BECKHOFF

154100

TwinCAT 2 | PLC Controller Toolbox

Supplement | Control

2022-10-28 | Version: 1.1







BEGKHOFF Table of contents

Table of contents

1

a A~ O DN

L o] =3V o c S 5
1.1 Notes on the doCUMENTALION ... e e e e e 5
1.2 SafEtY INSITUCHIONS ...ttt e e e e e e e e e e eeeaaeeeeesesannsanrnneeaeaeens 6
1.3 Notes on infOrmation SECUNITY ........cooi i 7
L0 Y= T PR 8
General functioning of the FB_CTRL_... Function bIOCKS.........cccceeeimimmirnccere e s 10
Setting rules for the P, Pl and PID controllers ..........ccciiiiiisrss s 13
e IO L PR 16
5.1 Definition of the StruCtures and ENUMS .........ooiiiii i e e e e e e e as 16
L N T (1= Y2 R T SOR PP 19
5.21 FB_CTRL_GET_SYSTEM_TIME (only on @ PC SyStem) .........ccevviveeeiiiiiiiiiiieiieeeae e 19
5.2.2 FB_CTRL_GET_TASK CYCLETIME (only on a PC system) .......ccccccoevvivieeeiiiieee e, 20
5.2.3 FB_CTRL_LOOP_SCHEDULER.......cciiiiiiiie ettt 22
Lo T - T OSSR 24
5.3.1 = O I o O TP 24
5.3.2 FB_CTRL_HYSTERESIS ... ..ottt e e e 26
5.3.3 = O I o PRSP PRP 27
534 FB_CTRL_I_WITH_DRIFTCOMPENSATION .....coiiiiiiiiiieeiiiie e 29
5.3.5 = O I o I PRSP 31
5.3.6 FB_CTRL_TRANSFERFUNCTION 1 .. ittt 32
5.3.7 FB_CTRL_TRANSFERFUNGCTION _2 ...ttt 35
Lo O o1 1o 1T RSOSSN 39
5.4.1 FB_ CTRL_2POINT ...ttt ettt e e e e et e e e e et e e e e e snnae e e e e ennseneeeennnees 39
5.4.2 FB_CTRL_2POINT_PWM_ADAPTIVE. .. ..ottt 40
54.3 FB CTRL_BPOINT ...ttt et e et e e e e et e e e e e st e e e e e e nnbaeaeeeennees 43
54.4 FB_CTRL_3POINT _EXT ittt ettt e e e et e e e e et e e e e e nteea e e e ennees 45
5.4.5 = I O I o I o1 = 1 PSPPSR 47
5.4.6 FB_CTRL_PARAMETER _SWITCH.....ciiiiiiie ittt 49
5.4.7 = O I o I PSPPI 51
5.4.8 FB CTRL_PI_PID ...ttt e e et e e e e et ae e e e e enees 54
5.4.9 S T O I I o | PP 57
5410 FB_CTRL_PID_EXT_SPLITRANGE .......c.ooiiiiiiiiiiee ettt 61
5411  FB_CTRL_PID _EXT ..ottt ettt ettt e et e e e et e e e e e nbaea e e e ennees 66
54,12 FB_CTRL_PID_SPLITRANGE ........ooiiiiiiiiiec ettt 71
5.5  Filter / ControlledSystemSimuIation .............ooiiiiiiiiiiiiiee e 77
5.5.1 FB_CTRL_ACTUAL _VALUE_FILTER ...ttt 77
5.5.2 FB_CTRL_ARITHMETIC_MEAN ... ..ottt e e e 78
5.5.3 FB_CTRL_DIGITAL_FILTER ...ciii ittt 79
554 FB_CTRL_MOVING _AVERAGE .......ooi oottt 82
5.5.5 FB_CTRL_LEAD LAG ... i ittt ettt e et e e e e et e e e e e nnteea e e e nnnees 84
5.5.6 FB_CTRL_NOISE_GENERATOR (only on a PC system)...........cccoeeeeeiiiiiececciiee e, 87
5.5.7 FB_CTRL_NOTCH_FILTER ..ottt ettt e et e et e e e e nree e e e ennees 88
5.5.8 = O I o PSPPSR 90

TS4100 Version: 1.1 3



Table of contents BEGKHOFF

5.5.9 = O I o e PSPPSR 92
5510 FB_CTRL_PT20SCIIAtioN ......coeiieiiie et 94

LT B B o = T O I o e 5 TSRS 96
T T 2 o = B O I o I o FO USSR 98
I Tt 1 T o = O I I OSSPSR 100
5.5.14 FB_CTRL_SERVO_MOTOR_SIMULATION (only on a PC system).........ccccccecuiveennnnes 102
I T S T o = O I U I o USSR 103
5516 FB_CTRL_ZERO_ZONE_DAMPING ...ttt 105

LTSI [ 01 =Yy o o] F=1 4o ) o S PRRPRPP 107
5.6.1 FB_CTRL_LIN_INTERPOLATION. ...ttt ettt e e eeeee e 107

5.6.2 FB_CTRL_NORMALIZE ...ttt e e e e e e et e e e e enraeaeeeanns 109

oI A /o oy (o] aTa Yo IV A Y =T o 41 o T [ SO SP PO 112
5.7.1 FB_CTRL_CHECK _IF_IN_BAND ...ttt eeeeens 112

5.7.2 FB_CTRL_LOG_DATA (only on @ PC SYStEM)......ccciiiuiiiiiiiiiiiiee e 113

5.7.3 FB_CTRL_LOG_MAT_FILE (only on @ PC SyStem) .........ccoiuiiiiiiiiiiieeiiiiiee e 116

5.8 Output To Controlling EQUIPMENT ... e e e e e eeeaaa e 120
5.8.1 FB_CTRL_DEADBAND ...ttt e et e e e s st e e e e e snbeeeeeeanns 120

5.8.2 FB_CTRL_LIMITER ...ttt ettt e s et e e smte e e s e e smneeeeneeeans 121

5.8.3 FB_CTRL_MULTIPLE_PWM_OUT ...ttt 123

5.8.4 FB_CTRL_PWM_OUT ..ottt ettt ettt e e e st e e e e sbte e e e e e anbeeeeaeanns 127

5.8.5 FB_CTRL_PWM_OUT _EXT .. iiiiiiiie et e ettt e s e e smee e e sneeesneeeeeneeeans 128

5.8.6 FB_CTRL_SCALE ... .ottt e e e s et e e e e e nnb e e e s anbeeeeeeanns 131

5.8.7 FB_CTRL_SERVO_MOTOR _OUT ....oiiiiiiiiiiee ittt nnteeea e 132

5.8.8 FB_CTRL_SPLITRANGE ... .ottt e e e s e e s e e eneeeans 135

5.8.9 FB_CTRL_STEPPING_MOTOR_OUT ....utiiiiiiiiiiieee ettt stee e snreeae e 137

5.9  SetpOiNtgENEratioN ..........eiiiiiiiiiii e e e 140
5.9.1 FB_CTRL_3PHASE_SETPOINT_GENERATOR(only on a PC system)..........cccccceune.e. 140

5.9.2 FB_CTRL_FLOW_TEMP_SETPOINT_GEN .......ccoiiiiiiiiiiiiiiiie et 147

593 FB_CTRL_RAMP_GENERATOR ...ttt eeee e 149

594 FB_CTRL_RAMP_GENERATOR _EXT ...ttt ettt nneeee e 151

5.9.5 FB_CTRL_SETPOINT_GENERATOR .....oeiiiiiiiiiiiie ettt 153

5.9.6 FB_CTRL_SIGNAL_GENERATOR ...ttt 156

LS = 1 4] ] (=30 o e = 2 SRS 158
6.1 Install and start the eXample ProJECE .......... i a e 158
6.2 Assigning the program NUMDEIS ... e e e e e 159
6.3 Program SHUCIUIE ...ttt et e e e et e e e e et e e e e e nnbe e e e e e nnnees 161

Version: 1.1 TS4100



BEGKHOFF Foreword

1 Foreword

1.1 Notes on the documentation

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning the components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.
No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P,
Safety over EtherCAT®, TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by
Beckhoff Automation GmbH.

Other designations used in this publication may be trademarks whose use by third parties for their own
purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents:

EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702

with corresponding applications or registrations in various other countries.

——
EtherCAT.

EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilization of this document as well as the communication of its contents to
others without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.

TS4100 Version: 1.1 5
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1.2 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!
Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.
Personnel qualification

This description is only intended for trained specialists in control, automation and drive engineering who are
familiar with the applicable national standards.

Description of symbols

In this documentation the following symbols are used with an accompanying safety instruction or note. The
safety instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!

Failure to follow the safety instructions associated with this symbol directly endangers the life and health of
persons.

Risk of injury!

Failure to follow the safety instructions associated with this symbol endangers the life and health of per-
sons.

A CAUTION

Personal injuries!
Failure to follow the safety instructions associated with this symbol can lead to injuries to persons.

NOTE

Damage to the environment or devices

Failure to follow the instructions associated with this symbol can lead to damage to the environment or
equipment.

® Tip or pointer
1 This symbol indicates information that contributes to better understanding.

Version: 1.1 TS4100
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1.3 Notes on information security

The products of Beckhoff Automation GmbH & Co. KG (Beckhoff), insofar as they can be accessed online,
are equipped with security functions that support the secure operation of plants, systems, machines and
networks. Despite the security functions, the creation, implementation and constant updating of a holistic
security concept for the operation are necessary to protect the respective plant, system, machine and
networks against cyber threats. The products sold by Beckhoff are only part of the overall security concept.
The customer is responsible for preventing unauthorized access by third parties to its equipment, systems,
machines and networks. The latter should be connected to the corporate network or the Internet only if
appropriate protective measures have been set up.

In addition, the recommendations from Beckhoff regarding appropriate protective measures should be
observed. Further information regarding information security and industrial security can be found in our

https://www.beckhoff.com/secquide.

Beckhoff products and solutions undergo continuous further development. This also applies to security
functions. In light of this continuous further development, Beckhoff expressly recommends that the products
are kept up to date at all times and that updates are installed for the products once they have been made
available. Using outdated or unsupported product versions can increase the risk of cyber threats.

To stay informed about information security for Beckhoff products, subscribe to the RSS feed at https://
www.beckhoff.com/secinfo.

TS4100 Version: 1.1 7
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2 Overview

This library contains function blocks that represent various control engineering transfer elements in a
functional diagram. Complex controllers that can be used for a large number of applications are included, as
well as basic function blocks with which unique controller structures can be implemented for special

applications.

FE_CTRL
LIMITER

FE_CTRL_P

SFEI%r_pCoTIRr:?- S I:
GEMERATOR FE_CTRL I
FE_CTRL D

. -

FE_CTRL_ACTUAL
WALUE FILTER

l&q

Function blocks

Name

Description

FB CTRL 2POINT [»_39]

2-position controller

FB CTRL 2POINT PWM ADAPTIVE [» 40]

Adaptive 2-position controller with PWM output

FB CTRL 3PHASE SETPOINT GENERATOR [»_140]

3 phase setpoint generator

FB_CTRL 3POINT [r 43]

3-position controller

FB CTRL 3POINT EXT [r 45]

Extended 3-position controller

FB CTRL ACTUAL VALUE FILTER [» 77]

Actual value filter

FB CTRL ARITHMETIC MEAN [» 78]

Arithmetic mean value filter

FB CTRL CHECK IF IN BAND [P _112]

Area monitoring

FB CTRL D [r_24] D element
FB CTRL DEADBAND [»_120] Dead band
FB CTRL DIGITAL FILTER [»_79] Digital filter

FB CTRL FLOW TEMP SETPOINT GEN [r_147]

Specification of the flow temperature depending on
the outdoor temperature

FB CTRL GET SYSTEM TIME [»_19]

Output of the Windows system time

FB CTRL GET TASK CYCLETIME [r 20]

Determination of the task cycle time

FB CTRL HYSTERESIS [» 26]

Hysteresis element

FB CTRL I [r 27]

| element

FB CTRL | WITH DRIFTCOMPENSATION [r_29]

| element with drift compensation

FB CTRL LEAD LAG [r_ 84]

Lead/lag element

FB CTRL LIMITER [P _121]

Control value limiter

FB CTRL LIN INTERPOLATION [r_107]

Linear interpolation element

FB CTRL LOG DATA [»_113]

Data logger in *.csv ASCII format

8 Version: 1.1
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Name

Description

FB CTRL LOG MAT FILE [r_116]

Data logger in Matlab 5 format

FB CTRL LOOP SCHEDULER [r_22]

Distribution of computing power in situations with
several control loops

FB CTRL MOVING AVERAGE [r 82]

Moving average filter

FB CTRL MULTIPLE PWM OUT [r 123]

PWM element with multiple outputs

FB CTRL NORMALIZE [r_109]

Characteristic curve linearization

FB CTRL NOISE GENERATOR [r 87]

Noise generator

FB CTRL NOTCH FILTER [r_88]

Notch filter

FB CTRL nPOINT [» 47]

n-position controller

FB CTRL P [ 31]

P element

FB CTRL PARAMETER SWITCH [r 49]

Parameter switching algorithm for a split range
controller

FB CTRL PI[r 51]

Pl controller

FB CTRL PI PID [» 54]

Cascaded PI-PID controller

FB CTRL PID [P 57]

PID controller

FB CTRL PID EXT [» 66]

Extended PID controller

FB CTRL PID EXT SPLITRANGE [P 61]

Extended PID controller with parameter set
switchover

FB CTRL PID SPLITRANGE [» 71]

PID controller with parameter set switchover

FB CTRL PT1[»90] PT, element
FB_CTRL PT2 [» 92] PT, element

FB CTRL PT2oscillation [» 94]

Oscillating PT, element

FB CTRL PT3 [» 96] PT, element
FB CTRL PTn [» 98] PT, element
FB CTRL PTt [»_100] PT, element
FB CTRL PWM OUT [» 127] PWM element

FB CTRL PWM OUT EXT [»_128]

Extended PWM element

FB CTRL RAMP GENERATOR [r_149]

Ramp generator

FB CTRL RAMP GENERATOR EXT [»_151]

Extended ramp generator

FB CTRL SCALE [»_131]

Range adjustment

FB CTRL SERVO MOTOR OUT [»_132]

Actuator control

FB CTRL SERVO MOTOR SIMULATION [»_102]

Actuator simulation

FB CTRL SETPOINT GENERATOR [P _153]

Setpoint generator

FB CTRL SIGNAL GENERATOR [»_156]

Signal generator

FB_CTRL SPLITRANGE [r_135]

Signal decomposition into a positive and negative
part.

FB CTRL STEPPING MOTOR OUT [»_137]

Stepper motor control

FB CTRL TRANSFERFUNCTION 1 [»_32]

Transfer function according to the first standard form

FB CTRL TRANSFERFUNCTION 2 [r 35]

Transfer function according to the second standard
form

FB CTRL TuTg [r_103]

TuTg element

FB CTRL ZERO ZONE DAMPING [r_105]

Zero damping

TS4100
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3 General functioning of the FB_CTRL ...
Function blocks

The general functioning of the function blocks in the Controller Toolbox are described in the following
paragraphs.

General Notes

General Notes

In general, the TcControllerToolbox can be used on PC, BX or BC systems. If the toolbox is used on a BC
system, the maximum number of POUs has to be adjusted in the PLC control under menu item Project,
Options...

K.ateqorie:

Laden & Speichem

B enutzeninformation Fét Groke I Default: IBCSUUD "I

di

E ditar

Arbeitzbereich V¥ Large Model Abbrechen
Farben

Verzeichinisse ¥ Byte-Adresszuordnung

Logbuch

|berzetzungsoptionen

K.enrwarte b aximale Anzahl won POUs: |1 024

Symbolkonfiguration L\\\
Projektdatenbank Code [kB] Daten [kB)

b akroz g1
Controller Einstellungen =

Controller Enveiterungen ISE— 138

Discretization

The continuous transfer functions of the transfer elements assembled in this library are transformed to
discrete values using the trapezoidal rule (Tustin formula).

The Tustin formula:
1 Tz +1

s 2z—-1

Function block inputs

eMode:

The operating mode of the majority of blocks can be selected with this input. This makes it possible to select
one of the following operating modes:

eCTRL_MODE_PASSIVE The output or outputs of the block are set to zero, but the internal
states are retained.

eCTRL_MODE_ACTIVE The block is executed in accordance with its description, and
appropriate output values are calculated (normal operation).

eCTRL_MODE_RESET All internal states are reset in this operating mode, and the error bit is
cleared.

10 Version: 1.1 TS4100
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eCTRL_MODE_MANUAL The value of the input value fManSyncValue is provided at the output
(manual operation).

stParams:

The necessary parameters are passed to the function block with this structure. The variables
tTaskCycleTime and tCtrICycleTime are contained in all the parameter structures. These parameters
function in the following way:

The parameter tTaskCycleTime specifies the cycle time with which the function block is called. If the block
is called in every cycle this corresponds to the cycle time of the calling task. If it is only called in every
second cycle, the time must correspondingly be doubled. The parameter tCtriICycleTime indicates the
control loop's sampling time. This time must be greater than or equal to the parameter tTaskCycleTime. If the
sampling time is set equal to tTaskCycleTime then the block is executed with every call. If a factor of 5
greater is selected, the block is only processed in every 5th call. This makes it possible to implement slow
control loops even in a fast task.

The parameters tTaskCycleTime and tCtriICycleTime are of type TIME and therefore do not permit inputs
of less than 1ms. To use the controller in a fast PLC task with a cycle time of less than 1ms, a global base

time can be specified as reference for the specified cycle times. Notes on using the base time. [P_12]

Examples:

It is assumed that the block is called in every task cycle.

Task Configu- |Parameter: Parameter: tC- Method of operation:

ration tTaskCycleTime triCycleTime

T#10ms T#10ms T#10ms The control loop is processed using a 10 ms sampling
time.

T#10ms T#10ms T#50ms The control loop is processed using a 50 ms sampling
time.

T#100ms T#100ms T#100ms The control loop is processed using a 100 ms sampling
time.

T#100ms T#100ms T#50ms ERROR, execution not possible!

T#100ms T#50ms T#50ms ERROR, although the block has been executed,
incorrect output values have been calculated!

The outputs of the function blocks

eState:

This output indicates the current internal state of the block.

eCTRL_STATE_IDLE The block has successfully been reset, and is now waiting for
selection of the operating mode.

eCTRL_STATE_PASSIVE The block is in the passive state in which no calculations are carried
out.

eCTRL_STATE_ACTIVE The block is in the active state, which is the normal operating state.

eCTRL_STATE_RESET A reset request is being processed, but the reset has not yet been
completed.

eCTRL_STATE_MANAUL The block is in the manual state, and the output can be manually
specified at the appropriate input.

eCTRL_STATE ... If there are any other internal states, they are described together with
the corresponding blocks.

eCTRL_STATE_ERROR An error has occurred; the block is not executed when in this state.

See eErrorld for further information.

bError:

An error in the block is indicated by an TRUE at this boolean output.

TS4100 Version: 1.1 11
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eErrorld:

The error number [P_16] is provided at this output if the bError output is TRUE.

Using the global base time (only available on a PC system)

In order to be able to use the function blocks of a PLC task with a cycle time of less than 1ms, it is possible
to interpret the specified cycle times as ticks of a base time. In this special parameterization, the time unit of
1ms is interpreted as 1 tick. This approach is equivalent to setting a PLC cycle time of less than 1ms in the
TwinCAT System Manager.

The switchover and declaration of the base time is done with the global structure
stCtrl_GLOBAL_CycleTimelnterpretation for all function blocks of the toolbox.
VAR GLOBAL

stCtrl GLOBAL CycleTimeInterpretation : ST CTRL CYCLE TIME INTERPRETATION;
END VAR

TYPE ST CTRL CYCLE TIME INTERPRETATION :
STRUCT
bInterpretCycleTimeAsTicks : BOOL; (* e.g. 2ms -> 2ticks
*)
fBaseTime : FLOAT; (* Base time in seconds,
e.g. 200ps -> 200E-6s *)
END STRUCT
END TYPE

In order to interpret the specified cycle times as ticks, the variable binterpretCycleTimeAsTicks in the
global structure stCtrl_GLOBAL_CycleTimelnterpretation is set to TRUE. Within this structure, the base
time unit has to be set in variable fBaseTime.

By setting the flag binterpretCycleTimeAsTicks, the interpretation of the parameters with the names

» tTaskCycleTime
» tCtrICycleTime

is changed. The interpretation and effect of all other parameters of type TIME remains unaffected.

Sample:

The base time unit of the TwinCAT system is 200us. The PLC task, and therefore the function blocks of the
Toolbox, are called cyclically every 400pus.

Setting the global structure:

stCtrl GLOBAL CycleTimeInterpretation.bInterpretCycleTimeAsTicks := TRUE;
stCtrl GLOBAL CycleTimelInterpretation.fBaseTime := 200E-6;

Parameterization of a function block from the Toolbox:

stParams.tTaskCycleTime
stParams.tCtrlCycleTime
stParams. ...

T#2ms; (*2*200ps=400us *)
T#4ms; (*4*2001s=800us *)

The TaskCycleTime specified on the function blocks is 2¢200E-6s = 400us and thus corresponds to the set
PLC cycle time. The CtrICycleTime is set to 800us = 4200E-6s, so that the control loop operates with a
sampling time of 800ys, i.e. it is processed during every second PLC cycle.

12 Version: 1.1 TS4100
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A Setting rules for the P, Pl and PID controllers

This page summarizes some of the setting rules found in the relevant literature. The setting rule to be used
for a particular case has to be determined depending on the controlled system.

Ziegler and Nichols
Ziegler and Nichols
The Ziegler and Nichols setting rules can be used if the controlled system can be approximated by a dead

time element and 1st order delay element.

—T}s

=
1+s-T,

Gs(s) = K

H..

T, = dead time of the controlled system
K, = gain factor of the controlled system

T, = time constant of the controlled system

Controller K, T, T,
P-Controller ﬁ - -
PI-Controller | 0.9 25 | 3.33 - T, -
PID-Controller | 1.2 - FL"E— 2.0-T7; [0.5-T,

Chien, Hrones and Reswick

If this procedure is to be used, the step response of the system must show delay characteristics and be free
from overshoot effects.

From the step response the delay time T,, the compensation time T, and the system gain K, are determined.

The system gain is calculated from the following quotient:

_ Step Response Height
* Controller Output Value

@ The setting rules listed below can only be used if Tg/Tu > 3!

1

TS4100 Version: 1.1 13
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e

0.5

S M

Optimization of the interference behavior:

10 12 t

Controller Aperiodic step response | 20% Overshoot
P-Controller K, 0.30 74— 0.70  g—
PI-Controller | K, 0.60 - 4 0.70 - 4
Ty 4.00 - T, 2.3.T,
PID-Controller | K, 0.95 - 74— 120+ 74—
Ty 2.40 - T, 2.00 - 1T,
Ty 0.42 . T, 0.42 - T,

14
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Setting rules for the P, Pl and PID controllers

Optimization of the control behavior:

Controller Aperiodic step response | 20% Overshoot
P-Controller K, 0.30 - ;I}k 0.70 - ;;}t
PI-Controller K, 0.35 - ;I}k 0.60 - f;jﬂ
Ty 1.20 - T, 1.0 - T}
PID-Controller | K, 0.60 - ;F}k 0.95 - ;Ifh
Ty 1.00 - T, 1.35- T,
Ty 0.50 - T;, 0.47 - T,

TS4100

Version: 1.1
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5 PLC-API

5.1 Definition of the structures and enums

All the structures and enums used in the Controller Toolbox are described in this appendix.

FLOAT:

The library is structured in such a way that it can run either on a PC, BX or on a BC system. To achieve this
portability, the function blocks in the library only work with the FLOAT data type. This data type is defined as
LREAL or as REAL in a supplementary library.

The supplementary library "TcFloatPC.lib" is linked for PC systems.

TYPE
FLOAT : LREAL;
END_TYPE

The supplementary library "TcFloatBC.lib" is linked for BC systems.

TYPE
FLOAT : REAL;
END_ TYPE

The supplementary library "TcFloatBX.lib" is linked for BX systems.

TYPE
FLOAT : REAL;
END TYPE

E_CTRL_MODE:

TYPE E CTRL MODE
(

(* mode idle *)
(* mode passive *)
(* mode active *)
(* mode reset *)

eCTRL_MODE_IDLE
eCTRL MODE PASSIVE
eCTRL_MODE ACTIVE
eCTRL_MODE_RESET =
eCTRL_MODE_MANUAL (* mode manual *)

eCTRL_MODE TUNE = (* mode tuning *)

eCTRL MODE SELFTEST = 6, (* mode selftest ¥*)

LI
s WN P o

S 0~ S~ o~~~

eCTRL MODE_SYNC MOVEMENT = 7 (* mode synchronize *)
)
END TYPE
E_CTRL_STATE :
TYPE E CTRL_ STATE
(
eCTRL_STATE IDLE := 0, (* state idle ¥*)
eCTRL_STATE PASSIVE := 1, (* state passive *)
eCTRL_STATE ACTIVE := 2, (* state active *)
eCTRL_STATE RESET := 3, (* state reset *)
eCTRL_STATE MANUAL := 4, (* state manual *)
eCTRL_STATE_ TUNING := 5, (* state tuning *)
eCTRL_STATE_TUNED := 6, (* state tuning ready - tuned *)
eCTRL_STATE_SELFTEST := 7, (* state selftest *)
eCTRL_STATE ERROR := 8, (* state error *)
eCTRL_STATE SYNC_ MOVEMENT := 9 (* state synchronizing movement *)
)
END TYPE
E_CTRL_ERRORCODES:
TYPE E CTRL_ ERRORCODES
(
e€CTRL_ERROR NOERROR := 0, (* no error ¥*)
eCTRL_ERROR_INVALIDTASKCYCLETIME := 1, (* invalid task cycle time *)
eCTRL_ERROR INVALIDCTRLCYCLETIME := 2, (* invalid ctrl cycle time *)
eCTRL ERROR INVALIDPARAM := 3, (* invalid parameter ¥*)
eCTRL _ERROR INVALIDPARAM Tv := 4, (* invalid parameter *)

eCTRL_ERROR_INVALIDPARAM Td := 5, (* invalid parameter *)
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eCTRL_ERROR INVALIDPARAM Tn

eCTRL_ERROR INVALIDPARAM Ti

eCTRL _ERROR INVALIDPARAM fHystereisisRange
eCTRL_ERROR INVALIDPARAM fPosOutOn Off
eCTRL_ERROR INVALIDPARAM fNegOutOn Off
eCTRL_ERROR INVALIDPARAM TableDescription
eCTRL_ERROR_INVALIDPARAM_TableData

eCTRL ERROR INVALIDPARAM DataTableADR
eCTRL ERROR INVALIDPARAM TO

eCTRL_ERROR INVALIDPARAM T1
eCTRL_ERROR_INVALIDPARAM T2 =
eCTRL_ERROR INVALIDPARAM T3 3=
eCTRL ERROR INVALIDPARAM Theta 8=
eCTRL ERROR INVALIDPARAM nOrder
eCTRL_ERROR_INVALIDPARAM Tt 5=
eCTRL_ERROR_INVALIDPARAM Tu 8=
eCTRL ERROR INVALIDPARAM Tg 8=
eCTRL _ERROR INVALIDPARAM infinite slope
eCTRL_ERROR INVALIDPARAM fMaxIsLessThanfMin

:7,

6,

16
17
18

20
21
22

(* invalid p
(* invalid p
:= 8,
9, (* inval
10, (* inva
=11,
=12, (*

= 13, (* inva

14, (* inva

= 15, (* inva
(* invalid parameter *)
(* invalid parameter *)
(* invalid parameter *)

’

’

’

’

’

’

19, (* inva

arameter *)
arameter *)
(* invalid parameter *)
id parameter *)
1lid parameter *)
(* invalid parameter *)
invalid parameter *)
1id parameter *)
1lid parameter *)
1lid parameter *)

1lid parameter *)

(* invalid parameter *)
(* invalid parameter *)
(* invalid parameter *)

23, (* inva
1= 24,

eCTRL_ERROR INVALIDPARAM fOutMaxLimitIsLessThanfOutMinLimit
= 26, (* inva

eCTRL ERROR INVALIDPARAM fOuterWindow
eCTRL ERROR INVALIDPARAM fInnerWindow

27, (* inva

eCTRL_ERROR INVALIDPARAM fOuterWindowIsLessThanfInnerWindow

eCTRL_ERROR_ INVALIDPARAM fDeadBandInput
eCTRLiERRORiINVALIDPARAMifDeadBandOutput
eCTRL_ERROR_ INVALIDPARAM PWM Cycletime
eCTRL_ERROR_INVALIDPARAM no Parameterset
eCTRL_ERROR_INVALIDPARAM fOutOn
€CTRL_ERROR_INVALIDPARAM fOutOff
eCTRL_ERROR INVALIDPARAM fGain
eCTRL_ERROR_INVALIDPARAM fOffset
eCTRL_ERROR_MODE_NOT_ SUPPORTED
eCTRLiERRORilNVALIDPARAMﬁTviheating
eCTRL_ERROR INVALIDPARAM Td heating
€CTRL_ERROR_INVALIDPARAM Tn_heating
eCTRL_ERROR_INVALIDPARAM Tv_cooling
eCTRL_ERROR INVALIDPARAM Td cooling
eCTRL_ERROR INVALIDPARAM Tn_cooling
€CTRL_ERROR_RANGE_NOT_SUPPORTED

