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Introduction

The plants with the asymmetric dynamics are often
met in mechatronic systems. The characteristic feature of
these plantsis that the dynamics of the rise and decay of the
plant output parameter Y,(t) is different. However, typicaly
the theory of automatic control deals with the plants that are
characterized by the symmetric dynamics [1] and there are
very few contributions devoted to this specific topic. Some
material dedicated to control of plants with the asymmetric
dynamics can be found in [2-5].

The parameters of transfer function of the plant with
the asymmetric dynamics change when the sign of the Yj(t)
time derivative dY,(t)/dt changes. Therefore, the classical
controllers with the constant parameters do not allow us to
achieve good transient performance of the control of the
mechatronic system in such a case. The employment of the
controllers with the switched parameters improves the
transient performance of the control system. For example,
the Proportional - Integral - Derivative (PID) controller
with the switched parameters presented in [4] alows us to
achieve good transient performance of the control system
with the plants that are characterized by the asymmetric
dynamics. However, in practice there are situations when
on the one hand, the duration of the response transient is
nonessential and on the other hand, the simple easly
adjustable to the plant dynamics and electromagnetic
disturbance (EMD) compatible controller is needed. In such
acase, the Integral (1) controller can be used. It providesthe
zero steady-state error, it can be robust [6] and is not
sensitive to the influence of the EMD [7].

In this work we present the modification of the |
controller developed for plants with the asymmetric
dynamics. The developed controller enables achieving
reasonable transient performance of the control system with
the analyzed plant and it is characterized by good EMD
compatibility and has only two parameters for adjusting the
controller to the dynamics of the plant.

Problem For mulation

Let us assume that the plant in the analyzed control
system is characterized by the asymmetric dynamics and

15

can be presented by the following first-order transfer
function with dead time:
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7, dY,(t)/dt >0,
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|2, dy,(t)/dt <0,

where sisthe Laplace variable.

It is seen from (1) that the value of the plant transfer
function parameter b changes when the sign of the
derivative dY,(t)/dt changes, i.e. the plant has different
dynamics during the rise and decay of Yj(t).

It is necessary to stress that the simulation of the plant
with the asymmetric dynamics using a standard transfer
function blocks of the generally accepted program Simulink
is complicated. The problem is that it is impossible to
switch the value of the parameter b in (1) during the process
of simulation. It may appear that such a plant could be
realized by employment of the network that contains two
transfer function blocks with different b values and a
switch, which depending on the dY,(t)/dt sign commutes the
outputs of blocks. However, this way of problem solution is
not correct. The reason is that in the genera case the values
of outputs of transfer function blocks are not the same at the
switching moment and this causes the jump of Yy(t) [4],
which in fact does not exist. Because of this, the generally
used electronic circuit simulation program Spice was
applied to the investigation. This program has all the
elements that are necessary for simulation of the control
system dynamics.

Using RC networks with the variable R value in the
program Spice alows us to develop the models of plants
with the asymmetric dynamics that guarantee the smooth
transient of the plant response, which corresponds to the
actua transient of plants[4].

By applying the program Spice, the closed control
system (Fig.1) with the plant Gy(s) and a classica |
controller was investigated. The Yy value in Fig.1l is a
desired (reference) value of the plant parameter, e(t)=Yy -
Y,(t) is the error (controller input), U(t) is the controller
output, Up(t) is the plant input, N(t) is noise produced by
EMD and D(t) is the load disturbance. It is of interest to
analyze the positive and negative set point step response.
For this purpose the unit set point step response (Yq =1)
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followed by the Yy drop (Y4 =0.5) of the control system was
simulated in the case when D(t), N(t) =0. The obtained
results for different values of the controller parameter
(integral constant (K;)) are presented in Fig.2. The
dependences are calculated for the cases when K; is
adjusted to dynamics of the plant transfer function
associated withb =2 and b = 7. It is seen (Fig.2) that the |
controller provides a good positive and negative set point
step response if the controller parameter K; is in agreement
with the plant dynamics. For example, the | controller
adjusted to dynamics of the plant transfer function
associated with b = 2 gives short settling time (ts) and low
overshoot (Mg) of the negative set point step response of the
control system (Fig. 2, dashed line). However,
unacceptably high Ms in such a case characterizes the
positive set point step response. On the other hand, the |
controller adjusted to dynamics of the plant transfer
function associated with b = 7 guarantees low Mg of the
positive set point step response but gives unacceptably long
ts of the negative set point step response (Fig. 2, solid line).

D(®)
U, & Upl®)

N(t) J@

Fig. 1. Block diagram of the control system
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Fig. 2. The unit set point step response followed by the Y, drop of
the control system with the plant G,(s) based on the | controller
adjusted to dynamics of the plant associated with b = 2 (dashed
line) and b =7 (solid line)

The investigation results presented above show that
in case of control of the plant with the asymmetric
dynamics G4(s), the classical | controller cannot provide
short ts and low Ms of the positive and negative set point
step response at the same time.

Asymmetricintegral controller

Knowing that the value of the controller parameter K;
that provides short ts and low Mg of the positive and
negative set point step response is different (Fig.2), it is
logical to commute it. The problem is how to estimate the
moments when K; should be switched. The sign of dY,(t)/dt
could be one of possible criteria. However, in case of
plants with the dead time the response of Y,(t) and
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consequently the response of dYy(t)/dt are delayed.
Because of this, the value of K; would also be switched
with the delay, and the behavior of the control system
during the delay period would be determined by the
previous value of K;, which is determined by the previous
situation. This can cause increased uncertainty of the
control system operation.

