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Chapter 1 Foreword

1.1 Purpose

This document will introduce the use of feedback control commang in the LX system, including
product introduction, module components, technical parameters, indicators, wiring instructions, diagnostic
information, etc. Please use it in conjunction with other supporting product materials to help you have a
more comprehensive understanding of how to use the modules.

1.2 Object

This manual is intended for use by engineers or related professional technicians with expertise in
automation and control systems.

1.3 Target Products

This manual is applicable to the following products:

B | X series PLC products

1.4 Statement of Use

B The contents of this manual have been tested according to regulations, and the diagrams are consistent
with the software and hardware products described. However, errors are inevitable, and complete
consistency cannot be guaranteed. If you have any suggestions for improving or correcting the contents
of this manual, please let us know in time and we will make corrections in the next version.

B Due to product iteration updates, the relevant parameters and information in this manual may change
without prior notice.

B Since the devices described in this manual can be used in a variety of ways, the user and the person
responsible for the use of the devices must ensure that each method is admissible. HollySys will not
be legally responsible for any direct or indirect losses resulting from the use or misuse of these devices.

B Due to uncertainties in the actual application, HollySys assumes no responsibility for the direct use of
the data provided in this manual.
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1.5.2

Safety Precautions

Safety Statement

Please read and comply with these safety precautions before using this product.

To ensure personal and device safety, please strictly abide by the safety precautions on the
product label and in the manual when using this product.

The words "Note", "Caution", "Warning" and "Danger" in this manual do not represent all the
safety precautions that shall be observed, but only serve as a supplement to all precautions.

This product shall be used in an environment that meets the design specifications. Otherwise, it
may cause faults. Device damage caused by failure to comply with relevant regulations is not
covered by the product quality guarantee.

HollySys shall not be responsible for any personal safety accidents or property losses caused by
any operation that does not comply with the provisions of this manual or does not meet the
requirements.

Warning

For your safety and to avoid property losses, please pay attention to the warnings in this manual. The
following warnings are indicated according to the hazard level from high to low. When there are multiple
hazard levels, only the highest level is prompted. If the highest level is a warning that may cause personal
injury, there may also be a warning that may cause property loss.

Warnings on personal safety: Indicated by a warning triangle A .

Warnings on property loss: Without any warning triangle.

A Danger

It indicates that death or serious personal injury may be caused if operations are not carried out as specified.

& Warning

It indicates that death or serious personal injury may be caused if operations are not carried out as specified.

A Caution

It indicates that minor personal injuries may be caused if operations are not carried out as specified.

Note

It indicates that property losses may be caused if operations are not carried out as specified.
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Chapter 2

2.1

Related Manuals

Document Guide

The available manuals for this product are displayed in the table below. Please choose and refer to
them based on your specific usage requirement.

Manual Name

Purpose

Content

Module Manual for LX Series
Programmable Logic Controllers

Learn about the hardware
modules of the LX system

Describes all hardware modules, including:
Module function

Hardware interface

Wiring

Indicator

Technical parameters

Communication Manual for LX
Series Programmable Logic
Controllers

Guide users to build the LX
system communication network

Describe the communication networks
supported by the LX system, including:
Introduction to communication protocols
Function usage

Programming Manual for LX
Series Programmable Logic
Controllers

Learn about the use of FA-
AutoThink programming software

Describe the interface, functions, and related
operations of FA-AutoThink programming
software, including:

Software interface introduction

Project creation

Programming

Online commissioning function

Describe the use of basic instructions,

Basic Instruction Manual for . including:
. . |Learn about the use of basic ) .
LX Series Programmable Logic |. . Instruction function
instructions of the LX system

Controllers Parameter
Example
Describe the use of motion instructions,

Motion Instruction Manual for LX [Learn about the use of motion including:

Series Programmable Logic control instructions of the LX Instruction function

Controllers system Parameter
Example
Describe the use of PLCopen instructions,
including:

PLCopen Instruction Manual for [Learn about the use of PLCopen |Parameter

LX Series Programmable Logic |motion control instructions of the |Function

Controllers LX system Example

Notes for Using

See Synonyms at force

2.2

Usage Convention

The following symbols are used in this manual:




Tip: This symbol indicates helpful tips or suggestions for using the product more efficiently.

2.3 How to Get the Manual

If you need the electronic PDF file of this manual, kindly access it through our website.

B The official website of HollySys (https://cn.hollysys.com/other/download.html) to download the file.


http://cn.hollysys.com/other/download.html
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Version

Revision Date

Revision Content

V1.0

October 2025

Created
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Chapter4  Filters

4.1 lIR Filters

4.1.1 First_Order_Filter(First Order Filter)

4111 Version

e The software version supporting this function block is V3.2.3 and above. Controller firmware
versions that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

4.1.1.2 Function

Using this function block allows for processing the input signal by filtering out high-frequency noise
components.

The First_Order_Filter employs a transfer function containing a first-order inertial element, which is
discretized using the Tustin method to derive the corresponding discrete difference equation. This
difference equation is then applied to process the input signal, eliminating high-frequency components. If
an error occurs during processing, the Error flag is set to TRUE, ErrorID indicates the specific cause of the
error, and the FilteredSignal is reset to zero.

First Order_Filter
—EN ENO—
—SampledSignal  FilteredSignal—
—TimeConst Errar—
—Reset ErrorlDi—

First_Order_Filter Functional Block

41.1.3 Parameter
. ety Initial

Parameter Statement|Data Type Function Description Value
Signal Input

SampledSignalflnput LREAL The collected signal is connected to this pin, the 0
first-order filter will filter the signal.

) Filter Time Constant (Unit: Seconds)
TimeConst Input LREAL The time constant for filtering the process value. 0
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\When this value is set to 0, filtering of the process
value is disabled, and the output value equals the
input value itself. The setting of the TimeConst
parameter directly affects the amplitude and phase
of the signal. A larger value results in better noise
reduction through filtering but leads to a smaller
amplitude and greater phase lag. A smaller value
provides poorer noise reduction but maintains an
amplitude closer to the original signal and
introduces less phase lag.

The TimeConst parameter should be configured to
10-100 times the task cycle period in which the
function block is called.

Reset Configuration:

Reset Input BOOL TRUE: Reset FALSE
FALSE: No Reset
FilteredSignal [Output LREAL Filtered signal output. 0
Input Parameter Invalid Flag. If the input parameter
Error Output BOOL is invalid, the parameter will output TRUE. FALSE
VALID: No error
ErrorlD Output CTRL_ALGO_LIB_ERR_LIST] Others: Refer to the error code \VALID
4114 Error Code
Error ID Description
SampledSignal_REQUIRED_FINITE |Acquired signal range must be -1x10300 to 1x1039°
TimeConst_ REQUIRED_FINITE TimeConst must not exceed 1x103%
TimeConst_ REQUIRED_POSI TimeConst must be a positive value
TimeConst_ REQUIRED_NON_NEGA|TimeConst must be a non-negative value
TASK_IS_SINGLE Task is Single execution
TASK_IS_FULLSPEED Task is FullSpeed execution
41.1.5 Example

This example is only intended to further illustrate the use of First_Order_Filter, not for actual
application scenarios.

This example uses a First_Order_Filter for signal filtering and noise reduction, with the following

explanation:

B Program Segment 0001 simulates a sine signal with an amplitude of 5, frequency of 0.628 rad/s, and
initial phase of 0.

[LIR]

EN

(= -jwo
001 I—IN‘I

ADD MuL

SIN WUL
N ENO EN ENO

EMO)| EM EMNO|

ouT| =0 im0 oUT|—{ wi=0 wi=0__ N OUT{ Sin_wt=0 Sin_wi=0__|{INO ouT|

[w=0628 N1

[ 5 Hm

B Program Segment 0002 utilizes the custom function block Gaussian_Write_Noise to simulate Gaussian
white noise with a mean square error of 0.1. This noise signal is then added to the sine signal from
Program Segment 0001, resulting in the original signal SampledSignal.
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0002
Gaussian_White_Noisel
Gaussian_White_Noise ADD
EN ENO EMN ENO
1 }NoiseSeed GaussianNoise—{ G_Noise=0_| [Sin_wt=0__ N0 OUTH{ SampledSignal=0_]
0.1 |—Deviation Error—Ermor1=FALSE | [ G_Moise=0  |—IN1
Resei=FALSE |—Reset ErroriD—{ErrorlD1=VALID |

B Program Segment 0003 applies the First Order Filter to filter and reduce noise in the noisy
SampledSignal. The task cycle is set to 0.01s, and TimeConst is set to 1.

0003
First_Order_Filter1
First_Order_Filter
EN ENO
SampledSignal=0 [—SampledSignal  FilteredSignal— FilterSignal=0
1 F—TimeConst Error—Error2=FALSE
Resel=FALSE |—Reset ErrorlDi—{ErroriD2=VALID

The results of online tracking of SampledSignal and FilteredSignal are shown in the figure below. It
can be observed that the First_Order_Filter has a noticeable noise reduction effect on the signal.

B Red line: The original signal before filtering (SampledSignal).

B Green line: The filtered signal (FilteredSignal).

Downioad Start ‘ Stop.
Group ID: [sroup -
import ‘ Export ‘
Sampling interval |“
Related Task TasK1 - WaveformArea Seting

Trace type: [seres | Paint Setings Curve Settings

Effective value of trigger condtion

Each file sampling(tem): ’73['““ Maximum data storage size(MB) 10000
Waximum samping time: ~ [g Day [p Hour [g Minute The upper It is reached Delets 0id fles v

e ‘D \AuloThink_V/3.2.3\ProjectiTemperature_projech Fie prefic
No. |Show |VariableMName |Colour |Cursor |Max Hin Average |Variame Description
000t |V Main Sampiessi 0 5 5 0.033509

0002 |V Main FiterSignal - 0 4 2 0084332

0003

0004

0005

0006
0007

0008

0003

0010

o —

o

41.1.6 Precautions

In practice, the signal code values from TC and Al modules require scaling to obtain the actual
values (such as temperature and voltage) used as the SampledSignal raw data.

This function block needs to be called in a cyclic IEC task.



ywra

4.1.2 First_Order_Differentiator(First Order

Differentiator)

41.21 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

41.2.2 Function

By connecting two first-order filters in series with a forward difference operation, high-frequency
components in both the signal and its derivative are simultaneously filtered out.

First_COrder_Differentiator
—{EM EMO-
—Sampledsignal FilteredSignalf~
—TimeCaonst1 FilteredDiffSignal
—TimeConst2 Error—
—{Reset ErrarlDi—

First_Order_Differentiator Functional Block

41.2.3 Parameter

Initial

Parameter Statement|Data Type Function Description Value

Signal Input
Connect the acquired signal to this pin, and the 0
First_Order_Differentiator Functional will perform
filtering on the signal.

SampledSignal (Input LREAL

Filter Time Constant (Unit: Seconds)

The time constant used for filtering the process
value. When this value is set to 0, filtering for the
process value is disabled, and the output value
will be the same as the input value.

