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Introduction to PID
Industrial Manufacturing Processes involve many variables such as temperature, pressure, flow, etc. It is

important to control these variables for proper operation of the process.

There are several methods to control process variables. PID is one of the most popular control
algorithms used in the industry. PID, as applied to Industrial Process Controls, stands for Proportional,
Integral and Derivative control algorithm. The algorithm computes control action by using a
mathematical equation which contains Proportional, Integral (Reset) and Derivative (Rate) terms. With
proper choices of P, I, and D terms, a user can maintain a process value very close to the Setpoint. In
addition, if the Setpoint or the process dynamics changes, the PID algorithm can bring the process back
under control quickly. Selection of appropriate P, | and D coefficients is critical to the proper operation
of the PID control. A block diagram of a generic process control is given below:
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As shown in the figure, the user sets a target or Setpoint for the process. The system compares the
actual Process Variable against the Setpoint and generates an Error value. The PID algorithm uses this
error and computes a Control Variable as a function of the error. The computation function contains P, |,
and D terms with user defined coefficients. The PID algorithm’s goal is to minimize the error. If the
Setpoint changes or the process is disturbed (resulting in a change in the Process Variable), a new error
value is generated which results in a new Control Variable that should bring the Process Variable closer
to the Setpoint.



PID Terminology
Before we discuss more of the details involved with the PID Loop, you should have an understanding of

some of the terms used in PID.

Manufacturing Process - A process that transforms a material’s properties. The transformation may
involve physical or chemical changes in the material. Examples of processes are: Steam Generation, Air
conditioning, Milk Pasteurization, Oil refinement, etc.

Process Variable (PV) - Materials that have physical measurable properties, such as temperature,
volume, viscosity, pressure, etc. A Process variable is a measurable physical property that we want to
control. For example, in the air conditioning of a building, we want to control temperature, and
therefore temperature is the Process Variable.

Setpoint Value (SP) - The target or desired value of the Process Variable. The purpose of PID loop is to
maintain the Process Variable as close to the Setpoint as possible.

Control Variable (CV) - The Control Variable is calculated by a control algorithm. It depends on the error
and PID coefficients.

Error (E) - Error equals the algebraic difference between the process variable and the setpoint.
Magnitude and variation of the error depends on the process dynamics as well as on the PID
coefficients. A well designed system will keep the error to a minimum value.

External Disturbance - Something that changes the equilibrium of the process. This results in a change in
the control action to bring the process back into range. For example, in an air conditioned building, open
doors and rainstorms are all changes that can affect the temperature.



PID Algorithm used with EZRack PLC
EZRack PLC products support up to 8 PID loops. For each loop the user defines several parameters (such

as Setpoint, Proportional, Integral (Reset) and Derivative (Rate) Gains, Limits, etc. (further discussed in
the next section). You can change most of these parameters at run time using ladder logic by using the
EZRack PLC Designer Pro software in online mode.

PID Algorithms used in EZRack PLC
The EZRack PLC uses the following algorithms for PID computations:

SP, = Setpoint at sample instance n Ti = Reset (integral) time in seconds

PV, = Process Variable at sample instance n T4 = Derivative or React time, in seconds
CV, = Control Variable at sample instance n Ts = Sample time in seconds

Kp = Gain, Proportional term En = Error at sample instance n

CVy = Control Variable offset

The Error is computed as follows:
E, = PV, — SP, for Direct Acting
E, = SPB, — PV, for Reverse Acting

Then the CV, is computed as follows:
PID Position Algorithm:

En + (T/T) X ) By + (Ta/T) X (En = Ep_)
i=0

CVy = K, X t+ (W

PID Velocity Algorithm:

n
By + (To/T) X ) By +(Ta/T) X PV = Py_p)| + Vg

=0

CV, = K, X

Position and Velocity Algorithms effect the derivative portion of the equation so if using Pl control the
same equation is used for both Algorithms.

Pl Position & Velocity Algorithm:

n

En + (T/T) X ) E

i=0

CV, = K, x + CV,

Note: There are options in the setup that will modify the CV computations. For example, the user can
choose to use PV Square root instead of PV in error computations. Please see the PID Setup Settings
section where these options are discussed.



PID Response on EZRack
This section will show how different variable effect the basic results. This section will show trends of

effect not how they would behave in your application. These trends were developed with a simple and
theoretical model and therefore should not be used as a basis for your application. Instead you should
develop a starting point using the auto tune sequence (discussed in later section), and then use
experimental results to finalize your PID settings.

Proportional Gain (Kp)

The Proportional Gain effects how big the response to an error is and what the final offset from the
setpoint will be. But the bigger the response the easier it is to make it unstable. This is why the Integral
and Derivative are used, to stabilize and improve the response. The graph shown below shows a basic
Proportional response to a step change at different Gain values.

n
Y, = K, x |E, + (T,/T) x ZEi +(Ty/T) % (B — EnD|+ ¢V

=0

Proportional Response Chart

Setpoint Proportional Gain = 10 Proportional Gain = 100

Proportional Gain = 1000 Proportional Gain = 10000

This is done with theoretical models on the EZRack PLC (Sample Rate = 5, Integral = 0, Derivative = 0).



Integral (Reset) Time (Ti)

The Integral term increases action in relation not only to the error but also the time for which it has
persisted. Therefore if the Proportional Gain does not bring the Error to zero this term will change
Control Variable so that error decrease. This term will increase the longer the error exists. With only an
“1” controller the initial response would be slow which is why Pl controller is used in the example below.
The Integral term has an Inverse Effect on CV, therefore the bigger the value the smaller the impact. You

MIM

can use the Autotune to find a good starting point for your “I” value and then manually tune the

response to your process. The sample rate also effects how fast this term is calculated.

n
Y, = K, x |E, + (T,/T)) x ZEi +(Ty/T) % (B — EnD|+ ¢V

=0

Please see Anti-Windup as a solution for overshoot in cases where the CV response saturates (goes to
maximum value).

Proportional Response Chart

Setpoint Integral Time =0 Integral Time =1

Integral Time = 10 Integral Time = 100 Integral Time = 1000

This is done with theoretical models on the EZRack PLC (Sample Rate = 5, Prop = 1000, Derivative = 0).



Derivative (Rate) Time (Tq)

A Derivative term does not consider the error (meaning it cannot bring it to zero: a pure D controller
cannot bring the system to its setpoint), but the rate of change of error, trying to bring this rate to zero.
Usually derivative term is not needed in most process therefor you should first try and see if your
process will work as Pl control. The derivative term is used to reduce both overshoot and oscillation. It
will dampen the effect of the response. The “D” term has direct effect so the bigger the term the greater
the change based on error change. This term is directly changed based on the equation type (Position or
Velocity).

Position Algorithm

CV;‘L = Kp X En + (Ts/Ti) X Ei + (Td/Ts) X (En - En—l) + CVO

n

i=0
Velocity Algorithm

CV, = K, X + (Vo

By + (T/T) % ) By +(Taf/T) X (PVy = PVy_y)
i=0

Important Points:

o The Derivative allows for faster response (if this is not necessary for your application you
should try the “PI” Controller).

e The PID Controller is much harder to tune then a Pl therefore expect to have to spend more
time tuning.

e The Derivative term can very easily cause the process to be unstable (See Chart 4 where
response is pretty unstable)

All graphs are done with theoretical models on the EZRack PLC (Sample R. = 100, Prop = 50, Integ = 10).

Derivative Response Chart 1

Setpoint Derivative =0 Derivative =1




Derivative Response Chart 2

Setpoint Derivative =0 Derivative = 5

Derivative Response Chart 3

Setpoint Derivative =0 Derivative = 8

Derivative Response Chart 4

Setpoint Derivative =0 Derivative = 10




Sample Rate (Ts)

The Sample Rate is how often the PID loop will calculate the Control Variable. This term is included in
the equation as well to compensate for the normal PID equation being continuous while this equation
being discrete. Your sample rate should be such that any major change can be reacted to and not so fast
you will be changing the CV too fast for your process to respond.

n
OV = Ky X |En + (/T X D By + (Ta/T) X (Bn = Enp)|+ €V

i=0

Important Points:

o The Sample Rate cannot be 0 because at that point the PID will not function.

e Do not use too big or too small of Sample Rate (in chart below Sample rate of 100 should be
good)

e Base sample rate on known response of your setup or you can experiment and see where you
get better response

Graph below is done with theoretical models on the EZRack PLC (Prop = 50, Integral = 10, Derivative = 6).

Sample Rate Chart

Setpoint Sample Rate = 10 Sample Rate = 100 Sample Rate = 200




Anti-Windup

Anti-Windup works with the integral term to stop accumulating error when the response has saturated.
The response has saturated when the CV High Limit is reached. At that point if the Anti-Windup is not
enabled the integral term will continue to accumulate error and cause overshoot going in the other
direction. With Anti-Windup errors will stop accumulating and hopefully decrease the oscillation caused
by integral term.