=29, (*

:= 30, (*
31, (* inva

= 32, (*

= 33, (* inva

37,

:= 34, (* inva
35,

lid parameter *)
(* invalid parameter *)

:= 25, (* invalid parameter *)

lid parameter *)
lid parameter *)

:= 28, (* invalid parameter ¥*)

invalid parameter *)
invalid parameter *)
1lid parameter *)
invalid parameter ¥*)
1id parameter *)
1id parameter *)

(* invalid parameter *)

36, (* inva

lid parameter *)

(* invalid mode: mode not supported *)

= 38, (*
:= 39, (*
:= 40, (*
= 41, (*
1= 42, (*
:= 43, (*

44, (* inva

eCTRL_ERROR INVALIDPARAM nParameterChangeCycleTicks 3=

eCTRL_ERROR ParameterEstimationFailed

eCTRL ERROR NoiseLevelToHigh 1=
eCTRL ERROR INTERNAL ERROR 0 3=
eCTRL_ERROR INTERNAL ERROR 1 3=
€CTRL_ERROR INTERNAL ERROR 2 =
eCTRL ERROR INTERNAL ERROR 3 3=
eCTRL ERROR INTERNAL ERROR 4 3=
eCTRL_ERROR_INTERNAL ERROR 5 3=
eCTRL_ERROR_INTERNAL ERROR 6 3=
eCTRL_ERROR INTERNAL ERROR 7 3=
eCTRL ERROR INTERNAL ERROR 8 3=
eCTRL_ERROR_INTERNAL ERROR 9 3=
e€CTRL_ERROR INVALIDPARAM WorkArrayADR

eCTRL _ERROR INVALIDPARAM tOnTiime

eCTRL ERROR INVALIDPARAM tOffTiime

eCTRL _ERROR INVALIDPARAM nMaxMovingPulses

47,
48,
49,
50,
51,
52,
53,
54,
55,
56,
57,

eCTRL ERROR INVALIDPARAM nAdditionalPulsesAtLimits

eCTRL_ERROR INVALIDPARAM fCtrlOutMax Min
eCTRL ERROR INVALIDPARAM fDeltaMax
eCTRL ERROR INVALIDPARAM tMovingTime
eCTRL _ERROR INVALIDPARAM tDeadTime

eCTRL_ERROR INVALIDPARAM tAdditionalMoveTimeAtLimits

eCTRL_ERROR INVALIDPARAM fThreshold

eCTRL_ERROR MEMCPY 1= 69,
eCTRL_ERROR_MEMSET := 70,
e€CTRL_ERROR INVALIDPARAM nNumberOfColumns

eCTRL ERROR FileClose =72,
eCTRLiERRORiFlleOpen 73,
eCTRL ERROR FileWrite 3= 74,

eCTRL _ERROR INVALIDPARAM fVeloNeg

eCTRL ERROR INVALIDPARAM fVeloPos

eCTRL ERROR INVALIDPARAM DeadBandInput
eCTRL_ERROR INVALIDPARAM DeadBandOutput
eCTRL_ERROR INVALIDPARAM CycleDuration

eCTRL ERROR INVALIDPARAM tStart

eCTRL ERROR INVALIDPARAM StepHeigthTuningToLow

46, (* inva

invalid parameter *)
invalid parameter ¥*)
invalid parameter ¥*)
invalid parameter *)
invalid parameter *)
invalid parameter *)
1lid parameter *)
45, (* invalid parameter *)

1id parameter *)

(* invalid parameter *)

(* internal
(* internal
(* internal
(* internal
(* internal
(* internal
(* internal
(* internal
(* internal
(* internal
58, (* inva

:= 59, (*
:= 60, (*
:= 61,

:= 63, (*
1= 64, (*
65, (* inva
i= 66, (*
.= 68 (*

error *)

error *)

error *)

error *)

error *)

error *)

error *)

error *)

error *)

error *)
1id parameter *)
invalid parameter *)
invalid parameter ¥*)

(* invalid parameter *)
62, (* invalid parameter *)
invalid parameter *)
invalid parameter ¥*)
1lid parameter *)
invalid parameter *)

67, (* invalid parameter ¥*)
invalid parameter *)

(* MEMCPY failed *)

eCTRL_ERROR INVALIDPARAM fMinLimitIsLessThanZero
eCTRL _ERROR INVALIDPARAM fMaxLimitIsGreaterThanl00

eCTRL _ERROR INVALIDPARAM fStepSize

MEMSET faile
=71,
File Close f
File Open fa
File Write f
= 75, (*
=76, (*
77, (* inva
78, (* inva
79, (* inva

= 80, (* inva

eCTRL_ERROR_INVALIDPARAM fOkRangelIsLessOrEqualZero

:= 81, (*
.= 82,
= 84, (*

d *)
(* invalid parameter *)
ailed *)
iled *)
ailed *)
invalid parameter *)
invalid parameter *)
1lid parameter *)
lid parameter *)
1id parameter *)
1id parameter *)
invalid parameter ¥*)
(* invalid parameter *)
83, (* invalid parameter *)
invalid parameter *)
85, (* invalid parameter *)
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eCTRL ERROR INVALIDPARAM fForceRangelIsLessOrEqualfOkRange

eCTRL_ERROR_ INVALIDPWMPeriod = 87, (* inval
eCTRL_ERROR INVALIDPARAM tMinimumPulseTime 3=
eCTRL ERROR FileDelete := 89, (* invalid p
e€CTRL_ERROR_INVALIDPARAM nNumberOfPwmOutputs 8=
eCTRL_ERROR_INVALIDPARAM nPwmInputArray SIZEOF = 91,

eCTRL_ERROR_INVALIDPARAM nPwmOutputArray SIZEOF 8=
eCTRL_ERROR INVALIDPARAM nPwmWaitTimesConfig SIZEOF

eCTRL ERROR INVALIDPARAM nPwmInternalData SIZEOF 8=
eCTRL_ERROR_SIZEOF := 95, (* SIZEOF fa
eCTRL_ERROR INVALIDPARAM nOrderOfTheTransferfunction
e€CTRL_ERROR_INVALIDPARAM nNumeratorArray SIZEOF 5=
eCTRL ERROR INVALIDPARAM nDenominatorArray SIZEOF

eCTRL_ERROR INVALIDPARAM a n IsZero = 99,
eCTRL_ERROR_INVALIDPARAM_WorkArraySIZEOF := 100,
eCTRL_ERROR_INVALIDPARAM MOVINGRANGE MIN MAX 5=
e€CTRL ERROR INVALIDPARAM MOVINGTIME = 102,
eCTRL_ERROR INVALIDPARAM DEADTIME = 103,
eCTRL _ERROR INVALIDPARAM fMinLimitIsGreaterThanfMaxLimit

e€CTRL_ERROR_ INVALIDPARAM DataTableSIZEOF := 105,
eCTRL ERROR INVALIDPARAM | | OutputVectorDescription 8=
eCTRL ERROR TaskCycleTimeChanged = 107, (*
eCTRL_ERROR_INVALIDPARAM_nM1nMov1ngPulses §=
eCTRL_ERROR INVALIDPARAM fAcceleration := 109, (*
eCTRL ERROR INVALIDPARAM fDeceleration := 110, (*

eCTRL ERROR INVALIDPARAM StartAndTargetPos 8=

eCTRL_ERROR INVALIDPARAM fVelocity = 112, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM fTargetPos = 113, (* invalid parameter *)

eCTRL ERROR INVALIDPARAM fStartPos := 114, (* invalid parameter *)
eCTRL_ERROR_INVALIDPARAM fMovingLength := 115, (* invalid parameter *)

eCTRL_ERROR NT GetTime := 116, (* internal error NT GetTime *)

eCTRL_ERROR INVALIDPARAM No3PhaseSolutionPossible := 117, (* invalid parameter *)
eCTRL_ ERROR INVALIDPARAM fStartVelo := 118, (* invalid parameter *)

eCTRL ERROR INVALIDPARAM fTargetVelo := 119, (* invalid parameter *)
eCTRL_ERROR INVALID NEW PARAMETER TYPE = 120 (* invalid parameter ¥*)
eCTRL_ERROR_INVALIDPARAM_fBaseTlme := 121, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nOrderOfTheTransferfunction SIZEOF := 122, (* invalid parameter *)
eCTRL ERROR INVALIDPARAM nFilterOrder := 124, (* invalid parameter *)

eCTRL ERROR INVALIDPARAM nCoefficientsArray a SIZEOF := 125, (* invalid parameter ¥*)
eCTRL_ERROR INVALIDPARAM nCoefficientsArray b SIZEOF := 126, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nDigitalFiterData SIZEOF := 127, (* invalid parameter *)
eCTRL ERROR INVALIDPARAM nLogBuffer SIZEOF := 128, (* invalid parameter *)
eCTRL _ERROR LogBufferOverflow := 129, (* invalid parameter ¥*)

eCTRL_ERROR INVALIDPARAM nLogBuffer ADR := 130, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nCoefficientsArray a ADR := 131, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nCoefficientsArray b ADR := 132, (* invalid parameter *)
e€CTRL_ERROR_INVALIDPARAM nPwmInputArray ADR = 133, (* invalid parameter ¥*)
eCTRL_ERROR INVALIDPARAM nPwmOutputArray ADR = 134, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nPwmWaitTimesConfig ADR := 135, (* invalid parameter *)
eCTRL ERROR INVALIDPARAM nPwmInternalData ADR := 136, (* invalid parameter *)
eCTRL_ERROR_ INVALIDPARAM nDigitalFiterData ADR := 137, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nNumeratorArray ADR := 138, (* invalid parameter ¥*)
eCTRL _ERROR INVALIDPARAM nDenominatorArray ADR := 139, (* invalid parameter *)
eCTRL_ERROR INVALIDPARAM nTransferfunctionlData ADR := 140, (* invalid parameter *)
eCTRL_ERROR_ INVALIDPARAM nTransferfunction2Data_ ADR := 141, (* invalid parameter *)
eCTRL_ERROR FileSeek := 142, (* internal error FB FileSeek *)

eCTRL ERROR INVALIDPARAM AmbientTempMaxIsLessThanAmbientTempMin := 143, (* invalid parameter ¥*)
eCTRL_ERROR INVALIDPARAM ForerunTempMaxIsLessThanForerunTempMin := 144, (* invalid parameter ¥*)
eCTRL_ERROR INVALIDLOGCYCLETIME := 145, (* invalid parameter *)

eCTRL_ERROR INVALIDVERSION TcControllerToolbox i= 146,

eCTRL _ERROR INVALIDPARAM Bandwidth = 147, (* invalid parameter *)
eCTRL_ERROR_ INVALIDPARAM NotchFrequency = 148, (* invalid parameter *)

eCTRL ERROR INVALIDPARAM DampingCoefficient 1=
eCTRL ERROR INVALIDPARAM fKpIsLessThanZero 8=
)
END_TYPE

E_CTRL_SIGNAL _TYPE:

E_CTRL_SIGNAL_TYPE:

TYPE
E CTRL SIGNAL TYPE

eCTRL_TRIANGLE := O,

eCTRL_SINUS

I
=
~

:= 86, (* invalid parameter ¥*)

id parameter *)

88, (* invalid parameter *)
arameter *)

90, (* File Delete failed *)
(* invalid parameter *)

92, (* invalid parameter *)

:= 93, (* invalid parameter *)
94, (* invalid parameter *)
iled *)

:= 96, (* invalid parameter *)
97, (* invalid parameter *)

:= 98, (* invalid parameter ¥*)
(* invalid parameter *)

(* invalid parameter *)

101, (* invalid parameter *)

(* invalid parameter *)

(* invalid parameter *)

:= 104, (* invalid parameter *)

(* invalid parameter *)

106, (* invalid parameter *)
invalid parameter ¥*)
108, (* invalid parameter *)
invalid parameter *)
invalid parameter *)
111, (* invalid parameter *)

149, (* invalid parameter *)
150 (* invalid parameter *)
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eCTRL_SAWTOOTH := 2
);

END_TYPE

5.2 Auxiliary

5.2.1 FB_CTRL_GET_SYSTEM_TIME (only on a PC system)
FE_CTRL_GET_SYSTEM_TIME
dstParams = stSystemTimet
eErrorld;
hErrart

This function block reads the current Windows system time, making it available in SystemTimeStruct.

Description:

This function block makes the current system time available in its output structure. The resolution is specified
through the tCtrlCycleTime parameter; the maximum resolution is 10 ms, and it is necessary to observe the
condition tCtrlCycleTime > 2 « tTaskCycleTime. If this is not done, the resolution will be reduced to 2 -
tCtriCycleTime.

VAR_OUTPUT

VAR OUTPUT
stSystemTime : TIMESTRUCT;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

TYPE TIMESTRUCT

STRUCT
wYear : WORD;
wMonth : WORD;
wDayOfWeek : WORD;
wDay : WORD;
wHour : WORD;
wMinute : WORD;
wSecond : WORD;
wMilliseconds : WORD;

END_STRUCT

END TYPE

stSystemTime : Structure in which the system time is output.

wYear : The year: 1970 ~ 2106;

wMonth : The month: 1 ~ 12 (January = 1, February = 2 etc.);
wDayOfWeek : The day of the week: 0 ~ 6 (Sunday = 0, Monday = 1 etc.);
wDay : The day of the month: 1 ~ 31;

wHour : Hour: 0 ~ 23;

wMinute : Minute: 0 ~ 59;

wSecond : Second: 0 ~ 59;

wMilliseconds : Millisecond: 0 ~ 999;

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE as soon as an error situation occurs.
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VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL GET SYSTEM TIME;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL _GET SYSTEM TIME:
STRUCT
tTaskCycleTime : TIME; (* task cycle time [TIME]
*)
tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
task cycle this corresponds to the task cycle time of the calling task.

Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
5.2.2 FB_CTRL_GET_TASK_CYCLETIME (only on a PC system)
FE_CTRL_GET_TASK_CYCLETIME
{etode fTaskCycleTimel
hCycleTimeYalidl
eState
eErrorldr-
BError-

This function block allows the task cycle time of a program to be determined with a resolution of 1 ms.

@ The TaskCycleTime can only be correctly determined if the program does not contain any active

1 breakpoints.
The task cycle time is only determined once. No further measurements are taken if either of the
bCycleTimeValid or bError outputs is TRUE.

This function block should not be used if cycle times of less than 1 ms, or that are not a multiple of
1 ms, are in use.

VAR_INPUT

VAR INPUT
eMode: E CTRL MODE;
END VAR

eMode : Input that specifies the block's operating mode [P_16].

VAR _OUTPUT

VAR OUTPUT
tTaskCycleTime : TIME; (* resolution: lms *)
bCycleTimeValid : BOOL;
eState : E CTRL STATE;
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eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END VAR

tTaskCycleTime : This output indicates the current task cycle time, with a resolution of 1 ms.
bCycleTimeValid : The time contained in the tTaskCycleTime output is valid when this output is TRUE.
eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

Sample:

PROGRAM PRG_GET TASK CYCLETIME TEST

VAR
tTaskCycleTime : TIME;
bCycleTimevValid : BOOL;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;
fbCTRL GET TASK CYCLETIME : FB CTRL GET TASK CYCLETIME;
(* control loop ¥*)
bInit : BOOL := TRUE;
fSetpointvValue : FLOAT := 45.0;
fActualValue : FLOAT;
fbCTRL PI : FB CTRL_PI;
StCTRL_PI Params : ST CTRL_PI PARAMS;
fbCTRL_PT1 : FB_CTRL_PT1;
StCTRL PT1 Params : ST CTRL PT1 PARAMS;

END_ VAR

(* call fb to get the task cycle time *)
fbCTRL GET TASK CYCLETIME ( eMode 5=
eCTRL_MODE_ACTIVE,

tTaskCycleTime =>

tTaskCycleTime,

bCycleTimevValid =>
bCycleTimeVvalid,

eState =>
eCTRL_MODE_ACTIVE,

eErrorId => ekErrorId,

bError => bError

)

(* call control loop if the cycle time is wvalid *)
IF beTRLiGETiTASK7CYCLETIME.bCycleTimeValid
THEN

IF bInit

THEN

StCTRL_PT1_ Params.tTaskCycleTime :=
fbCTRL_GET TASK CYCLETIME.tTaskCycleTime;

stCTRL PT1 Params.tCtrlCycleTime := T#100ms;
stCTRL_PT1 Params.fKp g= 1,08
stCTRL PT1 Params.tT1l := T#10s;

StCTRL_PI_Params.tTaskCycleTime :=
fbCTRL_GET TASK CYCLETIME.tTaskCycleTime;

stCTRL PI Params.tCtrlCycleTime := T#100ms;

stCTRL_PI Params.fKp := 0.5;

stCTRL PI Params.tTn := T#5s;

stCTRL PI Params.fOutMaxLimit := 100.0;

stCTRL PI Params.fOutMinLimit := 0,07

bInit := FALSE;

END IF

(* call controller *)

fbCTRL_PI( fActualValue := fbCTRL_ PT1.fOut,
fSetpointValue := fSetpointValue,
eMode := eCTRL MODE ACTIVE,
stParams := stCTRL_PI_ Params

)i
(* call PT1 *)

fbCTRL _PT1 ( fIn := fbCTRL PI.fOut,
eMode := eCTRL MODE ACTIVE,
stParams := stCTRL_PT1 Params,
fout => fActualValue
)i
END IF
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Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
5.2.3 FB_CTRL_LOOP_SCHEDULER
FB_CTRL_LOOP_SCHEDULER
1eMode eStatet
15tParams - eErrarldp
bErrore

This function block allows the system loading to be distributed over a number of control loops that are a)
parameterised using the same tCtrlICycleTime and b) for which the condition tCtriCycleTime >
tTaskCycleTime is true. The output vector calculated by this block is used to start the individual control loops
at different times, so that the system loading is distributed.

Behavior of the output vector:

14 . . . . . . . . . .
arrCutput'ecton1] | | | [ I | [ [ [ |
| | | | I | | | | |
0 : : ; ; : } . : : } -
tTazk tCt t
CudeTime CrwddeTime
1 4 " " . . ’ ; : :
s Outputyecton2] | | ! I | | | ! i
I I I | I I I I I
0 f f f i i f t f f  d
tTask tCt t
CydeTime CydeTime
1 ‘ | L L 1 L L 1 1 1
arOutputectof 3] | | | | | | | | |
| | | I | | | I |
0 : : : : } : ; : } o
tTask tCt t
CydeTime CydeTime
1 A I I . . ‘
arroutputYectad4] | | | 1 | | | | |
I I I | I I I I I
0 f f f t f f t ; i 4
tTask tCt t
CydeTime CyddeTime
1 ‘ I I I 1 1 1 1 1 1
arrCutputectons] | | | 1 | | | | |
| | | I | | | | |
0 : : ; } } : . : } L
iTazk totd t
CydeTime CydeTime
1 I I I I : : : :
arrCutputvectar 6] | I | I | I I I |
I I I I | I I I I
0+ f f f f f f f f f B
tTask tCt t
CrydeTime CyoleTime

6 control loops are managed in this diagram. In this case, tCtriCycleTime = 7 - tTaskCycleTime.

The programmer must create the following array in the PLC if this function block is to be used:

arrOutputVector
ARRAY [1..nNumberOfControlLoops] OF BOOL;

The function block sets the bits in this vector to TRUE or FALSE. The control loops that are managed with
the loop scheduler are to be switched into the eCTRL_MODE_ACTIVE state when the corresponding bit in
the output vector is TRUE. See sample code below.
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VAR_INPUT
VAR INPUT

nManValue : DWORD;

eMode : E_CTRL MODE;
END_ VAR

nManValue : This input allows the first 32 bits in the output vector to be set in eCTRL_MODE_MANUAL. A 1
sets the first bit, a 2 the second bit, a 3 the first and second bits, ...

eMode : Input that specifies the operation mode [»_16] of the function block.

VAR_OUTPUT

VAR _OUTPUT
eState : E_CTRL_STATE;
eErrorId : E _CTRL ERRORCODES;
bError : BOOL;

END_VAR

eState : State of the function block.

nErroriD : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL LOOP SCHEDULER PARAMS;
END VAR

stParams : Parameter structure for the loop scheduler. This consists of the following elements:

TYPE

ST CTRL LOOP SCHEDULER PARAMS:

STRUCT
tCtrlCycleTime : TIME := T#0ms; (*

controller cycle time [TIME] *)
tTaskCycleTime : TIME

cycle time [TIME] ¥*)
nNumberOfControlLoops : UINT;
pOutputVector ADR : POINTER TO BOOL := 0;
nOutputVector SIZEOF : UINT := 0;

END_ STRUCT

END TYPE

T#0ms; (* task

tCtriCycleTime : The cycle time with which the control loops managed by the loop scheduler are processed.
This must be greater than or equal to the TaskCycleTime.

tTaskCycleTime : The cycle time with which the loop scheduler and the function blocks associated with the
control loops are called. If the block is called in every cycle this corresponds to the task cycle time of the
calling task.

nNumberOfControlLoops : The number of control loops being managed.
pOutputVector_ADR :.Address of the output vector.
nOutputVector_SIZEOF :Size of the output vector in bytes.

Sample:
PROGRAM PRG_LoopScheduler
VAR
arrOutputVector : ARRAY[1..5] OF BOOL;
eMode : E CTRL MODE;
stParams : ST CTRL LOOP_ SCHEDULER PARAMS;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
fbCTRL_LoopScheduler : FB_CTRL_LOOP_SCHEDULER;
bInit : BOOL := TRUE;
(* modes of the control loops *)
eMode CtrlLoop 1 : E_CTRL MODE;
eMode CtrlLoop 2 : E_CTRL_MODE;
eMode_CtrlLoop_3 : E_CTRL_MODE;
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eMode_CtrlLoop_ 4
eMode CtrlLoop 5
END VAR

E CTRL MODE;
E CTRL MODE;

IF bInit

THEN
stParams.tCtrlCycleTime = T#10ms;
stParams.tTaskCycleTime := T#2ms;
stParams.nNumberOfControlLoops := 5;
bInit := FALSE;

END IF

(* set addresses ¥*)

stParams.nOutputVector SIZEOF
stParams.pOutputVector ADR

(* call scheduler *)

SIZEOQOF (arrOutputVector) ;
ADR (arrOutputVector) ;

fbCTRL_LoopScheduler ( eMode := eMode,
stParams := stParams,
eErrorId => eErrorld,
bError => bError);

IF arrOutputVector[ 1 ]
THEN

(* activate control loop 1 *)
eMode CtrlLoop 1 := eCTRL MODE ACTIVE;
END IF

IF arrOutputVector[ 2 ]
THEN
(* activate control
eMode CtrlLoop 2 :=
END IF
IF arrOutputVector[ 3 ]
THEN
(* activate control
eMode CtrlLoop 3 :=
END IF
IF arrOutputVector[ 4 ]
THEN
(* activate control
eMode CtrlLoop 4 :=
END IF
IF arrOutputVector[ 5 ]
THEN
(* activate control
eMode CtrlLoop 5 :=
END IF

loop 2 *)
eCTRL_MODE_ACTIVE;

loop 3 *)
eCTRL MODE ACTIVE;

loop 4 *)
eCTRL _MODE ACTIVE;

loop 5 *)
eCTRL_MODE ACTIVE;

Requirements

Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9, build 956 onwards | BX [» 10] TcControllerToolbox.lbx
5.3 Base

5.3.1

FB_CTRL_D

FE_CTRL_D
—fln

MlanSyncvalue

h3yne

ehode

stParams &

fout—
eErrarld—
bErrar—

The function block provides a DT, transfer element (a real D element) in a functional diagram.
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Transfer function (continuous):

1,8
G(s) = o —
1 +Tys
VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL_MODE;
END VAR

fln : Input of the D element.

fManSyncValue : Input to which the D element can be synchronized, or whose value is present at the
output in Manual Mode.

bSync : A rising edge at this input sets the D element to the value fManSyncValue.

eMode : Input that specifies the operation mode [P _16] of the function block.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END_ VAR

fOut : Output of the D element.

eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL D PARAMS;
END VAR

stParams : Parameter structure of the D element. This consists of the following elements:

TYPE ST CTRL D PARAMS

STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller
cycle time [TIME] ¥*)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

tTv : TIME = T#0ms; (* derivative
action time Tv *)

tTd : TIME := T#Oms; (* derivative
damping time Td *)

fOutMaxLimit : FLOAT = 1E38; (* maximum output
limit *)

fOutMinLimit : FLOAT = -1E38; (* minimum output
limit *)
END_ STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.
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tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tTv : Differentiation time constant
tTd : Damping time constant
fOutMaxLimit : Upper limit at which the output of the D element is limited.

fOutMinLimit : Lower limit at which the output of the D element is limited.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
5.3.2 FB_CTRL_HYSTERESIS

FB_CTRL_HYSTERESIS
—fn bt
—hansSyncalue eErrorldp
—hSync hErrar-
—{eMode
—{stParams e

The function block provides a hysteresis transfer element in a functional diagram.

Transfer function:

Y
bt
.o-ll’
i)
F——— e
fln
Hx .
fHysteresisRange?2
VAR_INPUT
VAR INPUT
fIn : FLOAT;
bManSyncValue : BOOL;
bSync : BOOL;
eMode : E_CTRL MODE;
END VAR

fin : Input of the hysteresis element.
bManSyncValue : Input through which the hysteresis element can be set to one of the two junctions.
bSync : A rising edge at this input sets the hysteresis element to the value fManSyncValue.

eMode : Input that specifies the operation mode [P _16] of the function block.
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VAR _OUTPUT

VAR OUTPUT
boOut : BOOL;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;
END VAR

bOut : Output of the hysteresis element.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE as soon as an error situation occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL HYSTERESIS PARAMS;
END_ VAR

stParams : Parameter structure of the hysteresis element. This consists of the following elements:

TYPE
ST CTRL_HYSTERESIS PARAMS :
STRUCT

tCtrlCycleTime : TIME := T#Oms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#Oms; (* task cycle time
[TIME] *)

fHysteresisRange : FLOAT; (* range of the hysteresis loop
*)
END_ STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fHysteresisRange : Hysteresis range, see image above.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 ab Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 ab Build 956 BX [» 10] TcControllerToolbox.lbx
5.3.3 FB_CTRL_|

FB_CTRL_I
—fln fout—
—Man3yncyalue hAaRWactivel-
—hSyne eErrarid~
—{eMaode hErrar-
—bHaold
—stFarams =

The function block provides an I-transfer element in the functional diagram.
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Transfer function:

1
G(s) = —
T; &
VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E CTRL MODE;
bHold : BOOL;
END_VAR

fln : Input of the | element.

fManSyncValue : Input to which the I-element can be synchronised, or whose value is the present at the
output in Manual Mode.

bSync : A rising edge at this input sets the integrator to the value fManSyncValue.
eMode : Input that specifies the block's operating mode.

bHold : A TRUE at this input holds the integrator fixed at the current value, independently of the input fin.

VAR_OUTPUT
VAR OUTPUT
fout : FLOAT;
bARWactive : BOOL;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END_ VAR

fOut : Output of the | element.
bARWactive : A TRUE at this output signals that the integrator is being restricted.
eState : State of the function block.

nErroriD : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST CTRL_I PARAMS;
END_VAR

stParams : Parameter structure of the | element. This consists of the following elements:

TYPE ST CTRL_ I PARAMS

STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle time
*)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
*)

tTi : TIME := T#0ms; (* integral action time
il )

fOutMaxLimit : FLOAT := 1E38; (* maximum output limit
*)

fOutMinLimit : FLOAT := -1E38; (* minimum output limit
*)
END_ STRUCT
END TYPE

28 Version: 1.1 TS4100



BECKHOFF

PLC-API

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tTi : Integration time of the | element.

fOutMaxLimit : Upper limit at which integration is halted (ARW measure). Reaching this limit is indicated by
a TRUE at the bARWActive output.

fOutMinLimit : Lower limit at which integration is halted (ARW measure). Reaching this limit is indicated by
a TRUE at the bARWACctive output.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.3.4 FB_CTRL_I_WITH_DRIFTCOMPENSATION

FE_CTREL | WWITH_DRIFTCOMPEMSATION
1fln Ot
{hdanzyncivalue eotater
1hSync bARMactiver
1ebdode eErrorldy
1hHaold bErrory
1stParams &

The function block represents an | transfer element with drift compensation.

Functional diagram:

VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManSyncValue FLOAT
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;
END_VAR

fin : Input of the I-element.
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fManSyncValue : Input to which the I-element can be synchronized, or whose value is the present at the
output in Manual Mode.

bSync : A rising edge at this input sets the integrator to the value fManSyncValue.
eMode : Input that specifies the block's operating mode.

bHold : A TRUE at this input holds the integrator fixed at the current value, independently of the input fln.