The settings of TimeConst1 and TimeConst2
directly affect the amplitude and phase of the
signal. Larger values of TimeConst1 and
TimeConst2 result in better noise filtering and
denoising effects but lead to reduced amplitude
and greater phase lag. Smaller values of
TimeConst1 and TimeConst2 result in poorer
noise filtering and denoising effects but preserve
amplitude closer to the original signal with less
phase lag.

The TimeConst1 and TimeConst2 parameters
should be configured to be 10 to 100 times the
task cycle.

TimeConst1 Input LREAL

10
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TimeConst2 Input LREAL

Differential Filter Time Constant (Unit: Seconds)
This parameter sets the time constant used for
filtering the derivative of the process value. When
the value is set to O, filtering for the derivative of
the process value is disabled, and the output will
be the forward first-order difference of the process

value.

The settings of TimeConst1 and TimeConst2
directly affect the amplitude and phase of the
signal. Larger values of TimeConst1 and
TimeConst2 result in better noise filtering and
denoising effects but lead to reduced amplitude
and greater phase lag. Smaller values of
TimeConst1 and TimeConst2 result in poorer

amplitude closer to the original signal with less
phase lag.
The TimeConst1 and TimeConst2 parameters
should be configured to be 10 to 100 times the
task cycle.

noise filtering and denoising effects but preserve

Reset Input BOOL

Reset Configuration:
TRUE: Reset
FALSE: No Reset

FALSE

FilteredSignal  |Output LREAL

Filtered signal output.

FilteredDiffSignal|Output LREAL

Filtered differential signal output.

Error Output BOOL

Input Parameter Invalid Flag. If the input

and this parameter will output TRUE.

parameter is invalid, the algorithm block will exit,

FALSE

ErrorlD

Output

CTRL_ALGO_LIB_ERR_LIST

VALID: No error
Others: Refer to the error code

VALID

4.1.2.4 Error Code

Error ID

Description

SampledSignal_REQUIRED_FINITE

Acquired signal range must be -1x10300~1x10300

TimeConst1_REQUIRED_NON_NEGA

TimeConst1 must be a non-negative number.

TimeConst1_REQUIRED_FINITE

TimeConst1 must not exceed 1x103%,

TimeConst2_REQUIRED_NON_NEGA

TimeConst2 must be a non-negative number.

TimeConst2_REQUIRED_FINITE

TimeConst2 must not exceed 1x103%,

TASK_IS_SINGLE

Task is Single execution

TASK_IS_FULLSPEED

Task is FullSpeed execution

41.2.5 Example

This example is only intended to further illustrate the use of First_Order_Differentiator, not for actual

application scenarios.

The First_Order_Differentiator is used to filter and reduce noise in a signal while also extracting its

differential signal with the following explanation:

1
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B Program Segment 0001 simulates a sine signal with an amplitude of 5, a frequency of 0.628 rad/s, and
an initial phase of 0.

0001
ADD UL SN WOC
EN ENO EN ENO EN EMNO EN ENO
t=0 IND OUT—] =0 [t=0 Mo OUTH wt=0 wt=0_ N OUT—Sin_wi=0 Sin_wt=0 N0 ouT|
001 N1 w=0628 N1 [

B Program Segment 0002 utilizes the custom function block Gaussian_Write_Noise to simulate Gaussian
white noise with a mean square error of 0.1. This noise signal is then added to the sine signal from
Program Segment 0001, resulting in the original signal SampledSignal.

ooz Gaussian_Write_Moisel

Gaussian_Write_Noise ADD
EN ENO EN ENO)
1 MoiseSeed GaussianMNoise—|G_Noise=0 | [Sin_wt=0 N0 ouT
0.1 Deviation Error—Emori=FALSE |  [G_Moise=0 N1
Reset=FALSE —Reset ErrorD—ErmorlD1=VALID ]

B Program Segment 0003 applies the First_Order_Differentiator to filter and reduce noise in the noisy
SampledSignal and to extract its differential signal. The task cycle is set to 0.01s, and
TimeConst1/TimeConst2 are both set to 1.

0003 First_Order_Differentiator?

First_Order_Differentiator
EN ENOJ
SampledSignal=0 [—SampledSignal FiIteredS\gnaI—FiIterS@ﬂa\:U
1 —HTimeCanst1 Fi\teredDiﬁS\gnal—FiIterS@na\ Diff=0
1 TimeConst2 Error—Error2=FALSE
[Reset=FALSE |—{Reset ErrorlD—Error D2=VALID

The online tracking results of SampledSignal, FilteredSignal, and FilteredDiffSignal are shown in the
figure below. It can be observed that the First_Order_Differentiator effectively removes signal noise, and
the extracted differential signal is essentially noise-free.

B Red line: the original signal before filtering (SampledSignal).
B Green line: the filtered signal (FilteredSignal).

B Blue line: the filtered differential signal (FilteredDiffSignal).

12
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Download | Start ‘ Stop ‘
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4.1.2.6 Precautions

In practice, the signal code values from TC and Al modules require scaling to obtain the actual
values (such as temperature and voltage) used as the SampledSignal raw data.

This function block needs to be called in a cyclic IEC task.

4.2 FIR Filters

421 Sliding_Window_Filter(Sliding Window Filter)

4211 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

4.2.1.2 Function

By averaging a fixed number of historical input signals to obtain the filtered signal, high-frequency
noise in the signal can be effectively filtered out.

13
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4.2.1.3

EN

SampledSignal
WindowSize
ExtremumRemaoval
Reset

Sliding_Window_Filter

EMO
FilteredSignal
Errar—

ErrorlD

Sliding_Window_Filter Functional Block

Parameter

Parameter

Statement|Data Type

Function Description

Initial
Value

SampledSignal

Input LREAL

Feed the acquired temperature signal (or other
process signals requiring monitoring) into this
parameter, and the sliding window filter will
process the signal for filtering.

o

WindowSize

Input DINT

Window Size of the Sliding Window Filter
When this value is set to 1 (unit: count), the
sliding window filter will be disabled, and the
output signal equals the input signal.

The larger the WindowSize, the better the
averaging effect but the greater the phase lag;
the smaller the WindowSize, the poorer the
averaging effect but the smaller the phase lag.
Therefore, the selection of WindowSize requires
careful consideration to choose parameters
suitable for the signal.

o

ExtremumRemoval

Input BOOL

Extreme Value Rejection Switch

TRUE: Enables the function to reject maximum
and minimum values in the sliding window filter
(only effective when WindowSize is greater than
or equal to 3).

FALSE/WindowSize <3: Disables the function.
\When individual values of the collected signal
within the filtering window fluctuate significantly,

it is recommended to remove the extreme
values.

FALSE

Reset

Input BOOL

Reset Configuration:
TRUE: Reset
FALSE: No Reset

FALSE

FilteredSignal

Output LREAL

Filtered result of the acquired signal.

Error

Output BOOL

If the input parameters are invalid, this
parameter outputs TRUE.

FALSE

ErrorlD

VALID: No error

Output  |CTRL_ALGO_LIB_ERR_LIST

Others: Refer to the error code

VALID

4.2.1.4

Error Code

Error ID

Description

SampledSignal_REQUIRED_FINITE

Acquired signal range must be -1x103%0 to 1x 10300

WindowSize_ REQUIRED_LE_1000

WindowSize must not exceed 1000.

14
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WindowSize_ REQUIRED_POSI WindowSize must be a positive value.

TASK_IS_SINGLE Task is Single execution

TASK_IS_FULLSPEED Task is FullSpeed execution
4.2.1.5 Example

This example is only intended to further illustrate the use of Sliding_Window_Filter, not for actual
application scenarios.

This example uses a Sliding_Window_Filter to perform moving average processing on a signal, with
the following explanation:

B Program Segment 0001 simulates a sine signal with an amplitude of 5, a frequency of 0.628 rad/s, and
an initial phase of 0.

0001
ADD UL SIN UL
EN ENO EN ENO EN ENO EN ENO
=0 Fino ouT| [t=0__ino ouTH{ wi=0 wi=0 IN OUTH{ Sin_wt=0 Sin_wi=0__—{IND ouT|
0.01 N1 w=0.628 |—IN1 [ 5 M1

B Program Segment 0002 utilizes the custom function block Gaussian_Write_Noise to simulate Gaussian
white noise with a mean square error of 0.1. This noise signal is then added to the sine signal from
Program Segment 0001, resulting in the original signal SampledSignal.

0002
Gaussian_White_Noise1
Gaussian_White_Noise ADD
EMN ENO EM ENO|
1 {MoiseSeed GaussianNoise— G_MNoise=0_] [Sin_wt=0__}—iND OUTH SampledSignal=0_|
0.1 |{Deviation Error—{Erreri=FALSE | [ G_Moise=0 |—IN1
Reset=FALSE [ —Reset ErrorlD—{ErroriDi=VALID |

B Program Segment 0003 applies the Sliding Window_Filter to filter and reduce noise in the noisy
SampledSignal. The task cycle is set to 0.01s, and the window size is configured as 50.

0003
sliding_Window_Filter1

Sliding_window_Filter
EN ENO|
[SampledSignal=0_|—sampledSignal FilteredSignal—{ FilterSignal=0 |
50  [—WindowSize Error—Ermor2=FALSE
FALSE |—ExtremumRemaval ErrariD|—[EmarD2=VALID
[Reset=FALSE |Reset

The online tracking results of SampledSignal and FilteredSignal are shown in the figure below. It can
be observed that the Sliding_Window_Filter effectively removes signal noise.

B Red line represents the original signal before filtering (SampledSignal).

B Green line represents the filtered signal (FilteredSignal).
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4.2.1.6 Precautions

In practice, the signal code values from TC and Al modules require scaling to obtain the actual
values (such as temperature and voltage) used as the SampledSignal raw data.

This function block needs to be called in a cyclic IEC task.

16



ywra

Chapter 5 Signal Generators and Processors

5.1 Pulse_Width_Modulation_ZOH(Zero Order
Hold Pulse Width Modulation)

51.1 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

51.2 Function

This function block implements the generation of Pulse Width Modulation (abbreviated as PWM)
signals. PWM is a digital technique used to control analog signals by adjusting the duty cycle of the signal.

In this function block, the input signal undergoes linear interpolation between sampling points via a
zero-order hold to generate the PWM signal. The control system converts discrete control signals into
continuous step signals using the zero-order hold. Combined with PWM technology, it achieves digital
closed-loop control, which suppresses high-frequency interference and optimizes system stability.

This function block is suitable for application scenarios that require switching outputs for control
purposes, such as relay control.

Fulse Width Maodulation Z0H
—EN ENOH
—Enable DO_PWM—
—SampledSignal Error—
MM ax ErrorlD—
MWVMin
—CtriPeriod
—Reset

Pulse_Width_Modulation_ZOH Functional Block

51.3 Parameter

Initial

Parameter Statement(Data Type Function Description Value

17
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Enable Input BOOL

High-level enable switch. FALSE

SampledSignal|lnput LREAL

Input control variable, usually a certain control
output value.