The below term will stop adding Error when response is Saturated. The Saturation Discrete will also turn
ON (Discrete Base + 3).

En + (Ts/Ti) X Ei + (Td/Ts) X (En - En—l) + CVO

n

CV, = K, x

i=0

Graph below is done with theoretical models on the EZRack PLC (Sample Rate = 10, Prop = 1000, Integral
=1, Derivative = 0).

Anti-Windup Chart

Setpoint No Anti-Windup Anti-Windup
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PV Square Root

If PV Square Root is enabled then the Process Variable will be square rooted before it is used for
calculating error. This is mostly used if your process is non-linear, for example when using area
calculations. The equations are modified as seen below.

E, PV, — SP, for Direct Acting
E, = SB, —./ PV, for Reverse Acting

Then the CV, is computed as follows:
PID Position Algorithm:

CVy = K, X + (Vo

Bn + (T/TD) X ) By + (Taf/T) % (Bn = Ep)

=0

PID Velocity Algorithm:

+ CV,

By + (T/T) % ) By +(Ta/T) X PV — PV )
i=0

CVy = K, X

Deadband
The Deadband is used if small changes are normal in your process and they would cause your PID loop
to be unstable. Therefore a change must be bigger then your Deadband before the PID process will act.

PID Process will check following:

If (E, < Deadband)
Then (PID do nothing)
Else (PID react)

This table outlines if response if Deadband = 10 and Current Setpoint = 1000.

Current Process Variable Calculation PID Response
1005 1005-1000<10 No Response
1015 1015-1000> 10 PID Correct CV to lower PV
993 1000-993 <10 No Response
980 1000 -980 > 10 PID Correct CV to raise PV

11



PID Setup
The following section will explain how to setup a PID loop using your EZRack PLC Designer Pro software.

To access the PID Setup, perform the following steps:

1. Select the Setup Menu > PID Setup... option or select the PID Setup from the left navigation bar.
The following dialog box will appear (If you have already defined one or more loops, the image
below will be different).

PID Setup

|25
Murnber of PID Loops | - | Help | | Cancel |

2. Use the drop-down arrow to select the Number of PID Loops you would like to use (you can
select up to 8 PID Loops).
3. Assoon as you select a number of loops other than 0, the following dialog box will appear:

PID Setup s
Murnber of PID Loops |1 - | Help | | Cancel |
Loop1
iProcess PID when PLC 15 stopped [Use 10 addresses for P, OV anddor Control Output) LOOF 1
Action Algorithm
@ Direct Acting Rewerse Acting @ Position *elocity PID Math | Type2 =
Address FID Parameters
a 777
Process Yariable [PY) Tag hd Sample Rate ”SD? sn-act] 0 e g 00T
etpoin 2777
Contral Wariable [CY] Tag - = Sl 1 [P
) Propartional Gain 100 Baze Reg + 2[7777)
Baze Reqister Tag - .
] Integral [Feset) Time 3 Baze Reg + 37777
Baze Dizcrete Tag - . )
Derivative [Fate] Time 3 Baze Reg + 4 7777
FID Loop Mode i PID Lirmits
Manual Discrete Baze + 0(7777) Deadhand 0 Base Reg +5[?777]
@ Aulo U=Manual. 1= Auto Mode Setpaint Low Lirit 0 Base Reg + 62777
Setpoint HighLimit 0 Baze Reg + 7 [7777)
Dptiohs % Lowe Lireit 0 Basze Reg+ 8[7777)
7| Bnti-windup Discrete Base + 1 [¥777) O HighLimit 4035 Base Reg+3[7777]
Use P Square root Discrete Baze + 27777 Oy Offset 0 Ease Reg+ 10(7777
Saturation Dizcrete Baze + 3 [779797) Errar Baze Reg + 11 [7777)
Autotune Settings Enable Control Dutput
Start Autotune Dizcrete Base + 4 [7777)
Autotune Status Baze Reg + 12 [
Timmeaout Tine lin secl BO0 Base Reg + 137777 0
Turing Type Discrete Base + 5 [7777]
@ FID Pl 0=PID, 1=FI
Percent Step Change [in %) 10 Baze Req + 17 [+
FID Mode, Options, Parameters and Limits can be modified using Ladder Logic during run time,
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4. Next enter your Process Variable (PV) Tag and the Control Variable (CV) Tag. These can be either
an Unsigned Int 16 or Unsigned Int 32. You can use outputs or input directly for these tags.

5. Next enter a Base starting Register and Base starting Discrete. These should be selected such
that 32 registers and 8 discretes can be created for the rest of the PID control after them. For

example if a tag exists at R10 then R1-R9 cannot be used. If you are not worried about register

address location then the Automatic Addressing will select a good starting register.

6. Next fill out all the settings for your PID. These do not have to be your final settings but they
should be settings such that an autotune can be run. The next section will go over all the
options for all settings.

7. After all setting have been setup, your final PID will look similar to the image below. Where the
base Register is R100 and the base Discrete is S1.

PID Setup

==

Mumber of PID Loops | 1

Loopl

| Process PID when PLC is stopped

= | Help | |

Cahcel |

[Use 1/0 addresses for Y, OV anddor Contral O utput]

Action Algarithrn
Direct Acting (@ Reverze Acting @) Pozition Wity
Address PID Parameters
10
Process Wariable [PV) Tag WATER LEVEL - SR AL UeER)

Control Yariable [CW] Tag COMTROLLED FLOW INTO

Baze Regizter Tag

Baze Dizcrete Tag

FID Loop Mode
@ Manual

Auta

Options
Anti-windup
Use PV Sguare root

Saturation

Autotune Settings
Start Autoturne

Autotune Status

Timeouwt Time [in zecl 30

Tuning Type
@ FID Fl

FID Mode, Ophons, Parameters and Limits can be modified uzing Ladder Logic during run bime.

Setpoint 0

4

Proportional Gain 50

BASE REGISTER - )
Integral (Reset] Time 10
BASE DISCRETE v Denvative [Rate) Time B
PICr Lirnits
Dizcrete Baze + 0[51) Deadband U
0= Marual, 1= Auto Mode Setpaint Lowe Limit 0
Setpoint HighLimit 4000
W Low Limit D
Dizcrete Baze + 1 [52) C HighLimit 4000
Discrete Base + 2(53) OV Offzet 0
Dizcrete Baze + 3[54) Error
Enable Contral Dutput
Digcrete Baze + 4 [SH]
Baze Reg+ 12 [R112)
Baze Reg+ 13 [R113)
Digcrete Baze + B [SE] i}

0=FID 1=Fl
Percent Step Change [in %] 10

FID Math | Type2 |

LOOP 1

Baze Reg + 0 [R100)
Baze Reg+ 1 [R101)
Baze Reg+ 2 [R102)
Baze Reg+ 3 [R103)
Baze Reg + 4 [R104)]

Baze Reg + 5 [R105)
Baze Reg + 6 [R10E)
Basze Reg+ 7 [R107)
Baze Reg+ 8 (R103)
Basze Reg + 9 (R109)
Baze Reg+ 10[R170)
Base Reg + 11 [R111]

Baze Reg + 17 [R117)

13



PID Setup Settings
This section will go over all the possible selections and/or options in the PID setup.

Number of Loops

Murnber of PID Loops |3 v| Help | | Cancel

Loop1 | LoopZ | Loop3 | Loopd | Loop5 | LoopE | Loop? | Loop®

The Dialog box above allows you to define all your PID Parameters. It will show as many tabs as the

number of PID loops selected. The tabs are labeled Loop1, Loop2, and so on. Each PID loop requires a

contiguous block of 32 Registers and a contiguous block of 8 discrete for storing parameters and status.

Loop Parameters / Tags

Basic parameter information is outlined below. More details in sections afterwards.

