: _zp(2) . _7p2(2)
n@="T= i) = @

Air pressures inside the springs obey the statateauof ideal gas
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where my; and myo are masses of the air enclosed inside the sprireysd T is specific gas

constant and temperature respectively.
The air exchange between the springs is descrilyetsdntropic air flow through the
throttle valve. In the next two equations, the rateir exchange depends on pressupgs

and pg ; the pressurpa signs the higher pressure pfy1, pp2at given time, pg is the other

one. Which of the two pressures is higher detersihe sign of the flow rate. The rate of air
mass is then
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for subcritical flow conditions, whereg / pa = ,8* or
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where « is specific heat ratio for the air. In the equasidkq. 6) and (Eq. 7) aredischarge
coefficient andA, cross-section of the throttle valve.

Differential equation (Eq. 6) supplemented by d#fgial equation for air mass inside the
springs fully describe the presented pneumatic-mm@ical system. We have considered
closed pneumatic system, so the air masses arel liguecondition

Ma1 + Mg = M. 9)

Simulation and M easurement Results

The presented system has been solved in the timaiddor a range of throttle valve setup.
The aim is to show the effect of the throttle diéeneldv to the frequency response function
(FRF) of the mechanism. The FRF is here definethbgns of Fourier transformation (FT) as

SN ()
FT(u()

In Fig. 2, there are depicted modules of transtercfion of mechanism having throttle
valve setup ranging from 1 mm to 2 mm in throttezzle diameterdv. This figure shows
how resonant peak frequency can be changed bigraitling. The most interesting is the case
of 1.4 mm of valve nozzle, which seems to be thedition between two previously discussed
extremes; the fully close valve and the valve wathvery large cross-section. This case

(10)



exhibits both resonant peaks, the 0.6 Hz and theH¥, but with very limited magnitude.
These results suggest that no additional damper beayeeded in some vibration isolation
problems. Similar results can be obtained by memsent of the real designed system

(Fig. 3).
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Fig. 2. Simulation results of the transfer functafrthe system versus diameter of throttle
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Fig. 3. Measurement results of the transfer fumctibthe system versus diameter of throttle

Conclusion

valve dv.

This solution presents a pneumatic spring systeth widifferential configuration and the
throttling of the air flow between the springs. Tégrings act one against the other. This
system can be used with benefits to the vibratsmhation of the objects of the systems with
kinematic excitation, e.g. driver seats, ambulaocechettes, etc. Based on the frequency
spectrum of excitation, it is possible to choose ¢ptimum cross-section of the throttling
element and achieve efficient damping of vibrationa relatively broad range of low
excitation frequencies. Similar results can be sgemeasurement of the real system.
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