MVMax Input LREAL

Maximum controllable output of the channel (must
use the same unit as the control quantity in control |100
mode).

MVMin Input LREAL

Minimum controllable output of the channel (must
use the same unit as the control quantity in control
mode).

[=)

CtrlPeriod Input LREAL

The period of the PWM output signal (unit:
seconds)

This parameter sets the control period for pulse
width modulation.

After the task cycle is set, a larger CtrlPeriod value
results in higher duty cycle output precision but a
lower sampling frequency. Conversely, a smaller [0
CtrlPeriod value leads to a higher sampling
frequency but reduced duty cycle output precision.
The task cycle for calling this function block is
generally set to 10~100ms, and CtrlPeriod is
recommended to be set to 10~100 times the task
cycle of calling this function block.

Reset Input BOOL

Reset Configuration:
TRUE: Reset FALSE
FALSE: No Reset

DO_PWM Output BOOL

Pulse width modulation digital output point, i.e., the

DO point used for control. FALSE

If the input parameters are invalid, this parameter FALSE

Error Output BOOL outputs TRUE.
VALID: No error
ErrorlD Output CTRL_ALGO_LIB_ERR_LIST Others: Refer to the error code VALID
5.1.4 Error Code
Error ID Description

SampledSignal_REQUIRED_FINITE

Acquired signal range must be -1x103%0 to 1x10300

MVMax_REQUIRED_FINITE

MVMax must be within the range of -1x103% to 1x10300,

[MVMax_REQUIRED_GT_MVMin

MVMax must be greater than MVMin.

MVMin_REQUIRED_FINITE

MVMin must be within the range of -1x103% to 1x103%,

ControlPeriod_REQUIRED_FINITE

CtrlPeriod must be within the range of 1 x task cycle time to 2x10° x task cycle
time.

TASK_IS_SINGLE

Task is Single execution

TASK_IS_FULLSPEED

Task is FullSpeed execution

5.1.5 Example

As shown in the figure, the Pulse_Width_Modulation_ZOH converts the acquired analog signal into a
digital signal. Within one control cycle, it first outputs a low level (FALSE), followed by a high level (TRUE).

The duty cycle of the high level (TRUE)

. X-MVMin T True
IS M Max ™M Min O CirdPeriod

, wWhile the duty cycle of the low

level (FALSE) is: 1-High Level Duty Cycle.
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A
MVMax + ,
TR
SampledSignal - b H
1 1 1 i 1
_ T T
MVMin L — | -
I
1 1 i i 1
T A
'y ] |
True — ' — mBel B
DO PWM
False i - [
"!I }4 —CtrlPeriod
Mo —T True
Note:

B X: Actual value of SampledSignal.

B T_True: Duration of the high level within the cycle.

5.1.6 Precautions

MVMax and MVMin represent the upper and lower limits of the output clamping. Since physical
systems inherently have output constraints, output limiting is a mandatory configuration item. Please
ensure appropriate settings for the upper and lower limits (MVMax and MVMin).

This function block needs to be called in a cyclic IEC task.

5.2 Hysteresis_Generator(Hysteresis Generator)

5.2.1 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).
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5.2.2

Function

This function block is used to handle scenarios where the input signal causes frequent switching of

relay logic around a critical point due to dead zone hysteresis. After setting the activation value and

deactivation value of the hysteresis loop, the output signal switches to the ON state when the input signal
exceeds the set activation value, and switches to the OFF state when the input signal falls below the set
deactivation value.

Hysteresis_Generator
EN ENOR
Enable Status—
SampledSignal MY _AOH
QutputWhenOn MY _DOR
QutputWhenOff Error—
SwitchOnValue ErrorlDi
SwitchOffValue
MVMax
MVMin
CtriPeriod
Reset

Hysteresis_Generator Functional Block

5.2.3 Parameter
. r Initial
Parameter Statement|Data Type Function Description Value
Enable Input BOOL High-level enable switch. FALSE
SampledSignal |Input LREAL Input signal. 0
OutputWhenOn(Input LREAL Output value when relay is ON. 0
OutputWhenOff{input LREAL Output value when relay is OFF. 0
Hysteresis Loop Deactivation Value: If the input
SwitchOnValue [Input LREAL signal |s.greatelr than or eqL_JaI to this value, the 0
output signal will equal the input value of the
OutputWhenOn pin.
Hysteresis Loop Activation Value: If the input
SwitchOffValue [Input LREAL s!gnal |s'Iess than or equal to this value, the output 0
signal will equal the input value of the
OutputWhenOff pin.
Maximum controllable output of the channel (must
MVMax Input LREAL use the same unit as the control quantity in control [0
mode).
Minimum controllable output of the channel (must
MVMin Input LREAL use the same unit as the control quantity in control [0
mode)
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Control cycle of DO output signal (unit: seconds).
The task cycle for calling this function block is
CtrlPeriod Input LREAL generally set to 10~100ms, and CtrlPeriod is 0
recommended to be set to 10~100 times the task
cycle of calling this function block.

Reset Configuration:
Reset Input BOOL TRUE: Reset FALSE
FALSE: No Reset

Current State of Hysteresis Loop

Status Output BOOL TRUE: Hysteresis loop is in the activated state. FALSE
FALSE: Hysteresis loop is in the deactivated state.
MV_AO Output LREAL Connected to analog output point. 0
MV_DO Output BOOL Connected to relay output point. FALSE
Error Output BOOL :)futrpeuitr;[zlyé&azr'ameters are invalid, this parameter FALSE
ErrorlD Output  |CTRL_ALGO_LIB_ERR_LIST|VALID: No error VALID

Others: Refer to the error code

5.2.4 Error Code

Error ID Description

SampledSignal_REQUIRED_FINITE SampledSignal must be within the range of -1x103% to 1x10300,
MVMax_REQUIRED_FINITE MVMax must be within the range of -1x103% to 1x10300,
|MVMax_REQUIRED_GT_MVMin MVMax must be greater than MVMin.
MVMin_REQUIRED_FINITE MVMin must be within the range of -1x103° to 1x103%,
SwitchOffValue_ REQUIRED_FINITE SwitchOffValue must be within the range of -1x103% to 1x10300,
SwitchOnValue_ REQUIRED_GE_SwitchOffValue[SwitchOnValue must be greater than or equal to SwitchOffValue.
SwitchOnValue_ REQUIRED_FINITE SwitchOnValue must be within the range of -1x103% to 1x103%,

ControlPeriod must be within the range of 1 x task cycle time to

ControlPeriod_REQUIRED_FINITE 2x10° x task cycle time.

ControlPeriod_ REQUIRED_GE_TimeStep ControlPeriod must be greater than or equal to the time step.
OutputWhenOn_REQUIRED_GE_MVMin OutputWhenOn must be greater than or equal to MVMin.
OutputWhenOn_REQUIRED_LE_MVMax OutputWhenOn must be less than or equal to MVMax.
OutputWhenOff REQUIRED_LE_MVMax OutputWhenOff must be less than or equal to MVMax.
OutputWhenOff REQUIRED_GE_MVMin OutputWhenOff must be greater than or equal to MVMin.
TASK_IS_SINGLE Task is Single execution

TASK_IS_FULLSPEED Task is FullSpeed execution

5.2.5 Example

B The AO output is described as follows:
Basic parameter settings are described as follows:

B SwitchOnValue (Activation Point): When the input signal is greater than or equal to this value, the
output switches to the "On" value.

B SwitchOffValue (Deactivation Point): When the input signal is less than or equal to this value, the
output switches to the "Off" value.
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B OutputWhenOn (Output When Activated): Output value when the relay is activated.

B OutputWhenOff (Output When Deactivated): Output value when the relay is deactivated.
Function block logic is described as follows:

B When the input signal = SwitchOnValue, the output becomes OutputWhenOn.

B When the input signal < SwitchOffValue, the output becomes OutputWhenOff.

B When the input signal is between SwitchOffValue and SwitchOnValue, the output remains
unchanged.

AO Output value

A

QutputWhenOn

‘When the SampledSignal value changes
from SwitchOnValue to SwitchOffValue, the
output value is QuiputiWhenOn

SwitchOffValue
L

L L

SampledSignal

SwitchOnValue

When the SampledSignal value changes
from SwitchOffV alue to SwitchOn\/alue, the
output value is QuitputWhenOff

—_—— — — — —

QutputWhenOff

For example, set SwitchOnValue, SwitchOffValue, OutputWhenOn, and OutputWhenOff to 1, -1, 100,
and 0 respectively, as shown in the figure below.

A ro Output value

100 SampledSignal = 2, output 100
— — — _. — —

-2 -1 1
L 4 T L 4 >

SampledSignal

— ) ———

SampledSignal = -2, output 0 0

Program example description is as follows:

When SampledSignal is 2 (greater than SwitchOnValue), the output becomes 100.
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When SampledSignal is -2 (less than SwitchOffValue), the output becomes 0.

When SampledSignal is between SwitchOnValue and SwitchOffValue, two scenarios occur:

B [f SampledSignal gradually decreases from 2 to -1, the output remains 100 until SampledSignal
reaches SwitchOffValue (-1), at which point the output switches to 0.

B [f SampledSignal gradually increases from -2 to 1 the output remains 0 until SampledSignal
reaches SwitchOnValue (1), at which point the output switches to 100.

B The DO output delivers a high or low level in the form of a duty cycle. For a detailed explanation, please
refer to the Pulse Width Modulation ZOH(Zero Order Hold Pulse Width Modulation) example.

5.2.6 Precautions

In practice, the signal code values from TC, Al and AO modules require scaling to obtain the actual
values (such as temperature and voltage) used as the SampledSignal raw data.

MVMax and MVMin represent the upper and lower limits of the output clamping. Since physical
systems inherently have output constraints, output clamping is mandatorily enabled and cannot be
disabled. Please ensure appropriate settings for the upper and lower limits (MVMax and MVMin).

This function block needs to be called in a cyclic IEC task.
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Chapter 6  PID Controller and Related

Functions

6.1 Hysteresis PID_Tuner(Hysteresis PID Tuner)

6.1.1 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

6.1.2 Function

This function block utilizes relay oscillation to excite the controlled object, causing its process variable
to oscillate around the setpoint for two cycles. By collecting the relevant data, key frequency-domain
parameters of the controlled object are identified, and the corresponding parameters for the PID controller
are obtained.

Hysteresis_PID_Tuner
—EN ENO—
—Enable MV _AO—
—SP MV _ DO
—PV TuningEnd—
—ActMode Preciselntv—
—{OutputvWhenOn Seplntv—
—OutputWhenOff Kp—
—SwitchOnValue Ti—
—SwitchOffalue Td—
—MVMax Error—
—MVMin ErrorlD—
—CtriPeriod
—FilterCoe
—Reset

Hysteresis_PID_Tuner Functional Block
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The relationship and workflow diagram among the controlled object, setpoint, process variable, and
control output of the Hysteresis PID Tuner are as follows.