Name Address DataType Memory Permissions Description
Process Variable (PV) User Select U16/U32 R, IR PID Read Only, User R/W User/Process controlled variable that should be moved to setpoint
Control Variable (CV) User Select ule6/U32 R, OR PID R/W, User R/W PID controlled variable used to change PV
Base Register User Select ule R See Sample Rate Used to create all PID Register tags
Base Discrete User Select Discrete S See Loop Mode Used to create all PID Discrete tags
Control Output User Select Discrete S,0 PID R/W, User R/W PID controlled discrete used with Cycle Time to change PV
Registers
Sample Rate Base R+ 0 uU16 R PID Read Only, User R/W Sample period (1/100 sec)
Setpoint Base R+ 1 ule R PID Read Only, User R/W The value the PID is moving the PV to
Proportional Gain Base R +2 uU16 R PID Read Only, User R/W Proportional Gain Value the PID is using in Calculations
(Autotune R/W)
Integral Time BaseR+3 ule R PID Read Only, User R/W Integral Time Value the PID is using in Calculations
(Autotune R/W)
Derivative Time BaseR+4 ule R PID Read Only, User R/W Derivative Time Value the PID is using in Calculations
(Autotune R/W)
Deadband BaseR+5 ule R PID Read Only, User R/W How much PV need change before PID act
Setpoint Low Limit Base R +6 ule R PID Read Only, User R/W Minimum Setpoint value
Setpoint High Limit Base R+ 7 ule R PID Read Only, User R/W Maximum Setpoint value
CV Low Limit Base R +8 ule R PID Read Only, User R/W Minimum CV value (PID will set CV to at least Min when running)
CV High Limit Base R+9 ule R PID Read Only, User R/W Maximum CV value (PID will not exceed this value)
CV Offset Base R + 10 ule R PID Read Only, User R/W Constant Value added to CV at all times
Error Base R+ 11 S16 R PID R/W, User Read Only PID reported Error btw Setpoint and PV (updated when PID run)
Autotune Status Base R + 12 uU16 R Autotune R/W, User Read Only Used to report PID status when Autotune running
Timeout Time Base R +13 ule R PID Read Only, User R/W PID Autotune timeout time
Cycle Time Base R + 14 uU16 R PID Read Only, User R/W Cycle time for Digital Output calculations
Min ON Time Base R + 15 ule R PID Read Only, User R/W Min ON time for Digital Output
Min OFF Time Base R + 16 uU16 R PID Read Only, User R/W Min OFF time for Digital Output
Percent Step Change Base R + 17 ule R PID Read Only, User R/W Percentages the CV will change when Autotune running
18-32 Base R + 18-32 uU1e6 R NA Reserved for future use
Loop Mode Base D +0 Discrete S PID Read Only, User R/W Select whether PID will run or not
Anti-Windup BaseD+1 Discrete S PID Read Only, User R/W Used to turn ON or OFF Anti-Windup
Use PV Square Root Base D +2 Discrete S PID Read Only, User R/W Used to turn ON or OFF whether VPV is used
Saturation Base D +3 Discrete S PID R/W, User Read Only PID loop will indicate whether CV High or Low Limit reached
Start Autotune Base D +4 Discrete S Autotune Read Only, User R/W Used to turn ON the Autotune Sequence
Tuning Type Base D +5 Discrete S Autotune Read Only, User R/W Selects whether Autotune will calculate Pl or PID values
7-8 Base D + 6-7 Discrete S NA Reserved for future use




Process PID when PLC is stopped

o | Processz PID when PLC iz stopped  [Use [/0 addreszses for PV, CW and/or Control Outprt]

When PLC is stopped (not in Run Mode), it does NOT process ladder logic or Update I/O. However in
some cases, it may be desirable to continue the PID loop even when the PLC is stopped. Use this check
box to indicate that the PID should be processed when the PLC is stopped. The default is to continue PID
processing.

Note: If you want the PID to be processed with PLC stopped, make sure to use physical addresses for the
PV, and CV/Control Output tags. The reason is that when PLC is stopped no ladder executes, and ONLY
PID related /O would be updated if the “Process PID when PLC is stopped” is checked.

Controller Action
Action
Direct Acting @ Reverse Acting

To determine whether the Controller Action needs set as Direct Acting or Reverse Acting, it is helpful to
understand the difference between “Process Action” and “Controller Action.” First, ascertain what type
of process (direct acting or reverse acting) best describes your system.
» Direct Acting Process: Control Variable and Process Variable follow the same direction i.e.
Increase in Control Variable increases the Process Variable and vice versa.

o For example: In a heating application, the more power through a heater (CV) increases
the temperature (PV) or a decrease in the heater’s output will result in a decrease in
temperature.

> Reverse Acting Process: The CV and PV move in opposite direction such as an increase in CV
decreases the PV or vice versa.

o For example: In an air conditioning or cooling application, more power is applied to
create a reduction or decrease in the temperature.

For simple systems, after identifying the type of process that describes your system, set the Controller
Action as the opposite of the process. For instance, if your system utilizes a direct acting process, the
Controller Action will need set as Reverse Acting. If your system utilizes a reverse acting process, the
Controller Action will need set as Direct Acting. (See below for further explanation.)
> Controller Action = Reverse Acting: The controller monitors PV. As PV decreases, the Controller
will increase CV and vice versa.

o For example: In the heating application listed above (a direct acting process), the
controller would need set as Reverse Acting in order to manage the temperature in
relation to the setpoint. So that if the temperature decreases due to outside variables,
the controller will increase the heater to restore the temperature back to desired level.
Conversely, if the temperature increases due to outside variables, the controller will
decrease the heating output to restore the temperature back to the established
setpoint.

15



» Controller Action = Direct Acting: The controller monitors PV. As PV increases the controller will
increase CV and vice versa.

o Inthe example of the cooling application (or the reverse acting process), the controller
would need set as Direct Acting. Therefore, if the temperature increases due to outside
variables, the controller will increase the cooling power in order to restore the
temperature to desired level. Conversely, if the temperature decreases due to outside
variables, the controller will decrease the cooling output to restore the temperature
back to the established setpoint.

EZRack PLC computes error term, based on this choice, as follows:
E, = PV, — SPB, for Direct Acting
E, = SB, — PV, for Reverse Acting

Algorithm (Position or Velocity)

Algarithm
@) Position Welocity

EZRack PLC supports two PID algorithms, known as Position and Velocity algorithms. Use this option to
select whether you use the Position Algorithm or Velocity Algorithm. This is only useful if you are using
PID, if using Pl controller then this section does not matter.

PID Position Algorithm:

n
(W = K, X [Ep + (Ts/T;) X EEi + (Ty/Ts) X (Ep, — Ep_) |+ CVy

=0

PID Velocity Algorithm:

CV, = K, X + (Vo

By + (T/TD) % ) By + (Ta/T) X (PVy = PVy_y)

1=0

Position and Velocity Algorithms effect the derivative portion of the equation so if using Pl control the
same equation is used for both Algorithms.

Pl Position & Velocity Algorithm:

n

By + (T/T) X ) E

i=0

CVn:KpX +CVO

16



PID Math

PID Math |Typ82 -

Use this selection to decide between Typel and Type2 Math. Below you will see the details of how each
functions:

Typel: This math provides a faster response with the Integral and Derivative terms having a bigger
impact on the error response. This faster response though makes this less stable. Also the step change
percentage is constant at 10%.

Type2: (Default) This math provides a more stable response with both the Integral and Derivative terms
having a smaller effect. Also the step change percentage for Autotune can be set. Finally the Digital
output has more settings in terms of Min ON and OFF time.

Process Variable (PV) Tag

Process Yariable [PY] Tag -

Use the drop-down arrow or enter a tag address where you would like the Process Variable to be stored.
You can use R or IR register types. If you use an IR type tag, then you are reading the Process Variable
directly from an Input Module. If you use an R-type tag, then the expectation is that you are scaling an
input in the logic and moving the value to the R-type register so that PID computations can use the PV.

*Note: If you would like PID to run while the PLC is stopped, you should choose an IR type tag so that the
PV is updated with the actual value.

Control Variable (CV) Tag

Control Y anable [CW] Tag -
Use the drop-down arrow or enter a tag address where you would like the Control Variable to be stored.
The CV tag has the flexibility of using R or OR registers. If you use OR, then EZRack PLC writes the CV
directly to an Output Module. If you use the R type for CV tag, you will have to move the actual CV
(possibly after some scaling) using ladder to an output for control.

*Note: If you would like to PID to run when PLC is stopped, please use OR type tag for CV so that it can be
updated, unless you are using Control Output.

17



Base Register Tag

Baze Reqister Tag -
Base Register Tag/Address defines the starting address of a Contiguous Block of 32 registers that are
used to store PID Parameters and Status information. Please see the dialog box to find the addresses of
desired parameter within the block.

Base Discrete Tag

B aze Dizcrete Tag -
Base Discrete Tag/Address defines the starting address of a Contiguous Block of 8 discretes that are
used to store PID Parameters and Status information.

PID Loop Mode
PID Loop Mode

M anuial Dizcrete Bage + 0 77977

0=Manual, 1=Auto Mode
@ Auto

In Auto mode, the PID Loop calculates a new Control Variable value every sample period. In Manual
mode, the Control Variable is controlled by user manually. The manual mode may be used for manual
control of process. PID Monitor dialog box (EZRack PLC > PID Monitor) can be used to modify Control
Variable in manual mode.

When the mode is switched from manual to auto, the integral term of the PID equation is set to the

control value. This provides bumpless transfer from manual to auto.

Anti-Windup
Optionz

7] dnti-windup Dizcrete Base + 1 [7777)

Use P Square root Discrete Baze + 2 [7977)

S aturation Discrete Baze + 3 [*777)

This option inhibits integration when the control value is saturated. It controls the integral term of the
PID equation when the control value is saturated. If Anti-Windup is selected, the integral term is not
included when the output is saturated and the sign of the Error will cause the integral term to drive the
output further into saturation. This help loops to come back into equilibrium sooner. You can see this in
action in the PID Response section.
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Use PV Square Root
O ptions
7| Antirwindup Dizcrete Baze + 1 [7777]

ze P Square root | Dizcrete Base + 2 [7777)

S aturation Digcrete Baze + 3 [7777]

If this option is selected, Square root of PV is used instead of PV in error computation.