The variation of Yy changes the value of e(t) without
delay. During the positive set point step response, e(t) is
predominantly positive and during the negative set point
step response — negative. Consequently, the sign of e(t)
could be considered as an indicator for estimation of the
control system state and K; should be switched at instants
when the sign of e(t) changes. By employing this idea, the
| control algorithm, which uses different values of K; at
positive and negative e(t), can be presented as follows:

K (z) =K, e(t)>0,

e(t)<0,

ip?

t
U(t)=[K;() e(z) dr, @)
b

K (r) =K,
where Kjp, and K, are the values of K; that act at positive
and negative e(t), respectively, tq is the point in time at
which the algorithm starts to operate. The K; changes its
discrete value at instants in time when e(t) changes the sign.
Therefore, it is time-dependent in agorithm (2), i.e. in fact,
it isnot constant.

The impact of the | controller based on algorithm (2)
on the plant is different at positive and negative e(t) in the
genera case, i.e. it is asymmetric. Because of this, the
controller with this property can be called the asymmetric |
(a) controller.

The unit set point step response followed by the Yy
drop (Y4 =0.5) of the control system (Fig.1) with the plant
Ga(s), based on the al controller, is presented in Fig. 3. The
results are obtained on condition that D(t), N(t) =0. It is
seen that the employment of the al controller in comparison
with the | controller allows us to achieve short tsand low
Ms of the positive and negative set point step response at
the same time (compare dependences presented in Figs. 3
and 2). Thisis possible because during the positive set point
step response the dY,(t)/dt is predominantly positive and the
behavior of the control system is determined by the
controller parameter K, that is adjusted to dynamics of the
plant associated with dYy(t)/dt > 0. On the other hand,
during the negative set point step response the dY,(t)/dt is
mainly negative and the transient of the control systemis
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Fig. 3. The unit set point step response followed by the Y, drop of
the control system with the plant G,(s) based on the al controller



determined by the parameter K, that is tuned to dynamics
of the plant associated with dY,(t)/dt < 0.

It is of interest to investigate the load disturbance
response of the control system. For this purpose the unit set
point step response followed by the positive (D(t) = 1) and
negative (D(t)= -1) unit load disturbances of the control
system (Fig. 1) with the plant Gy(s) based on | and al
controllers with parameters given in Figs. 2 and 3 was
investigated on condition that N(t) =0. The results of
investigation are presented in Fig. 4. They show that the
control system based on the al controller operates stably
under the influence of the analyzed load disturbances. In
case shown in Fig.4c it operates more stably than using the
| controller. The employment of the al controller instead of
the | controller does not worsen the load disturbance
rejection of the analyzed control system, moreover in the
situation presented in Fig.4b it allows improving this
characteristic.
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Fig. 4. Unit set point step response followed by the positive (g,
b) and negative (c) unit load disturbances of the control system
with the plant G,(s) based on | (dashed line) and al (solid line)
controllers. The | controller isadjusted to dynamics of the
plant associated with b=2(a ¢c) ardb=7(b)

The actual controllers used in industry often operatein
the environment of high electromagnetic disturbances
(EMD). The EMD compatibility of the controller depends
not only on the design but aso on the control algorithm
used. One of the advantages of the | control agorithms is
that controllers based on the pure integral control method
provide higher EMD compatibility as compared to the
controllersthat include Proportional and Derivative terms.

The unit set point step response followed by the Yy
drop of the control system (Fig.1) with the plant G,(s) was
simulated for the case when the sinus noise N(t) with the
amplitude of 0.05 and frequency of 50 Hz produced by the
EMD sums up with the feedback signal of the analyzed
control system (Fig.1). The investigation was performed for
the case when the al and asymmetric PID (aPID) [4]
controllers are used on condition that D(t) =0. The results
are presented in Fig. 5. It is seen that the noise practically
does not affect the transient of the control system based on
the al controller (Fig 5a). However, the control system
based on the aPID controller operates not stably in such a
case (Fig 5b). On the other hand, the results presented in
Fig. 5 reveal the drawback of the proposed a controller —
long settling time of Y,(t) as compared to the case when the
aPID controller is used and controllers are not affected by
the EMD (Figs. 5aand 5b, solid lines). Because of this, the
al controller should be employed for control of the plants
with the asymmetric dynamics in case when the duration of
the response transient is nonessential but the easily
adjustable and EMD compatible controller is needed.

P i Y ‘

1,00 |
K,=0.06
= 075 K =0.138
'\"{c Yd(t) \ in
>
. 050 /
> 0,25
a
0,00
0 20 40 60 80 100
t [sec]
1,25
S La
1,00 _l,\ “ - ','_,a [}
S V)
S 0,75 —
> e
= K =25, K =0.32, \ S 4
~— 0,504 PP_ ) ip ’
N K,=1.2; V. \
0.25+4{K,=1.5,K;=0.38, | \
K. =1.9 \
0,00 ¢ ; b
0 10 20 30 40 50
t [sec]

Fig. 5. The unit set point step response followed by the Yy drop of
the control system with the plant Gy(s) based on the al (&) and
aPID (b) controllers affected by the sinus noise (dashed line) and
not effected by noise (solid ling) (the amplitude of noise 0.05,
frequency 50 Hz; the parameters of the aPID controller with the
index p act at positive values of g(t) and with the index n — at
negative values)
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