Setpoint Conftrol Process
e i
PID Tuner Output > Cnntmlled Variable >
Object
6.1.3 Parameter
. r Initial
Parameter Statement|Data Type Function Description Value
Enable Input BOOL High-level enable switch. FALSE
SP Input LREAL Control target setpoint. 0
PV Input LREAL Process variable signal of the controlled object. 0
Set to TRUE when an increase in the control
output amplifies the error (direct action, e.g.,
cooling control).
ActMode Input BOOL Set to FALSE when an increase in the control FALSE
output reduces the error (reverse action, e.g.,
heating control).
OutputWhenOn(Input LREAL Output value when relay is ON. 0
OutputWhenOff{input LREAL Output value when relay is OFF. 0
If the input signal is greater than this value, the
SwitchOnValue [Input LREAL output signal equals the input value of the 0
OutputWhenOn pin.
If the input signal is less than this value, the output
SwitchOffValue |Input LREAL signal equals the input value of the 0
OutputWhenOff pin.
Maximum controllable output of the channel (must
MVMax Input LREAL use the same unit as the control quantity in control [0
mode).
Minimum controllable output of the channel (must
MVMin Input LREAL use the same unit as the control quantity in control [0
mode).
Control cycle of DO output signal (unit: seconds).
The task cycle for calling this function block is
CtrlPeriod Input LREAL generally set to 10~100ms, and CtrlPeriod is 0
recommended to be set to 10~100 times the task
cycle of calling this function block.
FileCoe Input LREAL Tlme Constant. of the First-Order Filter (embedded 0
in the auto-tuning module)
Reset Configuration:
Reset Input BOOL TRUE: Reset FALSE
FALSE: No Reset
MV_AO Output LREAL Connected to analog output. 0
MV_DO Output BOOL Connected to relay output. FALSE
Auto-Tuning Completion Flag: Auto-tuning ends
TuningEnd Output BOOL when this parameter transitions from FALSE to FALSE
TRUE.
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System Inertia Zone. Serves as a reference for
Preciselntv Output LREAL setting parameters in the PID controller's imprecise|0
control mode.
System Amplitude. Serves as a reference for
Seplintv Output LREAL setting parameters related to the integral 0
separation interval of the PID controller.
KP Output LREAL Proportional coefficient of the PID controller. 0
Tl Output LREAL Integral time of the PID controller (unit: seconds). [0
™ Output LREAL Derivative time of the PID controller (unit: 0
seconds).
If the input parameters are invalid, this parameter
Error Output BOOL outputs TRUE. FALSE
VALID: No error
ErrorlD Output CTRL_ALGO_LIB_ERR_LIST] Others: Refer to the error code VALID
6.1.4 Error Code
|Error ID Description
|MVMax_REQUIRED_FINITE MVMax must be within the range of -1x103% to 1x10300,
|MVMin_REQUIRED_FINITE MVMin must be within the range of -1x103% to 1x10300,
MVMax_REQUIRED_GT_MVMin MVMax must be greater than MVMin.
SwitchOffValue_ REQUIRED_FINITE SwitchOffValue must be within the range of -1x103% to 1x10300,
SwitchOnValue_ REQUIRED_GE_SwitchOffValue[SwitchOnValue must be greater than or equal to SwitchOffValue.
SwitchOnValue_ REQUIRED_FINITE SwitchOnValue must be within the range of -1x103% to 1x103%,
ControlPeriod REQUIRED_FINITE ContrgoIPerlod must .be within the range of 1 x task cycle time to
2x10° x task cycle time.
ControlPeriod_REQUIRED_GE_TimeStep ControlPeriod must be greater than or equal to the time step.
OutputWhenOn_REQUIRED_GE_MVMin OutputWhenOn must be greater than or equal to MVMin.
OutputWhenOn_REQUIRED_LE_MVMax OutputWhenOn must be less than or equal to MVMax.
OutputWhenOff REQUIRED_LE_MVMax OutputWhenOff must be less than or equal to MVMax.
OutputWhenOff REQUIRED_GE_MVMin OutputWhenOff must be greater than or equal to MVMin.
FilterCoe_REQUIRED_NON_NEGA FilterCoe must be a non-negative value.
FilterCoe_ REQUIRED_FINITE FilterCoe must be within the range of 0 to 1x103%,
TASK_IS_SINGLE Task is Single execution
TASK_IS_FULLSPEED Task is FullSpeed execution
6.1.5 Example

This example is only intended to further illustrate the use of Hysteresis_PID_Tuner, not for actual
application scenarios.

This example demonstrates the use of PID auto-tuning by controlling a heating device. For simplicity
and practical relevance, the input to the controlled object can be directly regarded as power, and the
output as temperature.

In the program editing area, call the function block First_Order_Plus_Dead_Time, for simulating

process signals. In this example, this corresponds to the transfer function 30;13‘5"’ of the controlled

object’s output, with a Gain of 5, Den_Coe_Pow1 of 30, and DelayedSteps of 500.
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The figure below shows an example program before tuning has started.
Description of Hysteresis_PID_Tuner Parameter Settings:

Parameter Configuration Description:

B For the input pins: Enable is triggered by a high level. SP is the setpoint. PV is the process value (in
actual engineering applications, this corresponds to the controlled variable acquired from channels
such as TC or Al; in this example, it represents the output of the heating device as the controlled object).

B ActMode is set to FALSE (set to TRUE for cooling mode).

B OutputWhenOn, OutputWhenOff, SwitchOnValue, and SwitchOffValue are the four hysteresis loop
variables. It is generally recommended to set these parameters to 100, 0, 1.5, and 0, respectively. For
details on hysteresis loop usage, refer to the Hysteresis Generator(Hysteresis Generator)
documentation.

B MVMax and MVMin are the maximum and minimum output values, typically set to 100 and 0. In some
engineering scenarios, MVMax may be 1000, requiring adjustments to OutputWhenOn and
SwitchOnValue (e.g., set to 1000 and 15, respectively). Parameters can also be customized based on
actual field conditions.

B CtrIPeriod is the control cycle for DO output, set to 10-100 times the task cycle (typically 1). FilterCoe
is the filtering coefficient for PV, generally set to 1.

0001 First_Order_Plus_Dead Timel Hysteresis PID Tuneri

First_Order_Plus_Dead_Time Hysteresis_PID_Tuner
EN ENO| EN ENO|
[g_AD=0_}—{inputSignal OutputSignal—{g_temperature=0 | [EETEEVE—Enable MV_AOH—g_AD=0 ]
[in_gain=5_}—Gain OutputSignaloDelay—Out_delay=0 g_set temperature=180 | —SP MV_DO{—|g_DO=FALSE |
[In_ncp1=0_|—Nom_Coe_Pow1 Error—{Out_err=FALSE | [g_temperature=0_—PV TuningEnd—g_tuning_end_single=FALSE |
[In_dep1=30 | —{Den_Coe_Pow1 ErrorlD—{Out_erD=VALID | [FALSE] tMode P | g_precise_interval_single=0 |
[in_delayed_steps=500 }—DelayedSteps g_output_when_on=100 —OutputWhenOn Sepintv—]g_sep_intv_single=0 |
[In_euler=FALSE_}—{Euler |g_output_when_off=0_}—Output\WhenOff Kpf—g_Kp_single=0 |
In_init_state=0 —{InitState [a_hyst_on_value_temperature=15 }—SwitchOnValue Ti—{g_Ti_single=0 ]
[in_reset=FALSE | {Resst g hyst off value temperature=0 —SwitchOffValue Td—{g Td_single=0 |
[o_MV_max=100_}—MVMax Error—{g_Er=FALSE |
[g MV_min=0_}—MVMin ErroriD—|g_EmD=VALID |
[g_control_period=1_|—CtriPeriod
[g_filt_time_const1=1 }—FilterCoe
’m—ﬁeset
In the parameter settings described above:

B OutputWhenOn is set to 100, meaning the output is 100 when turned on. OutputWhenOff is set to 0,
meaning the output is 0 when turned off.

B SwitchOnValue is set to 1.5, indicating that when the filtered value of SP minus PV is less than 1.5, the
output becomes OutputWhenOn (100). This occurs when the process temperature is relatively low,
requiring heating at full power.

B SwitchOffValue is set to 0, indicating that when the filtered value of SP minus PV is greater than 0, the
output becomes OutputWhenOff (0). This occurs when the process temperature reaches the setpoint,
and heating power is reduced to 0.

B MVMax and MVMin clamp the output value (MV). Their parameter range must include the interval
between OutputWhenOn and OutputWhenOff; otherwise, the program will trigger errors (Error and
ErrorID) during operation.

B For output pins, if using analog control, pass MV_AO to the output channel. If using digital control, use
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MV_DQO. For detailed instructions, please refer to Pulse Width Modulation ZOH(Zero Order Hold
Pulse Width Modulation) and Hysteresis Generator(Hysteresis Generator) . Please ensure proper
conversion of analog values and configuration of digital output channels.

The figure below shows the complete tuning process captured through data tracking.
B Red line: Setpoint (SP).

B  Green line: Process Value (PV).

annluadl Start ‘ {Btop

Impor/Export

Group D GROUP-2 -~
import | Export ‘
Sampling Interval [
Related Task: TASK] - ‘Waveform Area Setting
Paint Setti
Trace type: [eres =] _pant Setings | Curve Seftings|

Effective value of trigger condition

Each file sampling(item): 20000 Maximum data storage size(B): 1000000
Maximum sampiing time: [g Day[g  Hour[zg Minute The upper limit is reached: [Goiete oia fies =
Saveto:  [D:VAuloThink V3.2 VAutoThinkiProject .. | Fie prefc:

Mo Show | Variable Name | Colour| Cursor Max Min Average | Variable Descrip ~
0001 Hysteresis_... 160.0000 180.0000 180.0000 180.000...
Hysteresis_... - 0.0000 270.8561  0.0000 161.810...
Hysteresis_... - 100 0 39.798700

0002

0003

0004

0005

0006

0007

0008

0009

0010

0011

0012

0013

0 | | R (MY

0014

The Hysteresis_PID_Tuner after completing tuning is shown in the figure below.

TuningEnd is the tuning completion flag. If it is TRUE, it indicates that tuning has ended, and
parameters such as Preciselntv, Seplintv, Kp, Ti, and Td will be updated. The output parameters are
described as follows:

B Preciselntv: Recommended fine-tuning interval (Outside the range of setpoint + Preciselntv, bang-bang
control is applied, i.e., full power or zero power adjustment; within this range, PID control is used).

B Seplintv: Recommended integral separation interval.

B Kp/Ti/Td: Proportional coefficient, integral time, and derivative time, respectively.