E, +/ PV, — SP, for Direct Acting
E, = SB, —./ PV, for Reverse Acting

Then the CV, is computed as follows:
PID Position Algorithm:

CV, = Kp X |En + (T/Ty) X E; + (Tq/Ts) X (En — En—) |+ Vg

n

i=0

PID Velocity Algorithm:

n
i=0
Saturation
Cptionsg
| Anti-windup Dizcrete Base + 1 [¥777)

Uze P Square root Dizcrete Base + 2 (7777

S aturation Discrete Bage + 3 [¥777)

This line is for information only. This line shows the address of the discrete bit that would be set if the
Control Variable is saturated (i.e. if the Control Variable is either 0 or 4095). You may use this in ladder
logic to monitor the saturation of control variable.
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Autotune Setup

Autotune Settings The EZRack PLC can autotune PID loops, i.e. it can estimate the
I i . . .
Start Autotune Discrete Base + 4 (7777) values for the Proportional Gain, Integral (Reset) time, and
Autotune Status Baze Reg + 12 (7777 . . . .
Timeout Time fin secl E00 Base Fieg + 13 [7777] Derivative (Rate) time for PID loop. The dialog box allows you
Tuning Type Discrete Base + 5 [2277] to setup the loop for autotune. EZRack PLC uses Ziegler-
@ PID Fi 0=PID, 1=F Nichols method to estimate the PID parameters. For step by

step guide please see the PID Autotune Directions section.

Following are the setup parameters for Autotune:

Note: Autotune is performed by EZRack PLC observing open loop response to a known percentage
(default 10%) step change in the control value. Before starting autotune, the process should be in a
steady state. For best results, the steady state should be within the known percentage of the operating
set point. During Autotune, watch the process variable closely for it to be within the safe limits.

Start Autotune

Shown on the dialog box for information only. The Start Autotune discrete is at Discrete Base+4. EZRack
PLC initiates autotuning of a loop when this bit transitions from 0 to 1. Autotuning of the loop is can only
happen in “Manual” mode. Once Autotune is started, you can cancel it by setting this bit to 0. When
Autotune is finished, either from success, error, or user canceled, setting this bit from 0 to 1 will return
the Autotune to an idle state freeing any memory allocated for the Autotune.

Autotune Status
Shown on the dialog box for information only. During Autotune, EZRack PLC reports the status of
Autotune in the register.

Register Value Description
0 Tuning Idle
1 Tuning in progress, collecting data
2 Tuning in progress, calculating values
3 Tuning done, Autotune successful
4 User canceled tuning
5 Control Value could not be incremented
6 The tuning algorithm failed to fit the curve
7 Division by zero error
8 Could not determine dead time
9 One or more of P, |, or D was out of range
10 Tuning low memory error
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Timeout Time (in sec)
User programs Autotune timeout in seconds in this register. If EZRack PLC cannot finish autotuning
within this time, the Autotune is aborted. User should program this field based on the dynamics of the

process. This time should equal 1.5 x time to settle after the step change. Please see Autotune section
for more information.

* When Autotune Status = 1 (collecting data), this will time down to 0 to indicate the progress of
the data collection.

¢ While Autotune Status = 2 (calculating values), this register will be used as a decrementing
counter counting down to 0 indicating the progress of the calculations

Tuning Type
User selects if Pl or PID tuning is required.

Percent Step Change (in %)

Percent Slep Change [|n z] 10 Baze HBQ +17 [HH?] HOW mUCh the CV W|” be |ncremented du”ng the AUtOtune

Normal Autotune Sequence

Autotune Status: 0

Any memory allocated
during the process is freed Tuning Idle (Start/End)

4

User must transition the
Start Autotune from 1to O

»  User set Timeout time (in sec)*

» P, I, D values set to the calculated
values**

» Timeout time is set to the original
timeout value

»  User set Tuning Type to PID or PI

Autotune Status: 3

User must transition the
Start Autotune from0Oto 1

Tuning Done
Autotune Successful

; Autotune Status: 1
Countdown Autotune Status: 2 uming in p
Tuning in Progress uning in Frogress
reach ) ,
eaches 0 Calculating Values Collecting Data
»  Timeout time will be set with a count . - > Proportio.nal Gair.1 “P"is set to 100,
Timeout time » Integral Time “I” issetto 0
»  Countdown will decrement to 0 reaches 0 > Derivativg T.ime “D”setto 0
indicating the progress of the »  The CV will increase by User Set
calculations (8-10 minutes) Amount
» Timeout time will decrement

Legend -
< User Input > Autotune Actions [ Autotune Result ] Autotune Status

*The timeout time should be greater than the time it would take for the process to stabilize after a set% change in CV
**If Pl controller is used the D term is set to 0
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PID Parameters
FID Parameters

Sample Fate (14100 sec) O Baze Feg + 0[7777)
Setpaint 0 Baze Reg +1[7777)

Proportional Gain 100 Baze Reg + 2[7777)
Irtegral (Feset] Time 3 Baze Reg + 3[7777)
Derivative (Rate] Time 3 Baze Reg + 4 [7777)

The PID Parameters consist of the Sample Rate, Setpoint, Proportional Gain, Integral (Reset) Time,
Derivative (Rate) Time. The following section briefly describes each of these parameters. For more
information on how these effect the PID Loop please see the PID Response section.

Sample Rate (Ts)

Enter the desired Sample Rate in this field. The Sample Rate is seconds and can be changed from 0.05 to
99.99 seconds.

Note: All numeric fields in this dialog box use Implied Decimal points. So to enter 0.05, you simply enter
5; the EZRack PLC assumes two digits after the decimal point for most of the numeric entry fields, except
where noted.

Setpoint
Enter the Setpoint in this field. This is the Setpoint used in the PID Loop calculation. The Setpoint is the
desired process level.

Proportional Gain (K,)

Enter the Proportional Gain in this field. This is the gain of the proportional term of the PID equation.
The valid range is 00.00 to 99.99. Setting this to zero removes the proportional term from the PID
equation.

Note: The decimal point is implied. For example, “125” is 1.25. Default is 1.00

Integral (Reset) Time (T))

The units for this time are in seconds. The Valid range is 00.0 to 6000.0. This (along K, and Ts) controls
the integral term. Setting it to zero removes the integral term from the PID equation.

*Note: The decimal point is implied. For example, “125” is 12.5 seconds. Default is 0.3.

Derivative (Rate) Time (T4)

Enter the Derivative Gain in this field. This along with (T and K,) makes the coefficient of the derivative
term. The units are in seconds. The valid range is 00.00 to 600.0. Setting this to zero removes the
derivative term from the PID equation.

*Note: The decimal point is implied. For example, “125” is 12.5 seconds. Default is 0.3
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PID Limits

FID Limitz
Deadband 0 Baze Reqg + B [7777]
Setpaint Law Limit 0 Baze Reg + 6 [7777]
Setpoint HighLirmit 0 Baze Reg + 7 [7777]
Cv Low Limit 0 Baze Reg + 8 [777Y]
Cv HighLimit 4035 Base Reg + 3[7777)
v Offzet 0 Baze Reg + 10 [¥777)
Error Baze Reg + 11 [¥777]

The PID Limits consist of Deadband, Setpoint Low Limit, Setpoint High Limit, CV Low Limit, CV High Limit,
CV Offset and Error. The following section briefly describes each of these.

Deadband

Enter the Deadband value in this field. This value is compared with the error value at loop update. If the
absolute value of the error is less than the Deadband value, then the error is considered as zero for PID
computations.

Setpoint Low Limit
Enter the lower limit of your desired setpoint in this field. If the setpoint is below this value, then it will
be set to the value you've entered in this field.

Setpoint High Limit
Enter the higher limit of your desired setpoint in this field. If the setpoint is above this value, then it will
be set to the value you've entered in this field.

Control Value (CV) Low Limit
Enter the lower limit of the Control Value in this field. If the CV is below this value, then it will be set to
the value you've entered in this field. Default is O.

Control Value (CV) High Limit
Enter the higher limit of the Control Value in this field. If the CV is below this value, then it will be set to
the value you've entered in this field. Default is 4095.

CV Offset
This is the constant offset that is added to the control variable. So, even when the Error is zero, the
Control Variable equals offset.

Error

Shown on the dialog box for information only. EZRack PLC used this register to store Error value. This is
the only register which is Signed Int 16 due to a need to show +/- error values.
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Control Output
| Enable Control Dutput

Contral Qutput Tag -
Cycle Time [1/10 zec) Base Reg + 14 [7777)
Min On Tire (1410 zec] 0 Basze Reg + 15 (7777
i OFf Time (110 ec] 0 Base Reg + 16 [7777)

EZRack PLC allows you to control a Digital output using PID control. The digital output provides a pulse
out put on selected output address. The width of the pulse (within the cycle time) is proportional to the
control value, as illustrated below:

- DUt pLt-e- —-——Output—- a—Output —w

|<—Cyde Time T :I: Cyde Time T :;;:. Cycle Time T—-|
The Output is ON for the time proportional to Control Variable settings.
Tour=Time Output will be ON,
Tc = Cycle Time

T CVh T,
= — =%

The following fields are programmed for the Digital Control Output:
Enable Control Output
Check box to enable Digital Control Output. If the check box is unchecked, no digital output is provided.

