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Abstract. In previous works we have described the modettfely controlled bellow-type air
spring for compensation system of the vibratiodason platform with gyroscopic stabilizer.
Air pressure inside the air spring is controlled the electro-magnetic valve, which is
controlled by a signal from the displacement sengbe experimental stand was designed and
used for verification of the model. The paper ime&i on description of the model and
experiments conducted for its verification.
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Introduction

The new concept of the compensation system (destiib[1]) drive for vibration-isolation
platform with gyroscopic stabilizer, introduced[R], consists of a pair of actively controlled
bellow-type air springs. The separate compensdtogque motor was substituted by this way
and system of the vibration-isolation platform wikiroscopic stabilizer was simplified. The
soundness of this concept was proven by numerialations with the mathematical model (see
[3])- New pneumatic drive model contains the maafeir spring and the model of the control
valve. Air spring model has been used on our depart for a long time and we can consider it
to be reliable. The model of the control valve iseav one and must be validated. Experimental
stand model, model of control valve and experimdatsits verification will be described
bellow in this paper. Results of simulations anderiments will be compared.

The experimental stand and its mathematical model

As was mentioned above the experimental stand waiged for purposes of verification
of mathematical model of compensation system diive simple one-mass model was chosen
— the mass is mounted on the end of arm, whichipparted by bellow-type air spring similar
type as is considered for vibration-isolation matf. The arm is connected by joint to the frame
(see Fig. 1. and 2.). Design of experimental staitld rotary mounted mass was chosen, instead
of linearly guided mass directly supported by thiespring, because its construction is simpler.
Air spring is connected to the control valve. THAG electro-pneumatic pressure regulator
VY1AOQO0 (electronically adjustable requested presswas chosen for this purpose. Actually it
is an electro-pneumatic 3-port solenoid valve, Wwhis controlled by integrated controller.
Position of the arm is measured by contactless laisécal sensor of displacement optoNCDT
1302. The position PID controller is fed by sigfraim displacement sensor and provides value,
which corresponds with requested presguifer the input of the pressure regulator.

Motion of mechanical part of the experimental stapstem is described by equation:

me- (/)(t) + bpasw(t) =-meg+ a( p(t) - pa) Se‘ ((p(t)) (1)
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Fig. 1. Experimental stand

Fig. 2. Scheme of experimental stand

wherem, bp.s, P @andg stand for the mass, damping of passive resistant@espheric pressure
outside the air spring and the gravitational agegilen; ¢(t) is the angular displacement of the
arm; p(t) stands for the pressure inside the air speranda are dimensions of the mechanism;
Sy is the effective area of the air spring dependenthe air spring length. Pressure inside the
spring is described by the equation derived froeitleal gas law by time differentiating when
isotherm process is considered:

p) -V (X)) + p(t) - Sy (X(1)) - X(t) = GRT )

whereV is for volume of air inside the air springt) stands for the length of the air spring;
R stands for gas constafitjs for thermodynamic temperature. For the bellgpetair spring is
considered the simple relation between the effeciea and the volume inside the spring:

®3)

The quantity marked on the right side of the equation (2) stands ff@r thass flow of air in
direction into or from the air spring and is driieyithe control valve.

Air mass flow through the valve from the sourcepoéssured air to the air spring can be
expressed (according to ISO6358 standard):

p(t)
G,, = Pn C(U.) p, N Boa 4)
t
pin'C(Uc).pa %prl\

— . . pa
P
-p(t)-C(U,)- 2 <b
p( ) ( c) pa p(t) < AR

where the first part of both expressions (4) ands{a&nds for subsonic flow and the second part
is for choked flowpy, is the pressure of the pressured air soypgis the atmospheric pressure;
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pa is air density at atmospheric pressy) is pressure of air inside the pneumatic spridigs
pneumatic conductivity of valve dependent on vaipening (must be measured for real valve
complying with 1ISO6358 standard)pps and byr are critical pressure ratios in appropriate
directions (must be measured for real valve — |E3§.3

Valve opening is actually dependent on the curpeassures and the electric current in the
controlling electromagnet. Another mathematic maxfedynamics of valve control component
would be required for the correct determinatiorvalive opening, but certain description is not
necessary for this model. For this reasons waseches simple dependency of pneumatic
conductivity on the control quantity, which is thetput of the integrated controller of pressure
regulator. This quantity was marked ky, and it is an abstract value. The pneumatic
conductivity dependency was derived from the mactufer documentation.

Only proportional regulation was chosen for thestfidraft. The PID controller was
considered for the next steps, but as will be shbalow the proportional term is sufficient for
good description of valve behavior. The controlita of pressure regulator controller can be
expressed:

Uc =k, -(P()-p,) (+kd -%(p(t)— p,)+k - [(p(r)- p,)drj (©6)

where the first member stands for proportional tarmd next two members (in brackets) are for
derivative and integral ternk;, ky andk; are coefficients of proportional, derivative antegral
term; p, is for requested pressure, which is determined®ly feedback from the sensor of
displacement of experimental stand arm. For firsaftdwere coefficients seky=k =0.
Requested pressupeis determined by position controller, can be egpeel:

P =P +k-(pt)-9,) @)

wherepy is initial pressure in the air spring necessaryéach the initial position (length of the
spring in the middle of working interval — horizahtarm position, zero angular displacement);
kis the coefficient of the proportional term; is the angle of requested position of the
experimental stand arm.

Finally it is necessary to remark that above désdriposition control of the load supported
by the air spring is not able of correct functi@ystem is not able to reach the requested arm
position. It is impossible to control the air sgrilength by proportionally controlled pressure.
The direct regulation of mass flow of air is neeegsfor these purposes. Described simple
position control was chosen only for the verifioatiof the pressure regulator model.

Simulations and experiments

Two experiments were designed for verification loé tmathematical model. Free motion
was simulated in the first experiment — system Veagled by additional load and quickly
relieved. By this experiment was verified the cotness of mechanical part of the
mathematical model (especially the parametersefthspring and mass properties of the arm
and the load) also the damping coefficient of pessesistances was derived from the time
response of the arm angular displacement. The maofdptessure regulator was verified by
second experiment. System was experimented andlateduwith step change of the arm
requested angular displacement. Series of theseriexgnts was considered for determination
of pressure regulator integrated controller cogfits &, kg k). By comparing the first
experimental data with model simulations it wased®ined that the proportional term of
pressure regulator controller is satisfactory food description of its behavior. Experiments
were preformed with two different loads and for es@b intensities of required arm
displacement step change.
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Fig. 3. First experiment — free motion, 20 kg loadrig. 4. Second experiment — step change of required
— signal from sensor of displacement of arm displacement, 10 kg load — signal from sensor of
displacement of arm

Conclusions

The correctness of mathematical model of the ctimecsystem control valve was proven
by above described experiments. No need of devivadind integral term of controller in the
pressure regulator model is very satisfying becaisés application in the more complicated
models. The examples of time response comparisomsviawed in Figs. 3-4 and a good
agreement is observed. Comparison of the experahelstta and simulations of the second
experiment enabled determination of the proportid@an coefficient of mathematical model
of the pressure regulator controller. Finally,ntedel is prepared for simulations in the model
of vibration-isolation platform with gyroscopic bifizer.
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