° l: i DTo avoid manually recording the tuning results, please set the above 5 output parameters as

global variables.
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oot First_ Order_Plus_Dead_Time1 Hysteresis_PID_Tuner1
First_Order_Plus_Dead_Time Hysteresis_PID_Tuner
ENO| ENO|
9_AD=0 o _temperature=135. 118826730645 [Enable=TRUE SRISIERE MV_AC|—{g_AD=0 |
In_gain=5_|—{Gain OutputSignalNoDelay—|Out_delay=06 5168588052267 [o_set femperature=180 | —SP v_DO{—{g_DO=FALSE |
In_ncp1=0 —Nom_Coe_Pow1 Error—{Out_err=FALSE [o_temperature=135.118826730645 PV RIS B 0 tuning_end_single=TRUE |
In_dcp1=30 |—{Den_Coe_Paw1 ErrorlD|—{Out_erD=VALID [FALSE | Actiode _precise_interval_single=200 513200824656
In_delayed_steps=500 |—{DelayedSteps [o_output_when_on=100_}—oOi on pinty—g_sep_int_single=959090729073827
In_euler=FALSE |{Euler QutputWhenOft Kp(—g_Kp_single=0.285745684344822
in_init_state=0_|{initstat SwitchOnvalue Til—{g_Ti_single=22 2600008845323
In_reset=FALSE |{Reset [a_hyst_off_value_temperature=0_}—SwitchOffvalue Tdl—g_Td_single=5.56500022113209
[0V_max=100_|—MViax Errort—{g_Em=FALSE
[g_MV_min=0_}—mvitin ErroriD|—{g_ErD=VALID
[o_control_period=1_|—{CtriPeriod
(BB _ime consti=T 1 riterCoe
[o_resel=FALSE | —Reset

If an error occurs, Error will be TRUE, and ErrorID will display the error message.

6.1.6 Precautions

In practice, the signal code values from TC, Al and AO modules require scaling to obtain the actual
values (such as temperature and voltage) used as the PV raw data.

Please distinguish between the output parameters OutputWWhenOn (output when enabled) and
OutputWhenOff (output when disabled), and the actual hardware channel states (on/off), to avoid
confusion.

MVMax and MVMin represent the upper and lower limits of the output clamping. Since physical
systems inherently have output constraints, output clamping is mandatorily enabled and cannot be
disabled. Ensure appropriate settings for these limits (MVMax and MVMin).

It is recommended to configure Preciselntv, Seplintv, Kp, Ti, and Td as global variables and set to a
retentive type. Additionally, ensure that the output parameters of the Hysteresis_PID_Tuner (Preciselnty,
Seplntv, Kp, Ti, Td) match the input parameters of the PID_Controller (Preciselntv, Seplintv, Kp, Ti, Td).
This avoids the need to manually record tuning results from the Hysteresis_PID_Tuner and manually input
parameters into the PID_Controller.

The tuning process is time-consuming. It is advisable to save the tuning results promptly to prevent
loss due to operational errors, which may require repeating the tuning process.

This function block needs to be called in a cyclic IEC task.

6.2 PID_Controller(PID Controller)

6.2.1 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

6.2.2 Function

Designed for process control applications, the PID controller autonomously adjusts the control output
by monitoring error signals, ensuring the process value of the controlled object stabilizes near the setpoint.
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PID_Controller
—EN ENO—
—Enable MV _AO—
—Manual MV DO
—MVManual MVMaxAlarm—
—SP MVMinAlarm—
—PV EVI
—CtriPeriod EV_Filtered—
—Positional MVP—
—ActiMode MVI—
—Kp MVD—
—Ti MV _Base—
—Td IntgriMaxAlarm—
—DeadBand IntgrMinAlarm—
—MVMax AntiWindup—
—MVMin Error—
—BackCal ErroriD—
—BackCalTime
—OutputTrackMode
—OutputTrack
—Intgrsep
—Seplntv
—IntgrRateVana
—IntgrLimited
—Intgriiax
—IntgrMin
—Rough
—Preciselntv
—FiltNonLinear
—FilterCoe1
—FilterCoe?2
—MVBias
—Reset

PID_Controller Functional Block

PID_Controller Functional Description:
B The seamless manual/automatic switching is implemented through incremental mode:

action _ pid = manual _mv + Aaction

B Both incremental and positional PID calculations are performed simultaneously. The Positional pin
ultimately determines which calculated control output (incremental or positional) is selected.
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In direct action mode, by taking the negative value of the error, a directly controlled object can be
transformed into an equivalent reverse-acting controlled object.

The process value undergoes derivative-first processing to prevent sudden changes in the derivative
component caused by setpoint jumps.

The process value is filtered, and the filter can be selected based on the FiltNonLinear pin.

In dead zone operation, only the integral component continues calculating, while the proportional and
derivative components are reset to zero.

By calculating the difference between the unconstrained MV and constrained MV, integral feedback is
generated to achieve anti-windup compensation.

Output tracking mode is suitable for control scenarios where there is a numerical discrepancy between
the MV command and its execution. By reading the actually executed MV value through a sensor and
feeding it back to the PID module, the PID module can perform incremental calculations, anti-windup
operations, and bumpless manual/automatic switching operations more accurately.

Variable integration rate only comes into effect when integral separation is enabled. The formula for
calculating its variable integration coefficient r is as follows:

errvor —dead zone

=
sep _intv—dead zone

The PID module adopts the following standard form for calculations:
Y(s)
X(s)

1
=K (1+—+T,s
(1 ==+ T,3)

T

Before using this function block, it is generally necessary to configure the channel acquisition for

temperature or process values, as well as analog or digital output control. Please pay attention to the
conversion of code values during use. For such external configurations, refer to the user manuals of
modules such as TC, AO, and DO.

Regarding the controlled object, setpoint, process value, and control output of the PID controller, their

relationships and flowchart are as follows.

Setpoint Control Process
—_—» PID Output | Controlled Variable
Controller o Object o
6.2.3 Parameter
. et Initial
Parameter Statement|Data Type Function Description Value
Enable Input BOOL High-level enable switch. FALSE
Mode Switching
Manual Input BOOL TRUE: Manual Mode FALSE
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FALSE: Automatic Mode
In manual mode, the input value of MVManual is
directly assigned to the output parameter.

MVManual

Input

LREAL

The control output value in manual mode. In this
mode, the input value of this parameter will be
used as the PID control output, and PID control
will no longer be performed.

SP

Input

LREAL

The set control target value.

PV

Input

LREAL

The process variable that requires control.

o

CtrlPeriod

Input

LREAL

Control cycle of DO output signal (unit: seconds).
It is recommended to set the parameter to 10—
100 times the task cycle that calls this function
block.

Positional

Input

BOOL

Position/Incremental Mode Switch

TRUE: Positional PID

FALSE: Incremental PID

For general temperature control scenarios, it is
recommended to use the default incremental
control mode, as it provides better anti-windup
handling.

FALSE

ActMode

Input

BOOL

Cooling/Heating Mode Switch

FALSE: Heating mode. The control output and
process variable change in the same direction—
this mode should be used when the control
output and error change in opposite directions
(e.g., the heating power of a heater causes
temperature increase).

TRUE: Cooling mode. The control output and
process variable change in opposite directions—
this mode should be used when the control
output and error change in the same direction
(e.g., the cooling power of a chiller causes
temperature decrease).

FALSE

Kp

Input

LREAL

Proportional coefficient of the PID controller.

o

Ti

Input

LREAL

Integral time of the PID controller (unit:
seconds).

o

Td

Input

LREAL

Derivative time of the PID controller (unit:
seconds).

o

DeadBand

Input

LREAL

Dead zone of the PID controller. Within the
range of setpoint £+ DeadBand, only integral
control is performed.

o

MVMax

Input

LREAL

Maximum controllable output of the channel
(must use the same unit as the control quantity in
control mode).

o

MVMin

Input

LREAL

Minimum controllable output of the channel (must
use the same unit as the control quantity in
control mode).

o

BackCal

Input

BOOL

Anti-windup Method Switch

FALSE: Use clamping method for anti-windup
TRUE: Use back-calculation method for anti-
windup

FALSE

BackCalTime

Input

LREAL

When using back-calculation anti-windup, this
parameter sets the integral time for the anti-
windup calculation. Setting this value to 0
disables the anti-windup function.

OutputTrackMode|

Input

BOOL

Output Tracking Mode
TRUE: Enabled
FALSE: Disabled

FALSE
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This pin should be enabled when there is a
discrepancy between the actual control output
and the calculated PID output, provided that the
control mechanism has corresponding sensors.
If the actuator's input shows significant changes
while the output remains largely unchanged
(possibly indicating integral saturation within the
actuator), using the actuator's output as an
integral reference can prevent integral saturation.

OutputTrack

Input

LREAL

Used to input the actual control output value
executed by the actuator.

When both BackCal and OutputTrackMode are
set to TRUE and the BackCalTime parameter is
configured, OutputTrack represents the
converted value of the actuator's output
(conversion enables comparison with MV).

IntgrSep

Input

BOOL

Integral Separation Switch

TRUE: The integral component will only
accumulate when the error enters the integral
separation range

FALSE: The integral component accumulates
throughout the entire process

FALSE

Seplintv

Input

LREAL

Integral separation value. When the integral
separation switch is set to TRUE, integral control
will only be active within the SP+Seplint range;
outside this range, only PD control will be
performed.

IntgrRateVaria

Input

BOOL

\Variable Integration Rate Mode

FALSE: Disabled

TRUE: Enabled

When enabled (requires integral separation to be
activated first), within the integral separation
range, the integral component will be multiplied
by a coefficient (greater than 0 and less than 1).
This mode further weakens the integral effect on
the basis of integral separation. It is suitable for
controlled objects that are extremely prone to
overshoot.

FALSE

IntgrLimited

Input

BOOL

Integral Limiting Switch

TRUE: Upper limit for integral component can be
set

FALSE: No upper limit for integral component
When IntgrLimited is TRUE, the maximum value
of the integral component is IntgrMax, and the
minimum value is IntgrMin. If FALSE, there are
no restrictions.

FALSE

IntgrMax

Input

LREAL

Manually set upper limit value for the integral
component.

o

IntgrMin

Input

LREAL

.Manually set lower limit value for the integral
component

o

Rough

Input

BOOL

Coarse/Fine Adjustment Switch

TRUE: Fine adjustment (PID control). When set
to TRUE, PID control is performed within the fine
adjustment zone (setpoint * fine adjustment
range), while full-power control is applied outside
this zone.

FALSE: Coarse adjustment (full-power control:
either maximum or zero power). When set to
FALSE, PID control is applied throughout the
entire process.

FALSE

Preciselntv

Input

LREAL

Fine adjustment zone value setting.
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FiltNonLinear

Input

BOOL

Tracking Derivative/First-Order Filtering
Derivative Switch

TRUE: The PID controller module uses a
tracking-differentiator method to filter and
differentiate the process variable

FALSE: The PID controller module uses a
traditional first-order filter method to filter and
differentiate the process variable

FALSE

FilterCoe1

Input

LREAL

When the FiltNonLinear pin input is TRUE: This
pin inputs the filtering factor of the built-in
tracking-differentiator in the PID controller
module. For settings, refer to the relevant
instructions of the Tracker Differentiator(Tracker
Differentiator).

When the FiltNonLinear pin input is FALSE: This
pin inputs the time constant of the built-in first-
order filter used for processing the process value
in the PID controller module. For settings, refer to
the relevant instructions of the

First Order_Differentiator(First Order

Differentiator).