Control Output Tag
Enter the discrete output address (O type) to provide Digital Control Output from the PID loop. The
output module can be of any type (DC, AC or Relay type).

Cycle Time (T¢)

Enter the Cycle time for the control output in tenths of a second. While selecting cycle time, keep in
mind the load type that the output would be driving. For EM relays, we suggest that keep this time as
high as possible to extend relay life. This time is in 1/10 seconds so a value of 10 will be 1.0 Seconds.
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Min On Time (Twon)

The Min On Time is used when the digital output controlled device cannot be cycled ON at very fast
rates. Therefore you can set the minimum time that output will be ON here. This time is in 1/10 seconds

so a value of 10 will be 1.0 Seconds.

Logic behind Min On Time:

IF (=2 % Te. < Tyyon) THEN (Toue = Tauon)ELSE (Toye = 2z + T¢)

4095

Note: The Tyon must be less than the cycle time or the PID Controller will not functions since any value of
Tout would never be greater than Tuon. With this section you also have to be careful since the CV high

limits could also affect the maximum Tout.

Bad Example 1 (DO NOT DO THIS)
TC = 30
TMON = 30

Therefore the equation will always be such that

maximum is Tyony = T¢
Cv,

*
4095

30 <30

Bad Example 2 (DO NOT DO THIS)
T, = 60

Tyon =30

CVhign = 2047

Therefore the equation will always be such that

maximum is Ty oy = T¢
2047

4095

*60 = 30 =TMON

Min Off Time (TMOF)

The Min Off Time is used when the digital output controlled device cannot be cycled OFF at very fast
rates. Therefore you can set the minimum time that output will be OFF here. This time is in 1/10
seconds so a value of 10 will be 1.0 Seconds. Unlike the On time the Off time will be added to the cycle
time so the previous restrictions do not matter as much.

Logic behind Min Off Time:
IF (T¢ — Tour < Tmor)THEN (Te = Tout + Tuor)

Therefore the Cycle time will be extended if the Min Off Time does not fit with the cycle time.

Example:

Tc = 30

Tyor = 10

The PID loops calculates CV,, = 3958

T 3958 30 = 29
= — % =

out = 4095

30— 29 < 10

Therefore the new Cycle time T = 29 + 10 = 39
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With Math Typel these figures will be displayed. They are display purposes only.

| Enable Control Dutput

Coantral Dutput Tag -
Cycle Time (110 zec] Base Beg + 14 [RES)
Min Duty Cycle in %) 0 Dretermined by TV Low
Ma Duty Cycle [in %] 100 Determined by CW High

Min Duty Cycle: This field is for display only. It is computed from the CV Low Limit(% * 100) and

expressed in percentage. As the name suggest, the output will remain on for minimum time even if the
computed control value falls below the CV Low Limit.

Max Duty Cycle: This field is for display only. It is computed from the CV High Limit(% * 100)

and expressed in percentage. As the name suggest, the output will remain on for this maximum time
even if the computed control value is above the CV high Limit

26



PID Monitor
This section will explain how to setup and use the PID Monitor function within the EZRack PLC Designer

Pro. You can use this function to monitor and make real-time changes to your PID Loop. To use the PID
Monitor follow the directions below.

To use PID Monitor:

1. Open your PID project. Then Go Online with your project.

és Cﬂgl ine | mSimulate TS

EZRa({ . Online Go Online / Go Offline |*
Kl Go Online / Go Offline p |

2. Once Online with your project select PID Monitor from the left Quick Access Bar, or go to PLC >
PID Monitor....

EZRackPLC >
4| 7 EZRackPLC | ¥l AllTags Recent|b|
“§i PID Water Level Example.elc
..... 1] Main Logic
----- o Interrupt Logic
% Subroutine Logic
© Hardware Setup
-[F) VO Table Layout
Wl VO Graphical Layout
-3 Communication Setup
-E@ PCto PLC COM
o3 PLC Ethernet Setup
3 MQTT Setup
= EtherNet/IP Adapter Setup
- [} EtherNet/IP Scanner Setup
B sparkplug Setup
o1 Database
-4 Tag Database
-2 Tag Cross Reference
IL, Message Database
L. PID Control
i

3. Inthe PID Monitor select the PID Loop (1-8) you would like to monitor then press Start
Monitoring. You can now modify your PID Loop, for more information on all the options please
see next section.

“{ PID Monitor g x

Selact PID Loop: (@ PID Monitor () Auta Tune Maonitor
Plot Graph Parameters PID Parameters
CurentValue  NewValue  MinimumSP 0 Current Value New Value
Maximum 5P 4000 Sample Rate

7 i
[Ylsetpaint Minimum CY ] Proportional Gain

Control
1 rable () Maximum CV 4000 itz
gProcess Interval(msed) 1000 =i

Variable (PV) NoofTicks 25 CVcanonlybe  Mode

oedxiiie ©) Auto @) Manual
[¥]Show GridLines Manual mode 2 -

%EI\EIEI— —400C
=
2
= TE
£ <
@ o
2
S - -=
a =
3 3
[ =
@ s
= - -0
=
s
a
k-1
0

- -0
Wi
Sec
mSec
4 L

Hslp i Start Manitoring |[ ApplyNewValuss | [ FieezeGiaph | [ EwportToEscel | [ Close |
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PID Monitor Options

All the below options are editable while not monitoring but changes are only reflected when you are
monitoring your loop. The PID Monitor will not see all the different values that PID loop will use to
calculate its error. The PID Monitor operates at inputted interval from Graph Parameters. The Auto Tune
Monitor is discussed in the Auto Tune Section.

Note: For values which exist as parameters, inputs, or outputs from the PID Loop the PID monitor will
change the value of those corresponding registers. For example for Control Variable (CV) the tag inputted
for the specified loop will be modified.

Plot Information

Plot Plot
Current Value  New Value Current Value  New Value

| SetPoint 0 1000 | SetPoint 1000

Control 7 Control

Variable (CV) 0 3000 Variable (CV) 830

Process Process

Variable (PV) 0 Variable (PV) 1000

PID Mode; Manual PID Mode: Auto
Setpoint

This field displays the current value of your Setpoint. You can change the setpoint by entering a value in
the New Value field and clicking the Apply New Values button at the bottom of the window.

Control Variable (CV)
This field displays the current value of the Control Variable (CV). This value can be changed when the PID
mode is Manual. This is the controlled Output register that the PID Loop in Auto Mode calculates.

Process Variable (PV)
This field displays the current value of the Process Variable (PV). This is the value from the external
process which the PID Loop in Auto Mode calculates the error from.
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Graph Parameters
The Graph parameters will change the maximum and minimum values of the graph.

3000 -200C
Graph Parameters oy
=)
Minimum SP 100 I = 7 T
m L]
Maximum SP 3000 = =
w [:F]
— W =
I Minimum CV 400 I z .=
2 e
Maximum CV 2000 o et
o [ XX} =
Interval(mSec) 1000 o =
7]
Mo of Ticks 50 ; = -G
Show GridLines £
o
1 UU-J I I 1 I I 1 I
T
Sec 43 4B 49 52 23 2B 29 32
m3ec

Minimum SP
Enter the Minimum Setpoint value in this field for the graph to display.

Maximum SP
Enter the Maximum Setpoint value in this field for the graph to display.

Minimum CV
Enter the Minimum Control Variable (CV) value in this field for the graph to display.

Maximum CV
Enter the Maximum Control Value (CV) value in this field for the graph to display.

NOTE: When selecting your values for Minimum and Maximum SP, it’s a good idea to choose a number
relatively close to the Process Variable. That way, when your graph is created you will be able to see
more detail. The greater the range between your Minimum and Maximum SP, the less detail your graph
will display. The shorter the range, the more detailed your graph will be.

Interval(mSec) 1000 Interval (mSec)
No of Ticks 50 Enter the Interval value (in milliseconds) in this field. This is how fast your
7] Show GridLines graph will refresh data as well. So to see more details about changes the

smaller this value should be.
No of Ticks
In this field, enter the Number of Ticks you would like to have displayed in the graph.
Show Grid Lines
Check this box if you would like Grid Lines to be displayed in your graph.
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PID Parameters

The PID Parameters section allows changing of the PID Loop calculation while it is running. This section is
recommended to be used for tuning the loop after an Auto Tune has been run and you wish to further
refine or test your PID response. To see how this is used you can see the PID Autotune section and or
some of the PID Application Examples.

