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Introduction

What follows is a brief description of how to settipe PID2 instruction block on Schneider Automatio
controllers. This assumes that you have read safiribe existing documentation on the PID2 block awesd
further assistance.

This paper looks at terminology used and then giwesxample case. A rough troubleshooting guidgvisn at the
end of this application guide. This does not discintegral preload, or go into the in-depth theafry?ID. That
will be covered in the advanced discussion on PAB& the PCFL blocks.

Terminology

Lets take the example of controlling the level after in a tank. For this test case example yoe l2a80 gallon
drum that has a leak in it and you are using amiaise with a control valve on the end of it tb ifili The water
slowly leaks out of the tank and the control vakit variably open to maintain a certain level rettank.

The following Figure shows the tank:
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50 Gallon Tank:

The following terminology is used.

SP = Setpoint this is the Desired Level i tdnk
PV = Process Variable, this is the Actuaklesf water in the tank.
MV = Manipulated Variable, this is the contrallve that we are variably opening or closing.

The goal is to have the MV which is the controlveabpen to let the right amount of water in thathe same
flowrate as the amount of water that is leavingttnk via the leak.

The MV which is the output from the PID2 block lietresult from the equation
MV = Proportional Contribution + Integral Contrilih + Derivative Contribution + bias
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PID2 Instruction Block

Overview

What is shown below is how the PID2 block is progmeed in the ladder logic and how the PID2 blockised to
control our actual process.

Auto on First of 21 registers where control info
manual off " is stored.
‘ &=
— 40001 If on = ERROR [see error register 400051)
Tracking First of 9 registers [400050=status,400051= emor reg.]
mode on PID2 /
—— i
> 400050 ] If on then high alarm

Reverse on
direct off
if on then low alarm

Time in 1710 of sec per click [how often the loop is
examined/solved)

PID2 4-20 MA valve
ACI 030 BLOCK IN ACO 020

THE PLC

level
0-4095 0-4095 l sensor
AN IN AN OUT 6
liquid
i

LEAK

4-20 MA FEEDBACK LOOP “

HOWQUICKLY AND THE MAGNITUDE OF HOW THIS PID LODOP CONTROLS 15 "TUNED IN" BY
REGISTERS 40006.7.8.9. [ ional.reset time 1eset. bias)

The above PID2 block shows the Top, Middle, andt@otinput and output from the block. In our exaeple
only have the top input on.

The block diagram below this illustrates how thpuihfrom the level sensor goes into the ACI030 Quananalog
input module. The ACIO30 generates a number frotm #095 which goes into the PID2 block. The Piid@ck
solves and outputs a 0 to 4095 value that is ¢dkpaugh the ACO020 module which controls how opeglosed
the water valve that is feeding the tank.
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PID2 Specifics

The PID2 instruction block has built in DX zoomesens that provide easier setup. After puttingRtg2 block on
the screen and entering in the 4x registers, lgghthe particular PID2 block you want to work orda

Modsoft:  Hit the Alt Z button for zoom
Concept:  Hit the Control and D button

Example Register Configuration

Top Node 400001
Middle Node 400050
Bottom Node 1

What follows is a listing of all of the registergiuded in the PID2 block. These are not in ttadeothat the zoom
screens show but are described in the order thistsreense to the user.

Item 1. Raw Analog Measurement
Register 400014

This is the raw analog signal that is the actuatllef water in the tank, PV. The actual levelgfter in the tank is
actually a variable signal like a 4-20mA signal. hav the 4-20mA signal comes into an input cardhenRLC it is
converted by the PLC to COUNTS. So in this exanglevel of O inches would be 0 counts and a le¥é30
gallons would be 4095 counts.

THIS MUST RANGE FROM 0 to 4095. DO NOT SCALE THIBEFORE PUTTING THIS INTO THIS
REGISTER.

Item 2. High Engineering Range / Low Engineeringnéia
Register 400012 / Register 400013

The High and Low engineering range are the numjmarsvant to scale your raw input to. In our testeexample
we have a count value of 0 that would corresporiéidgallons of water in the tank and a count of 46@&1d
correspond to a High engineering range of 50. When a value of 2047 goes into the Raw Input regstScaled
PV will show 25.

High Engineering Range = 50.