FilterCoe2

Input

LREAL

When the FiltNonLinear pin input is TRUE: This
pin inputs the tracking speed factor of the built-in
tracking-differentiator in the PID controller
module. For settings, refer to the relevant
instructions of the Tracker Differentiator(Tracker
Differentiator).

When the FiltNonLinear pin input is FALSE: This
pin inputs the time constant of the built-in first-
order filter in the PID controller module. For
settings, refer to the relevant instructions of the
First Order Differentiator(First Order

Differentiator).

o

MVBias

Input

LREAL

Feedforward control value: The output of the PID
controller is the sum of the control value
calculated by the controller itself and the control
value input by this parameter.

Reset

Input

BOOL

Reset Configuration:
TRUE: Reset
FALSE: No Reset

FALSE

MV_AO

Output

LREAL

Connected to analog output.

0

MV_DO

Output

BOOL

Connected to switch duty cycle output.

FALSE

MV_MaxAlarm

Output

BOOL

\When this flag is TRUE, the control value
calculated by the PID controller module exceeds
the maximum control value.

FALSE

MV_MinAlarm

Output

BOOL

When this flag is TRUE, the control value
calculated by the PID controller module is below
the minimum control value.

FALSE

EV

Output

LREAL

Error value.

EV_Filtered

Output

LREAL

Filtered error value.

MVP

Output

LREAL

Proportional component's contribution to the total
control output.

o

MVI

Output

LREAL

Integral component's contribution to the total
control output.

o

MVD

Output

LREAL

Derivative component's contribution to the total
control output.

o

MV_Base

Output

LREAL

When PID mode is set to incremental, this pin
displays the controller output in internal automatic|
mode (activated when switching from manual
mode to automatic mode).
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This flag is TRUE when the integral component
IntgrMaxAlarm  [Output BOOL calculated by the PID controller module exceeds [FALSE
the set upper limit.
This flag is TRUE when the integral component
IntgrMinAlarm Output BOOL calculated by the PID controller module falls FALSE
below the set lower limit.
AntiWindup Output BOOL This flag is TRU.E v_vhen the PID controller FALSE
module is in anti-windup state.
If the input parameters are invalid, this parameter
Error Output BOOL outputs TRUE. FALSE
VALID: No error
ErrorlD Output CTRL_ALGO_LIB_ERR_LIST, Others: Refer to the error code VALID
6.2.4 Error Code
|Error ID Description

MVManual_REQUIRED_FINITE

The control output in manual mode must be within specified limits.

SampledSignal_REQUIRED_FINITE

SampledSignal range requirement: -1x1030 to 1x103%,

Kp_REQUIRED_FINITE

Kp range requirement: 0 to 1x10300,

Kp_REQUIRED_NON_NEGA

Kp must be a non-negative number.

RECIPROCAL_OF _Ti_REQUIRED_FINITE

The allowable range for the reciprocal of Ti is 0 to 1x10300,

Ti REQUIRED_NON_NEGA

Ti must be a non-negative number.

TD_REQUIRED_FINITE

Td range requirement: 0 to 1x10300,

TD_REQUIRED_NON_NEGA

Td must be a non-negative number.

CtrIPeriod_REQUIRED_FINITE

CtrIPeriod requirement: 1 * task cycle time ~ 2x10° * task cycles.

CtrIPeriod_ REQUIRED_GE_TimeStep

CtrIPeriod must be greater than or equal to TimeStep.

DeadBand_REQUIRED_FINITE

DeadBand range must be between 0 and 1x103,

DeadBand_REQUIRED_NON_NEGA

DeadBand must be a non-negative number.

MVMax_REQUIRED_FINITE

MVMax range must be between -1x103% and 1x10300,

[MVMin_REQUIRED_FINITE

MVMin range must be between -1x103% and 1x103%,

MVMax_REQUIRED_GT_MVMin

MVMax must be greater than MVMin.

BackCalTime_REQUIRED_FINITE

BackCalTime range must be between 1/1x103°% and 1x1030%,

BackCalTime_REQUIRED_NON_NEGA

BackCalTime must be a non-negative number.

Seplntv_ REQUIRED_FINITE

Seplntv range must be greater than the dead zone and less than 1x1030°,

Sepintv_ REQUIRED_GT_DeadBand

Seplntv must be greater than the dead zone.

IntgrMax_REQUIRED_FINITE

IntgrMax range must be between 1/1x1030 and 1x103%,

IntgrMax_REQUIRED_GT_IntgrMin

IntgrMax must be greater than the IntgrMin.

IntgrMin_REQUIRED_FINITE

IntgrMin range must be between 1/1x103% and 1x1030°,

Preciselntv_REQUIRED_FINITE

Preciselntv must be greater than or equal to Seplintv and less than
1x10300,

Preciselntv_REQUIRED_GE_Sepintv

Preciselntv must be greater than or equal to Sepintv.

FilterCoe1_REQUIRED_FINITE

FilterCoe1 must be between 0 and 1x103%,

FilterCoe1 REQUIRED_NON_NEGA

FilterCoe1 is a non-negative value.

FilterCoe2_REQUIRED_FINITE

FilterCoe2 must be between 0 and 1x103%,

FilterCoe2_ REQUIRED_NON_NEGA

FilterCoeZ2 is a non-negative value.

TASK_IS_SINGLE

Task is Single execution

TASK_IS_FULLSPEED

Task is FullSpeed execution
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6.2.5 Example

This example is only intended to further illustrate the use of PID_Controller, not for actual application
scenarios.

In the program editing area, call the function block First_Order_Plus_Dead_Time, for simulating

S5

e " output of the

process signals. In this example, this corresponds to the transfer function 20501
controlled object, with a Gain of 5, Den_Coe_Pow1 of 30, and DelayedSteps of 500.
The figure below shows an example program before control begins.

The input parameters Preciselntv, Seplintv, Kp, Ti, and Td are the results of PID auto-tuning. Please
set them as global variables.

For an explanation of the AO output (MV_AO), refer to Hysteresis Generator(Hysteresis Generator).

For an explanation of the DO output (MV_DO), refer to Pulse Width Modulation ZOH(Zero Order
Hold Pulse Width Modulation).

[0007
First Order Plus Dead Time1 PID_Controller!
First_Order_Plus_Dead_Time BID_Controller
EN ENO EN ENO
g AD=0 F—InputSignal OutputSignal—{g_temperature=0 | Enable=TRUE zg/ShetS MV_AOH{g_AD=0

In_gain=5 —Gain QutputSignalNoDelay—Out_delay=0 Q manual_made S\HQ\E:FALSE —Manual MV_DO(—|g_DO=FALSE |
In_ncp1=0 }—{Nom_Coe_Pow1 Error—{Out_enr=FALSE Q manual uutéul su@e:U MVManual MVMaxAlarm—g MV_max_alarm=FALSE
in_dcp1=30 —Den_Coe_Powl ErrorD—{Out_erlD=VALID q_set_temperature=180 }—(SP MVMinAlarm—g MV_min_alarm=FALSE

In de\aied steés=50ﬂ —DelayedSteps é teméeralurﬁﬂ —PV EV—{g_EV=0
In_euler=FALSE _[—Fuler g_control_period=1_|—CtriPeriod EV_Filtered—g EV filtered=0
in_init_state=0_|—|InitState 9_position_single=FALSE }—Positional MVP|—g_MVP=0
In_reset=FALSE |—Reset g_positive_action_single=FALSE |—ActMode MVI—g_MVI=0 ]
9_Kp_single=0.285767181132241 |—{Kp MVDH—{g_MVD=0 |

g Ti_single=22.2600008845328 |—Ti MV_Basel—g MV_case=0
é Td s|n§\5=5,5550002211 319 —Td \mngaxA\armfig int_max_alarm=FALSE
é dead_zone_single=0 —DeadBand IntnginA\arm—é int_min_alarm=FALSE

§ MV_max=100 MV ntivy | anti_wind uE:FALSE
Q MV_min=0 MV Errnr—a Err=FALSE
g_back_cal_enable_single=FALSE BackCal EmoriD|—{g_ErMD=VALID
g back _cal_time_single=0 BackCalTime

9 output_track_mode=FALSE
g_output_track=0

OutputTrackMode
OutputTrack

é imér saé smé\a:FALSE —iIntgrSep
9_sep_intv_single=06 1450827689449 | Seplntv
g_intgr_varia_single=FALSE —ntgrRateVaria
Q int_limited=FALSE |—IntgrLimited
j |nl§r max=0 —Intgrivlax
é mtér min=0_—Intgrivin
é rnuéh control smé\a=FALSE —Rough
g precise_interval single=200.498117253352_|—Preciseintv
g_filt_non_linear=FALSE [—FiltNonLinear
[g_filt_time_cinst1=1 |—FilterCoe1
[g_filt_time_cinst2=1_}—FilterCoe2
g MV bias_single=0_|—MVBias
[o_reset=FALSE |—{Resst

The following figure shows the setpoint and process values for a heating equipment controlled object
under three conditions: using only PID control, adding integral separation (IntgrSep set to TRUE), and
further adding variable integral rate (IntgrSep and IntgrRateVaria set to TRUE).

B Red line: The setpoint SP.
B Green line: The process value PV.

The results of online tracking of SP and PV under pure PID control are shown in the following figure:
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Dowinload Start ‘
Import/Export
Group ID: GROUP-3 -
mport ‘ Export ‘
Sampling Interval |1nn
Related Task TASK! - Waveform Area Setting

Paint Settings

Series -

Trace type:

Curve Settings

Effective value of trigger condtion

30000
o Day[g  Hour[p

Each file samping(item): Maximum data storage size(MB):

Maximum samping time: Minute  The upper limit is reached

1000000
Delete old files »

Save to |D\Aummnk,v323\pmjecmempemmre,pmjecn J File prefic ’7
Ho Show |Variable Name | Colour | Cursor ‘Max Win Average | Variable Description ‘
o001 |[W  PD_Centrollern. 180.0000  180.0000 | 180.0000  180.000000
ooz |V PD_Centrollern. - 0.0000 2064678 | 0.0000 161.422232
ooz |[ | PD_Controllern. - 74 0 38.355064
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ooe ||
wor [
wos [
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The results of online tracking of SP and PV after incorporating integral separation are shown in the

following figure:

Dovinload Start ‘ Stop
Import/Export
Group I GROUP-3 -
import ‘ Export |
Sampling Interval ‘ 100
Related Task: TASK1 - ‘Waveform Area Setting

Paint Settings

Trace type

Series -

Curve Settings

Effective value of trigger condition

30000
ru Day’—U Hour [g

Each file sampling(item): Meximum data storage size(MB):

Maximum sampling time: Minute The upper it is reached

1000000
Delete old files

Saveln ‘D-\Aum'rnink,vaz3\ijact\'ramparamra,pmjam J il prefix ’7
No. |Show |Variable Name | Colour |Cursor Max Win Average | Variable Description
oot [V |PD_Contraler... 180.0000  180.0000 | 180.0000  180.000000

woz v |FD_Controlerd -nnnnn 1850756 | 0.0000 147.277149

0003 ,_ PID_Controller0. - 1 20 37.061284

oos [ PIB_EunlruHErU..-

wos [

woe [

0007 l_

ooos [

ooe [

o [

0011 l_

The results of online tracking of SP and PV after incorporating both integral separation and variable
integral gain are shown in the following figure:
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Download " stop ‘

Start ‘

GROUP-3 -

ImportiExport
Group ID
Import |

Export |

Sampling Interval: |1nn

TASK1 -
Series -

Related Task. ‘Waveform Area Setting

Paint Settings

Trace type:

Curve Settings

Effective valu of trigger condtion

30000
o Day[g  Hour[g

|D \AutoThink_V/3 2.2\ProjectTemperature_projectt

Each file sampling(item): Waximum data storage size(MB)

Waximum sampiing time: Winute The upper it is reached:

.| File prefx

Save to:

1000000
Delete oid fies

—

No, Show Max Min

Average

Variable Description

0001 180.0000 180.0000

‘Variable Name Colour | Cursor
PID_Controller0... 180.0000

PID_ControllerD. 0.0000 180.7911 | 0.0000

|

0002

0003 PID_Controllerd

0004 PID_Controllerd

0005

0006

o007

ogos

0009

0010

N AN 1

0011

If cascade control is used, simply connect two PID modules in series, noting that the AO (analog
output) of the outer-loop PID should be linked to the PV (process value) of the inner-loop PID.

