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Introduction

An experience obtained on the area of design of
electromechanical position control systems declares an
efficiency of the multiloop hierarchical control mode
application for this purpose. The following control method
requires a separate controller for each state variable such as
a force, a velocity and a position regulation. The good
controllability of the state variables of the system and a
possibility to adjust independently the used controllers is
the essential advantage of the method [1].

When developing an electropneumatic position control
system with pneumatic cylinder, playing the role of
actuator of the system, the highly expressed nonlinearity of
force generation process is to be considered. As it is shown
in [2] the dynamical behaviour of pneumatic cylinder
highly depends of initial position of piston and of starting
pressures in working chambers of the cylinder.

The presented force control method of a pneumatic
cylinder with adaptive force controller [3] gives an
excellent efficiency and ensures an invariance of force
behaviour on initial control conditions defined by initial
piston position and initial pressure in working chambers of
pneumatic cylinder.

On the base of adaptive force control system the
electropneumatic  position control system enabling
velocity and position of a cylinder piston rod controlling
can be developed. The strategy of design of velocity and
position controllers of electropneumatic positioning system
is presented in this paper.

Development of position control system of pneumatic
cylinder with an adaptive force controller

The structure of multiloop electropneumatic position
control system with an adaptive force controller is
presented in Fig. 1. The force, velocity and position
controllers are denoted as Hs, Hr and Hp accordingly. The
force, velocity and position transfer coefficients are
designated as kp, ks and kp. The Hy and kg are transfer

function and transfer coefficient of the reference model of
an adaptive force controller. Hy is the transfer function of
the electropneumatic directional control valve.

The force controller corresponds to the quantitative
optimum condition [1] and has the transfer function:

Ip+l

HF(p) = U
2kvkc kFT:rp
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where 7', — time constant defining average inertness of
force generating process of pneumatic cylinder [3], 7, -
time constant of the proportional directional control valve;

k=22

2
, A — orifice area of the valve, m , k, - transfer
-
coefficient of the valve.

Supposing the quality of adjusted in such way force
control contour as desirable, the transfer function of
reference model for adaptive force controller has been
defined as:

1
Hy(p)= ; @
(p) 2T p* +2T,.p+1

where T, — the time constant of force control contour,
approximately equal to 7, = 0.05s.

Results of investigation of the electropneumatic force
control system with adaptive force controller are presented
in the paper [3]. Modelling of force controller with
adaptive force controller has been carried out with means
of software Matlab Simulink. Dynamic behavior of force
control loop is presented Fig. 2. There the dynamical
response curves of the force developed by a pneumatic
cylinder provoked by step mode reference signal are
presented. Each curve is obtained for different initial
conditions.

These initial conditions are expressed as different
starting positions of the piston and different initials
pressures in working chambers of the cylinders.
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Fig. 1. The structural model of an electropneumatic position control system

As it is shown in Fig. 2, the response curves obtained
under the several initial conditions are coincident and
closely correspond to the response curve of the reference
model.
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Fig. 2. Dynamical behavior of the force control process on
different initial conditions

Limitations on the length of the cylinder clearly
manifest they self by oscillations provoked by impacts of
the piston to the end cup of the cylinder.

Design of velocity controller of an electropneumatic
position control system

Development of higher hierarchy level controllers of
pneumatic servo system such as velocity controller of
pneumatic cylinder can be carried out using well known
hierarchical system design methods based on quantitative
optimum condition fulfilling. Supposing the adaptive force
control system being well functioning, the transfer function
of the whole force control contour can be taken equal to
the transfer function of the reference model Hr-(p) = Hg(p)
[3]. After approximation of this function to the function of

the first order, the transfer function of the force regulation
system can be expressed as:

1
Hpo(p)= ——- ©)
e (7) 2T p+1

Functional diagram of velocity control system of an
electropneumatic servo system with adaptive force
controller is presented in Fig 3.
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Fig. 3. Functional diagram of a the velocity control system with
an adaptive force controller

According quantitative optimum condition [1] the
transfer  function of a wvelocity controller of
electropneumatic drive can be drawn out from the
condition:

1 1 4
H(p)H kg
s(P) Hpe(P) 522 ks 2, P(Tysp +1)

where m — mass of the moving part, kg; S— surface area of
the piston, m’; T,, - time constant, s.

