Lecture 20

- How to tune a PID based on empirical methods? -



Review

PID (proportional—integral—derivative controller)
Basic properties

Pl implementation

PD implementation

PID implementation



Today
PID controller (3rd order )

Empirical tuning methods



Problem

Consider a system with the following system:
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Design a PID controller such that:
« Qvershoot percentage of 20%

s =1 second



PID controller

Compute closed-loop transfer function
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Third order characteristic equation

A = s(s* +25) + (kgs* + kps + ki)
= 5> + (2 + kg)s® + kps + Kk

5



PID controller
- Consider a second order system
Add a third pole

« Third pole further away from the imaginary axis

- Pole location for second order system

2fwo + /4C2ws — 4w}
2

= —(wo £ wgy/ (¢ —1

P12 = —

- Third pole at
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Meet system specifications based on behavior of second order system



PID controller

Desired behavior of second order system
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Adding a third pole at p3s = =10
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PID controller

Adesired = &
53 4+ 185° + 100.255 + 202.5 = 5 + (2 + kg)s* + k,s + k;

Controller gains
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The time domain method

« Open loop unit step response of the process
Steepest slope of the step response: a/T

The parameter T 1s an approximation of the time delay of the system
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Parameters obtained by extensive
simulation of a range of processes
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Frequency domain method

Controller’s integral and derivative gains are set to zero
Proportional gain is increased until the system starts to oscillate

Critical value of k, = k¢ is observed together with the period of oscillation T

| Im P(iw)

critical point at w = wc= 21/T. ﬁ\ Re P(iw)
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Type Kp T Ty

P 0.5k
Pl 0.4k, 0.87¢
PID 0.6kc 0.57. 0.1257

Z1egler—Nichols method
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