Instrumentation & Control

General Test Methods

The main objective is to obtain suitable controller settings for the process under control. We can approach this task in two ways;

1. Closed loop approach – not so precise as based on relative values being adjusted in sequence
2. Open loop approach – more exact as based on calculated values.

Open loop testing

In principle the system is open circuited between the controller and actuator element. The system response to a step change is recorded using a suitable data capture device such as a digital chart recorder.









Basically this means that we are looking at the feedback signal – i.e. what the process response curve looks like for a step input. From this data we need to be able to establish the gain (amplification factor), Integral action time and the Derivative action time – remember these are the parameters that we can ‘tweak’ or tune in order to optimise the control response. If we can arrive at a relationship with these times to the constant (‘K’) factors in the three term control equation, then find a method to extract the appropriate action times from the reaction curve we can tune the controller to exact process requirements (adjust the mix of control terms or the mix of the equation elements). We have already defined an equation that describes the general mix of the three terms of control;
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We can represent the Integral action time (I.A.T.) as = Ti
Similarly Derivative Action Time (D.A. T.) as = Td
From our earlier definitions we know that Ti is the time taken for the response due to Integral action to equal the response due to proportional action, therefore we arrive at;
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Where the limits of integration t2 – t1 represent the integral action time Ti. once the step change has occurred θ remains constant giving;
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Dividing through by – θ, we get;
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Substitute for Ti ;
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Therefore;
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In a similar manner we can say that for derivative action time we arrive at the follwing expression;
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This leads to a ‘corrected’ equation for the whole control action mix after substituting the above and factorising;
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Where k is the gain of the system.

All that is left now is to establish if there are any relationships that we can exploit in order to determine the appropriate action times and gain from the reaction curve recorded after the open loop step response test has been performed.

Fortunately this has been proven experimentally by Ziegler and Nichols. The following ‘ZN’ relationships hold true for each ‘mix’ of control action;

In each case;

K = Gain

Ti = I.A.T.

Td = D.A.T.

M = % opening of actuator element

N = Gradient

L = Dead Time

Proportional control Only
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Proportional plus Integral Control
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PID Control
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The parameters M, N and L can be identified on a typical reaction curve as follows;





L = Dead time = T2 – T1 
N = Gradient of response curve (obtained by a drawing a tangent) = y/x

M = % Opening would be obtained by direct examination (expressed as a % of total movement.
This is best illustrated by an example;
An open loop response test was performed on a temperature control system which resulted in the following response curve for a 10% movement of the actuator. Calculate K, Ti, Td using Z-N relationships;


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.

Further Examples
Example 1
Calculate the proportional band of a temperature controller, which gives control over the temperature range 500 to 1000°C. The range of the controller is 0 to 1500°C.

Solution 1

The definition is the percentage of the controllers full range that causes the controller to change to fully on to fully off or visa – versa;

Controller range = 1500°C

Range over which control is applied = 1000°C - 500°C = 500°C

Therefore the proportional band (%) = 
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Example 2
A furnace is to be controlled at a temperature of 1000°C by a controller set to a proportional band of 10%. The instrument range is 1500°C. Over what temperature range does the controller go from fully open to fully closed.
Solution 2

Prop band = 
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In this case the range over which control is applied is the unknown, therefore
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This means at mid-point the actuator is half open and the system is at the desired value, therefore the actuator is fully open at 1000 – 75 = 925°C

And fully closed at 1000 + 75 = 1075°C
Example 3

A 20% change in the control actuator to a furnace produces the following reaction curve. Calculate proportional band, Integral action time (IAT), derivative action time (DAT).






Solution;
N = Gradient of tangent = 
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L = dead time = 5 mins

M = % change (given in question) = 20%

For three term control 
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Ti = 2L

Td = 0.5L

therefore
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Ti = 2 x 5 = 10 mins

Td = 0.5 x 5 = 2.5mins

Example 4

An open loop step response is performed on a flow control system and gives the reaction curve shown below for a 25% change in the actuator valve. Using Ziegler-Nicholls equations calculate the gain k, IAT, DAT for a three term controller.

Solution;

Dead time L = 5mins

Gradient N = 
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Actuator change M = 25%

PID control so;
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Ti = 2 x 5 = 10 mins

Td = 0.5 x 5 = 2.5 mins

Example 5

A gas fired furnace has its temperature controlled by a pneumatic controller and diaphragm – operated control valve. The controller is scaled 0 to 750°C and its full range of output is from 20 to 100 kN/m2 . when the control loop is opened and a 6.67kN/ m2 step increment of pressure applied to the valve diaphragm the recorder response approximates to a time delay of 1 minute, followed by a linear rise of 15°C/minute for 2 minutes, then levelling out to give a total rise of 75°C.

1. What is the reaction rate in % of scale per minute

2. Determine suitable control settings when;

a. Proportional only action is used.

b. Proportional plus Integral action is used.

Solution;

It is best to first sketch the reaction curve.





1.
Reaction rate is defined as the maximum gradient of the reaction curve. Thus to express the gradient as % of scale / minute;
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2a.
for proportional action only Z-N relationship is;
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The total % valve movement possible = 
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M the actual % change of valve = 
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L the dead time = 1 min (read straight off the curve)

N the gradient of the tangent = 15°C/min (given in question)
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2b.
For proportional plus integral the Z-N relationship is;
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Ti = 3.333 x L
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Ti = 3.333 x 1 = 3.333[image: image35.png]
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