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Introduction 
 

Modeling results of non-linear electro-pneumatic 
acting system, consisting of proportional directional 
control valve and symmetric rodless pneumatic cylinder 
presented in the paper [1], demonstrate remarkable 
dependence force generation process of pneumatic cylinder 
on piston initial position and pressure values in cylinder 
working chambers. These features of pneumatic-
mechanical power conversion process do not manifest they 
self a lot in the case when control mode “from back to 
back” is used, but  has significant influence on control 
quality when proportional control principle by using 
proportional directional control valves and feedback 
technology is applied.  
 On purpose to minimise the influence of 
nonlinearities of pneumatic cylinder and directional control 
valve on behaviour of force electropneumatic proportional 
servo drive the model reference based adaptive control 
method of force regulation is proposed and investigated in 
this paper. The modelling results of proposed and 
investigated adaptive force control system of 
electropneumatic actuator are presented in the paper.   
 
Development of structure of adaptive force control 
system of electropneumatic actuator   
 
 As it is seen of electrically controlled pneumatic-
mechanical power conversion process force generation 
stage model presented in Fig. 1, all nonlinearities 
concerned with volume values of cylinder working 
chambers and initial pressures change, with nonlinearity of 
air flow  supplying trough directional control valve ways  
are concentrated in the force generation stage. On purpose 
to eliminate influence of these  nonlinearities on 
electropneumatic acting system state coordinates (force, 
velocity and position) control quality the force control 
process should be corrected in the corresponding way. It 
leads to the control strategy based on hierarchical control 
principle with adaptive force control subsystem application 
use. Because the nonlinear process parameters - volume 
and pressures of working chambers of pneumatic cylinder 

are rapidly changing, the reference model based signal 
adaptive control technology [2] for pneumatic cylinder 
developed force regulation is proposed. This needs 
cylinder force feedback loop application. 
 

 
 

Fig. 1. The structural model of force generation stage of the 
electropneumatic acting system   
 
 On the base of equation expressing cylinder force 
dependence on the pressures of working chambers -   
 

[ ] ,S)t(p)t(p)t(FC 21 −=                     (1) 
 

where p1,2 – pressures in the cylinder champers, Pa;  S-
piston area, m2,  the differential pressure  Δp feed back 
control is suggested to use. 

Proposed force of pneumatic cylinder control 
technology can be implemented by applying commonly 
known force feed-back control contour in supplement with 
additional reference model based signal adaptive contour, 
generating additional control signal to main controller on 
purpose to compensate an influence of control system 
parameters change on process control quality. The 
functional diagram of adaptive force control system of 
pneumatic cylinder is presented in Fig. 2. 
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Fig. 2. Functional diagram of reference model based signal 
adaptive force control system of pneumatic cylinder 

 
 There in the diagram the pneumatic cylinder is 
presented by nonlinear transfer function Hpc(p,V,P). The 
force controller Hf(p), proportional directional control 
valve  Hv(p) and feed back sensor Hfb(p) with pneumatic 
cylinder all together form the main force control contour. 
Supposing the parameters of pneumatic cylinder being 
constant (pneumatic cylinder is stopped) the force 
controller is to be adjusted under the quantitative optimum 
condition expressed by transfer function of open loop of 
force regulation contour in the form as follows [3]: 
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where Tμ  - freely chosen small time constant defining the 
desired rapidity of force regulation process.  
 Supposing the quality of adjusted in such way force 
control contour as desirable for the whole electropneumatic 
acting system, the transfer function of reference model for 
adaptive force control contour can be defined as  
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where time constant Tμ approximately equal to Tv =0,05s. 
 Transfer function of adaptive controller Hac (p) is to 
be defined on the whole force control process stability 
condition using conventional design methods.  

 
Design and investigation of main force controller of 
electropneumatic force control system   
 
 For practical investigation needs the electropneumatic 
force control system consisting of rodless pneumatic 
cylinder with 25 mm diameter piston and 300 mm stroke 
and proportional directional control valve MPYE-5-1/8 has 
been chosen. For transfer function Hpc(p,V,P) 
identification the dynamical force behavior of stopped 
pneumatic cylinder, provoked by directional control valve 
orifice area Av step mode change has been modeled. The 
modeling results of the case when cylinder piston is posed 
in the middle stroke position and initial pressures are equal 
to 1,5 bars are presented in Fig. 3a.    

 
a) 

 
b) 
 

Fig. 3. Pressure in cylinder chambers response curves (a) and 
differential pressure response curve (b) provoked by valve orifice   
area step mode change 

 
 The response curves indicate that stopped cylinder 
may be interpreted as the first degree delay circuit with 
typical   transfer function:   
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= , Av – orifice area of valve, m2; Tc – time 

constant defined from diagram  presented in Fig. 3b. 
 According to [4] the transfer function of proportional 
directional control valve also can be expressed in the form 
of the first degree delay circuit: 
     