If slope tracking is required, it can be configured first. The code logic is as follows:

180.000000

140.889652

32 802420

IF set_temperature < target_ temperature THEN

set_temperature := set_temperature + set_ramp * time_step;

ELSE

set_temperature := target_ temperature;

END_IF

Here, target_temperature refers to the final target temperature, set_temperature is the set
temperature at that moment, set_ramp is the set ramp rate, and time_step is the time step, which is the
task cycle. The overall logic of the code is that when the final target temperature has not been reached,
the temperature changes according to the set ramp rate. Once the final target temperature is reached, the
ramp tracking stops, and the set temperature becomes the final target temperature.

If the control performance of the auto-tuning parameters is unsatisfactory, the parameters can be
adjusted manually. When manually adjusting the PID constants, the changes in the process value

generally behave as follows.

| |The change in the measured value
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Decreasing the
proportional coefficient
(Kp)

The curve gradually
rises with an extended
settling time, which can
help avoid overshoot.

Increasing the
proportional coefficient

(Kp)

SP

Although overshoot
and fluctuations may
occur, the target value
can be reached more
quickly.

Increasing the integral
time (Ti)

The time to reach the
target value becomes
longer, and the settling
time increases, while
fluctuations, overshoot,
and undershoot are
reduced.

Decreasing the integral
time (Ti)

Fluctuations occur, but
the system can start up
rapidly.

39




ywra

Increasing the
derivative time (Td)

Overshoot,
undershoot, and
settling time are all
reduced, though slight
fluctuations may occur
near the set value.

Decreasing the
derivative time (Td)

Overshoot and
undershoot are more
significant, and it takes
longer to return to the
set value.

6.2.6

Precautions

In practice, the signal code values from TC, Al and AO modules require scaling to obtain the actual

values (such as temperature and voltage) used as the PV raw data.

MVMax and MVMin represent the upper and lower limits of the output clamping. Since physical
systems inherently have output constraints, output clamping is mandatorily enabled and cannot be

disabled. Ensure appropriate settings for these limits (MVMax and MVMin).

It is recommended to configure Preciselntv, Seplintv, Kp, Ti, and Td as global variables. Additionally,
ensure that the output parameters of the Hysteresis_PID_Tuner (Preciselntv, Sepintv, Kp, Ti, Td) match
the input parameters of the PID_Controller (Preciselntv, Seplintv, Kp, Ti, Td). This avoids the need to
manually record tuning results from the Hysteresis_PID_Tuner and manually input parameters into the

PID_Controller.

This function block needs to be called in a cyclic IEC task.
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Chapter 7 ADRC and Related Functions

Active Disturbance Rejection Control (ADRC) technology is a novel practical digital control technology
developed by embracing the essence of PID control techniques and incorporating achievements from
modern control theory. It was explored through the induction, summarization, and synthesis of computer
simulation results. This technology does not rely on precise models of the controlled object and can serve
as a replacement for PID control techniques.

The characteristics and advantages of ADRC technology are as follows:

B ADRC employs an "observation + compensation" approach to address nonlinearities and uncertainties
in control systems, while utilizing nonlinear feedback methods to enhance the dynamic performance of
the controller.

B The ADRC algorithm is simple, easy to implement, and offers high precision, fast response, and strong
disturbance rejection capabilities.

B |t provides a unified approach to control problems for both deterministic and uncertain systems;
disturbance suppression does not require external disturbance models or the observability of
disturbances; the control algorithm does not necessitate the identification of the controlled object; it
uniformly handles nonlinear and linear systems; it can be applied to time-delay system control; and for
decoupling control, only static coupling needs to be considered, without regard to dynamic coupling.

7.1 Components of ADRC

711 Tracker_Differentiator(Tracker Differentiator)

7111 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

71.1.2 Function

The Tracking Differentiator is a core component of the Active Disturbance Rejection Controller,
primarily used for the smooth tracking and differential extraction of noisy signals. By designing a transition
process to track the input signal and combining it with a differential operator to extract the rate of change,
it achieves noise suppression and signal shaping.

The function block performs filtering (tracking) and differentiation on the input signal. During data
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acquisition, this block can be used to preprocess the data, and it can also be employed in fixed heating
rate control mode to monitor the heating rate.

Tracker_Differentiator
—EN ENO—
—SampledSignal FilteredSignal—
—Linear FilteredDiffSignal—
—{TrackRate Error—
—FilterCoe ErrorlD—
—Reset

Tracker_Differentiator Functional Block

71.1.3 Parameter

Initial

Parameter Statement|Data Type Function Description Value

Feed the collected temperature signal (or other
process signals requiring monitoring) into this pin,
and the tracking differentiator will perform filtering
and differentiation on the signal.

SampledSignal |Input LREAL

\When the input is FALSE, the nonlinear mode will
be adopted.

When the input is TRUE, the linear mode will be
adopted.

It is recommended to use the nonlinear mode for
better performance.

Linear Input BOOL FALSE

This pin will only function if and only if the input to
the Linear pin is TRUE.

TrackRate Input LREAL Input the tracking speed factor of the tracking
differentiator; the larger this value, the smaller the
phase lag, but the poorer the filtering effect.

o

Input the filtering factor of the tracking
FilterCoe Input LREAL differentiator; the larger this value, the better the
filtering effect, but the greater the phase lag.

o

Reset Configuration:
Reset Input BOOL TRUE: Reset FALSE
FALSE: No Reset

FilteredSignal  |Output LREAL The filtered result of the acquired signal. 0

The differentiated result of the filtered acquired
signal.

o

FilteredDiffSignal|Output LREAL

If the input parameter is invalid, the parameter

will output TRUE. FALSE

Error Output BOOL

VALID: No error
ErrorlD Output CTRL_ALGO_LIB_ERR_LIST] Others: Refer to the error code VALID

71.1.4 Error Code

[Error ID [Description
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SampledSignal_REQUIRED_FINITE SampledSignal range requirement -1x10%00-1x10300
FilterCoe_REQUIRED_POSI FilterCoe must be positive.

FilterCoe_ REQUIRED_FINITE FilterCoe range requirement 0~1x103%.

TrackRate_ REQUIRED_POSI TrackRate must be positive.

TrackRate_ REQUIRED_FINITE TrackRate range requirement 0~1x10300,
TASK_IS_SINGLE Task is Single execution.

TASK_IS_FULLSPEED Task is FullSpeed execution..

7115 Example

This example is only intended to further illustrate the use of Tracker_Differentiator, not for actual
application scenarios.

This example uses a Tracker_Differentiator to perform sliding-window average processing on a signal,
with the following explanation:

B Program Segment 0001 simulates a sine signal with an amplitude of 5, a frequency of 0.628 rad/s, and
an initial phase of 0.

0001
ADD UL SIN UL
EN ENO EN ENO EN ENO EN ENO
=0 }—ino ouT| [=0 }—ino oUTH{ wi=0 wi=0__}—{IN OUT|—{ Sin_wi=0 Sin_wt=0__—{IND ouT|
001 N1 [7=0.528 }—IN1 & Hm

B Program Segment 0002 utilizes the custom function block Gaussian_Write_Noise to simulate Gaussian
white noise with a mean square error of 0.1. This noise signal is then added to the sine signal from
Program Segment 0001, resulting in the original signal SampledSignal.

o000z
Gaussian_White_Noise1

Gaussian_White_Moise ADD
EN ENO EN ENO)|
1 |MoiseSeed GaussianNoise—| G _Noise=0 | [ Sin_wi=0 |IND ouT| SampledSignal=0
01 }Deviation Ermort—{Ermor1=FALSE | [ G_Noise=0 _|—IN1
Reset=FALSE —Reset ErrorlD—ErroriD1=VALID |

B Program Segment 0003 applies the Tracker_Differentiator to filter and reduce noise in the noisy
SampledSignal. The task cycle is set to 0.01s, with both TrackRate and FilterCoe configured as 1.

000z
Tracker_Differentiator1
Tracker_Differentiator

EN ENO
SampledSignal=0 }—SampledSignal FilteredSignall—_FilterSignal=0
FALSE —Linear FilteredDiffSignall—_FilterSignal_Diff=0
1 —TrackRate Error—Error2=FALSE
1 [—FilterCoe ErrorlD—ErrorD2=VALID

[Reset=FALSE Reset

The results of online tracking of SampledSignal, FilterSignal, and FilteredDiffSignal are shown in the
figure below. In the figure, the red line represents the original signal, the green line represents the filtered
signal, and the blue line represents the filtered differential signal. It can be observed that the
Tracker_Differentiator has a significant noise filtering effect on the signal.
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Download ‘ Start ‘ Stop

Group D: [aroup |

mport ‘ Export ‘
Sampiing Interval [ L T E I e
Related Task = - WaveformArea Setting

Trace type: Series. - AR o

Effective value of trigger condition

Each fie samping(tsm) 30000 Maximum data storage size(MB): hm
Maximum sampling time: ’T Day ’T Hour [ Minute The upper imt s reached: [Deiete od fies _~ | 16| : b | .

Saveto |D.\Aumn ink_\/3.2 HProjectTemperature_projecth File prefix —
Cobour | Cursor Max Min Average

0001 [[W | Tracker_Differentiatoro1.sam 0 1409345
0002 |[W | Tracker_Differentiator01 Fiter -u 4 3 -1.156420
]

Tracker_Differentiator(.Fiker. -

No. Show

Variable Name

<

0003 2 2 e, 00 e T o N

0004

0005

0006

0007

0008

0009

0010

011

C N

0012

7.1.1.6 Precautions

In practice, the signal code values from TC and Al modules require scaling to obtain the actual
values (such as temperature and voltage) used as the SampledSignal raw data.

