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PID Controller Tuning

Roots of the process are in
Optimum Settings for Automatic
Controllers

John G. Ziegler
Nathan B. Nichols
1940

Ziegler-Nichols Method
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Amplitude Ratis Vervas Sensitivly. Fig,
of sensitivity adjustment on & typical apy
tion was started by & momentary change in valve position. Curves
() and () were p
this case was 10 pai per in. Curve (s) was produced at & sensi-
tivity of 11 pai per in. (110 per cent of £.). Curves (d) to (A)

and 10 per cent of the
and 1 psi per
In Fig. 1 and succerding charts, each division is 0.1 in
min

Regardless of the ulticaate mensitivity
tion, the relationship between amplitude rati
given ma per cont of ultimate sensitivity, rem
ia Fig. 2. The ultimate sensitivity thus appears to be a good
common point for consideration of sensitivity adjustment. o
@ost control applicationa

Offset and Laod Charge. In eonsdering the curves of Fig

TAB 12-2 OPEN LOOP VvS. CLOSED LOOP TUNING METHOD

the most desirable setting from a stsbility standpoint would be

(A), produced at quite & low sensitivity (10 per cent of ultimate)
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, will caisse the pen to shift away from
the set point far enough Lo give the
The magnitude of this shift or “offsc s with th
vity setting used and dircetly with the required change in

sriarvos Ramio Vemavs Bawsrrvirr

Orrser Vemsus Sawsrrovizy
(et of

Image courtesy Control Engineering Magazine




The Quarter Decay Ratio;
Signature of a Well Tuned PID Loop
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The Quarter Decay Ratio;
Signature of a Well Tuned PID Loop

Set Point

... Is about 4 times as big as this

Q
O
G
=
©
>
N
N
)
&)
o
—
al

Increasing

1
Increasing Time

Minutes
TAB 12-2 OPEN LOOP VS. CLOSED LOOP TUNING METHOD




Closed Loop Tuning Method
e

CONTROLLED YARIABLE

With the system under automatic control, determine the Natural Period

» Proportional gain = 7 to %2 of the ultimate gain producing the
Natural Period

* Integral time in minutes per repeat = 1.2 times the Natural Period
* Derivative time in minutes = 1/8 of the Natural Period

TAB 12-2 OPEN LOOP VS. CLOSED LOOP TUNING METHOD



Open Loop Tuning Method

CONTROLLED YARIABLE

L L Some processes are self regulating
/7 \ and will level off. Others won't.
Slope of the response curve after a stable rate of
w\< change is established (Rate of change; R)
Apparent dead time (Lag; L)

‘L Point i |n time when the step change was initiated

7

TIME

Also useful for troubleshooting

With the system under manual control, insert a step change and
observe the response curve. Set the controller as follows:

* Proportional gain = 1/(RL) to 1/(2 RL)
 |Integral time in minutes per repeat = 5 times the apparent
dead time

» Derivative time in minutes = 72 the apparent dead time.

TAB 12-2 OPEN LOOP VS. CLOSED LOOP TUNING METHOD
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Tuning Resources

- CONTR
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Tuning Resources

- CONIROL ==
Reference Guide to PID Tuning ; ENGINEER'NG

« Available from the publishers of P it e oy i v
. . ' Reference Guide to PID Tuning
Control Engineering

« See A Field Perspective on
Engineering Blog Post for Links

A collection of reprinted articles of PID tuning techniques
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Tuning Resources

See An Overview of Proportional plus Integral plus
Derivative Control and Suggestions for Its Successful
Application and Implementation from the proceedings of
the 2001 International Conference on Enhanced Building
Operations
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