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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®, TwWinCAT®, 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.
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1.2 For your safety

Safety regulations

Read the following explanations for your safety.
Always observe and follow product-specific safety instructions, which you may find at the appropriate places
in this document.

Exclusion of liability

All the components are supplied in particular hardware and software configurations which are 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 technology who are
familiar with the applicable national standards.

Signal words

The signal words used in the documentation are classified below. In order to prevent injury and damage to
persons and property, read and follow the safety and warning notices.

Personal injury warnings

A DANGER

Hazard with high risk of death or serious injury.

Hazard with medium risk of death or serious injury.

A CAUTION

There is a low-risk hazard that could result in medium or minor injury.

Warning of damage to property or environment

The environment, equipment, or data may be damaged.

Information on handling the product

d This information includes, for example:
1 recommendations for action, assistance or further information on the product.
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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.

TS8020 Version: 1.3 13


https://www.beckhoff.com/secguide
https://www.beckhoff.com/secinfo
https://www.beckhoff.com/secinfo

Introduction BEGKHOFF

2 Introduction

BACnet (Building Automation Control Network) is a standardized, manufacturer-independent communication
protocol for building automation. Areas of application include HVAC, lighting control, safety, and fire alarm
technology. Implementation of this protocol is carried out as server as well as client and can be run on all
Beckhoff Industrial PCs and Embedded PCs. All services of a BBC (BACnet Building Controller) are
supported such as for example, common data use (DS), alarm and event processing (AE), schedule
(SCHED), trend recording (T) as well as device and network management (DM).

This documentation explicitly refers to the technical specification of TwinCAT BACnet/IP and therefore the
implementation of the BACnet standard in the TwinCAT runtime and configuration environment. Sound
knowledge of BACnet is a prerequisite. There is plenty of literature users may wish to consult in advance:

» Book: BACnet Gebaudeautomation 1.4, Hans R. Kranz, published by CCI Promotor, 2nd edition, ISBN:
3-922420-09-5

+ Book: BACnetandBACnet/IP - A Clear Description, F. Tiersch, C.Kuhles, published by Desotron ISBN
978-3-932875-31-1

« External link: ASHRAE BACnetBibliography
« External link: BACnet Interest Group - BACnet Literature

2.1 BACnet device

BACnet/IP is an Ethernet based protocol and can therefore be configured in TwinCAT in the "Ethernet”
category. A BACnet device can be added to a configuration via the configuration element "I/O Devices". The
BACnet device establishes the connection with a network adapter.

., Untitled - TwinCAT System Manager =10O] x|
File Edit #Ackions View Options  Help

DSeEZ6E| ' E=RR A Havdaoi® e 8qale
SYSTEM - Configuratior | Number | Device [ Type
E.. ; -
ﬂ 1 Type: ‘&? Prafinet il |LI
BT [-€if CAMopen

--'_3;- DeviceMet Carizel |

=== EtherMetAP

=-f#f SERCOS interface

5% EtherCAT

=& Ethernet

----- E¥ Real-Time Ethemet [Standard)

-} Real-Time Ethemnet Adapter Multiple Protocol Handler)
¥ Real-Time Ethemet Protocal (BKS0x, AX2000-8300)

----- B Yirtual Ethemnet Interface [ Vet
----- E¥ BAChet Ethemet Device & PC anly
S ll B.4Cnet Ethemet Device Revision 12
4 O Cx only
-2 |nterbus-5 « Bonl
- Beckhoff Hardware [
. — All
B i Mizcellaneous —
M ame: IDevice 1
« K e

Ready
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BACnet device settings

IP settings

The IP address of a BACnet device can be displayed and modified via the Settings tab. The IP address is
read from the selected network adapter when the device is created. The IP address used for BACnet does
not have to match the IP address of network adapter. It can be from a separate IP address space. A
TwinCAT system can accommodate several BACnet devices, if several network adapters are available. The
IP settings of the operating system can be acquired via the option "Use operating system settings". This
option lends itself if a device obtains its IP address via DHCP, for example.

/4y Untitled - TwinCAT System Manager _ O] x|
File Edit Actions  View Opkions  Help

IDeed 2 i2n2 ad = avdaanse e Al en 2

- Bl vSTEM - Configuration

5B PLC - Configuration Adapter  Settings | BEMD I Diagnnsisl

-l 1/0 - Configuration
= B} 10 Devices —Local |p Settings i Time Management
DL BRI J ) ;
=R D vice 1 (BACnEL] Mode V¥ Use operating spstem settings Use operating system seftings |

== Device 1-Image

B § Inputs PAddess | 169 . 284 1 1 UTC Offset E
i’lﬁ Mappings Subnet I 285 0 28h 0 288 0 O Daylight 5avings Time =
Gateway I o 0o .o 0 Local Date IW
—Device Settings Local Time Im

Metld |[1 0.3.16.9).21 Client Synchionization Sync Mow |

&ds Part |85535 ¥ Use relstive Netld

— Supplement Key Configuration

— Task Configuration Key Status valid BAChet supplement key

|Device 1 [BACnet]_Task 58 =]  Appl | View Key | [E—— |

—Import/Export [EDE, $ML ExP] ————— [ hdvanced Setting:

Import ... | Export ... I Data Structures Configure |
Metwork Adapter Qusues Configure |

—Wersion
BAChet Extension 18
BAChet Stack 1.00.7
4] [*]
Ready m Config Mode [

AmsNetID settings

Once a BACnet device has been created, further settings can be made via the Settings tab. Each BACnet
device has an AmsNetID, which is used as access point for acyclic services. The AmsNetID has 6 digits. The
first 4 digits are taken from the system NetID, the 5th is determined by the item ID (1st device: 2, 2nd device:
3, etc.), the 6th is always 1. To activate the BACnet configuration on another target system, the first 4 digits
of the AmsNetID have to be adjusted accordingly. A corresponding dialog appears during connection with
the new target system. Generally, we recommend activating mode "Use relative NetID". In this case the first
4 digits of the NetID are initialized with 0 and replaced with the current system NetlD when the BACnet
device is loaded. In this way it is possible to transfer an active system configuration to another target system
by copying corresponding files (CurrentConfig.xml).

Task configuration

A BACnet device is linked with a task through asynchronous mapping. The corresponding task can be set in
the field "Task Configuration". For a BACnet device any task with port >350 can be used. When a BACnet
device is created, a default task with priority 58 is automatically created and allocated to the BACnet device.
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Import/Export

The "Settings" tab of the BACnet device can also be used to import and export various file formats. A .exp
file export, for example, makes a BACnet configuration available in a PLC. Declarations of function blocks of
the TcBACnet.lib are created for all configured BACnet server and client objects, which can then be used in
the PLC program. This enables convenient access to remote BACnet objects, for example, since process
data variables are automatically linked during PLC automapping.

During XML export and import BACnet configurations are processed in a manufacturer-specific format.

Version 2.2 also supports Engineering Data Exchange (EDE) import and export. The EDE format is a
comma- or semicolon-separated list with fixed and optional columns. Whether comma or semicolon is used
as separator depends on the country-specific setting. The list separator specified in the operating system
(Regional and Language Options) is used. Additional optional columns can be selected during export
("Include optional columns"). The optional column "vendor-specific address" can be used to copy information
relating to the linked variables of the TwinCAT configuration to the EDE file. During EDE export of a BACnet
server the user can choose whether offline data (settings dialogs) or online data are used for the export.

Export EDE B |

Export: IEe-:khn:nff_2524251 [BAChet Client 2824251j

Target: ||:Iient.|:sv |

¥ Usze Online D ata

¥ Include optional columns
v wiite Limits_Min-#Max Presvalue

[ Include Yariable Link |nformation

Cancel | 1] |

Time management

The "Time Management" group in the "Settings" tab of the BACnet device has an option to specify whether
the time of the underlying operating system should be used. Summer and winter time is updated
automatically, if configured accordingly in the operating system. For manual time setting the UTC offset and
the DayLightSavingsStatus (summertime/wintertime) can be specified in this dialog. During the manual
configuration of the time parameters the UTC offset and DayLightSavingsStatus can be modified via
BACnet. Switching between summer and winter time leads to a 60-minute time switch.

Further BACnet device setting options are presented in the sections below.

BACnet server/client

Under a BACnet device BACnet clients and server can be configured (see also example: "Create BACnet

adapters and servers [P 921"). A server makes BACnet objects available. A BACnet client enables access to
BACnet objects of other BACnet devices (servers) in the network.
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Search: I I armie: IEII:uiEI:H [Matification Sink) ik |
Type: El--%ﬁﬁ Beckhaoff Autamation GmbH Cancel |
SR B4 Cret Modules
_lf_ BAChet Server [Module] Muliple: ] :

5 BaAChet Client [Module]
------ L8 Matification Sink [Module]

[nzert Instance... |

BACnet clients can be detected automatically by scanning the network. To this end a BACnet device is
created, and the Scan function of the TwinCAT System Manager is used to find other devices (servers). For
each found device the loaded BACnet objects are detected and created in the System Manager. Clients can
also be configured manually with suitable BACnet device IDs, whereby the IP address is automatically
determined with the BACnet service Who-Is. If the Scan function of the System Manager is used for a select

client, the objects are detected so that no manual configuration is required.

Scanning of clients and their objects and properties requires an existing BACnet installation.

EI Bl 1/0 Devices

E...?:'? Device 1 (BACnet)
----- ~-=j= Devic B append Object...
. g IO'-'F'M ¥ Delete Object...
X Disabled
Yd' Change Id...
Change Metld...

BACnet notification sink

_ialx|
—5Select Clients
BACnet-ID IP Address

o 52762 169.254.1.151

¥ 164001 1652541218

v 527385 1692541152

v 204553 169.254.1 52

V¥ 1 169.254.1.18
—Scan Configuration

Scan Timeout (s) 7 B
—Scan Status

Cancel

Rescan | Add Clients

The notification sink is a special feature of BACnet modules. It can be used to collect events and facilitate
COV subscription. Functionally it is not a BACnet object, so that the notification sink is not visible for other
clients from BACnet. However, the notification sink can be accessed via ADS services (e.g. TCP/IP, see

section "ADS interface [» 5131").

TS8020
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® Notification sink and certification

The notification sink is not included in the certification. Application of the notification sink is the
responsibility of the user.

- Untitled - TwinCAT System Manager - ‘vbox' 10| =]

File Edit Actons Wew Options Help

Dl ESE | FER2|H8 = aavF D

- B 5YSTEM - Configuration

L% L ® % B Qe e @ 7

..M PLC - Configuration g | Onine |
- 1/0 - Configurati
= Eﬂfg I,.'DOBEEiL:I:S on —ldentificaton ————————————————— Caonfiguration
. &% Device 1 (BACnetRev Process D I1DDDD Collect Al Netifications: [~ Event Queue Size: IZE'E 3:
E g ?:;L',Ct: Himage Ads Port 1001 Motification List Rotation: [~ COV Queue Size: |255 E:
- §l Outputs
+-&|; Beckhoff_174131¢ —COV Subscriptions
o N |
o pg;gr:SINK_mUUU (o Subscription | 1D Parameter Datatype
= 0 (10000; Anzloginput :0;False;0;(A... | Subscrib. ..
subscriberProcessldentifier 10000 Unsigne...
monitoredObject Idertifier Analoglnput:0 BACnet...
issueConfimedMotifications I r Bool
lifetime I 0 Unsigne...
monitored Propertyldentifier (Acked Transitions) BACnhet. ..
covincrement I I Real
4] | 2
Ready vbox (10.3.32.28. 1. 1) | Config Mode |4

For each BACnet device several notification sinks can be configured (with different process IDs), for example
to distinguish different weightings of event priorities. For each notification sink a unique ADS port is
generated and displayed under "ldentification". The size of the queues for COV and event notifications can
be specified via the Configuration field. If a queue is full, further notifications are discarded. Via the ADS
interface the user must ensure that the queues are processed suitably quickly, and entries are cleared (via
ADS). Regarding the queues it should be noted that in the current implementation router memory is used for
the notifications. The memory allocation for each notification is approx. 3 kbytes. The size of the router
memory should match the queue configuration.

The functions Event and COV auto-acknowledge are currently not used. Acknowledgement of individual
notifications is also not implemented at present.

The main use of notification sinks is processing and visualization of alarm messages (event notifications).
COV notification subscriptions should only be used if state changes of complex BACnet properties must be
implemented. This can be used to monitor whether new BACnet objects were dynamically added to a device,
for example. For properties with simple data types of process data of remote objects should be used, since
here too efficient COV notifications are implemented.

A different configured client can be set as target for COV subscriptions by double-clicking on the
Identification field.

Received notifications (including receive time stamp) can be viewed in the Online tab. Individual event and
COV notifications can be cancelled, and all queues can be cleared with a command available in the context
menu of the Online tab.
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Online | S ettings |
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The figure shows an EventNotification in the Online tab of a notification sink. TwinCAT BACnet/IP devices
read the message text of an EventNotification from the Description property of the BACnet object sending
the event.

EventNotifications can also be deleted via the function block FB_ BACnet NotificationSinkDelEntry [» 489] of
the PLC library TcBACnet.lib.

An example that illustrates the application of the NotificationSink and generation of EventNotifications can be
found in section Application: Example: NotificationClass and NotificationSink. [»_129]

2.2 Setting up a BACnet Supplement Key

In order to be able to execute a TwinCAT BACnet/IP installation in RUN mode, it is necessary to obtain a
supplement key. This key is linked to the MAC address of the network adapter. Supplement keys for several
network adapters can be set up on the same computer.

® Windows CE images

For Windows CE-based images the supplement key is already pre-installed in corresponding
BACnet versions (special order number) and does not have to be entered retrospectively.
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— Import/Export Configuration —Advanced Settings

Import Xml ... | Export Xml ... | Diata Structures Configure |
Metwork Adapter Queues Configure |

Ready | Local (10.3.32.17.1.1) [elgilef gLl

4

To add a supplement key a BACnet device must be created and loaded ("Reload Devices"). The key can
then be added with the button "Insert Key" in the Settings tab of the BACnet device.

=

MAC Address: 00:1B:21:A3:81:77

Cancel | Insertkey |

Supplement Key Configuration
’7 Key Status I valid BACnet supplement key

® Image updates

1 If a valid key has been entered, it can subsequently be displayed with the button "View Key". In
Windows Embedded-based devices (CX5010,CX5020) a image update may result in the
supplement key being lost. It is advisable to make a note of the supplement key before the update.

Supplement Key Configuration
Key Status I valid BACnet supplement lkey

[nsert Key
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2.3 BACnet objects and properties

General information on handling

Each BACnet object has a defined number of properties associated with it. These properties are configured
offline on the BACnet server side and made available to other BACnet devices in the BACnet network during
operation (RUN or Free RUN). These offline data, or the initial values of the object properties are displayed
in the "Settings" tab. The Online tab shows the current values of the object properties at runtime. Some

properties are read-only (and identified as such by a lock symbol & ) and cannot be changed.

;, CX9001.tsm - TWinCAT System Manager - 'CX_0D0828"

File Edit Actions  Yiew Options  Help

D@ s @Sk 0

avd AR ®| e 2Qlwee €D ?

I” - Configuration
- Canfiguration _I Settings | Dnllnel Cyclic Datal Dphional Propertlesl
I/ Devices M arne | 1D Yalue Type
lB'?C Device 1 (BACRet) » 4 TRUE CharacterS tingE <t
: g ?ew:e I-Image Alarm alue B ihactive ﬂ BACHetBinarn Py
nputs
$/ outputs Drezcription 28 CharacterStringE=t
El —|‘_ Beckhoff_S27621 (BACnet Serve Device Type | kL1104, 4 K. Eingang [24%... | CharacterStringE st
[+ g Inputs EventEnable 35 |0«0005 BACHetE ventTransitionBits
I Cukputs - -
. - BAE Device (BAChet Device Obje FaultFallbackBinan®falue | 803 |[) FalbackBinant alue
. m-BAS CurrantConfig.xml (BAChSt F InactiveT ext 46 |FALSE CharacterStringE =t
l 1?.’:;3 BACnetOnline _1010010,wbg laBusMr 513 |0 Byte
= i:i;EEUS_U_ngDDD'KB (BACne lokaduleChn 55 |1 Unzignedinteger
+]-BaF Term 2 (KL2114)_Chnl § :
£ ESE Term 2 (KL2L14)_Chn2 ( lokoduleMr 14 |2 Ungignedlnteger
BAE Tepm 2 (KL2114)_Chn3 MotificationClass 17 |0 Unzignedinteger
#-5AF Term 2 (KL2114)_Chn4 { MotifuT ype 72 | alarm j EAChetMotifuT ype
1. B [ i ; ” ; ; ”
et L1104)_Chnl ¢ Ohject |dentifier 75 | Binamlnput:0 BACnetdbject] dentifier
BAL Term 3 (KL11EI4) _Chnz . ;
7 BAL Term 3 (KL11047_Chn3 { Object Mame F7 | Term 3 (KL1104)_Chnl CharacterStringE st
7 BAC Term 3 (KL1104)_Chnd Out0fS ervice a1 0 Bl
B B4 Term 4 (kL3202)_Chnt { Polarity 84 | nomal j BACHetPolarity
(-8B Term 4 (KL3202)_ChnZ { — —
B Term S (KL4001)_Chnl { Fieliahility 103 | mo_fault_detected j BAChetR eliability
B-BAS SCHED_0 (BACRet Scheduls TimeDelay 113 |0 Unzsignedinteger
222 Dewice 2 (CX¥9000-KBus)
-4 Device 3 (MNOYIDP-RAM) -
[ i

Ready

Each object property has a unique number. In TwinCAT BACnet/IP properties are subdivided into groups,
which are identified by numbers as follows:

* Property ID 0...511: BACnet standard-compliant properties:

o defined in ISO 16484-5

o specified, defined manufacturer-spanning behavior

> can be configured offline in part, in some cases only representation of an online state
* Property ID 512...799: manufacturer-specific properties with BACnet visibility:

o visible in the BACnet network as properties of the corresponding objects
* Property ID 800...1000: manufacturer-specific properties without BACnet visibility:

o used for configuring internal parameters that are not relevant for BACnet but are allocated to
objects as parameters

o configurable in the Settings tab of corresponding objects; not visible in the Online tab
o includes fall-back values for I/O modules
» Property ID >1000: internal properties without BACnet visibility:
> not visible in the Settings or Online dialog
o used internally for special process data (e.g. "Rawlo*")
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o used in PLC automapping [P_72] for priority-based links and a device ID

In Online view a context menu can be opened by right-clicking.

i, CX9001.tsm - TWinCAT System Manager - 'CX_0D0828"

‘Ba K-Bus-Trigger - Device 2 (CxA000-KE_|
By [Device 1 (BACRet)_Task_5& - Devic =
B 4

File Edit Actions Wiew Cptions Help
ot a
DE@d|&R| 4= " A I A ek
- %1 Inputs
1 Outputs =l Settings  Online | Cyclic Data I Optional Properties I
7 Beckhoff 527621 (BACet Serve Marne I} Walue Type =
%T Inputs [~ AckedT ransitions 1] 0=ED05 [to_offnormalto_fau... | BAChetE ventT ransitionBit
‘l Outputs ActiveT ext 4 TRUE CharacterStingE =t
BAC Device (BA&CRet Device Obje —— -
BAC CuprentConfig, xml (BACTet F r E Inasive j BACnetBinaPYy
: BAC BACRetOnline_1010010,whp Ch, Read Property Data Unzignedinteger
- il [0Bus_0_CX9000-KE (BAChe ] Ch Write Property Data . BAChetD ateTime
B-EAE Term 2 (KLZ114)_Chnl { -
: - O CharacterStingExt
[+ B4 Term 2 (KL2114)_Chnz ¢ E Copy Walue : L
..Ji:;:.tc Term 2 (KL2114)_Chn3 { "] De AT . 04, 4 k. Eingang [24¥... | CharacterStringE st
E-5EF Term 2 (KL2114)_Chrd Ela |Unsignedinteger
iiﬁ Term 3 (KL1104)_Chni { Ew Add Element 5 BAChetE ventT ransitionBit
[-BAS Term 3 (KL1104)_Chn2 {
: E Add Elements ... I BACHEtE ventStat
[-BSE Term 3 (KL1104)_Chrid { L b ma e
--%’2‘{3 Term 3 (KL1104)_Ching { ] Ewi Remove Element fEmEsEmE s s | BAChetTimeStamp(]
--%EE Term 4 (KL3202)_Chnl Ina Auto Update E CharacterStingE =t
BB Term 4 (KL3202)_Chn ( a loft Byt
B’ Term 5 (KL4001)_Chnl ( [ I Auta Commit Unsignedinteger
[+ B4 SCHED_0 (BAChet Schedule Expand Al L d
2 Device 2 (CX9000-KBus) ] lo Unsignedinteger
- Device 3 (NOYIDP-RAM) MotificationClazz 17 |0 Unzignedinteger
Tppings _ M otifyT ype: 72 | alam j EACHetM otifyType
‘B TcBACnet {MAIN) - Device 1 (BACNe - - - - - "
2 Device 2 (CX9000-KBus) - Device 1 "] Object |dentifier 75 |Binarylnput:0 BACHetObject dentifier
Object Manme FF | Tem 3 [KL1104] Chal

CharachlarStrianHt _ILI
»

Ready

Free Run

(5.14.8.40.1.1)

The menu entry "Read Property Data" can be used to read the value of an individual property.

® ReadPropertyAll

The overall view is read with the BACnet service ReadPropertyAll. If a device does not support this
service, the properties are read individually.

If the function Auto Update is activated, all properties are read and displayed at 1-second intervals. In this
case the individual properties no longer have to be read explicitly via the menu entry "Read Property Data".

This feature is enabled by default.

List and array property elements can be added/removed with the Add/Remove function.
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Settings  Oniine | Cyclic Data | Optional Properties |
MName ]} Walue Type
Description 28 CharacterString Bt
EfectivePeriod R Y R 4 BACnet DateRange
BExceptionSchedule g 1N BACnetSpecialEvent List
ListOfObject PropertyRef EA T A ) BACnetDeviceObjectPropertyReferen...
i | [¥] Object Identfier Write Property Data BACnetObject|dentifier
Object Mame Copy Value CharacterString Ext
[~ Chject Type Pasts Value BACnetObject Type
OutOf Service | Bool
& |[2] PresentValue (I %Jl BACnetValueList
Pricrity FarVWriting Add Elements ... Unsignedinteger
& Reliability Remove Element BACnet Reliabilty
ScheduleDefault Auto Update BAChetValuelist
[~ StatusFlags sesbs Commit EAEnHStétus Flags |
WeekhrScheduls BACnet DaityScheduleList

Expand All

By default, changes in the property data are written immediately. Data can be manipulated without triggering
immediate writing by deactivating the function "Auto Commit". This enables to make complex changes in the
properties (e.g. in the property ExceptionSchedule), and the changes can subsequently be written in a single

operation. The edited properties are identified with a pen symbol .# on the left-hand side until the changes
have been written. The context menu option "Write Property Data" can be used to write the changes. Please
note: the option WritePropertyMultiple is currently not implemented. Instead, individual WriteProperty calls

are used.

TS8020

Version: 1.3
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Settings  Online | Cyclic Data | Optional Properties |

MName I} Value Type
Description 28 CharacterString Ext
[=] EffectivePeriod Y e 4 BACnetDateRange
start Date i i BACnetDate
endDate EEE 4 BACnetDate
) ExceptionSchedule AL li= ===l BACnetSpecial Event List
& [ : Reéd Property Data calendarEntry j
ListOfObject Property|_ e Property Bata |- | BACnetDeviceObjectPropertyReferenc. .
[ Object Identifier Copy Value BACnetObject [dentifier
Object Mame Paste Value CharacterString Ext
[ Object Type I BACnetObject Type
OutOf Service Bool
§ | 5] PresentValue Add Elements ... BACnetValusList
Pricrity FarWWriting Remove Element |Unsignedinteger
[ Reliahility Auto Update BACnet Reliability
ScheduleDefault Auto Commit BACnetValueList
[~ StatusFlags Expand Al BACnet StatusFlags
WeeklySchedula o BN TATAT AT TATATY BACnet Daity ScheduleList

Deactivate auto update!

If "Auto Commit" is deactivated, the function "Auto Update" should also be deactivated in order to prevent
overriding of edited data on reading.

Certain objects have commandable properties. In these cases a write access priority can be specified. This
value is written to the PriorityArray via the index linked with the priority.

24 Version: 1.3 TS8020



BECKHOFF

Introduction

Settings  Online |[:}"dic Data I Optional Pmperti&al

MName ) Value Type
Object Mame 77 | Tem 2 (KLZ2114)_Chn1 CharacterString Bt
[ Object Type 79 | BinaryOutput BACnetCbject Type
OutCH Service 81 | Bool
Polarity 84 | nomal = || BACnetPolarity
¥ == = || BAChetBinany PV
VA reocriVoi: e El v
E FInDn-hrAnE!'r | DA e D ey o[y g T
Wirite Pr Data 3 iori = i E
M | operty Priority 1 - Manual-Life Safety
2 Copy Value Priority 2 - AutomaticLife Safety I
9] Faste Value Priority 3 I
Priority 4 |
[4] Add Element B
Priority 5 - Critical Equipment Control 1
[l Add Elements ... E sHpm
Priority & - Minimum On fOff 1
[6] Remove Element _ .ty o 1
v ot Uodete Priarity 7
a uto Upda Priority 8 -Manual Operator [, |‘
Auto Commit Priori R |
riarity 9
Bl E d All
*pan Priority 10 1
[“}] TNy
[ (Nl Priarity 11
[2] (Nl Priarity 12
[3 (Nl Priarity 13
[14] (Nul) Priority 14
[5] (Nl Priorty 15
[16] (Nl Priarity 16I
I = Raliahilis il ] rn fank Astertad |F!ﬂulnm=d'nn=li:|hi|i+u I _Ij
4 3

The PriorityArray also offers direct write access. All entries with the value "(Null)" are ignored. Depending on

the priority, entries with a concrete data type and a valid value act on the corresponding, commandable

property or are overridden by another entry with higher priority. The entries from the PriorityArray determine
the value of the PresentValue of a BinaryOutput object, for example.

TS8020

Version: 1.3
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Settings  Online | Cyclic Data I Optional Fmperti&al

Name 0 Value Type -
Owutf Service L Boal
Polarity g4 [ nomal d BACnet Polarity

[ 3 85 |inactive ﬂ BACnhetBinarnyPY

[=] PriortyAmray 87 |16 Bements BACnet Priorty'Value[]
11 {Mully Mull
[ {Mully Mull
3] {Mully Mull
[4] {Mull) Mull
[5] {Mully Mull
[6] (Nully Null
= [A {Mully Mull
8] {inactive) Binary
4 {Mully Mull
[10] {Mully Mull
[11] {Mully Mull
2] {Mully Mull
=1 [13) {Mully Mull
[14] {Mully Mull
[15] {Mully Mull

_@os | leewe) By
Reliability 103  |no_fault_detected BACnhet Reliability b
Relinguish Default 104 |inactive j BACnet Binany PV

. N S — LIJ

To remove an entry from the PriorityArray, set the type to NULL in the Type column. Entries can also be
deleted from the PriorityArray via the context menu of the commandable property. To this end select NULL
as type and write it to the corresponding priority with "Write Property Data" or automatically with "Auto
Commit".

Configuration of optional properties and property write protection

The BACnet standard defines the standard objects and their properties (property ID 0 - 511). Some
properties are identified as optional, other as obligatory. In order to achieve maximum flexibility in the
configuration of objects, optional properties can be set to be in view or hidden and the access type can be
limited, if permitted (read-only or read/write) in the Object view under the "Optional Properties" tab.
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Settings | Oniine | Cyclic Data  Optional Properties |

V¥ [& Object ldentifier (R) W [& InactiveText (01) ¥ & TimeDelay (04)

¥ [& ObjectMName(R) W [@ ActiveText(D1) ¥ [& MNotificationClass (04)
¥ [ ObjectType(R) W [& ChangeDfStateTime (02) W & FeedbackValue (04)

7 [& Present\Value (\W) v [& ChangeOfStateCount (02) v [& EventEnable (04)

¥ [& Description () V¥ & TimeDfStateCountReset (02) W [F AckedTransitions (04)
W [& DeviceType(0) [ [@ ElapsedictiveTime (03) ¥ [& MNotifyType (0O4)

I [§ StatusFlags(R) W [& TimeDfActiveTimeReset (03) W [§ EventTimeStamps (04)
¥ [§ EventState (R) ¥ [& MinimumOfftime (O) WV [ loBusNr(0O)

¥ & Reliability (R) ¥ & MinimumOntime (O) WV & loModuleNr (O)

¥ [@ OutDfService(R) ¥ [@ Priorityfrray (R) ¥ [ loModuleChn (O)

I [&] Polanty (R} I [& RelinguishDefault (R] v [& ActivePriority (O]

1 If one of the optional properties Inactive_Text or Active_Text is present, then both of these
properties shall be present.

02 If one of the optional properties Change_0Of_State_Time, Change_Of_State_Count, or
Time_0Of_State_Count_Reset is present, then all of these properties shall be present.

{3: If one of the optional properties Elapsed_Active_Time or Time_Of_Active Time_Reset s
present, then both of these properties shall be present.

04: These properties are required if the object supports intrinsic reporting.