Hv (p) = 
1+

=
Δ
Δ

pT
k

U
A

v

v

c

v                              (5) 

 
with time constant Tv approximately equal to 0,05s. 
 Supposing the Tμ being equal to Tv and ( ) pfb kpH = , 
on the base of (3) the transfer function of main force 
controller is defined as  
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 Initial pressure in working chambers and initial 
position of stopped piston of cylinder change influences on 
dynamical quality of closed-loop force control system. 
This influence has been investigated by modeling force 
regulation process under several initial conditions. The 
modeling results are presented in Fig. 4 and Fig. 5. 

 
Fig. 4. Influence of initial pressure in the working chambers of 
cylinder on the dynamical force of cylinder control quality 
 

 
Fig. 5. Influence of initial piston position on   the control of force 
developed by cylinder control quality 
  

The response curves in Fig. 4 are obtained by varying 
initial pressure in the cylinder working chambers, the 
piston of cylinder being sustained in the middle stroke 
position.  

The response curves presented if Fig. 5 demonstrate 
influence of piston position on force control quality the 
initial pressure in the working chambers being invariable 
and equal to 3 bars 
 These modeling results confirm substantial 
dependence of dynamical quality of pneumatic cylinder 
force control process on the initial conditions defined by 
initial pressure in working chambers and position of piston 
of the cylinder change. This influence is to be minimized 
by applying the additional reference model based signal 
adaptive control contour as it is shown in Fig. 2. 

Modeling results of reference model based signal 
adaptive force control system of pneumatic cylinder 
   
 The reference model based signal adaptive 
electropneumatic force control system model is presented 
in Fig. 6. 
 

 
 
Fig. 6. The structural model of adaptive force control system of 
pneumatic cylinder 
 
 There in this model the pneumatic-mechanical 
power conversion stage of force generation process is 
presented in the form of bulky block having internal 
structure coincident with structure presented in Fig. 1. 
Reference model with transfer function HR(p) defined by 
(3) applies dynamical reference signal corresponding to 
quantitative optimum condition to the input of adaptive 
controller Hac(p), correcting  dynamical behavior of the 
whole control system.   
  Using this model the behavior of adaptive force 
control system of pneumatic cylinder has been investigated 
in the static (piston of cylinder is fixed in certain position) 
and in the dynamic (piston of the cylinder moves under the 
action of the generated force) regimes. The model has been 
created using the means of MATLAB Simulink software.  
 The investigation in the static regime has been 
carried out when piston of the 0.3 m length cylinder was 
fixed in different stroke positions equal to 0.1 m, 0.15 m 
and 0.2 m, and initial absolute pressure of working 
chambers was equal to 2, 3 and 7 bars.  Response curves 
reflecting the dynamical behavior of adaptive force control 
system are presented in Fig. 7 and demonstrate good 
conjunction of force control process dynamical quality 
with dynamical quality defined by reference model in all 
the cases.  
 The dynamic regime investigations have been 
carried out the piston of pneumatic cylinder being released 
and moving under the action of the force developed by 
cylinder up to the end chock of the cylinder.  The initial 
conditions – the initial position of cylinder piston and 
initial pressures in working chambers were changed in the 
same way as in the static investigation case. The modeling 
results are presented in Fig. 8. Comparison of dynamical 
regime investigation response curves with those of static 
regime curves presented in Fig. 7 allows concluding about 
good functioning of adaptive force control system in 
dynamical regime as well. 
 High frequency intensively suppressed oscillations 
provoked by impact of the piston to the chock on the end 
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The place and the magnitude of these oscillations are 
directly depending on initial position of cylinder piston. 
The shorter run of cylinder piston, the faster is impact and 
the smaller is magnitude of generated shock oscillations.  

of cylinder are clearly seen in the dynamical regime 
response curves.  

  

 
Conclusions  

 
1. The control system of pneumatic rodless cylinder 

developed force with model reference based signal 
adaptive controller has been presented and discussed in 
this article.    

2. Investigations of dynamical behaviour of 
adaptive force regulation system has been carried out in 
static      (cylinder piston being fixed) and in dynamic 
regimes (cylinder piston being released) with help of 
MATLAB Simulink software means.   

3. Modeling results show excellent efficiency of 
signal adaptive control contour application to pneumatic 
cylinder force controller. Reference model based adaptive 
pneumatic cylinder force control system  becomes 
invariant to initial conditions defined by  initial piston 
position and initial pressure in working chambers of 
pneumatic cylinder.  

Fig. 7. Response curves of reference model and of adaptive force 
control system in static regime under several initial conditions 
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