VAR_OUTPUT
VAR OUTPUT
fout : FLOAT;
bARWactive : BOOL;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the | element.
bARWactive : A TRUE at this output signals that the integrator is being restricted.
eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL I WITH DRIFTCOMPENSATION PARAMS;
END_ VAR

stParams : Parameter structure of the | element. This consists of the following elements:

TYPE
ST CTRL_I WITH DRIFTCOMPENSATION PARAMS:
STRUCT

tCtrlCycleTime : TIME := T#Oms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#Oms; (* task cycle time
[TIME] *)

tTi : TIME := T#Oms; (* integral action
time Ti *)

fOutMaxLimit : FLOAT := 1E38; (* maximum output
limit *)

fOutMinLimit : FLOAT := -1E38; (* minimum output
limit *)

fDampingCoefficient : FLOAT := 0.0;

tAveragingTime : TIME := T#Oms; (* averaging time
*)

pWorkArray ADR : POINTER TO FLOAT := 0;

nWorkArray SIZEOF : UINT := O;
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tTi : Integration time of the | element.

fOutMaxLimit : Upper limit at which integration is halted (ARW measure). Reaching this limit is indicated by
a TRUE at the bARWACctive output.

fOutMinLimit : Lower limit at which integration is halted (ARW measure). Reaching this limit is indicated by
a TRUE at the bARWACctive output.

fDampingCoefficient : Factor k, in the functional diagram.
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tAveragingTime : Time across which the sliding average value filter calculates the average value.

pWorkArray_ADR : address of a FLOAT array with size tAveragingTime / tCtrICycleTime. (see description
of the function block FB_CTRL_MOVING_AVERAGE)

nWorkArray_SIZEOF : size of a FLOAT array with size tAveragingTime / tCtrICycleTime. (see description of
the function block FB_CTRL_MOVING_AVERAGE)

Requirements
Development environment Target platform PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.Ibx
5.3.5 FB_CTRL_P

FB_CTRL_P
—fin fout—
—{emode eErrarid—
—{stParams » bErrar—

The function block provides a P-transfer element in the functional diagram.

Transfer function:

VAR_INPUT

VAR _INPUT

fIn :FLOAT;

eMode :E CTRL MODE;
END VAR

fin : Input of the P element.

eMode : Input that specifies the block's operating mode.

VAR_OUTPUT

VAR OUTPUT
fout :FLOAT;
eState :E_CTRL_STATE;
eErrorId :E_CTRL_ERRORCODES;
bError :BOOL;
END VAR

fOut : Output of the P element.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams :ST CTRL P PARAMS;
END VAR
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stParams : Parameter structure of the P element. This consists of the following elements:
TYPE ST CTRL_P_PARAMS

STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
*)

fKp : FLOAT := 0.0; (* proportional gain Kp
*)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Proportional gain of the P element.

Requirements

Development Environment Target System PLC libraries to include

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx

5.3.6 FB_CTRL_TRANSFERFUNCTION_1
FE_CTREL_TRAMSFERFLUMCTION 1

{fn fOutr

{Mianalue eStater

JeMode eErrorldfp

JstParams & hErrary

This function block calculates a discrete transfer function with the first standard form illustrated below. The
transfer function here can be of any order, n.

The coefficients for the following transfer functions are stored in the parameter arrays:

(T(m) B fj”,‘;” _|_‘J'j[”_|,.|:|:“—|] L 5 o g —!r,i|: +¢’J[]
H2) = :
P4 ap_nz" 4+t a1z 4+ ag

Description of the transfer behavior:

The transfer function above is calculated with the first standard form, after some transformations, in every
sampling step.
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b L

The programmer must create the following arrays in the PLC if this function block is to be used:

ar fNumeratorArray g

ARRAY[0..nOrderOfTheTransferfunction] OF FLOAT;
ar_DenominatorArray : ARRAY[0..nOrderOfTheTransferfunction]

OF FLOAT;

ar stTransferfunctionlData : ARRAY[0..nOrderOfTheTransferfunction]
OF ST_CTRL_TRANSFERFUNCTION 1 DATA;

The coefficients b, to b, are stored in the array ar_fNumeratorArray. This must be organized as follows:

ar_fNumeratorArray[
0 ] := b0;

ar fNumeratorArray[ 1 ] = bl;
ar_fNumeratorArray[ n-1 ] := bn-1;
ar fNumeratorArray[ n ] := bn;

The coefficients a, to a, are stored in the array ar_DenominatorArray. This must be organized as follows:

ar DenominatorArray

[ 0] := al;

ar DenominatorArray [ 1 ] = al;
ar DenominatorArray [ n-1 ] := an-1;
ar DenomiantorArray [ n ] = an;

The internal data required by the function block is stored in the array ar_stTransferfunction1Data. This data
must never be modified from within the PLC program. This procedure is also illustrated in the sample
program listed below.

VAR_INPUT

VAR _INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL MODE;

END_ VAR

fin : Input to the transfer function.
fManValue : Input whose value is present at the output in manual mode.

eMode : Input that specifies the block's operating mode.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
bError : BOOL;
eErrorId : E _CTRL ERRORCODES;
END VAR

fOut : Output from the transfer function.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
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bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT
VAR _IN OUT

stParams : ST CTRL TRANSFERFUNCTION 1 PARAMS;

END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL TRANSFERFUNCTION 1 PARAMS:
STRUCT
tTaskCycleTime : TIME; (* task
cycle time in seconds *)
tCtrlCycleTime : TIME := T#0Oms; (*
controller cycle time *)
nOrderOfTheTransferfunction : USINT;
pNumeratorArray ADR : POINTER TO FLOAT :=
0;
nNumeratorArray SIZEOF : UINT;
pDenominatorArray ADR : POINTER TO FLOAT :=
0;
nDenomiantorArray751ZEOF : UINT;
pTransferfunctionlData_ ADR : POINTER TO

ST CTRL_TRANSFERFUNCTION 1 DATA;
nTransferfunctionlData SIZEOF : UINT;
END TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every

cycle this corresponds to the task cycle time of the calling task.

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the

output values have to be updated in the current cycle.

nOrderOfTheTransferfunction : Order of the transfer function [0... ]
pNumeratorArray_ADR : Address of the array with the numerator coefficients.
nNumeratorArray_SIZEOF : Size of the array with the numerator coefficients in bytes.
pDenominatorArray_ADR : Address of the array with the denominator coefficients.
nDenominatorArray_SIZEOF : Size of the array with the denominator coefficients in bytes.
pTransferfunction1Data_ADR : Address of the data array.
nTransferfunction1Data_SIZEOF : Size of the data array in bytes.

TYPE
ST CTRL TRANSFERFUNCTION 1 DATA:
STRUCT
Interne Struktur. Auf diese darf nicht schreibend
zugegriffen werden.
END STRUCT
END TYPE

Sample:

PROGRAM PRG TRANSFERFUNCTION 1 TEST
VAR CONSTANT
nOrderOfTheTransferfunction : USINT := 2;
END VAR
VAR
ar fNumeratorArray g
ARRAY[0..nOrderOfTheTransferfunction] OF FLOAT;
ar_DenominatorArray B
ARRAY [0..nOrderOfTheTransferfunction] OF FLOAT;
ar stTransferfunctionlData
ARRAY[0..nOrderOfTheTransferfunction] OF
ST _CTRL_TRANSFERFUNCTION_ 1 DATA;

eMode : E CTRL MODE;

stParams : ST _CTRL_TRANSFERFUNCTION 1 PARAMS;
eErrorId : E_CTRL ERRORCODES;

bError : BOOL;
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fbTansferfunction : FB_CTRL_TRANSFERFUNCTION_ 1;

bInit : BOOL := TRUE;
fIn : FLOAT := 0;
fout : FLOAT;
b 0, bl, b2 : FLOAT;
a 0,a 1l,a 2 : FLOAT;
END VAR
IF bInit
THEN
(* set values in the local arrays *)
ar fNumeratorArray[0] := 1.24906304658218E-007;
ar_ fNumeratorArray[l] := 2.49812609316437E-007;

ar fNumeratorArray[2] 1.24906304658218E-007;

ar DenominatorArray[0] := 0.998501124344101;

ar DenominatorArray[1] -1.99850062471888;

ar_DenominatorArray[2] 1.0;

(* set values in the parameter struct *)

stParams.tTaskCycleTime := T#2ms;

stParams.tCtrlCycleTime := T#2ms;

stParams.nOrderOfTheTransferfunction i=
nOrderOfTheTransferfunction;

(* set the mode *)

eMode := eCTRL_MODE ACTIVE;
bInit := FALSE;
END IF

(* set the addresses *)
stParams.pNumeratorArray ADR
ar_fNumeratorArray) ;
stParams.nNumeratorArray SIZEOF := SIZEOF (
ar fNumeratorArray) ;
stParams.pDenominatorArray ADR

)i

ADR (

stParams.nDenominatorArray SIZEOF := SIZEOF (
ar DenominatorArray );
stParams.pTransferfunctionlData ADR := ADR(

ar_stTransferfunction2Data );

ADR ( ar_DenominatorArray

stParams.nTransferfunctionlData SIZEOF := SIZEOF (
ar stTransferfunction2Data );
(* call the function block *)
fbTansferfunction ( fIn := fIn,

eMode := eMode,

stParams := stParams,

fout => fout,

eErrorId => eErrorIld,

bError => bError

)i
Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [»_10] TcControllerToolbox.lb6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.Ibx

5.3.7 FB_CTRL_TRANSFERFUNCTION_2

FE_CTRL_TRAMSFERFUMCTION_2
flnn foutr
“Mantfalue eStater
HeMode eErrorldf
qstParams & hError

This function block calculates a discrete transfer function with the second standard form illustrated below.

The transfer function here can be of any order, n.

The coefficients for the following transfer functions are stored in the parameter arrays:
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G(z) = b, z" + :’JL,,_”:(”_” + bz 4 by
N :”—|'1"I-,-l'”_]]:_i{“_]]—|‘**‘—|‘ﬂ-1:}—|‘ﬂ[]

Description of the transfer behavior:

The internal calculation is performed in each sampling step according to the second standard form, for which
the following block diagram applies:

(u,]

. S
b

(=]

The transfer function can be brought into the form shown in the block diagram by means of some
transformations:

Ii){n_”:—l 1L oL ':"'1 :—fn—l} + ‘;‘[J:_”
1+ I{n—1) 1 4 ...+ ul_j—"xﬂ—]-]' + apz "

Fig. 1: FB_CTRL_TRANSFERFUNCTION_2_G2

G(z) :E;u +

The coefficients of the numerator polynomial are calculated according to the following rule:

by = bj—bya; YVO0<i<n

hrr — IJI-‘J'.l
Fig. 2: FB_CTRL_TRANSFERFUNCTION_2_bi

The programmer must create the following arrays in the PLC if this function block is to be used:

ar fNumeratorArray g

ARRAY[0..nOrderOfTheTransferfunction] OF FLOAT;
ar_DenominatorArray : ARRAY[0..nOrderOfTheTransferfunction]

OF FLOAT;

ar stTransferfunction2Data : ARRAY[0..nOrderOfTheTransferfunction]
OF ST_CTRL_TRANSFERFUNCTION 2 DATA;

The coefficients b, to b, are stored in the array ar_fNumeratorArray. This must be organized as follows:

ar_ fNumeratorArray|
0 ] := b0;

ar fNumeratorArray[ 1 ] = bl;
ar_ fNumeratorArray[ n-1 ] = bn-1;
ar fNumeratorArray[ n ] = bn;

The coefficients a, to a, are stored in the array ar_DenominatorArray. This must be organized as follows:

ar DenominatorArray

[ 0] := al;

ar DenominatorArray [ 1 ] = al;
ar DenominatorArray [ n-1 ] = an-1;
ar DenomiantorArray [ n ] = an;
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The internal data required by the function block is stored in the array ar_stTransferfunction2Data. This data
must never be modified from within the PLC program. This procedure is also illustrated in the sample
program listed below.

VAR_INPUT

VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL MODE;

END VAR

fln : Input to the transfer function.
fManValue : Input whose value is present at the output in manual mode.

eMode : Input that specifies the block's operating mode.

VAR_OUTPUT
VAR OUTPUT

fout : FLOAT;

eState : E_CTRL_STATE;

bError : BOOL;

eErrorId : E _CTRL ERRORCODES;
END VAR

fOut : Output from the transfer function.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL_TRANSFERFUNCTION 2 PARAMS;
END_ VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST _CTRL TRANSFERFUNCTION 2 PARAMS:
STRUCT
tTaskCycleTime : TIME; (* task
cycle time in seconds *)
tCtrlCycleTime : TIME := T#0ms; (*
controller cycle time *)
nOrderOfTheTransferfunction : USINT;
pNumeratorArray ADR : POINTER TO FLOAT :=
0;
nNumeratorArray_SIZEOF : UINT;
pDenominatorArray ADR : POINTER TO FLOAT :=
0;
nDenomiantorArray SIZEOF : UINT;
pTransferfunction2Data ADR : POINTER TO

ST CTRL TRANSFERFUNCTION 2 DATA;
nTransferfunction2Data_ SIZEOF : UINT;
END TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

nOrderOfTheTransferfunction : Order of the transfer function [O... ]
pNumeratorArray_ADR : Address of the array with the numerator coefficients.

nNumeratorArray_SIZEOF : Size of the array with the numerator coefficients in bytes.
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pDenominatorArray_ADR : Address of the array with the denominator coefficients.
nDenominatorArray_SIZEOF : Size of the array with the denominator coefficients in bytes.
pTransferfunction2Data_ADR : Address of the data array.
nTransferfunction2Data_SIZEOF : Size of the data array in bytes.

TYPE

ST CTRL TRANSFERFUNCTION 2 DATA:

STRUCT
Interne

Struktur. Auf diese darf nicht schreibend

zugegriffen werden.

END_STRUCT
END TYPE

Sample:

PROGRAM PRG TRANSFERFUNCTION 2 TEST

VAR CONSTANT

nOrderOfTheTransferfunction

END_ VAR
VAR
ar_ fNume

ratorArray

ARRAY[0..nOrderOfTheTransferfunction]

ar Denom

inatorArray

ARRAY [0..nOrderOfTheTransferfunction]

ar stTransferfunction2Data
ARRAY[0..nOrderOfTheTransferfunction]
ST_CTRL_TRANSFERFUNCTION_Z_DATA;
E_CTRL MODE;

eMode
stParams
eErrorId
bError
fbTansfe
bInit
fIn
fout
b 0, b1
a 0,a 1,
END VAR
IF bInit
THEN

(* set values in the local

ar fNume
ar_ fNume
ar_ fNume

ar_DenominatorArray[0]
ar DenominatorArray[1]

ST CTRL TRANSFERFUNCTION 2 PARAMS;

E CTRL ERRORCODES;

BOOL;

rfunction : FB CTRL TRANSFERFUNCTION 2;

BOOL := TRUE;

FLOAT
FLOAT;

= 0g

b 2 : FLOAT;
a 2 : FLOAT;

ratorArray[0]
ratorArray[1l]
ratorArray([2]

USINT

1= 2;

OF FLOAT;
OF FLOAT;

OF

arrays *)
:= 1.24906304658218E-007;
:= 2.49812609316437E-007;
:= 1.24906304658218E-007;
0.998501124344101;
-1.99850062471888;

ar DenominatorArray([2] := 1.0;

(* set values in the parameter struct *)
stParams.tTaskCycleTime := T#2ms;
stParams.tCtrlCycleTime := T#2ms;

stParams.nOrderOfTheTransferfunction :=
nOrderOfTheTransferfunction;

(* set t
eMode :=
bInit :=
END IF
(* set the a

stParams.pNumeratorArray ADR := ADR( ar fNumeratorArray) ;

he mode ¥*)

eCTRL MODE ACTIVE;

FALSE;

ddresses *)

stParams.nNumeratorArray SIZEOF := SIZEOF (

ar_ fNumerato

stParams.pDenominatorArray ADR := ADR( ar DenominatorArray );
stParams.nDenominatorArray SIZEOF := SIZEOF ( ar_DenominatorArray

)

rArray) ;

stParams.pTransferfunction2Data ADR :=
ar_stTransferfunction2Data );
stParams.nTransferfunction2Data_ SIZEOF
ar_stTransferfunction2Data );

fbTansferfun

ction ( fIn

eMode 8=
stParams 8=
fout =>
eErrorId =>
bError =>

)

:= fIn,
eMode,
stParams,
fout,
eErrorId,
bError

ADR (

:= SIZEOF (
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Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.4 Controller
5.4.1 FB_CTRL_2POINT

FE_CTRL_ZPOINT

tSetpointvalue bOut

tactualvalue estate

bhanzyncyalue eErrorld

hSvnc bEror

ehdode

stFarams =

The function block provides a 2-point transfer element in the functional diagram.

Behaviour of the output:

tout

.o-ll'

i
= F fe
H‘“m T
fHysteresisRanges2

VAR_INPUT

VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
bManSyncValue : BOOL;
bSync : BOOL;
eMode : E_CTRL_MODE;
END VAR

fSetpointValue : Set value of the controlled variable.

fActualValue : Actual value of the controlled variable.

bManSyncValue : Input through which the 2-point element can be set to one of the two branches.

bSync : Arising edge at this input sets the 2-point element to the value bManSyncValue.

eMode : Input that specifies the block's operating mode [P _16].

VAR_OUTPUT
VAR OUTPUT
boOut : BOOL;
eState : E_CTRL_STATE;
TS4100 Version: 1.1
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eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END VAR

bOut : Output of the 2-point element.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST _CTRL 2POINT PARAMS;
END VAR

stParams : Parameter structure of the 2-point element. This consists of the following elements:

TYPE
ST CTRL 2POINT PARAMS :
STRUCT

tCtrlCycleTime : TIME = T#O0ms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fHysteresisRange : FLOAT; (* range of the
hysteresis loop *)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fHysteresisRange: Hysteresis range, see image above.

Requirements

Development environment Target platform |PLC libraries to include

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx

5.4.2 FB_CTRL_2POINT_PWM_ADAPTIVE
FE_CTRL_Z2FOINT_PWr_ADAFTIVE

{fsetpointvalue bt

ftActualvalue A Dty Cryecler

{danzyncialue entater

1hEvnc eErrorldr

1etdode bErrart

1stFarams &

The function block provides an adaptive two-position controller. It is particularly suitable for single-area
controllers in which high flow temperatures are present and which make use of a thermal actuator.
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Behaviour of the output:

fE = SetpointValue - fActualValue
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Description of the function:

Internally, the controller uses a PWM function block that is used to control the thermal actuator. The mark-to-
space ratio of the PWM function block is adaptively adjusted to the behavior of the controlled system. The
PWM output is switched on as soon as the system deviation, fE, which is the setpoint minus the actual value,
is greater than zero, and is switched off when the system deviation is less than zero. The mark-to-space ratio
is not changed as long as the system deviation remains within the range [ -fOkRange ... fOkRangel]. If fE >
fOkRange, the mark-to-space ratio is increased by fStepSize. After such an increase, time tWaitTime must
elapse before the mark-to-space ratio can be changed again. If fE falls below -fOkRange, the mark-to-space
ratio is reduced by fStepSize. The mark-to-space ratio is only modified over the range [fMinLimit ...
fMaxLimit]. The period of the PWM signal is specified by the parameter tPWMPeriod.

VAR_INPUT
VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL_MODE;
END VAR

fSetpointValue : Set value of the controlled variable.
fActualValue : Actual value of the controlled variable.

fManSyncValue : Input to which the controller's mark-to-space ratio can be set, or with which the output can
be set in Manual Mode. The output is set in Manual Mode if fManSyncValue > 0.0.

TS4100 Version: 1.1 41



PLC-API BECKHOFF

bSync : Arising edge at this input will set the mark-to-space ratio of the internal PWM block to the value
fManSyncValue.

eMode : Input that specifies the block's operating mode [»_16].

VAR_OUTPUT

VAR OUTPUT
bout : BOOL;
fPWMDutyCycle : FLOAT; (* debug only *)
eState : E CTRL STATE;
eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END_ VAR

bOut : Output of the controller.

fPWMDutyCycle : Current mark-to-space ratio of the internal PWM block.
eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR_IN_OUT
stParams : ST CTRL 2POINT PWM ADAPTIVE PARAMS;
END VAR

stParams : Parameter structure of the 2-point element. This consists of the following elements:

TYPE
ST_CTRL_2POINT PWM ADAPTIVE PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#0ms; (* controller cycle
[TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)
tPWMPeriod : TIME
fOkRange : FLOAT
fForceRange : FLOAT
fStepSize : FLOAT
fMinLimit : FLOAT (* [0% ... 100%]
*)
fMaxLimit : FLOAT (* [0% ... 100%]
*)
tWaitTime : TIME
END STRUCT
END_ TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tPMWPeriod : Period of the PWM signal.

fOkRange : The range of fE over which the mark-to-space ratio will not be modified.
fForceRange : If fE exceeds this range, the output is permanently set to TRUE.

fStepSize : Value by which the mark-to-space ratio is varied each time it is adapted. [0% ... 100%]
fMaxLimit : Maximum mark-to-space ratio in percent [0% ... 100%)].

fMinLimit : Minimum mark-to-space ratio in percent [0% ... 100%].

tWaiTimet : Waiting time between individual modifications of the mark-to-space ratio.
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Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
54.3 FB_CTRL_3POINT
FE_CTRL_3IPOINT

tSetpointvalue bPosOut

tActualyalue bMNegOutt

nkdanynchvalue eotater

hSvnc eErrorldf

ehdode bErrort

stFarams =

The function block provides a 3-point transfer element in the functional diagram.

Behaviour of the output:

faetpointvalue

fE
fActualvalue
VAR_INPUT
VAR _INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
nManSyncValue : INT;
bSync : BOOL;
eMode : E_CTRL MODE;
END VAR

fSetpointValue : Set value of the controlled variable.

fActualValue : Actual value of the controlled variable.

et Off

Megduton \
5,

-
fE
PosOutor

FosQutoff

nManSyncValue : Input through which the 3-point element can be set to one of the three branches.

nManSyncValue >= 1 — bPosOut = TRUE, bNegOut = FALSE
nManSyncValue <= -1 — bPosOut = FALSE, bNegOut = TRUE

otherwise — bPosOut = FALSE, bNegOut = FALSE

bSync : A rising edge at this input sets the 3-point element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [P_16].

TS4100
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VAR _OUTPUT
VAR OUTPUT
bPosOut : BOOL;
bNegOut : BOOL;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END VAR

bPosOut : This output from the 3-point element is TRUE if the upper junction of the characteristic curve is
active.

bNegOut : This output from the 3-point element is TRUE if the lower junction of the characteristic curve is
active.

eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN_OUT
stParams : ST CTRL 3POINT PARAMS;
END VAR

stParams : Parameter structure of the 3-point element. This consists of the following elements:

TYPE
ST _CTRL_3POINT PARAMS :
STRUCT
tCtrlCycleTime : TIME
time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)
fPosOutOn : FLOAT; (* switch to
bPosOut on *)
fPosOutOff : FLOAT; (* switch to
bPosOut off *)
fNegOutOn : FLOAT; (* switch to
bNegOut on *)
fNegOutOff : FLOAT; (* switch to
bNegOut off *)
END_STRUCT
END TYPE

T#0ms; (* controller cycle

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fPosOutOn : Control deviation that will result in bPosOut = FALSE being switched to bPosOut = TRUE
(bNegOut = FALSE).

fPosOutOff : Control deviation that will result in bPosOut = TRUE being switched to bPosOut = FALSE
(bNegOut = FALSE).

fNegOutOn : Control deviation that will result in bNegOut = FALSE being switched to bNegOut = TRUE
(bPosOut = FALSE).

fNegOutOff : Control deviation that will result in bNegOut = TRUE being switched to bNegOut = FALSE
(bPosOut = FALSE).

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
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TwinCAT v2.9 from Build 956 BX [ 101 TcControllerToolbox.Ibx
5.4.4 FB_CTRL_3POINT_EXT
FE_CTRL_3FOINT_ExT
Jf=etpointv'alue O
Jfactualvalue eotate
JthdanSyncvalue eErrarld
1hSync bEroar
{etdode
1ztParams &

The function block provides an extended 3-point element in the functional diagram.

Behaviour of the output:

fln := fSetpointValue - fActualValue;
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VAR_INPUT
VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL _MODE;
END_VAR

fSetpointValue : Setpoint of the controlled variable.
fActualValue : Actual value of the controlled variable.
fManSyncValue : Input through which the extended 3-point element can be set to one of the junctions.

| fManSyncValue | < 1 — fOut = 0.0
| fManSyncValue | >= 1 — fOut = fE * fGain + fOffset

bSync : A rising edge at this input sets the 3-point element to the value fManSyncValue.

eMode : Input that specifies the operation mode [P _16] of the function block.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the extended 3-point element.

eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL 3POINT EXT PARAMS;
END_VAR

stParams : Parameter structure of the extended 3-point element. This consists of the following elements:

TYPE
ST _CTRL_3POINT EXT PARAMS :
STRUCT

tCtrlCycleTime : TIME := T#Oms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#Oms; (* task cycle time
[TIME] *)

fOutoff : FLOAT; (* x-parameter for
threshold OFF *)

fOutOn : FLOAT; (* x-parameter for
threshold ON *)

fGain : FLOAT; (* y-parameter gain
*)

fOffset : FLOAT; (* y-parameter offset
*)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fOutOff : If the system deviation falls below this value, the output is switched off (set to zero).
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fOutOn : If the control deviation exceeds this value, the output is switched on.

fGain : Gain factor.

fOffset : Offset.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx
5.4.5 FB_CTRL_nPOINT

FE_CTRL_nPOINT
{f=etpointvalue foutr
JfActualvalue estatel
Jthdan*alue eErrorldy
{etdode bError-
1stParams &

The function block provides an n-point transfer element in the functional diagram.

Behaviour of the output:
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Data array for the example:

fE | £f0ut
xx | -100
-4 -0l
- 0
1 25
2 al)
3 (6]
4 100

The value of the array with index (1,1), that is the left-hand value in the first row, can be freely selected,

because it is not evaluated.

TS4100
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VAR_INPUT

VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManValue : BOOL;
eMode : E CTRL MODE;

END_ VAR

fSetpointValue : Set value of the controlled variable.
fActualValue : Actual value of the controlled variable.

fManValue : Input whose value is output in manual mode.

eMode : Input that specifies the block's operating mode [P_16].

VAR_OUTPUT
VAR _OUTPUT
fout : nPOINT CTRL_ TABLE ELEMENT;
eState : E_CTRL_STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
END_ VAR

fOut : Output of the n-point element.

eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL_nPOINT PARAMS;
END VAR

stParams : Parameter structure of the n-point element. This consists of the following elements:

TYPE
ST_CTRL_nPOINT_ PARAMS :
STRUCT
tCtrlCycleTime : TIME = T#0ms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME = T#0ms; (* task
cycle time [TIME] *)
pDataTable ADR : POINTER TO
nPOINT CTRL_ TABLE ELEMENT := 0;
nDataTable SIZEOF : UINT := 0;
nDataTable NumberOfRows : UINT := 0;
fHysteresisRange : FLOAT; (* range of
the hysteresis loop *)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

pDataTable_ADR : Address of the data table.
nDataTable_SIZEOF : Size of the data table in bytes.
nDataTable_NumberOfRows : Number of rows in the data table.

fHysteresisRange : Hysteresis range, see image above. The hysteresis range functions as described for
FB CTRL 2POINT [P_39].
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Requirements

Development Environment Target System PLC libraries to include

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.4.6 FB_CTRL_PARAMETER_SWITCH
FE_CTEL_PARAMETER_SWITCH

sMlanipulatedyvariable eFParameterRecordf

—shDisableHeating fouthaxLimit-

—shDisableCooling foutMinLimit-

—nitan3Syncivalue eErroridi
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sstParams

This function block can be used to switch the parameter set used by FB_CTRL_PID_SPLITRANGE.

Behaviour of the output:
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Description of the function block:

This function block is used to switch over the parameter set used by FB_CTRL_PID_SPLITRANGE. This
function block is particularly intended to switch the parameter sets of controllers that can use two actuators
to heat and to cool, and to set the limits for the controller. The time tMinWaitTime is specified as an input
parameter. At least this time must elapse when switch-over is requested to allow for the parameter range to
be changed, and for the controller limits set in such a way that it is possible to switch from heating operation
to cooling operation. The intention of this is to prevent the operation mode being changed immediately
simply because the controller overshoots slightly.

For heating operation, the parameter range eCTRL_PARAMETER_RECORD_HEATING = heating is
selected, while for cooling operation the parameter range is eCTRL_PARAMETER_RECORD_COOLING =
cooling. The controller's parameter sets must be specified in accordance with this arrangement.