Information shown after the property name (R/W/O)

o

1 The letter after the property name (R/W/O) indicates the minimum access right according to the
BACnet specification. "R" stands for readable (or higher) properties, "W" for readable and writeable
and "O" for optional readable and/or writeable properties. The identification number of optional
properties indicates their interdependence. Optional properties with the same number can only be
activated or deactivated as a group. Notwithstanding the BACnet specification some normally
optional properties are obligatory in TwinCAT BACnet/IP and can therefore not be disabled. This
due to the internal implementation.

For some properties write access can be specified. The green, open lock symbol [ indicates write access.

The red, closed lock symbol [& indicates read only access. Click on the symbol to toggle the state. In case
of greyed out symbol the permission cannot be changed. The access permission is indicated by "W" or "R"
or the greyed out lock symbol ("W" and open, grey lock = write/read access, "R" and closed, grey lock = read
only access).

The availability of optional properties can be controlled by clicking on the symbol checkbox W Deselecting
the checkbox disables the corresponding property.

Manufacturer-specific properties

TwinCAT BACnet/IP uses a number of manufacturer-specific properties, which are explained below. Vendor-
specific properties are distinguished through their property IDs. Properties with IDs between 512 and 799 are
visible across the BACnet network. Properties with higher IDs are used for the configuration within TwinCAT
BACnet/IP and are not displayed via BACnet. These properties are visible in the Settings tab, but not yet in
the Online tab.

ScaleOffset (512) ScaleOffset is used for Analoglnput and AnalogOutput objects and determines
the offset for the conversion between the hardware range to BACnet and vice
versa.

TS8020 Version: 1.3 27



Introduction

BECKHOFF

For Analoglnput objects: PresentValue = RawloSingedValue * Resolution +
ScaleOffset

For AnalogOutput objects: RawloSingedValue = PresentValue / Resolution -
ScaleOffset

The same calculation algorithms apply for the process data properties
RawloUnsingedValue.

loBusNr [0..255] (513)

loBusNr is used for mapping a fieldbus state, e.g. during K-bus 1/0
automapping. Further details can be found in sections |0 Automapping [»_72]

and Process data [P 42]. 255 indicates that a BACnet object is not allocated to
any loBus.

loModuleNr [0..65535]
(514)

loModuleNr indicates the position of a terminal within an I/O bus. For I/O
automapping consecutive numbers are used, starting with 1. This property is for
information purposes only and is not used in the BACnet stack.

loModuleChn [0..255]
(515)

loModuleChn indicates the channel number of an I/O terminal. For I/O
automapping consecutive numbers are used, starting with 1. This property is for
information purposes only and is not used in the BACnet stack.

PersistentData (516)

Persistent Data indicates whether changes have occurred since the last saving
of persistent data. In addition, this property can be used to trigger saving of
persistent data via BACnet. Details relating to this property can be found in
section Persistent data [P 57]. This property is only visible if persistent data
were activated and the configuration was loaded in RUN mode.

ActivePriority (517)

ActivePriority indicates the active priority level for objects with commandable
PresentValue properties. If all entries in PriorityArray are NULL, the value of
Active Priority is 17, and ReliquishDefault is used as value for PresentValue.

LastConfirmedServiceAcc
ess (518)

The property LastConfirmedServiceAccess of the device object can be used to
display the IP address of the last successfully executed and confirmed service
(e.g. read, write property) in the form of a string. In COV mode a TrendLog
object can be used to set up an access log for documenting all network access.

DataRequestMode (519)
DataPollinglnterval (520)
EnrollmentCovResubscript
ioninterval (521)

EventEnroliment object - monitoring of external objects. These properties can be
used to configure the data transfer method of an EventEnroliment object. The
property DataRequestMode of data type Enum specifies the service used to
read data (ReadProperty, COV, ReadPropertyMultiple). The property
DataPollinglnterval specifies the interval at which data are requested in
transmission types ReadProperty and ReadPropertyMultiple.
EnrollimentCovResubscriptioninterval specifies the Resubscriptionintervall for
the COV mode.

FileName (522)

In the File object, the corresponding file is identified via the property
ObjectName. If the operator requires a fixed naming scheme for the File object,
the file can no longer assigned via the property ObjectName. The property
FileName can be optionally enabled. If this property is active, the corresponding
file, relative to the boot folder, is allocated via the value of the character string,
and the property ObjectName can be used freely.

Requirements

FaultFallbackRealValue
(802)

FaultFallbackRealValue can be used for Analoglnput objects, so that valid
values are provided in the event of an 1/0 bus error in the higher-level PLC or
BACnet. If an loBus error is detected, TwinCAT BACnet/IP no longer copies the
corresponding process data of the fieldbus, but the configured fall-back values.

[=] FaultFalbackRealialue
fallbackhalue

a0z
v
The fall-back value can be activated in the Settings tab by ticking the box for the

optional value. If no fall-back value is active, in the event of an loBus error no
process data are copied, and the last valid value remains active.

(100)
100

FallbackRealfalie
Feal

FaultFallbackBinaryValue
(803)

FaultFallbackBinaryValue has the same purpose as FaultFallbackValueReal

and is used for Binarylnput objects.
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OutOfServiceFallbackReal
Value (804)

OutOfServiceFallbackRealValue can be used for generating valid output
process data if an AnalogOutput object is in OutOfService mode. If
OutOfServiceFallbackRealValue is active, the corresponding value for the 1/0
process data is used. Otherwise, if OutOfService is active, the last valid
PresentValue value is used.

OutOfServiceFallbackBina
ryValue (805)

OutOfServiceFallbackBinaryValue has the same purpose as
OutOfServiceFallbackRealValue and is used for BinaryOutput objects.

TimeSynchronizationUseU
TC (806)

From revision 12 this
property is no longer used.
The specified properties
UTCTimeSynchonisationR
ecipients and
TimeSynchronizationRecip
ients are now supported.
The functionality is
retained as described.

TimeSynchronizationUseUTC is used for configuring a TimeMaster and
indicates whether the TimeSynchronization service or the
UTCTimeSynchronization service is used for sending synchronization telegrams
to the TimeSynchronizationRecipients.

Revision 6, which is implemented in TwinCAT BACnet/IP, does not yet make
provision for TimeMaster-specific properties. In this context TwinCAT BACnet/IP
implements the standard-compliant properties Alignintervals, IntervalOffset and
TimeSynchronizationInterval without BACnet visibility.

The property TimeSynchronizationinterval (204) indicates the interval (in
minutes) at which time synchronization telegrams are sent. If the value of this
property is 0 the TimeMaster function is disabled.

The property Alignintervals (193) can be used to enable the property
IntervalOffset (195), which can be used to specify when exactly time
synchronization telegrams are sent. If the property TimeSynchronizationinterval
has a value that is divisible by 60, time synchronization messages are sent
when the current time in minutes modulo matches the value of
TimeSynchronizationinterval and IntervalOffset. The following example explains
the configuration of a Timemaster, which sends UTC time synchronization
telegrams to all BACnet devices in the network every day at 2 am:

TimeSynchronizationUseUTC = TRUE

Alignintervals = TRUE

TimeSynchronizationinterval = 1440

IntervalOffset = 120

TimeSynchronizationRecipients = {((FF:FF:FF:FF:FF:FF;0))}

PredictScheduleValueTim
e [sec] (807)
PredictedScheduleBoolVal
ue (808)

In building automation applications, HVAC systems can save energy through
"optimized/sliding" switch-on. If, for example, a set temperature of 21°C is
required at 8:00, a heating system can be activated earlier or later depending on
the season. At low outside temperatures the heating will come on earlier than at
higher outside temperatures. The heating activation time can be calculated
based on a suitable mathematical equation or through learning systems.

To implement this functionality the vendor-specific properties
PredictScheduleValue Time and PredictedScheduleBoolValue are available in
the BACnet object Schedule. The calculated system pre-activation time can be
transferred from the PLC to BACnet via the process data property
PredictScheduleValueTime. The BACnet stack uses the process data property
PredictedScheduleBoolValue to calculate the predicted value (PresentValue) of
the Schedule object in the future. The unit of PredictScheduleValueTime is
second.

If, for example, the time is 7:51 and the value of PredictScheduleValueTime is
540 (9 minutes), PredictedScheduleBoolValue will be assigned the value of the
PresentValue of the Schedule object at 8:00.

AccumulatorintegrationMo
de (811)

The Accumulator object can be used to accumulate count values via the
process data property RawloAccumulatorValueUSINT. In normal mode the
counter value of the accumulators is incremented by 1, if the value of
RawloAccumulatorValueUSINT is incremented by 1. Integration mode can be
activated for measuring quantities per time. In this case, the count value of the
accumulator is incremented if the value of RawloAccumulatorValueUSINT was 1
over one millisecond. This functionality can be used to calculate an air volume,
for example, if RawloAccumulatorValueUSINT is linked to the current air flow.
The time base is 1 ms. The BACnet property PreScale can be used for scaling,
e.g. on an hourly basis.
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AvgFilterCycles (812)

Analog input values may result in fluctuating values, due to long cables or
interference. When Analoglnput objects are used in BACnet, the property
Covincrement can be used to limit the transfer of value changes. If the
fluctuations exceed the resolution of values to be displayed, it may be advisable
to smooth out the analog input values through filters. The property
AvgFilterCycles can be used to activate an averaging filter for Analoglnput
objects, which forms the average value of the raw value over AvgFilterCycles.
With a BACnet cycle time of 50 ms, a value of AvgFilterCycles = 20 indicates a
filter over 1 second.

FaultDeadband (813)

A further potential problem caused by fluctuating analog values is violation of a
value range defined as valid. For Analoglnput objects the properties
MinPresValue and MaxPresValue define a valid range for the value of the
property PresentValue. If the value scaled from the raw* value is outside the
defined range, the BACnet object assumes Fault state. Since the properties
MinPresValue and MaxPresValue are also read as value range by the control
system, these limits should not be shifted in an attempt to tolerate values that
fluctuate slightly below the limit as valid. Similar to the property Deadband,
which determines the transition to OffNormal state, the property FaultDeadband
can be used to specify an extended limit for the Fault state. If the value
calculated by the scaling falls below the value of MinPresValue by less than
FaultDeadband, the PresentValue assumes the value MinPresValue, and the
object does not assume Fault state. The exact calculation formula is
implemented as follows:

IF MaxPresValue + FaultDeadband > PresentValue > MaxPresValue THEN
PresentValue = MaxPresValue

IF MinPresValue - FaultDeadband < PresentValue < MinPresValue THEN
PresentValue = MinPresValue

Below is a small example outlining the use of this property:

Example: e =
- Analog input signal 2V-10V e s
- Input terminal 0V-10V [0..32767] -

- Mapping to 0% - 100% (PresentValue) ey

- Values up to 1.8V should be tolerated as s
valid ?

Calculation:

-2V = 6553

- 10V = 32767

- MinPresValue = 0 (0%)

- MaxPresValue = 100 (100%)

- FaultDeadband: 1.8V corresponds to a value
of 5898. FaultDeadband takes effect in the
value range of PresentValue; the scaled value
is: 5898 *0.0038 — 24.99 = 2.5%. In the
example, the FaultDeadband therefore has to
have a value of 2.5, in order for 1.8 V still to
be displayed as a valid value.

Pt1DampFactor [0..1]
(814)

Similar to the property AvgFilterCycles, the property Pt1DampFactor can be
used to activate an analog input filter. The Pt1 filter is applied after the scaling
and smoothes the analog value. The damping factor can have values between 0
and 1. No filtering takes place if the value is 1. If the value is 0, the new input
value is only applied at infinity. Meaningful values can be 0.01 or 0.001, for
example. A TrendLog object can be used to verify the effect of the filter for a
simple pulse response. (Change of the raw value from 0 to 1). The implemented
formula is:

PresentValue,.,=Pt1DampFactor*(Input-PValt)+PresentValue 4

PT1 and averaging filter can be operated in parallel. The averaging filter is more
runtime-efficient, since integer arithmetic is used.
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EnablelnternalLoopCtrl The property EnablelnternalLoopCtrl can be used to activate an internal control
(815) algorithm in the Loop object. Normally, the loop is implemented as an empty
shell for a controller implemented in the PLC. A basic controller was integrated
in the BACnet stack, in order to provide support for dynamic generation of Loop
objects. This PID controller additively links the P, | and D components and
implements a limitation for the integral and sum component. The formula
implemented in the Loop object when the EnablelnternalLoopCtrl is activated
(and set to TRUE) is shown below:

IF (Action = = direct) E = W - X IF (Action = = reverse) E =X - W Yp = Kp
* E // Proportional Yi = Yi(n-1) + (Ki * tCycle * E) // Integral Max >= Yi
>= Min // Anti-Wind-Up Yd = Kd * (E - E(n-1)) / tCycle // Differenzial Y =
Yp + Yi + Yd + Bias Max >= Y >= Min // Ausgangslimitierung
Pt1DerivativeDampFactor |In order to be able to handle step changes in the setpoint specification for the
[0..] (816) control algorithm implemented in the Loop object, the error value (E) of the D
component can be attenuated via a Pt1 factor. This enables the effect of the D
component to be amplified when step changes occur in setpoints.

2.4 Help functions and wizards

Wizards were implemented to simplify the configuration of TwinCAT BACnet/IP and make it more
transparent. They are briefly described in this section. Th availability of a wizard is indicated by a small

triangle (:I ) on the bottom right of the Property view in the Setting and Online tabs of the objects. The
wizards can be used for client and server objects.

Object overview

Under BACnet client and server, there are tabs "Objects Online" and "Objects Settings" respectively. In this
view selected properties of the objects of a BACnet client or server are shown. BACnet objects can be sorted
based on different criteria by clicking on the table header. In this way it is possible to show all objects with
fault state at the top, for example. In general, "Objects Online" represents all online values of the BACnet
objects; "Objects Settings" represents the settings values. The Copy&Paste feature (CTRL-C, CTRL-V) can
be used to copy property values in this view. If several cells are selected, CTRL-V will change several
property values.
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.. Demo.tsm - TwinCAT System Manager - 'CX_0BAB54'

Fil

le Edit Actions View thions

-

H

i..=¥a Device 1-Image

%T Inputs

$! Outputs

|7 Beckhoff_753988 (BACnet Serw

-4 Inputs

- Outputs

#-"EY Device (BACnet Device Obje

[#- “” CurrentConfig.xml (BACnet

[~ “” BACnetOnline_1010010.whby

=l g ToBus_0_CXS000KB
B2 Term 2 (KL2114)_Chn1/{

!,‘_',’_ Term 2 (KL2114)_Chn2 |

#-E% Term 2 (KL2114)_Chn3 |

EY Term 2 (KL2114)_Chn4 |

Term 3 (KL1408)_Chn2 |
Term 3 (KL1408)_Chn3 |
Term 3 (KL1408)_Chn4 |
Term 3 (KL1408)_Chn5 |
Term 3 (KL1408)_Chné |
Term 3 (KL1408)_Chn7 |
Term 3 (KL1408)_Chn& |

Term 5 (kL1859)_t Chn11
Term 5 (KL1859)_Chn2 |
Term 5 (KL1859)_Chn3 |
Term 5 (KL1859)_Chn4 |

LI - I 5

Ready

Term 3 (KL1408)_Chn1 j—

Term 5 [KLIBSQ} Chn5 =

_|of x|
22N R IR Y K

" Settings  Objects Online |Dbjed5 Settings I Alamms/Events I
—Settings

Status:  Processing object 131/281

]
Update

ObjectIdentifier ObjectName PresentValue EventState OutCfSe_~
Binarylnput:2 Term 3 (KL1408)_Chn3 |inactive offnormal False
Binarylnput:3 Term 3 (KL1408)_Chnd |inactive offnormal False J
Binarylnput:4 Term 3 (KL1408)_Chn5 |inactive offnormal False
Binarylnput:5 Term 3 (KL1408)_Chn& |inactive offnormal False
Binarylnput:6 Term 3 (KL1408)_Chn7 |inactive offnormal False
Binarylnput:7 Term 3 (KL1408)_Chn8 |inactive offnormal False
Analoginput:0 Term 4 (KL3062)_Chn1 |0 state_normal Falze
Analoginput:1 Term 4 (KL3062)_Chn2 |0 state_normal False
Binarylnput .8 Term 5 (KL1859)_Chn1 |inactive offnomal False
Binarylnput: 5 Term 5 (KL1859)_Chn2 |inactive offnormal False
Binarylnput: 10 Term 5 (KL1859)_Chn3 |inactive offnomal False
Binarylnput: 11 Term 5 (KL1859)_Chnd |inactive offnormal False
Binarylnput: 12 Term 5 (KL1859)_Chnb |inactive offnomal False

Diem = rlommms =17 Tomeem R AT A0EDY Tl | o mdbivam s e = | Calmm il
| [ _'l_l

C¥_0BAB54 (5.11.168.84. 1.1) || RTime 76%

Right-clicking on the object overview opens up a context menu through with the Process Data wizard for

BACnet clients or the Property wizard for BACnet servers can be activated.

i
Analoginput-0 W at | Fal
Analnglnp 1 el mw Wizard ||F e_nnn‘nal False
ut: at

o em 41 Transfer Data Wizard F = ==E
Binaryinput :8 Tem 5 (KL18 Goto Object }Hnnn‘nal Falze
Binanylnput:5 Tem 5 (KL18 I Fal

e em 3 | Select Properties }Hnon‘na =EE
Binanyinput: 10 Tem & (KL18 S }ﬂnnn‘nal False
Binaryinput:11 Tem 5 (KL18sorormre—rreemrres .Lﬁnnn‘nal False

The context menu can also be used to jump directly to a selected object in the System Manager tree ("Goto
Object"). The button "Select Properties" can be used to select which properties are displayed in the object
overview. The Property Transfer wizard can be used to display differences between Settings and Online
data. Data can be copied from Online to Settings via a context menu. This feature is also available via the

Property wizard. In large configurations, the Transfer wizard may take some time to open.
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OnlineDataTransferChangeViewDialog

—Settings Data

=0l ]

—Online Data

ObjectName:ACC_PC_Test_NC_Events
Objectdentifier:MotificationClass:600
RecipientList:{}
Description:Sending events to remote notification sink
AckRequired:(xEDD5 fo_offnomal; to_fault; to_nomal)
Priority:{127; 127, 127}
NetificationClass:600

Accumulator: 600
ObjectName:ACC_PC_Test_ACC_coupled
Objectdentifier: Accumulator 600
Motify Type:alam
NetificationClass:600
EvertEnable: k0005
EventMessage Tesds:{; ; }
Limit Enable: k0006
TimeDelay:0
Limit Monitoringlnterval . 1

- ObjectName:ACC_PC_Test_NC_Events
Objectdentifier:NotificationClass: 600

57349; False)}
Description:Sending events to remote notification sink
AckRequired:(xEDD5 fo_offnomal; to_fault; to_nomal)
Prionty-{127; 127; 127}
MotfficationClass:600

Accumulator: 600

_I ObjectName:ACC_PC_Test_ACC_coupled

Object ldentifier: Accumulator 600

Motify Type alam

MotfficationClass:600

EventEnable:(keADDS fo_offnomal; to_nomal)

EventMessage Texts:{; ; }

LimitEnable: k0006

TimeDelay:1

Limit MonitoringInterval 1

Recipient List-{(65025; 00:00:00; 23:59:53; (Device:527366); 10006;

Low Limit:0 LowyLimit:0
HighLimit: 4234367295 - HighLimit - 4234967295 bl
Property wizard

The Property wizard enables activation/deactivation of process data, activation/deactivation of optional
properties and activation/deactivation of the write protection for several properties of several objects. This
makes it very easy to deactivate Intrinsic Reporting (alarms) for all BinaryValue objects, for example, by
deactivating the corresponding optional properties. The Property wizard is available in an Online version and
a Settings version, depending on which object overview was used to activate the wizard. In Online mode all
values are manipulated "online"; in Settings mode "Offline". In Online mode not all operations are available.

First, the objects ( "Select Objects" tab ) and the properties ( "Select Properties” tab ) for which the actions
should be executed have to be selected. Click on "Apply" to execute the selected operations.

Select Objects  Select Properties |

BACnet/IP Property Wizard - Settings Mode

[ ModificationDate
[] ModeSubtype

[] ModeType
™ MotificationClass

[[] MotificationThreshaold
[] Motify Type

[] MumberCfAPDURetries
[] MumberOfstates

[] Objectldentifier

[] ObjectList

[] Objecthams

[ ObjectPropertyReference
[ ObjectType

[ CutDfService

[ CutputlUnits

[T] PersistentData

[] Palarity

=

=101 x|

—Select Operations
[ Activate Process Data IHEHEI"-"-"I'itE j
™ Deactivate Process Data IHead"-'u'rite j

[T Disable optional property

[~ Enable optional property

[~ Enable property write protection

[T Disable property write protection

[ Change String Encoding |AsCi_UTF8
[T Clone Property Data (Settings)

Source Object: | I

[~ Transfer Property Data (Online to Settings)

Cancel Apply

y

The function "Change String Encoding" can be used to change the character set for multiple BACnet

properties. The following table explains the difference between the functions "Clone" and "Transfer".
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Clone During "cloning", the property values of a source
object are transferred to several target objects.

B This function can be used to change the
/’ 'f NotificationClass property of several BACnet

— — objects simultaneously. To this end, the new value

—— is written manually to the BACnet object and then

B Bv2 selected as source object. Another example is
] retrospective activation of a smoothing filter for all
— Analoglnput objects. Since further operations can
B3 run in parallel with copying of the Property value,

the property AvgFilterCycles can be enabled
("Enable optional Property") and at the same time
initialized with a preconfigured value from the
source object.

Transfer During "Transfer" the Property values of an object
(source and target object are the same) are

— — transferred. Either from Settings to Online (Online
— B mode), or from Online to Settings (Settings

el _— mode). This function can be used to transfer

— — modified online data into the configuration (.tsm).
aya vz The values of all selected properties are copied.
| ] [ |

e

BYE 2y

Process Data wizard

The process data wizard enables activation/deactivation of process data, activation/deactivation of optional
properties and activation/deactivation of the write protection for several properties of several objects. This
makes it very easy to deactivate Intrinsic Reporting (alarms) for all BinaryValue objects, for example, by
deactivating the corresponding optional properties. The Property wizard is available in an Online version and
a Settings version, depending on which object overview was used to activate the wizard. In Online mode all
values are manipulated "online"; in Settings mode "Offline". In Online mode not all operations are available.

The Process Data wizard for BACnet clients enables the configuration of process data-specific settings of
client objects. Parameters that can be configured include the data processing mode (COV etc.), cycle times,
COV increment etc.

For very large BACnet client configurations ( with many COV process data ) we recommend executing the
function "Optimize Process Data Access" on all objects and properties. The corresponding TickModulo
factors for the client interactions are then calculated automatically. The space available for modulo factors is
determined automatically through the BACnet cycle time and the "cycle time" of the process data. With a
BACnet cycle time of 10ms and a process data "cycle time" of 1000 ms the client interactions can be
apportioned to 100 cycles. For large configuration the cycle times should be adjusted in order to produce a
modulo factor that is as large as possible. The maximum number of cycles over which client interactions can
be distributed is 255. The "cycle time" is also used in COV mode. In conjunction with the TickModulo the
login (COV subscription) is sent in the assigned cycle. In systems with many COV process data, bursts can
be reduced by distributing the COV subscriptions over several cycles. From revision 12, the "Optimize
Process Data Access" function is automatically executed when a configuration is activated and no
longer has to be triggered via the wizard!
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8 BACnet/IP Property Wizard

| Select Properties I

= [F5E Beckhoff 2624261 (BACnet Client 2
= [l Analoginput [E Objects)
F&y AnalogOutput (2 Objects)
FI&y Analogvalue (3 Objects)

7 [Flgy Binarylnput (28 Objects)
&y BinanOutput (24 Objects)

o [Py Binani/alue (5 Objects)
-[Fgly Calendar [1 Object)

&y Command [1 Object]

&y Device [1 Object)

&y Fils [2 Objects)

7 [Flgy Loop (1 Object]

&y MuliStatelnput [1 Object)

o [Py MultiStateOutput [1 Object]
ij'i MatificationClazs [2 Objects)
&y Program [1 Object]

&y Scheduls (2 Objects)

—Select Operationz

¥ Activate Process Data IHEEd'v'\"'fitE

[T Deactivate Process D ata IHeau:I"w"ritE
¥ Optimize Process Data Access [Tick Modulal

[T Setfix Process Data sccess Time [Tick Modula)

Tick Modula |
¥ Change Process Data ln Configuration [Fead)

Proceszs Data Read Mode II:I:I"-.-"

Cycle Time [ms) |

1000

Resubscription nterval (=] |

240

COV Increment I

¥ Change Process Data Out Configuration [wiite]

- [Flgl MultiStatel/alue [2 Dbjects) Process [ ata Wwiite Made IDnEhange j
ij'i TrendLog (1 Object] _
- [Fgy Accurmulator [1 Object] Cycle Time: [ms] I 1000
Pricrity IF'riu:urit_l,l_E j
1 | ©H
Cancel |

Apply |/
e

The process data wizard is very well suited to reconfigure the type of process data transfer for several or all

BACnet remote objects.

Property Reference wizard

In order to facilitate the handling of property and object references, it is possible to configure these properties
by double-clicking on Value. This opens the wizard dialog. The availability of the wizard is indicated by a

triangle symbol in the bottom right corner of the Value field :‘ . Examples are the
ListOfObjectPropertyReferences property in the Schedule object or the LogDeviceObject property in the
TrendLog object. The wizard dialog simplifies the selection of the corresponding properties and objects.

TS8020

Version: 1.3

35



Introduction BEGKHOFF

. o CX9001.tsm - TwinCAT System Manager - 'CX_0D0828" -0l x|
File Edit Actions Wiew Options Help

Object/Property Wizard | Q e v ﬁ @: | L %2 S @l B ”E Q. IE”E .as Em | @ @ ®?
= % Beckhoff_527621 (BACnet Server]  Dnline | Chclic Datal Opticral F'ru:upertiesl
O orpesoon, T o
net ) | Descriphio 28 CharacterStingE st
CIEF BACnetOnine_ 1010010, wbp (BAC _p‘ﬂ_\ — 2
-0 10Bus_0_CX9000KE [BACnet St E”Ect"‘EPE"DE'\_ml s | | BACnetDateRiange
E-CJE4F Term 2 (KL2114)_Chrl (BACH ExceptionS cheduls Mgl |22 00 00 active):. . | BAChetSpecialE ventList
E-C15%F Term 2 [KL2114]_ChnZ [BACh ListOfObjectPropertyFef... | 54 yClutput: 0:Pr 5\ E.Cretl evicelbjectPropert
""" 0] & Objectidentifier Object |dentiier 75 | Schedule:d BAChetObjsctdentifier
Object Mame 77 |SCHED_D CharacterStringE st
Object Type 7 | Schedule BAChetObjectType
----- O Description DutdiService @O Bonl
""" 0 DeviceType Presenfyalue 85 | {inactve} BACnefyaluelist
----- O StatusFlags — — :
..... O0# EventState FriorityFoiafiting 83 |16 Unsighedinteger
..... % Feliability Fieliability 103 | no_fault_detected BaChetR eliability
----- O # OuDiService | |ScheduleDefault 174 | {Nullt BACnetvalueList
m mlmribie
q 4 Bty L|_I StatusFlags 1M1 | ox0004 BACretStatusFlags
—Filter Settings ‘wieeklyScheduls 123 | {0 BACHetD aily cheduleList
Property Filter I.&II Properties j
Dbject type filter [l Objects =l
Data type filter IM Types j
G
[EN - —) [

Ready ¥, [5.14.8.40.1.1) | Free Run

Filter options can be used to simplify the selection of several properties and objects. If the filter settings are
changed, the options for selecting properties and objects are adjusted dynamically.

Ohbject/Property Wizard - 0] x|

H i ( ]
~[CJ&2F Device (BACnet Device Object
- [JE2 CumentConfig xeml (BACnet File Object)

- []E4F BAChetOrline_1010010.wbp (BACnet File Object)
ElDi‘ﬁ loBus_0_CX¥5000-KB (BACnet Structured View Object)
- [CJE4E Term 2 (KL2114)_Chn1 (BAChet Binary Output Object)
- [ % Objectidentfier

(5]

Calendar wizard

Properties with data type BACnetDate can be configured via the Calendar wizard. A day can be selected via
a displayed calendar. The corresponding day of the week is determined automatically. For data with data
type BACnetDateRange the wizard also enables configuration of date ranges.
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Select Date

=1o]x|

—Date

KN September 2011 Oktober 2011
Mo Oi Mi Do Fr Sa So Mo Oi Mi Do Fr 53 5o
I3 3031 2 3 4 39 1 2
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35126 27 28 25 43 24 25 27 28 29 30
4131 1 1 4 5 F

[ ] Heute: 05092011
Canecel Select

Schedule Object wizards

Wizards for the properties WeeklySchedule and ExceptionSchedule are available for configuring timer-based
switching schedules. Currently these wizards are only available if a property of data type BinaryPV or
Boolean is set as property reference. Wildcards ("*") are not allowed in the time entries.

The WeeklySchedule wizard supports editing of several day entries at the same time. Several weekdays can
be selected by selecting "Mo-Su", "Mo-Fr" or "Sa-Su". Changes in an entry are then automatically transferred

to all select entries. Other entries can be selected or deselected by clicking on them.

