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Abstract: This paper continues recent research of the authors, considering the control synthesis in the presence of a parametric uncertainty, with application to electrohydraulic servos actuating primary flight controls. The uncertain parameter is adjusted during the control process, using in synthesis the methods of Control Lyapunov Functions and backstepping. The obtained control law, containing a dynamic updating of uncertain parameter, renders the closed loop system stable and guarantees asymptotic tracking of position references. Numerical simulations are reported from viewpoint of servo time constant performance. 

Key Words: nonlinear control synthesis, backstepping, uncertain parameters, Control Lyapunov Function, Barbalat’s Lemma, electrohydraulic servo.
1. INTRODUCTION
The present paper continues the theme of recent researches of the authors [1-4], by detailing procedure of adaptive backstepping control synthesis for the Electrohydraulic Servos (EHSs). This procedure of adaptive backstepping is introduced avant la lettre by Sind and Krenner [5], where a characterization of the class of nonlinear systems to which the new adaptive scheme is applicable is achieved. In our paper, an alternative scheme to that described in Ohtar et al. [2] is proposed for an electrohydraulic servo with unknown or uncertain parameters. So, instead of Kanellakopoulos’s adaptive scheme, herein a dynamic update for uncertain parameter is performed during the controlled proces – in other words, on line – in the framework of a recurrent control law based on the Control Lyapunov Functions (CLFs) and backstepping synthesis. The estimation error is proved to be asymptotically stable. The obtained control law renders the closed loop stable and ensures the regulation of the desired output. 
2. BACKSTEPPING ADAPTIVE CONTROL SYNTHESIS

FOR AN ELECTROHYDRAULIC SERVO

In a previous work [4], by using standard backstepping technique, position and force control laws were synthesised for a five-dimensional mathematical model of EHS (see modelling aspects in [6], [7]). 

…………………………………………………………………………………………
The following result [4] describes the structure of the backstepping position control law:

Proposition. Consider the system (3). Let 
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when applied to system (3), guarantees asymptotic stability for the position tracking error 
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3. A NEW ADAPTIVE CONTROLLER DESIGN

To demonstrate that the developed approach in the paper is adaptive to both parametric uncertainty and unmodeled dynamics (including time delay), we illustrate a step by step controller design using a simplified model. The observer for the tracking error dynamics may be designed of minimal dimension 
[image: image19.wmf]1

-

r

, but herein a full order observer of dimension  
[image: image20.wmf]1

2

-

r

is preferred

	
[image: image21.wmf](

)

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

=

=

-

+

=

h

h

ˆ

ˆ

:

E

ˆ

,

,

:

ˆ

ˆ

ˆ

ˆ

ˆ

e

e

:

E

I

c

C

,

E

C

z

,

z

z

K

E

A

E

0

0

&


	 (20)



[image: image22.wmf]K
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Table 1 – Robustness of the performance to parameter variations
	parameter – system of units
	nominal value
	maximal admissible value
	maximal variation (%)
	minimal admissible value
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	0.033
	0.038
	15
	0.001
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Summarizing until this point, we have to run on computer the system with the input 
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and giving the output 
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Fig. 3 – Robustness of the system versus 
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 maximal variation. Actual servo performance: (s ( 0.042 s
Let finally note the most meaningful feature of the proposed fuzzy logic controller: because is in fact a free model strategy, this methodology ensures a reduced design complexity and provides antisaturating and antichattering properties of the controlling system [13], thus favourising its robustness.
4. NUMERICAL SIMULATION AND CONCLUSION

Numerical simulations have been performed to investigate the performance of the proposed adaptive controller. For the sake of rigor, canonical coordinates transformation [1] on system (10) was done and the zero dynamics were proved to be asymptotically stable, but with correction 
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The simulation studies validate the theoretical results. Furthermore, a close correspondence between these new findings and recent results [2-4]  has been found. But, in the final, we note a neglected feature in the literature of the field: the fitted key parameters of bakstepping, 
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, do not ensure a large parameter robustness of the performance, see Table 1. The „admissible values” in the Table refer to that parameters limits which do not compromise the actual servo time constant and, in fact, the stable response of the system to the specified step input; see Fig. 3 for the case of maximal admissible value of 
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 . The sensitivity to some system parameters – 
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 – is to be underlined. Thus, future works need to pay attention to these robustness aspects of the backstepping controllers. 
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