The request for a changeover itself is provided by a 2-point element (see image). The controller's output
value, in other words the control value, should be used as the input value for the illustrated characteristic
hysteresis curve. A request for changeover created by the hysteresis element must be present for at least
the specified waiting time, so that the parameter range can be changed.
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The bDisableRange1 and bDisableRange2 inputs makes it possible to prevent switching into one of the
two ranges. It is therefore possible, for instance, to deactivate heating operation in summer and to deactivate
cooling in winter. It would also be possible to make the change in the operation mode depend on the current
control deviation. In summer, for instance, it might have to be 2°C too hot before switching into cooling
operation. This can also be achieved by connecting the inputs appropriately.

Maximum and minimum limits are output in addition to providing the output of the parameter range, and
these can be copied into the PID controller's parameter set. If the FB_CTRL_PARAMETER_SWITCH is in
the Heating operation mode, the limits are set as follows:

fOutMinLimit = —1.0 - stParams.fThresho 1d;
fOutMaxLimit = stParams.fO0utMaxLimit;

In the Cooling mode, the limits are set as follows:

fOutMinLimit = stParams.f QutMaxLimit;
fOutMaxLimit = stParams.fThreshold:

VAR_INPUT

VAR INPUT
fManipulatedVariable : FLOAT; (* fOut from the FB CTRL PID SPLITRANGE *)
nManSyncValue : eCTRL_PARAMETER RECORD HEATING;
bSync : BOOL;
eMode : E CTRL MODE;
END VAR

fManipulatedVariable : The input value of FB_Parameter_Switch. This should be the same as the
controller's output value.

nManSyncValue : The input with which the function block can be set to one of the to parameter ranges.

bSync : A rising edge at this input sets the function block to the value nManSyncValue.

eMode : Input that specifies the block's operating mode [P_16].

VAR _OUTPUT
VAR _OUTPUT
eParameterRecord : E _CTRL PARAMETER RECORD;
fOutMaxLimit : FLOAT;
fOutMinLimit : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;
END_VAR

eParameterRecord : The output of the function block, identifying the parameter region.

fOutMaxLimit : The maximum output value of which the controller is limited. (This should be copied into the
controller's parameter structure.)

fOutMinLimit : The minimum value of the output of which the controller is limited. (This should be copied
into the controller's parameter structure.)

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL PARAMETER SWITCH PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:
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TYPE
ST _CTRL_2POINT PARAMS :
STRUCT

tTaskCycleTime : TIME; (* task cycle time [TIME]
*)

tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)

fThreshold : FLOAT;

fOutMaxLimit : FLOAT; (* max limit for heating
*)

fOutMinLimit : FLOAT; (* min limit for heating
*)

tMinWaitTime : TIME;
END_ STRUCT
END TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

fThreshold : Switching threshold, see image above.
fOutMaxLimit : Max limit, which is passed on to the controller.
fOutMinLimit : Min limit, which is passed on to the controller.

tMinWaitTime : Waiting time (see description above)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
5.4.7 FB_CTRL_PI

FE_CTRL_PI
{fSetpointvalue fout
ftActualvalue bARWactive
{thdan=yncvalue estate
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The function block provides a Pl transfer element in the functional diagram.

Behaviour of the output:
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Step response:

FT =

P i e

\

Kp

ARW:

4#, — I
ARWY F
et | I—O + true

VAR_INPUT

VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E CTRL MODE;
bHold : BOOL;

END VAR
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|
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|

fSetpointValue : Set value of the controlled variable.
fActualValue : Actual value of the controlled variable.
fManSyncValue : Input with which the Pl element can be set.

bSync : A rising edge at this input sets the Pl element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the system deviation.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
bARWactive : BOOL;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PI element.
bARWactive : A TRUE at this output indicates that the Pl element is being restricted.
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eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT
VAR IN OUT
stParams : ST CTRL PI PARAMS;
END_ VAR
stParams : Parameter structure of the Pl element. This consists of the following elements:

TYPE ST CTRL PI PARAMS

STRUCT

tCtrlCycleTime : TIME := TH#Oms; (* controller
cycle time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

tTn : TIME := T#0ms; (* integral action
time Tn *)

fKp : FLOAT = 07 (* proportional
gain *)

fOutMaxLimit : FLOAT := 1E38; (* maximum output
limit *)

fOutMinLimit : FLOAT -1E38; (* minimum output
limit *)

DbARWONnIPartOnly : BOOL := FALSE; (* FALSE: Hold the

I-part if the entire control output reaches a limit. *)
(* TRUE: Hold the

I-part if only the I-part reaches a limit. *)

END_STRUCT

END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tTn : Integral action time
fKp : Controller amplification / transfer coefficient

fOutMaxLimit : Upper limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWACctive output.

fOutMinLimit : Lower limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

bARWONIPartOnly: If this parameter is FALSE (the default setting), the integration of the I-component is
halted if the complete controller output reaches the upper or lower limit. If it is TRUE, the integration is halted
if the I-component (the output of the integrator) reaches some limit. (Cf. functional diagram)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
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5.4.8 FB_CTRL_PI_PID
FB_CTRL_FI_PID
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{fActualvalueCuterLoop eStatelnnerLoopt

{fActualvaluelnnerLoop bAaRWactivelnnerLoopt

{fFPreContral eErrarldinnerLoapt

{ManSyncvfaluelnnerloop hErrarinnerLoopt

1bSyncinnerloop eStateCuterLoopt

{emModelnnerLoop hAaRWactive QuterLoopt

{bHoldInnerLoop eErrorldCOuterLoopt

{MlansSyncyvalueCuterLoop hErrarQuterLoopt

{bSyncCuterLoop

{emModeCuterLoop

{bHoldQuterLoop

{1stParams =

The function block provides a cascaded PI-PID controller in the functional diagram. Internally, this block uses
the FB_CTRL_PI, FB_CTRL_LIMITER and FB_CTRL_PID transfer elements.

Transfer function of the Pl element:

G(s) = K1 + ——)

J”_H

Transfer function of the PID element:

1 T,s

4_
Ths 1 +Tys

G(s) = Kp(l + )

Functional diagram for the cascaded transfer element:
tHrelontrol

el imit rx_PID el adimit

...... :.....................E OuterL oo e —— InmEroop
fSetpoint'alue 5 :
P fOut
frinLiem it fdinLimit
Outerloog Innerloog
fActualvalueOuterloop
fActualvaluelnnerloop
VAR_INPUT
VAR _INPUT
fSetpointValue : FLOAT; (* setpoint value *)
fActualValueOuterLoop : FLOAT; (* actual value from the process to the PI-controller *)
fActualValueInnerLoop : FLOAT; (* actual value from the process to the PID-
controller *)
fPreControl : FLOAT; (* pre control value *)
fManSyncValueInnerLoop : FLOAT; (* input value for the manual mode or the sync request *
)
bSyncInnerLoop : BOOL; (* rising edge set the output to the fManSyncValue *)
eModeInnerLoop : E_CTRL_MODE; (* sets the mode of the function block *)
bHoldInnerLoop : BOOL; (* hold the internal integrator *)
fManSyncValueOuterLoop : FLOAT; (* input value for the manual mode or the sync request *
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bSyncOuterLoop : BOOL; (* rising edge set the output to the fManSyncValue ¥*)
eModeOuterLoop : E_CTRL MODE; (* sets the mode of the function block *)
bHoldOuterLoop : BOOL; (* hold the internal integrator *)

END VAR

fSetpointValue : Setpoint of the controlled variable.

fActualValueOuterLoop : The actual value of the controlled variable that is fed back to the Pl controller of
the outer control loop.

fActualValuelnnerLoop : The actual value of the controlled variable that is fed back to the PID controller of
the inner control loop.

fPreControl : Pre-control that is connected behind the Pl controller.

fManSyncValuelnnerLoop : Input, to whose value it is possible to set the internal state of the PID element
(inner control loop).

bSyncinnerLoop : A rising edge at this input sets the PID element (inner control loop) to the value
fManSyncValuelnnerLoop.

eModelnnerLoop : Input that specifies the operation mode [P_16] of the PID element (inner control loop).

bHoldInnerLoop : A TRUE at this input holds the internal state of the PID element (inner control loop)
constant at the current value.

fManSyncValueOuterLoop : Input, to whose value it is possible to set the internal state of the Pl element
(outer control loop).

bSyncOuterLoop : A rising edge at this input sets the Pl element (the outer control loop) to the value
fManSyncValueOuterLoop.

eModeOuterLoop : Input that specifies the operation mode [P_16] of the Pl element (the outer control loop).

bHoldOuterLoop : A TRUE at this input holds the internal state of the Pl element (the outer control loop)
constant at the current value.

VAR_OUTPUT
VAR OUTPUT
fout : FLOAT; (* manipulated value to the process *)
eStateInnerLoop : E_CTRL STATE;
bARWactiveInnerLoop : BOOL;
eErrorIdInnerLoop : E_CTRL_ERRORCODES; (* error code *)
bErrorInnerLoop : BOOL; (* TRUE if an error situation exists *)
eStateOuterLoop : E_CTRL_STATE;
bARWactiveOuterLoop : BOOL;
eErrorIdOuterLoop : E_CTRL_ERRORCODES; (* error code *)
bErrorOuterLoop : BOOL; (* TRUE i1f an error situation exists *)
END_ VAR

fOut : Output of the PI-PID element.

eStatelnnerLoop : State of the internal PID element (inner control loop).

bARWactivelnnerLoop : A TRUE at this output indicates that the PID element (inner control loop) is being
restricted.

eErrorldinnerLoop : Returns the error number [P_16] of the PID element (inner control loop) when the
bError output is set.

bErrorinnerLoop : Becomes TRUE as soon as an error occurs in the PID element (inner control loop).
eStateOuterLoop : State of the internal Pl element (outer control loop).

bARWactiveOuterLoop : A TRUE at this output indicates that the PID element (outer control loop) is being
restricted.

TS4100 Version: 1.1 55



PLC-API BECKHOFF

eErrorldOuterLoop : Returns the error number [»_16] of the Pl element (outer control loop) when the bError
output is set.

bErrorOuterLoop : Is set to TRUE as soon as an error occurs in the Pl element (outer control loop).

VAR_IN_OUT

VAR _IN_OUT
stParams : ST _CTRL_PI PID PARAMS;
END VAR

stParams : Parameter structure of the PI-PID element. This consists of the following elements:

TYPE
ST _CTRL_PI PID PARAMS :
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)
fKp OuterLoop : FLOAT := 0; (* proportional gain
*)
tTn_ OuterLoop : TIME := T#0s; (* Tn *)
fMaxLimit OuterLoop : FLOAT := 1E38
fMinLimit OuterLoop : FLOAT := -1E38;
fKp InnerLoop : FLOAT := 0; (* proportional gain
*)
tTn_InnerLoop : TIME = T#0ms; (* Tn *)
tTv_InnerLoop : TIME = T#0ms; (* Tv *)
tTd InnerLoop : TIME = T#0ms; (* Td *)
fMaxLimit InnerLoop : FLOAT := 1E38;
fMinLimit InnerLoop : FLOAT := -1E38;
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp_OuterLoop : Controller amplification / controller coefficient of the Pl element (outer control loop).

tTn_OuterLoop : Integral action time of the Pl element (outer control loop). The I-component is deactivated
if this is parameterized as T#0s.

fMaxLimit_OuterLoop : Upper limit at which integration of the PID element is halted and to which the output
is limited (ARW measure). Reaching this limit is indicated by a TRUE at the bARWactiveOuterLoop output.

fMinLimit_OuterLoop : Lower limit at which integration of the PID element is halted and to which the output
is limited (ARW measure). Reaching this limit is indicated by a TRUE at the bARWactiveOuterLoop output.

fKp_InnerLoop : Controller amplification / controller coefficient of the PID element (inner control loop).

tTn_InnerLoop : Integral action time of the PID element (inner control loop). The I-component is
deactivated if this is parameterized as T#0s.

tTv_InnerLoop : Derivative action time of the PID element (inner control loop). The D-component is
deactivated if this is parameterized as T#0s.

tTd_InnerLoop : Damping time of the PID element (inner control loop).

fMaxLimit_InnerLoop: Upper limit at which integration of the PID element is halted and to which the output
is limited (ARW measure). Reaching this limit is indicated by a TRUE at the bARWactivelnnerLoop output.

fMinLimit_InnerLoop : Lower limit at which integration of the PID element is halted and to which the output
is limited (ARW measure). Reaching this limit is indicated by a TRUE at the bARWactivelnnerLoop output.
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Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.4.9 FB_CTRL_PID

FE_CTRL_FID
{fSetpointvalue foutt
fActualvalus bARWactvel
{hdanzyncivalue eotater
1hSync eErrorldr
1etdode bErrarp
1hHold
{stFarams &

The function block provides a PID transfer element in the functional diagram.

Transfer function:

The following transfer function can be declared for this block, if the boolean inputs bPInTheFeedbackPath
and bDInTheFeedbackPath are set to FALSE, otherwise this transfer function only describes a part of the
blocks behaviour:

1 1,5
Gpipls) =K, (1 . —
pip| 1 ( t T s T “H)

Functional diagram:

bPInTheF eedbackPath - - . 1
falwe ! —
—_— !
e h
Kp Tn
fetpoirt alues
4l-1—l-‘ - | 3
Kp Tw, Td
fal=e
=
[ T}r —
4 e

bDInTheFeedbackPath - - -

fAdual value

The standard functional diagram of a PID controller in additive form has been expanded by the two active
boolean inputs bPInTheFeedbackPath and bDInTheFeedbackPath (which act as "switches"), so that a
modified functional diagram can be activated.

Control background: due to the differential component of the control algorithm, large control values are
generated at setpoint step-changes, which cause a strain on the control elements and may cause the control
system to oscillate. A control algorithm with a differential component that is only applied to the controlled
variable ( bDInTheFeedbackPath := TRUE ) can avoid this problem.

The bPInTheFeedbackPath and bDInTheFeedbackPath inputs permit the closed control loop to implement
the following transfer functions:
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I The default setting for the two inputs bPInTheFeedbackPath and bDInTheFeedbackPath is FALSE. The

PID controller then acts as a standard PID controller in additive form.

Kp

foetpointalue

]
]

1
Tn

—

factyal value

Tv, Td

-

58

Version: 1.1

TS4100



BECKHOFF PLC-API

Step response:
Kp

I
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false
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VAR_INPUT

VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;

END VAR

fSetpointValue : Set value of the controlled variable.
fActualValue : Actual value of the controlled variable.
fManSyncValue : Input, to whose value it is possible to set the internal state of the PID element.

bSync : Arising edge at this input sets the PID element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the system deviation.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
bARWactive : BOOL;
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eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PID element.

bARWactive : A TRUE at this output indicates that the PID element is being restricted.
eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST CTRL PID PARAMS;
END VAR

stParams : Parameter structure of the PID element. This consists of the following elements:

TYPE
ST CTRL_PID PARAMS :
STRUCT

tCtrlCycleTime : TIME = T#O0ms; (* controller
cycle time [TIME] ¥*)

tTaskCycleTime : TIME = T#0ms; (* task cycle
time [TIME] *)

fKp : FLOAT = 0; (* proportional
gain *)

tTn : TIME = T#O0ms; (* Tn *)

tTv : TIME = T#0ms; (* Tv *)

tTd : TIME := T#0ms; (¥ el =)

fOutMaxLimit : FLOAT = 1E38; (* maximum
output limit *)

fOutMinLimit : FLOAT := -1E38; (* minimum

output limit *)
bPInTheFeedbackPath : BOOL;
bDInTheFeedbackPath : BOOL;
DARWONnIPartOnly : BOOL;

END_ STRUCT

END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime: Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / controller coefficient

tTn : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
tTv : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.
tTd : Damping time

fOutMaxLimit : Upper limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWACctive output.

fOutMinLimit : Lower limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

bPInTheFeedbackPath : Input value of the internal P element can be selected with this input (see functional
diagram). Default setting: FALSE

bDInTheFeedbackPath : Input value of the internal D element can be selected with this input (see functional
diagram). Default setting: FALSE
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bARWONIPartOnly: If this parameter is FALSE (the default setting), the integration of the I-component is
halted if the complete controller output reaches the upper or lower limit. If it is TRUE, the integration is halted
if the I-component (the output of the integrator) reaches some limit. (Cf. functional diagram)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx

5410  FB_CTRL_PID_EXT_SPLITRANGE

FBE_CTREL_FID_ExXT_SFPLTRAMGE
{fsetpointvalue fOutPosr
ftActualvalue foutMegr
1eParameterPRecord fOuth
{hdanzyncivalue fout_MithoutDeadbandt
1hSync bARWactver
1etdode bFarameterChangeActiver
1hHaold eStater
1stFParams & eErrarldy

kEror

The function block provides an extended PID transfer element in the functional diagram. With this controller it
is possible to switch between two different parameter records while the regulation is active. The
functionalities of the inner and outer windows and of the input and output dead bands are available in
addition.

Description:

This function block is an extension of FB_CTRL_PID _EXT, which means that the controller can be used to
control systems with two controlled devices for which the transfer behaviours are different. A system with one
actuator for heating and another actuator for cooling would be a typical application. To optimise the
regulation of such an arrangement, it is possible to switch between two PID parameter records. Switching
between the parameter records is implemented in such a way that the control value remains continuous
even as the parameter records are changed.

The switching algorithm calculates a linear, time-dependent transition between the two parameter records.
The nParameterChangeCycleTicks parameter can be used to specify the number of task cycles over which
the continuous change between the two parameter records takes place.

Transfer function:

The following transfer function can be declared for this block, if the boolean inputs bPInTheFeedbackPath
and bDInTheFeedbackPath are set to FALSE, otherwise this transfer function only describes a part of the
blocks behaviour:

l T,s
Gpin(s) = K, ( 1 L
PID\ F ( " Ts T 1T ;,;.q)
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Functional diagram:
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The standard functional diagram of a PID controller in additive form has been expanded by the two active
boolean inputs bPInTheFeedbackPath and bDInTheFeedbackPath (which act as "switches"), so that a
modified functional diagram can be activated.

Control background: due to the differential component of the control algorithm, large control values are
generated at setpoint step-changes, which cause a strain on the control elements and may cause the control
system to oscillate. A control algorithm with a differential component that is only applied to the controlled

variable ( bDInTheFeedbackPath :

= TRUE ) can avoid this problem.

The bPInTheFeedbackPath and bDInTheFeedbackPath inputs permit the closed control loop to implement

the following transfer functions:
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I The default setting for the two inputs bPInTheFeedbackPath and bDInTheFeedbackPath is FALSE. The
PID controller then acts as a standard PID controller in additive form.

W Tn
feetpoint®alue e ,-'_"' ¥ N
'T— i [ 1 i ! -
Tw, Td

factyal value

1

Additional functions:

Switching off the | component in the Outer Window

Integration of the system deviation is halted if the system deviation is greater than the fOuterWindow
parameter. In this way it is possible to prevent an extremely large | component from developing if the system
deviation is large, since this could lead to a marked overshoot. If it is not wanted, the function can be
disabled by setting fOuterWindow := 0.

Linear reduction of the | component in the Inner Window

With this function it is possible to drive the | component linearly down to zero in the range specified by the
flnnerWindow parameter. If it is not wanted, the function can be disabled by setting flInnerWindow := 0.

Output dead band

If the parameter fDeadBandOutput is set > 0, the output is set to zero when it is within the range of [ -
fDeadBandOutput ... fDeadBandOutput ].

Input dead band

If the parameter fDeadBandinput is set > 0 then the output is held constant for as long as the system
deviation remains within the range of [ -fDeadBandInput ... fDeadBandInput ].

Step response:
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-
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VAR_INPUT
VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
eParameterRecord : E_CTRL PARAMETER RECORD;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;
END VAR

fSetpointValue : Setpoint of the controlled variable.
fActualValue : Actual value of the controlled variable.
eParameterRecord : Index of the active parameter set
fManSyncValue : Input with which the Pl element can be set.

bSync : A rising edge at this input sets the Pl element to the value fManSyncValue.

eMode : Input that specifies the operation mode [»_16] of the function block.

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the control deviation.

VAR_OUTPUT
VAR OUTPUT
fOutPos : FLOAT;
fOutNeg : FLOAT;
fout : FLOAT;
bARWActive : BOOL := FALSE; (* ARW active ? [TRUE/FALSE] -> freeze I-part *)
bParameterChangeActive : BOOL;
bError : BOOL; (* error flag *)
eErrorId : E_CTRL ERRORCODES; (* error code *)
END VAR

fOutPos : Output of the PID element when the control value is positive. A zero is output otherwise.
fOutNeg : Output of the PID element when the control value is negative. A zero is output otherwise.
fOut : Output of the PID element.

bARWactive : A TRUE at this output indicates that the PID element is being restricted.

bParameterChangeActive : A TRUE at this output indicates that the change from one parameter record to
the other is in progress.

fCtriDerivation : A TRUE at this output indicates that the PID element is being restricted.
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eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL PID SPLITRANGE PARAMS;
END VAR

stParams : Parameter structure of the PID element. This consists of the following elements:

TYPE
ST CTRL PID SPLITRANGE PARAMS
STRUCT

tCtrlCycleTime : TIME := T#0ms; (*
controller cycle time [TIME] *)

tTaskCycleTime : TIME = T#Oms; (* task
cycle time [TIME] ¥*)

fKp heating : FLOAT = 0; (*
proportional gain *)

tTn_heating : TIME := T#Oms; (* Tn
*)

tTv_heating : TIME := T#0ms; (* Tv
*)

tTd heating : TIME := T#Oms; (* Td
*)

fKp cooling : FLOAT = 0; (*
proportional gain *)

tTn_cooling : TIME := T#0ms; (* Tn
*)

tTv_cooling : TIME := T#0ms; (* Tv
*)

tTd cooling : TIME := T#Oms; (* Td

*)
nParameterChangeCycleTicks : INT;

fDeadBandInput : REAL := 0.0; (* ctrl
deviation dead band/neutral zone for const output *)

fDeadBandOutput : REAL := 0.0; (* ctrl
output dead band/neutral zone for zero output *)

fInnerWindow : REAL := 0.0; (* inner
window for reduced I-part (dE-window) *)

fOuterWindow : REAL := 0.0; (* outer
window for disabling I-part (dE-window) *)

fOutMaxLimit : FLOAT := 1E38; (* maximum
output limit *)

fOutMinLimit : FLOAT = -1E38; (* minimum
output limit *)

bPInTheFeedbackPath : BOOL;

bDInTheFeedbackPath : BOOL;

bARWONnIPartOnly : BOOL;
END_ STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

Area eCTRL_PARAMETER_RECORD_HEATING:

fKp_heating : Controller amplification / controller coefficient

tTn_heating : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
tTv_heating : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.
tTd_heating : Damping time

Area eCTRL_PARAMETER_RECORD_COOLING:

fKp_cooling : Controller amplification / controller coefficient

tTn_cooling : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
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tTv_cooling : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.

tTd_cooling : Damping time

nParameterChangeCycleTicks The number of task cycles over which the change from one parameter set
to the other takes place.

fDeadBandInput : see above description
fDeadBandOutput: see above description
flnnerWindow : see above description
fOuterWindow : see above description

fOutMaxLimit : Upper limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

fOutMinLimit : Lower limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

bPInTheFeedbackPath : Input value of the P element can be selected with this input (see functional
diagram).

bDInTheFeedbackPath : Input value of the D element can be selected with this input (see functional
diagram).

bARWONIPartOnly: If this parameter is FALSE (default setting), integration of the | component is halted if
the complete controller output reaches the upper or lower limit.

If TRUE, the integration is halted if the | component (the output of the integrator) reaches a limit. (Cf.
functional diagram)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.4.11 FB_CTRL_PID_EXT

FE_CTRL_FID_EXT
fSetpointvalue fOutr
factualalue bkdaxLimitFeachedr
thdanSyncvalue brdinLimitFeached
b3Svnc bARWACtver
ehode fCtrl Derivationr
bHaold eStater
stParams & bErrort

eErrorldy

The function block provides an extended PID element in the functional diagram.
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Transfer function:

The following transfer function can be declared for this block, if the boolean inputs bPInTheFeedbackPath
and bDInTheFeedbackPath are set to FALSE, otherwise this transfer function only describes a part of the
blocks behaviour:

1 1,5
Gpipls) =K, |1 . —
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Functional diagram:
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The standard functional diagram of a PID controller in additive form has been expanded by the two active
boolean inputs bPInTheFeedbackPath and bDInTheFeedbackPath (which act as "switches"), so that a
modified functional diagram can be activated.

Control background: due to the differential component of the control algorithm, large control values are
generated at setpoint step-changes, which cause a strain on the control elements and may cause the control
system to oscillate. A control algorithm with a differential component that is only applied to the controlled
variable ( bDInTheFeedbackPath := TRUE ) can avoid this problem.

The bPInTheFeedbackPath and bDInTheFeedbackPath inputs permit the closed control loop to implement
the following transfer functions:
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I The default setting for the two inputs bPInTheFeedbackPath and bDInTheFeedbackPath is FALSE. The
PID controller then acts as a standard PID controller in additive form.
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Additional functions:

Switching off the | component in the Outer Window

Integration of the system deviation is halted if the system deviation is greater than the fOuterWindow
parameter. In this way it is possible to prevent an extremely large | component from developing if the system
deviation is large, since this could lead to a marked overshoot. If it is not wanted, the function can be
disabled by setting fOuterWindow := 0.

Linear reduction of the | component in the Inner Window

With this function it is possible to drive the | component linearly down to zero in the range specified by the
flnnerWindow parameter. If it is not wanted, the function can be disabled by setting flnnerWindow := 0.

Output dead band

If the parameter fDeadBandOutput is set > 0, the output is set to zero when it is within the range of [ -
fDeadBandOutput ... fDeadBandOutput ].

Input dead band

If the parameter fDeadBandInput is set > 0 then the output is held constant for as long as the system
deviation remains within the range of [ -fDeadBandInput ... fDeadBandInput ].
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Step response:
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VAR_INPUT

VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;

END VAR

fSetpointValue : Setpoint of the controlled variable.
fActualValue : Actual value of the controlled variable.
fManSyncValue : Input with which the PID element can be set.

bSync : Arising edge at this input sets the PID element to the value fManSyncValue.

eMode : Input that specifies the operation mode [P_16] of the function block.

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the control deviation.

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
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bMaxLimitReached : BOOL := FALSE; (* minimum limitation active ? [TRUE/FALSE] -
> ARW *)
bMinLimitReached : BOOL = FALSE; (* maximum limitation active ? [TRUE/FALSE] -
> ARW *)
bARWActive : BOOL := FALSE; (* ARW active ? [TRUE/FALSE] -> freeze I-part *)
fCtrlDerivation : FLOAT; (* controller command derivation dy/dt *)
eState : E CTRL STATE;
bError : BOOL; (* error flag *)
eErrorId : E_CTRL ERRORCODES; (* error code *)
END_ VAR

fOut : Output of the PID-element.

bMaxLimitReached : The output is TRUE when the block is at its upper limit.
bMinLimitReached : The output is TRUE when the block is at its lower limit.
bARWactive : A TRUE at this output indicates that the PID element is being restricted.

fCtriDerivation : A TRUE at this output indicates that the PID element is being restricted.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST CTRL PID EXT PARAMS;
END VAR

stParams : Parameter structure of the PID element. This consists of the following elements:

TYPE
ST _CTRL_PID EXT PARAMS
STRUCT

tCtrlCycleTime : TIME = T#O0ms; (* controller
cycle time [TIME] *)

tTaskCycleTime : TIME = T#O0ms; (* task cycle
time [TIME] *)

fKp : FLOAT := 0; (* proportional
gain *)

tTn : TIME = T#0ms; (= Mm %)

tTv : TIME = T#0ms; (* Tv *)

tTd : TIME := T#0ms; (* Td *)

fDeadBandInput : REAL := 0.0; (% @Easll
deviation dead band/neutral zone for const output *)

fDeadBandOutput : REAL = 0.0; (* ctrl output
dead band/neutral zone for zero output *)

fInnerWindow : REAL := 0.0; (* inner window
for reduced I-part (dE-window) *)

fOuterWindow : REAL := 0.0; (* outer window
for disabling I-part (dE-window) *)

fOutMaxLimit : FLOAT = 1E38; (* maximum
output limit *)

fOutMinLimit : FLOAT = -1E38; (* minimum

output limit *)
bPInTheFeedbackPath : BOOL;
bDInTheFeedbackPath : BOOL;
DbARWONnIPartOnly : BOOL;

END STRUCT

END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the

output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every

cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / controller coefficient
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tTn : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
tTv : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.
tTd : Damping time

fDeadBandInput : see above description

fDeadBandOutput: see above description

flnnerWindow : see above description

fOuterWindow : see above description

fOutMaxLimit : Upper limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

fOutMinLimit : Lower limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

bPInTheFeedbackPath : Input value of the P element can be selected with this input (see functional
diagram).

bDInTheFeedbackPath : Input value of the D element can be selected with this input (see functional
diagram).

bARWONIPartOnly: If this parameter is FALSE (default setting), integration of the | component is halted if
the complete controller output reaches the upper or lower limit.

