The axis control requires an utilisation of control laws effective and defined in adequacy with the function desired. It is thus as for the positioning of loads it becomes important to define the regulators with method so to obtain the level of performance wished. For this type of operation it is necessary to consider the load variation and to implant the robust function. For this we propose to define several control strategies like RST regulation, feedback state space control or cascade scheme with series regulators and to compare the performances obtained for motions and loads of various values. We focuse an interest to obtain a behavior limiting the transitory overshoot. The studied device (fig. 1) can transport variable loads in the range from 0 to 50 kg at distances which can go until +/-30 cm. The control is ensured by a digital computer of type PC integrating an Input/Output chart and is programmed in C language. Measurements available are the position of the rectilinear load according to the axis and the speed of the motor. .

II. MODELISATION OF SYSTEM

If fine modelling for realistic simulation allowing a study of various efforts requires an investigation being able to become complex, the model based control is very simple to work out. We here will expose several types of models based control allowing to define laws with different approaches. Fig. 2 represents the studied system.

Fig. 2 System

The DC motor is controlled with current control loop and the performances are such as will be able to consider that the electromagnetic torque created is directly proportional to the current of reference. In reality this remains true as long as the supply voltage is sufficient to impose the desired current.
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By using an analogy mechanics-electricity the dynamic system can be represented according to Fig. 3. While bringing back the elements to the equivalent primary of the transformer the following differential is write:

© - Ω - = Ω . dt d .
( Thus it becomes possible to express the transfer function linking an evolution of the position of the plate to that of the current of reference imposed at the input of the reversible 4-quadrant chopper:
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We note that the mass influence only the total inertia Jt, and the other parameters remaining constant. In reality the coefficient of friction also depends on the embarked mass because the guide rails bend somewhat, thus modifying the friction of the unit. One will consider in this study this phenomenon secondary. This device can also be represented by a continuous state space equation by taking for state space variable the rotation speed and the position of the plate (5). The state space equation is
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In the case of numerical control it becomes interesting to calculate the correctors directly numerically by using the sampled function transfer or with the discrete state space equation. The first is generally obtained by discretization of equation ( 4), associate at one zero order hold in order to represent the calculator in the loop. The second is based on the same principle but the calculus is led by the matrix way with the exponential function of matrix.
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with 7H sampling period, here 2 ms.

According to matrix approach and from equation ( 5) we obtain:
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III. SYSTEM CARACTERISATION

With the involved parameters, the variation of the embarked mass results in a variation of the time-constant, the gain of the chain that can be regarded as constant. To leave experimental trials in closed loop, fig. (4a and4b) we note the presence stiction phenomenon requiring an injection of current for take-on. In others terms and contrary with the models presented above, we can have a current different of zero in the motor without causing displacement. It will have to be remembered that this effect is not modelled and not taken into account for the design of the control law. We propose to define a control law containing numerical regulator RST without contribution of zero, fig. 5 in order to position the load embarked as soon as possible and without overshoot. This generic structure requires only one sensor, that is to say the measure of position of the plate. This weak catch information is compensated by a regulator having a significant number of terms of adjustment, at least equal to the number of parameters necessary to represent the system into discrete form. In an implicit way speed is rebuilt to ensure the placement of the poles in closed loop. Contrary to the continuous case the structure of the regulator is not pre-set and one will use as many parameters as necessary to regulate all the dynamics of the system. To reject the disturbances we adds to the basic solution an integrator and thus the structure of adjustment becomes:
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The polynomial desired in closed loop is represented by the relation (9). To avoid additional overshoot we take a multiple pole placed at
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. To improve the robustness we keep all the coefficients different of zero and the design is carried out first with zero load and then in nominal load. Indeed there are 4 parameters of adjustment, which makes it possible to solve 4 equations. If we choose p3 and p4 null we induce internal compensations with the loop of adjustment weakening the robustness of the system, at the time of parametric variations.
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In closed loop we obtain:
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and the calculus of parameters requires a solution of Bezout identity :
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(11) that we can lead in a matrix way by solving the equation: It should be noted that integral action must be limited when the Iref variable is maximum. We obtain this anti-windup function by separating integral action in accordance with Fig. 6.
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Fig. 6 For a control load designed in load, Fig. 7, the experimental results show a correct behaviour in any case better than for a control load designed without load, fig. 8 and9. Thus the model to be retained for dimensioning corresponds to the maximum loading M=50 kg. The model in load presents a larger time-constant and thus a smaller profit for the associated regulator, which does not make it possible a priori to erase non-linearity of the real device. Indeed it is important that the control loop has an important profit to reject the disturbances. The control law is done by:
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It should be noted that integral action does not correspond in a strict way to a numerical integrator since with at the N instant it does not take into account that the errors cumulated until N instant. This form returns simple state space form and facilitates the calculation of the K1, K2, Kr gains pole-placement method. The calculation of the G gain as for him corresponds to compensate a pole in closed loop (zi).
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The multiple pole 3rd-order placed at 15 rd/s is interesting to limit the transitory overshoot for different step reference. On the fig. 12, 13 we show the behaviour for a design without load and various references of position. As for the previous case a the response presents a stabilization in two stages independently of the value of reference, but however without overshoot. The tests are carried out at the selected sampling period at Te=2ms. Globally, between the control by RST regulator and the state space control, the behaviour are similar, as well on the level of the pure dynamic performances as in the field of the robustness compared to the load variation.