UpOons — HElp

———————— Weekly schedule - SCHED_2
al & o e ¥ 5 (=13

[os0000 = ]

[200000 = ]

;  Onling ||:_|,II3|ii bo
| Marne
Dezcription Tu

. EffectivePer

[os00:00 = ]

[2e0000 = ]

. [=] EsceptionSe
(1]

[os:0000 = [

[200000 = ]

(2]
| =] ListDf0biject Th

[os0000 = ]

[200000 = ]

ELD
Objectidenti

=

Z300:00 =

23:00:00 =

23:00:00 =

||RJR)E
[l =

23:00:00

[ononoo = |

[ozozoo= || |

[ooonon= || |

[ononoo = _ |

e Fr || fosooo0 = | [200000 = | @2z0000 = | 000 = |
jectM anme
. ObjectT ype I
ouosere | 52 || Josoo00 = | [2eo0oo = R | Jooeee = || [ Jooesoo = | |
[=] Prezentyalu [
| B Su || [osoo0 = | | zo0000 = | | Joooooo = _ || | Joooowo = || |

PriorityF o

Refiabilty None | Mo-Su | Mo-Fr | SaSu | ¢ | [ 3] » + | Ear‘u:ell oK. _
ScheduleD e I
. StatuzFlags 4|
] ‘WesklyScheduls 123 _ BACnetD ailyScheduleList

[1] Monday {104:00:00; T rue);[20:00:00:F alze):[22:00:00;True]} | BAChetTimey alueList

[2] Tussday 1104:00:00; T rue][20:00:00;F alze);[23:00:00;True]l} | BAChetTime\ aluelist

[3]Wednesday {104:00:00; T e[ 20:00:00;F alze):[23:00:00; True]ll | BACHetTime\ aluelist
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The ExceptionSchedule wizard can be used to edit exceptions. Four modes are available for selection:
Calendar reference, Date, DateRange and WeekNDay. Further entries can be added by clicking on the "+"
symbols.

il [Calendar:0;1 :4[07:00:00;T rue):[05:00:00:F alse]}) caler
[€] [03.04.2012-21.05. 201 21 :{[06:00:00:T rue);[09:00:00;F alze]}) calet
I3 [24.04.201 21 A[23:00:00;F alze)}] calet
ﬁ Exception Schedule - SCHED _3 !EI m E
| r Calendar Reference ————— ALt
{ [CAL_0 (Remote BACnet Calendar | ‘ [m:00:00 = .‘ ‘ [05:00:00 = .‘ R
A0
i | rDate Range E
witn | || 47 372012 =5 - | 5212012 = ‘ [oe:00:00 = [l ‘ ‘ [oz0000 = [l ‘ | b
' i
o | rDate E
A [(ar2ar2m2 = | | [zzooo0 = )] | oo = || +] o
. t
AT
Inactive [iwoooo= || |Joooooo = || +] o

Inactive IEIEI:EIEI:EIEI = J IEIEI:EIEI:EID — J j

Inactive IEIEI:EIEI:EIEI - _I IEIEI:EIEI:EID — _I _+|

+ [Elear | Eancell Ok |
v

Calendar/Schedule iCall/.ics Import

.ics import was implemented for efficient development of holiday calendars. Suitable .ics holiday files can be
downloaded from the Internet and imported. The .ics import can be activated via a wizard of the DateList
property in the Calendar objects. In addition, .ics can be selected via the "Import" button of the BACnet
device, and the entries can either be stored in a new or an existing calendar.

M ame 0] | Walue | Ty
[=] Dratelist 77 "
4 30,01 2012-05.02.201 2 [t
[4] | (012.04.201 2-15,04, 2012 | dat
] iCalImportDialog B &
il FileMame  [Ferien_Berin_2012.cH J Hat
ol Hat
[E] Calendar IE.-'-‘«L_1 [Remoate BACnet Calendar Object] =] Lt
71 -
[9] Cancel | 0K, | ;
Masmrinbine 1 A 1 - T

The .ics import is also supported for the ExceptionSchedule and WeeklySchedule properties. Using the
Windows Drag&Drop function, an .ics file can be dragged onto one of the properties. Corresponding Boolean
entries are then imported for each contained period. .ics can be created, for example, using the Microsoft
Outlook program.
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TrendLog-LogBuffer wizard

The property LogBuffer of the TrendLog objects contains the log entries. A diagram view for TrendLog
objects was integrated as a wizard in order to provide a better overview. In addition to mean, min. and max.
values, the diagram shows the entries of the LogBuffer as lines. Special entries (Start - B, Stop - E, Time
synchronization - S) are shown on the x axis of the diagram. A special feature of this wizard is that several
windows can be shown in parallel. In conjunction with the function "Auto Update" this enables certain
features to be visualized in a BACnet configuration.

LogBuffer

1321 [ 100 Elements

1] 24,0420 2 13 46:55: {182} [in_alarmn;out_of_s... | BAL
[2] 24.04.201 2 13:46:55; {86} [in_alarm;out_of_z... | BAL
B %
4 an
bin:16.0 b ax:98.0 Avg:43.0 [
| = L
[7] s
' [4] 57.0 i
E bl
i |
k01, JE
' [2] ||| || | ||| | ® i
[13] 13:46:55 1247:04 R
[14] Start | Stop I Refrash | v Aute Update hl
[15] O
[16] 24.04.2001 2 13:46:57: 180} [in_alarm;out_of_s... | BAL
[17] 24.04.2M 213 46:57- {78} [in_alamnout_of s | BAL

Group Object wizards

Group objects enable consolidation of several property values of multiple BACnet objects. The Property
wizard described in section "Objects and Properties" can be used to configure the property
ListOfGroupMembers of the Group objects.
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Object/Property Wizard !EI m

1

#-[5F LOOP_0 [Remate BAChet Loop Object] ;I
E-CJ5eF AV_2 [Remate BACnet Analag ¥ alue Dbject)

AckedTranstions
Covlncrement

[ eadband
Dezcrption
DeviceT ppe
EventEnable
EwventState
EventTimeStamps
HighLirnit

LimitE nable

Ll irnik
MatficationClass

MotifyT ype
Objectldentifier
ObjectM ame
ObjectType
OutdfService

—Filker Settings
Property Filter

Dbject twpe filter

[rata type filker

I.-’-‘-.II Properties

|ﬁ«|l Objects

Presentyalue -
| b

[~

=

~

I.-’-'-.II Typez

Cancel |

Select |/

At runtime the property PresentValue of a Group object contains the values of the configured properties. The
Group-PresentValue wizard displays the included property values in a window. In addition it is possible to
change the property values. For properties of data type Boolean and BinaryPV the buttons "On" or "Off" and
the current state are displayed. Properties of type Real are shown as sliders and value input fields. The
states of MultiState* objects and enumerator properties (except BinaryPV) are visualized as a combo box. If
the property StatusFlags of an object was configured in addition to a PresentValue, the Offnormal state
becomes orange and the Fault state is highlighted in red.
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rHame I WalLE | 1ypE
Eéﬂﬁ;ﬁ’”“p”embe's 53 ;‘DE'ET“E’;*;H —Beckhoff_2624261 - LocalDate —| — This analog val. - Lowlimt ——— |
evice:
abijectidentiier Dovion 26247 | 24042012 ,| oo e
propertyReferenc... {LocalDatell —peckpoft 2624261 - LacalTime — [~ This analog val. - OutDfService — |1
S _ (Binery Output/JY 134525 o | o @ |
objectldentifier BinamQutput:
propertyReferenc... {[OutDfServic —Klemme 2 (KL211..- — | [ Thisanalogwal.- ———————— [t
= [3] [Enalogy alue: On | O | . 6.0 |
object!dentifier bnalogtfalue: S ——————
propertyR eferenc. . {HighLimit} (L —Klemme 2 [KL211.. - ——— —M¥_1 - Presenfalue ————— :
= 4] [MuliState sl _ 5 =
ohjectldentifier AL bate 3l IStatE . J -
properyReferenc. . {[Presentvaly [ This analog wal.. - HighLimit ——— o
Object| dentifier 75 | Group0 )' [foo :
Dbijecttd ame 77 |GROUP_D f—_n—_—w-nge |
ObjectType 73 | Group ¥ duto Update |
J 85 |4 Elements T TC e T TR R
[=] [1] [Device: 2624261 A[LocalD ate:[24.04. 201 21)LocalTime:13:44:27])} | ReaddccessResult
objectldentifier Device: 2624261 BACnet0bject dentifier
resultList {[Locallate:[24.04. 201 21):LocalTime:{13:44: 271} BAChetPropertyResultList
[2] [BinaryOutput: 0:{0wDFS ervice: T rue)) Presentvalue [active])(Stat... | ReaddccessResult
[3] [fsmalogy alue: 2:AHighLimit:[ 700 LoveLirit [0)):{ 0 ubOfS ervice: Truell... | BeaddccessPesult
[4] [MultiStatet! alue: 1:APresentalue;[3]H ReaddcoeszResult

Clicking on the property name of a GroupBox in the Group PresentValue-wizard while pressing the SHIFT
key results in dynamic generation and starting of a TrendLog object on the associated BACnet client/server.
In this way certain properties can conveniently monitored during commissioning. When the diagram window
is closed, the dynamically generated TrendLog objects are deleted again.

Notification Recipient Wizard

The Notification Recipient wizard facilitates entries in the RecipientList of a NotificationClass object. In this
way it is possible to enter local NotificationSinks in remote BACnet stations. The required NotificationSink
can be selected in the wizard.

"] Object Type Add notification class as recipie ||| | BACnetObject T
Description ASCI_UTF3
MSINK 10000 (Motification Sink)

[~ MotficationClass Unsignedintege
Pricirity Unsignedintege
AckRequired BAChetEventTr
Recipient List 102 BACnet Destinat

Scale/Resolution wizard

The ScaleResolution wizard can be used to calculate the properties ScaleOffset and Resolution of
Analoglnput and AnalogOutput objects. Enter the range of values for BACnet and the hardware used (i.e. the
range of values of the linked Raw* variable). Press "Apply" to activate the values automatically. In the Online
or Settings part, depending on where the wizard was opened.
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ScaleResolutionWizard

BACnet - PresentValue

Min. 0
Mz 100
| Result

|| Resolution = 0,003814755
ScaleDffset = -24, 93809

Hardware - Raw\Value

Min. 6553

Max. 2767

[ Cancel J Apply

2.5 Process data

This section describes the process data variables of the individual TwinCAT BACnet/IP elements. In general,
process data of a BACnet/IP device are linked with the PLC and a fieldbus via asynchronous mapping. This
is necessary since BACnet has acyclic characteristics, and certain services may trigger many changes in
other BACnet properties and therefore the sending of many BACnet Ethernet frames. Asynchronous
mapping is used to prevent links with BACnet process data resulting in cycle time violations in the PLC or
watchdog timeouts of the fieldbuses. It means that BACnet, PLC and fieldbus tasks run independent of each

other.

iy CX9001.tsm - TwinCAT System Manager - 'CX_0D0828"
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Linking to a task takes place under the BACnet device via the Settings tab and "Task Configuration". This is
where a task can be selected. The selection dialog shows all tasks with a port greater than 350. The bottom
left of the screenshot shows a PLC task ("BACnet_Demo") that is linked asynchronously with the BACnet

task, which by default is created with priority 58 when a BACnet object is added.
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BACnet Device

%T Inputs
-1 Device Status
T Amshietld

and the state of the internal state machine. The device status is
explained in the following table.

In addition the AmsNetID of the BACnet device can be linked with a

PLC that accesses BACnet functions via ADS.

Under a BACnet device the process data variables are the Device
Status, which includes the link status of the linked Ethernet adapter,

Bit Description

0 Ethernet link status: Represents the current link status of the linked Ethernet adapter:
e 0-link is present.
* 1-nolinkis present.

1 Gateway status: represents the current status of the IP gateway:
* 0 - gateway not available, or MAC address not resolved
* 1 - gateway available and MAC address resolved

Init (0) - Initial state

Device State Machine: Reflects the state of the internal BACnet device state machine:

ChecklpAddress (1) - initialize the IP address (among others wait for DHCP - address)
CheckParameter (2) - Verification of gateway and BBMD parameters
GetGatewayMAC (3) - If a gateway has been configured: send out an ARP request
WaitForGatewayMAC (4) - Wait for gateway MAC address to be resolved (ARP reply)
Complete (8) - Initialization completed

BACnet Server

E|—|f_ Beckhaff_1 (EACnet Server)

=% Inputs

%1 Server Status

= §l Outputs

&%] Server Conkrol

-] InBusstate

@) IoBusState[n]
¢ i) couplerstate
i dp] boxSkate

The ServerStatus contains among other things the current state of
the internal server state machine. The server status from a BACnet
view can be determined with the help of the property SystemStatus,
which can be linked cyclically.

The state of an I/O link can be monitored centrally via the
loBusState process data variables. When linking a K-bus or a
BK9000, for example, CouplerState or BoxState maps the state of
several I/O modules. Fieldbuses that are linked with BACnet via 1/O
automapping can map Reliability automatically with the aid of these
process data. Each fieldbus strand is allocated an loBusNr, which is
also a vendor-specific BACnet property. If the value of the process
data variable couplerState or BoxState is not equal 0, all relevant (I/
O) BACnet objects of the server with the corresponding loBusNr are
notified, and the Reliability is set to NO_SERVER or NO_OUTPUT.
By default 8 10 buses are available.

BACnet Server Status

Bit Description

2 WriteOnChange disabled: WriteOnChange is disabled via the server control bit.

8 -15 |BACnet Server Statemachine: Reflects the state of the internal BACnet server state machine:

.

Init (0) - Initial state

Send I-Am Request (1) - An initial I-Am request is sent to the BACnet network.

Wait 10 Timeout (2) - Waiting for PLC process data and object state machines to be released

Set System Status (3) - property SystemStatus of the Device object is set to Operational
Complete (4) - The BACnet server is ready for use and functional.
Backup (5) - A BACnet backup is executed.
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BACnet Server Control

Bit Description

0 Backup PLC feedback Enable: When backing up data generated by the PLC through a BACnet
backup, this bit ensures that the PLC initially has write access to the backup-relevant files
(configuration files). If this bit is set, the BACnet stack waits for bit 1 of the server control word being
set before acknowledging the backup request. If this bit is not set, the BACnet stack omits this
handshake procedure. Further information on backup and restore can be found in the corresponding
chapter of this documentation.

1 Backup PLC feedback Complete: Once the backup-relevant PLC data were backed up, this bit
instructs the BACnet stack to continue with the backup.

2 Disable WriteOnChange: Disables writing of cyclic process data. Can be used by the PLC to reset
the writing process data without manipulating BACnet

3 Elapse 10 startup timeout: At system startup, process data in the BACnet stack are only processed
once the 10 startup time has elapsed. This is configured as advanced parameter and is set to 2000
ms by default. It enables the PLC to prepare writing process data for BACnet before potential error
messages are sent to the BACnet network. For faster startup, the PLC can reduce this time by
setting this bit to 1. TcBACnet.lib uses this functionality automatically.

BACnet Client

35 Beckhoff 527621 (BACnet Clent 527621) In addition to monitoring the client status, the SystemStatus

5§ Inputs of the device object of the client should always be activated
. el Client Status as process data. Since errors in the client communication
E‘""l Outputs

9! Client Control are only shown in the client status if errors in the
. 2Nt LOonmTol . . N .
£18%F Beckhoff_527621 (Remote BAChet Device Object) communication occur, regular communication should be

net

8l outputs ensured. To this end it is advisable to read or poll the
B %T__IQTP“;S%SEM property SystemStatus cyclically (with a suitably low cycle

time).

The process data SystemStatus is a enumeration with the
name BACnetDeviceStatus and is defined in the BACnet
standard. BACnet makes provision for the following values:

» operational (0)

» operational-read-only (1)
» download-required (2)

» download-in-progress (3)
* non-operational (4)

* backup-in-progress (5)

BACnet Client Status

Bit Description
0 Client TimeOut: A timeout has occurred in a BACnet service request.

1 Client Service Failure: A service with the configured client could not be carried out successfully.
This error bit is set if:

* A client cannot be reached.
* A COV subscription could not be completed successfully.
» A WriteProperty/ReadProperty request had a negative result.

2 Client WriteOnChange State: Activation control for WriteOnChange, which is specified under
client control.

» 0 - WriteOnChange is active. If the client process data change, corresponding BACnet network
services are triggered.

* 1 - WriteOnChange is disabled. Process data can be changed without triggering BACnet network
services.
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Bit Description

3 Client COV Subscription Control State: Displays the state of the COV subscription control. If the
Client COV Subscription Control bit is set, this bit is set to 1 when the COV subscription data
structures were reset. If the Client COV Subscription Control bit is not set, the state is 0. This bit
does not indicate whether all COV subscriptions were completed successfully, it only indicates that
all COV subscription will be executed again in future.

4 Client Force Output Update State: Force Output Update is active.

8- 15 |Client Remote State: Reflects the state of the internal client state machine:

* Init (0) - initial state
* Connecting (1) - Sending out a Who-Is request for the client ID

» WaitingForConnection (2) - Waiting for I-Am and IP address of the client. The system waits 10
seconds for a response, then the Whols request is repeated (connecting).

* RequestDevicelnformation (3) - Reading of the properties ApduTimeout and NumberOfApduRe-
tries, if segmentation is supported additionally MaxSegmentsAccepted, ApduSegmentTimeOut

« Complete (4) - Client completely initialized. Interaction with the BACnet client can take place.

BACnet Client Control

Bit Description

0 Client TimeOut Reset: Reset the Client-TimeOut bit in the client status.

1 Client Service Failure Reset: Reset the service failure bit in the client status.

2 Client WriteOnChange Control: Activation control for WriteOnChange. WriteOnChange is
disabled if the corresponding bit is set in client status.

« 0 - WriteOnChange is active. If the client process data change, corresponding BACnet network
services are triggered.

* 1 - WriteOnChange is disabled. Process data can be changed without triggering BACnet network
services.

3 Client COV Subscription Control: Resets the status of the COV subscriptions and triggers the
new registration of COV subscriptions. The internal data structures are reset once (which triggers
the COV subscriptions) if a change of value 0 -> 1 is detected.

4 Client Force Output Update State: WWhen the value changes from 0 to 1, at the next possible
point in time all writing process data on a BACnet client are updated. This feature can be used to
ensure that values for the whole cross communication are applied on a remote station, without
overwriting by a different device in the meantime.

Notification Sink

=Y Sink_t {Natification Sink)

The TwinCAT BACnet/IP notification sink enables the receipt of COV and event

=-§ Inputs notifications. The number of received notifications can be determined via the

] CovMotifications
%1 EventMotifications

process data CovNotifications and EventNaotifications. Notifications can be
deleted and read via the ADS interface of the notification sink.

BACnet objects - properties as process data

Properties with non-complex data types (Signed Integer, Unsigned Integer, BitField, Boolean, Real,
Enumerated) can be configured as cyclic process data. In the property process data a distinction has to be
made between objects under a server (local objects) and objects under a client (remote objects).

» The properties of local objects are configured under a BACnet server. The dialog "Cyclic Data" can be
used to configure which properties are linked as process data. Connectable properties appear under
an object as process data variables and can be linked with variables of a PLC or with other I/O devices
(e.g. EtherCAT terminals or K-bus terminals). Properties can be activated as a reading or writing
process data:

o Qutput data ("PLC/IO -> BACnet") are data that are copied from a PLC into a BACnet object. They

are shown as red variables.

o Input data ("BACnet -> PLC/IO"), shown in yellow, are copied from BACnet to the PLC. These

include the StatusFlags of an object, which can be processed in the PLC.

TS8020

Version: 1.3 45




Introduction

BECKHOFF

For remote objects, the properties of a remote device can also be made available as cyclic process data.
The data of the properties can either be transferred acyclically via COV (Change of Value) or cyclically at a
fixed interval. In remote objects data that are consumed by a PLC are shown in yellow, produced data in red.

BACnhet
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=-[B Standard %/
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Link from PLC Link to PLC Link to lo module

The schematic diagram illustrates the application of process data in client and server objects. The example
shows a BinaryOutput object created on a server. The property PresentValue is linked as a process data
variable. The PresentValue implemented as RawlnBinaryBoolValue can be used in a PLC on the server in
order to influence a functionality in a PLC program, for example, or it can be linked with an EtherCAT/K-bus
terminal to activate lighting, for example. In this case, RawlnBinaryBoolValue is a yellow PLC input variable
on the server side. On a second device the object is configured as a remote object. In this example the value
of PresentValue of the server object is to be changed with the aid of a PLC on the client. To this end the
PresentValue is mapped as a red output variable on the client and can be linked with the PLC.

The following table shows the relationship between BACnet data types and PLC data types:

BACnet data type PLC data type
Boolean BOOL
Unsigned Integer UDINT

Signed Integer DINT

Real REAL

Double not used

Bit string ( StatusFlags, |WORD

EventEnable,
LimitEnable etc. )

(For bit strings it should be noted that the lowest-order byte is used to display the
number of unused bits of the highest-order byte. An example is 0XEQOQ5 of an
EventEnable property: 5 indicates that 3 bits are used in the highest-order byte
[to_offnormal, to_fault, to_normal]. OXEO indicates that all 3 bits are TRUE. If a bit
string property is written cyclically from the PLC to BACnet, these bits have to be
coded accordingly. Valid values can be found in the Online tab of the BACnet
objects.)

Enumerated
(EventState, Reliability,
Polarity, BinaryPV etc.)

WORD

Process data of local objects

For local objects, (writing) process data are generally written once on system startup and subsequently when
a change occurs. This means that potentially the value written by the PLC and the value of the described
property can differ. Among other things because e.g. via BACnet or ADS another 'actor' has changed the

value. For writing process data it is therefore advisable to implement feedback in the PLC. This behavior was
modified compared with the implementation in Revision 6, where all properties were written in each cycle. An
exception are the Raw* properties, which are written in each cycle.
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Commandable properties
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BACnet offers the option to control certain (commandable) properties via a priority mechanism. In this case,
the value of the property PresentValue of the objects BO, BO, AO, AV, MV and MO is controlled via the
entries of the property PriorityArray. The different entries correspond to different importance and can be
written by different 'actors' in the BACnet network. With TwinCAT BACnet/IP, the PLC can write entries in the
PriorityArray. To this end, a priority level can be selected in the tab "Cyclic Data" for writing the property
PresentValue (the values are then copied internally to the property PriorityArray).

To activate a lower priority level, a priority level with the value NULL can be written (enabled).

« From the PLC this is possible for BinaryOuput/Value objects. If a value not equal 0/1 is written to the
PresentValue of a linked priority level of a BinaryValue or BinaryOutput object, the value ZERO is
copied to the PriorityArray.

» For AnalogOutput/Value objects the value ZERO is assumed in the PriorityArray, if the special coding
of REAL values NaN (not a number) is used as process data. For server objects NULL is also written if
the REAL value of the process data variable is outside the Min/MaxPresValue range.

 In MultistateOuput/Value objects the value NULL is assumed in the PriorityArray, if O is written as
process data. For server objects NULL is also assumed if the process data takes on a value greater
than NumberOfStates.

For each BACnet object, several priority levels can be written simultaneously by the PLC.

RawloProperties

Process data properties from this category are used for linking of BACnet objects with I/O modules and PLC
variables. These properties do not directly represent properties that are visible in BACnet, but they act on
standardized properties of the corresponding objects or are formed from them. The general rule for Rawlo
properties is that the BACnet property OutOfService takes effect. An object is then referred to as
OutOfService, since the BACnet property OutOfService has the value TRUE.
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RawloSignedValue

Signed 16-bit value (INT) used for analog* objects. If an Analoglnput object is
not OutOfService, the value of this process data variable forms the value of
PresentValue. The value of RawloSignedValue is converted to a REAL data
type, the result is multiplied with the property Resolution and then added to the
property ScaleOffset. For AnalogOutput objects the value of
RawloSignedValue is formed from PresentValue based on the inverse
procedure. If the value of the PresentValue exceeds the value range of the
data type INT (-32768 to 32767), RawloSignedValue has the value 0. If an
object is OutOfService, depending on the configuration of the properties
FaultFallbackValue or OutOfServiceFallbackValue, the last value remains or
the configured value is used.

RawloUnsingedValue

Unsigned 16-bit value (UINT) that is used for analog* objects. If an Analoglnput
object is not OutOfService, the value of this process data variable forms the
value of PresentValue. The value of RawloSignedValue is converted to a
REAL data type, the result is multiplied with the property Resolution and then
added to the property ScaleOffset. For AnalogOutput objects the value of
RawloSignedValue is formed from PresentValue based on the inverse
procedure. If the value of the PresentValue exceeds the value range of the
data type UINT (0 to 65535), RawloSignedValue has the value 0. If an object is
OutOfService, depending on the configuration of the properties
FaultFallbackValue or OutOfServiceFallbackValue, the last value remains or
the configured value is used.

RawloBinaryEnumValue

Enumeration type (in the PLC processed as WORD) that is used for binary*
objects. Applies if OutOfService is not TRUE.

For BinaryOutput objects the value of the property RawloBinaryEnumValue is
formed as follows:

* RawloBinaryEnumValue is 0 if PresentValue is ACTIVE and the polarity is
NORMAL, or if PresentValue is INACTIVE and the polarity is REVERSE.

* RawloBinaryEnumValue is 1 if PresentValue is INACTIVE and the polarity is
NORMAL, or if PresentValue is ACTIVE and the polarity is REVERSE.

If OutOfService is TRUE, for BinaryOutput objects the property
RawloBinaryEnumValue assumes the value of the property
OutOfServiceFallbackValue if this is activated, otherwise the last valid value is
maintained.

For Binarylnput objects the PresentValue is formed from the property
RawloBinaryEnumValue.

» PresentValue is Active if RawloBinaryEnumValue is 0 and the polarity is
NORMAL or if RawloBinaryEnumValue is greater than 0 and the polarity is
REVERSE.

* PresentValue is INACTIVE if RawloBinaryEnumValue is greater than 0 and
the polarity is NORMAL or if RawloBinaryEnumValue is 0 and the polarity is
REVERSE.

If OutOfService is TRUE, PresentValue always assumes the value of
FaultFallbackValue if this is active, otherwise PresentValue assumes the last
value when OutOfService was FALSE.

RawloBinaryBoolValue

Binary value (BOOL) that is used for binary* objects. The property
PresentValue of the binary* objects in BACnet is an enumeration type. The
property RawloBinaryBoolValue was introduced to optimize the handling of
binary objects. It can be used instead of RawloBinaryEnumValue.

For BinaryOutput objects the value of the property RawloBinaryBoolValue is
formed as follows:

* RawloBinaryBoolValue is FALSE if PresentValue is ACTIVE and the polarity
is NORMAL, or if PresentValue is INACTIVE and the polarity is REVERSE.

* RawloBinaryBoolValue is TRUE if PresentValue is INACTIVE and the polar-
ity is NORMAL, or if PresentValue is ACTIVE and the polarity is REVERSE.
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If OutOfService is TRUE, for BinaryOutput objects the property
RawloBinaryEnumValue assumes the value of the property
OutOfServiceFallbackValue if this is activated, otherwise the last valid value is
maintained.

For Binarylnput objects the PresentValue is formed from the property
RawloBinaryBoolValue.

* PresentValue is ACTIVE if RawloBinaryBoolValue is FALSE and the polarity
is NORMAL, or if RawloBinaryBoolValue is TRUE and the polarity is RE-
VERSE.

» PresentValue is INACTIVE if RawloBinaryBoolValue is TRUE and the polar-
ity is NORMAL, or if RawloBinaryBoolValue is FALSE and polarity is RE-
VERSE.

If OutOfService is TRUE, PresentValue always assumes the value of
FaultFallbackValue if this is active, otherwise PresentValue assumes the last
value when OutOfService was FALSE.

RawloStatus

Analog input modules can have a process data that indicates the state of the
physical connection (e.g. wire break detection, range violation). If the property
RawloStatus (data type USINT) is active, it influences the property Reliability.

The property Reliability is formed from RawloStatus if the object is not
OutOfService, no loBus error is pending (see RawloECATState, loBusState)
and no status override is active, (see RawloStateOverride*) as follows:

+ If bit O is set, Reliability is UNDER_RANGE
» Otherwise Reliability is OVER_RANGE, if bit 1 is set
+ Otherwise Reliability is UNRELIABLE_OTHER, if bit 6 is set

RawloECAT State

EtherCAT modules have an operation status that maps the current operating
state. BACnet objects that are linked with EtherCAT modules can form their
Reliability via this operation status. RawloECAT State enables unplugged
modules (module plug) and partial bus failures to be detected and mapped to
BACnet. The property Reliability is formed as follows from RawloECATState if
the object is not OutOfService:

» For output objects (BO, AO, MO) the following applies: if the value of bit O -
bit 3 does not equal 8 (OP), Reliability is NO_OUTPUT.

» For input objects (BI, Al, MI) the following applies: if the value of bit O - bit 3
does not equal 8 (OP), Reliability is NO_SENSOR.

RawloWcState

WcState monitoring is currently not supported.

RawloStateOverride

Some I/0O modules have a mechanical manual mode for overriding the fieldbus
process data locally. Manual override can be mapped in BACnet via the
property StatusFlags with the bit OVERRIDE. If the process data variable
RawloStateOverride is TRUE, in the allocated BACnet object the bit
OVERRIDE is set in the property StatusFlags, otherwise not, when the BACnet
object is not OutOfService.

RawloStateOverridelnverte
d

Some I/0 modules have a mechanical manual mode for overriding the fieldbus
process data locally. Manual override can be mapped in BACnet via the
property StatusFlags with the bit OVERRIDE. If the process data variable
RawloStateOverride is FALSE, in the allocated BACnet object the bit
OVERRIDE is set in the property StatusFlags, otherwise not, when the BACnet
object is not OutOfService. Examples for using RawloStatusOverridelnverted
can be found in modules KM2642 and KM4602.