PID Parameters

Current Value New Value

Sample Rate 10
Proportional Gain 50
Integra 10

Derivative &

CV can only be Mode

changed in the @ Auto Manual
Manual mode

Sample Rate
In this field you see the current Sample rate and you can enter the new Sample Rate you would like to
change to. Sample rate determines how often the PID Loop checks the process.

Proportional Gain (K,)
In this field you see the current Proportional Gain and you can enter the new Proportional Gain you
would like to change to. This is the gain of the proportional term of the PID equation.

Integral (Reset) Time (Tj)

In this field you see the current Integral (Reset) Time and you can enter the new Integral (Reset) Time
you would like to change to. The units for this time are in seconds. This (along K, and Ts) controls the
integral term. Setting it to zero removes the integral term from the PID equation.

Derivative (Rate) Time (T4)

In this field you see the current Derivative (Rate) Time and you can enter the new Derivative (Rate) Time
you would like to change to. This along with (Ts and K,) makes the coefficient of the derivative term. The
units are in seconds. Setting this to zero removes the derivative term from the PID equation.

Mode

CV can only be Mode

changed in the @ Auto Manual
Manual mode

In this box you can choose Auto or Manual (you can only change the Control Variable in the Manual
Mode).
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PID Control Buttons

| Help | | Start Monitaring | | Apply Mew Yalues | | Freeze Graph | | Export To Excel | | Cloze

End Monitoring / Start Monitoring
Press this button when you wish to stop / start the PID Monitor.

Apply New Values
Press this button once you have changed some of the parameters in PID Monitor and would like to begin
monitoring those changes.

Freeze Graph
Press this button if you would like to see a still picture of the graph in its current state.

Export to Excel
Press this button to send all of the data within the graph to an Excel spreadsheet (you must have the

Excel software installed onto your computer).

Close
Press this button stop the monitoring process and close the PID Monitor window.

31



PID Monitor Example Response
This section will show how the PID Monitor will look and how to modify settings and to be able to finish

tuning your PID response.

» When the PID Monitor is started it will look like this before you start monitoring. If you know
your settings you can modify your Graph Parameter so your process is easier to monitor (press

Apply New Values to see your changes).

“§ PID Monitor

ey

Plot

Current Value  New Value

SetPoint

Control
Variable (CV)

Process
Var\ab\e (Y]

SelectFID Loop: (1 | @ FID Monitor

) Auta Tune Monitor

Graph Parameters

MinimumSP O

Maximum SP - 4000
Minimum €Y 0
Maximum €V 4000
Interval(mSec) 1000
NoofTids 25
Show Gridlines

PID Parameters
Current Value New Value
sample Rate
Proportionsl Gain
Integra
Derivative

CV can only be
changed In the
Manual mode

Mode
@) Auto © Manual

B PID Monitor

[

Flot

Current Value

SetPaint

Control
¥\ arable (c)

Process
Variable (PV)

Select PID Loop: @ FID Manitor

) Auta Tune Monitar

Graph Parameters
New Value 8 MinimumsP O
Maximum SP 2000
Minimum CV o
1500
Intervalfmsec) 1000
MoofTiks  4p

Show GridLines

Maximum CV

PID Parameters

Sample Rate
Proportional Gain
Integra

Derivative

v canonly be
changed in the
Manual mode

Current Value New Value

Mode
) Auto @ Manual

&
ETRE-TE T T L ]
o

Help. | ErdMentonng I 2ol e bies IF\mE\rwh | [ Export ToExcel Close:

%\DD* —400C 2000 —150C
3 =
g - 3 - -
g 2 H i
3 -] 2 K]
5 - -5 g - -&
5 s
2 i 5 5
) ; ) :
E - -e z - “C N
= o
o o
= B
@ " R o
Hin Min
Sec Sec
mSec mSec
<[ 3 < 3
Help Start Mortaring i Apply New Values I[ Freeze Graph | [ EwponToErcel | [ Close | [ Help | [ StetMoritoring | [~ ApplyNewValues | [ FieezeGraph | [ EwpontToEscel | [ Close |
» Now you can Start Monitoring. Once Monitoring you can switch to Auto Mode and Enter a value
of 1500 into your setpoint. You can now watch the PID response of your loop.
it [E =
“f# PID Monitor E==) [P0 Morher -
Setect PID Loap: 1w | @ PID Monitoe Auda Ture Mostoe
Select PID Loop: |1 v | @ PID Mosioe Ao Ture Moo
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Plot Graph Parameters o0 Parameters I e o [e—s Current Vakue New Value
CurentVsue  NewVhe  Mrimum SP e " Maximum P 2000 ‘Sample Rate 10
S = Mawmumse | 2000 Somplerate 10 [} SetPuink ] Mrmam Cv Propertionsl Gan S0
P e Y = e Hasium ¥ —
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PID Autotune Directions/Example
This section will outline how to setup an Autotune and how to run an Autotune to get correct values.

One thing to remember that the Autotune results are a starting point for your tuning and most likely
manual tuning of the PID will need to follow. First there are a couple important points to consider which
are outline below. Then initial setup is discussed. Finally a step by step directions for the Online
Autotune instructions are presented.

Autotune Algorithm

The Autotune process is based on the Ziegler—Nichols Tuning 1st Method S-shaped Step Input Response
Curve. Therefore if your process does not work on this principle the Autotune will fail. There exist
multiple other tuning calculations but those will need to be run manually. Below the basics of Ziegler-
Nichols tuning are outlined but the most important point to remember is that if your process does not
produce an S-shaped Step Input Response then this Autotune will not work.

SUNY
o Tangent line at
inflection point
K /___
0 {
—| L |= T -

The S-shaped reaction curve can be characterized by two constants, delay time L and time constant T,
which are determined by drawing a tangent line at the inflection point of the curve and finding the
intersections of the tangent line with the time axis and the steady-state level line.

Type of
Controller K, T; T,
-

P E e 0

T L
PI 09— = 0

L 0.3

PID l.le 2L 05L

The Autotune process on the EZRack automates the creation of this chart to calculate the above values
for your PID Parameters.
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Other Important Points to Consider before using Autotune:

e CVand PV Values used for Autotune
e Time Out Time vs Response Time
e Stability of Response

Note: Autotune works on any type of Control Variable and Process Variable. If a tag is able to be used for
these then the Autotune will try to fit the data to its corresponding best fit PID parameters. But based
on the process complexity the results accuracy will vary and a manual tune might be necessary.

Autotune Response Main Chart

.
.
.
H /
2
v
.
.
.

i Autotune
i Start

{
{
o/
t
$

—CV —PV

The graph above will be used to illustrate the important points above. The graph represents idealized
response during an autotune. The process starts at zero and the CV is manually set to 10% below the
operating CV. You wait till the PV stabilizes and then Autotune is started. The CV is increased by 10% and
data is taken while PV stabilizes at the new setpoint. This is used to calculate the Autotune PID

parameters.
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Control Variable / Process Variable Considerations

For Autotune to calculate parameters that work for your setpoints, it is recommended to run Autotune
at around your normal operating setpoint. The default autotune increments the CV by 10% and
therefore it is recommended to run the autotune at a starting point where 1.1 * CV is equal to the
operating CV. The example below illustrates this point.

CVop = L1 % CVspqre where CV,,, is Operating CV and CVsq, is Autotune start CV

Autotune Response Chart

........ .-—-/

/— PV Operate

—CV —PV

Time Out Time Considerations

For Autotune to work correctly the process has to stabilize before the Autotune finishes taking data. This
therefore means that your timeout time should be at least 1.5x bigger than the time it takes the process
to move to the new stable point. Also Autotune should only be started when the process is entirely
stable. For our purposes stable means that your value PV is only changing by a small margin (<1%) of
error (such as your Deadband value).

Tour = 1.5 Ty where Ty, is the time from CV change till time where your PV is not changing

Autotune Time Periods Chart

i Autotune : :
iPV Not Change_ igtayt PV Not Change :
:ﬁ: : < > :
: = T s :

_— T st > :
: é P TO'l-l,t o
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Stability of Response

One of the big variables that could influence getting correct values during an autotune is the stability of
the process before and during the end of the Autotune.

{ Autotune : Autotune
 Start {End

Stability Consideration

e Your process must be able to reach a stable operating point. This means that when CV is not
changing the PV changes must be very small (<1%). If your process is not stable than most likely
Autotune will not converge to correct PID parameters. You can still run the Autotune to get an
idea of starting PID parameters but you will have to do some manual tuning.

e To get the best results from PID tuning you must allow the process to stabilize before the
Autotune starts and before the Autotune ends. Like mentioned in Time Out consideration
section the process should end after stability is reached and process stays there for set amount
of time.

Autotune Considerations Summary

If the response has an S shaped response and the above considerations are taken into account then
most likely the Autotune will result in some values for your PID Parameters. Note that the above
consideration do not guarantee results, just make results more accurate and useful. Once the Autotune
process is done, please try the PID parameters and see if they make sense for the response you want. If
they do not then you should attempt to do a manual tune of your process. The next section will walk
through the actual setup and use of the Autotune process.
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Autotune Offline Setup

This section will outline the necessary setup to run an Autotune. Before running an Autotune please
know the following information about your process.