Low Engineering Range = 0.

ltem 3. Scaled PV.
Register 400001

The Scaled PV is calculated for you by the PIDZklo It takes the Raw analog signal in and convietts a value
between 0-50, which is the engineering ranges.

Item 4.Set Point (in engineering units)

Register 400002

This is the setpoint that you want to control ytewel of water to. Lets take a test case to say you want to
control the level to 40 gallons of water in thekafihen register 400002 is equal to 40. This nesbetween the
high and low engineering ranges.
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Item 5.MV ( Loop Output)

Register 400003

This is the output from the PID2 block that will fexl to the control valve through an analog out@ard. This is
between 0 to 4095. If your output card that yoal f@eding this number into requires different rangeu must do
the scaling outside of the PID2 block. In our casealue of 0 would completely close the valve andalue of
4095 would completely open the valve.

Item 6. High Alarm Limit
Register 400004

If the actual water level goes above this value would turn the output middle node on. If you &8¢ to 50 and
the water level goes above 50 the middle node owtpuld go on and if you put a coil on this outgou could
sound an alarm.

Item 7. Low Alarm Limit
Register 400004

If the actual water level goes below this value yawld turn the bottom node output on. If youtbis to 5 and the
water level goes below 5 the bottom node outputldvga on and if you put a coil on this output yauld sound an
alarm to say that the water level in the tank iy vem low.

Item 8. Proportional, Reset Time Constant, ResgtBas
Register 400006, 7, 8, and 9.

These registers control how quickly and the mageitef how this PID2 block controls. Please referthie
TUNING section for detailed descriptions.

Item 9. High Integral Windup Limit
Low Integral Windup Limit
Register 400010, Register 400011

When the level of the tank is not equal to the gietdevel the PID2 block constantly tries to adjie MV output
value so that it can make the tank level equdl fdfiyou are using the integral contribution.)orfexample if the
tank level is less than the Setpoint the PID cakioh constantly over time keeps increasing thegira!
contribution. There must be a limit where the gméd Contribution stops accumulating. The Higregral Windup
Limit is the limit that the MV can get to that whitrgets to the Limit will stop accumulating thetégral Portion.
The High Integral Windup Limit in our case would 4@95.

The Low Integral Windup would be the minimum vatbat the MV can get to and then stop the Integral
contribution. The Low Integral Windup Limit woulze 0.
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Item 10. Pointer to the Loop Counter Register
Max Number of Loops in Scan.
Register 400015, Register 400016

In our case we are going to set both of thesetargiso zero.
The reason to use these is if you have more tharPtiD2 block ( actually quite a few ) and are vespcerned to
keep the scan time of your program down to a minimu

Lets take an example of 20 PID2 blocks in one mogand you only want 2 of these PID2 blocks toesaoln the
same scan.

Register 4000016 would be equal to 2.

Now we need a free additional 4X register (Outsifithe PID2 block) Lets take 400100.

Register 400015 would equal 100. This tells tHeZPblock it can use register 400100.

You must also add logic for this to work. At thery first Network and first Segment set 400100 étuaero. As
the logic proceeds every PID2 block that solveghimscan will increase the number in 400100 uingjets to 2.
When it gets to 2 it will solve no more PID2 blodkghis scan. That is why you clear the registethe first
Network.

If you do not clear this register the PID2 block# top solving. Since we have 20 PID2 blockswauld need to
clear each of the 20 PID2 blocks Loop Counter Rergson each scan.

Item 11. Ptr to the Reset Feedback Input Register

Register 400017

This is very important register. This MUST be M¥ register. In this block the MV register is 4@R)
Thus register 4000017 is equal to 3. Each PID2kKafoast point to its own MV.

The PID2 block uses the output from itself in itroequation. Thus it needs to know which regist&f istin.

Item 12. Output Clamp High.
Register 400018

Put the value that you want the MV to be max. FSsgister 400018 to 4095.

Item 13. Output Clamp Low.
Register 400019

Put the value that you want the MV to be min. Begister 400018 to 0.

Item 14. Rate Gain Limit
Register 400020

If you are using the derivative action of the PIiRi@ck this applies. Fine tuning of this parametérbe covered in
the advanced PID2 application guide.

