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4.6 ZIEGLER-NICHOLAS TUNING OF PID REGULATORS

Problem statement: For many real world systems, models are difficult to obtam. How do we perform control

design m such cases?

J.G. Ziegler and N. B. Nichols (1948) recogmzed that the step responses of a large mumber of process control systems

exlubit a process reachion curve. This curve can be generated from erther

mmental data or dynamic simmlation of

the plant. The S- shape of the curve 1s charactenistic of many high-order systems, and such that plant ransfer

fimections may be approximated by

Yis) _ A
U5y wm+1

which 15 sumply a first order system plus a time delay of 1 seconds.

The constants can be determuned from umit step response of the
process, experimentally. These are

L=t R=A
-

Ziegler and Michols gave two methods for deternuning the
constants for a controller

Dz =K1+ TL + 1,5} forsuch a process
5

)

$ ()

/ SlopeR= é = Reaction rate
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Quarter decay ratio method A y(t)
The choice of controller parameters is basedona

decay ratio of approximately §.25. This means that a
dominant transient decays to quarter of s value after < - >
one period of escillation. A quarter dacay 1 + Period
comesponds to £= 021 and is a good compromise
between quick response and adequats stabiliny
ArEins.

Type of Controller  Optimum Gain

p ke = 1/RL /\
ke = 0.9/RL

I =003 \/
kp = 1.2/RL

PID I =2l
Ty = 0.5

Copyright ©2015 Pearson Education, All Rights Reserved

Dc(s) = kp(1 + 1/T;s + Tps)

Mote: The process operator starts with these gain values and “tupes’ them 6l a sadsfactory response is obtained.
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Impulse response

0.010
0.008
0.006
0.004
0.002
0.00
—0.002
—0.004
—0.006
—0.008

—=0.010
0

Ananriwari
TR AT

20 40 60 80 100 120

Time (sec)
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D.(s) = kp(1 + 1/T;s + Tps)

Ultimate sensitivity method

The criterza for adjusting the parameters are based on
evaluating the system af the linuit of stabality rather
than on taking a step response.

+ 2 ¥
ro (2 )]k, - o

\r Process

We increase the proporttonal gam K until we
obseTve contmuaous ascilation, that is, untl the
svstem becomes marginally stable. The persod of
oscillaton P, should be measured when the
amplitade of oscillation is quite small. Then we back
off from this gain as shown in the table at below.

P ——

Type of Controller Optimum Gain

kp = 0.45K
PI i R , u

kP = 1.6Ku
PID T = 0.5P,

Tp = 0.125P,

Mote: The process operator starts with these gain values and “tupes’ them 6l a sadsfactory response is obtained.
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100.0

200.0
Time (sec)

(b)

300.0

400.0
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