RawloAccumulatorUnsigne
dValue

RawloAccumulatorUnsignedValue enables acquisition of count values via a
16-bit process data variable. This can be linked to a KL5101, for example, or
counting pulses can be specified by the PLC. The BACnet stack performs a
rotation detection at 32767. In other words, two pulses are counted (after 0 and
after 1) during the transition from 32767 to 1. To protect against data loss when
the PLC is stopped, no operations are carried out when the current value is 0.
Only with a new value of 1 would accumulation continue accordingly.

The AccumulatorintegrationMode property can be used to activate an
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integrating mode. If this property is TRUE, it is not modifications of the variable
RawloAccumulatorUnsignedValue that are accumulated, but the product of
RawloAccumulatorUnsignedValue * elapsed time (in ms). For example, if the
value is 1, 1000 is accumulated after one second. This function enables
acquisition of air volumes based on a current air volume.

RawloPulseConverterUnsig
nedValue

RawloPulseConverterUnsignedValue has the same mode of operation as
RawloAccumulatorUnsignedValue. Integration mode is not supported for the
PulseConverter object.

Special data versions of Pr

esentValue

Property

Description

PresentValueBool

Schedule object: If the PresentValue of a schedule object of the BACnet data
type is Boolean, the process data property PresentValueBool reflects the
current value of the property PresentValue.

Binary* objects: In BACnet the property PresentValue of binary* objects is of
data type BinaryPV and therefore an enumeration. The corresponding
PresentValue process data is therefore of data type WORD, since
enumerations are processed in the PLC as 16-bit values. As an optimized
version the process data PresentValueBool of data type BOOL can be used.
PresentValueBool is TRUE if PresentValue is ACTIVE and FALSE if
PresentValue is INACTIVE.

PresentValueEnumerated

If the PresentValue of a schedule object is a BACnet enumeration, the process
data property PresentValueEnumerated reflects the current value of the
property PresentValue.

PresentValueReal

If the PresentValue of a schedule object is of BACnet data type Real, the
process data property PresentValueBool reflects the current value of the
property PresentValue.

PresentValueSigned

If the PresentValue of a schedule object is of BACnet data type Signedinteger,
the process data property PresentValueBool reflects the current value of the
property PresentValue.

PresentValueUnsigned

If the PresentValue of a schedule object is of BACnet data type
Unsignedinteger, the process data property PresentValueBool reflects the
current value of the property PresentValue.

Remote process data

For remote objects, data have to be transferred to the remote BACnet server (with the aid of the BACnet
WriteProperty service). TwinCAT BACnet/IP offers two data transfer options. Data can be written "On

Change", i.e. when changes
access to the corresponding

occur. During processing of the process data within TwinCAT BACnet/IP, write
BACnet property is triggered if a change in the process data is detected. This

procedure is equivalent to the processing of local objects. As a second option the data can be written
cyclically. If "Write On Change" is active the data are written once when a change occurs. If another BACnet
device subsequently overrides the value, the value of the client PLC may differ from the property value. It

may be advisable to feed the

BACnet properties back as input variable. With "Write On Change" data are

transferred at most with the set cycle time. The dialog "Cyclic Out Data" can be used to configure writing
process data for remote objects:
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For commandable properties a priority can be selected for the write access. This priority is then transferred in
the WriteProperty request.

A special case for writing remote process data is an automatic locking when the PLC stops. If Bit3
(ElapseloActiveTime) in the BACnet server control word changes from 1 to 0, the DisableWriteOnChange
function is automatically activated for each BACnet client. Writing of remote process data can only
recommence once this bit has been set to 1 again. This protective logic is required to prevent flooding of the
BACnet network with "0" if the PLC stops.

Reading process data of remote BACnet objects are configured via the tab "Cyclic In Data". This dialog can
be used to select as a basic configuration whether data are transferred when changes occur (COV) or
cyclically. In addition, the interval for new subscriptions to change messages (Resubscription interval) can be
specified. For properties with floating-point values, the COV increment can be used to specify the
"resolution" at which data are to be transferred. Cycle Time defines the period for reading cyclic data.

BACnet supports two services for transferring change messages. The service COV-P enables transfer of
changes of all properties. In addition, a COV increment per Subscription can be specified for properties with
floating point values. The service COV only allows the transfer of specially specified properties for selected
objects (e.g. PresentValue, StatusFlags). COV is supported by a wide range of manufacturers; COV-P only
by a few. To achieve maximum compatibility, the COV service should be used whenever possible.

COV-P is used if:

 a property is not supported by COV (e.g. EventState)
» a COV increment other than 0.0 was entered
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The TwinCAT BACnet/IP stack in Revision 12 supports extensive further modes for process data transfer of
remote BACnet objects. These transfer modes cannot be configured in the "Cyclic In Data" tab, since they
always affect several BACnet properties at the same time. Some of the modes shown in the following table
can only be activated via PLC automapping or with the Process Data wizard.

Requirements

Transmission type

Description

Unconfirmed COV

This mode is activated in the "Cyclic In Data" dialog. Property values are sent as
unconfirmed change messages (UnconfirmedCQOV). In other words, the sender
does not ensure that the data is actually delivered. In order to be able to use this
mode, the remote station must support the service COV or COV-P for the
activated property. This mode can be used in reliable networks.

Confirmed COV

In this mode change messages are delivered confirmed (ConfirmedCOV). After
submitting a change message, the sender waits for the configured APDU timeout
(device object). If the change message is not confirmed, the message is sent
again until the number of APDURetries is reached (device object). In order to be
able to use this mode, the remote station must support the service COV or COV-P
for the activated property. This mode should be use in networks with temporary
overload, or in cases where confirmation is required that change messages were
delivered. Note that the maximum number of simultaneous changes that can be
transferred to the remote station is 255.

Unsolicited COV

In modes Unconfirmed COV and Confirmed COV, changes are subscribed to via
the SubscribeCOV service. The remote station stores the subscription in a table,
which often has a limited size. In cases where many devices in a network register
for changes of a particular property (e.g. weather data), it may be sensible to use
the service Unsolicited COV. In this case, no registration is required. The source
device automatically sends changes as broadcast (message to all devices in the
network). If this mode is used for client process data, the corresponding property
is read once via ReadProperty when TwinCAT starts (initial value). Subsequently,
the corresponding broadcast telegrams are evaluated. Details about the
configuration of Unsolicited COV as client and server can be found at the end of
this chapter.
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Transmission type Description

ReadProperty (Polling) | This mode is activated in the "Cyclic In Data" dialog. Property values are
transferred cyclically via ReadProperty.

ReadPropertyMultiple In BACnet, the service ReadPropertyMultiple can be used to transfer several

per Object (RPM-O) property values in one message. RPM-O mode can be used in cases where many
property data have to be transferred as process data from a remote BACnet
device. In this case, cyclic read access operations to several properties are
consolidated in one message per object.

ReadPropertyMultiple In BACnet, the service ReadPropertyMultiple can be used to transfer several

per Client (RPM-C) property values in one message. RPM-C mode can be used in cases where many
property data have to be transferred as process data from a remote BACnet
device. In contrast to RPM-O, in RPM-C all property values of all objects are
consolidated to one message. The BACnet stack automatically optimizes the
request size to avoid segmentation at BACnet level (messages are limited to
approx. < 1400 bytes per message).

This transmission mode can be used for slow networks where a lot of property
data has to be transmitted.

Unsolicited COV - client configuration

With the Unsolicited COV feature, change messages are sent without the need to register in the BACnet
network (COV subscription). This function is used by room control units or weather stations, for example.
The Unsolicited COV mode can be used to 'consume’ these change messages as client process data. This
mode can be selected via the Property wizard by selecting all required objects of the BACnet client, selecting
properties and then activating the new mode in the field "Change Process Data In Configuration (Read)". In
this mode an initial value is read once on startup via ReadProperty. Subsequently the change messages are
processed.

Unsolicited COV - server configuration

TwinCAT BACnet/IP also supports the Unsolicited COV server functionality. This means that change
messages can be sent as broadcast in the BACnet network without registration. Unsolicited COV is
configured via a Notification Sink (or several Notification Sinks). The context menu in the "Settings" tab can
be used to activate Unsolicited COV via the checkbox "Use unsolicited COV Broadcasts". This causes all
configured COV subscriptions to be stored and processed internally with broadcast recipient. The COV
subscription list can also be used for settings such as the COV increment.

The Property wizard, which is available in the context menu, can be used to select the properties for which
change notifications are to be sent.

TS8020 Version: 1.3 53



Introduction

BECKHOFF

., Untitled - TwinCAT System Manager

File Edit Actions View Options Help

=10l x|

DEwH SR 2206 (BaavdEan e B 2Qe e d @b ?

SYSTEM - Configuration Set :

| NC - Configuration ings | Orling |

PLC - Configuration _ o )

1/0 - Configuration |dentification Configuration i
=-E8 1/0 Devices Process ID I'Iﬂll]ﬂll] Callect All Notifications: [~ Event Queue Size: IZEIE 3.
. - Device 1 (BACnet Revision 12 L . n

B _Ie_vgzvifl_;;geev's'“” ) Ads Port [z Noification List Rotation: [~ COV Queue Size: [256 —

%T Inputs
-§! Outputs —COV Subscriptions
i Beckhoff_1234 (BACnet Server)
H i —
£]1 NSINK_10000 (Notification Sink) Subscription B Pamm#_er —— Datatype
&% Mappings Subscription 0 (10000;BinaryValue:0;False;0:(P... | Subscrb...
Subscription1 1 (10000:BinaryValue: 1:False0:(P .. | Subscrb. ..
Subscription2 2 {10000 BinaryValue: 2;False;0;(P... | Subscrib. ..
Subscriptiond 7 Value 4;False;0;(P... | Subscrib...
emove
Subscription | Value:5;False;0:(P ... | Subscrb...
R Al
Subscription& Emove \alue B;False;0;(P... | Subscrib...
Subscription7 RS \alue: 7:False;0;(P... | Subscrib...
Subscription8 Froperty Wizard \alue:B:False;0;(P ... | Subscrib...
Subscriptiond | ¥ | Use unsolidted COV Broadcasts Value:9;False;0;(P... | Subscrib...

<] ]

Ready

[Local (192.168.56.1.1.1) [Weloeed

2.6 Managing dynamic objects

Dynamic objects are BACnet objects that can be created during runtime (RUN or Free RUN) on a server
(local) or a client (remote) without having to reactivate/restart TwinCAT. Dynamic objects of a local server
are accessed via the Settings tab of the BACnet server. In the Settings tab the dynamic objects can be
displayed, created or deleted. In addition, the Scan button can be used to scan existing objects that are not
displayed and integrate them into the tree diagram under the server (e.g. dynamic objects that were
generated by a remote system). To create an object the corresponding Object Typeand an Instance ID
(object number) have to be entered. To delete, enter an existing object number with associated object type,
or conveniently select it with the button "Dynamic Objects".
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The procedure for accessing the dynamic objects of a client (remote access) is similar. The management
function can be found in the Settings tab of the associated BACnet client. The difference in the management
of a server is in the distinction between dynamic and static (configured offline) objects. In general all dynamic
objects can be created/deleted, except loop, device and program objects. Static objects can neither be
created nor deleted at runtime. However, since the BACnet communication makes no distinction between
dynamic and static objects, there is no difference in how the objects are displayed in the tab "Settings" —
"View Objects" of the BACnet client. The "Online Objects" dialog therefore lists all objects that the client side
makes available. An attempt to delete a static object is acknowledged with fault feedback from the BACnet
client (error result). The Settings tab of the BACnet client offers an option to create several dynamic objects
simultaneously. To this end press the shortcut CTRL+SHIFT when pressing the Create button.
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Dynamic objects are indicated with a green symbol under a BACnet server. Due to the client behavior
mentioned above, on the client side there is no distinction in the tree view.

During the dynamic creation of client objects the user can specify whether or not an object ID has to be
specified in the CreateObiject service. It should be noted that the devices from some manufacturers only
support dynamic object creation without specification of an object ID. In this case the "Instance ID" option
can be deselected.

Since dynamic objects are only created at runtime, there is no process data mapping [»_42] option. The
linking of process data must be known during loading of the TwinCAT configuration. This in turn precludes
offline configuration of dynamic objects. The configuration therefore always takes place under the Online tab.
Please note that the configuration of all dynamic objects and their properties is only retained after a restart if

data persistence is activated (for information on data persistence please refer to chapter "Persistent data

571",

2.7

Backup and restore

BACnet enables the creation of backup for the configuration of a BACnet controller. In TwinCAT BACnet/IP
the configuration may consist of several files. One of the main files is CurrentConfig.xml, which contains the
general TwinCAT configuration. In addition, TwinCAT BACnet/IP uses a further BACnetOnline file which
contains the relevant data that were modified during runtime and differ from the original configuration of
CurrentConfig.xml. Further files may be used to determine a configuration, e.g. a PLC boot project or project-

specific files.

The BACnet backup and restore mechanism enables a customizable number of files to be backed up and
restored using the file services. Once a backup was selected via the corresponding BACnet services, a
BACnet client can determine which BACnet file objects belong to a backup configuration belong by reading
the device object property ConfigurationFiles. The BACnet file objects refer to the corresponding file names.
Please note that TwinCAT BACnet/IP treats all files relative to the boot project folder (default: "C:
\TwinCAT\Boot"). Backup-relevant files should therefore be stored in this folder.

Creating a BACnet server automatically creates two file objects, which refer to the file CurrentConfig.xml and
the BACnetOnline file.
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BACnet TwinCAT/IP enables further files to be included in a backup configuration. To this end can a new
BACnet file object can be added. The file name can be configured in the property ObjectName. If the
property FileType is initialised with the string "TwinCAT Configuration File", during a backup request this file
object is included in the property ConfigurationFiles so that it can be backed up by a BACnet client and
subsequently restored. The screenshot illustrates how the boot project for PLC runtime 1 can be included in
the backup configuration.

Backup-relevant data can also be stored in the PLC. A feedback mechanism between BACnet and a PLC
ensures that the PLC backup data are written to the storage medium during a backup operation. Cyclic
monitoring of the property SystemStatus of the server device object enables the timing of a backup to be
detected (BackuplnProgress (5)). A feedback procedure can be activated via the server control status word
(ServerControl) by setting bit 0. If bit 0 is set in the control status word, the BACnet stack waits for the PLC
data to be written before processing the backup request of a BACnet client (once bit 1 is set in the control
status word). A corresponding PLC sequence is shown below:

1. Set bit 0 in the control status word

2. Monitor SystemStatus - when value BackuplnProgress (5): writing the relevant data
3. After the write operation set bit 1 in the control status word

4. When SystemStatus has the value operational (0) again: delete bit 1

A further backup-relevant file is "BACnet_LastRestoreTime.wbp", which is stored in the boot folder of
TwinCAT. This file contains data that have to survive a restore. They include the properties LastRestoreTime
and DatabaseRevision.

TwinCAT BACnet/IP currently does not support triggering of a backup or restore operation. A corresponding
building management tool can be used to backup and restore the Beckhoff controllers. In other words, only
the server is supported in this case, not the client side.

2.8 Persistent data

If BACnet properties are changed via BACnet or the online dialog of server objects, the changes are initially
lost when TwinCAT is restarted, since the corresponding values from the Settings dialog are used for
initialization. In order to retain the data persistently during a device restart, the function Persist Server Online
Data can be used in the Settings tab of the BACnet server. If this function is activated, during shutdown and
perhaps cyclically the values of all BACnet properties that have changed compared with the initial
configuration are saved in a file and reloaded when a configuration is loaded. The file is created in the boot
folder of the TwinCAT installation ("C:\TwinCAT\Boot") and has the name "BACnetOnline_1010010.wbp".
The number code identifies the server via a TwinCAT(TcCOM) object ID.
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Devices with UPS can be shut down even if the supply voltage is lost, so that the storage of persistent data
is ensured. For devices without UPS the data have to be stored cyclically or in the event of changes. The
"Use USV" option in the Settings tab of the BACnet server can be used to specify whether data should be
stored at a specified interval during operation. The "Backup Interval" dialog box can be used to specify the
interval (in minutes) at which modified BACnet properties should be saved. Data are only saved if a BACnet
property has been changed since the last backup.

The option "Use USV" does not result in automatic shutdown of the device in the event of a power failure.
Monitoring of the UPS status and associated tasks can be implemented in the PLC with the aid of
corresponding libraries. The option "Use USV" only disables periodic saving of persistent data. Writing of
persistent data has to be affected manually or through the PLC via ADS or the property PersistentData. The
PLC library TcBACnetRev12.lib provides functions for triggering the saving process.

Note the maximum number of write cycles

If data are cyclically saved to a flash medium, the storage medium may be damaged or destroyed if the
backup intervals are too short. It is therefore important to ensure that the number of write cycles specified
by the flash manufacturer is not exceeded over the expected operating period.
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Note that with this functionality all settings that were made in the "Settings" tabs of the objects after the
current TwinCAT configuration has been activated become invalid, since all settings are taken from the
BACnetOnline file. If a configuration has to be changed, first deactivate the function and delete the
BACnetOnline file. Attention: Once the function has been disabled, the configuration is still loaded with
activated persistence function, i.e. the BACnetOnline file is generated again when the system is shut down.
Writing of the file is only disabled when the configuration is activated without the persistence function. With
the new dialog for managing persistent data, changes can nevertheless be easily adopted. A description
follows at the end of this chapter.

Dynamically generated BACnet objects are also included in the persistent data and re-generated during a
restart.

When a new TwinCAT BACnet/IP configuration (or a BACnet server, to be more precise) is created, a unique
Config ID is generated within the project, through which the BACnetOnline files are allocated to a
configuration (CurrentConfig.xml). This is checked when the online data are loaded. If the Config ID does not
match the loaded project, the online data are not applied. In this case the data from the Settings tabs are
used.
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Loading and saving persistent data

This section describes the procedure for loading and saving the online data. It ensures that a valid version of
the persistent data is always available, even in the event of a power failure. Loading and saving of persistent
data always takes place in RUN mode, and only when persistent data were activated.

Sequence: loading the BACnetOnline file

1. If present: load the file "BACnetOnline_ XXXXXXXX.wbp"

2. After successful loading: rename the file "BACnetOnline_ XXXXXXXX.wbp" to
"BACnetOnline_ XXXXXXXX.wb~"

3. If "BACnetOnline_ XXXXXX.wbp" does not exist: load the file "BACnetOnline_ XXXXXX.wb~"
Sequence: writing the BACnetOnline file:

1. Rename an existing file "BACnetOnline_ XXXXXXXX.wbp" to "BACnetOnline_ XXXXXXXX.wb~"
2. Write the modified property and object data to the file "BACnetOnline_ XXXXXXXX.wbp.tmp"

3. After the write operation: rename the file "BACnetOnline_ XXXXXXXX.wbp.tmp" to
"BACnetOnline_ XXXXXXXX.wbp"

Please note that the described procedure requires twice the memory on the flash memory.

Relevant changes
As already mentioned, online data are only saved if appropriate changes were made. Changes can be
triggered by:

+ Writing of a BACnet property via WriteProperty or WritePropertyMultiple

» List manipulation via AddListElement, RemoveListElement

» Creation of dynamic objects via CreateObject

» Deleting of dynamic objects via DeleteObject

» Changing of BACnet properties through state machines within objects (e.g. ElapsedActiveTime of
binary objects, LogBuffer in the TrendLog object)

« Changing of the Broadcast Distribution Table (BDT) if BBMD is activated

Changes in the following BACnet properties generally do not lead to persistence-relevant changes:
« Permanently read-only BACnet properties (e.g. Protocol Revision, Object Type, Objectldentifier)

» ActiveCOVSubscription: as specified by the BACnet specification, COV subscriptions that have been
carried out are not persistent.

« BACnet properties resulting from other BACnet properties or internal system states (LocalDate,
LocalTime, StatusFlags, EventState, DeviceAddressBinding, ObjectList, ModificationDate,
SystemStatus, PersitentData, ActivePriority)

» DaylightSavingsStatus and UtcOffset if operating system time settings are used (Time management
"Use operating system settings")

Manual saving of persistent data

Saving of persistent data can be triggered manually/programmatically. An acyclic (ADS) interface is available
via which writing of the BACnet online data can be triggered:

IndexGroup IndexOffset Description

0x80C00000 always 0 Triggering saving of the persistent data. Only valid for BACnet
servers if Persist Online Data is active.

Saving can be triggered via ADS with the aid of the System Manager (BACnet server Settings tab, "Save"
button).

Saving of the persistent data can also be triggered via the BACnet network and the vendor-specific BACnet
property PersistentData (of the device object). A state diagram for the BACnet property PersistentData is
shown below.
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The BACnet property PersistentData is only visible if the persistent data are activated and the configuration
is executed in RUN mode. After the initialization the property of the BACnet-data type Enumerated indicates
whether a relevant BACnet property has changed or whether dynamic objects were created since the
persistent data were last saved. If the data are unchanged the property PersistentData has the value
NOCHANGE (2). If data are changed via BACnet (WriteProperty, WritePropertyMultiple, CreateObiject,
DeleteObject, WriteBDT), via ADS Write or through an object state machine, this is indicated by the property
PersitentData with the value Ready (3).

If the property PersistentData has the value Ready (3), writing can be triggered via BACnet by writing the
value Write (4). During writing PersitentData has the value Writing (5). After successful writing of the
persistent data PersistentData enters the state NoChange (2) or Ready (3), depending on whether relevant
data have changed during writing.

If persistent data is saved by manually triggering the write process, it is recommended to set the backup
interval to a correspondingly high value or to deactivate the periodic backup with the function "Use USV".

Change management for persistent data

A new dialog was integrated in TwinCAT BACnet/IP to assist with the management of persistent data. This
dialog can be enabled via the button "..." next to the Save button on the BACnet server "Settings" tab. The
dialog can be used to deactivate or activate temporary storage of the persistent data at runtime (even if it
was not active in the configuration). Temporary deactivation is reset at the next restart or when this function
is temporarily activated. The transfer function can be used for (online) transfer of modified data into the
Settings dialog (and therefore into the .tsm file). Attention: In contrast to the transfer function of the Property
wizard, only data that were modified online are transferred. Property data that were changed in the Settings
dialog, but not online, are preserved. "Delete" can be used to delete the ".wbp" files. Save triggers the saving
of the peristent data.

==

In a project with activated persistent data, the following procedure is recommended for loading changes, or
for storing data, which were changed online after commissioning, in the .tsm file:

Trigger the transfer function (changed data are transferred from Online to Settings)
Deactivate writing of persistent data (Disable button)

Delete the persistent data, since the changes are now in .tsm (Delete button)
Save the configuration (.tsm) (optional)

Activate the configuration (System Manager - Actions - Activate Configuration ...)
Restart the controller

o0k
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Diagnosis persistent data

The online tab of the BACnet objects shows for each BACnet property whether it has been changed
compared to the Settings dialog. A * means that a BACnet property has been changed. An additional check
mark means that the change was saved in the .wbp file.

Inactive Text 46 |FALSE
# il ChangeCf State Time 16 | 20.06.2014 09:46:12
. ChangeCf StateCount 15 (1
# il TimeCf StateCourt Reset 115 [20006.2014 09:45:57
# ElapsedActive Time [s] 33 |18
# il TimeCf Active Time Reset 114 [20006.2014 09:45:57
MinimumCfftime [s] gt (0

The diagnostic functions of the BACnet device enable information relating to the processing of persistent
data to be viewed.
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Under Serverinfo you can find persistence specific information:

nPropChanges: Indicates how often BACnet properties were modified since the system startup.
nPersistWrites: Indicates how often the BACnetOnline file was written since the system startup.

persistChangeSetld: After each writing of the online file a ChangeSet ID is incremented in the BACnet
driver, in order to enable detection of changes of BACnet properties since the last writing. This
ChangeSet ID is written to the online file and indicates how often a project was saved since the first
start. During a BACnetrestore the ChangeSet ID of the written online file is used.

secPersistNextWrite: Indicates in how many seconds the next cyclic writing of persistent data is
triggered.

persistLastWrite: Indicates when the online file was last written. If it has not been written since the
system startup, this timestamp is initialized with *.*.*.* ****

The WbpView dialog enables a more exact analysis of which property data were modified and are stored in
the .wbp file. It can be activated as a wizard via the File object of the .wbp file. The wizard shows an
overview of the contents of the binary wbp data in text format.
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2.9 PLC automapping

Introduction

Special comments that are added after the PLC variable declaration can be used for automated
configuration of BACnet objects from the PLC program. The procedure can be used to configure BACnet
objects, link BACnet property variables with PLC variables and initialize BACnet properties.

PLC automapping can be carried out via the BACnet server in the Settings tab, once the PLC project has
been added to the hardware configuration. Automapping is triggered by pressing the Map button once the
required PLC program has been selected:
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PLC automapping for BACnet servers

The following source code extract illustrates the application of automapping comments. An allocated variable
"av0" of type REAL created. The used comments define BACnet properties for use with automapping. The
general comment syntax is defined by the PLC. Comments start with "(*" and end with "*)". Comments with
the special prefix "~" are transferred by the PLC compiler into the TPY file for the respective symbols. These
special comments, referred to as property, always have the following structure: "( NAME : VALUE :
COMMENT )". For BACnet automapping the name is composed of "BACnet_[BACnet-Property-Name]".
"VALUE" depends on the BACnet property and is explained accordingly.

In the sample the symbol "av0" is annotated with 3 BACnet properties. It is specified that the object is an
AnalogValue object (AV). The object instance is 100. For the property Objectldentifier it should be noted that
in the PLC comment it only contains the instance number, not the coded object type, as in BACnet. In the
sample, automapping creates a BACnet object of type AnalogValue with the instance number 100. For each
symbol a link can be made with a cyclic BACnet property variable. For variables that are not to be linked the
comment "NOLINK" (see note in the appendix) can be used. For each symbol only one property may exist
for linking. In the sample the property PresentValue of the AnalogValue object is linked with the PLC variable
"avQ".
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av0 AT %I* : REAL; (* ~ (BACnet ObjectType : AV : NOLINK)
(BACnet ObjectIdentifier 3 100 : NOLINK)
(BACnet PresentValue 3 3 )

*)

A further sample is provided below. In this case a BACnet object of type Binarylnput is created. No object
instance is defined. During automapping an available object instance number is generated automatically.
The sample demonstrates how the values of certain BACnet properties can be pre-initialized. The BACnet
properties Description and ObjectName are initialized with the values "Hello, BACnet" and "Binarylnput_1".
After automapping the corresponding values appear in the generated BACnet object (Settings tab) when the
configuration is activated "Online". In addition the object name is used in the System Manager tree. In the
sample a variable of type BOOL is linked with the property PresentValueBool. Although the BACnet data
type of the PresentValues of binary objects is an enumeration type, the auxiliary property PresentValueBool
was introduced for efficient handling of the PLC, in order to be able to link Boolean variables. For further

details please refer to chapter "Process data [P 42]".

bi0 AT %I* : BOOL; (* ~ (BACnet ObjectType : BI : NOLINK)
(BACnet Description : Hello, BACnet : NOLINK)

(BACnet ObjectName : BinaryInput 1 : NOLINK)
(BACnet PresentValueBool )
*)

Even if variables of primitive type are used, several variables can be linked with a BACnet object. To this end
identical object type and object instance parameters should be specified for two variables. In the sample the
BACnet properties PresentValue and StatusFlags are linked with AnalogValue object "101". In order to be
able to report object instance numbers that have been assigned twice by mistake as errors, the comment
"OBJREF" must be added to the 2nd symbol that refers to a previously created BACnet object. "OBJREF"
must always be declared for the BACnet property "Objectldentified". If an object is to be accessed by name
via 2 symbols, "OBJREF" must be used when declaring the property ObjectName.
av0 AT $I* : REAL; (* ~ (BACnet_ObjectType : AV : NOLINK)

(BACnet ObjectIdentifier : 101 : NOLINK)

(BACnet PresentValue 3 3)

)

av0_ StatusFlags AT %I* : WORD; (* ~ (BACnet ObjectType : AV : NOLINK)

(BACnet ObjectIdentifier : 101 : OBJREF, NOLINK)

(BACnet StatusFlags 3))
*)

Commandable properties

BACnet objects can also be accessed in write mode from the PLC. Commandable BACnet properties are
linked with a PriorityArray and support write access with priorities 1 to 16. By using priorities, other system
components can override signals from the PLC. The general rule for write access from the PLC to BACnet is
that a value is only applied from BACnet when the program is started or changed. If the BACnet network
writes competitively to the same priority level, the PLC-generated value may differ from the BACnet value.
However, for prioritized accesses, a priority level should be used exclusively in most cases. In the case of
several potential same-priority change sources, the BACnet property RelinquishDefault can also be used.