Item 15. Pointer to the Track Input Register
Register 400021

We will not utilize this feature in our example Register 400021 = 0. Also the middle input node¢henactual
PID2 block will not have any logic tied to the pawail.
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Item 16. Bottom Node Input to the PID2 Block
This bottom node input controls the direct or reeeacting of the PID2 block.
Item 17. Manual and Automatic

The Top Input node to the PID2 block controls wht@PID2 block is in Automatic Mode or Manual Mode.
Manual Mode is that the PID2 block does not chahgeMV. In Manual Mode the user must change the folva
manual change.

Item 18. Bumpless Transfer

When you switch from Automatic to Manual Mode, duwant the PID2 block to be bumpless you musthéo t
following:

In manual mode write the value that you want the td\be, into the MV register. If you write the waldirectly to
the analog cards output 4x register, the PID2 bitmds not know what that last value is. It wik@ase that the last
MV value that is in the register is the last vadumg will ramp up or down from there.

Iltem 19. Bottom Node of the PID2 block

You enter the time that you want the particular Piock to solve. If you have a quick respondinggess you
would want to make this value as small as possibiiais is in 1/18 of a second. So for example if you put a 1 in
there the block will solve every 1/1®f a second or every 100 milliseconds. When ti2mlock does not solve

it does not add any scan time to your program. Mhsolves it does add time to your scan timesThiwhy Iltem

10 can be a great benefit if you have a cruciah sicae and have many PID2 blocks.

For our example we are going to put a value of thénbottom node to solve every 5/10ths or %2 argco

PID2 Tuning

After all of the appropriate other entries are mtubee are only three items to adjust to tune tB2Roop. They
are:

Register 400006 Proportional Band Proportional Factor
Register 400007 Reset Time Constant ntegral Factor
Register 400008 Rate Time Constant Derivative Factor

Step 1. Set your Reset Time and Rate Time contstamgro. Give the Proportional Band a value of .250

Step 2. Make sure that the PID2 block is in auttomaode. (Top node input to the PID2 block is tiedhe power
rail.) Monitor your process. We want to put auainto the Proportional Band that will cause #heel in the

Tank to go over and under the setpoint evenly.thimexample lets say that this is the value 12%is value causes
the level in the tank to go 3 inches over and Béscunder the setpoint.

Make sure that you keep decreasing the gain umtilget an even oscillation. The key to this i¢ ffoau get an
even oscillation above and below your setpoint. Wihia does is establish how much proportional amdu
required.

Step 3. Monitor the time between when the levéhentank is 3 inches over to when it is 3 inchedeurand then
when it is 3 inches over again. The time betwekennit is over to over again is the Ultimate Timkets say that
it is 3 minutes.
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Step 4. Now use the following equations to put neratin and you should have good PID control:

Proportional Band = Proportional Band Number thatle even oscillation * 2
So Proportional Band = 125*2 = 250.

Reset Time = 1/ Ultimate Time (minutes) * 100
Reset Time =1/ 3 *100 = 33.

Rate Time = Reset Time / 8
Rate Tme=33/8= 4

This is the idea tuning method developed by Zielliehols, called the Ultimate Gain Method. Thisisough
guide to assist your PID tuning. There are mawggsses that this tuning method does not workavelhowever
this will get you close. The advanced section digicuss how some processes need more Derivatios doat
Integral action for appropriate tuning.

Troubleshooting

1. Problem
My block does not solve and the middle node registegives an error code. In the test case exafmute above
this would be register 400101.

1. Solution
An error code says that one of the registers thathave put the following information has beereflin incorrectly.
Please refer to the Modicon Ladder Logic Blockdityrfor a listing of the error codes.

2. Problem
The block solves and there is no error but theutlpgoing in the wrong direction to control.

2. Solution

So for example in our example case, if when themlatvel was below the setpoint and the watewéilve MV was
closing instead of opening. Tie the Bottom inputite power rail. This will make the PID2 decretiseoutput
when the Error increases.

3. Problem
The block solves and there is no error and it adeirorrectly but it freezes the output of the Mxée though you
are not exactly at the setpoint.

3. Solution

Make sure that you have a full 0 to 4095 rangeg@@ito the raw analog signal.

Make sure that the PTR to Loop Feedback Registztito the MV ( see item 11.)

Make sure that if you have a Max Number of Loops $&n register set that you clear the registeryes@n ( see
item 10 ).



