Instrumentation & Control

Effects of Lags on a Control System
There are 3 main categories of delay or lag encountered in control system analysis and design.

· Transfer lag

· Distance velocity lag

· Measurement lag

Transfer lag

This is a lag in output compared to the input. This type of lag is caused by the plant or system itself.

Examples;

Resistance / capacitor network

[image: image1.png]





Note that Vout lags behind Vin. The lag is described by some time related function.

This concept can be extended to other systems;

1.
The heating of a tank with a large thermal capacity;



2.
The output flow of a tank where the flow is constrained by the hydrostatic head and cross sectional area of the output line;


3. A capacity in a pressure circuit – the volume of the capacity tank causes the output pressure changes to lag behind the input pressure variations;

There may be more than one transfer lag in a system and the product of the individual lags yields the overall effective delay on the system.

Distance Velocity Lag
This is the time delay between a change in signal value at one point in a system and its manifestation at a later point in the system. This is exclusively down to the speed of propagation of the signal. Consider temperature monitoring of a liquid flowing in a pipeline;





‘d’ represents the delay between the change in state of the liquid at the heating element and the arrival of that liquid at the sensor.

The Distance – Velocity lag is therefore given as d/v seconds. The worst kind of distance velocity lag is one that occurs between the process and control system.

Measurement Lag

This is a lag caused by some aspect of the measuring system itself. For example consider a mercury in steel thermometer: the response time is determined by
· Thermal capacity of the bulb.

· Thermal conductivity of the bulb and the medium around the bulb.

· The heat capacity of the medium.

For a system with a temperature that varies at a constant rate with respect to time the effect of a measurement lag is shown below;






The measurement lag has two effects;

· To create a non linear measuring response until the system settles down.

· After the settling time the difference between the measured value and the actual value i.e. the deviation, becomes constant.

The effects of lags on the reponse curve is shown below;








The critically damped case is not shown, because the response due to the effect of the lag is much the same as in the over damped case, but obviously to a lesser degree. In fact the delay may cause the critically damped response to take on the characteristics of the over damped curve.

Whatever the response characteristic the effect of the lag, perhaps unsurprisingly, is to ‘time spread’ the standard curve, which ultimately leads to a more sluggish reaction.

Clearly the bottom line is that the effect due to any system delays must be minimised in order to achieve an accurate ‘real time’ response.[image: image2.jpg]



Vout





Vin





C





R





Vout





Vin





Input





Output





Capacity





Regulator





Input





Output





Temperature 


Sensor





Flow of liquid


Velocity ‘v’





d





Temp





Measured Temp





Actual Temp





Time





Overdamped Case





Standard response curve





Time





One or more lags





DV





Variable





Underdamped Case





Standard response curve





Time





Variable





DV





One or more lags








PAGE  
1
Steve Mosey