In the sample a "Q"-allocated variable is defined, which is linked with the PresentValue of an AnalogOutput
object. Writing from the PLC results in an entry with priority level "8" in the PriorityArray. The PresentValue
properties of BinaryValue, BinaryOutput, AnalogValue, AnalagOutput, MultistateValue and MultistateOutput
objects are commandable. The highest active priority (1=highest, 16=lowest) is set as PresentValue. A
priority in the PriorityArray is active if it is not NULL. If all elements in the PriorityArray are NULL
PresentValue takes the value of the BACnet property RelinquishDefault.

ao0_PresentValue8 AT %Q* : REAL; (*~ (BACnet ObjectType : AO : NOLINK)

(BACnet_PresentValue Priority8 : )
*)

A special feature of commandable properties is the entry NULL in the PriorityArray, which is a separate data
type in BACnet - in contrast to the respective value data types (REAL, BINARY_PV, UNSIGNED). The value
NULL, which deactivates a priority level in the PriorityArray, can be written for the respective objects via the
linked variable as follows:

« BinaryValue, BinaryOutput : priority-based PresentValues are linked as WORD (or an enumeration
type, e.g. E_ BACNET_BINARYPV). A 0 entry results in an INACTIVE entry in the PriorityArray, 1
results in ACTIVE and values greater than 1 result in NULL.
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* AnalogValue, AnalogOutput: to generate a NULL entry in the PriorityArray a special bit coding of
REAL values can be used, which are defined as NaN (not a number). This value can be generated via
the function "F_BACnet_NAN()" in the BACnet PLC library "TcBACnet.lib". Note that this value is not
used for calculations in the PLC, since they would trigger a floating-point exception. A value of 0.0 also
results in a value of 0.0 in the PriorityArray. In addition, the following applies for AnalogOutput objects:
writting values outside the Min/MaxPresValue range leads to NULL in the PriorityArray.

+ MultistateValue, Multistatelnput: is the value 0 or a value that is greater than the BACnet property
NumberOfStates is written, a NULL entry is generated in the PriorityArray.

Structured programming

Function blocks (FBs) are also supported for structured linking of BACnet objects during automapping. The
source code extract shown below illustrates the declaration of a BACnet function block. In order to be
considered in automapping, these function blocks must begin with the prefix "FB_BACnet". The sample
defines an FB for an AnalogOutput object, which is available as a template in the BACnet PLC library
"TcBACnet.lib". The properties PresentValue, StatusFlags, Reliability and OutOfService are linked as input
variables to the PLC, the property PresentValue with write-access, priority 8.

FUNCTION BLOCK FB BACnet AnalogOutput

VAR OUTPUT
ObjectType: E BACNETOBJECTTYPE; (* ~ (BACnet ObjectType : AO : NOLINK) *)
PresentValue AT$I*: REAL; (* ~ (BACnet PresentValue 3 3) W)
StatusFlags ATS$I*: UINT; (* ~ (BACnet StatusFlags 3 3) ¥)
Reliability ATSI*: E BACNETRELIABILITY; (% = (BACnetiReliabilit 8 3) =)
OutOfService AT$I*: BOOL; (* ~ (BACnet_OutOfService 2 :) *)END_VAR

VAR INPUT
PresentValue Priority8 AT%Q*: REAL; (* ~ (BACnet PresentValue Priority8 ::) *)END VAR

This FB can be instantiated in the main program (or another FB, program). Additional comments can be
specified during instantiation. Comments at the instantiation level have higher priority than comments at FB
declaration level. In the sample an AnalogOutput object is created, and the object instance and the BACnet
property Description are initialized at instantiation level. Through the FB declaration the properties
PresentValue, StatusFlags, Reliability, OutOfService and PresentValue_Priority8 are linked in the generated
BACnet object.

aol : FB BACnet AnalogOutput; (* ~ (BACnet ObjectIdentifier : 100 :NOLINK)

(BACnet Description : FB-basiertes AO: NOLINK)
*)

BACnet FBs can be used hierarchically, i.e. an "FB_BACnet_Pump" containing several
FB_BACnet_AnalogOutput instances can be defined, for example. For nesting depths greater than one a
StructuredView object is created in the System Manager. BACnet comments are not handed down to several
hierarchical levels. Only the instantiation and declaration levels are supported. An exception is the BACnet
comment BACnet_Objectldentifier, which is resolved over several hierarchical levels, in order to support ID
allocation for nested FBs.

@ Ifan object instance is specified at a higher level, it may potentially affect many objects of the same
type. The generation of an object ID is based on the specified ID (e.g. if an object instance of 1000

1 is specified, a new free ID is searched for from 1000). An FB_BACnet_Room with 2 AV and 2 BV
objects and a start ID of 1000 will therefore generate BACnet objects AV:1000, AV1001, BV:1000
and BV:1001. The resulting object IDs are calculated before the actual mapping operation. If objects
with the determined IDs already exist, e.g. from an IO mapping, the existing objects are used/linked,
and no new objects are created.

In addition to nested FBs, one-dimensional arrays are also supported. The following sample shows the
declaration of an array raeume of type FB_BACnet_Raum that contains further BACnet objects. In this way
systematic units with identical functionality can be managed. Arrays at different nesting levels are also
supported. For example, a BACnet object fbHaus[1].EtageU.Raum[10].tmpSoll can be generated.

raeume : ARRAY[0..10] OF FB BACnet Raum;

Structured programming: configuration of FB instances

BACnet comments at FB declaration level apply equally to all instances of the FB. For certain BACnet
properties, an instance-level definition may apply. For example, instance-based Objectldentifiers can be
defined or the hardware connection can be configured to lo modules per instance. The following is a sample
where BACnet properties are set at the instance level.
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FUNCTION BLOCK FB BACnet SubSub

VAR
bi : FB_BACnet BinaryInput; (*~(BACnet OutOfService : TRUE: NOLINK) *)
bi2 : FB BACnet BinaryInput;
END VAR
FUNCTION BLOCK FB_BACnet Sub
VAR
subl : FB BACnet SubSub;
sub2 : FB_BACnet SubSub;
subArr : ARRAY[0..1] OF FB BACnet SubSub;
END VAR
PROGRAM SIMPLE
VAR
sl :FB_BACnet Sub; (* ~ { BACnet ObjectIdentifier<subl/bi> : 1017 8 &
{ BACnet_ObjectIdentifier<sub2> : 1028 g
{ BACnetiobjectIdentifier<subArr[O]/bi> : 5555 s |
{ BACnet ObjectName<sub2/bi> : biname : NOLINK }
*)
END_ VAR

By defining an instance path after the BACnet property name, BACnet property definitions can be applied to
sub-elements of an FB. For this purpose, the instance path can be specified in "<" and ">". In the above
sample, for example, the BACnet object bi of the instance sub1 is given an Objectldentifier 1017. Individual
sub-levels are separated by "/". BACnet property definitions can also be configured at intermediate levels. In
the sample the Objectldentifier 1028 is transferred to the FB instance sub2. In this sample, this causes the
BACnet objects s1.sub2.bi to be given Object ID 1028 and s1.sub1.bi2 to be given Object ID 1029. The
instance path specification can also contain array elements.
ARRAY[01..03] OF FB BACnet AnalogValue; (* ~

(BACnet Description<[1l]>:1. OG Raum 1 Temp: NOLINK)

(BACnet Description<[2]>:1. OG Raum 2 Temp: NOLINK)

(BACnet Description<[3]>:1. OG Raum 3 Temp: NOLINK)
*)

Direct parameterization of array elements at program or global level is also supported. In the sample, the
BACnet property Description of three array elements is initialized.

Structured programming: View configuration

During PLC automapping, StructuredView objects are created for each nesting depth in the form of programs
and function blocks, in order to map the PLC structure to BACnet. Depending on the data point addressing
description used, it may be necessary to adapt the names BACnet objects and their structure with a name
prefix. The PLC comment "BACnet_StructuredViewPath" can be used to define dedicated name prefixes for
PLC automapping. "BACnet_StructuredViewPath" can be used to annotate any variable at the required
structuring levels.

PROGRAM MAIN

VAR
viewDummy : BOOL; (* ~ ( BACnet StructuredViewPath : \/Buildingl\/Floor2 : )
( BACnet StructuredvViewPathDescription : \/Haus 1\/Flur 2 : )
( BACnet StructuredvViewPathObjectId : \/1000\/9: )
*)
rooml : FB BACnet Room; (* ~( BACnet Description : Description of structured view object rooml: )

*)
room2 : FB BACnet Room;
END_ VAR

In the sample the name Building1.Floor2.room1.XXX is used for all BACnet objects within the function block
FB_BACnet_Room, instead of the name MAIN.room1.XXX. In addition to the use for the names of BACnet
objects, a StructuredView object is also created for each hierarchical level. Hierarchical levels are defined by
the string "V".

The PLC comments "BACnet_StructuredViewPathDescription" and "BACnet_StructuredViewPathObjectld"
can be used to specify the BACnet property Description and the Objectldentifiers of the generated
StructuredView objects. StructuredView objects that are generated through complex function blocks; in
sample room1 and room2 can be configured via the PLC comments BACnet_Description and
BACnet_Objectldentifier.
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Data point addressing description

Depending on the required data point addressing description, it may be necessary to adapt the generated
BACnet object names. By default, points (".") are used to separate structural levels. By specifying a
"StructureSeparator" another symbol can be used instead of the point or the separator symbol can be
removed completely. The following sample shows the definition of the separator symbol "_". The separator
symbol should be defined once per project, e.g. at a global variable.

akzDummy : BOOL; (* ~( BACnet StructureSeparator : : ) *)

Write protection and optional properties

Special comment options were introduced for controlling write protection and optional properties. Additional
options can be specified in the form of a comma-separated list in the comment part of the PLC comments.
DISABLE deactivates an optional property. WRITEPROTECT activates write protection for a writeable
property. Make sure that the option NOLINK is specified when configuring multiple properties. The following
sample shows the configuration of write protection and optional properties.

bol: FB BACnet BinaryOutput; (* ~(BACnet NotifyType : : DISABLE,NOLINK)
(BACnet ChangeOfStateTime 3 : DISABLE, NOLINK)
(BACnet ChangeOfStateCount 3 : DISABLE, NOLINK)
(BACnetiActiveText : AN : WRITEPROTECT, NOLINK)
(BACnetiInactiveText : AUS : WRITEPROTECT, NOLINK)

*)

The comment ENABLE can be used for BACnet properties with inverted optional logic, i.e. BACnet
properties that are initially disabled when a BACnet object is created. An example of this is activation of a
mean value-forming filter in the Analoglnput object by means of the vendor-specific BACnet property
AvgFilterCycles:

fbAI : FB BACnet AnaloglInput; (* ~(BACnet AvgFilterCycles : 20 : ENABLE,NOLINK ) *)

Initialization of complex property values

The initialization of property values via PLC automapping is limited by the PLC comment syntax. The
reserved characters "(", ")", ":", ™" and " cannot be used. In addition, for BACnet properties with selection
type (Choice) or optional fields it is not always possible to unambiguously analyze each string, if an
optimized display form is used, as in the System Manager.

For certain properties special parsers were implemented, which enable simplified configuration of property
values. The following sample shows how the StateText property of a MultiStateValue object can be
initialized.

mv : FB BACnet MultiStateValue; (* ~(BACnet StateText : {Low;Medium;High} : NOLINK ) *)

BitField properties (EventEnable, AckRequired) can be initialized by specifying a hexadecimal number. In
this case it is advisable to use the corresponding value from the System Manager:

bi : FB BACnet BinaryInput; (* ~(BACnet EventEnable : 0xE005 : NOLINK ) *)

The Priority property of the NotificationClass object can also be initialized in abbreviated form. In the sample
this array property is initialized with the values 12, 12 and 122. For the initialization of BitField properties the
more transparent form of array-like initialization was implemented. In the sample the bits for "to_offnormal"
and "to_fault" are set in the property AckRequired. A BitField property without set bit can be initialized with
the string "{}".

nc : FB BACnet NotificationClass; (* ~(BACnet Priority : {12;12;222} : NOLINK)

(BACnet AckRequired : {to_offnormal;to fault} : NOLINK)
*)

Since it is not possible to implement dedicated parsers for all complex properties, the option of initialization
with the aid of XML was introduced. XML has the advantage that it is not necessary to use the reserved
comment syntax characters, so that there are no restrictions for initialization of the property values. The XML
values for the property initialization can simply be created via the Copy&Paste function for the property
values. A property can be created in the System Manager using wizards. Via the context menu in the
property view ("Online" or "Settings") the current value of a property can be added to the clipboard via "Copy
Value" (or via the shortcut CTRL-C) and used in PLC Control via "Paste" or CTRL-V.
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Is the SHIFT key is pressed while using the "Copy Value" function, the XML string is copied as a line.
Otherwise a structured variant is generated in multi-line mode. Using single-line mode makes the variable
declaration in the PLC program more transparent. The following sample illustrates how the property
StartTime of a TrendLog object is initialized via the XML syntax:

tl : FB_BACnet TrendLog; (* ~(BACnet StartTime :
<BACnetDateTime>
<date>
<year>112</year>
<month>7</month>
<day>16</day>
<dayOfWeek>1</dayOfieek>
</date>
<time>
<hour>12</hour>
<minute>30</minute>
<second>0</second>
<hundredths>0</hundredths>
</time>
</BACnetDateTime>
: NOLINK ) *)

Property references

The REFERENCE option was introduced for the initialization of reference properties. Automatic generation
of object IDs means that direct value initialization of properties cannot be used for referencing properties of
other PLC BACnet objects, since the object IDs are unknown when the PLC program is implemented.
Specification of the REFERENCE option and property name as a suffix enables referencing of automatically
generated objects. A simple heating system is described below as an example. Set values, actual values
and control values are specified via analog* BACnet objects, which are linked with a Loop object via
references.

fbSollwert : FB_BACnet AnalogValue;

fbStellwert : FB BACnet AnalogOutput;

fbIstwert : FB BACnet AnalogInput;

fbTempRegler : FB_BACnet Loop; (* ~(BACnet ManipulatedVariableReference : ./

fbStellwert : REFERENCE PresentValue)
(BACnet SetpointReference : ./fbSollwert : REFERENCE PresentValue)
(BACnet ControlledVariableReference : ./fbIstwert : REFERENCE PresentValue)

*)

In terms of REFERENCE functionality, a distinction is made between absolute and relative referencing.
Relative references always refer to the current context and start with "./". The current context always refers to
the current declaration level in the program or function block. Using relative referencing, objects can also be
used in other programs or function blocks. One example is the declaration of a LOOP object in the "MAIN"
program; to reference an object in the program "IO_OBJECTS", the syntax "./../IO_OBJECTS/fbAO" can be
used. Absolute references always start directly with the program name (e.g. MAIN.fbBvl or
MAIN.haus1.raum1.uv24Vok). For global variables, the "." must be removed at the beginning.
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o
1 Generally, all references refer to symbol names in the PLC, not to the BACnet object name!

In general, references that may potentially contain BACnet objects in other devices
(BACnetDeviceObjectPropertyReference), can also be initialized with the REFERENCE function. If the target
symbol is a FB_BACnet_Remote_* function block, the target device ID is entered automatically.

The REFERENCE option also works for Schedule and TrendLog objects:

bi : FB_BACnet BinaryInput;

bv : FB BACnet BinaryValue;

tl : FB_BACnet TrendLog; (* ~(BACnet LogDeviceObjectProperty 8 of
bi : REFERENCE_PresentValue) ¥*)

sched : FB BACnet Schedule; (* ~(BACnet ListOfObjectPropertyRefs 3 of
bv : REFERENCE PresentValue) ¥*)

The following section shows a sample for remote objects. The sample uses an absolute reference within the
MAIN program.

bvRemote : FB BACnet RemoteBinaryValue; (* ~ (BACnet ObjectType : BV : NOLINK)
(BACnet DeviceID : 32 : NOLINK)
(BACnet ObjectIdentifier : 2 : NOLINK) *)
fbTLog : FB BACnet TrendLog; (* ~ (BACnet LogDeviceObjectProperty : MAIN.bvRemote : REFERENCE

_PresentValue) ¥*)

Several references in the property ListOfObjectPropertyRefs of the Schedule object can be specified via the
following syntax:
schedMultiRef : FB BACnet Schedule; (* ~ (BACnet ListOfObjectPropertyRefs : Object=COOLING.bPrg

Cool;Property=PresentValue;
Object=fbGlob; Property=PresentValue; : REFERENCE) ¥*)

A special initialization is also available for other complex BACnet properties with references. These are
described below, based on brief samples. Initially, the initialization follows the Action property of the
Command object, which can be used for controlling process-based procedures.

fbCmdBo : FB_BACnet BinaryOutput;

fbCmdBV19: FB BACnet BinaryValue; (* ~(BACnet ObjectIdentifier : 19 : ) *)fbCmdAv : FB BACnet Analo
gValue;

fbCmdMv : FB_BACnet MultiStateValue;

fbCmd : FB_BACnet Command; (* ~(BACnet Action

Action=1;Command=1;0Object=./

fbCmdBo; Property=PresentValue;Value=ACTIVE; Priority=16;Delay=0;Quit=TRUE;
Action=1;Command=2;0Object=./fbCmdBo; Property=PresentValue;Value=NULL;Delay=1;Quit=FALSE;
Action=1;Command=3;0bject=BinaryValue 19;Property=PresentValue;Value=NULL;Delay=1;Quit=FALSE;
Action=1;Command=4;0Object=./fbCmdAv; Property=PresentValue;Value=NULL;
Action=1;Command=5;0bject=./fbCmdAv; Property=PresentValue;Value=12.3;Delay=1;Quit=FALSE;
Action=2;Command=1;0Object=./fbCmdMv; Property=PresentValue;Value=2;Delay=1;Quit=FALSE;
REFERENCE ) *)

The following sample illustrates the initialization of the ListOfGroupMembers Property of the Group object.

fbGroupAv: FB BACnet AnalogValue;

fbGroupBv : FB BACnet BinaryValue;

fbGroup : FB_BACnet_Group; (* ~(BACnet_ListOfGroupMembers
Object=./

fbGroupAv; Property=PresentValue; Property=StatusFlags;Property=HighLimit;Property=LowLimit;
Object=./fbGroupBv; Property=PresentValue;Property=StatusFlags;Property=OutOfService
REFERENCE ) *)

The EventEnroliment object can be used to define alarm conditions that go beyond the conditions covered
by Intrinsic Reporting. The following section demonstrates the initialization of the EventEnrollment objects
with the aid of an abbreviated syntax:

fbEEAV : FB_BACnet AnalogValue;
fbEEWarn : FB BACnet EventEnrollment; (* ~

(BACnet ObjectPropertyReference : ./fbEEAv : REFERENCE PresentValue)

(BACnet EventParameters : EventType=out of range;timeDelay=5;lowLimit=0;highlimit=10;deadband
=0; :REFERENCE )

(BACnet NotificationClass : 10 : nolink )

(BACnet EventMessageTexts : {Warning;Sensorfault;Normal operation} : nolink )

*)
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fbEEBO : FB BACnet BinaryOutput;
bEEHours : FB BACnet EventEnrollment; (* ~
(BACnet ObjectPropertyReference : ./fbEEBo : REFERENCE ElapsedActiveTime)
(BACnet EventParameters : EventType=unsigned range;highlimit=60; :REFERENCE )
(BACnet NotificationClass : 10 : nolink )
(BACnet EventMessageTexts : {Maximum operating hours exceeded; ; } : nolink )

*)

Integration of hardware modules

The connection of hardware modules can basically be done via 10 automapping and the assignment to PLC
objects by specifying Objectldentifiers in the PLC code. To enable efficient code generation of BACnet
projects, it is also possible to configure the hardware connection directly behind the declaration of BACnet
objects in the PLC. The LINKPATH option exists for this purpose. With this option it is possible to link a
BACnet property variable of a BACnet object directly to an IO module. In this case, no link to a PLC variable
is created, but a pure device-device link.

The following sample shows the linking of a BACnet object Binarylnput with the 3rd terminal (of a KL1002)
on the 1st channel. The hardware value can then be accessed directly in the PLC program via the
PresentValue of the FB_BACnet_Binarylnput.

bi : FB BACnet BinaryInput; (* ~{ BACnet RawIoBinaryBoolValue : TIID"Rt-
Ethernet”BK9000"Term 3 KL1002”Channel 1”Input : LINKPATH } *)

By specifying an additional parameter of the LINKPATH option, Offset1, Offset2 and the bit size for the link
can also be specified directly (LINKPATH<[Offset1],[Offset2],[Bit size]>)... If the bit size is set to the value 0,
the maximum possible number of bits is automatically linked. Without specifying the additional parameters,
the value 0 is used for Offset1 and Offset2. Offset1 refers to the BACnet property variable and Offset2 to the
external link.

bx : FB BACnet BinaryInput; (* ~{ BACnet RawIoBinaryBoolValue : TIID"Rt-
Ethernet”BK9000"Term 3 KL1002”Channel 1”Input : LINKPATH<0,0,1> } *)

In connection with function blocks, sub-elements of FB instances can also be directly connected to a
hardware module. The instance path syntax "<[]>" after the BACnet property to be linked can be used for
this.

PROGRAM SIMPLE

VAR
sl :FB_BACnet Sub; (* ~ { BACnet RawIoBinaryBoolValue<subl/bi> : TIID"Rt-
Ethernet”BK9000"Term 3 KL1002”Channel 1”Input : LINKPATH }

{ BACnet RawIoBinaryBoolValue<sub2/bi> : TIID"Rt-
Ethernet”BK9000"Term 3 KL1002"Channel 2”Input : LINKPATH }

{ BACnet RawIoBinaryBoolValue<subl/bi2> : TIID"Rt-—
Ethernet”BK9000"Term 2 KL1002”Channel 2”Input : LINKPATH }

*)
END VAR

In addition, PLC auto-mapping also allows variables to be linked outside of BACnet. With the option "ExtLink"
any local PLC symbol can be linked to an external variable e.g. a hardware module. With the option
"ExtLink2" 2 PLC-external variables can be linked together. Additional parameters (as with LINKPATH) can
be used to specify Offset1, Offset2 and the bit size for the link. Below is a sample of how to use each of
these options.
bl AT%I*: BOOL; (* ~{ ExtLink : TIID"Rt-Ethernet”BK9000"Term 2 (KL1002)"Channel 2"Input =: } *)
bDummy : BOOL; (* ~{ ExtLink2 : TIID"Rt-Ethernet”BK9000"Term 5 (KL2012)"Channel 1"Output :
TIID"Rt-Ethernet”BK9000"Term 2 (KL1002)"~Channel 2”Input }
)

bl AT$I*: BOOL; (* ~{ ExtLink<0;0;1> : TIID"Rt-
Ethernet”BK9000"Term 2 (KL1002)"Channel 2"Input =: } *)
bDummy : BOOL; (* ~{ ExtLink2<0;0;1> : TIID"Rt-

Ethernet”BK9000"Term 5 (KL2012)“Channel 1”Output :
TIID"Rt-Ethernet”BK9000"Term 2 (KL1002)"~Channel 2”Input }

*)

The EXP export can be used as a starting point for linking hardware modules. In the EXP export
configuration dialog, the "Export I/O configuration" option can be used to generate the BACnet object
configuration for the TcBACnet.lib. Here, a corresponding program with the hardware BACnet objects and
their link is created for each IO bus present in the project. The procedure EXP-Export, PLC Automapping
then generates the same BACnet configuration that generates an 10 automapping. The advantage of the
PLC variant is that hardware objects can be integrated into structured function blocks of the PLC or
hardware channels that are not to be visible via BACnet can be deleted.
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PLC automapping for BACnet clients

To link PLC variables with process data properties of remote BACnet objects, Device ID can be specified as
a comment, in addition to the object type and instance. In this case the PLC variables are linked with
previously created BACnet objects (e.g. through scanning of clients). If a client does not yet exist, it will be
created automatically. Objects that do not exist are also created. The hierarchy created is flat.
StructuredView object for clients are currently not supported by PLC automapping.

In the following source text extract a variable of type REAL is created. During automapping it is linked with
the property PresentValue of object AnalogValue:100 under the client with the BACnet-ID "42". The process
data variable of the remote BACnet object is activated automatically.

av0 AT %I* : REAL; (* ~ (BACnet ObjectType : AV : NOLINK)
(BACnet DevicelID : 42 : NOLINK)
(BACnet ObjectIdentifier : 100 : NOLINK)

(BACnet PresentValue 3 3)
*)

Auxiliary properties exist for the configuration of the process data-specific parameters of client properties in
order to be able to automatically configure all options that can be set in the System Manager. These are
write priority for PresentValue properties, cycle time, COV increment, COV resubscription interval for COV
subscriptions and flags for configuring whether data are to be processed cyclically or via COV or OnChange.
The following source code extract illustrates the application of these auxiliary properties.

ao0 AT %Q* : REAL; (* ~ (BACnet ObjectType : AO : NOLINK)
(BACnet DeviceID : 42 : NOLINK)
(BACnet ObjectIdentifier s © : NOLINK)
(BACnet RemotePriority : 8 s )
(BACnet RemoteCycleTimeWrite : 1000 )
(BACnet RemoteFlagsWrite : WRITEONCHANGE : )

(BACnet PresentValue 3 )
*)

aol AT %I* : REAL; (* ~ (BACnet ObjectType : AO : NOLINK)
(BACnet DeviceID : 42 : NOLINK)
(BACnet ObjectIdentifier : 0 : NOLINK)
(BACnet PresentValue 3 )
(BACnet_RemoteCycleTimeRead : 1000 g )
(BACnet RemoteFlagsRead : CoVv 3 )
(BACnet RemoteCovincrement s 0,5 3 )
(BACnet RemoteResubscriptionInterval: 60: )
*)

For RemoteFlagsWrite, the following values can be used for output variable (%Q), i.e. from the configured
controller to the remote device:

» onchange, periodic
For RemoteFlagsRead - input variable (%l) - reading from a remote device the following applies:

 cov, covpolling, polling, confirmedcov, rpm-o, rpm-c

If no auxiliary properties are specified for remote objects, the default settings of the System Manager are
used:
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* RemotePriority : 16

* RemoteFlagsRead : 1 (COV)

» RemoteFlagsWrite : 1 (OnChange)
* RemoteCycleTimeRead : 1000

* RemoteCycleTimeWrite : 1000

» RemoteResubscriptioninterval : 240
* RemoteCovincrement : 0.0

If the remote-blocks of TcBACnet.lib are used, the process data transfer type can also be specified during
FB instantiation. The remote configuration parameters refer to all activated BACnet properties. In the
following sample, the transmission type of the process data is set to ConfirmedCQOV for the properties of the
*EX function block: StateOfChangeCount, PresentValue, StatusFlags, EventState and Reliability.
bvRemote : FB BACnet RemoteBinaryValue EX; (* ~ (BACnet ObjectType : BV : NOLINK)
(BACnet DeviceID : 32 : NOLINK)
(BACnet ObjectIdentifier : 20 : NOLINK)

(BACnet RemoteFlagsRead : ConfirmedCOV : )

(BACnet RemoteResubscriptionInterval : 3600 : )
*)

For priority-based properties (PresentValue) a write priority can be configured, in order to enable access to
higher priorities of the PriorityArray. As for servers, the value NULL can be written to the associated
PriorityArray in order to disable this priority level. For analog and binary objects this is done in the same way
as for servers (value > 1 for binary objects; NaN for analog objects). For AnalogOutput objects the Min/
MaxPresValue range is not monitored, which means that NULL can only be generated via NaN. In contrast
to servers, for multistate objects only writing of O results in NULL in the PriorityArray. For performance
reasons the property NumberOfStates is not read by the remote device.

In conjunction with the TwinCAT BACnet PLC library "TcBACnet.lib" an efficient option for using "scanned"
client configurations in the PLC is available. Once the clients to be used have been added to the System
Manager (e.g. through scanning of a BACnet network), the variable declaration and associated annotation
with automapping comments can be generated by specifying a destination file with the extension "EXP" in
the Export option of the Settings tab in the BACnet device. This can then be imported in a PLC project in
PLC Control. The basis BACnet FBs of the library are used (e.g. "FB_BACnet_RemoteAnaloginput").

Remap

When using persistent data, subsequent extensions pose a challenge in terms of establishing an
unambiguous relationship between the persistent data and their counterparts in the PLC program. Persistent
data are unambiguously assigned via the Objectldentifier. If an extension involves adding an object in a
program, subsequently generated BACnet Objectldentifiers may be shifted, thereby corrupting the allocation
of the persistent data. The Remap function was implemented to resolve this issue. Remap can be run on an
already mapped PLC project that is subject to modifications/extensions.

The PLC project is examined for modifications and:

* New objects are added (in order to avoid collisions with old projects, new Objectldentifiers are
allocated that are higher than the largest previously generated instance number, see "System Manager
Settings")

» Modified property initialization are written (unchanged initializations are not written again)
+ Remote PLC objects that were previously generated through PLC automapping are removed

+ Attention during renaming: when moving objects in the tree, property values may be lost. (e.g. by
changing the StructuredViewPath or symbol name)

Appendix

» Overview object types for the "BACnet_ObjectType" : Al,AO,AV,BI,BO, BV,
CAL,CMD,DEV,FILE,GROUP,LOOP,MI,MO,NC,PROG,SCHED,MV,TLOG
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* Note regarding NOLINK: the comment "NOLINK" is used to identify BACnet properties that are not to
be linked with a variable, if multiple annotations exist for the variable. For selected BACnet properties
"NOLINK" is set automatically, in cases where linking would not be meaningful. The following
properties are implicitly annotated with "NOLINK": Objectldentifier, ObjectType and all remote*
properties of the client-specific configuration.

« In TwinCAT BACnet/IP an option was added to enable the property Objectldentifier as process data.
Since this property is automatically treated as NOLINK, the LINK option was introduced for
compatibility reasons, which overrides NOLINK for Objectldentifier. This means that this property can
also be activated and linked as a process date via PLC automapping.