Necessary Information:

Parameter Explanation
The Autotune tunes either a Pl or PID response, therefore this is necessary to select the correct
one for your process. For more information the PID Response section outlines the differences.
The Time Out time is how long the Autotune process functions, please see the Time Out Time
consideration section and use a correspondingly selected Time Out time.
The Autotune uses the Sample Rate to know how fast it should sample, therefore the Sample
Rate will affect the Autotune results. For more information see the PID Response section.
The Action selection effects the Error calculation for the PID, therefore the Action selection must
be correct or your PID parameters will not make sense. See the PID Setup Parameters section.
If using PID then the Algorithm will affect the equation that is used to create the PID parameters.
For more information see the PID Setup Parameters section.
The Autotune calculation will operate within your CV limits so please make sure these are correct
before using Autotune.
The CV Offset is used in the calculation for the PID Parameters so for most accurate results use
the CV Offset your process will be using later ON.
Optional
If your process will use a PV Square Root make sure it is selected before running an Autotune.
See PID Setup Settings section for more info.
Step Change The Autotune uses default 10% step change, this can be changed if necessary.
Digital Output

Cycle Time Know and input a good cycle time for your process, see PID Setup Settings section for more info.
Min ON Time Know and input the Min ON time for your devices, see PID Setup Settings section for more info.
Min OFF Time Know and input the Min OFF time for your devices, see PID Setup Settings section for more info.

PID or PI

Sample Rate

Algorithm

CV Limits

CV Offset

PV Square Root

Setup:

1. Before setting up Autotune please follow the directions to setup the PID itself. For directions on
this setup please see the PID Setup section. Based on the table above please make sure those
sections are correct for your process.

2. For Autotune to function correctly the following sections will need to be set.

3. In PID Loop Mode, set the Mode to Manual.

PID Loop Mode

@ Manual Discrete Base + 0[51)

0 =kanual, 1=Auto Mode
Auto



4. In Autotune Settings, input your process specific Time Out time (most likely default time will not
work for your process).
5. Then select the Tuning type based on if you would like Pl or PID control for your process.

Autatune 5ettings

Start Autotune Dizcrete Baze + 4 [55]
Autatune Status Baze Reg+ 12 [A112]
Tirneout Time lin secl 300 Base Reg + 13 [R113)
Turing Type Dizcrete Base + 5 [S6]
FID @ 0=FID, 1=FPl

6. Next verify the Sample Rate and CV Limits / Offset to make sure that they are what you would
operate the PID control at. This information should be based on your process information.

PID Parameters

Sample Fate (14100 zec) 10 Baze Reg+ 0 [R100]
PIC Lirnits
Ceadband O Base Reqg + 5 [R105]
Setpoint Low Limit 0 Basze Reqg + B [R10R]
Setpoint HighLimit 4000 Baze Reg + 7 [R107)
OV Low Limit 0 Base hed +
C HighLimit 4000 Baze Reg+ 9 ([R109)
C Offzet 0 Baze Reg+ 10[R110]

7. Finally if you would like to change the Autotune Step Change you can do that here as well.

Percent Step Change [in %) 10 Base Reg + 17 [R117)

Note: All these settings can be changed in your ladder logic using the defined registers. Therefore you
can redo an Autotune with different setting without re-downloading the project.

Monitored Tags

ﬂ Local Tags® Monitored Tags  Unmonitored Tags

Display Format | Decimal ~ | | Clear All Applied Forces |

# | TaghName Address | DataType | Cument Value
1  BASE DISCRETE.LcopMode s1 DISCRE... OFF
2 BASE DISCRETE.UsePYSqrt 53 DISCRE... OQFF
3 BASE DISCRETE.StartAutotune 55 DISCRE... OQFF
4 BASE DISCRETE.TuningType 56 DISCRE... OMN
5  BASE REGISTER.CVLow R108 UNSIG 0

6  BASE REGISTER.CVHigh R109 4000
7 BASE REGISTER.CYOffset R11 0

8  BASE REGISTER.AutotuneStatus R112 0

9  BASE REGISTER.TimeoutTime R113 900
10 BASE REGISTER.PercentStepCha.. R117 UNSIG 10
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Autotune Online Directions

take accurate data.

5.

EZRackPLC

4| . EZRackPLC | K1 All Tags

w* 0

Recent ﬂ

“F PID Water Level Example.elc
[&) Main Logic
. o8 Interrupt Logic
.4 Subroutine Logic
=€ Hardware Setup
=] /O Table Layout
Ml /O Graphical Layout
—j--t,' Communication Setup
B3 PCto PLC COM
g% PLC Ethernet Setup
2N MQTT Setup
-.== EtherMNet/IP Adapter Setup
- [U EtherMet/IP Scanner Setup
H Sparkplug Setup
| Database
- i Tag Database

-

%@ Tag Cross Reference
o L

Message Database
PID Centrol

Before these directions, make sure to follow the above directions for Offline Setup.
Please make sure that your EZRack PLC is connected to your process, also that it can control and

Download your project and Go Online with the EZRack PLC. Make sure to stay in Edit Mode.
Now double click the PID Monitor option on the left (also in Setup > PID Monitor).

In the PID Monitor Click Start Monitoring. The PID Monitor will populate with data from your

process. Note: This includes any preliminary PID parameters you have inputed, these will not be
used for your Autotune process.

“ PID Monitor

5

Auta Tune Monitor

SelectPID Loog: (1 »| @ PID Manitor ©)

Plot Graph Parameters

Current Value  Mew Value Minimum SP L]

Maximum SP 4000
V] Setoint
Minimum €V 0
Cantrol
[
Variable (CV) Maximum €V 4000
Process Interval(mSec) 1000
F
variable (PV)

NoofTicks 25

Show GridLines

g
T

Set Point (SP)&Process Variable (|

o
hin
Sec
Sec

.

PID Parameters

Current Value New Value

Sample Rate
Proportional Gain
Integra
Derivative

CV can only be Mode
changed in the () Auto @ Manual
Manual mode B :

—400C

Control Wariable (CV)

r

[ Help | N StatMonitoring || [ Apply NewValues | [ Freeze Graph

| [ EspotToExeel | [ Close |

.
" PID Monitor

= e |

Plot

g
T

Set Point (SP)&Process Variable (|

L
Min 19
Sec 14
mSec

Select FID Loop @ PID Monitor

Current Value  New Value Minimum 5P 0
Maximum 5P| 4000 SampleRate 10
E=ml 0 MinimumcY |0 Proportional Gain 100
el @ 0 Maximum €V | 4000 Integra 3
:;onc:hslz o [ Interval{msec)| 1000 N Eentalvey [
Mo of Ticks anonlybe  mode

() Auto Tune Moritor
Graph Parameters PID Parameters

Current Value New Value

25
[¥]Show GridLines

changed in the

@
Manual made " Auto @) Manual

—400C

Control Wariable (CV)

16 12

Help

| [ EndMoniteing | [ ApplNewValues | [ FieszeGraph | [ EwponToEweel | [ Close
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Next make sure the PID Loop selected is the one you would like to finetune. Then input your

Autotune selected starting control variable. Make sure to press Apply New Values. For more
information see the Control Variable / Process Variable considerations section.

r
H PID Monitor

B

Select PID Loop: @ PID Monitar () Auto Tune Moritor

Plot Graph Parameters PID Parameters

CurrentValue NewValie  Minimumsp O Current Value New Value
) Maximum SP | 4000 Sample Rate 10
[¥]setroint 0 Mmm oy o Proportional Gain 100
Control
el vy 2000 Maximum €V | 4000 Integra 3
@Process = Interval(msec) | 1000 iz |2
Variable (PV) No of Tidks = CV can only be Mode
Homasdite ©) Auto @ Manual
show GridLines Manual mode £ =

.gpu— ~4000
Py

B

s 3
@ @
3
e - &
o =
2 5
[ =
@ s
- o

=

‘e

o

T

@ il

T T T T 7 T T t T T T T

tin 19 20
Sec 51 5 55 57 59 o 0 05 it it 1 13 15
mEec

« [ n, »

| FreezeGiaph | [ EwpotToEwcel | [ Close |

Wait for the process to stabilize, then make sure to wait at least 30 seconds more than that.

i PID Monitor CIREES

Select PID Loop: @ PID Monitor ) Auto Tune Moritar

Plot Graph Parameters PID Parameters

CurrentValue NewValue  Minimumsp | O Current Value New Value
) Maximum SP | 4000 Sample Rate 10
SetPoint ] MimumCV [0 Proportional Gain 100
Contral
[ ariable () 2000 Maximum CV | 4000 Integra 3
@ Process s Interval(msSec) | 1000 Pz |8
Variable (PV) NoofTis | 35 CVeanonlybs  pode
changedin the ©) Auto @ Manual
[¥]show GridLines Manual mode - -

guu— —4000
@

g

& - -
£ &
@ @
g 3
g =
& 2
= S
i =
@ s
= - -0
‘S

o

@

@ il

T T T T T T T T T T T T T

Min 20 21
Sec 5B i} 0z 04 i3 08 10 12 14 16 18 21 2
mSec

< [ [ r
[ Help | [ EndMonioring | [ ApplyMewValues | [ FreezeGraph | [ ExpotToExcel | [ Close |

8. Next switch from PID Monitor to Auto Tune Monitor. Please make sure your Step Change % and
Timeout time are correct then you can click Start Auto Tune. Note: Autotune will only work in
Manual Mode so if nothing is happening please make sure the Mode is Manual.

