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PID_AL Block Specifications

This document will go through the basics on how to construct your PID_AL function block for use with your ISaGRAF application. Proportional, Integral, and Derivative controls are used in situations where closed loop control is desired to regulate a varied load, analog or digital control loop.  Such processes include variable level control, pump speed control, or temperature control.  There are many other applications that can utilize a PID algorithm but all involve using a variable control range to control a process where long delays might be incurred between a process stimulus (such as an analog output) and a process reading (such as an analog input).

Block Diagram

The following block diagram shows an example of such a process:
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To be the most effective, the PID algorithm must have as much linear control over the process as possible.  The “gain” of the process can be adjusted at the output and input stage to vary the amount of effect the controller has on the process.

The PID_AL Function Block

The PID_AL (PID reversible) block is shown in its Function Block Diagram format:  It may be used in any language available to ISaGRAF.
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All parameters of this block are required for operation.

Arguments

The arguments passed to the function block are shown below in the order they appear.  Also included are the data types required.

AUTO   
Automatic Control  
Boolean

This Boolean is set to TRUE for automatic control and FALSE for manual control.  Manual control caused the block to reflect the XO input to the OUT return value.  The value is still limited by the XMIN and XMAX parameters.  Setting this value to FALSE and TRUE again also resets the integrator values in the block causing the control loop to begin again.


PV 
Process Variable
Real

The process variable is the feedback or reading input to the PID_AL block.  The PID_AL block calculates the current error every program scan based on this value.


SP 
Setpoint 
Real

The setpoint is the desired target of the PID_AL block.  This is the value the PID_AL block is trying to achieve at the process variable input.  The PID_AL block calculates the current error every program scan based on this value.


KP 
Proportional Factor 
Real 

The proportional factor essentially adjusts the “live” gain of the direct error calculation.  The result is then summed with the integral and derivative values calculated at the TS sample intervals.  The proportional factor itself is calculated and applied to the output every scan.  


TI 
Integral Factor 
Real

The integral factor essentially adjusts the effect of calculated integral from the last TS sample period.  TS and TI are inversely interactive.  The longer the TS, the less the effect of the TI factor.  Since the integral is essentially the level output of the block, it acts like as sample and hold using TS as the sample period.  The Integrated error is then divided by the TI factor and summed with the proportional and derivative terms.


TD 
Derivative Factor
Real 

The derivative factor essentially adjusts the effect of calculated derivative from the last TS sample period.  The derivative factor acts like a dampening affect on the error thus correcting large spikes in error that might be introduced as a result of the proportional error calculation.  TS and TD are interactive, the longer the TS the greater the more effect the TD factor has.


TS 
Integral Time
Timer

The integral time parameter adjusts the sample time of the integrator itself in milliseconds.  It is entered as a timer value.  The PID_AL recalculates integral every time the TS period elapses.  TS and the TI parameter are proportionately interactive, the greater the TS, the greater the effect of TI.  If the TS parameter is set to less than the scan time of the program, then the scan time of the program is used as the


XMIN 
Minimum Ouput Limit
Real 

XMAX 
Maximum Ouput Limit
Real 

The XMIN and XMAX parameters work together to limit the output of the PID_AL block and prevent integral wind up within the block.  If the calculated output of the PID_AL block is outside these limits, the block will a) revert back to the old integral and derivative values and b) limit the output.  The XMIN and XMAX parameters also limit the output when the PID_AL block is in manual mode.

XO 
Manual Mode Setpoint
Real

The manual mode setpoint allows another process to control the output of the PID_AL block.  When the AUTO input is FALSE, the XO is reflected at the output directly.  The limits of XMIN and XMAX still apply however thus limiting the output.

Returns

OUT 
Output 
Real

Value to be passed to process being controlled by the PID_AL block.  Typically this would connect to an analog output of a controller.

Typical Example
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In this example, the user has setup every setpoint needed so that when the process is running, the system will use the PID control parameters that the user specified.  It is recommended to use retained variables for the setpoint inputs so they will be non-volatile through a controller reset or power cycle.

In this case where the Run input goes false, the user can chose a setpoint or fills in a value of zero to close the valve.  This will also reset the integrator of the block to be ready when the Auto input goes TRUE again.


The Spotlight

The Spotlight tool, accessible from the ISaGRAF debugger makes a handy tool for tuning and monitoring PID operation.  It has the ability to display live levels and small trend graphs like the one below:
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The ISaGRAF debugger also allows the user to look at and modify any setpoints in the system while online making it easy to tune loops via setpoints as shown above.
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