« Example hierarchical FBs: see sample "PLC Automapping [»_118]"

2.10 1/0 automapping

TwinCAT BACnet/IP supports automated mapping of the modular IO systems K-bus and EtherCAT to
BACnet. For each I/O channel a corresponding BACnet object of type Binarylnput, BinaryOutput,
Analoglnput or AnalogOutput is configured automatically, process data are linked accordingly through
Device2Device mapping, and the status of the 1/0 systems is transferred to the BACnet properties Reliability
and StatusFlags, if applicable.

During mapping of 1/0 systems a distinction is made between I/O busses that consolidate several 1/0
modules and abstract an I/O strand in each case. By assigning loBusNr BACnet I/O objects are allocated to
an 1/0O bus, via which the status is mapped, for example. If, for example, a K-bus strand is linked, the process
data BusState can be used to detect whether the K-bus is ready for operation, and the property Reliability of
all BACnet objects with the respective loBusNr can be adjusted to the value NO_FAULT _DETECTED,
otherwise NO_SENSOR or NO_OUTPUT. With TwinCAT BACnet/IP the I/O busses can also be linked to a
K-bus, e.g. a BK9000, or further EtherCAT strands can be linked with a BACnet controller.

I/0 bus automapping can be triggered via the "Settings" tab of a BACnet server. In the corresponding dialog
box, an 1/0 bus can be selected and the link can then be initiated via "Map" button:

p 'TH001.tsm - TwinCAT System Manager - "O(_0DD828"
File Edit Actions WView Options Help

I EIERNEEE ge v o B BB NE (S| BQ 2o’
=B 1,0 Devices :
=-*% Device 1 (BACnet) Settings |
----- -I- Device 1-Image — ldentification — Device Management
I & Inputs BACnet ID |52?521 Persist Server Online Data [
...... ‘l Outputs
E| §lZ Beckhoff_527621 (BACnet Server) Ads Port I'ID[H] Use USW =
-1 Inputs

- §| outputs Udp Port I-ﬁBJI]E Backup Interval (min) |3: 3:

I +-EBAC Device (BACnet Device Object)
B4 CurrentConfig.xml (BACnet File Object) | [~ Authentification

[#-E4E BAChetOnline_1010010.wbp Password Cot |
= ﬁ Device 2 {CX9000-KBus)

..... .=k Device 2-Image —PLC AutoMapping —EtherCAT/KBus AutoMapping —
-
! %T Inputs I J j
- §| Outputs
E‘!U CXS000-KE Map | Unmap | Map | Unmap |
- §1 Tnputs —
‘l Outputs — Dynamic Object Management
w-M§ Term 2 (L2114) Object Type [AnalogOutput
£ § Term 3 {KL1104)
£ ™ Term 4 (KL3202) Instance ID o |
L./ End Term (KL2010) — :
- 4 Device 3 (NOV/DP-RAM) el e s | Delete | Create |
g5 Mappings
Ready CX_0D0828 (5.14.8.40. 1. 1) | Config Mode [

The following I/O bus types are currently supported:
» EtherCAT
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+ BK1120, BK1250
+ K-BUS: CX1100-BK, CX5000-BK, CX-8000-BK
+ BK9000, BK9100, BK9050

=R=E] 110 Devices
“J-heer Gerdt 2 (CX9000-KBus) =-5)Z Beckhoff_2624261 (BACNEL Server)
== Gert 2-Prozessabbild - &t Inputs
- gl Eingange = §l Cutputs
- §l Ausginge #-BAC Device (BACNEt Device Object)
=i CRo000-KE #-BAC CurrentConfig.xml (BACNet File Object)
---%T Eing&nge -BAC BACnetonling_1010010,wbp (BAChet File Object)
$! Ausginge El-i‘nﬁ IoBus_0_CX2000-KE (BaCnet Structured Yiew Object)
=M Klemme 2 (KL2114) - E-BAT Klemme 2 (KL2114)_Chnt (BAChet Binary Output Object)
. E-§ Kanall = &1 Inputs
bl Ausgang 1§}T RawloBinaryBoolvalue
‘ kanal 2 - ‘l Outputs
F-§ Kanal3
‘ kanal ¢

In general, during I/O automapping the System Manager analyses all terminals under an I/O bus, creates

corresponding BACnet objects and links process data. As an example, the figure shows how a digital output

terminal (KL2114) at a CX9001-KBus is mapped to BACnet. The BACnet object "Terminal 2

(KL2114)_Chn1" of type BinaryOutput was created, and the output process data variable "Output" was linked

with the BACnet process data variable "RawloBinaryValue". This link ensures that the status of the digital
output signal always matches the PresentValue of the BACnet object, if the object is not OutOfService. The

polarity of the "BinaryOutput" is also considered. For further details please refer to section "Process data
421"

_[oix|
—Settings
W Create StructuredView object for mapping

Default resolution: ID.1

[~ Disable Instrinsic Feporting Properties

—Link Settings
V¥ Link raw PresentValue

¥ Link status byte (Overrange, Underrange)
¥ Link coupler-/box state

V¥ Link EtherCAT state

¥ Link \WcState
¥ Link status override. (e.g. KM4602)

—Object ID Generation Algorithm
¥ Use next available object identifier

™ StartiD: |1::: 3:

Module increment: |10 =

Cancel Map

Automapping can be configured via an associated dialog, and the user can specify whether the bus status

should be monitored automatically, or whether the process data can be linked automatically. In addition, the

object ID allocation algorithm of the created BACnet objects can be specified. The following options are
available:
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» "Use next available object identifier” - For each new BACnet object the next free object ID for the
respective object type is used, starting from 0.

* Module-based ID allocation - Based on a start ID the object ID for each new I/O module is incremented
by a "Module increment". This can be used to ensure that the BACnet object ID can always be used to
determine which terminal was linked. Example: With a start ID of 1000 and a module increment of 10, a
Binarylnput object with ID 1113 is allocated to the third binary input channel of the eleventh terminal.

The other configuration options of 1/0 automapping are explained below:

+ "Create StructuredView object for mapping" - All BACnet objects generated for I/O mapping are
created below a newly generated StructuredView object, to increase the transparency within a project

+ "Default Resolution” - Analog objects have a BACnet property resolution, which determines the
scaling of 1/0 process data for the PresentValue of the BACnet object and vice versa. The parameter
configured here is entered for all generated analog objects. To use the original hardware values, a
resolution value of 0 should be set.

» "Link raw PresentValue" - To link the PresentValue of the BACnet objects with the I/O modules, the
corresponding RawloPresentValue properties of the BACnet objects must be activated and linked. This
can be activated with this option.

* "Link Status Byte" - Analog input terminals can use a status byte to indicate whether the respective
process data value is valid or whether a limit was exceeded, or a wire is broken, for example. If this
option is activated, for analog input terminals (KX3XXX, EL3XXX) the data status of the terminal is
linked with the BACnet I/O property "RawloStatus". With EtherCAT the variables "Underrange" and
"Overrange" are linked bitbased. If the corresponding status bits are set, the reliability is formed as
follows during runtime:

o If bit 0 is set, Reliability is UNDER_RANGE
o Otherwise, Reliability is OVER_RANGE, if bit 1 is set
o Otherwise, Reliability is UNRELIABLE_OTHER, if bit 6 is set

* "Link coupler-/box state" - In a K-bus or Bus Couplers (BK9000) the process data BusState/
couplerState and "BoxState" can be used to determine the communication and operating state of all
terminals of the bus. Monitoring of the couplerState is realised centrally via the BACnet server. If this
option is activated, available BusState/couplerState or "BoxState" are linked with the loBusState
process data of the BACnet server with the respective loBusNr. The BusState of a K-bus is linked with
the couplerState. If couplerState or "BoxState" for an 1/O bus in the BACnet server is not equal 0, the
reliability of all objects under the server with the corresponding loBusNr is set to the value
NO_SENSOR for input objects or NO_OUTPUT for output objects, provided the objects are not
OutOfService.

* "Link EtherCAT state" - For EtherCAT, a mechanism similar to Coupler/Box state for K-bus is
available. In contrast to the K-bus, with EtherCAT the state of each terminal can be determined, which
could enable disconnected terminals to be detected. With EtherCAT the status identification is
therefore not realised centrally via the server, but takes place in each object by linking the process data
property "RawloECATState". Is the value of "RawloECATState" is not equal 8 (OP), the reliability of the
object is set to the value NO_SENSOR for input objects or NO_OUTPUT for output objects, provided
the objects are not OutOfService.

* "Link Wc state" - Monitoring of the EtherCAT Woc state is currently not supported.

« "Link Status Override" - For terminals with manual operating mode the respective manual operation
status can be mapped in BACnet to the StatusFlags via the override bit. For the terminals KM4602 and
KM2652 a link with the process data property "RawloStateOverride" is generated, if this option is
activated.

Automatic mapping of EtherCAT and K-bus devices to BACnet objects is not always possible. In certain
cases, and with complex terminals it is in not always clear whether a BACnet object should be created for
process data, or which BACnet object should be created. For many basic input/output terminals the mapping
is based on the following algorithm:

» For all 1-series modules (KX-1XXX, EL-1XXX) a BACnet Binarylnput object is created for all input
variables of type BIT that are found and the input data is linked if the variable name is not equal
"WcState" or "InputToggle".

* For all 2-series modules (KX-2XXX, EL-2XXX) a BACnet BinaryOutput object is created for all output
variables of type BIT that are found, and the process data is linked.
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» For all 3-series modules (KX-3XXX, EL-3XXX) a BACnet AnalogInput object is created for all input
variables of type INT16 that are found, and the process data is linked.

* For all 4-series modules (KX-4XXX, EL-4XXX) a BACnet AnalogOutput object is created for all output
variables of type INT16 that are found, and the process data is linked.

The following terminals are treated in a special way:

« KL1859 - 8 Binarylnput and 8 BinaryOutput BACnet objects are created.

With automapping the following BACnet properties are configured automatically:
» Objectldentifier - is determined by the object ID allocation algorithm
ObjectName - is formed from the terminal name plus "_ChnX" for the channel number

loBusNr - is incremented with each 1/0 automapping, starting from 0

loModuleNr - indicates the number of the linked terminal, starting from 1
loChannelNr - indicates the channel, starting from 1
Resolution - as specified in the configuration dialog

2.11 Diagnosis

This section explains how BACnet configurations can be analyzed at runtime. Device status in the form of
process data, and for BACnet clients the client status, are available for this purposes (see section Process
data [P 42]). Further details can be analyzed via the "Diagnosis" tab of the BACnet device. This section

describes the diagnosis via the "Diagnosis" tab and other troubleshooting strategies.
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The diagnosis of the BACnet device is subdivided into several categories. These are described in detail in
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"Auto Update" updates the diagnosis display in 1-second intervals. The category "Last Update" always
shows the time at which the diagnosis was last read. The option "Enable Time Measurement" enables the
category "ExecutionTime", through which the runtimes of the BACnet stack can be determined. For some
values the option "Show Changes/s" activates an additional display showing the changes per second. It is
formed over the last 10 read diagnostics and only works if "Auto Update" is activated. The option "Reset
Values" resets all diagnostic values.

Introduction

@® Diagnostic data in the PLC

1 The diagnostic data presented in this section can also be accessed from the PLC via an ADS
interface. The function block FB_BACnet_GetDiaglnfo offers convenient access.

EthernetDevice category

The EthernetDevice category enables the number of sent and received messages (frames) and any receive
and send errors to be determined. These data are read directly from the network driver, which means that
they are not reset when a BACnet configuration is reloaded, although the option "Reset Values" deletes
these values. This category counts all frames that are processed via the network driver, including non-
BACnet frames.

[=] EthemetDevice Frames: Recw 3727 - Send 2313
[=] ethStat [F3727.2313)
sendFrames 2313 [0.00 Frameszz)
recvFrames 727 (0,40 Frames.z)
[=] t«R=ErCnt [@:0]
tCht 00,00 /)
rsCnt 0[0.00 4]

The counter "sendFrames" indicates how many frames were used, "recvFrames" indicates the number of
received frames. "txCnt" and "rxCnt" indicate the number of faulty received and sent frames. Unexpectedly
high numbers may indicate network faults or overload (e.g. CRC errors, dropped frames).

ExecutionTime category

[=] EsecutionT ime Total: 71.6us [Min 13,40z - kax 5833, 7us]
hiz1 00l alACurE Recution T ime 353
hiz1 00l alntinE secutionT ime 7a
hiz1 00l alfbd axE wecution T ime R3EE3
hiz1 00l a0 utCuwrE secutionT ime 157
hiz1 00laQuttinE xecutionT ime 27
hiz1 00laQut axE secution T ime 2841
hz1 00CycleCurE #ecution T ime 200
nz1 00CyclekinE secutionT ime 29
hz100Cyclek arE wecutionT ime 2483
nz100lnputCurDistanceT ime a0aa
hz1 00lnputkdinDiztanceT ime 112
nz100lnputkd a=DistanceTime BE333

The option "Enable Time Measurement" enables runtime information for TwinCAT BACnet/IP to be
determined. For each runtime a minimum (Min), maximum (Max) and current (Cur) value is determined. All
runtimes are determined with a resolution of 100 ns. The following values are available as runtimes:

* loInXXXExecutionTime: determines the runtime of the function InputUpdate of the BACnet device,

which also executes the InputUpdate functions of all BACnet objects. This is where process data are
copied from BACnet to the PLC/IO, among other tasks. In addition, the loBusStatus is checked in the
BACnet server and updated in the BACnet objects. For BACnet remote objects ReadProperty requests
und CovSubscriptions for activated property process data are sent from this context.

76

Version: 1.3 TS8020



BEGKHOFF Introduction

* loOutXXXExecutionTime: determines the runtime of the function OutputUpdate of the BACnet device,
which also executes the OutputUpdate functions of all BACnet objects. In objects process data are
copied from the PLC/IO and compared for changes. If a change has occurred, EventState machines
can be executed and COV and event messages may be sent, depending on the BACnet property. For
BACnet remote objects, write property requests are sent for activated property process data and
detected in case of "WriteOnChange" modification of relevant properties (comparison).

» CycleXXXExecutionTime: determines the runtime of the function CycleUpdate of the BACnet device,
which also executes the CycleUpdate functions of all BACnet objects. In the CycleUpdate context:

> device, client, server state machines are executed,

o received frames are processed,

o Object EventState machines may be executed (in the event of property modifications),
o COV and event messages are sent,

o ADS requests are processed,

o segmented frames are processed,

o and persistent data are written.

» InputXXXDistanceTime: indicates the interval between two calls of function InputUpdate of the BACnet
device. In the event of "Exceeds" of the BACnet task this can be used to determine at which maximum
interval the BACnet stack is executed.

In the top row of the category Execution Time the values loln, loOut and cycle XXXExecution time are
consolidated in the form of minimum, maximum and current values (in microseconds).

ConfirmedServices category

This category can be used to determine statistics for sent and received (acknowledged) BACnet messages.
Acknowledged services operate in BACnet based on the client-server principle. A client sends a request, the
server receives the request, processes it and sends a response (acknowledgement). The client receives the
response and can process it further accordingly. Depending on the services a TwinCAT BACnet/IP device
can act as a client or a server. The following figure shows the procedure for acknowledged services.

nReqSend nReqRecv

nAckSend

In the ConfirmedServices category, a list with the number of sent and received requests and sent and
received responses is maintained for each supported service. The list shows how many requests/responses
were processed successful and how many errors occurred. The 8 values for each BACnet service shown in
the screenshot below are derived from these combinations. The top row of each service shows the total
number of successful requests and responses and errors.
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[=] SubzcribeCOWProperty

Req 22324136 - Ack 1602/6320

nReq5send 2232 [0.00 Frameszz]
nReqSendFail 136 [0.00 Frameszz)
nReqRecy 0[0.00 Frameszz)
nRegR ecvF ail 0 [0.00 Frameszs]
réckSend 0[0.00 Frameszz)
rckSendFail 0 [0.00 Frameszs]
réckRecy 1602 [0.00 Frameszz]
rckRecyFal B30 [0.00 Frameszz)

In the classification of BACnet services a distinction is made between so-called A-services and B-services,
depending on which role (client or server) a device assumes for a service. If a device acts as a client, i.e. if it
uses a request and receives a response (Ack), it uses an A-service. If a device receives a request,
processes it and sends a response (Ack), it provides the B-service. If, for example, a client reads the value of
a property of another device, the service ReadProperty-A is used. The remote terminal, the server,
implements the ReadProperty-B service in this case. For diagnostics it is important to distinguish between A
and B services. The following table is therefore subdivided into these service categories.

For acknowledged services an A-service is always associated with the counters ReqSend and AckRecyv, a
B-service always with ReqRecv and AckSend. The table indicates for the potential errors in which cases the
error counter was incremented (e.g. ReqSendFail>0). In A-services an important error indicator may be a
mismatch between the number of sent requests and received responses (Ack). Thus error type is referred to

as (Req<>Ack).

® Service diagnosis

1 With BACnet it should be noted that increased error counters in the diagnosis not necessarily
indicate a misconfiguration. In BACnet networks short load peaks and lost messages are not
uncommon. Suitable repetition mechanisms have been implemented to deal with this (ApduRetries
and ApduTimeout). However, if the error rate is excessive it is advisable to find the cause.

The following table provides an overview of relevant BACnet services and their diagnosis. The section
explains which function the services perform, where the services are used in TwinCAT BACnet/IP, which
possible causes of errors can be diagnosed and possible solutions.

AcknowledgeAlarm-B
(RegRecv, AckSend)

Use:
Acknowledging pending alarms

Possible errors:

nRegRecvFail>0: incorrect request parameters (wrong EventState,
wrong Timestamp, Instrinsic Reporting for the object is disabled)
nAckSendFail: no frame memory, no router memory

Error handling:
Check remote terminal

ConfirmedCOVNotification-A
(RegSend, AckRecv)

Use:

Remote terminal has subscribed to change of value. Service
sends message in the event of change.

Possible errors:

ReqgSendFail>0 : no frame memory, no router memory, no
available Invoke-IDs

Req <> Ack: remote terminal not available or overloaded

Error handling:

Check/increase COVIncrement property for analog* objects.
Reduce BACnet cycle time: for writing process data fewer
modifications are then generated. Check configuration for
continuously changing properties. Check whether remote terminal
can use non--acknowledged COV subscriptions.

ConfirmedCOVNotification-B
(ReqRecv, AckSend)

Use:

Receipt of a change of value
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Possible errors:

nRegRecvFail>0: faulty request parameters (process ID not
available, unknown object, unknown property, message does not
contain the expected data type), no router memory

Error handling:
Check remote terminal

ConfirmedEventNotification-A
(ReqgSend, AckRecv)

Use:
Message for change in event state (Instrinsic Reporting)

Possible errors:

ReqgSendFail>0: no frame memory, no router memory, no
available Invoke-IDs

Req <> Ack: remote terminal not available or overloaded

Error handling:

Check whether sending of event notifications is meaningful for all
objects. Perhaps deactivate Instrinsic Reporting properties,
deactivate event notification via property EventEnable, or allocate
a NotificationClass without recipients to all objects that should not
send event notifications. Perhaps use unconfirmed event
notifications (issueConfirmedNotifications in
NotificationClass:RecipientList.)

ConfirmedEventNotification-B
(RegRecv, AckSend)
Not covered by certification

Use:
Receipt of event messages in the notification sink

Possible errors:

nRegRecvFail>0: faulty request parameters (process ID not
available, receive buffer for event notifications full), no router
memory

Error handling:
check remote terminal, increase buffer size for EventNotifications,
increase delete interval for message buffer

GetAlarmSummary-B
(RegRecv, AckSend)

Use:
Call up summary of all objects in alarm state

Possible errors:
nRegRecvFail>0: no router memory
nAckSendFail: no frame memory, no router memory

GetEnrollmentSummary-B

Use:

Call up a summary of event-specific information (with
comprehensive filter options)

Possible errors:
nRegRecvFail>0: no router memory
nAckSendFail: no frame memory, no router memory

SubscribeCOV-A
(RegSend, AckRecv)

Use:

Service for subscribing to a change of value (COV) of properties
"PresentValue" and "StatusFlags" for analog*, binary* and
MultiState* objects. With remote objects for process data in COV
mode. TrendLog for remote objects with Loglnterval=0. COV
subscriptions configured in NotificationSink.

Possible errors:

ReqgSendFail>0: connection data cannot be resolved (client status
not Complete), no frame memory, no router memory, no available
Invoke IDs

Req <> Ack: remote terminal not available or overloaded.

Error handling:

Activate optimization of the process data in the "PropertyWizzard",
increase cycle times, subscribe to fewer properties, read
properties cyclically that cannot be subscribed to via COV (polling)

SubscribeCOV-B

Use:
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(RegRecv, AckSend)

Receipt of a subscription to a change of value (COV) of properties
"PresentValue" and "StatusFlags" for analog*, binary* and
MultiState* objects.

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
unsupported property, invalid array index), maximum number of
supported COV subscriptions for object reached, no router
memory

nAckSendFail: no frame memory, no router memory

Error handling:
Increase the number of supported COV subscriptions per object in

Advanced Parameter [» 531] (MAX_OBJ_SUBS COV_ENTRIES)

AtomicReadFile-B
(ReqRecv, AckSend)

Use:
Reading a file

Possible errors:

nReqRecvFail>0: faulty request parameters (unknown object,
unsupported object, invalid FileStart position, access via record),
no router memory

nAckSendFail: no frame memory, no router memory, local
segment buffer full, too many data for supported segmentation of
the remote terminal

Error handling:
Increase Advanced Parameter [P 531]
MAX_RECV_BAC_SEGM_FRAMES

AtomicWriteFile-B
(ReqRecv, AckSend)

Use:

Writing a file

Possible errors:

nReqgRecvFail>0: faulty request parameters (unknown object,
unsupported object, invalid FileStart position, access via record),

no router memory
nAckSendFail: no frame memory, no router memory

Error handling:

Increase Advanced Parameter [P 531]
MAX_RECV_BAC _SEGM_FRAMES

AddListElement-B
(RegRecv, AckSend)

Use:
Adding a list element

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
unsupported property, property is not a list, property is read-only),
property memory exceeded, no router memory

nAckSendFail: no frame memory, no router memory

Error handling:

Increase property list memory (LIST_ALLOC_MEM_BYTES).
Some lists are managed in TwinCAT BACnet/IP as arrays (e.qg.
RecipientList, DateList). Increase
MAX_PROPERTY_ARRAYELEMENTS.

RemovelListElement-B
(RegRecv, AckSend)

Use:
Removing a list element

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
unsupported property, property is not a list, property is read-only,
element not available), no router memory

nAckSendFail: no frame memory, no router memory

ServiceCreateObject-B
(ReqgRecv, AckSend)

Use:
Generating a dynamic object
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Possible errors:

nRegRecvFail>0: faulty request parameters (unsupported object
type, invalid property parameter data, object name or
Objectldentifier already allocated, maximum number of objects
exceeded), no router memory

nAckSendFail: no frame memory, no router memory

Error handling:
Increase Advanced Parameter [P 531] MAX_OBJECTS

ServiceDeleteObject-B
(ReqRecv, AckSend)

Use:
Unloading a dynamic object

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
static object - only dynamic objects can be deleted), no router
memory

nAckSendFail: no frame memory, no router memory

ReadProperty-A
(ReqgSend, AckRecv)

Use:
Reading a property of a remote device

Possible errors:

ReqSendFail>0 : connection data cannot be resolved (client status
not Complete), no frame memory, no router memory, no available
Invoke IDs

Req <> Ack: remote terminal not available or overloaded.

Error handling:

Activate optimization of the process data in the "Property Wizzard.
Increase cycle times. Request fewer properties during polling: use
SubscribeCQV service

ReadProperty-B
(ReqRecv, AckSend)

Use:
Reading a local property

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
unknown property, no read access, invalid array index), no router
memory

nAckSendFail: no frame memory, no router memory, local
segment buffer full, too many data for supported segmentation of
the remote terminal

ReadPropertyMultiple-B
(ReqRecv, AckSend)

Use:
Reading several local objects and properties with one access

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown objects,
unknown properties, no read access, invalid array index), no
router memory

nAckSendFail: no frame memory, no router memory, local
segment buffer full, too many data for supported segmentation of
the remote terminal

Error handling:

in the event of excessive data, the remote terminal should use
ReadProperty. Perhaps read list and array properties for each
index. Increase Advanced Parameter [P 531]
MAX_SEND_BAC_SEGM_FRAMES

WriteProperty-A
(RegSend, AckRecv)

Use:
Writing a property of a remote device

Possible errors:

ReqSendFail>0: connection data cannot be resolved (client status
not Complete), no frame memory, no router memory, no available
Invoke IDs

Req <> Ack: remote terminal not available or overloaded.
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Error handling:

Activate optimization of the process data in the "PropertyWizzard.
Increase cycle times. Subscribe to fewer properties. Activate
WriteOnChange in the process data configuration (with
WriteOnChange a maximum of WriteProperty per client property
"cycle time" is executed.)

WriteProperty-B
(RegRecv, AckSend)

Use:
Writing a local property

Possible errors:

nReqgRecvFail>0: faulty request parameters (unknown object,
unknown property, no write access, invalid array index, wrong data
type), no router memory

nAckSendFail: no frame memory, no router memory

Error handling:
Increase property list memory (LIST_ALLOC_MEM_BYTES).

Increase Advanced Parameter [P 531]
MAX_PROPERTY_ARRAYELEMENTS. Perhaps remove write
protection ("Optional Properties" tab). Examine remote terminal!

WritePropertyMultiple-B
(RegRecv, AckSend)

Use:
Writing several local objects and properties with one access

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown objects,
unknown properties, no write access, invalid array index, wrong
data type), no router memory

nAckSendFail: no frame memory, no router memory

Error handling:

Increase property list memory (LIST_ALLOC_MEM_BYTES).
Increase Advanced Parameter [P 531]
MAX_PROPERTY_ARRAYELEMENTS. Perhaps remove write
protection ("Optional Properties" tab). Use WriteProperty. Examine
remote terminal!

DeviceCommunicationControl-B
(ReqRecv, AckSend)

Use:

Communication control of a device (switching off message
processing)

Possible errors:

nRegRecvFail>0: faulty request parameters (invalid password), no
router memory

nAckSendFail: no frame memory, no router memory

Error handling:

Synchronize password configuration in remote terminal with
password (BACnet server "Authentication"). Check password
encoding.

ReinitializeDevice-B
(ReqRecv, AckSend)

Use:

Initiates a device restart or changes the device status to backup or
restore mode.

Possible errors:

nRegRecvFail>0: faulty request parameters (invalid password,
device is not in operational state, device cannot restart since it is
in backup or restore state), no router memory

nAckSendFail: no frame memory, no router memory

Error handling:

Synchronize password configuration in remote terminal with
password (BACnet server "Authentication"). Check password
encoding. Some functions of ReinitializeDevice-B (backup,
restore, restart) function only in RUN mode. Check whether
enough data memory is available for backup/restore.
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ReadRange-B
(ReqRecv, AckSend)

Use:
Reading of lists (in particular the property LogBuffer)

Possible errors:

nRegRecvFail>0: faulty request parameter (unknown object,
unknown property, property is not a list, attempt to access
unsupported properties with parameter "TimeRange" and
"BySequence"), no router memory

nAckSendFail: no frame memory, no router memory

SubscribeCOVP-A
(RegSend, AckRecv)

Use:

Service for subscribing to a change of value (COV-P) with any
objects and properties. With remote objects for process data in
COV mode. For TrendLog for remote objects with LoglInterval=0.
COV subscriptions configured in NotificationSink.

Possible errors:

ReqgSendFail>0 : connection data cannot be resolved (client status
not Complete), no frame memory, no router memory, no available
Invoke IDs

Req <> Ack: remote terminal not available or overloaded.

Error handling:

Activate optimization of the process data in the "PropertyWizzard.
Increase cycle times. Subscribe to fewer properties. Read
properties cyclically that cannot be subscribed to via COV-P

(polling).

SubscribeCOVP-B
(RegRecv, AckSend)

Use:

Receiving of a subscription for a change of value (COV-P) with
any objects and properties.

Possible errors:

nRegRecvFail>0: faulty request parameters (unknown object,
unsupported property, invalid array index), maximum number of
supported COV subscriptions for object reached, no router
memory

nAckSendFail: no frame memory, no router memory

Error handling:
Increase the number of supported COV subscriptions per object in

the Advanced Parameters [» 531] menu
(MAX_OBJ_SUBS_COV_ENTRIES).

GetEventinformation-B
(ReqRecv, AckSend)

Use:
Call up summary of all objects in event state

Possible errors:
nRegRecvFail>0: no router memory
nAckSendFail: no frame memory, no router memory

UnconfirmedServices category

Unlike confirmed services, unconfirmed services are unidirectional. A client will therefore send request, and
a server receives it. The following table provides a detailed description of the unconfirmed services of the

BACnet diagnosis.
IAm-A Use:
(ReqgSend) Announcing the server in the network
Possible errors:
ReqgSendFail>0: no frame memory, no router memory
IAm-B Use:
(ReqRecv) Announcing a device from the network
Possible errors:
nRegRecvFail>0: DeviceAddressBinding list is full, no router memory
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Error handling:
Increase the number of supported AddressBindings in the Advanced
Parameters [P 531] (MAX_DEVICE_BINDINGS)

IHave-A Use:

(RegSend) Reports an object that was searched in the network

Possible errors:
ReqgSendFail>0: no frame memory, no router memory

UnconfirmedCOVNotification-A
(RegSend)

Use:

Remote terminal has subscribed to change of value. Service sends
unconfirmed message in the event of change.

