Ziegler Nichols Controller Tuning Method


Example 








From the diagram;

L = 1.6 min

N = gradient = 
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For three term control;
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Ti = 2L = 2 x 1.6 = 3.2 mins

Td = 0.5L = 0.5 x 1.6 = 0.8 mins

Often this method (open loop) is not practical because it is not convenient to open circuit the control loop. Under these circumstances an approach known as closed loop optimisation is used.

Closed Loop Optimisation

Before commencing with this procedure it is important to check that under manual control any avoidable system disturbances are minimised or removed by at least checking the following;

1. Previous or subsequent processes are properly controlled.

2. Ensure that the variations in control due to process equipment itself is damped out e.g. reciprocating pumps producing flow pulsations which must be damped out by the measuring system.

3. That the correct range controllers are being used with appropriately ranged actuators. E.g. a 3 to 15psi control valve should operate between 5 and 11psi. this is to ensure a tight shut off at one end of the scale and to ensure that the device is fully open at the other end.

Once that above has been checked, the procedure for adjustment of the controller is as follows;

A.
Proportional action

It is useful to remember that a large proportional band = large deviations from the desired value and lead to sluggish control. Conversely a small proportional band = small deviations and sensitive control which leads to hunting (prolonged oscillation about the desired value). A very small proportional band leads to oscillations that increase  in amplitude and signifies instability.

Bearing this in mind the procedure for tuning proportional action is to set the proportional band to fixed increments such as 100%, 50%, 20%, 10% (approximately halving the setting each time) and observing the process reaction to a change or disturbance. Once the setting has been found that causes persistent oscillation the controller is adjusted to increase the prop band slightly. This is then the optimum setting for proportional band.

B.
Proportional and Integral Action

Set the Integral action time (I.A.T.) to maximum

Adjust proportional band as for proportional only (above)

Decrease I.A.T. in steps (halving I.A.T. at each step) until hunting occurs, then increase I.A.T. slightly.

C.
Proportional and Derivative Action

Adjust derivative action time D.A.T. to a minimum.

Adjust proportional band as for proportional control only (above) except this time when oscillations persist (hunting) do not increase the proportional band

Increase D.A.T. until hunting is eliminated

Reduce proportional band until hunting once again occurs then again increase D.A.T. to eliminate hunting.

Repeat the above step until D.A.T. fails to eliminate hunting. Leave D.A.T. at this setting then increase the proportional band slightly to eliminate hunting.

D. Three Term Control (PID)

The procedure is as for ‘C’ (prop & deriv), but set the I.A.T equal to D.A.T. futher small adjustments of parameters may be necessary in to reduce the amount of time that offset is present.

We can shorten the above procedure if;

A controller with auto tuning is utilised

A good comparison can be made with the settings of a controller on a similar process application.

If manual control indicates undesirable settings, e.g. small valve movement gives large measurement changes. Then we know that for stability proportional band must be large. For a fast process i.e. quick recovery from disturbance use short D.A.T. For a slow process use long I.A.T.

Reasons for Over damping and Under damping
Assume that a small disturbance occurs which gives rise to the following reaction curves – the potential causes of each type of curve in terms of control mix are stated for each example;

Stable, Undamped





In general we do not want oscillations or hunting. Typical causes of this are;

· 2 step control

· proportional band too narrow

Unstable






Possible causes;

· Proportional band too narrow

· I.A.T. too short

· D.A.T. too long

Stable Underdamped





Possible causes;

· Proportional band too narrow

· I.A.T. too short

Stable Critically Damped


Stable Overdamped


Posible Causes;

· I.A.T. too short

· D.A.T. too long

· Proportional band too wide

Load Change Disturbance




Cause;

I.A.T. too short

This leads us to three criteria for correct control response;

· Small subsistence ratio y/x is small (i.e. oscillations damp out quickly)

· Quick recovery time

· The size of the offset caused by load changes is minimised

The stable, critically damped response is usually the ideal, although some processes may require a minimum recovery time or a minimum deviation, which would result in some compromise in the response profile.
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