If TRUE, the integration is halted if the | component (the output of the integrator) reaches a limit. (Cf.
functional diagram)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [».10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.4.12 FB_CTRL_PID_SPLITRANGE

FE_CTRL_FID_SFLITRAMNGE
feetpointvalue fOutPosr
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1bHold eErrord}
1stFarams b bErrorf

The function block provides an extended PID transfer element in the functional diagram. With this controller it
is possible to switch between two different parameter records while the regulation is active.

Description:

This function block is an extension of FB_CTRL_PID, which means that the controller can be used to control
systems with two controlled devices for which the transfer behaviours are different. A system with one
actuator for heating and another actuator for cooling would be a typical application. To optimise the
regulation of such an arrangement, it is possible to switch between two PID parameter records. Switching
between the parameter records is implemented in such a way that the control value remains continuous
even as the parameter records are changed.
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The switching algorithm calculates a linear, time-dependent transition between the two parameter records.
The nParameterChangeCycleTicks parameter can be used to specify the number of task cycles over which
the continuous change between the two parameter records takes place.

Transfer function:

The following transfer function can be declared for this block, if the boolean inputs bPInTheFeedbackPath
and bDInTheFeedbackPath are set to FALSE, otherwise this transfer function only describes a part of the
blocks behaviour:

Grip(s) = K, [ 1+ m— 4+ —2
Pip(8) = Ry | L+ =+ T

Functional diagram:
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The standard functional diagram of a PID controller in additive form has been expanded by the two active
boolean inputs bPInTheFeedbackPath and bDInTheFeedbackPath (which act as "switches"), so that a
modified functional diagram can be activated.

Control background: due to the differential component of the control algorithm, large control values are
generated at setpoint step-changes, which cause a strain on the control elements and may cause the control
system to oscillate. A control algorithm with a differential component that is only applied to the controlled
variable ( bDInTheFeedbackPath := TRUE ) can avoid this problem.

The bPInTheFeedbackPath and bDInTheFeedbackPath inputs permit the closed control loop to implement
the following transfer functions:
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I The default setting for the two inputs bPInTheFeedbackPath and bDInTheFeedbackPath is FALSE. The

PID controller then acts as a standard PID controller in additive form.
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Step response:
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VAR_INPUT
VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
eParameterRecord : E_CTRL PARAMETER RECORD;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL_MODE;
bHold : BOOL;
END VAR

fSetpointValue : Set value of the controlled variable.
fActualValue : Actual value of the controlled variable.
eParameterRecord : Index of the active parameter record
fManSyncValue : Input with which the Pl element can be set.

bSync : A rising edge at this input sets the Pl element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the system deviation.
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VAR_OUTPUT
VAR OUTPUT
fOutPos : FLOAT;
fOutNeg : FLOAT;
fout : FLOAT;
bARWActive : BOOL := FALSE; (* ARW active ? [TRUE/FALSE] -> freeze I-part *)
bParameterChangeActive : BOOL;
eState : E_CTRL _STATE;
bError : BOOL; (* error flag *)
eErrorId : E_CTRL ERRORCODES; (* error code *)
END_ VAR

fOutPos : Output of the PID element when the control value is positive. A zero is output otherwise.
fOutNeg : Output of the PID element when the control value is negative. A zero is output otherwise.
fOut : Output of the PID element.

bARWactive : A TRUE at this output indicates that the PID element is being restricted.

bParameterChangeActive : A TRUE at this output indicates that the change from one parameter record to
the other is in progress.

fCtriDerivation : A TRUE at this output indicates that the PID element is being restricted.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL PID SPLITRANGE PARAMS;
END_VAR

stParams : Parameter structure of the PID element. This consists of the following elements:

TYPE
ST CTRL_PID SPLITRANGE PARAMS
STRUCT

tCtrlCycleTime : TIME := T#O0ms; (*
controller cycle time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] *)

fKp heating : FLOAT = 0; (=
proportional gain *)

tTn_heating : TIME := T#0ms; (* Tn
*)

tTv_heating : TIME = T#0ms; (* Tv
*)

tTd heating : TIME := T#0ms; (* Td
*)

fKp cooling : FLOAT := 0; (=
proportional gain *)

tTn_cooling : TIME := T#0ms; (* Tn
*)

tTv_cooling : TIME := T#O0ms; (* Tv
*)

tTd cooling : TIME := T#0ms; (* Td

*)
nParameterChangeCycleTicks : INT;

fOutMaxLimit : FLOAT = 1E38; (* maximum
output limit *)

fOutMinLimit : FLOAT := —-1E38; (* minimum
output limit *)

bPInTheFeedbackPath : BOOL;

bDInTheFeedbackPath : BOOL;

bARWONnIPartOnly : BOOL;
END_STRUCT
END TYPE
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tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

Area eCTRL_PARAMETER_RECORD_HEATING:

fKp_heating : Controller amplification / controller coefficient

tTn_heating : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
tTv_heating : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.
tTd_heating : Damping time

Area eCTRL_PARAMETER_RECORD_COOLING:

fKp_cooling : Controller amplification / controller coefficient

tTn_cooling : Integral action time. The I-component is deactivated if this is parameterized as T#0s.
tTv_cooling : Derivative action time. The D-component is deactivated if this is parameterized as T#0s.
tTd_cooling : Damping time

nParameterChangeCycleTicks The number of task cycles over which the change from one parameter set
to the other takes place.

fOutMaxLimit : Upper limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWACctive output.

fOutMinLimit : Lower limit at which integration is halted and to which the output is limited (ARW measure).
Reaching this limit is indicated by a TRUE at the bARWActive output.

bPInTheFeedbackPath : Input value of the P element can be selected with this input (see functional
diagram).

bDInTheFeedbackPath : Input value of the D element can be selected with this input (see functional
diagram).

bARWONIPartOnly: If this parameter is FALSE (the default setting), the integration of the I-component is
halted if the complete controller output reaches the upper or lower limit. If it is TRUE, the integration is halted
if the I-component (the output of the integrator) reaches some limit. (Cf. functional diagram)

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[»_10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
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5.5 Filter / ControlledSystemSimulation

5.5.1 FB_CTRL_ACTUAL_VALUE_FILTER
FE_CTRL_ACTUAL WALUE_FILTER

-l fOutr-

“Mantfalue eErrarldr

HeMode hErrort

qstParams =

The function block allows a measured input variable to be checked for plausibility and filtered.

Behaviour of the output:

This block allows a plausibility check to be carried out on a measured input variable. If the difference

between two sampling values in sequence (measurements) is larger than the specified window, fDeltaMax,
then the current input value is suppressed for a maximum of three cycles. During this time the output value is
extrapolated from the previous input values. If the specified window is exceeded for more than three cycles,
the output will again follow the input variable. The behaviour of the output is illustrated in the diagram above.

VAR_INPUT

VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL_MODE;

END VAR

fln : Input value of the filter.

fManValue : Input variable whose value is output in manual mode.

eMode : Input that specifies the block's operating mode [P_16].

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END_VAR

fOut : Output of the function block.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL ACTUAL VALUE FILTER PARAMS;
END VAR
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stParams : Parameter structure of the actual value filter element. This consists of the following elements:

TYPE
FB CTRL ACTUAL VALUE FILTER:
STRUCT

tCtrlCycleTime : TIME
time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] ¥*)

fDeltaMax :FLOAT;
END_STRUCT
END_TYPE

T#0ms; (* controller cycle

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fDeltaMax : Maximum difference between two input values in sequence. See description above.

Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[»_10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.5.2 FB_CTRL_ARITHMETIC_MEAN

FB_CTRL_ARITHMETIC _MWEAN
—fn fout-
—Man3yncyalue eErrorid-
—hSync hErrark
—eMode
—bHald
—{stParams e

Calculating the mean value:

_ 1
T =— E Tn
7
Tt

VAR_INPUT

VAR_INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;

END VAR

fln : Input value for the mean value filter.

fManSyncValue : Input value to which the mean value filter can be set, or that is issued at the output in
manual mode.

bSync : Arising edge at this input sets the mean value filter to the value fManSyncValue.
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eMode : Input that specifies the block's operating mode [P_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the mean value filter.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL ARITHMETIC MEAN PARAMS;
END_ VAR

stParams : Parameter structure of the average filter. This consists of the following elements:

TYPE
ST CTRL ARITHMETIC MEAN PARAMS:
STRUCT
tCtrlCycleTime : TIME
cycle time [TIME] ¥*)
tTaskCycleTime : TIME := T#0ms; (* task cycle
time [TIME] *)
END STRUCT
END TYPE

T#0ms; (* controller

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.5.3 FB_CTRL_DIGITAL_FILTER

FB_CTRL_DIGITAL_FILTER
4fin ot
~Mlantalue eState
~emMode eErrorldr-
—stParams & bError-

This function block calculates a discrete transfer function with the structure described below. This structure
allows either an FIR filter (Finite Impulse Response) or an IIR filter (Infinite Impulse Response) to be
implemented. The transfer function here can be of any order, n.
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The coefficients for the following transfer structure are stored in the parameter arrays:

Transposed direct form |l structure

L
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The programmer must create the following arrays in the PLC if this function block is to be used:

ar_CoefficientsArray_a g
ARRAY[1l..nFilterOrder+1l] OF FLOAT;

ar CoefficientsArray b : ARRAY[1..nFilterOrder+1l] OF
FLOAT;
ar stDigitalFilterData : ARRAY[1l..nFilterOrder ] OF

ST CTRL DIGITAL FILTER DATA;

The coefficients b, to b, are stored in the array ar_CoefficientsArray_b. This must be organized as follows:

ar CoefficientsArray b[ 1 ] = bl;
ar CoefficientsArray b[ 2 = b2;
ar CoefficientsArray b[ n-1 ] = bn-1;
ar CoefficientsArray b[ n ] = bn;

The coefficients a, to a, are stored in the array ar_CoefficientsArray_a. This must be organized as follows:

ar_CoefficientsArray al[ 1 ] 1= XXX; (* wird nicht ausgewertet
*)

ar CoefficientsArray al 2 ] = az2;

ar CoefficientsArray al[ n-1 ] = an-1;

ar CoefficientsArray al n ] = an;

The internal data required by the function block is stored in the ar_stDigitalFilterData array. This data must
never be modified from within the PLC program. This procedure is also illustrated in the sample program
listed below.

VAR_INPUT

VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL MODE;

END VAR

fin : Input of the digital filter.
fManValue : Input whose value is present at the output in manual mode.

eMode : Input that specifies the block's operating mode.

VAR _OUTPUT
VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
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bError : BOOL;
eErrorId : E_CTRL ERRORCODES;
END_VAR

fOut : Output of the digital filter.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST CTRL DIGITAL FILTER PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL DIGITAL FILTER PARAMS
STRUCT
tTaskCycleTime : TIME; (* task cycle
time L7))
tCtrlCycleTime : TIME := T#0Oms; (* controller
cycle time ¥*)
nFilterOrder : USINT;
pCoefficientsArray a ADR : POINTER TO FLOAT := 0;
nCoefficientsArray a SIZEOF : UINT;
pCoefficientsArray b ADR : POINTER TO FLOAT := 0;
nCoefficientsArray b SIZEOF : UINT;
pDigitalFilterData ADR : POINTER TO
ST_CTRL DIGITAL FILTER DATA;
nDigitalFilterData SIZEOF : UINT;
END STRUCT
END_TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every

cycle this corresponds to the task cycle time of the calling task.

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the

output values have to be updated in the current cycle.

nFilterOrder : Order of the digital filter [O... ]

pCoefficientsArray_a_ADR : Address of the array containing the a coefficients.
nCoefficientsArray_a_SIZEOF : Size of the array containing the a coefficients, in bytes.
pCoefficientsArray_b_ADR : Address of the array containing the b coefficients.
nCoefficientsArray_b_SIZEOF : Size of the array containing the b coefficients, in bytes.
pDigitalFilterData_ADR : Address of the data array.

nDigitalFilterData_SIZEOF : Size of the data array in bytes.

TYPE
ST _CTRL DIGITAL FILTER DATA
STRUCT
Interne Struktur. Auf diese darf nicht schreibend
zugegriffen werden.
END_STRUCT
END_TYPE

Sample:

PROGRAM PRG_DIGITAL FILTER TEST

VAR
fbDigitalFilter : FB CTRL DIGITAL FILTER;
ar CoefficientsArray a : ARRAY[1..3 ] OF FLOAT;
ar CoefficientsArray b : ARRAY[1..3 ] OF FLOAT;
ar stDigitalFilterData : ARRAY[1..2 ] OF

ST CTRL DIGITAL FILTER DATA;
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eMode E_CTRL_MODE;
stParams ST CTRL_DIGITAL FILTER PARAMS;
eErrorId E_CTRL_ERRORCODES;
bError BOOL;
fIn FLOAT := O0;
fout FLOAT;
bInit BOOL := TRUE;
END VAR
IF bInit
THEN

(* set values in the local arrays *)
ar CoefficientsArray al[l]
ar CoefficientsArray al[2]
ar CoefficientsArray al[3]
ar CoefficientsArray b[1]
ar CoefficientsArray b[2]
ar CoefficientsArray b[3]
(* set values in the parameter struct *)

= 0.0; (* not used *)
0.2¢
0.1z
:= 0.6
0.4;
2

7

:= 0.

’

stParams.tTaskCycleTime
stParams.tCtrlCycleTime
stParams.nFilterOrder

(* set
eMode
bInit
END IF
(* set add

the mode *)

:= T#2ms;
= T#2ms;
= 2;

:= eCTRL MODE ACTIVE;

:= FALSE;

resses *)

stParams.pCoefficientsArray a ADR
ar CoefficientsArray a);
stParams.nCoefficientsArray a SIZEOF
ar CoefficientsArray a);
stParams.pCoefficientsArray b ADR
ar CoefficientsArray b);
stParams.nCoefficientsArray b SIZEOF
ar CoefficientsArray b);
stParams.pDigitalFilterData ADR

)

ADR (

SIZEOF (

ADR (

SIZEOF (

ADR( ar_stDigitalFilterData

StParams.nDigitalFilterDataislZEOF SIZEOF (
ar stDigitalFilterData );
fbDigitalFilter ( fIn := fIn,

eMode := eMode,

stParams := stParams,

fout => fout,

eErrorId => eErrorId,

bError => bError);
Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.lb6
TwinCAT v2.9, build 956 onwards |BX [» 10] TcControllerToolbox.lbx

5.5.4

FB_CTRL_MOVING_AVERAGE

fn

hSync
emode
hHold
stParams &

MlanSyncvalue

FE_CTRL_MOVING_AVERAGE
fout
eErrorid
hError

The function block provides a moving mean value filter in the functional diagram.

The arithmetic mean of the last n values is calculated.
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The programmer must create an array, ARRAY [ 1.. n] of FLOAT, in which the function block can store the
data that it requires internally.

VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E CTRL MODE;
bHold : BOOL;
END_VAR

fln : Input variable for the moving average filter.

fManSyncValue : Input value to which the moving average filter can be set, or that is issued at the output in
manual mode.

bSync : A rising edge at this input sets the moving average filter to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [P_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL _STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END_VAR

fOut : Output of the moving average filter.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL MOVING AVERAGE PARAMS;
END VAR

stParams : Parameter structure of the moving average filter. This consists of the following elements:

TYPE
ST CTRL_MOVING AVERAGE PARAMS:
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller
cycle time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle
time [TIME] *)
nSamplesToFilter : UINT;
pWorkArray ADR : POINTER TO FLOAT := 0;
nWorkArray SIZEOF : UINT = 0;
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.
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tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every

cycle this corresponds to the task cycle time of the calling task.
nSamplesToFilter : The number of values, n, whose arithmetic average value is calculated.
pWorkArray_ADR : The address of the array where the input values are temporarily stored.

nWorkArray_SIZEOF: Size of the WorkArray.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.5.5 FB_CTRL_LEAD LAG

FE_CTRL_LEAD LAG
1fln foutr
JfhdanSyncvalue eotater
{bSwvnc eErrarldf
1etdode bErrart
1bHaold
1stFarams &

The function block represents a digital lead/lag filter.

Transfer function:

L ]_—I—TlS

G = 175
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Step response with T2 > T1:
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Step response with T1 > T2:
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The step response at time T=0is T1/ T2.

VAR_INPUT

VAR _INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL_MODE;
END_ VAR

fin : Input value of the notch filter.

1.8
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fManSyncValue : Input value that is output at the output in manual mode.

bSync : Reserve.

eMode : Input that specifies the operation mode [P_16] of the function block.

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : lead/lag filter output.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL LEAD LAG FILTER PARAMS;
END VAR

stParams : Parameter structure of the lead/lag filter. This consists of the following elements:

TYPE

ST CTRL LEAD LAG FILTER PARAMS:STRUCT tCtrlCycleTime : TIME :=
T#0ms; (* controller cycle time [TIME] *) tTaskCycleTime : TIME :=
T#0ms; (* task cycle time [TIME] *) tT1 : TIME :=

T#O0ms; (* T1 *)
tT2 : TIME := T#0ms; (* T2 *)END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tT1 : T1, see G(s)
tT2 : T2, see G(s)

Requirements

Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9, build 956 onwards |BX [» 10] TcControllerToolbox.lbx
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5.5.6 FB_CTRL_NOISE_GENERATOR (only on a PC system)
FE_CTRL_MOISE_GEMERATOR
{MlansSyncyalue fioutr
{eilode eStatel
{stParams = eErrarldr
hErrark

This function block generates a noise signal on the basis of the pseudo-random number in the range [ -
fAmplitude/2 ... fAmplitude/2 ] .

Output signal:
10.0

-10.0

| | | | | | | | | | |
0.00 0.50 1.00 1.50 2.00 2.480 3.00 3.50 4.00 4.50 5.00

Fig. 3: FB_CTRL_NOISE_GENERATOR_OUT

Output signal with an amplitude of 5.0.

VAR_INPUT
VAR INPUT
fManSyncValue : FLOAT;
eMode : E_CTRL_MODE;
END VAR

fManSyncValue : Input magnitude whose value is sent to the output in manual mode.

eMode : Input that specifies the block's operating mode [P_16].

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E _CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the noise generator.
eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.
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VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL NOISE GENERATOR PARAMS;
END VAR

stParams : Parameter structure of the noise generator. This consists of the following elements:

TYPE
ST CTRL NOISE GENERATOR PARAMS:
STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] )

fAmplitude : FLOAT = 0;
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fAmplitude : Amplitude of the output signal. A noise signal extending over the range [ -fAmplitude/2.0 ...
fAmplitude/2.0 ] is created at the function block's output.

Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
5.5.7 FB_CTRL_NOTCH_FILTER
FE_CTRL_MOTCH_FILTER
1fln fOutp
{fkdan*alue eStater
1ekdode eErrorldt
1stParams bErrart

The function block represents a digital notch filter.

Transfer function:
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Bode diagram:
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e = (.25
VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL_MODE;
END VAR
fin : Input value of the notch filter.
fManValue : Input value that is output at the output in manual mode.
eMode : Input that specifies the operation mode [P_16] of the function block.
VAR_OUTPUT
VAR OUTPUT
fout : FLOAT;
eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
END VAR
fOut : notch filter output.
eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
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bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL NOTCH FILTER PARAMS;
END VAR

stParams : Parameter structure of the notch filter. This consists of the following elements:

TYPE

ST CTRL NOTCH FILTER PARAMS:STRUCT tCtrlCycleTime : TIME :=
T#0ms; (* controller cycle time [TIME] *) tTaskCycleTime : TIME :=
T#0ms; (* task cycle time [TIME] *) fNotchFreq : FLOAT := 0;

(* [Hz] *) fBandwidth : FLOAT := 0;

(* Bandwidth in Hz = fBandwidth*fNotchFreq *)END STRUCTEND TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fNotchFreq : Notch frequency in Hz
fBandwidth : Bandwidth related to the notch frequency: bandwidth in Hz = fNotchFreq * fBandwidth

Requirements

Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9, build 956 onwards |BX [» 10] TcControllerToolbox.lbx
5.5.8 FB_CTRL_PT1

FB_CTRL_PTI
—fln foutk
—~ManSyncialue eErrarld-
—hSync hErrark
—ehode
—hHaold
—ztParams =

The function block provides a PT1 transfer element in the functional diagram.

Transfer function:

1

Gls)=K,———
[“j} pl+TJH
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Step response:
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VAR_INPUT
VAR INPUT

fIn : FLOAT;

fManSyncValue : FLOAT;

bSync : BOOL;

eMode : E_CTRL_MODE;

bHold : BOOL;
END VAR

fin : Input value of the PT1 element.

fManSyncValue : Input value to which the PT1 element can be set, or that is issued at the output in manual
mode.

bSync : A rising edge at this input sets the PT1 element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the PT1 element.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL PT1 PARAMS;
END VAR

stParams : Parameter structure of the PT1 element. This consists of the following elements:
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TYPE
ST _CTRL_PT1 PARAMS :
STRUCT
tCtrlCycleTime : TIME
time [TIME] *)
tTaskCycleTime : TIME
[TIME] *)
fKp : FLOAT

T#0ms; (* controller cycle

T#0ms; (* task cycle time

07 (* proportional gain
*)
tT1 : TIME := T#0ms; (* Tl *)
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient

tT1 : Time constant

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX[» 10] TcControllerToolbox.lbx
5.5.9 FB_CTRL_PT2

FB_CTRL_PTZ2
—fln fout-
—{Manvalue eErrorldf-
—{eMode bErrarE-
—bHald
—stParams =

The function block provides a non-oscillating PT2 transfer element in the functional diagram.

Transfer function:

1 1
Fl-%Tqu-+TEH

G(s) =K
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Step response:
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VAR_INPUT
VAR INPUT

fIn : FLOAT;

fManValue : FLOAT;

eMode : E_CTRL MODE;

bHold : BOOL;

END VAR
fln : Input value of the PT2 element.

fManValue : Input value that is output in manual mode.

eMode : Input that specifies the operation mode [P_16] of the function block.

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END_ VAR

fOut : Output of the PT2 element.

eState : State of the function block.

nErrorID : Returns the ADS error number [P_16] when the bError output is set.

bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN _OUT
stParams : ST _CTRL PT2 PARAMS;
END VAR

stParams : Parameter structure of the PT2 element. This consists of the following elements:

TYPE
ST CTRL_PT2 PARAMS :
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
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time [TIME] *)

tTaskCycleTime : TIME T#0ms; (* task cycle time
[TIME] *)

fKp : FLOAT = 0; (* proportional gain
*)

tT1 : TIME = T#Oms; (* T1 *)

tT2 : TIME = T#0ms; (* T2 *)
END STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient
tT1 : Time constant T1
tT2 : Time constant T2

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx

5.5.10 FB_CTRL_PT2oscillation

FB_CTRL_PTZoscillation
—fln fiuti-
—Mtantfalue eErrorldr
—ehlode hError
—hHold
—stFarams &

The function block provides an oscillating PT2 transfer element in the functional diagram.

Transfer function:

1

Gls) =K '
(5) P14+ 20Tgs + T2 2
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Step response:
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VAR_INPUT
VAR INPUT

fIn : FLOAT;

fManValue : FLOAT;

eMode : E_CTRL MODE;

bHold : BOOL;
END_VAR

fln : Input variable of the oscillating PT2 element.
fManValue : Input value that is output in manual mode.

eState : State of the function block.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PT2 element.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL PT2oscillation PARAMS;
END VAR

stParams : Parameter structure of the oscillating PT2 element. This consists of the following elements:

TYPE
ST CTRL PT2oscillation PARAMS :
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
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time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fKp : FLOAT
gain *)

fTheta : FLOAT := 0; (* damping ratio

I
o

(* proportional

*)

tT0 : TIME
END STRUCT
END_TYPE

T#0ms; (* TO *)

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Proportional coefficient
fTheta : Damping ratio

tTO : Characteristic time

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.5.11 FB_CTRL_PT3

FE_CTRL_PT2
—fln fout-
—Manalue eErroridr-
—ehlode hError-
—hHold
—stFarams &

The function block provides a non-oscillating PT3 transfer element in the functional diagram.

Transfer function:

, 1 1 1
I‘i:ﬂ
1 +T1s81+T5s81 +1js
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Step response:
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VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
eMode : E_CTRL MODE;
bHold : BOOL;
END_VAR

fin : Input value of the PT3 element.

fManValue : Input value that is output in manual mode.

eMode : Input that specifies the block's operating mode [P_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PT3 element.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST _CTRL PT3 PARAMS;
END_VAR

stParams : Parameter structure of the PT3 element. This consists of the following elements:

TYPE
ST CTRL PT3 PARAMS :
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)
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tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fKp : FLOAT = 0; (* proportional gain
*)

tT1 : TIME = T#Oms; (* T1 *)

tT2 : TIME = T#Oms; (* T2 *)

tT3 : TIME = T#0ms; (* T3 *)
END STRUCT
END TYPE>

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient
tT1 : Time constant T1

tT2 : Time constant T2p

tT3 : Time constant T3

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx

5.5.12 FB_CTRL_PTn

FE_CTRL_PThH
—fln fout-
—fhlamfalue eErrarldi-
—eMode hErrar-
—{bHald
—stParams e

This function block provides a non-oscillating PTn transfer element with (n<= 10) and equal time constants in
the functional diagram.

Transfer function:

1

G[H} = .ﬁ.:ﬂ—[l +T1J H]I”
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Step response with n=10:
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VAR_INPUT
VAR _INPUT

fIn : FLOAT;

fManValue : FLOAT;

eMode : E_CTRL_MODE;

bHold : BOOL;
END_ VAR

fin : Input value of the PTn element.

fManValue : Input value that is output in manual mode.

eMode : Input that specifies the block's operating mode [»_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E CTRL STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PTn element.

eState : State of the function block.

eErrorld : Supplies the error number [P_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST_CTRL_PTn_PARAMS;
END VAR

stParams : Parameter structure of the PTn element. This consists of the following elements:

TYPE
ST _CTRL_PTn_ PARAMS :
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)
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tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fKp : FLOAT = 0; (* proportional gain
*)

tT1 : TIME := T#0ms; (* T1 *)
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient

tT1 : Time constant T1

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx

5.5.13 FB_CTRL_PTt

FE_CTRL_PTt
—fln Ot
—ManSynchalue hSampleRateChangedl
—hSyne eErrarldl-
—ehlode hErrar
—=tParams

The function block provides an PTt transfer element in the functional diagram.

Transfer function:

G(s) = Kp- e Tts

This function block contains internally an array of 500 elements with which the input values can be delayed.
Using tCtrICycleTime yields a maximum delay of 500 * tCtrICycleTime. If this maximum delay is insufficient,
the sampling time is extended internally to make it possible to reach the requested dead time. It should,
however, be remembered that this process involves increasing the time between the discretisation steps. If a
new sampling time has been calculated, this is indicated by a TRUE on the bSampleRateChanged output.

VAR_INPUT

VAR _INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
END VAR

fin : Input variable of the PTt element.

fManSyncValue : Input value to which the PTt element can be set, or that is issued at the output in manual
mode.
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bSync : Arising edge at this input sets the PTt element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [P _16].

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
bSampleRateChanged : BOOL;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the PTt element.

bSampleRateChanged : Output that indicates whether the block has internally reduced the sampling rate
because of the array being used to delay the input signal not otherwise providing sufficient room.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL PTt PARAMS;
END VAR

stParams : Parameter structure of the PTt element. This consists of the following elements:

TYPE
ST CTRL_PTt PARAMS :
STRUCT
tCtrlCycleTime : TIME
time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)
fKp : FLOAT = 0; (* proportional gain

T#0ms; (* controller cycle

*)

tTt : TIME
END_STRUCT
END TYPE

T#O0ms; (* Tt *)

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient

tTt : Dead time

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
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5.5.14 FB_CTRL_SERVO _MOTOR_SIMULATION (only on a PC
system)
FBE_CTRL_SERVO_MOTOR_SIMULATION
{bmovePos MotorPositont
{bMoveneny MiotorStater
{MlanSyncfalue hilpperlimitSwitchr
{1bSync hLowerLimitSwitchi
{1edode eStatel
1stParams = eErrorldp
hErrorE

The behavior of an actuator can be simulated with this function block.

Behavior of the output:

flScope Wi 1 350— 80T
B brovepos 7.00—
B8 bMoveNeg 300— | |
B&| frotorPosition 280 B.00
B bUpperLimitswitch T 5.00— \_/
B8 bLowerLimitSwitch 00— 4 op | |
150— 3.un—f |_| |
100— 2.00
o 100
0.00—
Ll
VAR_INPUT
VAR _INPUT
bMovePos : BOOL;
bMoveNeg : BOOL;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
END VAR
bMovePos : Input that moves the simulated actuator in the positive direction.
bMoveNeg : Input that moves the simulated actuator in the negative direction.

fManSyncValue
takes place in manual mode.