Possible errors:
ReqgSendFail>0: no frame memory, no router memory

Error handling:

Check/increase COVIncrement property for analog* objects. Reduce
BACnet cycle time: for writing process data fewer modifications are
then generated. Check configuration for continuously changing
properties.

UnconfirmedCOVNotification-B
(ReqgRecv)

Use:
Unconfirmed receipt of a change of value

Possible errors:

nReqRecvFail>0: faulty request parameters (process ID not available,
unknown object, unknown property, message does not contain the
expected data type), no router memory

UnconfirmedEventNotification-A
(RegSend)

Use:
Unconfirmed message for change in event stage (Instrinsic Reporting)

Possible errors:
ReqgSendFail>0: no frame memory, no router memory

Error handling:

Check whether sending of event notifications is meaningful for all
objects. Perhaps deactivate Instrinsic Reporting properties, deactivate
event notification via property EventEnable, or allocate a
NotificationClass without recipients to all objects that should not send
event notifications.

UnconfirmedEventNotification-B
(ReqgRecv)

Use:
Unconfirmed receipt of event notifications in the notification sink

Possible errors:
nReqRecvFail>0: faulty request parameters (process ID not available,
receive buffer for event notifications full), no router memory

TimeSynchronisation-B

Use:

(ReqgRecv) Receipt of a timestamp for time synchronization
Possible errors:
nReqRecvFail>0: system time could not be synchronized since
synchronization is already running or TwinCAT is in free-run state, no
router memory
Error handling:
Switch TwinCAT to the "Run" state
WhoHas-B Use:
(ReqgRecv) Search for certain objects in a network
Possible errors:
nReqgRecvFail>0: device does not process notifications since this
function was switched off via the service
"DeviceCommunicationControl", no server created, no router memory
Whols-A Use:

84

Version: 1.3 TS8020



BECKHOFF

Introduction

(RegSend) Scanning of a network for devices and querying of the device
communication parameters
Possible errors:
ReqgSendFail>0: no frame memory, no router memory
Whols-B Use:
(ReqgRecv) Querying the server for device communication parameters

Possible errors:

nRegRecvFail>0: device does not process notifications since this
function was switched off via the service
"DeviceCommunicationControl", no server created, no router memory

UTCTimeSynchronisation-A
(RegSend)

Use:
Sending a UTC timestamp for time synchronization

Possible errors:
ReqgSendFail>0: no frame memory, no router memory

UTCTimeSynchronisation-B
(RegRecv)

Use:
Receipt of a UTC timestamp for time synchronization

Possible errors:

nRegRecvFail>0: system time could not be synchronized since
synchronization is already running or TwinCAT is in free-run state, no
router memory

Error handling:
Switch TwinCAT to the "Run" state

FrameStatistic category

This category consolidates counters of sent and received BACnet messages. In addition the system can
detect how often during operation the physical link of the network adapter was lost.

[=] FrameStatiztic

BACHet Frames: Recy 3704 - Send 3024

nSegmsendT imeouts

0

nFramedliocF ailCnt

143 [0.00 Frames/z]

nFrameSendCht

3024 [2.40 Frameszz)

nFrameSendF ailCnt

143 [0.00 Frames/z]

nFramef ecvCht

3704 [2.40 Frameszz)

nFrameR ecyvFailCnt

0 [0.00 Frames.s)

nLink5StatuzChangedCnt

1

The individual counters are described in more detail below, and possible problem indicators are listed.

nSegmSendTimeouts

Purpose:

Indicates how often timeouts occurred during waiting for confirmation of
a segment.

Problem indicator:
the remote terminal may be overloaded or no longer reachable.

nFrameAllocFailCnt

Purpose:

Indicates how often no memory for sending of BACnet messages could
be allocated.

Problem indicator:

The number of messages sent per cycle may be too high. It may be
possible to activate the network adapter queues (see Advanced
parameters [P _531]). Check whether a connection to the network exists.

A high value for this counter typically indicates a local overload
situation.

nFrameSendCnt

Purpose:
Indicates how many BACnet messages were sent successfully.
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nFrameSendFailCnt

Purpose:

Indicates how many BACnet messages could not be sent.

Problem indicator:

The number of messages sent per cycle may be too high. It may be
possible to activate the network adapter queues (see Advanced

parameters [P 531]). Check whether a connection to the network exists.
A high value for this counter typically indicates a local overload
situation.

nFrameRecvCnt

Purpose:
Indicates how many BACnet messages were received without error.

nFrameRecvFailCnt

Purpose:

Indicates how many BACnet messages were received with error. This
counter indicates the total of the AckRecvFail and RegRecvFail
counters for all services.

Problem indicator:
The problem should be analyzed in more detail via the categories
ConfirmedServices and UnconfirmedServices.

nLinkStatusChangedCnt

Purpose:

Indicates how often the LinkStatus of the network adapter has
changed.

Problem indicator:
Normally this counter has the value 1 (link on system startup.)

Memoryinfo category

The MemoryInfo category consolidates memory-specific information. In the top row of Windows CE devices
the available main and flash memory is indicated. The individual counters are explained in the following

table.

nAmsAlloc

nAmsAllocCntMax
nAmsAllocFailCnt

Purpose:

These counters represent the allocation behavior of the
BACnet stack for the router. nAmsAlloc indicates the current
number of allocations. nAmsAllocCntMax indicates the
maximum number of activated allocations at one time.
nAmsAllocFailCnt indicates how often it was not possible to
allocate memory. These counters do not provide information
about the size of the allocated memory.

Problem indicator:

Router memory is used for temporary operations, e.g. for
processing of messages and for saving EventNofitications
and COV notification in the NotificationSink. A consistently
high counter nAmsAlloc indicates an overload situation.

nCeAvailPhysMemBytes
nCeAvailFlashMemBytes

Purpose:

These counters are only implemented for Windows CE. They
indicate how many RAM and flash memory is available.

Problem indicator:

If not enough RAM (nCeAvailPhysMemBytes) is available, it
may not be possible to allocate dynamic objects. Flash
memory is important for saving persistent data and for backup
and restore operations.

nRecvFrameFifoSize
nEmptyFrameFifoSize

Purpose:

If network adapter queues are used, these counters indicate
the available list memory for received (nRecvFrameFifoSize)
and to be sent messages (nEmptyFrameFifoSize).
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Problem indicator:
If the memory is inadequate, the size can be increased via the
parameter dialog of the network adapter queues.

nRecvSegmUDPFramesListSize Purpose:
nRecvSegmFramesListSize
nSendSegmFramesListSize

These counters provide information about the messages
segments currently stored intermediately. A distinction is
made between IP segmentation (UDP) and BACnet NPDU
segmentation, and between segments that are earmarked for
delivery (Send) and received segments (Recv).

Problem indicator:

In the event of problems with the segmentation, the Advanced

Parameters [»_ 531] MAX_RECV_BAC_SEGM_FRAMES and
MAX_SEND_BAC_SEGM_FRAMES can be adjusted as
required.

nClientScanListSize

Purpose:
Indicates the size of the list of found devices in the network.

nAdsRequestListSize

Purpose:

ADS requests to the BACnet stack are stored intermediately
in a list and processed in the context of the BACnet task. This
counter indicates the current number of pending ADS
requests.

Serverinfo category

A detailed description of the category Serverinfo can be found in section Persistent data [P 57].

Clientinfo category

In this category information on the current communication state for each configured BACnet client is

displayed.

instanceNumber

Purpose:
Contains the device ID (instance number of the device object) of the BACnet
client as assignment feature.

ipAddr udpPort
networkNumber

Purpose:

Contains information on communication addresses. BACnet only uses the
device ID to identify devices. The IP address can be allocated dynamically. The
current IP address can be determined via this diagnostic field. In addition, the
UDP port and the network number (for communication via BACnet router, e.g.
MS/TP devices) can be read here.

isReachable clientState

Purpose:

ClientSTMState reflects the current state of the client state machine.
ClientSTMState can take the following values: Init, Connecting,
WaitingForConnection, RequestDevicelnformation, Complete. The operating
principle of the ClientState machine is described in the Client Control section.
ClientState indicates whether a connection to the remote BACnet device could
be established. ClientState is TRUE if the ClientSTMState has reached the
value "Complete".

Problem indicator:

If a BACnet device cannot be reached, the ClientState machine remains in state
"WaitingForConnection". In this case, the reason why the BACnet client is
unavailable should be ascertained:

» Do the subnet masks of all devices match (e.g. 255.255.255.0)? This is an
important prerequisite in BACnet, since it is used to calculate the broadcast
addresses used for device searches.

* Is a gateway configured, if the devices are in different IP ranges? Can the
gateway be reached?!!
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* Is the use of a BBMD required (because the devices are in different networks
(LANSs))?
» Was a physical connection established? (LinkStatus in the device status of
the BACnet adapter; are all cables connected).
nOpenRequests Purpose:
nFreeOpenRequestData | This group of diagnostic values shows general information on the

nRequestRetries
nRequestTimeOuts

communication state of configured process data of the BACnet client.
nOpenRequests indicates how many sent, so far unanswered requests exist for
this client. This value ultimately reflects the number of invokelDs used.
nFreeOpenRequestData indicates how many invokelDs remain available for the
client. nRequestRetries indicates how often repetitions had to be sent for the
process data-specific requests (ReadProperty, WriteProperty,
ReadPropertyMultiple, SubscribeCOV). nRequestTimeOuts indicates how many
process data-specific requests have failed, despite repetitions. The intervals
between request repetitions are derived from the property APDU-Timeout of the
server device object.

Problem indicator:

nRequestTimeOuts should never be greater than 0. This would indicate
problematic communication errors. Occasional repetitions (nRequestRetries)
may be acceptable. Solutions can be derived from the following 3 table rows,
which list details of problems relating to the individual communication services.

nCyclicCovRequests

nCyclicCovPendingCou
nter
nFailedCovRequests

Purpose:

These values provide information on COV-specific communication services.
These values refer to registering of COV messages (SubscribeCQOV).
nCyclicCovRequests indicates how many property process data were configured
with mode COV (Confirmed, Unconfirmed, Unsolicited).
nCyclicCovPendingCounter indicates how many open SubscribeCOV requests
exist for this BACnet client. The maximum number of parallel (open) requests
per client can be specified via the Advanced Parameter
MAX_PARALLEL_COV_SUBSCRIPTIONS. nFailedCovRequests indicates how
many registrations of COV messages have failed.

Problem indicator:

nFailedCovRequests should never differ from 0. To subscribe to a large number
of properties of a remote device, in some cases ReadPropertyMultiple can be
used. If necessary, check whether the remote terminal supports COV and
whether the subscribed properties are supported via COV or COV-P.

nCyclicReadPollingRequ
ests
nFailedReadRequests

Purpose:

These values provide information on polling-based process data (ReadProperty,
RPM-O, RPM-C). nCyclicReadPollingRequests indicates how many messages
were configured for this process data type. Attention: this value does not contain
the number of configured properties, but the number of messages required for
data transfer. With RPM-O and RPM-C, several property values are read with
one message. nFailedReadRequests contains the number of failed read
attempts.

Problem indicator:

nFailedReadRequests should never be greater than 0, if possible. In the event of
an error, check whether the remote terminal supports RPM. In the event of
overload, the number of process data properties should be reduced, or the
polling interval should be increased.

nCyclicWriteRequestsn
FailedWriteRequests

Purpose:

These values refer to writing process data. nCyclicWriteRequests indicates how
many writing properties were configured under this BACnet client.
nFailedWriteRequests indicates how many write requests (WriteProperty) failed,
despite repetitions.

Problem indicator:
nFailedWriteRequests should never differ from 0. In the event of overload, the
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cycle time should be increased. It determines how often changes can be written.
If necessary, check whether attempts to write non-existing or read-only BACnet
properties are made.

2.12 BACnet Broadcast Management Device

TwinCAT BACnet/IP supports the "BACnet Broadcast Management Device" (BBMD) functionality. BBMD
can be used to transfer IP broadcast messages (e.g. 192.168.1.255), which are used by certain BACnet
services, beyond the boundaries of local networks. One example is the Who-Is service, which is used to find
other BACnet devices via an IP broadcast message. A Who-Is message sent by a BACnet device is relayed
to the local network with a broadcast MAC address (FF:FF:FF:FF:FF:FF). All BACnet devices in this network
receive the message and can respond accordingly. However, the message is not relayed by IP routers that
communicate with other IP subnets. BBMD was introduced to resolve this issue. In a local network only one
device with BBMD functionality can be configured, which relays the IP broadcast messages to remote IP
subnets via a Broadcast Distribution Table (BDT).

Two procedures are available for transferring BBMD messages, referred to as One-Hop and Two-Hop. With
the Two-Hop procedure a BBMD device transfers broadcast message to a further BBMD in the remote IP
subnet, which then distributes the messages in its local network as IP broadcast messages for its IP subnet.
With the One-Hop procedure the local BBMD transfers the message directly to the remote devices. In this
case the IP routers must support the transfer of IP broadcast messages to remote IP subnets.

® Gateway configuration

The BBMD functionality requires a gateway to be entered in the IP configuration of a BACnet
device, since IP messages must be relayed to remote IP subnets. If no gateway is configured, the
BBMD functionality is automatically disabled.

The "Foreign Device" procedure can be used to enable remote devices that dial in via an Internet
connection, for example, to link dynamically with a BACnet configuration. Special BACnet services exist,
which are also supported by TwinCAT BACnet/IP, for generating an entry in the Foreign Device Table (FDT).
Like the BDT procedure, a BBMD IP broadcast relays messages to all FDT entries. In contrast to BDT, FDT
entries have a limited lifetime. This means that login has to be refreshed after a time interval (Time To Live)
has elapsed.

The BACnet device has a BBMD tab for configuring the BBMD. Each TwinCAT BACnet/IP device can
therefore operate as a BBMD. Only one BBMD may exist for each subnet. The BBMD functionality can be
activated with the option "Enable BBMD". In addition, the size of the BDT and FDT can be configured. During
runtime new entries can be added to the BDT and FDT. This should be considered when configuring the
size. Entries that are added to the BDT at runtime are stored as persistent data if this option is activated. As
for BACnet properties, BDT entries are distinguished between offline and online data. The "Initial BDT"
describes entries that are used on startup. During runtime the state of the BDT can be monitored via the tab
"Online BDT". The FDT can be viewed via the tab "Online FDT".

Via the submenu "Registration as Foreign Device" a TwinCAT BACnet/IP can register devices in an existing
BACnet network. To this end the IP address of the remote BBMD must be activated.
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.ﬁ.dapterl Setting: BEMD |Diagnu:usis|

—BAChet Broadcast Management Device Setting: — | —Reqistration as Foreign Device
Enable BEMD ¥ Enable Remote Registration |~ Enable
BD Table Size = Remot=BBMDIP | 0 . 0 0 0
Foreign device registration  [v Allow IOF Port W
FD Table Size = Timetolive(sec) | 60

—BBMD Table Configuration
Initial BDT | Orline BOT | Online FOT |

Entry Mr | Drigtribution Entry
[ Enty_0 [10.3.1.8;255.2650. 265 255,47508)
ipduddr 10.3.1.8
mask 255,255,250 255
udpPort 47303

The above screenshot shows the configuration of the BDT in two-hop mode. A small example will be used to
describe the BBMD functionality. The following figure shows two IP subnets that are connected via a router.
In the example the device 192.168.1.2 sends an IP broadcast message (in this case 192.168.1.255) to the
local network. The BBMD (IP address 192.168.1.7) relays the message as forwarded NPDU via the router/
gateway (192.168.1.1) to the BBMD of IP subnet 10.3.xxx.xxx. In this case it is the configured BBMD with
the IP address 10.3.1.8. The remote BBMD distributes the relayed message as an IP broadcast
(10.3.255.255) to the local network.

192.168.1.2 192.168.1.3 10313
H i i Subnet 255255 255.0 Subnet 255.255.0.0 1l

192.168.1.1 10311

192.168.1.7% 10318 B p

The following screenshot shows the BBDM configuration in one-hop mode. In contrast to the two-hop
procedure, the subnet mask of the target system is entered to indicate that a target IP broadcast message
should be generated directly. In this case the last two digits of the IP address are not relevant since they are
replaced with 255. In other words, it would make no difference if 10.3.0.0 was used, for example.
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.ﬁ.dapterl Seftings BEMD |Diagnu:usis|

—BAChet Broadcast Management Device Settings — ) —Reaistration az Foreign Device
Enable BERMD [+ Enable Remate Reqgistration | Enable
BD Table Size =] RemoteBEMDIF | 0 0 . 0 0O
Foreign device registration v Allaw IOF Part W
FD Table Size e = Time toLive (sec] | 60

—BBMD Table Configuration
Initial BDT | Orline EDT | Qrline FOT |

Entry Mr | Digtribution Entry
] [10.3.1.8;265.255.0.0:47303)
ipdddr 10.3.1.8
mazk. 255.265.0.0
udpPort 47808

In this case the BBMD (192.168.1.7) sends the message with the MAC address of router/gateway to the IP
broadcast address (10.3.255.255) of the remote IP subnet. In this mode the remote BBMD does not relay
messages.

192.168.1.2 19216813

Subnet 2552552550 Subnet: 255.255.0.0

192.168.1.1

BBMD

192.168.1.7% |7

BBMD [

&
10318 ®E
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3 Application

3.1 Example: Create BACnet adapters and servers

As already described in section BACnet device, server, client [P_14], the BACnet adapter is added into a
project as an Ethernet device. Step-by-step instructions for creating a server under the BACnet adapter are
provided below.

1. Creating a BACnet server under the used BACnet adapter
a) Right-click on the adapter and select "Append Object..."

. Unbenannt - TwinCAT System Manager - "C{_0D0828" - |EI|£|

File Edit Actions WView Options Help

D & @ R M = s

l - Bl SYSTEM - Configuration

‘t-.\@'|%|@Q’_”_ |_|©EI?

----- B PLC - Configuration Adapter I‘cjﬁﬂim—:’5 I BEMD I Diagnosis I
E| 8 1/0 - Configuration &
E| ﬂ 1/0 Devices ERTIE IR
iR .Bﬁc w + 05 (NDIS) = PCl =~ DPRAM
----- == Device 1- ﬂ Append Object... Descrition:
. -1 Inputs K Delete Object... B I-l-CIXF‘I\IF‘E-I
[ &l outputs — - Davice Name: |TCIXPNPE‘I
. ﬁ Mappinas 3, Scan Devices. ..
Pl Bus/Slot: | Search... |
X Disabled
MAC Address: |00 01 05 0d 08 28 Compatible Devices... |
Ch Id...
‘i Change IP Address: |169.254.1.151 (255.255.255.0)
Change Metld...

[~ Promiscuous Mode (use with Netmon/Wireshark anly)
I~ Virtual Device Names

— ¢ Adapter Reference

Adapter: | j
Freenun Cycle {ms): m

Ready CX_0D0823 (5.14.8.40. 1. 1) Y

b) In the subsequent dialog select the module "BACnet server" and confirm with "OK"

Insert TCom Object

Search: | Mame:  |Object] [BACret Server] | oK |

Tupe: =i Beckhoff Automation GmbH Cancel |
[=- J?;:'F BACHet Modules

BAChet Server [Module] o =
15 BACnet Client [Module] Muiplz: |1 =
------ —|(_ Motification Sink [Module]

® Supplement Key

1 Each configured BACnet adapter requires a license key, the so-called "Supplement Key". See
section "Set up BACnet Supplement Key" for further information.

2. The option Persist Server Online Data should be activated if the server has to store the configuration
data of all subordinate objects persistently. The screenshot below shows the Settings tab under which

the option can be activated (see also section "Persistent data [P 57]"):
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. O(9001L.tsm - TwinCAT System Manager - ‘CX_0D0828" — IEII!'
File Edit Actons WView Optons Help
D@ E S B4 =28 68 mBavdaas< e :2Alvse & ?
(- Bl SYSTEM - Configuration ;
! PLC - Configuration i I
- 1/0 - Configuration r—|dentification
=Bl 1/0 Devices BACnet ID 527621 Persist Server Online Data |7
-5 Device 2 (CXS000-KBUs)
|- Device 3 (NOV/DP-RAM) Ads Port IW Use USV I~
Udp Port Ilﬁ"EDB kup Interval (min) |3ﬂ 3:
—Authentification ————————————
| Beckhoff 527621 (BACnet Server) Password Set | Save Online Data Save |
il T Inputs ;
=1 Inpu —PLC AutoMapping — | —EtherCAT/KBus AutoMapping —
&~ § Outputs -
B"-:tC Device (BACnet Device Cbject) J I j
--B,.':‘tc CurrentConfig.xml (BACnet File Ot T | m | T | m |
#1548 BACnetOnline_1010010.wbp (BAC =7 nmap 0 nmap
Mappings
& Mapping —Dynamic Object Management
Object Type I.—’-‘-nalogOutput =l
Instance D IC Scan |
ynamic Objects | Delete | Creste |
| | i
Ready CX_0D0828 (5.14.5,40.1. 1) 4

3.2 Example: Manual linking of hardware (terminal), BACnet
Binarylnput and PLC program

The following example describes the linking of two digital inputs with the corresponding objects and the PLC.
1. Create a BACnet adapter and server (see "Example: Create BACnet adapters and servers [P 92]")

2. Link the state of the bus coupler under which the hardware terminal was added with the BACnet
server

a) Right-click on couplerState
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i CX9001.tsm - TwinCAT System Manager - "CX_0D0828"
File Edit Actions View

Options  Help

I CIEE LRI L

L 25 @ B B Qe e

=B SYSTEM - Configuration
[ PLC - Configuration

= 1/0 - Configuration

=B 1/O Devices

E-5% Device 1 (BACnet)
-=$= Device 1-dmage

|z Beckhoff 527621 (BACnet Server)
- & Inputs
£ ) Outputs
i dp| ServerControl
-] IoBusState
-4 IoBusState[0]
-] couplerstate
-/ boxState
] IoBusState[1]
Jb| IoBusState[2]
4| IoBusState[3]
& ToBusState[4]
4| IoBusState[5]
Jb| IoBusState[s]
[ 4] IoBusState[7]
- BAC Device (BACnet Device Object)

BECK

[l Device 2 (CX2000-KBus)

Ready

[
B-BA5 CurrentConfig.xaml (BACnet File Object)

[-BA5 BACnetOnline_1010010.wbp (BACnet File Object)
D

Variable | Flags | Oniine |

MName: IcouplerState
Type: JUINT
Group: IOLﬂDUtS Size: IZ.D
Address: 2 (c2) User ID: ID
Linkedto___| |
Commert: ;I
ADS Info: Port: 300, 1Grp: Tl 1001, 10ffs: B2, Len: 2
CX_DD0323 (5.14.8.40.1.1) A

b) In the subsequent dialog select BusState of the bus coupler selected (ATTENTION: deselect
"Exclude other Devices" and "Exclude same Image" and select "All Types") and confirm with "OK"

Attach Variable couplerState (Qutput)

x|

- [0 - Configuration
=3 1/0 Devices

 Device 1 [BAChet]

zad Device 2 [C43000-KBus)
g C9000-KB
F-g1 Responze >
----- T CycleTime =
..... T 10

----- &1 loState >
----- Wl N >

----- &l DataCpcleQwerun >
IB 4095.0, WIMTS[1.0]
IB 4092.0, LINTS[1.0]

IB 40233.0, BITARRE [1.0]
IB 4036.0, UINT16[2.0]
e » [B4089.0, UINTSE[1.0]

IB 4030.0, UINTS [1.0]

— Show Wariables
= Unuzed
i~ Usged and unused

[T Exclude dizabled

[ Exclude other Devices
[ Exclude zame Image
[¥ Show Toolips

— Show Variable Tepes
™| Watching Tupe
¥ | tatching Size
v &l Tupes

™| firay Mode

— Offsetz

[ Continuous
[~ Show Dialog

— % anable Hame

[ Hand aver
[T | Take over

Cancel | k. I

c¢) Confirm the subsequent dialog with "OK"

Version: 1.3

TS8020



BEGKHOFF Application

Variable Size Mismatch il

Linked Variable:  [BusState

Size Offzet
Linked Variable: [ =
OwnVariable: |15 =

Overlapped: 2 =

[ Size and Offzet in bitg | Cancel |

3. The first Binarylnput object under the previously created BACnet server is now added
a) Right-click on the BACnet server and select "Append Object..."

g CX9001.tsm - TwinCAT System Manager - "O(_0D0828"

File Edit Actions View Options Help
D@ E|(&E (6 R s =i d e % B Qe e
[+ SYSTEM - Confi i
=G onfiguration Settings |
E|. IO - Configuration Identification ————— [~ Device Management
=B 1/0 Deviess BACnet ID [527621 Persist Server Online Data [
=% Device 1 (BACnet)
Device 1-Image Ads Port |1DD|] Use USV r
Udp Port I-ﬁBDB Backup Interval (min) |3: 3:
' pend Object. .. 'ﬁt:atinn
:K Delete Obiect. .. rd Set | Save Online Data Save
A% Device (BACnet Device O .
net —_— . > —
45 CurrentConfig. xml (BACR %, Scan Devices... Lociils Soslebieetdis
540 BACNetOnline_1010010. x J | j
B Device 2 (CXI000-KEuUE) . Disabled
-4 Device 3 (NOV/DP-RAM) “_l Unmap | Map | Unmap |
Eli"ﬁ Mappings ﬁ Change Id... -
@y [Device 1 (BACnet)_Task_58 - Device 1 {BACH DymEmic Object Management
Object Type [AnalogOutput =l
Instance 1D Iﬂ Scan |
Dynamic Objects | Delete | Create |
4] | i
Ready Cx_0D0828 (5.14.8.40.1.1) v

b) In the subsequent dialog select the module "BACnet Binary Input Object" and confirm with "OK"
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Insert TCom Object

Search: I Marne; IE”:IiECt4 [BACHet Binary Input Object] | ok I
Tope: E--%ﬁg Beckhoff Automation GmbH Cancel |
=-B20 BAChet Modules
BAC

--BAE BAChet Binary Output Object [Module]
-BAC BACnet Binamy Yalue Dbject [Maodule]
-BAE BAChet Analog Input Object [Module]
--EAE BAChet Analog Output Object [Module]
B0 BAChet Analog Yalue Dbject [Madule]
-BAE BAChet Calendar Object [Module]

--EBAE BAChet Schedule Object [Module]

B0 BAChet MotificationClass Object [Module]
-BAC BAChet Multistate [nput Object [Module]
--BAE BAChet Multistate Output Object [Maodule]
-BAC BAChet Multistate Values Object [Maoduls]
B BACnet TrendLog Object [Madule]

--BAE BAChet File Object [Module]

-BAC BAChet Group Ohject [Module]

-BAC BACnet Accurnulatar Object [Madule]
--BAE BACHet Program Object [Module]

-BAC BAChet Loop Object [Module)

B BACHhet Command Object [Modulg]

-ty BACKhet Structured View Object [Module]

Multiple:

Inzert Instance. |

4. For setting the property "Reliability" of the Binarylnput object the bus number of the bus state linked
under 2 above has to be set in the BACnet object (bus index "0"):

;- TX9001L.tsm - TwinCAT System Manager - "O({_0D0828"

File Edit Actons View Options

Help

IDe-sd|ER | fER8]H b =

Ba v BB @ 2| Q2] e | @B

Bl 5vSTEM - Configuration
B8 rLC - configuration
EI- 1O - Configuration

Eﬂ 10 Devices
E-¥%* Device 1 (BACnet)
: + Device 1-Image
-4 Inputs
- 4§l outputs

@1 Inputs

< Beckhoff_527621 (BACnet Server)

Settings |Online I Cyclic Data I Optional Properties |

Mame D Value Type
Arctive Text TRUE CharacterString Bt
AMarmValue inactive j BACnetBinaryPV
Description 28 CharacterString Bt
Device Type Ell CharacterString Bt
EventEnable 35 | 0005 BACnetEvent Transition Bits
FaultFallbackBinaryValue| 803 |{ FallbackBinanyValue

Ready

$! outputs

BAE Device (BACnet Device Object)

#-B4 CurrentConfig.xml (BACnet File Object)
=-E4 BACnetOnline_1010010,whp

E--%’?‘C BI_O (BACnet Binary Input Object)

nactieTed

25

Eal SF

ﬁwq}ﬁnn Eut
I M loBusMr 513 |} Byte |I
aiModuleihn NaIgne: eger

%T Tnputs loModuleMr 514 |65535 UnsignedInteger
‘l Outputs MotificationClass 17 |0 UnsignedInteger
[#-E22¢ Device 2 (CX9000-KBus) Motify Type 72 | alam j BACnet Notify Type
[ @ Device 3 (NOV/DP-RAM) Object ldentfier 75 | Binarylnput-0 BAChetObjectIdertfier
(&8 Mappings - -
Object Name 77 |BLLO CharacterString Ext
OutOf Service Y| Bool
Polarity 84 | nomal _v || BACnetPolarity
Reliability 103 no_fauh_detectedj BACnet Reliability
TimeDelay 113 |0 Unsignedinteger

CX_0D0828 (5.14.8.40. 1. 1) | Config Mode

4

5. For subsequent mapping onto the PLC the corresponding properties should be added to the cyclic /0O
mapping. To this end the following properties should be selected as a minimum:
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o CX9001L.tsm - TwinCAT System Manager - 'C{_10B653"

S=TE

File Edit Actions View Options Help

D& & & £ B

L 25 L @ % B Qe

D - Canfiguration

¥ 10 Devices

B Device 1 (BACnet)
-I- Device 1-Image
%T Inputs

- PresentValue
gl StatusFlags

-2 Device 2 (CX9000-KBus)