- N
“& PID Monitor B s
SelectFID Loop:[1 v | ) PID Montor @/
Plot Auto Tune Parameters ST
urrent Value New Value
Control Variable (CV) 2000 Mode
- Iy b Percentage Step Change (in %) 30
[ Process Variable (Pv) 2388 Tuning c2n only be
run in Manual Mode Timeout Time (insec) s
Graph Parameters () Auto @ Manual Proportonal Can 100
Minimum CV 0 i Integral (Reset) Time 3
Maximum CV 4000 O @P Derivative (Rate ) Time 3
Interval(mSec) 1000 Start Auto Tune |_Off |
Mo of Ticks 35 Auto Tune Status
[7] show GridLines 0 - Autotune Idie
gg- —400C
-
2
s d
@ @
H E
S 5
& >
= s
a =
@, 5
= O
£
s
a
B
w
07 T T T T T T T J T T T
Min 21 22
Sec 43 45 47 49 51 63 55 &7 53 o 03 05 o7
mSec
4 [ i ’
Help ] [ End Monitaring ] [ Apply New Values ] [ Freezs Graph Export &utoTune D ata
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9. You will now need to wait both the Timeout Time (Process Specific) and the Calculation Time (8
to 10 minutes). The Auto tune status will be displayed in the Auto Tune Status section. For a
graphical Autotune representation you can see the next section. Note: At any point the
Autotune can be canceled by turning the Start Auto Tune to OFF.

“§} PID Monitor (= - “ff PID Monitor 8 =
Select PID Loop: ©) PID Monitor @) Auto Tune Moritar Select PID Loop: ) PID Monitor - @ &ulo Tune Monitor
Plot Auto Tune Parameters " " Flot Auto Tune Parameters 5 o
Current Valug New Value urrent Value Mew Value
[¥] Control Varisble (C¥) 3200 Mode [¥] Control Variable (Cv) 3200 Mode .
Percentage Step Change (in %) 30 Percentage Step Change (in %) 30
bl 3655 TmEEie process Variable () 828 Tuning can only be
Process Variable (PV) run in Manual Mode meoutime (ms=c) [z EEEMEIELE run in Manual Mode Timeout Time (insec) 1aps3
Graph Parameters Auto (@) Manual Proportional Gain g Graph Parameters Auto @) Manual Proportional Gain 05
Minimum CV 0 —— Integral Reset) Tme o Minimum CV 0 Turing Type Integral Reset) Tme
R eV (1800 P @ PI Derivative (Rate) Time g Maxmum EVi 4000 D @ P Derivative (Rate ) Tme g
1000 B 3 Interval(mS 1000 B
mErEiEE) Start Auto Tune Tl Start Auta Tune
Noof Ticks 35 Auto Tune Status Mo of Ticks 25 Auto Tune Status
Show GridLines 1-Tuning in progress, callecting data Show GridLines 2-Tuning in progress, calculating values
gﬂuf —400¢ ?U, —400C
= =
z # z
g - L - L
= = = =
5
= 2 = =
] 2 4 =
=
g / B g g
g T e - FE
o =z a >
= S =3 s
i = [ =
@ 3 23 5
- -0 - -0
= £
‘S =
o o
@ 3
w w
il )
vin U35 T T T T T T T T T T T T vin U T T T T T T T T T T T T
Sec 22 24 S E] kil 2 N * ® 40 4 4 46 Sec (7 03 1 13 15 17 19 22 24 S 2 0 3z
mEec mec
<] . 3 4 n [
[ Hele | [ EndMenioing | [ ApplyNewValues | [ FreezeGraph | | Erport AuioTunc Dais [ Hep | [ EndMonitoing | [ ApplyNewValues | [ FieezeGraph | | Export AuioTune Data

10. Once the Autotune finishes it will put in the calculated value into the PID Parameters.
Note: These values are not saved offline so please make sure to record them and input them in

your offline setup.

-

“H PID Monitor

[ S [ |

(7 PID Manitor @) Auto Tune Manitar

Select PID Loop:

Plot Auto Tune Parameters

Control Variable (CV) 3200 Mode
. Tuning can only be

Process Variable (Pv) 3828 runiin Manual Mode
Graph Parameters Auto (@ Manual

Minimum C¥ 0 .

Tuning Type
Maximum CV 4000 _
PID (@ PI
Interval(mSec) 1000
No of Ticks 75

Show GridLines

Current Value Mew Value

Percentage Step Change (in %) 3p
Timeout Time (insec) sg
Proportional Gain 44

Integral (Reset) Time 25
Derivative (Rate ) Time p

Start Auto Tune | Off §

L une S

| 3 - Tuning Done, Autotune successful

11. Please make sure to press the Start Auto Tune Off button so that the process is finished.

The next section includes a graphical process sequence. Also there exist some Application Guide with

example programs for PID Autotuning.
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Normal Autotune Sequence

Autotune Status: 0
Tuning Idle (Start/End)

Any memory allocated
during the process is freed

User must transition the
Start Autotune from 1to O

P, I, D values set to the calculated
values**

Timeout time is set to the original
timeout value

Autotune Status: 3
Tuning Done

Autotune Successful

Autotune Status: 2
Tuning in Progress

Calculating Values
Countdown

reaches 0 » Timeout time will be set with a count

»  Countdown will decrement to 0
indicating the progress of the
calculations (8-10 minutes)

>
>

User set Tuning Type to PID or PI

User set Timeout time (in sec)*

YV VYV

Y

|

User must transition the
Start Autotune fromOto 1

Autotune Status: 1
Tuning in Progress
Collecting Data

Proportional Gain “P” is set to 100,
Integral Time “I” is set to 0
Derivative Time “D” set to 0

The CV will increase by User Set
Amount

Timeout time will decrement

Timeout time
reaches 0

Legend -
< User Input > Autotune Actions [ Autotune Result ] Autotune Status

*The timeout time should be greater than the time it would take for the process to stabilize after a set% change in CV

**|f Pl controller is used the D term is set to O
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PID Troubleshoot

This section will highlight some common errors and or problems that can be encountered when setting

up PID.

PID Not Function

Cause

Sample Rate Not

Correct

Action Wrong

CV Limits too

small

Deadband too
big

Process Overshoot

Cause
PID Parameters
Incorrect

Anti-Windup not
used

CV Limits too

small

Explanation
The Sample Rate controls how often the PID is evaluated. A
larger value, or zero value could cause process and PID to
not correlate correctly.

More Information

PID Response Section

The PID process should be selected to be the opposite of
how your process functions. If this is not correct your PID
will not work.

PID Setup Settings Section

The PID can only work within your Control Variable limits, if
the range is too small your process could be constrained and
not function correctly.

PID Setup Settings Section

If your error is within the Deadband the PID will not react.
Therefore PID will not function till move out of Deadband
limits.

PID Setup Settings Section

Explanation
Your PID parameters can be tuned to a point where
overshoot is eliminated but your response will then be
slower. Use the Autotune and manual tuning to achieve the
response you would like.

More Information

PID Response Section
Autotune Section

Anti-Windup works with the Integral term to make
overshoots much smaller. If not enabled your overshoot
could be much larger than it should be.

PID Response Section

The PID can only work within your Control Variable limits, if
the range is too small your process could be constrained and
not function correctly.

PID Setup Settings Section
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PID Not Going to Setpoint

Cause Explanation
LETG [ EICE 3 The Sample Rate controls how often the PID is evaluated. A
Correct larger value, or zero value could cause process and PID to

not correlate correctly.

More Information

PID Response Section

HDEETETG (SIS The PID parameters might be too small or big to achieve
not tuned your desired setpoints. Please tune your parameters more or
run an Autotune nearer to your operating setpoint.

PID Response Section
Autotune Section

PID Digital Output Always ON or OFF

Cause Explanation
Cycle Time The cycle time is the T, used in Digital Output calculation
incorrect below. Therefore a too short or too long time could mean
your Digital output could be ON/OFF for very long periods.
cV,
Tout = 2095 *Tc

More Information

PID Setup Settings Section

(VLN RITHR{ M |f the Min ON time is too long the Cycle time could be over
Long before the Digital output could turn Off. This is an important
consideration when deciding your Cycle Time.

PID Setup Settings Section

Min OFF Time The Min OFF time is added to the cycle time so if this is too
too Long long your cycle time could be extended too long and your

process control not function correctly.

PID Setup Settings Section
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