Introduction

* PID Stands for
— P = Proportional

— | =2 Integral
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PID Tuning

* The transfer function of PID controller is given as
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* The process of selecting the controller
parameters (Kp, Ti and T'd) to meet given
performance specifications is known as
controller tuning

e Ziegler and Nichols suggested rules for
tuning PID controllers experimentally.

* the Ziegler—Nichols tuning rules give an
educated guess for the parameter values and
provide a starting point for fine tuning, rather
than giving the final settings for Kp, Ti and
Td in a single shot.



There are two methods called Ziegler—Nichols tuning rules:
* First method (open loop Method)

e Second method (Closed Loop Method)

* Ziegler—Nichols First method

1. Obtain experimentally the response of the plant to a unit-step

input (open loop).
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2. For practical: The unit-step response curve may look S-shaped
3. For the Math. Model: If the plant involves neither integrator (s)
nor dominant complex-conjugate poles




K e—sl.
G(s) =

Ts +1

L: Delay Time
T : Time Constant
K - System Gain
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2. Second method

1. Using the proportional control action only, we first set T; = o (K|
=0)and T, =0 (K4 =0).

2. Forpractical: Increase K, from 0 to a critical value K, at which the
output first exhibits sustained oscillations with period P,,.

J  Note: If the output does not exhibit sustained oscillations for
whatever value may take K, , then this method does not apply.
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Example 1

K
s(s+1)(s+ 2)
C(s) K
R(s) s+DG+2)+K
= Routh table:

G(s) =

30—-K

Cis)

Ris) 1
CiD K s+ IMs+5)

s +65s2+5s+K=0

K. = 30

FPcr

-

ANVA

..l'

>0 =30—K>0=K < 30

>*The range of K for stability 0 < K < 30

6sZ + K =0 6s2+30=0

/\
\VERA

s 3 1 5 6
- - K >0
s< 3 6 K
|
Sl E 306 K
s© : K <* To obtain w,_,
6s%2 +30 =0
6s2 = —30 e
s% = —
s = +V5j
@iy =S
27T 27T
Pop = = — = 2.8099

W - V5



PID-Controller

K= 0.6 K., = 18
T; = 0.5P., = 1.4
Ty = 0.125P_,,. = 0.35 = 6.3
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K., =5

P. = 2.567
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Exambple 3

PID Controller Transfer Function:
Determine the PID parameters K,,, 7;, and T, according to the formulas
shown in the table of Ziegler & Nichols.

[ Remember: [. = 0.2 secand | = 0.H sec. I

From the Ziegler & Nichols table, we have for the PID controller:

T 0.8
Ky = 1.22 = 1.2 ‘02 = 4.8

Ti = 2L = 2-0.2 = 0.4 sec

Ty = 0.5L = 0,5 0.2 = 0.1 sec

The transfer function for the PID controller becomes:

1
G.(5) = K, (1 “+ m + Tds)

. 1
G.(s) = 4.8(1 + 045 “+ 0.15)
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Example 4

ning method allows you to use the delay time L and the time constant

The ler-Nichols open-lo
to calculate the gain, integral time and derivative time.
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Based on this method, we have the following transfer function of a Pl controller:

G(s) =100 (1 + =)

Use the table below to find the values of the delay time and time constant.
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Use the same table to find the transfer function for a P, Pl and PID controller:
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Example 5

For the control system shown in fig. (1), find the transfer function of the PID controller

Ge(s) by using a Ziegler-Nichols tuning rule.
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