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PID Control
PID parameters

A survey of controllers for more than 100
boiler-turbine units in the Guangdong Province in
China [1]:

94.4% of all controllers were PI,

3.7% PID,

1.9% used advanced control.
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, (2)

kd = kp · Td . (3)

[1] Li Sun, Donghai Li, and Kwang Y. Lee. Optimal disturbance rejection for pi controllerwith constraints on
relative delay margin.ISA Transactions,2016.
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PID Control
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PID Control Tuning
Ziegler–Nichols Rules

If the plant mathematical model cannot be obtained at all, then an analytical or
computational approach to the design of a PID controller is not possible.

Then we must resort to experimental approaches to the tuning of PID controllers.

Ziegler and Nichols suggested rules for tuning PID controllers (values Kp , Ti , and
Td ) based on:

Experimental step responses (Method 1).

Based on the value of Kp that results in marginal stability when only proportional control
action is used (Method 2).
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PID Control Tuning
Method 1

We obtain experimentally the response of the plant to a unit-step input.

This method applies if the response to a step input exhibits an S-shaped curve.

If the plant involves neither integrator(s) nor dominant complex-conjugate poles, then such a
unit-step response curve may look S-shaped.
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PID Control Tuning
Method 1

The S-shaped curve may be characterized by two constants, delay time L and
time constant T.
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PID Control Tuning
Method 1
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PID Control Tuning
Method 1
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PID Control Tuning
Method 2

We first set Ti =∞, and Td = 0.

Increase Kp from 0 to a critical value Kcr at which the output first exhibits sustained
oscillations.

Thus, the critical gain Kcr and the corresponding period Pcr are experimentally determined.

If the output does not exhibit sustained oscillations, then this method does not apply.
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PID Control Tuning
Method 2
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PID Control Tuning
Method 2, Example 8-1
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PID Control Tuning
Method 2, Example 8-1, II

Kcr = 30

Pcr = 2.8099

Kp = 0.6 · Kcr = 18

Ti = 0.5 · Pcr = 1.405

Td = 0.125 · Pcr = 0.35124
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PID Control Tuning
Method 2, Example 8-1, III

Maximum overshoot is close to 62%.
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PID Control Tuning
Method 2, Example 8-1, IV

The Ziegler–Nichols tuning rule has provided a starting point for fine tuning.

Kp = 39.42

Ti = 3.077

Td = 0.7692

Maximum overshoot is fairly close to 25%.

The value of Kp increases the speed
of response.

However, varying the location of the
double zero has a significant effect
on the maximum overshoot.
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