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First Things First!

Miss prints & corrections

p 57: In item (b) in Sec. (3.7.2) 1< ¢ >0.06
should read 1> ¢ > 0.06

p 67: 3" block diagram, top right of Table 4.1
misses a division line.

p 83: the sentence above Eq (4.66) should read
“The closed-loop time-constant for equation (4.64)

P 4

IS

p 84: 2" term in the numerator of Eq (4.71) needs
to be divided by Kj.



PID Control - Revision

e Proportional control
— Most important part of the PID control.

e Integral control

— Reduces steady-state errors.
— Introduces sluggishness: response lag & overshoot.

e Derivative control

— Introduces anticipatory action — reduces
sluggishness (i.e. improve responsiveness) and
reduces as overshoot.



PID Control

Midnight Callout to the Plant

Late-night boredom and curiosity led the plant
operator to tamper with the PID controller causing
an alarm and eventual plant shutdown due to the
risk of plant operation becoming unsafe.

You, the control engineer, are called out well
after midnight since production loss necessitates
immediate action.

To minimise plant downtime there is no time to
perform the standard painstaking setup procedure.
So, how would you swiftly restore production?




PID Control

* Midnight Callout to the Plant (cont'd)

— Your options are:

= Some experimental tuning procedure.

= Some simple tuning method such as one of the
Ziegler-Nichols method.



Ziegler-Nichols Tuning Methods

Process Reaction Method (PRM)

Open-loop step response of most systems has an
S-shape called the process reaction curve.

Process reaction curve can be approximated by a
time delay D (transportation lag) and a 1st-order
system of maximum tangential slope R.

PRM assumes optimal response of the closed-loop
system to occur for a ratio of success peaks of 4:1
which translates to a closed-loop damping ratio of
¢ =0.21 using Burns’' Eq. (3.71).

PRM not suitable for O/L systems with overshoot.



Ziegler-Nichols Tuning Methods
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Fig. 4.29 Process reaction curve.



Ziegler-Nichols Tuning Methods

U(s) = K1(1+_|_iS +T, SjE(S)

Table 4.2 Ziegler-Nichols PID parameters using the
Process Reaction Method

Controller type K T; T4
P 1/RD
Pl 0.9/RD D/0 .3

PID 1.2/RD 2D 0.5D




Ziegler-Nichols Tuning Methods

Continuous Cycling Method (CCM)

Closed-loop response method using P-control.

Adjust K, (proportional gain) until system O/P
becomes marginally stable (oscillate w/o damping).

This value of K, is called the u/timate gain K.

The period of the oscillation at the ultimate gain is
called the ultimate period T .



Ziegler-Nichols Tuning Methods

U(s) = K1(1+_|__iS +T, SjE(S)

Table 4.3 Ziegler-Nichols PID parameters using the
Continuous Cycling Method

Controller type K, T, Ty

P K, /2

Pl K, /2.2 7,/1.2

PID K. /1.7 1./2 1./8



PID Control

e PID tuning methods abound!

— Classical approaches to PID controller tuning [1-3].
— Intelligent PID controller tuning [4].

— Computational intelligence-based PID controller
tuning:
= Immune algorithm [5, 6].
= Genetic algorithm [7].



PID Control
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PID Control

Literature Survey (cont'd)
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PD Control

e For sluggish plants — use PD control

Proportional plus Derivative control action 1s expressed as

de

u(t) = Kpe(t) + K3 T (4.93)
Taking Laplace transforms
K3
U(s) =K {1 +—|E(s
(5) 1 ( + K1> (5)
= Ky (1 + Tys)E(s) (4.94)

The inclusion of a derivative term in the controller generally gives improved damping
and stability. This is discussed in more detail in Chapters 5 and 6.



Tutorial Exercises & Homework

Tutorial Exercises

For the PD controller repeat the complete steady-
state analysis performed for P, PI and PID control in
Lecture 8.

Homework

Example 4.6.1 (Burns, p. 92)
Example 4.6.3 (Burns, p. 100)
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» Case Study, Burns Sec. 4.6




‘Thank you!

Yy Question