: Input with which the simulated motor position can be set, or the value to which movement

bSync : A rising edge at this input sets the simulated motor position to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [P_16].
VAR_OUTPUT
VAR OUTPUT
fMotorPositon : FLOAT; (* [ fMovingRangeMin ... fMovingRangeMax ] *)
fMotorState : FLOAT; (* [ 0 ... 100 1 *)
bUpperLimitSwitch : BOOL;
bLowerLimitSwitch : BOOL;
eState : E_CTRL_STATE;
eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END_VAR
fMotorPosition : Simulated motor position in the range [ fMovingRangeMin ... fMovingRangeMax ].
fMotorState : Simulated motor position in the range [0 ... 100.0 ].
bUpperLimitSwitch : Simulated limit switch at the actuator's positive stop.
bLowerLimitSwitch : Simulated limit switch at the actuator's negative stop.
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eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST _CTRL SERVO MOTOR SIMULATION PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL SERVO MOTOR SIMULATION PARAMS:
STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller
cycle time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle
time [TIME] *)

fMovingRangeMin : FLOAT := 0; (* min position
in the moving range, e.g. 0° *)

fMovingRangeMax : FLOAT := 0; (* max position
in the moving range, e.g. 360° %)

tMovingTime : TIME := T#0ms; (* time to move
from the min to the max *)

tDeadTime : TIME := T#0ms; (* wait dead
time before starting the movement *)
END STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fMovingRangeMin : Minimum position of the simulated actuator.
fMovingRangeMax : Maximum position of the simulated actuator.
tMovingTime : The time required to move the simulated actuator from one stop to the other.

tDeadTime : Dead time of the simulated actuator.

Requirements

Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

5515  FB_CTRL_TuTg

FE_CTRL_TuTg
—fln fout
ManSyncialue hSampleRateChanged
—hSync eErrorld
—ehlode hErrorE
—hHold
—stFarams &

The function block provides a TuTg transfer element (a dead time delay element) in the functional diagram.
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Transfer function:
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VAR_INPUT
VAR INPUT
fIn : FLOAT;
fManSyncValue : FLOAT;
bSync : BOOL;
eMode : E_CTRL MODE;
bHold : BOOL;

END_ VAR
fln : Input value of the TuTg element.

fManSyncValue : Input value to which the TuTg element can be set, or that is issued at the output in
manual mode.

bSync : A rising edge at this input sets the TuTg element to the value fManSyncValue.

eMode : Input that specifies the block's operating mode [P_16].

bHold : A TRUE at this input will hold the internal state (and therefore also the output) constant at its current
value, independently of the input value.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
bSampleRateChanged : BOOL;
eState : E_CTRL_STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the TuTg element.

bSmpleRateChanged : Output that indicates whether the block has internally reduced the sampling rate
because of the array being used to delay the input signal not otherwise providing sufficient room.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.
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bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST CTRL TuTg PARAMS;
END_VAR

stParams : Parameter structure of the TuTg element. This consists of the following elements:

TYPE
ST _CTRL TuTg PARAMS :
STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fKp : FLOAT = 0; (* proportional gain
*)

tTu : TIME = T#0ms; (* dead time *)

tTg : TIME = T#O0ms; (* delay time
*)END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fKp : Controller amplification / transfer coefficient
tTu : Dead time

tTg : Time constant

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx

5516  FB_CTRL_ZERO ZONE_DAMPING

FE_CTRL_ZERO_ZOME_DAMEING
{fsetpointvalue faetpointvalueOuty
{ffactualvalue fActualvalueOutt
1ekdode eStater
1stFarams = eErrorldt

bErrort

This function block enables zero point damping to be realized in order to minimize control interventions in the
range | actual value - set value | < e.

Transfer behavior in the time domain:

f.gﬁrgnim_am = [f.gﬁfgm.im_in_ fmrhm!_in}'tanh[ |f.~s4=:f}m1".m_in_fmrhmi_in|";5-'d47.ﬂr,p?'.ng}+fmrhmi_?'.n

.fmfhmi _out = f.sﬁrgnmr _in
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VAR_INPUT
VAR INPUT
fSetpointValue : FLOAT;
fActualValue : FLOAT;
eMode : E_CTRL_MODE;
END_VAR

fSetpointValue : Set value of the controlled variable.

fActualValue : Actual value of the controlled variable.

eMode : Input that specifies the block's operating mode [P_16].

VAR _OUTPUT

VAR OUTPUT
fSetpointValueOut : FLOAT;
fActualValueOut : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fSetpointValueOut : filtered set value to controller.
fActualValueOut : actual value to controller.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError: Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL ZERO ZONE DAMPING PARAMS;
END VAR

w

stParams : Parameter structure of the transmission element. This consists of the following elements:

TYPE
ST CTRL PI PST CTRL ZERO ZONE DAMPING PARAMSARAMS :
STRUCT
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tCtrlCycleTime : TIME := T#0ms; (* controller
cycle time [TIME] ¥*)

tTaskCycleTime : TIME := T#O0ms; (* task cycle time
[TIME] *)

fDampingCoefficient: FLOAT := 0.0; (*damping
coefficient *)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fDampingCoefficient : The parameter corresponds to Ky,ming in the transfer function.

Development environment Target platform PLC libraries to include

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX[» 10] TcControllerToolbox.Ibx

5.6 Interpolation

5.6.1 FB_CTRL_LIN_INTERPOLATION
FE_CTRL_LIM_INTERFOLATION

—fln foutp-

—Manvalue binlsGreaterThankaxElermenty-

—hExtrapolate hinlsLessThanminElement}l

—elode eErrarldf

—=tParams hErrort

This block performs linear interpolation to obtain values on the basis of a table of interpolation points.

Behaviour of the output:

fin fOut

arrTable[1,1] := 10; arrTable[1,2] := 7;
arrTable[2,1] := 15; arrTable[2,2] := 10;
arrTable[3,1] := 21; arrTable[3,2] ;= 9;
arrTable[4,1] := 22; arrTable[4,2] := 2;
arrTable[5,1] := 30; arrTable[5,2] := 3;
arrTable[6,1] := 40; arrTable[6,2] := 6;
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VAR_INPUT
VAR_INPUT

fIn : FLOAT;

fManValue : FLOAT;

bExtrapolate : BOOL;

eMode : E_CTRL MODE;
END_ VAR

fin : Input variable for the interpolation block.
bManValue : Input variable whose value is output in manual mode.

bExtrapolate : If this input is FALSE, then the value of the last interpolation point is output if the limits of the
table are exceeded. If, however, it is TRUE, then extrapolation is performed on the basis of the last two
interpolation points.

eMode : Input that specifies the block's operating mode [P _16].

VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
bInIsGreaterThanMaxElement : BOOL;
bInIslLessThanMinElement : BOOL;
eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Table value from linear interpolation.

binlsGreaterThanMaxElement : A TRUE at this output indicates that the magnitude of the input is greater
than the largest interpolation point.

binlsLessThanMinElement : A TRUE at this output indicates that the magnitude of the input is smaller than
the smallest interpolation point.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL LIN INTERPOLATION PARAMS;
END_ VAR

stParams : Parameter structure of the interpolation element. This consists of the following elements:
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TYPE
ST _CTRL_2POINT PARAMS :
STRUCT
tCtrlCycleTime TIME = T#0ms; (*
controller cycle time [TIME] )
tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] *)
pDataTable ADR : POINTER TO FLOAT := 0;
nDataTable SIZEOF : UINT := 05
nDataTable NumberOfRows : UINT s= 07
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

pDataTable_ADR : Address of the n x 2 array on which linear interpolation is to be carried out
pDataTable_SIZEOF : Size of the n x 2 array.

pDataTable_NumberOfRows : Number of rows of the array.

Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx
5.6.2 FB_CTRL_NORMALIZE
FE_CTRL_MORMALIZE
—fln foutp
—fanvalue hinlzGreaterThanMaxElement}
—hEstrapolate hinlsLessThanminElement}
—emode eStater-
—stParams e eErrorldf
hErrorf

This function block can be used to linearise a non-linear transfer element, with the aid of an inverse
characteristic curve.

The characteristic curve of the transfer element that is to be linearised is stored in the table associated with
this block. The function block uses this to calculate the inverse characteristic curve with which the
linearisation can be carried out.

Sample:

The following valve characteristic curve is stored in the table with 4 interpolation points.
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4 ‘ilve Posttion

Manipulate’d;‘-a‘ariable
Control value Valve position
arrTable[1,1] := -6; arrTable[1,2] := -100;
arrTable[2,1] := -1; arrTable[2,2] := -70;
arrTable[3,1] := 1; arrTable[3,2] := 70;
arrTable[4,1] := 6; arrTable[4,2] := 100;

The inverse characteristic curve is calculated from this characteristic curve:
A oot

In the ideal case, applying these two characteristic curves in series will result in a linear transfer behavior.

4 fout 4 lve Position

-
in Manipulated “ariable
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Y
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VAR_INPUT

VAR INPUT
fIn : FLOAT;
fManValue : FLOAT;
bExtrapolate : BOOL;
eMode : E CTRL MODE;

END_ VAR

fin : Input value.
bManValue : Input variable whose value is output in manual mode.

bExtrapolate : If this input is FALSE, then the value of the last interpolation point is output if the limits of the
table are exceeded. If, however, it is TRUE, then extrapolation is performed on the basis of the last two
interpolation points.

eMode : Input that specifies the block's operating mode [P_16].

VAR_OUTPUT

VAR _OUTPUT
fout : FLOAT;
bInIsGreaterThanMaxElement : BOOL;
bInIsLessThanMinElement : BOOL;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;

END VAR

fOut : Table value from linear interpolation.

binlsGreaterThanMaxElement : A TRUE at this output indicates that the magnitude of the input is greater
than the largest interpolation point.

binlsLessThanMinElement : A TRUE at this output indicates that the magnitude of the input is smaller than
the smallest interpolation point.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL NORMALIZE PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL NORMALIZE PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#0ms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] ¥*)
pDataTableiADR : POINTER TO FLOAT := 0;
nDataTable SIZEOF : UINT := 0;
nDataTable NumberOfRows : UINT = 0;
END_ STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

pDataTable_ADR : Address of the n x 2 array on which linear interpolation is to be carried out
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pDataTable_SIZEOF : Size of the n x 2 array.

pDataTable_NumberOfRows : Number of rows of the array.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX[» 10] TcControllerToolbox.lbx

5.7 Monitoring / Alarming

5.7.1 FB_CTRL_CHECK_IF_IN_BAND

FE_CTRL_CHECE_IF_IN_BAMD
fin hinBand
stFarams & hlotinBand

eErrord
hErrar

This function block monitors whether the input value is within the range [ fMin ... fMax ], i.e. whether the
inequality

fMin < fin < fMaz
is satisfied.

VAR_INPUT

VAR INPUT
fIn : FLOAT;
END VAR

fln : The input variable to be monitored.

VAR _OUTPUT

VAR OUTPUT
bInBand : BOOL;
bNotInBand : BOOL;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END VAR

bInBand : A TRUE at this output indicates that the input value is within the specified range.
bNotinBand : A TRUE at this output indicates that the input value is not within the specified range.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR_IN_OUT
stParams : ST CTRL CHECK IF IN BAND PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:
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TYPE ST CTRL CHECK IF IN BAND PARAMS:

STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)

fMin : FLOAT;

fMax : FLOAT;
END STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input variable to calculate internally whether the state and
the output variables have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the block is called in every cycle this
corresponds to the task cycle time of the calling task.

fMin : Lower limit of the range.

fMax : Upper limit of the range.

Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx
5.7.2 FB_CTRL_LOG_DATA (only on a PC system)
FE_CTRL_LOG_DATA
{fLogData eStater
{1edode hFileOpent
1stParams = bFileClosedr
hBusy
fBufferlsager
eErraridf
bErrare

This function block allows a log file to be created in *.csv format (comma separated values), in which a
maximum of 10 variables may be recorded. The column titles specified by the user are written in the first row
of this file. The input data is written at equal time intervals in the following rows. The individual entries are
separated by a comma. The time interval between the entries is specified in the tLogCycleTime parameter.
If, for instance, tLogCycleTime := T\#2s is chosen, then an entry is made in the file every 2 s. The files that
were generated can be analyzed with a spreadsheet program, for example.

The timestamp of the log entry, in s, is stored in the first column of the file. The other columns contain the
data of the function block input fLogData.

@® When the mode is set to eCTRL_MODE_ACTIVE the log file is opened and entries are written into
the file. The file remains open until the function block's mode is set to eCTRL_MODE_PASSIVE. It

1 is essential that the file is closed by switching into eCTRL_MODE_PASSIVE before attempting to
analyze the log file. If this is not done, it is possible that not all the entries will be written into the file.

The function block makes it possible to work with or without an external buffer. The external buffer is used if
a buffer address and a buffer size different from zero are parameterized. In the absence of an external
buffer, an internal buffer with the size of 255 bytes is used.

Operating without an |The bBusy output is TRUE when the logging of a row has been started. The
external buffer: following data set will not be logged until the bBusy output is FALSE again. The
fBufferUsage output indicates how full the internal buffer is.
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Operating with an The user must create a buffer of the type ARRAY OF BYTES larger than 255 bytes.
external buffer: The individual messages are temporarily stored in the external buffer and this buffer
is written to the file as soon as possible. The fBufferUsage output indicates how
full the buffer is. The function block is stopped and an error is output if the buffer

overflows.

VAR_INPUT
VAR INPUT

fLogData : T_CTRL_LOGGER_DATA;

eMode  : E CTRL MODE;
END_ VAR
VAR_GLOBAL CONSTANT

nCTRLiLOGGERiDATAiARRAYisIZE :UINT := 10;
END_ VAR
TYPE

T7CTRL7LOGGER7DATA :ARRAY [1..nCTRLiLOGGERiDATAiARRAYisIZE]
OF FLOAT;
END_TYPE

fLogData : Array containing the values that are to be written into the log file.

eMode : Input that specifies the block's operating mode [P_16].

VAR_OUTPUT
VAR _OUTPUT
eState : E_CTRL_STATE;
bFileOpen : BOOL
bFileClosed : BOOL
fBufferUsage : FLOAT (* Buffer fill level in percent [0 ... 100] ¥*)
bBusy : BOOL
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;
END VAR

eState : State of the function block.

bFileOpen : A TRUE at this output indicates that the file has successfully been opened.
bFileClosed : A TRUE at this output indicates that the file has successfully been closed.
fBufferUsage : Current fill level of the used buffer in percent.

bBusy : A TRUE at this output indicates that logging a row is active.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST _CTRL_LOG_DATA PARAMS;
END VAR

stParams : Parameter structure of the logging block. This consists of the following elements:

TYPE ST CTRL LOG DATA PARAMS

STRUCT

tLogCycleTime : TIME := T#Oms; (* controller cycle time
[TIME] *)

tTaskCycleTime : TIME := T#0Oms; (* task cycle time [TIME]
*)

sFileName : STRING;

sNetId : T AmsNetId := ''; (* ams net id

*)
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tFileOperationTimeout : TIME := T#3s; (* file operation timeout
*)

nNumberOfColumns : INT(1..10);

arColumnHeadings : ARRAY [1..10] OF STRING;

bAppendData : BOOL := FALSE;

bWriteTimeStamps : BOOL := TRUE;

bWriteColumnHeadings : BOOL := TRUE;

bWriteAbsoluteTimeStamps : BOOL := FALSE; (* Set to true if the

NT-time form the local machine should logged in the first column.
*)

(* The log cycle time must than be greater or equal T#5s!!!

*)

pLogBuffer ADR : POINTER TO BYTE;
nLogBuffer SIZEOF : UDINT;

END STRUCT

END TYPE

tLogCycleTime : Cycle time with which entries are written into the log file. This must be greater than or
equal to the TaskCycleTime.

tTaskCycleTime : Cycle time with which the function block is called. If the block is called in every cycle this
corresponds to the task cycle time of the calling task.

sFileName : Name and path of the log file, e.g.: d:\Lodfile.csv.

sNetld : The file is written on the system with this net id.
tFileOperationTimeout : Timeout for all file operations.
nNumberOfColums: Number of columns written into the file (maximum 10).
arColumnHeadings: Array of strings that contain the column headings.

bAppendData : If this parameter is TRUE, then new data sets are appended when a file is opened again.
Otherwise the file is overwritten without query, and this will delete any content that already exists.

bWriteTimeStamps : If this parameter is set to TRUE, the time stamp of the measurement is written into the
first column of the file.

bWriteColumnHeadings : If this parameter is set to TRUE, the column headers are written into the first row
of the file.

bWriteAsoulteTimeStamps : If true, the NT-time from the local system is used as timestamp. In this case,
the minimum log cycle time is 5s!

pLogBuffer_ADR : Address of the external LogBuffer. To be recognised, the buffer's address must be
unequal to 0.

nLogBuffer_SIZEOF : Size of the LogBuffer. The buffer must be an ARRAY OF BYTE with at least 256
elements. The size of the buffer can be optimised with the aid of the fBufferUsage output.

The parameter set can only be changed when the file is closed (bFileClosed = TRUE)! Otherwise, errors
can occur during file handling!
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Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
5.7.3 FB_CTRL_LOG_MAT_FILE (only on a PC system)
FE_CTRL_LOG_MAT_FILE
fLogData eStatet
ehode hFileCpent
stParams o hFileClozed;
hBusyt
fBufferllsanet
hloggedColumnst
eErrarld}
hErrort

This function block allows a log file to be created in Matlab 5 (*.mat) format, in which a maximum of 10
magnitudes may be recorded.

Two variables are created in the file, a double array and a cell array. The recorded magnitudes are recorded,
line-by-line, in the double array. The identifiers of the individual rows are stored in the cell array. The user
can specify the name used for the double array in the function block's parameter structure. The name of the
cell array is derived from the name of the double array by appending " _Info" to the variable name.

The input data is written at equal time intervals in the columns of the data array. A time stamp for the
relevant entry, in s, can be stored in the first column. The time interval between the entries is specified in the
tLogCycleTime parameter. If, for instance, tLogCycleTime := T\#2s is chosen, then an entry is made in the
file every 2 s.

@® When the mode is set to eCTRL_MODE_ACTIVE the log file is opened and entries are written into
the file. The file remains open until the function block's mode is set to eCTRL_MODE_PASSIVE. It

1 is essential that the file is closed by switching into eCTRL_MODE_PASSIVE before attempting to
analyze the log file. If this is not done, it is possible that not all the entries will be written into the file,
which will then not be consistent.

The function block makes it possible to work with or without an external buffer. The external buffer is used if
a buffer address and a buffer size greater than zero are parameterized. In the absence of an external buffer,
an internal buffer with the size of 1500 bytes is used.

Operating The bBusy output is TRUE when the logging of a row has been started. The following
without an data set will not be logged until the bBusy output is FALSE again. The fBufferUsage
external buffer: |output indicates how full the internal buffer is.

Operating with | The user must create a buffer of the type ARRAY OF BYTES, which is larger than 1500
an external bytes.

buffer: The individual messages are temporarily stored in the external buffer and this buffer is
written to the file as soon as possible. The fBufferUsage output indicates how full the
buffer is. The function block is stopped and an error is output if the buffer overflows.

VAR_INPUT
VAR_INPUT
fLogData : T_CTRL_LOGGER_DATA;
eMode : E_CTRL_MODE;
END VAR
VAR GLOBAL CONSTANT
nCTRL LOGGER DATA ARRAY STIZE :UINT := 10;
END VAR
TYPE
T CTRL LOGGER DATA :ARRAY [1..nCTRL LOGGER DATA ARRAY SIZE]
OF FLOAT;
END_TYPE
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fLogData : Array containing the values that are to be written into the log file.

eMode : Input that specifies the block's operating mode [P _16].

VAR_OUTPUT

VAR OUTPUT
eState : E_CTRL_STATE;
bFileOpen : BOOL
bFileClosed : BOOL
fBufferUsage : FLOAT (* Buffer f£ill level in percent [0 ... 100] *)
nLoggedColumns : DINT;
bBusy : BOOL
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END_VAR

eState : State of the function block.

bFileOpen : A TRUE at this output indicates that the file has successfully been opened.
bFileClosed : A TRUE at this output indicates that the file has successfully been closed.
fBufferUsage : Current fill level of the external buffer as a percentage.
nLoggedColumns : Number of columns written in the file.

bBusy : A TRUE at this output indicates that logging a row is active.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL LOG MAT FILE PARAMS;
END VAR

stParams : Parameter structure of the logging function block. This consists of the following elements:

TYPE
ST CTRL LOG MAT FILE PARAMS:
STRUCT
tLogCycleTime : TIME := T#Oms; (* controller cycle
time [TIME] *)
tTaskCycleTime : TIME := T#0Oms; (* task cycle time
[TIME] *)
sFileName : STRING;
nNumberOfRows : INT(1..10);
sMatrixName : STRING;
arRowDescription : ARRAY [1..10] OF STRING(25);
bWriteTimeStamps : BOOL := TRUE;
bWriteRowDescription : BOOL := TRUE;
pLogBuffer ADR : POINTER TO
ST CTRL_MULTIPLE PWM OUT DATA;
nLogBuffer SIZEOF : UDINT;
END_STRUCT
END TYPE

tLogCycleTime : Cycle time with which entries are written into the log file. This must be greater than or
equal to the TaskCycleTime.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

sFileName : Name and path of the log file, e.g.: d:\Logdfile.mat.
nNumberOfRows : Number of columns written into the file (maximum 10).
sMatrixName : Name of the data array.

arRowDescription : Array of strings that contain the line headings.
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bWriteTimeStamps : If this parameter is set to TRUE, the time stamp of the measurement is written into the
first row of the data array.

bWriteRowDescription : If this parameter is set to TRUE a cell array is created into which the descriptions
of the rows are written.

pLogBuffer_ADR : Address of the external LogBuffer. To be recognized, the buffer's address must be
unequal to 0.

nLogBuffer_SIZEOF: Size of the LogBuffer. The buffer must be an ARRAY OF BYTE with at least 1501
elements. The size of the buffer can be optimized with the aid of the fBufferUsage output.

The parameter set can only be changed when the file is closed (bFileClosed = TRUE)! Otherwise errors
can occur during file handling!

Sample

PROGRAM PRG LOG MAT FILE TEST BUFFERED

VAR
eMode : E_CTRL MODE;
stParams : ST_CTRL_LOG_MAT FILE PARAMS;
LoggerData : T _CTRL LOGGER DATA;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
fbCtrlLogMatFile : FB_CTRL LOG MAT FILE;
LogBuffer : ARRAY[0..2000] OF BYTE;
bInit : BOOL := TRUE;
fIn : LREAL;
fout : LREAL;
fMaxBufferUsage : LREAL;

END VAR

IF bInit

THEN
stCtrl GLOBAL CycleTimeInterpretation.bInterpretCycleTimeAsTicks := FALSE;
stCtrl GLOBAL CycleTimeInterpretation.fBaseTime := 0;
stParams.tLogCycleTime := T#2ms;
stParams.tTaskCycleTime := T#2ms;
stParams.nNumberOfRows 1= 3;
stParams.sFileName = 'D:\test.mat';
stParams.sMatrixName = 'TwinCAT_ControllerToolbox_Log';
stParams.arRowDescription([1] := 'Input';
stParams.arRowDescription([2] := 'Output 1';
stParams.arRowDescription[3] = 'Output 2';
stParams.bWriteRowDescription := TRUE;
stParams.bWriteTimeStamps := TRUE;
eMode  := eCTRL MODE ACTIVE;
bInit := FALSE;

END IF

stParams.nLogBuffer SIZEOF := SIZEOF ( LogBuffer );

stParams.pLogBuffer ADR := ADR( LogBuffer );

(* creat test data *)
fIn := fIn + 0.01;
fOut := SIN(fIn);

(* copy test data to the Logger-Input ¥*)
LoggerData[ 1 ] := fIn;
LoggerDatal[ 2 ] := fOut;
LoggerData[ 3 1] fout * 2;

(* log only 1000 columns *)
IF fbCtrlLogMatFile.nLoggedColumns >= 25
THEN
eMode := eCTRL_MODE Passive;
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END IF

(* call logger *)

fbCtrlLogMatFile ( fLogData := LoggerData,
eMode := eMode,
stParams :=stParams,

eErrorId => eErrorId,
bError => bError);

(* get max buffer usage ¥*)
fMaxBufferUsage := MAX (fbCtrlLogMatFile.fBufferUsage, fMaxBufferUsage);

Eile:

0O g’:| I B o o | 1 | 2 |Current Directary: | D:'ProjectMatiah

Edit Wiew ‘Web ‘Window Help

Command W

= | | =] | iy ] Stm:laase 'I >» load|'d:‘test.mat'); =
»» TwinCAT ControllerToolbox_Log Info!
Name Size Evytes|Class
FH TwincaT_controllerToolbex_Log 4v25 800 | double array || |50 =
TwinCAT ControllerToolbox_Log Info |4xl 312 | cell
m —-ontrollerinolbox_Log into =& Areay '"Tineitanp in ns' 'Inpuat! 'Output 1! 'Outpuat 2'
@ans 254 500 | double array
=> TwinCAT ControllerToolbox_Log!
ans =
i 0.0100 0.0100 0.0200
0.0020 0.0200 0.0200 0.0400
0.0040 0.0300 0.0300 0.0600
0.0060 0.0400 0.0400 0.0800
0.0080 0.0500 0.0500 0.1000
0.0100 0.0600 0.0600 0.1199
0.0120 0.0700 0.0699 0.1399
0.0140 0.0800 0.0799 0.1598
0.0160 0.0900 0.0899 0.1798
0.0180 0.1000 0.0995 0.1997
0.0200 0.1100 0.1096 0.2196
0.0220 0.1200 0.1197 0.2394
0.0z40 0.1300 0.1296 0.2593
0.0za0 0.1400 0.1395 0.2791
0.0z80 0.1500 0.1454 0.29589
0.0300 0.1e00 0.1593 0.3186
0.0320 0.1700 0.1692 0.3384
0.0340 0.1500 0.1790 0.3581
0.0360 0.1900 0.1889 0.3777
0.0380 0.2000 0.1957 0.3973
0.0400 0.2100 0.2085 0.4169
0.0420 0.2200 0.zls2 0.4365
0.0440 0.2300 0.2280 0. 4560
0.04a60 0.z2400 0.2377 0.4754
0.04580 0.2500 0.2474 0.4943
= |
¥
| Warkspace Current Directory 1 G
4\ Start |
Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
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5.8 Output To Controlling Equipment
5.8.1 FB_CTRL_DEADBAND
FE_CTRL_DEADBAMD
fin foutl-
HztParams = hinlsUndetThreshold-
eErrorld-
hErrork

This block provides a dead band for the input signal. If the input signal is within the dead band, this is
indicated by the binlsUnderThreshold output.

Description of the output behaviour:

0.0 fin| < fThreshold
fin : else

fm;r =

Aot

fThreshold

fThreshold

VAR_INPUT

VAR_INPUT
fIn : FLOAT;
END VAR

fln : Input value.

VAR_OUTPUT

VAR _OUTPUT
fout : FLOAT;
bInIsUnderThreshold : BOOL;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the function block.
binlsUnderThreshold : A TRUE at this output indicates that the input value is within the dead band.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.
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VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL DEADBAND PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL_DEADBAND PARAMS:
STRUCT
tCtrlCycleTime : TIME := T#0ms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] ¥*)
fThreshold : FLOAT;
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fThreshold : The function block's dead band, see image.

Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx
5.8.2 FB_CTRL_LIMITER
FB_CTRL_LIMITER
—fn foutr
—{stParams & hitdinLirnit-
b axLirmit-
eErrorldf-
bErrar-

This block limits an input signal to a parameterisable interval.
Description of the output behaviour:

Aot

il axutput

— flinOutput
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VAR_INPUT

VAR INPUT
fIn : FLOAT;
END VAR

fln : Input value for the function block.

VAR_OUTPUT
VAR OUTPUT
fout : FLOAT;
bMinLimit : BOOL;
bMaxLimit : BOOL;
eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the function block.

bMinLimit : A TRUE at this output indicates that the output has reached the lower limit.
bMaxLimit : A TRUE at this output indicates that the output has reached the upper limit.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR IN OUT
stParams : ST CTRL_LIMITER PARAMS;
END_ VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST_CTRL_LIMITER PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#0ms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] *)
fMinOutput : FLOAT;
fMaxOutput : FLOAT;
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fMinOutput : Lower limit at which the output is limited.

fMaxOutput : Upper limit at which the output is limited.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
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5.8.3 FB_CTRL_MULTIPLE_PWM_OUT
FB_CTRL_MULTIFLE_PWih_oUT
{emMode eStatet
{1stParams = eErrorid}
hErrart

This block creates PWM modulated output signals from a number of input signals in such a way that the
temporal relationships between the output signals are arranged so that as few outputs as possible are
switched on at any one time. This temporal arrangement reduces the maximum power necessary required
for the actuators.

Both the minimum switch on time and the minimum switch off time can be parameterised, in addition to the
mark-to-space ratio, in this extended block.