The larger the TrackRate and FilterCoe, the better the noise reduction effect of the filter, but the
smaller the amplitude reduction and the greater the phase lag. The smaller the TrackRate and FilterCoe,
the worse the noise reduction effect of the filter, but the amplitude is closer to the original signal and the
phase lag is smaller. Therefore, users must carefully select TrackRate and FilterCoe to choose parameters
suitable for the signal.

This function block needs to be called in a cyclic IEC task.
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Chapter8 Long Dead Time

8.1 Smith_Predictor_TF(Smith Predictor)

8.1.1 Version

The software version supporting this function block is V3.2.3 and above. Controller firmware versions
that do not support this instruction include LX-CU500-A01 (V1.0.0) and LX-CU500-A02 (V1.1.0).

8.1.2 Function

The basic idea of the Smith predictor is to use the mathematical model of the system to predict future
outputs, and then perform control in advance based on the prediction results. In this way, even if there is a
delay in the actual output feedback, since the control action has already been taken in advance, the
system performance will not be significantly affected.

With the aid of the Smith predictor, the negative impact of pure time delay on system control
performance is significantly reduced, enabling the system to respond more quickly to input changes and
allowing systems with long time delays to be controlled stably.

Smith_Predictor TF

HEN ENOR
~SampledSignal Compensation
HGain Error
Nom_Coe Pow?2 ErrorlDR-

Nom_Coe Pow1
Den_Coe_ Pow?2
Den_Coe Pow1
DelayedSteps
Reset

Smith_Predictor_TF Functional Block

8.1.3 Parameter

Initial

Parameter Statement(Data Type Function Description Value
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SampledSignal (Input LREAL Collected controlled variable signal. 0
Gain Input LREAL Galnlof the controlled object's transfer 0
function.
Nom_Coe_Pow2|Input LREAL Coefficient of ordgr 2' in the numerat'or of
the controlled object's transfer function.
Nom_Coe_Powi|input LREAL Coefficient of ord.er1' in the numerat_or of
- - the controlled object's transfer function.
Den_Coe_Pow2 [Input LREAL Coefficient of ordgr 2 in the denomn_1ator of
the controlled object's transfer function.
Den_Coe_Pow1 |Input LREAL Coefficient of ordgr 1 in the denomlr_mator of
the controlled object's transfer function.
Time delay steps of the controlled object's
DelayedSteps |Input DINT transfer function (time delay steps = delay |0
time / task period).
Reset Configuration:
Reset Input BOOL TRUE: Reset FALSE
FALSE: No Reset
Compensation  |Output LREAL Output of the Smith predlqtor, which 0
compensates for system time delay.
If the input parameter is invalid, the parameter
Error Output BOOL will output TRUE. FALSE
VVALID: No error
ErroriD Output  |CTRL_ALGO_LIB_ERR LIST|qy - ooc i oot code VALID
8.1.4 Error Code
Error ID Description

SampledSignal_REQUIRED_FINITE

The range requirement for SampledSignal is -1x103% to 1x10300,

ARITHMETIC_OVERFLOW

Numerical calculation overflow in output parameters.

Gain_REQUIRED_FINITE

The range requirement for Gain is -1x1030 to 1x10300,

Nom_Coe_Pow1_REQUIRED_FINITE

The range requirement for Nom_Coe_Pow1 is -1x10300 to 1x103%,

Nom_Coe_Pow2_REQUIRED_FINITE

The range requirement for Nom_Coe_Pow?2 is -1x103% to 1x10300,

Den_Coe Pow1 REQUIRED_FINITE

The range requirement for Den_Coe_Pow1 is 0 to 1x103%,

Den_Coe_Pow2_REQUIRED_FINITE

The range requirement for Den_Coe_Pow2 is 0 to 1x10300,

DelayedSteps_ REQUIRED_LE_2E4

DelayedSteps must be less than or equal to 2x10%.

DelayedSteps_ REQUIRED_NON_NEGA

DelayedSteps must be non-negative.

TimeStep_ REQUIRED_POSI

TimeStep must be positive.

TimeConstant REQUIRED_FINITE

TimeConstant must be less than 30000.

NatureFreqgency REQUIRED_FINITE

NaturalFrequency must be less than 1000.

DampingRatio REQUIRED_FINITE

DampingRatio must be less than 1000.

TASK_IS_SINGLE

Task is Single execution.

TASK_IS_FULLSPEED

Task is FullSpeed execution.

8.1.5 Example

This example is only intended to further illustrate the use of Smith_Predictor_TF, not for actual

application scenarios.

Usage steps:
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(1) Before implementing control using a Smith predictor, it is necessary to first identify the system
using the identification function to obtain its transfer function model.

(2) Use the Hysteresis_PID_Tuner to adjust the parameters of the transfer function model without
time delay to obtain the PID parameters.

(3) Control the plant using the Smith_Predictor_TF and PID_Controller.

This example uses a heating device as the plant, which has a time delay of 100 seconds, 3.3 times
the time constant, making it a typical long time-delay system. This example only describes the control
using the Smith predictor.

The system configuration is shown in the figure below. For the inputs to the Smith predictor,
SampledSignal is the sampled signal, Reset is the reset, and the remaining parameters are all transfer
function model parameters of the heating device.

B Program Segment 0001 simulates the input and output of the system through the function block
First_Order_Plus_Dead_Time. In this example, it corresponds to the transfer function of the controlled
object's output, with a Gain of 5, Den_Coe_Pow1 of 30, and DelayedSteps of 500.

0001
First Order Plus_Dead_Time1
First_Order_Plus_Desad_Time

EN EM
InputSignal OutputSignal
Eain DutputSignsIN:}D:—lsy—@l
Mom_Coe Powil En:r—@l
Den_Coe_Pow1 EnnrlD—@l

n_delayed_steps=500 DelayedSteps
[r_suie=raise | {euier
@— InitState
[In_reset=FALSE }—{Reset

B In Program Segment 0002, Smith_Predictor TF is used to perform dead-time compensation for the
system, and the compensated signal is added to the OutputSignal in Program Segment 0001 to obtain
the process variable (PV).

0002
Smith_Predicter_TF1

Smith_Predictor_TF ADD
EN EN EN EN
SampledSignal Compensation—|g_temperature1=0 | [g_temperature2=0 | IND OUT|—{g_temperature=0
[a_gain=5 | G=in Eror—g_Em1=FALSE | [otemperature1=0 | in1
g_nom_coe_pow2=0 |—Mom_Coe Pow2 EmorlD—{g_EmID1=\ALID
@— Mom_Coe_Fowil

Den_Coe_Pow2
Den_Coe_Fowt
DelayedSteps

[reseFALSE |—|Reset

i

B Program Segment 0003 calls the PID to control the controlled object and stabilizes the process value
around the setpoint of 180.
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0003
PID_Controller1
FID_Controller
EM EN
Enable mv_aot—g_AD=0 |
[a_manusl_mode_single=FALSE |—Manual mv_Dol—|g_ DO=FALSE |
|g_n'| anual_gutput_single=0 —MWManusl MvMaxaslarmi—g_MV_max_slarm=FALSE |
lg_set tempersture=180 —5F MWVIMinAlarmi—g_MV_min_alarm=FALSE |
PV EVi—{g_Ev=180
[g_control_pericd=1_|—CtrlPeriod EV_Filtered|—{g_EV_filtered=180 |
[o_position_single=FALSE | Pasitional MVP—g_MVP=51.4374520188776 |
lg_positive_action_single=FALSE [—ActhMode MVI—g_WVI=0.048215139240734 |
e sngle=0 zacre3sazz0ss ] ke VD g VD=0
o_Ti_single=22 2600008845228 |Ti MV_B [g_MV_case=0 |
|g_T d_single=5.58500022113323 [—Td IntgridaxAlarmi—g_int_max_slarm=FALSE |
g_dead_zone_single=0 I— DeadBand IntgridinAlarmiE—g_int_min_alarm=FALSE
TR Antivvindup—g_snti_wind_up=FALSE |
[g_Mv_min=0 | nMwiin Eror—|g_Em=FALSE |
|g_bso<_c=a|_|:—nsb|5_singI5=FALSE +——BaokCal ErrarlD—@l
|g_bs cé_cal_time_single=0 —{BadkCalTime
|g_nutput_trs ot_mode=FALSE —OutputTrackMode
|g_:utput_trs =0 I— OutputTrack
|g_intgl_sEp_singI5=F}-‘\LSE |—|I1tngEp
[o_s=p_intv_singl==58 1485956237694 | —{Sepintv
|g_intgr_vsris_singI5=F}-\LSE —{IntgrRate\aria
jg_int_limited=FALSE —{IntgrLimited
@— Intgridax
'm‘— Intgriin
|g_r:>ugh_c:>ntr:>|_si ngle=FALSE I— Rough
[o_precise_interval_single=200.500814130244 | Preciseinty
|g_fi|t_n on_linear=FALSE [—FiltNonLinear
(g_filt_time_cinst1=1 —FilterCoe1
lg_filt_time_cinst2=1 |—FilterCoe2
g_MV_biss_single=0 —MVBias
[o_resst=rALSE |—|Reset
The final control performance is illustrated in the figure below.
Duwnluad‘ Start |
5
Group ID: |aROUR-S | — ‘ = ‘
Sampling Interval [100

Related Task: TASKI - Waveform Area Setting
Trace type: Series - Paint Sefings Comessing

Effective value of trigger condition

Each file sampling(item). 30000 Maximum data storage size(MB): [1000000
Maximum samping time: [o— Day[g  Hour 3o Minute The upperimt i reached: [Deicte oid fies —
Save fo: ‘D'\AumThmkﬁVB 2 3\AutoThinkiProject . File prefoc

Mo. Show | Variable Name Min Variable Descrip “

Colour | Cursor | Max Average

0001 ’7 Smith_Predic. 180.0000 | 180.0000 | 180.000...

oooz Smith_Predic. 190.1526 | 0.0000 169,344,

Smith_Predic.. - 48 0 38.977039

0003

0004 Smith_Predic.

ooos

oooe

o007

0008

0009

0010

oot

o012

0013

| | | | | | 1R

0014

For general field applications, it is recommended to incorporate auxiliary temperature control
measures such as setpoint ramp tracking.

The code logic is as follows:
IF set_temperature < target_ temperature THEN
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set_temperature := set_temperature + set_ramp * time_step;
ELSE

set_temperature := target_ temperature;
END_IF

Here, target_temperature refers to the final target temperature, set_temperature is the set
temperature at that moment, set_ramp is the set ramp rate, and time_step is the time step, which is the
task cycle. The overall logic of the code is that when the final target temperature has not been reached,
the temperature changes according to the set ramp rate. Once the final target temperature is reached, the
ramp tracking stops, and the set temperature becomes the final target temperature.

8.1.6 Precautions

This function block needs to be called in a cyclic IEC task.
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