VI CASCADE CONTROL SCHEME

If the velocity measurement exist it becomes easy to set up a loop interns overlapping in a loop regulating the position. This method has the merit to simplify the structure and calculations of the various regulators and to authorize a speed limit of reference, this constitutes the major advantages of this approach. However, if we want to carry out this step in sampled, there is necessary to remain attention on the representation of the samplers. If we considers Tv(z) a transfer function linking the rotation speed to the current of reference, we obtains:
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The calculation of the speed regulator Rv(z) that can choose in PI structure can be led in a simple way, by compensating for the pole of Tv(z) for the maximum loading for example. We thus define a nominal behaviour of the 1° order of band-width ω vit =15 rd/s, that is to say a sampled pole
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Thus to define the regulator of position it is advisable to consider the transfer function ( 17) with
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. This calculation take into account the zero order hold and samplers, it appears an additional term in the numerator of the transfer function. For the regulation of position we can then use a corrector of the form:
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calculated by triple pole placement located ω pos =15 rd/s. That is to say thus the polynomial to be imposed:
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The resolution reveals following equation leading to a matrix inversion.
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It should be noted that the internal loop having an integrator and the position loop of position can be set free of this constraint. In a formal way if the regulator has an integrator it would be appropriate an additional term for the numerator, for solve mathematically an equation. This structure of control, with integrator in the loop speed, permit the installation of anti-windup under good conditions. The tests presented of figure 17 and 18 were carried out in simulation with MATLAB/SIMULINK software. The results show a satisfactory behaviour for a designing in load. Without load we note a response in 2 stages like that was already observed for the preceding control laws. This puts forward the non-linear character at the low speed operation.

VII. CONCLUSION

In this work we defined 3 different control laws in order to control the position an undergoing actuator of the parametric variations. This work with teaching vocation reveals similar behaviours for the various approaches. We note the interest to design the control in load. Like this it is possible to obtain the most satisfactory behaviour, whatever the embarked load. The RST approach which use only the position measure could be retained if we research the low cost regulator. Globally we note a very strong link between simulation and experimentation, even if the models of simulation used remain linear.
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Fig. 1

 1 Fig. 1 Electromechanical actuator

Fig.. 3

 3 Fig.. 3 Equivalent circuitThe primary current is link of rotation speed (Ω) and the secondary current represents the load speed translation (v).

Ω

  : Speed rotation of motor (rd/s) Y : Speed of load translation (m/s) x : Position of load or translation (m) -P : Inertia of the rotating parts Kg.m 2 )P : Coef. of relative friction in rotation Nm.s / rd )W : Coef. of relative friction in translation N.s.m

  Fig. 4a Position Fig. 4b Reference Current

  Fig.5 Structure of control

Fig. 8 :

 8 Fig. 7: Designed with load

Fig. 9 :Fig. 10 :

 910 Fig. 9: Designed without load (ZOOM of Fig. 8) One leads to the same conclusions for little reference of displacements, Fig.10..

Fig. 13 -

 13 Fig. 12-Designed without load (large reference)

Fig. 14 -Fig. 15 -

 1415 Fig.14 -Designed in load (large reference )

  Figure 16 -Structure of control

  Fig. 17 -Designed in load ( Simulation )
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