Description of the output behaviour (1):

fRWWMInput g
HinCnTime \
irgd i inCfTime
umaschmh wirgd
- .“_ ___________________________________ urterschritten
-
_ t
bPw mOutBit A
1
0 oo
t
4 bFwmOutBit
T

ol t

: \tF'me'eriud

tPwrnPeriod ™ fPYWh Input A100
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Description of the output behavior (2):

fEVWMInput 4
0 o
1
bPwmOutBitFos &
1
bFwemOutBith el
; L,
. - . t
b it TimeActiv ed thinWaitTime
0 e

t

The programmer must create the following arrays in the PLC if this function block is to be used:

ar_ fPwmInput 8
ARRAY [1..nNumberOfPwmOutputs] OF FLOAT;
ar_stWaitTimesConfig : ARRAY[1..nNumberOfPwmOutputs] OF
ST _CTRL_MULTIPLE PWM OUT TIMES;
ar_stPwmOutputs : ARRAY[1l..nNumberOfPwmOutputs] OF
ST _CTRL_MULTIPLE PWM OUT_OUTPUTS;
ar_stPwmDataVvars : ARRAY[1..nNumberOfPwmOutputs] OF
ST _CTRL_MULTIPLE PWM OUT DATA;

The input values for the individual channels of the PWM function block are written into the ar_fPwminput
array. The programmer can specify the parameterizable times for the individual channels in the
ar_stWaitTimesConfig array. The function block writes the output bits into the ar_stPwmOutputs array. The
internal data required by the function block is stored in the ar_stPwmDataVars array. Under no
circumstances the structures contained in the last-named array may not be changed in the PLC program.
This procedure is also illustrated in the sample program listed below.

VAR_INPUT

VAR _INPUT
eMode : E_CTRL MODE;
END VAR

eMode : Input that specifies the block's operating mode.

VAR_OUTPUT

VAR _OUTPUT

eState : E_CTRL_STATE;

bError : BOOL;

eErrorId : E_CTRL ERRORCODES;
END VAR

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

124 Version: 1.1 TS4100



BECKHOFF PLC-API

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL PWM OUT EXT PARAMS;
END VAR

stParams : Parameter structure of the PWM element. This consists of the following elements:

TYPE
ST CTRL MULTIPLE PWM OUT PARAMS
STRUCT
tTaskCycleTime : TIME; (* PLC/PWM cycle time in
seconds *)
tPWMPeriod : TIME; (* controller cycle time
in seconds *)
nNumberOfPwmOutputs : USINT;
pPwmInputArray ADR : POINTER TO FLOAT := O;
nPwmInputArray SIZEOF : UINT;
pPwmTimesConfig ADR : POINTER TO
ST CTRL_MULTIPLE PWM OUT_ TIMES;
nPwmTimesConfig SIZEOF : UINT;
pPwmOutputArray ADR : POINTER TO
ST CTRL MULTIPLE PWM OUT OUTPUTS;
nPwmOutputArray SIZEOF : UINT;
pPwmData ADR : POINTER TO
ST CTRL MULTIPLE PWM OUT DATA;
nPwmData SIZEOF : UINT;
END_ STRUCT
END TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tPWMPeriod : Period of the PWM signal.

nNumberOfPwmOutputs : Number of PWM outputs. [1...n]
pPwminputArray_ADR : Address of the PWM input array.
nPwminputArray_SIZEOF : Size of the PWM input array in bytes.
pPwmTimesConfig_ADR : Address of the PWM times array.
nPwmTimesConfig_SIZEOF : Size of the PWM times array in bytes.
pPwmbData_ADR : Address of the internal PWM data array.
pPwmData_SIZEOF : Size of the internal PWM data array in bytes.

TYPE
ST _CTRL_MULTIPLE PWM OUT TIMES
STRUCT
tMinOnTime : TIME; (* min. switch on time *)
tMinOffTime : TIME; (* min. switch off time *)
tMinWaitTime : TIME; (* min. waiting time when switching from
pos to neg or vv¥)
END STRUCT
END TYPE

tMinOnTime : Minimum switch-on time of the PWM output.
tMinOffTime : Minimum switch-off time of the PWM output.

tMinWaitTime : Waiting time between switching between a positive and negative output signal.

TYPE
ST CTRL MULTIPLE PWM OUT OUTPUTS
STRUCT
bPwmOutBitPos : BOOL;
bPwmOutBitNeg : BOOL;
bWaitTimeActive : BOOL;
END_ STRUCT
END_ TYPE

bPwmOutBitPos : PWM signal if fPwminput > 0.0.
bPwmOutBitNeg : PWM signal if fPwminput < 0.0.

TS4100 Version: 1.1 125



PLC-API BECKHOFF

bWaitTimeActive : A TRUE at this output indicates that the waiting time between the switching actions of
the output signals is active. This output can be used to hold an | component that may be present in the prior
controller constant during this time.

TYPE
ST CTRL MULTIPLE PWM OUT DATA
STRUCT
Interne Struktur. Auf diese darf nicht schreibend
zugegriffen werden.
END_ STRUCT
END TYPE

Sample:

PROGRAM PRG_MULTIPLE PWM OUT TEST
VAR CONSTANT
nNumberOfPwmOutputs : USINT := 3;
END VAR
VAR
ar_ fPwmInput : ARRAY[1..nNumberOfPwmOutputs] OF
FLOAT;
ar_stWaitTimesConfig : ARRAY[1..nNumberOfPwmOutputs] OF
ST CTRL MULTIPLE PWM OUT TIMES;
ar_stPwmOutputs : ARRAY[1..nNumberOfPwmOutputs] OF
ST CTRL MULTIPLE PWM OUT_ OUTPUTS;
ar_stPwmDataVars : ARRAY[1..nNumberOfPwmOutputs] OF
ST CTRL MULTIPLE PWM OUT DATA;
eMode : E_CTRL_MODE;
stParams 3
ST CTRL MULTIPLE PWM OUT PARAMS;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
fbPwm_Out : FB_CTRL MULTIPLE PWM OUT;
bInit : BOOL := TRUE;
fInl : FLOAT;
fIn2 : FLOAT;
fIn3 : FLOAT;
bOutl pos : BOOL;
bOutl neg : BOOL;
bOut2 pos : BOOL;
bOut2 neg : BOOL;
bOut3 pos : BOOL;
bOut3 neg : BOOL;
END VAR
IF bInit
THEN
(* set values in the local arrays *)
ar stWaitTimesConfig[1l].tMinOnTime := T#500ms;
ar stWaitTimesConfig([1l].tMinOffTime := T#300ms;
ar stWaitTimesConfig[1l].tMinWaitTime := T#3.5s;
ar_ stWaitTimesConfig[2].tMinOnTime := T#400ms;
ar_stWaitTimesConfig[2].tMinOffTime := T#250ms;
ar stWaitTimesConfig[2].tMinWaitTime := T#4.5s;
ar_stWaitTimesConfig[3].tMinOnTime := T#400ms;
ar stWaitTimesConfig[3].tMinOffTime T#200ms;
ar_stWaitTimesConfig[3].tMinWaitTime := T#5.5s;
(* set values in the parameter struct ¥*)
stParams.tTaskCycleTime := T#2ms;
stParams.tPWMPeriod := T#2s;
stParams.nNumberOfPwmOutputs := nNumberOfPwmOutputs;
(* set the ctrl-mode *)
eMode := eCTRL_MODE ACTIVE;
bInit := FALSE;
END IF
(* set the addresses *)
stParams.pPwmTimesConfig ADR := ADR (
ar_stWaitTimesConfig);
stParams.nPwmTimesConfig SIZEOF := SIZEOF (
ar stWaitTimesConfig);
stParams.pPwmInputArray ADR := ADR( ar_fPwmInput );
stParams.nPwnInputArray SIZEOF := SIZEOF( ar_ fPwmInput );
stParams.pPwmOutputArray ADR := ADR( ar stPwmOutputs );
stParams.nPwmOutputArray SIZEOF := SIZEOF ( ar stPwmOutputs );
stParams.pPwmData ADR := ADR( ar_stPwmDataVars );
stParams.nPwmData SIZEOF := SIZEOF( ar_stPwmDataVars
)i
ar fPwmInput[1] fInl;
ar fPwmInput([2] := fIn2;
ar fPwmInput[3] := fIn3;
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fbPwm_Out ( eMode := eMode,
stParams := stParams,
bError => bError,

eErrorId => eErrorId);

bOutl pos := ar stPwmOutputs[l].bPwmOutBitPos;

bOutl neg := ar stPwmOutputs[1l].bPwmOutBitNeg;

bOut2 pos := ar stPwmOutputs[2].bPwmOutBitPos;

bOut2 neg := ar stPwmOutputs[2].bPwmOutBitNeg;

bOut3 pos := ar stPwmOutputs[3].bPwmOutBitPos;

bOut3 neg := ar stPwmOutputs[3].bPwmOutBitNeg;

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.lb6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx

5.8.4 FB_CTRL_PWM_OUT
FE_CTRL_PWh_OUT
—fPwirninfput hPwimOutBitFosE
—ehlode hPwmioutBithegr
—=tParams eErrorldf
hErrort

This block creates a PWM modulated signal on the basis of the input signal.

Description of the output behavior:

This function block creates a PWM signal at the outputs with a mark-to-space ratio corresponding to the
fPwminput input. The mark-to-space ratio is specified at the input in %; the range from -100% to 100% is
available. If a positive value is specified, the pulse width modulated signal is made available at the
bPwmOutBitPos output. If the specified mark-to-space ratio is negative, the signal is output at
bPwmOutBitNeg. These two signals therefore make it possible to control two different actuators, depending
on the arithmetic sign.

If the biInstantPWMUpdate is set to TRUE it is possible to adopt a new input value instantly. The new input
value, in other words, is effective even in the current PWM cycle. If this parameter is FALSE, then a new
input value is only adopted at the start of a new PWM cycle.

& .
bPwmioutBit
T
& 2 v
\ tPwrnPeriod
tPwirmPeriod * fPwrmin A00
VAR_INPUT
VAR_INPUT
fPwmInput : FLOAT; (* controller output = PMW input [-100.0 ... 100.0] *)
eMode : E_CTRL_MODE;
END VAR

fPwminput : Input value.
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eMode : Input that specifies the block's operating mode.

VAR_OUTPUT

VAR OUTPUT
bPwmOutBitPos : BOOL; (* PWM output bit *)
bPwmOutBitNeg : BOOL; (* PWM output bit *)
eState : E_CTRL_STATE;
bError : BOOL;
eErrorId : E_CTRL ERRORCODES;

END_VAR

bPwmOutBitPos : PWM signal, when fPwminput > 0.0.
bPwmOutBitNeg : PWM signal, when fPwminput < 0.0.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN_OUT
stParams : ST _CTRL_PWM OUT_PARAMS;
END VAR

stParams : Parameter structure of the PWM element. This consists of the following elements:

TYPE
ST _CTRL_PWM OUT PARAMS:
STRUCT
tTaskCycleTime : TIME (* task cycle time
[TIME] ¥*)
tPWMPeriod : TIME; (* PWM period
duration [TIME] ¥*)
bInstantPWMUpdate : BOOL;
END_ STRUCT
END TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tPWMPeriod : Period of the PWM signal.

binstantPWMUpdate : If this flag is TRUE, then a new input value is immediately adopted, even in the
present PWM cycle.

Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [»_10] TcControllerToolbox.lbx
5.8.5 FB_CTRL_PWM_OUT_EXT
FE_CTRL_PWh_QUT_EXT

HPuwrmlnfput hPwmOutBitPost
HeMaode hPwmOutBithegr-
—QstParams = bWYaitTimeActive-

eStater

eErraridf
bErrare
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This block creates a PWM modulated signal on the basis of the input signal. Both the minimum switch on
time and the minimum switch off time can be parameterised, in addition to the mark-to-space ratio, in this
extended block.

Description of the output behaviour (1):

fRWWMInput g
HinCnTime \
irgd i inCfTime
umaschmh wirgd
- .“_ ___________________________________ urterschritten
-
_ t
bPw mOutBit A
1
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t
4 bFwmOutBit
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tPwrnPeriod ™ fPYWh Input A100
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Description of the output behavior (2):

fEVWMInput 4
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VAR_INPUT
VAR _INPUT
fPwmInput : FLOAT; (* NEW: controller output = PMW input [-100.0 ... 100.0]1 *)
eMode : E_CTRL_MODE;
END_ VAR

fPwmlinput : Input value for the function block.

eMode : Input that specifies the block's operating mode.

VAR_OUTPUT

VAR OUTPUT
bPwmOutBitPos : BOOL; (* PWM output bit *)
bPwmOutBitNeg : BOOL; (* PWM output bit *)
eState : E CTRL STATE;
bError : BOOL;
eErrorId : E_CTRL_ERRORCODES;

END VAR

bPwmOutBitPos : PWM signal, when fPwminput > 0.0.
bPwmOutBitNeg : PWM signal, when fPwminput < 0.0.

bWaitTimeActive : A TRUE at this output indicates that the waiting time between the switching actions of
the output signals is active. This output can be used to hold an | component that may be present in the prior
controller constant during this time.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR_IN_OUT
stParams : ST CTRL PWM OUT EXT PARAMS;
END VAR
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stParams : Parameter structure of the PWM element. This consists of the following elements:

TYPE
ST _CTRL PWM OUT EXT PARAMS :
STRUCT
tTaskCycleTime : TIME; (* PLC/PWM cycle time in seconds
*)
tPWMPeriod : TIME; (* controller cycle time in
seconds *)
tMinOnTime : TIME; (* min. switch on time *)
tMinOffTime : TIME; (* min. switch off time *)
tMinWaitTime : TIME; (* min. waiting time when
switching from pos to neg or vv¥*)
END_ STRUCT
END_TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every

cycle this corresponds to the task cycle time of the calling task.
tPWMPeriod : Period of the PWM signal.

tMinOnTime : Minimum switch-on time.

tMinOffTime : Minimum switch-off time.

tMinWaitTime : Waiting time between switching between a positive and

Requirements

negative output signal.

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.8.6 FB_CTRL_SCALE
FB_CTRL_SCALE

4fin ot
~stParams & eErrorldr-

bErrorf

This function block makes it possible to adjust the signal in a linear manner between two value ranges.

VAR_INPUT

VAR _INPUT
fIn
END VAR

: FLOAT;

fln : Input value for the function block.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END_VAR

fOut : Scaled output value.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.
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VAR_IN_OUT

VAR IN OUT
stParams
END_ VAR

: ST CTRL SCALE PARAMS;

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST _CTRL SCALE PARAMS:
STRUCT
tCtrlCycleTime : TIME := T#0ms; (* controller cycle
time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task cycle time
[TIME] *)
fInMin : FLOAT;
fInMax : FLOAT;
foutMin : FLOAT;
fOutMax : FLOAT;
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

fInMin : Minimum of the input value.
flnMax : Maximum of the input value.
fOutMin : Minimum of the output value.

fOutMax : Maximum of the output value.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC [».10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx

5.8.7 FB_CTRL_SERVO _MOTOR_OUT
FE_CTRL_SERVO_MOTOR_OUT

—fln houtBitPos-

—hlUpperLimitSwitch houtBitMea-

—bLowerLimitSwitch fAactualState-

—~ManSyncialue eErrarld-

—hSync hError-

—emMode

—=tParams &

This function block generates pulses with which a servomotor can be driven to a defined position.
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Behaviour of the output:
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VAR_INPUT
VAR INPUT

fIn : FLOAT; (* controller output = SERVO MOTOR OUT input [ fCtrlOutMin ... fCtrlOutMax
1 %)

bUpperLimitSwitch : BOOL;

bLowerLimitSwitch : BOOL;

fManSyncValue : FLOAT;

bSync : BOOL;

eMode : E_CTRL MODE;
END VAR

fin : control value of the controller in the interval [ fCtrlOutMin ... fCtrlOutMax ] (controller output).
bUpperLimitSwitch : limit switch: TRUE if the upper stop is reached.
bLowerLimitSwitch : limit switch: TRUE if the lower stop is reached.

fManSyncValue : input with which the internal state of the current motor position can be adjusted, or whose
value is adopted in manual mode.

bSync : arising edge at this input sets the internal motor position, which must correspond to the actual
position, to the value fManSyncValue.

eMode : input that specifies the operation mode [P_16] of the function block.

o For synchronization with the current valve position, this function block has the mode "eC-
TRL_MODE_SYNC_MOVEMENT". In this mode, the output for closing the valve is set until the
1 valve is closed safely. The function block is then synchronized with this valve position.

Once the synchronization process is completed, "eCTRL_STATE_ACTIVE" mode is automatically

activated!
VAR_OUTPUT
VAR OUTPUT
bOutBitPos : BOOL; (* PWM output bit *)
bOutBitNeg : BOOL; (* PWM output bit *)
fActualState : FLOAT; (* Actual state of the motor [ 0% ... 100%] *)
eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
END VAR

bOutBitPos : Output required to drive the motor in a positive direction.

bOutBitNeg : Output required to drive the motor in a negative direction.
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fActualState : Current motor setting over the range [ fCtrlOutMin ... fCtrlOutMax ] in which the motor is
currently positioned.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL_SERVO MOTOR OUT PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL SERVO MOTOR OUT_ PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#0ms;
(* controller cycle time [TIME] *)
tTaskCycleTime : TIME = T#0ms;
(* task cycle time [TIME] *)
tMovingTime : TIME;
(* time to move from closed (e.g. 0%) to open (e.g. 100%)*)
tSignalExtension : TIME;
(* output signal extension time *)
tAdditionalMoveTimeAtLimits : TIME;
(* add these moving time to ensure that the limits are
reached*)

tMinWaitTimeBetweenDirectionChange: TIME;
(* wait time between pos and neg output pulses and vice versa
*)

tMinimumPulseTime : TIME;
(* minimum output pulse length *)
bMoveOnLimitSwitch : BOOL;

bStopAdditionalMoveTimeIfInputValueIsChanged : BOOL;
(* 1f an additional move on the limits is active, this will be
stopped if the input value is changed *)

fCtrlOutMax : FLOAT := 100.0;
(* controller output to move to the max limit *)
fCtrlOutMin : FLOAT := 0.0;
(* controller output to move to the min limit *)
END_STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tMovingTime : The time required to move the actuator from one stop to the other.

tSignalExtension : Signal extension by which each output pulse is extended in order to compensate for the
dead time.

tAdditionalMovingTimeAtLimits : Signal extension, which is additionally output for safe reaching of the
limits, if the actuator is to be moved to +/-100%. Only effective if bMoveOnLimitSwitch is FALSE.

tMinWaitTimeBetweenDirectionChange : Minimum waiting time between positive and negative output
pulses.

tMinimumPulseTime : Minimum length of an output pulse.

bMoveOnLimitSwitch : If TRUE, then when the control value is either fCtrlOutMin or fCtriOutMax a signal
will continue to be output until the corresponding limit switch is reached.

bStopAdditionalMoveTimelflnputValuelsChanged : If this flag is TRUE, movement of the valve to the end
position, which is triggered by "Additional Moving Time At Limits", is stopped, if an input value is specified
that does not match the end position. If this flag is FALSE and the input value matches an end position, the
valve always safely moves to the end position first, before it can move to a different valve position.
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fCtrlOutMax : Control value for which the valve will be driven to 100%.

fCtrlOutMin : Control value for which the valve will be driven to 0%.

Requirements

Development environment

Target platform

PLC libraries to include

TwinCAT v2.8

PC (i386)

TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX[» 10] TcControllerToolbox.lbx
5.8.8 FB_CTRL_SPLITRANGE

FE_CTRL_SFPLITRAMNGE
qfin foutFosk
dstParams = foutHlegr

houtPosisActive
houthleglsActive
eErrorid

hEtrrar

This function block divides an input signal into positive and negative components. The parameters

bDisablePosOut and bDisableNegOut can be used to deactivate the positive or negative output ? Heating

operation only in winter, cooling operation only in summer. The binvertNegOutput parameter allows the

native output to be inverted.

TS4100
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Description of the output behaviour:
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VAR_INPUT

VAR INPUT
fIn : FLOAT;
END VAR

fln : Input value for the function block.

VAR _OUTPUT

VAR OUTPUT
fOutPos : FLOAT;
fOutNeg : FLOAT;
bOutPosIsActive : BOOL;
bOutNegIsActive : BOOL;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOutPos : Positive part of fIn.
fOutNeg : Negative part of fIn.
bOutPoslsActive : TRUE indicates that fin > 0.0,
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bOutNeglsActive : TRUE indicates that fln < 0.0,

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL SPLITRANGE PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL SPLITRANGE PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#0ms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME = T#Oms; (* task
cycle time [TIME] ¥*)
bInvertNegOutput : BOOL;
bDisablePosOut : BOOL;
bDisableNegOut : BOOL;
END_ STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

binvertNegOutput : fOutNeg is inverted when this parameter is TRUE.
bDisablePosOut : The output fOutPos is disabled and always 0.0.
bDisableNegOut : The output fOutNeg is disabled and always 0.0.

Requirements

Development environment Target system type PLC libraries to be linked

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6

TwinCAT v2.9, build 956 onwards |BX [» 10] TcControllerToolbox.lbx

5.8.9 FB_CTRL_STEPPING_MOTOR_OUT
FB_CTRL_STEFPPING_MCOTOR_OUT

—fn houtBitPos-

—hlpperLimitSwitch hOutBitHeg

—hLowerLimitSwitch nactualStep-

—ManSyncialue eErrorldf-

—h&ync hErrar-

—lelode

—stParams &

This function block generates a control value for a stepper motor.
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Behaviour of the output:
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VAR_INPUT
VAR INPUT

fIn : FLOAT; (* controller output = STEPPING MOTOR OUT input [ fCtrlOutMin ... fCtrlOutM
ax ] *)

bUpperLimitSwitch : BOOL;

bLowerLimitSwitch : BOOL;

fManSyncValue : FLOAT;

bSync : BOOL;

eMode : E CTRL MODE;
END VAR

fin : control value of the controller (controller output).
bUpperLimitSwitch : limit switch: TRUE if the upper stop is reached.
bLowerLimitSwitch : limit switch: TRUE if the lower stop is reached.

fManSyncValue : input with which the internal state of the motor position can be adjusted, or whose value
is adopted in manual mode.

bSync : with a rising edge at this input the internal step counter is set to the step that corresponds to the
value fManSyncValue.

eMode : input that specifies the operation mode [P_16] of the function block.

@ For synchronization with the current valve position, this function block has the mode "eC-
TRL_MODE_SYNC_MOVEMENT". In this mode, pulses for closing the valve are output until the
1 valve is safely closed. The function block is then synchronized with this valve position.

Once the synchronization process is completed, "eCTRL_STATE_ACTIVE" mode is automatically

activated!
VAR_OUTPUT
VAR OUTPUT
bOutBitPos : BOOL; (* output signal to move to the maximum *)
bOutBitNeg : BOOL; (* output signal to move to the minimum*)
nActualStep : DINT; (* Actual state of the motor [ 0 ... nMaxMovingPulses ] *)
eState : E_CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;
END VAR

bOutBitPos : Output required to drive the motor in a positive direction.

bOutBitNeg : Output required to drive the motor in a negative direction.
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nActualStep : Actual step at which the motor is positioned.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR_IN_OUT
stParams : ST CTRL_STEPPING MOTOR OUT PARAMS;
END VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE
ST CTRL_STEPPING MOTOR OUT PARAMS:
STRUCT
tCtrlCycleTime : TIME = T#Oms; (*
controller cycle time [TIME] *)
tTaskCycleTime : TIME := T#0ms; (* task
cycle time [TIME] *)
tOnTime : TIME; (=
impulse length *)
tOffTime : TIME; (%
delay between two impulses *)
nMaxMovingPulses : DINT; (=
necessary pulses to move from closed to open or v. v. *)
nMinMovingPulses : UINT := 0; (* min
pulses to start movement *)
bHoldWithOutputOn : BOOL; (* if
TRUE then a ouput is on when no pulses are generated *)
nAdditionalPulsesAtLimits : DINT; (* add
these pulses to ensure that the limits are reached¥*)
bMoveOnLimitSwitch : BOOL;
fCtrlOutMax : FLOAT := 100.0; (=
controller output to move to the max limit *)
fCtrlOutMin : FLOAT := 0.0; (%
controller output to move to the min limit *)
END_ STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

tOnTime : Pulse length.
tOffTime : Pause length.
nMaxMovingPulses : Pulses required to move from one limit to another.

bHoldWithOutputOn : If this parameter is set to TRUE, then an output remains set when the drive is
stationary. This will result in braking.

nAdditionalPulsesAtLimits : Pulses that are additionally output to safely reach the limits.

bMoveOnLimitSwitch : If this is TRUE, then pulses are output when the control value is either 0% or 100%
until a limit switch is reached.

fCtriOutMax : Control value for which the valve will be driven to 100%.
fCtrlOutMin : Control value for which the valve will be driven to 0%.

fMinCtrtiDeltaToStartMovement : Minimum difference in control value that must be exceeded in order to
generate movement of the motor.
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Requirements
Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [P 10] TcControllerToolbox.lbx
5.9 Setpointgeneration
5.9.1 FB_CTRL_3PHASE_SETPOINT_GENERATOR(only on a PC
system)
FB_CTRL_SPHASE_SETPOINT_GEMERATOR
qbStart fSetPosr
H{bStop fsetvelof
{bReset fSetAcck
{stParams e nEetDirectionf
bDonetr
bCommandAbartedr
eErrorldp
bErrart

This function block represents a 3-phase set value generator.

Description:

This function block generates a 3-phase setpoint profile in which the acceleration has a rectangular curve. It
is possible to specify a new parameter set while the generator is active. Depending upon what type of
parameter set is specified, it may become effective immediately (eNewParameterType :=
eCTRL_NEW_PARAMETER_TYPE_Instant); alternatively, the current movement may first be completed,
after which a new movement begins with a new set of parameters. (eNewPosType :=
eCTRL_NEW_PARAMETER_TYPE_NotInstant).

1. Specifying a new parameter set may mean that the previous end position is exceeded. See example.
2. It is generally recommended that end position monitoring is included after the setpoint generator.

VAR_INPUT

VAR INPUT
bStart : BOOL;
bStop : BOOL;
bReset : BOOL;
fOverride : LREAL;

END VAR

bStart : Generation of the set values begins when a positive edge appears at the bStart input, provided the
generator is not already active and that the bStop and bReset inputs are FALSE.

bStop : Generation of the set values is stopped by a positive edge at the bStop input. Braking is carried out
using the deceleration specified in the current set of parameters, and any subsequent task that may be
pending is deleted.

bReset : Resets the set value generator. If a positioning process is under way it is interrupted immediately,
the fSetVelo and fSetAcc outputs are set to 0.0, the set position is set to the start position, and all internal
states are cleared.
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fOverride : The set velocity can be scaled through an override in the range [ 0 .. 100.0 % ]. If the override is
100%, then the generated profile uses the set velocity as specified in the parameter set. The override
implemented here does not scale the current runtime table when the override is changed. Instead, an
internal restart instruction is generated having a different set velocity. The override has a resolution of 0.1%.

VAR_OUTPUT

VAR OUTPUT
fSetPos : LREAL; (* generated setpoint position *)
fSetvelo : LREAL; (* generated setpoint velocity *)
fSetAcc : LREAL; (* generated setpoint acceleration *)
nSetDirection : INT; (* generated direction ¥*)
bCommandBuffered : BOOL;
bDone : BOOL;
bCommandAborted : BOOL;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fSetPos : Set position
fSetVelo : Set velocity
fSetAcc : Set acceleration

nSetDirection : Direction of movement [-1, 0, 1],
1 --> movement direction is positive

0 --> generator is inactive

-1 --> movement direction is negative

bGeneratorActive : Indicates whether the generator is active.

bCommandBuffered : When this output is TRUE it indicates that the buffer store contains at a transport
instruction that will begin when the current instruction has completed.
An instruction in the buffer store is cleared if the following special case is specified as parameter set:

fAcceleration
= 0.0;
fDeceleration = 0.0;
fStartPos = 0.0;
fStartvVelo = 0.0;
fTargetPos = 0.0;
fTargetVelo := 0.0;
fvelocity = 0.0;
tCtrlCycleTime := T#0s;
tTaskCycleTime := T#0s;

eNewParameterType :=
eCTRL_NEW_PARAMETER TYPE NotInstant;

bDone : This output becomes TRUE when the movement has been completed and the destination position
has been reached.

bCommandAborted : This output becomes TRUE when the current movement is interrupted. This can be
caused, for instance, through a rising edge at the bStop input.

eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE as soon as an error situation occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL 3PHASE SETPOINT GENERATOR PARAMS;
END VAR
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stParams : parameter structure of the setpoint generator. This consists of the following elements:

TYPE
ST _CTRL RAMP GENERATOR PARAMS :
STRUCT
tTaskCycleTime : TIME; (* task cycle time [TIME]
*)
tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)
fStartPos : LREAL;
fStartVelo : LREAL;
fvelocity : LREAL; (* >= 0.0 *)
fTargetPos : LREAL;
fTargetVelo : LREAL;
fAcceleration : LREAL; (* > 0.0 *)
fDeceleration : LREAL; (* > 0.0 *)
eNewParameterType : E CTRL NEW PARAMETER TYPE;
END TYPE

tCtriCycleTime : cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime: cycle time with which the function block is called. If the function block is called in every
task cycle this corresponds to the task cycle time of the calling task.

fStartPos : start position for the motion profile.
fStartVelo : start velocity of the motion profile.
fVelocity : velocity in units/second.

fTargetPos : target position for the motion profile.

fTargetVelo : target velocity of the motion profile.

m The target velocity is retained when the target position has been reached (the bDone flag is
set), but after this point the position is no longer calculated (constant position at velocity # 0.0).

fAcceleration : acceleration in units / second?.
fDeceleration : deceleration in units / second>.

eNewParameterType :

TYPE E_CTRL NEW PARAMETER TYPE :
(
eCTRL_NEW PARAMETER TYPE NotInstant :
eCTRL_NEW PARAMETER TYPE Instant

I
o
~

)
END TYPE

eCTRL_NEW_PARAMETER_TYPE_Instant: when a restart instruction is issued with a new parameter set,
the new set is adopted immediately. In other words a transition from the current state of movement to the
data represented by the new parameter set is calculated, and the old parameters are discarded.

eCTRL_NEW_PARAMETER_TYPE_NotlInstant: when a restart instruction is issued with a new parameter
set, the new set is not adopted immediately. In other words the current movement is first executed to
completion, after which positioning to the new target is carried out with the new parameters. A TRUE at the
bCommandBuffered output indicates that a non-instantaneous restart instruction is stored. An order that has
already been stored can be overwritten or deleted by a further new, non-instantaneous parameter set.