Supposing the T, being equal to 27, = 0./s and
Help) = kr__; a simple proportional velocity controller

2Tp+1
is designed :

_ m . %)
Hs(p)_ztk,(rks-S-Tu

Modelling results of velocity control system of
pneumatic cylinder with adaptive force controller are
presented in Fig. 4. The velocity reaction curves



demonstrate an invariance of velocity transient regime on
changing control conditions.

After the piston of the cylinder has reached end
position it suddenly stops. Stop time depends on starting
position of the piston of the cylinder.
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Fig.4. Velocity response curves of cylinder being in several
initial start positions and with different initial pressures in the
working chambers. Vertical lines indicate stop of the piston in the
end position

Development of  position controller of the
electropneumatic position control system

Position controller of the system has been designed by
following the same the quantitative optimum condition:

I i . (6)
H H B L
p(P)H(P) ok, Ty

Supposing the T7,, being equal to 47, and
Hy(p)= _Vks | position controllers will be:
4T, p+1
St @)
He(p) 87; -k
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diagram of multiloop electropneumatic

Fig. 5. Functional
position control system with adaptive force controller

Investigation of electropneumatic position control
systemn with adaptive force controller has been carried out
won the base of rodless pneumatic cylinder with piston
diameter of 25 mm and stroke of 300 mm and proportional
directional control valve MPYE-5-1/8.

Dynamical behaviour of  the multiloop
electropneumatic position control has been investigated on
following initial conditions:

1. The piston of the 0.3 m length cylinder was in different
starting positions equal to 0 m, 0.1 m, 0.15 m and 0.2
m, and initial absolute pressure of working chambers
was equal to 7 bars. Modelling results are presented in
Fig. 6,7, 9.

2. The piston of the 0.3 m length cylinder was in middle
position and initial absolute pressures of working
chambers was equal to /, 3, 5 and 7 bars. Modelling
results are presented in Fig. 6, 7, 8.

. / \ : 02987"0‘24 YT ) | -7 sl

| t . . . 027 —
0'15‘ o e i T e e lf—ﬁ_tibit

Al vy | I : 1 | | i

N [ I | ! | | i

0111 L T i B
M | Nl | [ | | : | i
| | i T ' | I i | !
005 - P T g g e e | 1
X ! ! i ! ' {
| ' I i | ) :
O[ | | 4 ' e |
| | | ' | | l

I | | i ! !
0.05!————L_ P I SO SOy EU S SUN
1 1.5 2 25 3 35 4 45 5

t[sec]

Fig. 6. Response curves of the piston force the piston being in
several starting positions and with different initial pressures in
working chambers of the cylinder
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Fig. 7. Response curves of the piston velocity the piston being in
several starting piston positions and with different initial
pressures in working chambers of the cylinder

The dynamical regime force and velocity curves of
electropneumatic position control system with adaptive
force regulator confirm an efficiency of proposed method,
ensuring an independence of dynamical quality on either
the starting position of the piston or initial pressure in
working chambers of the cylinder change. This allows do
not take in account of these circumstances when position
controller is designed.

Investigation results given in Fig. 6, 7 and 8 confirm
correctness of this assumption. The response curves of
force, velocity and position of electropneumatic position
control system provoked by the step mode position



reference signal are identical for several starting conditions

of the system.
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the piston of the cylinder having the 0.35 m stroke and
being in several initial positions equal to 0, 0.1, 0.15 and
0.2 m.
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pressure in cylinder chambers was 1, 3, 5 and 7 bar

system.

3. Modelling results confirm an efficiency of presented
control method. The method is especially suitable
because an essential nonlinearities of electropneumatic

e e e e e control system manifest they self in the force
LN ‘: 3 | D[] | generation stage of the system
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Fig. 9. Response curves of the piston position when piston is in
different starting conditions
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indicates uniformity of reaction of electropneumatic
position control system performing preset displacement,
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