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B. Second-Crder Frocess and a PID Controller

In the processing industry, PID controllers play a crucial
role in keeping our plants munning — virtually everything from
simply filling up a storage tank to complex Mini-Factory. PID
control is the most commonly used strategy for programmable
confrollers in the industry. PID Controllers have been in use
for many years, due to their ease of use and ability to
effectively control a wide range of plants. In recent years there
has been substantial interest in auto-tuners for PID controllers.
Ag the name suggests, these (semi)-automatically determine
the gains for a PID controller. Much of thizs work haz been
based around the relay auto-funer, which uses a relay fo
determine the critical gain and critical period for a given
system. This can then be used in conjunction with tuning rules,
including extensions to the Ziegler Nichols rules to calculate
the gains for the PID controller. PID control is a widely used
confrol most of the industrial automation process because of
itz remarkable efficacy, simplicity of implementation and
broad applicability. The PID control algorithm is a three-term
linear control strategy that uses proportional control as its
major control term, integral action to largely remove steady
state error, and derivative control to add stability to a loop and
thus facilitating the use of higher proportional action.

sl

.
-

fs) ufs)
—»| BID

" +
—

Galsh

K

Fig. 2 Block diagram of two loop controller

O Infegrating Frocess
For controller design purpose, we used the following
simpl e integrating process:

G (z)= m e (1)

With proportional controller in the inner feedback loop,
the internal closed-loop transfer function (5} can be obtained

as
G f3) Eets
G == - 2
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By using a Taylor zeries expansion, the time delay term in
the denominator of equation (2) can be approximated by
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By substituting
G} =G (s)
Kte-l.s
(4)
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Here, G',(s) denotes the second-order plus time-delay
model obtained from the Taylor series expansion method.
Since the characteristic equation of G',(s)’ should have

negative poles to be stable, the following condition must be
satisfied from the Routh-Hurwitz stability criterion
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For optimum disturbance rejection, it was proposed as:
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The design method proposed can be directly used to design
controller
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From Fig. 2, efs)=rf3)-y{s), the process input ufs) can be
written as

wb)= (5t 5 JF Iy 6 K ©)
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Let 5= K:EKI and K, = K, +K; we can be obtained u(s) in

the following form:

uGIRyBxrEIy M [+ Je6) (1)

The net result of inner feedback loop is the equation (11)
which is the fwo-degree of fieedom PID controller,
where K_;., K, E;and set-point weighting are PID seftings as
shown in Fig. 3.

The effect of Kiz reflected in the PID controller design, we
can ignore the inner feedback loop and directly design PID
controllers for integrating or unstable time delay processes by
equation (9).
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Fig. 3 Implementation of PID control forintegrating and unstable Processes
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L. Research Example
The integrating process transfer function is as follows:
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