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Bonjour. In today's module we will cover two points. First, the a priori
order, which serves to impose an operating point, and secondly, anti-
runaway measures which make it possible to saturate the value of the
integrating term. We will see how to calculate this order a priori and
also how to find it experimentally. Likewise, for anti-runaway measures,
we will see the integration and saturation problems when using a PI
regulator, then we will do some experiments to highlight these different
points.
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An a priori command makes it possible to impose an operating point, for
example, in the linear region of our system. This a priori order is
calculated as follows: it must match the voltage that is applied to my
system to have a desired output which corresponds to the voltage that
would be generated by my regulator for a given setpoint value. So my
command is applied here, the u bar command and I have the relationship
between u bar and y bar which is given by this equation. My a priori
open loop command is a command that is equivalent to the command to
have y omega equal to yc in closed loop. This a priori order does not
take into account possible disturbances.
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In this first experiment, you will calculate the order a priori with the
values ​​you found in the previous module to have an output voltage y
omega equal to 2.5 volts. Next, you will compare the calculated a priori
value with the a priori order found experimentally. To do this, you will
increase the U0 value of your system until the output value of your
system y omega is equal to 2.5. To do this, you will put yourself in a
closed loop, but you will impose the value of the regulator Kp equal to
0, that is to say that the Kp will be inactive. Likewise, Ti and Td will be
disabled.
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In this experience, you will visualize the effect of the command a priori.
To do this, you will use the PI regulator that you calculated in the
previous module. You will then apply in a closed loop a 1 volt amplitude
square signal with an offset of 1.5 volts, a frequency of 0.1 hertz. You
will deactivate the integral term and you will observe the droop. Then
you will apply the command a priori that you calculated previously for
an output voltage of 2.5 volts, then you will observe the droop. It should
be absent for a voltage of 2.5 volts, but present for a voltage of 0.5 volts.
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The command which is applied to the motor, it is the sum of the
different components of this order, and there is for example a part which
is due to the proportional term, a part which is due to the derivative
term, a part which is due to the integrator term and possibly an a priori
command U0. The regulator is implemented in the form of a computer
program and we will be interested in the calculation of ui. The
calculation of ui at the given time k, it is equal to the value of ui at the
previous moment plus the gain Kp which multiplies 1 on the time
constant which multiplies the error at time k plus the error at the
previous time k minus 1 divided by 2, all times the sample period. If I
now look graphically at a u command for a PI regulator, I will have the
following graph. If here, I have my set value, here I have the current
measurement of the system, the difference between the two is my
mistake and I will try to calculate the u for my PI regulator at a given
time. I'm going to have a first part initially the previous value of the
regulator is 0 and I only have this part which gives me, for example, this
part in red.

Notes

Summary

2m
 5

3s

Module 3 6 of 12

5

https://mediaspace.epfl.ch/media/0_b8f47alw?st=173


At the next moment, if the error is constant, I will have the same
component for the proportional term and for the integrating term, this
time I will have the previous value which is found here, plus something
that was added for the current time. And so on proportional integrator.
And what do we see here? It's that my system will grow, grow, grow,
and here, the voltage U, which is the sum of these two values, will go on
increasing, increasing, increasing, until I get out of my slide. This
internal value is theoretical, can increase infinitely, but we saw that in
practice, the system was saturated. Typically, in our example, we had an
order which was, for example, saturated at 5 volts. So far there is no
problem, the system will go up to the saturation value and stay like that.
In any case, it will not be able to exceed the saturation value. The
problem arises if there is, for example, a change of setpoint. The
instruction will change sign. We will always have here y and here yc. So
the error will become the opposite of the previous value. If we now look
at the component which is due to the proportional term, it will be
reversed as the error was reversed.
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On the other hand, the component which is due to the integrating term,
it will be worth that which is in the previous time, which will be worth
approximately this value, minus a little bit, this means that we will have
a component here which remains very, very large, larger than the
saturation value. It has decreased a little, but it is still very large. The
sum of these two values ​​is the voltage that is applied to the motor. We
see from this graph that we will have to wait a certain time so that the
integrator term becomes empty and is lower than the saturation value.
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In this experiment, you will highlight the problems of an integrating
term which is not saturated. So you are going to use the regulator that
you calculated previously, and you will apply a square wave amplitude
of 3.8 volts with a frequency of 0.1 hertz. With such values, you will
saturate the command. To see the effects of an integrating term that is
not saturated, you will observe the system response when you have a
change in the instruction. If necessary, you will change the scale Ys in
your user interface using the pop-up menu. Thus, you will be able to see
the great amplitude what can the term integrator take?

Notes

Summary

6m
 5

0s

Control Design - Feed forward and ARW 9 of 12

8

https://mediaspace.epfl.ch/media/0_b8f47alw?st=410


The command that is applied to the motor is the sum of the different
components for the proportional term, the derivative term, the integrator
term and possibly an a priori order. We see that the term which poses a
problem to us, it is the integrating term because it accumulates the error.
And a very simple test to limit this value, that is to say that if my order u
is larger than my saturation control, for example, here, the one we found
in our system was 5 volts, then the value ui of k, instead of being the
value that the algorithm calculates, it is equal to the value found at the
previous moment. And thus, there is saturation of the integrative term. If
we look at this, as long as this measure is not applied, we have here in
time, if I return to the drawing previously, here, my u order, we could
see that my u order was increasing, and here, once my u exceeds my
saturation u, my order is stuck at the saturation value and internally, my
term ui of k cannot take an infinite value, but is limited. There are other
ways to saturate the term ui, another way that we sometimes find in
literature, this means that the value ui of k, it is equal to the saturated u-
value, so your saturation value, minus the sum of all other components
up plus ud. The one that is implemented in the systems you access, it's
this value here.
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In this experiment, you will repeat the same experience than previously,
but this time you will activate anti-runaway or ARW measures to
achieve this wind-up. This time you will observe the response time of
the system when there is a change of setpoint. Once you have this
experience, you will reduce the amplitude of the signal that you apply to
your system until the command no longer saturates and once you are
sure that the command no longer saturates, you will deactivate the anti-
runaway measures and you will again observe the system response time.
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In today's module we saw how to calculate an a priori command to
impose an operating point. We compared this result to an a priori order
which was found experimentally, similarly, we have seen the potentially
harmful effects of an integrating term if it is not saturated. To limit these
effects, we have offered you anti-runaway measures which saturate the
value of the integrating term. It should be noted that in practice it is
always wise to add anti-runaway measures as soon as you add an
integrator term to your regulator.
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