Positioning examples

Positioning example 1: stParams.fStartPos := -500.0;
stParams.fTargetPos := 2500.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 1000.0;
stParams.fTargetVelo := 0.0;
stParams.fAcceleration := 1000.0;
stParams.fDeceleration := 2000.0;
fOverride := 100.0;
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35000~ 20000 3000, 0
3000.0- 2500.0—
) 20000
2000.0— fSetVelo
HG0.G 16000 _,
1500.0— fSetAcc \
1000.0- . 10000 7
E0I0.0— 500.0~- . 4 \
0.0~ 0.0 0.0~ / ) -ermlon
-500.0- -500.0—
-1000.0~ U0 i
=1 000 0
=1500.0—
SFO00.0- 15000~
=2000.0—
-2000.0— e
-2500.0— .00 bStart
-2500.0- bDone
-3000.0— .
bGeneratorAcitve
-3500.0— 20000~ -3000.0 | i § | |
0.00 1.00 2.00 3.00 4.00 5.00
Positioning example 2: stParams.fStartPos := 1000.0;
stParams.fTargetPos := -2500.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 1000.0;
stParams.fTargetVelo := 0.0;
stParams.fAcceleration := 1000.0;
stParams.fDeceleration := 2000.0;
fOverride := 100.0;
3500— 20000 3000.0
3000~ 2500.0—
1800.0
2500 2000.0
2000
10006 1500.0-
1500—
1000.0— fSetPos
1000 . -
E{I(— S00.0
fSetAcc
0 0 0.0 —
\\ \ / nSetDirection
-500- -500.0- \
1000 -S00.0
~1000.0-
=1500~- \
1000.0 ~1500.0~
-2000— fSetVelo
=2000.0—
-2500— ;
150 - . bStart
3000— SBEN (- I bDone .
aaaaaaaaaa K i..... bGeneratorAcitve
=3500— -2000.0- -3000.04 | | | I |
[iXa] 1.00 2.00 3.00 4.00 5.00
Positioning example 3 stParams.fStartPos := -500.0;
stParams.fTargetPos := 2500.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 1000.0;
stParams.fTargetVelo := 0.0;
stParams.fAcceleration := 1000.0;
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stParams.fDeceleration := 2000.0; stParams.eNewParameterType :=
eCTRL NEW PARAMETER TYPE NotInstant;
fOverride := 100.0;

Parameter change if fSetPos > 1000.0, eNewPosType :=
eCTRL_NEW_POS_TYPE_Notinstant
stParams.fTargetPos := 0.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 1300.0;
stParams.fTargetVelo := 0.0;
stParams.fAcceleration := 1000.0;
stParams.fDeceleration := 2000.0;
fOverride := 100.0;
3500.0- 20000 30000 i new parameter set
3000.0- SEA0.O— /
2500.0— o040 i fSetPos fSetAcc
) 2000.0
2000.0—
1000.0 1500.0
1500.0—
1000.0—
1000.0—
500.0— 00.0-
0.0— i R \\\ \\\‘
nSetDirection
-500.0~ 500.0— \
1000.0~ 540, (—
=1000.0
=1500.0-
1000.0-  -1500.0
=2000.0—
- fSetVelo
2000.0—
-2500.0— 15
- P bStart

-3000.0— e 1 bDone

bGeneratorAcitve

-3500.0~ -2000.0- -3000.0~

0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00

Positioning example 4:

stParams.fStartPos := -500.0;

stParams.fTargetPos := 2500.0;

stParams.fStartVelo := 0.0;

stParams.fVelocity := 1000.0;

stParams.fTargetVelo := 0.0;

stParams.fAcceleration := 1000.0;

stParams.fDeceleration := 2000.0;

stParams.eNewParameterType := eCTRL NEW_ PARAMETER TYPE NotInstant;
fOverride := 100.0;

Parameter change if fSetPos > 1000.0, eNewPosType :=
eCTRL_NEW_POS_TYPE_Instant

stParams.fTargetPos 0.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 1300.0;
stParams.fTargetVelo := 0.0;
stParams.fAcceleration 1000.0;
stParams.fDeceleration := 2000.0;
fOverride := 100.0;
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T 1500.0
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10000~ . - / :
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/ l \s \
00— o PR — | \\
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W
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e R . (¥ Start
-3000.0— -2500.0 : bDone
3500.0~ 30000+ : | | ! | | bGeneratorAcitve
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Positioning example 5: |Start on point 1:
stParams.fStartPos := -100.0;
stParams.fTargetPos := 200.0;
stParams.fStartVelo := 0.0;
stParams.fVelocity := 250.0;
stParams.fTargetVelo := 150.0;
stParams.fAcceleration := 500.0;
stParams.fDeceleration := 400.0;
stParams.eNewParameterType := eCTRL NEW PARAMETER TYPE Instant
Restart at point 2:
stParams.fTargetPos := 400.0;
stParams.eNewParameterType := eCTRL NEW_ PARAMETER TYPE NotInstant;
Restart at point 3:
stParams.fTargetPos := 200.0;
stParams.eNewParameterType := eCTRL NEW PARAMETER TYPE NotInstant;
Restart at point 4:
stParams.fTargetPos := 600.0;
stParams.fTargetVelo := 0.0;
stParams.eNewParameterType := eCTRL NEW PARAMETER TYPE NotInstant;
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NOTE

If a new parameter set of type "eCTRL NEW_POS_TYPE Instant"in which the deceleration is reduced is
given to the function block it is possible that the old target position will be exceeded.

Sample:
stParams.fTargetPos := 1000.0;
stParams.fStartPos = 0.0;
stParams.fVelocity := 500.0;
stParams.fAcceleration = 1000.0;
stParams.fDeceleration = 1000.0;
IF fSetPos > 800.0
THEN
stParams.fTargetPos := 400.0;
stParams.fVelocity = 500.0;
stParams.fAcceleration := 1 000.0;
stParams.fDeceleration := 500.0;
stParams.eNewPosType = eCTRL_NEW_POS TYPE Instant;
END IF

It can clearly be seen in the following scope recording that the original target position of 1000 mm is
exceeded, the reason being that the new parameter set had a reduced deceleration.
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Requirements
Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
5.9.2 FB_CTRL_FLOW_TEMP_SETPOINT_GEN
FE_CTRL_FLOWY _TEMPF_SETPOINT_GEM

tAmbientTemperature fOut

fOffsetTemperature eErrorld

bLimitFlowTemp bError

stFarams =

This function block enables specification of a flow temperature depending on the external temperature.

Description:

The set value for the flow temperature (fOut) is determined from the ambient temperature
(FAmbientTemperature). A straight line that can be moved via an offset (fOffsetTemperature) is used for
this purpose. The slope is determined based on the specified ambient and flow temperature corners. A flag
(bLimitFlowTemp) is used to specify whether or not the flow temperature is restricted to its limit values. An
offset temperature can be used to implement night setback or precontrol.
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Behaviour of the output value:

fout = fFlowTemp

in ["C] ‘
bLimitFlowTemp
= FALSE

fFlowTemphax

in [FG]

fOffse{Temperature = 0
fOffseiTemperature < 0

fFlowTemphin

in [°C] N

bLimitFlowTemp
= FALSE
- h
fAmbientTampMin fAmbientTemphMax
in [*C] in ["C]
f&mbientTemperature
in ["C)

VAR_INPUT
VAR INPUT

fAmbientTemperature : FLOAT;

fOffsetTemperature : FLOAT;

bLimitFlowTemp : BOOL;
END_ VAR

fAmibientTemperature : Start of ramp generation.
fOffestTemperature : Starting value for the ramp.

bLimitFlowTemp : Finishing value for the ramp.

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : set value of the flow temperature.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE as soon as an error situation occurs.
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VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL FLOW TEMP SETPOINT GEN PARAMS;
END VAR

stParams : Parameter structure of the ramp generator. This consists of the following elements:

TYPE
ST _CTRL FLOW TEMP SETPOINT GEN PARAMS:
STRUCT
tTaskCycleTime : TIME; (* task cycle time [TIME]
*)
tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)
fForeRunTempMax : FLOAT;
fForeRunTempMin : FLOAT;
fAmpbientTempMax : FLOAT;
fAmbientTempMin : FLOAT;
END_STRUCT
END_TYPE

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
task cycle this corresponds to the task cycle time of the calling task.

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

fFlowTempMax : Maximum flow temperature (see diagram).
fFlowTempMin : Minimum flow temperature (see diagram).
fAmbientTempMax : Outdoor temperature for which the minimum flow temperature is specified.

fAmbientTempMin : Outdoor temperature for which the maximum flow temperature is specified.

Requirements

Development environment Target system type PLC libraries to be linked
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6
TwinCAT v2.9, build 956 onwards |BX [» 10] TcControllerToolbox.lbx
5.9.3 FB_CTRL_RAMP_GENERATOR
FB_CTREL_RAMP_GEMERATOR

{bEnahle ot
{fStart ffeloCutt
{Target bvalueReachedf
{stFarams e eErroridE

bErrar-

The function block provides a parameterisable ramp generator.

Description:

This function block generates a ramp connecting the starting value fStart and the final value fTarget. The
slope of the ramp (i.e. the velocity) is given in units/s by means of the fVeloPos and fVeloNeg parameters.
The starting value is adopted when a rising edge appears at bEnable; calculation of the ramp then begins.
As long as the signal bEnable remains TRUE the final value can be changed, and the output value changes,
taking the form of a ramp as it moves from the current value to the presently active final value.
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Behaviour of the output value:
A Ot

fTarget wird
verd noert

fTarget

fEloPoz* T

totart f----------

Y

VAR_INPUT

VAR INPUT

bEnable : BOOL;

fStart : FLOAT;

fTarget : FLOAT; (* target value *)
END VAR

bEnable : Start of ramp generation.
fStart : Starting value for the ramp.

fTarget : Finishing value for the ramp.

VAR_OUTPUT
VAR OUTPUT
fout : FLOAT;
bValueReached : BOOL;
eState : E_CTRL _STATE;
eErrorId : E _CTRL ERRORCODES;
bError : BOOL;
END_VAR

fOut : Output of the ramp generator.
bValueReached : This output indicates by going TRUE that the output fOut has reached the value fTarget.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE as soon as an error situation occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL RAMP GENERATOR PARAMS; (* RAMP Generator parameter struct *)
END VAR

stParams : Parameter structure of the ramp generator. This consists of the following elements:

TYPE
ST _CTRL_RAMP_ GENERATOR PARAMS :
STRUCT
tTaskCycleTime : TIME; (* task cycle time [TIME]
*)
tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)
fveloPos : FLOAT; (* velocity ramp by time range:
> 0.0 *)
fVeloNeg : FLOAT; (* velocity ramp by time range:
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> 0.0 *)
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
task cycle this corresponds to the task cycle time of the calling task.

fVeloPos : Velocity in unit/s, with which the output is changed from a lower value to a higher one.

fVeloNeg : Velocity in unit/s, with which the output is changed from a higher value to a lower one.

Requirements

Development Environment Target System PLC libraries to include

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6

TwinCAT v2.9 from Build 956 BX[» 10] TcControllerToolbox.lbx

5.9.4 FB_CTRL_RAMP_GENERATOR_EXT
FE_CTRL_RAMP_GEMERATOR_EXT

{fStartvalue foutr

{Targetyvalue MfeloOut-

{Milantfalue bvalueReachedf

H{bHold eStater

JeMode eErrarid

J=tParams hErrort

This function block represents a parameterisable ramp generator. In contrast to
FB_CTRL_RAMP_GENERATOR it supports the E_CTRL_MODEs.

Description:

This function block generates a ramp connecting the starting value fStartValue and the final value
fTargetValue. The slope of the ramp (i.e. the velocity) is given in units/s by means of the fVeloPos and
fVeloNeg parameters. The starting value is adopted when eCTRL_MODE_RESET changes to
eCTRL_MODE_ACTIVE, and calculation of the ramp begins. As long as the block remains in
eCTRL_MODE_ACTIVE the target value can be changed, and the output value changes, taking the form of
a ramp as it moves from the current value to the presently active target value. The current velocity is output
at fVeloOut. It is possible to use this for feed forward in the control loop.
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Behaviour of the output value:
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VAR_INPUT
VAR INPUT
fStartValue : FLOAT;
fTargetValue : FLOAT;
fManValue : FLOAT;
bHold : BOOL;
eMode : E_CTRL_MODE;
END_ VAR

fStartValue : Starting value for the ramp.
fTargetValue : Finishing value for the ramp.
fManValue : Input magnitude to which the output in eCTRL_MODE_MANUAL is set.

bHold : Calculation of the ramp is halted at the current value.

eMode : Input that specifies the block's operating mode [P _16].

VAR_OUTPUT

VAR OUTPUT
fout : FLOAT;
fVeloOut : FLOAT;
bValueReached : BOOL;
eState : E CTRL STATE;
eErrorId : E_CTRL ERRORCODES;
bError : BOOL;

END VAR

fOut : Output of the ramp generator.
fVeloOut : Current velocity of the ramp generator.

bValueReached : This output indicates by going TRUE that the output fOut has reached the value
fTargetValue.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE as soon as an error situation occurs.
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VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL RAMP GENERATOR EXT PARAMS;
END VAR

stParams : Parameter structure of the ramp generator. This consists of the following elements:

TYPE
ST CTRL RAMP GENERATOR EXT PARAMS :
STRUCT

tTaskCycleTime : TIME; (* task cycle time [TIME]
*)

tCtrlCycleTime : TIME; (* controller cycle time [TIME]
*)

fVeloPos : FLOAT; (* velocity ramp by time range:
> 0.0 *)

fveloNeg : FLOAT; (* velocity ramp by time range:
> 0.0 *)
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime : Cycle time with which the function block is called. If the function block is called in every
task cycle this corresponds to the task cycle time of the calling task.

fVeloPos : Velocity (>0.0) in unit/s, with which the output is changed from a lower value to a higher one.

fVeloNeg : Velocity (>0.0) in unit/s, with which the output is changed from a higher value to a lower one.

Requirements

Development environment Target system type PLC libraries to be linked

TwinCAT v2.8 PC (i386) TcControllerToolbox.lib

TwinCAT v2.9, build 947 onwards |BC [» 10] TcControllerToolbox.Ib6

TwinCAT v2.9, build 956 onwards | BX [» 10] TcControllerToolbox.lbx

5.9.5 FB_CTRL_SETPOINT_GENERATOR
FE_CTRL_SETPOINT_GEMERATOR

—nSetpointindex fout-

—Manvalue bvalueReached-

—ehode eErrarld-

—stParams = bErrar-

The function block provides a set value generator that outputs the set value selected from a table. Changing
from one set value to another can be implemented continuously or discontinuously.
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Behavior of the output value:
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Example table:
18
20
22
24
The first line of the table corresponds to Index 1, at the second to Index 2, and so forth.
Description:
The individual set values are stored in the array. The array must be made known to the block through the
appropriate parameters. One of the set values stored in the table is selected by means of the
nSetpointindex input. This is then made available at the output, and can be used as the set value for the
controller. Changing from one value to another can be implemented in a linear fashion or as a jump. The
velocity of a continuous transition is specified by the fVeloPos and fVeloNeg parameters. The
bValueReached output indicates that the chosen set value has been reached.
VAR_INPUT
VAR_INPUT
nSetpointIndex : INT (*[1 ... n] *);
fManValue : FLOAT;
eMode : E_CTRL_MODE;
END_ VAR
nSetpointindex : Index of the selected set value.
fManValue : Input whose value is output in manual mode.
eMode : Input that specifies the block's operating mode [P_16].
VAR_OUTPUT
VAR OUTPUT
fout : SETPOINT TABLE ELEMENT;
bValueReached : BOOL;
eState : E_CTRL_STATE;
eErrorId : E CTRL ERRORCODES;
bError : BOOL;
END_ VAR
fOut : Output of the set value generator.
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bValueReached : The output is TRUE when the selected set value has been reached, i.e. the ramp leading
to the selected value has finished.

eState : State of the function block.
eErrorld : Supplies the error number [»_16] when the bError output is set.
bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN _OUT
stParams : ST CTRL SETPOINT GENERATOR PARAMS; (* parameters *)
END VAR

stParams : Parameter structure of the ramp generator. This consists of the following elements:

TYPE
ST CTRL_SETPOINT GENERATOR_ PARAMS:
STRUCT

tCtrlCycleTime : TIME = T#O0ms; (*
controller cycle time [TIME] *)

tTaskCycleTime : TIME = T#0ms; (* task
cycle time [TIME] *)

pbataTable ADR : POINTER TO
INTERPOLATION TABLE ELEMENT := 0;

nDataTable SIZEOF : UINT := 0;

nDataTable NumberOfRows : UINT = 0;

fveloPos : FLOAT; (* velocity ramp by
time range > 0.0 *)

fveloNeg : FLOAT; (* velocity ramp by
time range > 0.0 *)

bDisableRamping : BOOL := FALSE;
END_STRUCT
END_TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and
output values must be updated in the current cycle.indent: -103; margin-left: 108"> tTaskCycleTime : Cycle
time with which the function block is called. If the function block is called in every cycle this corresponds to
the task cycle time of the calling task.

pDataTable_ADR : Address of the data array.

pDataTable_SIZEOF : Size of the data array.

pDataTable_NumberOfRows: Number of rows of the data array.

fVeloPos : Velocity in unit/s, with which the output is changed from a lower value to a higher one.
fVeloNeg : Velocity in unit/s, with which the output is changed from a higher value to a lower one.

bDisableRamping: A continuous output value is not calculated if this parameter is TRUE. There is a step
change between the output values.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
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5.9.6 FB_CTRL_SIGNAL_GENERATOR
FE_CTRL_SIGMAL_GEMERATOR
“Mlantfalue fouth
Hemaode eStatel
dstParams = eErrorldr
hErrort

The function block provides a signal generator offering triangular, sine and sawtooth signal forms.

Output signals:

A
fAmplitude
-+ : » t
tCylceDuration
F
fAmplitude
tCylceDuration
F
fAmplitude
- - » t
tCylceDuration
VAR_INPUT
VAR _INPUT
fManValue : FLOAT;
eMode : E CTRL MODE;
END VAR

fManValue : Input whose value is present at the output in manual mode.

eMode : Input that specifies the block's operating mode.
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VAR _OUTPUT

VAR OUTPUT
fout : FLOAT;
eState : E_CTRL_STATE;
eErrorId : E_CTRL_ERRORCODES;
bError : BOOL;
END VAR

fOut : Output of the signal generator.

eState : State of the function block.

eErrorld : Supplies the error number [»_16] when the bError output is set.

bError : Becomes TRUE, as soon as an error occurs.

VAR_IN_OUT

VAR _IN OUT
stParams : ST CTRL SIGNAL GENERATOR PARAMS;
END_VAR

stParams : Parameter structure of the function block. This consists of the following elements:

TYPE ST CTRL I PARAMS

STRUCT

tCtrlCycleTime : TIME := T#0ms; (* controller cycle time
*)

tTaskCycleTime : TIME := T#0ms; (* task cycle time
*)

eSignalType : E_CTRL SIGNAL TYPE;

tCylceDuration : TIME;

fAmplitude : FLOAT;

fOffset : FLOAT := 0.0;

tStart : TIME = T#0s;
END_ STRUCT
END TYPE

tCtriCycleTime : Cycle time with which the control loop is processed. This must be greater than or equal to
the TaskCycleTime. The function block uses this input value to calculate internally whether the state and the
output values have to be updated in the current cycle.

tTaskCycleTime: Cycle time with which the function block is called. If the function block is called in every
cycle this corresponds to the task cycle time of the calling task.

eSignalType : Selection of the signal form. See E_CTRL_SIGNAL_TYPE below.

TYPE

E_CTRL_SIGNAL TYPE :
(
eCTRL_TRIANGLE
eCTRL_SINUS
eCTRL_SAWTOOTH
)

END TYPE

o
=
~

tCycleDuration : Period of the generated signal curve.
fAmplitude : Amplitude of the generated signal curve.
fOffset : Offset to be added to the signal curve.

tStart : Point in time within a period at which the signal curve starts when switching to
eCTRL_MODE_ACTIVE.

Requirements

Development Environment Target System PLC libraries to include
TwinCAT v2.8 PC (i386) TcControllerToolbox.lib
TwinCAT v2.9 from Build 947 BC[» 10] TcControllerToolbox.Ib6
TwinCAT v2.9 from Build 956 BX [» 10] TcControllerToolbox.lbx
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6 Example project

The ways in which the blocks in the TcControllerToolbox function are illustrated in an example project. This
project contains programs using the individual function blocks, with which the basic functionality is illustrated.
The illustrations include some examples and also the construction of more complex control systems. The
control system is simulated for all of these programs, so that no hardware is necessary for the project.

6.1 Install and start the example project

The TcControllerToolbox offers the programmer transfer elements with which a very wide variety of
controllers can be implemented.

» Save and unpack the sample program from https://infosys.beckhoff.com/content/1033/
tcplccontrollertoolbox/Resources/11282752267/.zip.

The sample program uses simulations of controlled systems, and can thus be run on any Windows NT PC
without additional hardware.

* The TwinCAT system is started with the TwinCAT icon

° A in the task bar.

B About TwinCAT...

=

= Log Yiew
. Systermn Manager
B8 pLc control

.{‘E Realtime Settings

Router k
& oo 10 »
£ nestart PLC 8
ﬁ Caonfig Properties

The TcControllerToolbox_Examples.pro sample program is loaded into TwinCAT PLC Control, compiled and
started.

* Load the PRO file.

» Compile the PLC project via the menu Project - Rebuild All.

» Load the PLC project into the runtime system via the menu option Online - Login.

+ Start the program via the menu option Online - Run.
TwinCAT ScopeView allows the signal curves from the individual examples to be displayed graphically. The
settings supplied in TcControllerToolboxExamples _Scope x.scp can be used for this purpose. This

specification of the Scope file to be used for each particular example can be found in the comments in the
project's MAIN program.

» Load the SCP file into TwinCAT ScopeView.
 Start recording via the menu or via the F5 key.

Because the example project contains a number of different examples, it is necessary to set the variable
nExampleSelector to the appropriate example number in the MAIN program.

» Double-click on the nExampleSelector variable.
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» Enter the number of the example. OK.

Write ¥ariable ‘nExampleSelector®

OldValue: |2

Mew Walue: IE

Cancel

Bemove

il

* Press the F7 key, or click "Force Values" in the online menu.

6.2

Assigning the program numbers

The programs are selected through the nExampleSelector variable in MAIN.

Base

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_P 1 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_I 2 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_D 3 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_HYSTERESIS 4 TcControllerToolboxExamples_Sco
pe_2.scp

FB_CTRL_TRANSFERFUNCTION 1 5 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_TRANSFERFUNCTION_2 6 TcControllerToolboxExamples_Sco

pe_1.scp

Controller

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_2POINT 10 TcControllerToolboxExamples_Sco
pe_3.scp

FB_CTRL_3POINT 11 TcControllerToolboxExamples_Sco
pe_4.scp

FB_CTRL_3POINT_EXT 12 TcControllerToolboxExamples_Sco
pe_ 5.scp

FB_CTRL_nPOINT 13 TcControllerToolboxExamples_Sco
pe_5.scp

FB_CTRL_PI 14 TcControllerToolboxExamples_Sco
pe_5.scp

FB_CTRL_PID 15 TcControllerToolboxExamples_Sco
pe_5.scp

FB_CTRL_PID_EXT 16 TcControllerToolboxExamples_Sco
pe_5.scp
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Filter / Controlled System Simulation

Beispiel zu dem Funktions-baustein

nExampleSelector

Scope File

FB_CTRL_ACTUAL_VALUE_FILTER 20 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_ARITHMETIC_MEAN 21 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_MOVING_AVERAGE 22 TcControllerToolboxExamples_Sco
pe_1.scp

FB _CTRL_PT1 23 TcControllerToolboxExamples_Sco
pe_1.scp

FB CTRL_PT2 24 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_PT?2oscillation 25 TcControllerToolboxExamples_Sco
pe_1.scp

FB CTRL_PT3 26 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_PTn 27 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_PTt 28 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_TuTg 29 TcControllerToolboxExamples_Sco

pe_1.scp

Interpolation

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_INTERPOLATION 30 TcControllerToolboxExamples_Sco
pe_1.scp
FB_CTRL_NORMALIZE 31 TcControllerToolboxExamples_Sco

pe_7.scp

Monitoring / Alarming

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_CHECK_IF_IN_BAND

40

TcControllerToolboxExamples_Sco
pe_8.scp

FB_CTRL_LOG_DATA

41

Output to Controlling Equipment

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_DEADBAND 50 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_LIMITER 51 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_PWM_OUT 52 TcControllerToolboxExamples_Sco
pe_9.scp

FB_CTRL_PWM_OUT_EXT 53 TcControllerToolboxExamples_Sco
pe_ 9.scp

FB_CTRL_MULTIPLE_PWM_OUT 54 TcControllerToolboxExamples_Sco
pe_10.scp
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Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_SCALE

55

TcControllerToolboxExamples_Sco
pe_1.scp

Setpointgeneration

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_RAMP_GENERATOR 60 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_SETPOINT_GENERATOR 61 TcControllerToolboxExamples_Sco
pe_1.scp

FB_CTRL_SIGNAL_GENERATOR 62 TcControllerToolboxExamples_Sco

pe_1.scp

Controlled System Examples

Function block to which the example re-
lates

nExampleSelector

Scope File

FB_CTRL_PID_SPLITRANGE 80 TcControllerToolboxExamples_Sco
pe_6.scp
FB_CTRL_PI_PID 81 TcControllerToolboxExamples_Sco

pe_11.scp

6.3

Program Structure

The Main module calls up the corresponding sample program in accordance with the variable

nExampleSelector.

TS4100

Version: 1.1

161



Example project

BECKHOFF

ol
! File Edit Project Insert Extras ©Online ‘Window Help - |5’|5|
3|8 @] ]SS * [ 6@]5 ]
0009 |PROGRAM MAIN
{3 POUs n00ZvAR
1423 Example_Programs 0003 nExampleSelectar  ; UINT;
E-[1 Baze 0004|END_VAR
[:I ControlledSystemE <amples 0005
D Contraller _LI_I D
[:l Filter / ControlledS ystemS imulation 0075(CASE nExampleSelectar -
B (1 Interplolation O07E OF o
D Maonitoring / Alarming 0ovy
[:I OutputT oControllingE quipment gg;g (':: - :j::
Setpointgeneration 0080 - »
noa1 1 PRG_FB_CTRL_FP_EXAMPLED,
00g2, i PRG_FB_CTRL_I_EXAMPLED;
o3 3 PRG_FB_CTRL_D_EXAMPLED,
noa4 4 PRG_FB_CTRL_HYSTERESIS_EXAMPLED,
00as A PRG_FBE_CTRL_TRANSFERFURNCTION_1_EXAMPLE(;
003 f: PRG_FB_CTRL_TRAMSFERFUMNCTION_2_EXAMPLE(; —
0oa7)
ogs i ol
00a9 * COMTROLLER )
Qoan I )
Qo9 10 PRG_FE_CTRL_ZPCINT_EXAMPLED,
0092 11: PRG_FE_CTRL_IPCINT_EXAMPLED:
- _ 0093 12 PRG_FE_CTRL_IPOINT_EXT_ExAMPLEQ;
POUs| ™8 Data types| 32 Resourcss| 0034 I 1|3: PRG_FE_CTRL_nPOINT_EXAMPLE(; _|;
L] 3

[Cn:E1.Col:52  [OMLINE [O0% [READ

The comments in the individual programs should make them clear and easy to understand.
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