-I- Device 2-Image

Ready

-4 Device 3 (NOV/DP-RAM) -
b | _rl_I a

[ Objectldentifier

[~ PresentValueBool

rBACnet-> SPSI0 ————

Seﬂlngs I Orline  Cyclic Data |Op1|ona| Properties I

—SPS10 -» BACnet

™ PresentValue

‘l Dutputs ¥ PresentVzlue [~ OutOfService
i1z Beckhoff_3543045 (BACnet Server) W StatusFlags ™ Polarity
- T Inputs [ EventState I Alarmival
§. outputs I™ Reliability Srmvsiie
""E Device (BACnet Device Object) [~ OwtDfService [ EventEnzble
AL CurrentConfig, xml (BACnet File Object) I Polarity ¥ RawloBinaryBoolValue
- " BACnetOnline_1010010.wbp (BACnet File ¢
Tt Cha fStateCount
(SR E] 0 (BACnet Binary Input Object) r hang=0 “ I RawlolieState
5 8 Ouputs I™ TimeDelay ™ RawloECATState
. b4l RawloBinaryBoolvalue I™ EventEnable
= %T Inputs [T AckedTransitions

CX_10B653 (5.16.1

3.1.1) |l

6. Subsequently the link between the hardware terminal and the BACnet object is created. To this end
RawloBinaryBoolValue has to be linked with the corresponding bit of the hardware terminal:

a) Right-click on RawloBinaryBoolValue under the BACnet object "Bl_0" and select "Change

Link..."
 CX9001.tsm - TwinCAT System Manager - 'O(_10B653" - |D|ﬂ
File Edit Actions View Options Help
D dEkE]YE o v HB(DB L ®|B 2 Q2 F
- Configuration
10 Devices T | Flags I Online I
BF'G Device 1 (BACnet) -
+ Device 1-Image Name: |F{awlnB|naryEool‘u’aIue
: g Inputs Type: [BooL
------ Outputs
E| |z Beckhoff_3543045 (BAChet Server) Group: |0Lrtputs Size: |1.D
&1 Inputs
. 24 : 0
- $1 Outputs Address: |34 (222) User ID: |
1 BAC Dy i ;
et Device (BACnet Device Db_]ec.t} . Linked o | I
-BAL CurrentConfig. xml (BACRet File Object)
E -EAL BACRetOnline_1010010,wbp (BAChet File C Commenit:
E--E";_‘F BI_O (BACnet Binary Input Object)
=- §l Outputs
O TR, ——
E%T Inputs = = "
QT Presentvalue | @ Clear Link(s)
i G StatusFlags o
££2% Device 2 (CX30004Bus) futo Link: farizile
: =$= Device 2-Image Take Meme Gver From Linked Varizble
+ %‘I‘ Inputs
‘l Outputs ¥ Ineert Variable.,.
ﬂj CX9000-KE . 300, 1Gp: @11001, 10ffs: 22, Len: 1 P
-4 Device 3 (NOV/DP-RAM) M Delete...
Move Address, ..
Ready SXEACHRSS CX_10B653 (5. 16. 18
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b) In the subsequent dialog select the symbol "Input" of the corresponding hardware terminal
(ATTENTION: deselect "Exclude other Devices" and "Exclude same Image" and select "Matching

Size") and confirm with "OK"

Attach Variable RawIoBinaryBoolValue (Output) il

[0 - Configuration
=8 140 Devices

S5 CXI000KE

=l i Tem 3[KL1104]
R Eingang
%l Eingang >
Gl Eingang >
i %! Eingang >
- Tem 4 (KL3202)

-4 Device 2 [CX9000-KBus)

[ B.0,BIT [0.1]
[ 61, BIT [0.1]
[ 6.2, BIT [0.1]
[+ 6.3, BIT [0.1]

#-41 Responsze > |B 4057.0,BITARRE[1.0]
""" %7 EmorCode > B 4058.0, UINTE[1.0]

----- &1 Ermordrg > 1B 4059.0, LIMTE[1.0]

""" &1 BuszState > (B 40B8.0, UINTE[1.0]
#-gf Responze > |B 4083.0, BITARRE [1.0]

----- i DataCyclelwverun >
""" %7 loState > 1B 4095.0, UINTE[1.0]
""" T IM > IB4098.0, UINTE[1.0)

[B 40300, UINTE [1.0]

~ Show Yariables
& Unused
™ Usged and unused

[ Erclude disabled

[ Exclude other Devices
W Exclude zame Image
[¥ Show Toolips

— Show YWariable Types
[ Matching Type
I Matching Size
[ all Types

™| Aray Mode

— Offzetz

[ Continuous
[~ Show Dialog

Y anable Mame

[~ Hand aver
[T Take over

Cancel | ] I

7. The library "TcBACnet.lib [P 371]" can be used for accessing BACnet objects from a PLC runtime. It
makes all objects available as function blocks with the corresponding 1/0 points for the mapping in the
System Manager. In the following example a PLC project with an instance of the function
"FB BACnet Binarylnput [P 396]" with name "Bl_0Q" is created. The function is inserted into the PLC
program "DEMQ" as follows (The "DEMO" program is in turn called in the "MAIN" program. Program
"MAIN" is added to the task configuration as a task). The function block instance "Device" enables
access to the device object and the server state and has to be transferred to the function block

instance "BI_0":
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~[a
!gahei Bearbeiten Projekt Einfligen Extras Online Fenster Hilfe dﬂlﬂ
el e e = e e e e e i == e ] W i
0001 (FROGRAM DEMO
S| [coo2|v=x
@ DEMO [PRG|| |o003 Device : FB BACnet Device;
; MalM [PRG]|| (0004 BI O : E‘B:BP.Cnet:BinaIyInput:
00as | (* FE BACnet Dewvice and FBE BACnet BinaryInput
0006 a;e irf.plgrf.ented by tne_librar;
0007 "TcBACnet.lib" *)
0008
0005 bBinaryInputBool : BOOL:
0010 [END VAR
0011 B
nntz
[ <] [
=
BI O b
FB BACnet BinaryInput
Device_b h bReady—
bEPresentValue —| bBinarvInputBool
bOverridden—
bCutCfService—
bFault—
bBInAlarm—
bBError—
nErrorId—
= Device
==
4|
| [Target: Local [10.3.32.17.1.1). Laufzsit 1

8. Once the PLC project is compiled it has to be made available in the System Manager. Right-click on
the symbol "PLC - Configuration". Afterwards by means of "Append PLC Project..." add the TPY file of
the previously compiled PLC project:
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. 'O(O001.tsm - TwinCAT System Manager - "O(_10B653" - |I:I|ﬂ

File Edit Actions View Options Help

T CIEE R T L

=- Bl SYSTEM - Configuration

L% L@ % B Q

.

B FLC - Confiauezion Version (Target) | Pic Settings (Target) | =
E|l If0 - Confi M Append PLC Project... |
=B 1/0 Den
-5 Dey B3 paste CxlN TwinCAT System Manager
e - v2.11 (Buid 2216)
4 G BEY Paste with Links Alt+Ctrl+V )
Eg oo TwinCAT PLC Server
w2 Beckhoff_3543045 (BACnet Server) v2.11 [Build 2101
El-feee Device 2 (CX9000-KBus)
== Device 2-Image Copyright BECKHOFF © 1396-2011
§T Inputs http:/www beckhoff com
- §l Outputs

i G- CX9000-KB
G- 4 Device 3 (NOV/DP-RAM)
[EI--i’"% Mappings

-
1| | 3

Ready [ 108653 (5. 16. 182. 57

9. Once the PLC project has been added, all I/O variables of the PLC program are available in the
System Manager. The global instance "fbBACnet_Adapter" of type FB BACnet Adapter [» 375] is
available in each PLC project linked via the library "TcBACnet.lib". It is used for accessing the BACnet
network adapter, its AMS NetID and the link status. The 1/O variables under the instance now have to
be linked with the 1/0 points of the BACnet adapter:

a) Right-click on the symbol ".foBACnet_adapter. AmsNetID" and select "Change Link..."
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. OX9001.tsm - TwinCAT System Manager - 'O{_10B653" - |I:I|ﬂ

File Edit Actions View Options Help

ga v A B B ® (R B

Variable | Fags | Online |

T IEEEEE LR

ﬂ SYSTEM - Configuration
=-§M PLC - Configuration

=-1EE Cxa001
" X800 1-1mage Name: | foBACnet_Adapter._AmsNetld
{81 Standard Type: [ARRAY [0.5] OF BYTE
El%T Inputs
- &1 DEMO.Device._SystemStatus Group: |'”F’“ts Size
i iyl DEMO, Device. _ObjIdentifier Address: |1E{[hc1ﬂ:l Uses

4] DEMO.BI_0._Presentvalue
= @ DEMD.BI_D._SEthFIags. linked to._. | |
gl bBACRet_Adapter. DeviceStatus

9l . fhEAChet_Adapter._Amsh

Change Link...

- | Outputs
|'_—'|. Ij0 - Configuration B Clear Link(s)
=B 1j0 Devices o
L___‘B:c Device 1 (BACNet) Goto Link Varizble
+ Device 1-Image Tiake Mame @ver From Linked Varizble
- %1 Inputs
- | outputs ¥ InsertVariable...
[-§Z Beckhoff_3543045 (BACnet Se
-2 Device 2 (CX3000-KBus) W Delete,..
== Device 2-Image
&1 Inputs Move Address. .. FO20, I1Cffs: (10,
- § Outputs
B offf CX9000B 3 Orline Write...
[+ #¢ Device 3 (NOV,/DP-RAM)
&8 Mappings ~+3 Online Eorce. .. ]
Ready % Release Force m

b) In the subsequent dialog select the AmsNetID of the BACnet device (ATTENTION: deselect
"Exclude other Devices" and select "Matching Size") and confirm with "OK"
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10.
11.

Attach Variable BACnetDevice_NETID (Input)

E I
SR

T
=

- Configuration
[0 Devices

Device 1 [BACHet)
d

QT ArmsMetl

IB 2.0, AMSHETID [6.0]

— Show Yariables

x|

i+ Unused
™ Usged and unused

[T Exclude disabled

[ Exclude other Devices
¥ Exclude zame Image
[¥ Show Toolips

— Show Yariable Topes

[~ Matching Type
W Matching Size
[T A&l Types

[~ Aray Mode

— Offsetz

[ Continuous
[~ Show Dialog

—Yariable Mame

[T | Hand aver
[T | Take over

Cancel | k. I

Repeat step 9 with "DeviceStatus" of the BACnet adapter

The process data inputs:

" SystemStatus", " _Objldentifier" and outputs: " _

ServerControl" of the device

object have to be linked in the same way. This maps the status of the BACnet server and the local
device object to the PLC.

a) Create process data for the device object:

., OX9001.tsm
File Edit Actions

View Options Help

- TwinCAT System Manager -

'O(_10B653"

=T

1

B @ % B Qe e

i I,.'D Configuration

o
¢
o

=82

El-

-
-
-

I—__-I EECK

e

.

B

=8 ﬁ 1/0 Devices
=22 Device 1 (BACnet)

Device 1-Image
Inputs
Qutputs
Beckhoff_3543045 (BACnet Server)
%T Inputs
#!| outputs
.- &/ Server Control
-] IoBusState
ff;:‘,c Device (BACnet Device Object)
...... ‘l Outputs
E| QT Inputs
iG] Objectidentifier
it SystemStatus
CurrentConfig.xml (BACnet File

AC
ft

ac
o

BAC

nat

Device 2-Image

Ready

BACnetOnline_1010010, wbp (BACr__|
BI_0 (BACnet Binary Input Object)
Device 2 {CX9000-KBus)

=Y

Ob:

e

Seﬂlngs I Orline  Cyolic Data |Op1|ona| Properties I

—BACnet -> SPS/IC
¥ Objectldentifier
¥ SystemStatus

™ DaylightSavingsStatus
[~ DatabaseRevision

—SPSN0 = BACnet ———

1

C¥_10B653 (5.16.152.53.1.1]

b) Create link between PLC and I/O process data.
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12. All I/O signals of the PLC/BACnet function block "Bl_0" now have to be linked with the actual BACnet
object. The links are established in the same way as specified under item 9 ("_PresentValue" and
" StatusFlags"):

. CX9001.tsm - TwinCAT System Manager - "C{_10B653" o |I:I|H

File Edit Actions View Options Help

JD@@E|%DI“E‘L—-—-I“’ C = 4 A | e me et e e o e ol A Pl
— Attach Variable PresentValue (Input) ﬂ
&% DEMO.B!

T DEMO.E;

PLC - Configuration r~ Show Y ariables

&1 foBAcn & Unused
i fBAC " Used and unused
= ‘l;ﬁ,ﬁo 5 > 1B 3.0, WORD [2.0] [ Exclude disabled
B 1/0 - Configuration I > IB10.0.%0RD [2.0] " Exclude other Devices
L—"_Iﬁ I/0 Devices [ Exclude same Image

=15 Device 1 (BACne [ Show Tooltips
== Device 1-Im:
- & Inputs

- §| outputs

— Shaow Y ariable Types
v Matching Type

E|—|¢S_ Beckhoff_35 ™ Matching Size
B @ Inputs [~ &l Types
- §l Outputs ™| ey Made

bl Serv
-4l ToBu - Offsets
E-55F Device (I [ Continuous
- @l Outr [ Show Dialog
= &1 Inpu
@T ¢ —Wariable Mame
el € ™ Hand awver
[-B2F Current( = Take owver
B-BAE BACHet(

= 4F BIO (B4

Cancel | Ok I

E“l Outp
sl -
E %‘ Tonytc
N &t PresentValue
srlags -
i ol
Ready CX_10B653 (5.16.182.83. 1.1)

13. To check the function without active PLC runtime, the configuration of the BACnet device and the
hardware terminals can be tested in Free Run mode:

a) Select "Reload I/O Devices (F4)" from the toolbar or press F4
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L TX9001.tsm - TwinCAT System Manager !EI E

File Edit Actions View Options

Help

B IEE R

se v B BEL® S| B QS @

TEM - Configuration
Configuration
- Configuration
ICx9001
- Configuration
- Configuration
/0 Devices
"% Device 1 (BACNet)
E -I- Device 1-Image
%T Inputs
-l Outputs
7 Beckhoff_527521 (BACnet Ser
%T Inputs
$. Outputs
BAC Device (BACnet Device Ob
BAC CurrentConfig. xml (BACne
BAC BACnetOnline_1010010.w
[#-E45 BI_O {(BACnet Binary Input
ﬁ Device 2 (CX9000-KEus)
Device 3 (NOV/DP-RAM)
IMappings

i 2

Reload IO Devices (Config Mode only)

Settings |On|ine | Cyclic Data | Optional Properties | Reload IfO Devices (F4)

Mame | ID Value Type
zw 4 |TRUE CharacterStingExt
AlarmValue & inactive j BACnetBinaryPV
Description 28 CharacterString Ext
Device Type 3 CharacterString Bxt
EvertEnable 35 | x0005 BACnetEvent Transition Bits
FauttFallbackBinaryValue | 803 | Fallback BinaryValue
Imactive Text 46 |FALSE CharacterString B
loBushNr h13 |255 Byte
loModuleChn 515|256 Unsignedinteger
loModuleMNr h14 |65H35H Unsignedinteger
MotificationClass 17 |0 Unsignedinteger
Natify Type 72 |alam = || BACRetNotify Type
Object Identifier 75 | Binarylnput:0 BACnetObject|dentifier
Object Name 77 |BLLO CharacterString Bxt
OutOfService g | Bool
Polarity 84 | nomal j BACnetPolarity
Reliability 103 | no_fault_detected j BACnetReliability
TimeDelay 113 |0 Unsignedinteger

ﬁ

Local (10.3.32.17.1.1) [e0lgilJutt S

A

b) Select "Toggle Free Run State (Ctrl-F5)" from the toolbar or press CTRL+F5

iy CX9001.tsm - TwinCAT System Manager - 'O(_0D0828"
File Edit Actions

View Options

Help

IDFf-HE2R|+sE=R82Ha =

ga & & |

| EARN

M - Configuration

Settings Online I Cyclic Data I Optional Properties I

25k @3y % | B Qleller 00" @
b,

Toggle Free Run State (Ctrl-F5) |

Configuration
Configuration Name | ID Value Type =l
D Devices ] 0 (xEDD5 to_offnomalte_fau... | BAChetEvent Transition|
[ Device 1 (BACnet) Active Text 4 |TRUE CharacterStingBxt
-I- Device 1-Image
%T Inputs AlamValue inactive j BACretBinary PV
‘l Cutputs ChangeCf StateCount 15 |0 Unsignedinteger
-HE Edchoff_ﬁl?ﬁli (BACnet Serve [ ChangeOf State Time 16 T BACnetDateTime
Inputs . R
$! ouputs Description 28 CharacterString Bxt
BAC Device (BACnet Device Obje ] Device Type H CharacterString Bxt
EAC CurrentConfig. xml (BACnet f ElapsedActive Time 3 (0 Unsignedinteger
: i:rz BACnetOnline_1010010.wbr EventEnable 35 00005 BAChetEvert Transition
+-E5F BI_O (BACnet Binary Input C
! Device 2 (CX3000-KBus) ] Event State 36 |offnomal BACnetEvent State
b Device 3 (NOV/DP-RAM) i Event TimeStamps 130 (U mmmmest e L | BAChet Time Stampl]
Bppings Imactive Text 46 |FALSE CharacterString B
B CX9001 {(Standard) - Device 1 (BACr & loBusNr 513|255 Byte |
B Device 2 (CX5000-KBus) - Device 1( N
L k-Bus-Trigger - Device 2 (CXS000E i loModuleChn 515 (2595 Unsignedinteger
L [Device 1 (BACnet)_Task_58 - Devic [~ loModuleMNr 514 | 65535 Unsignedinteger
NotificationClass 17 |0 Unsignedinteger
Notify Type 72 |alam |=|| BACretNotiy Type
i Object Identifier 75 | Binarylnput:0 BACnetObjectdentifier
Object Name 77 |BILOD CharacterString Bxt -
1| | 3
E o
Toggle Free Run State (Config Mode only) CX_0D0828 (5.14.8.40. 1. 1) | Config Mode |94
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c) The I/O bus of the target system should then switch to RUN. The state of the hardware input
can now be monitored in the Online tab of the BACnet object "Bl_0". The property Present_Value
no. 85 represents the logical state of the hardware input. Using the context menu of "Online" tab,

the Auto Update mode should be activated in advance (see chapter "BACnet objects and

properties [P 211").
14. After a successful test in "Free Run" mode the configuration has to be activated permanently. To this
end activate the configuration as usual via the symbol "Activate Configuration" from the toolbar or by
pressing CTRL+SHIFT+F4 (this loads the configuration into the target system):

. CH9001.tsm - TwinCAT System Manager - 'O(_0D0828'
File Edit Actions Wew Options Help

B IEE R EEE

s VAR A B LE® B B2 S

M - Configuration . : : : : My :

Configuration Settings  Online | Cyclic Data | Optional Properties |

Configuration Mame: | 1D Value Type ]
D Devices ] 1] [xEDDS to_offnomalio_fau... | BAChetEvent Transition|

- _D;“'E‘)E L {B':'?”Eﬂ ActiveText 4 |TRUE CharacterStingExt

- evice 1-Image

%T Inputs AlamValue 1 inactive j BACnetBinaryPV

-4l Outputs ChangeCf StateCourt 15 |0 Unsignedinteger

-l Beckhoff_527621 (BACnet Serve S | Pl b T Ae [eesseme BACnetDateTime

g Inputs TwinCAT System Manager x| CharacterStringBxd

545 Device (BACnet Device Obje p— CharacterString Ext

S CurrentConfig. xml (BAChet F i | Activate Configuration

{Old Configuratons wil b ittent) S
" . 4 onnguratons will De overwr n?
545 BACRetOnling_10100 10, whr L= “ BAChetEvert Transtion]

[#-B2F BI_O (BACnet Binary Input C

! Device 2 (CXS000-KBUS) - BACnetEvent Stste
b Device 3 (NOV/DP-RAM) | oK I Abbrechen FemmT T L | BAChetTimeStampl[]
hppings CharacterString Ext
B C¥9001 (Standard) - Device 1 (BACr & loBushr 513|255 Byte =
ki Device 2 (CX2000-kBus) - Device 1( ;
L k-Bus-Trigger - Device 2 (CXS000-KE ] loModuleChn 515 |255 Unsignedinteger
L [Device 1 (BACnet) Task_58 - Devic ] loModuleMr 514 |65535 Unsignedinteger
MotificationClass 17 |0 Ungignedinteger
Natify Type 72 |alam = || BAChetNotify Type
i Object Identifier 75 | Binarylnput:0 BACnetObject|dentifier
Object Name 77O|BLD CharacterString Ext -
4| | H

il i

Ready

CX_0D0&28 (5.14.8.40. 1. 1) | Config Mode

A

15. This is followed by loading of the PLC runtime:
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.= TwinCAT PLC Control - CX9001.pro - [DEMO (PRG-CFC)]

!Dabei Bearbeiten Projekt Enfigen Extras | Online Fenster  Hilfe

EECEE e

=T
[¢ DEMO (PRG)

§[E] MaN [PRG)

0001 |PROGRAM
0002 |VAR
0003 Dew
0004 ET |
D005 ((* FB_E
0006 are
0007 "Tc
0008

0009 bBi
0010 |END VAE
0011

N1z
Y

Device

H=TE
NEE

T S i 5, (5| o<

F11
Ausloggen F1z2
Laden
Stark F5
Skop Umschalt+FE
Resek
LrlEschen
Breakpoint anfaus F3
Breakpoint-Dialog
Eimze|schritt Ober F10
Eirzelschritt in F&
Einzeleyklus Strg+FS
Werbe schreiben StrahEy
Werte Farcen £
Farcen auffeben Urnschalt+F7
schreiben/Forcen-Dialag Strad-Umschalt+F7

L v ll-

sufrufhierachie.. .
Al aufkantrolls

inaryInputBool

Sl &tiam
Kommunikatiensparametet, ..
ouellcode laden

Auswahl des Zielsystems...
Erzeugen eines Bootprojekkes

Erzeuagen eines Bootprojektes (offing)

Bootprojekt laschen

|

i

| Eirloggen i Zielzpstem und Umzschalten in den Online Maodus

|Target: Local (1003.32.17.1.1], Laufzeit: 1 |

OMLINE [0

16. and starting in RUN mode:

!Datei Bearbeiten Projekt Einfiigen Extras | Online Fenster  Hilfe

r-= TwinCAT PLC Control - CX9001.pro™

B|=8| B|@]edfl5E|5w

=

[ DEMO (PRG)
MAIN [PRG]

0001 -Devi

0002

BEin

0003

0004

0005

0006

0007

0008

0008

0010

0011

0012

NN13

[ Device |

- [DEMO (PRG-CFC)]

H=TE
NEE

Einlogaen F11 -lmoll & |.. | @.l-l‘
Ausloggen F12 |

Y
Laden [
Start F5 |
Stop Unnschalt-HEE
Reset
Urlaschen
Breakpoint an/aus F9
Breakpoint-Dialog
Eirzelschritt dber Fim
Eimzelschritt in F&
Einzelzyklus Strg+F5 -
Werte schreiben Strg+F7 =
Werte forcen F7 |
Forcen aufheben Umschalt+F7
Schreiben Forcen-Dialog StrgHmschalt+F7
Aufrufhierachie...
Ablaufkontrolle
Simulakiom

Kommunikationsparametet, ..
Quellcode laden

Auswakl des Zielsystems, .,
Erzeugen eines Bootprojektes

Erzeugen eines Bootprajekkes (offline])

Bootprojekt léschen

-

4 |

o

| Steuerung starten

1.1), Lavtzeit 1T
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17. The states of the BACnet object can be monitored via the Online view of the "DEMO" program. The
state of signal Present_Value represents the logical state of the hardware input:

12 TwinCAT PLC Control - CX9001.pro* - [DEMO (PRG-CFC)] -|o| x|
! Datei Bearbeiten Projekt Einfiigen Extras Online Fenster Hilfe ﬂﬂlﬂ
e =2 1 i ) i ) = [ Y Y e e o = e L S I il It
0010 - pReady = gl .
M 0011 - pPresentValue = gy
“}f] DEMO [PRG) 0012 - pOverridden =
“[E] MAIN [PRG) 0013 - bOutOfService =
0014 - bFault =
0015 - bInAlarm = (I
0016 - pError =
0017 - .nErrorId = 0
0018 H-.Device
0019 bEEinaryInputBool = pgzi)y
0020 ha
1=
BI 0 -
FE_BRCnet_BinaryInput
I—Device b bReadyl—
bPresentValue |1::Eirar;-fInp'JtEEchnl-
bCverridden—
bCutCfService|l—
bFault—
bInAlarm—
bErrorf—
nErrorId—
= Device
N -
o o
| Fielsyster: Cx_10BE53 (5.1 1], Lautzeit: 1 WOTTNRTERN ST L= FT |

3.3 Example: Linking of Binarylnput and BinaryOutput
objects in the PLC program

The following example illustrates how the link of a binary input with a binary output can be realized with the
aid of BACnet objects and a PLC program. The procedure is based on PLC automapping.

Summary:

* A binary input, represented by the BACnet object "Bl_0", is to write its Present Value to the binary
output, represented by the BACnet object "BO_0", with priority "12", if the object "Bl_0" is not in state
OutOfService

+ If the object "BI_0Q" is in state OutOfService, PresentValue access with priority "12" to object "BO_0"
should be deleted.

A The example https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749043083/.zip can be
downloaded from herehttps://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749043083/.zip.

The strategy is explained step-by-step with the aid of screenshots (For creating servers and objects see also
examples "Create BACnet adapters and servers [P 92]" and "Manual linking of hardware (terminal), BACnet
Binarylnput and PLC program [P 931"):

Create BACnet adapters and servers (see Example "Create BACnet adapters and servers [P 92]")
Creating an 1/O bus (K-bus, E-bus, BK90xx)
Execute 1/0 automapping [»_72] of the bus on BACnet (see "example: I/O automapping [»_115]")

Creating a PLC project and inserting object instances (The link to the input/output objects is realized
using the object names "Bl_0" and "BO_0" in the comment, see also "PLC automapping [P 62]"):

o b=
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= TwinCAT PLC Contrel - ©{9001.pro - [DEMO (PRG-CFC)]

!gatei Bearbeiten Projekt Einfilgen Extras Online Fenster Hilfe

=T
HE

Lo S |SSh| & [E|@ 5|5 [0 -] =|=|8e|m|e (s 5 [®] @le|s

EEEED
a

Fgif) DEMO [P
€] MAIN PR

_<I I PI
ElEEE

0002 |VAR

0003 Device
0004 BI O
0005 BO_O

0oo7

0008 |END VAR

|

0001 PROGRRM DEMO

FE BACnet Device:
FB BACnet BinaryInput;

(* ~(BACnet_ObjectName
FE BACnet BinaryOutput; (* ~(BRCnet_ObjectName
0006 | (* FE_BACnet_Device, FB BACnet_ BinaryInput and FB_BACnet BinaryOutput
are implemented by the library "TcBaCnet.lib"™

BI O : ) *)
BO O : ) *)

BI_O
T D

Device

FE _BACnet BinaryInput
Device bReady|l—
bPresentValue

bCverridden—
bCutCfService
bFault|—
bInRlarm—
bError—
nErrorId—

- Device

Device

BC O
< =N

FE BALCnet BinaryCutput
bEnablePV bReady|—
bEV bPresentValuef—

bOverridden|—
bCutCfService—
bFaultl—
bInRlarm—
bErrorf—
nErrorId—

t- Device

Device b

5. Adding the PLC project (.tpy) to the System Manager configuration:
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EI! PLC - Configuration
=& Cx9001

-.=¥= CX9001-Image

=-[B1 Standard

= %T Inputs

----- &1 DEMO.Device._SystemStatus
----- &1 DEMO.Device._Obijldentifier
----- &1 DEMO.BI_0. _PresentValue
----- &1 DEMO.BI_0. _StatusFlags
----- & .fbBACnet_Adapter. _DeviceStatus
-4l fbBAChet_Adapter, _AmsNetld
----- &1 DEMO.BO_0._PresentValue
----- &1 DEMO.BO_0._StatusFlags
= §] outputs
----- %] DEMO.Device._ServerControl
----- fl DEMOL.ED_0,._PresentValue_Priority 12
I'_—'I--- 1/0 - Configuration

Elﬁ I/0 Devices
EIEE': Device 1 (BACnet)
E -I- Device 1-Image
%T Inputs

(-5 Beckhoff_3543045 (BACnet Server)

[-222F Device 2 (CX9000-KBus)

- ¢ Device 3 (NOV/DP-RAM)

6. Important: To ensure correct linking, the object names should correspond to the PLC comment
(assignment using the object ID would also be possible):
a) Binary output "BinaryOutput: 0" is to be linked with the PLC instance "BO_0"
2|7 Beckhoff_3543045 (BACnet Server -
He gt Input_s ® ) _I Settings |Dnline I Cyclic Data I Optional Properties |
$! outputs Name D Value
E-5F Device (BACnet Device Object) ActiveText 4  |TRUE
-B2E5 CurrentConfig.xml (BACnet File Object) T 28
BAC BAChetOnline_1010010,wbp (BACnet File Object) -
OB . : Device Type k) KL 2114, 4 Ch. Output (24V...
-B&F Term 2 (KL2114)_Chn1 (BACnet Binary Qutput Object) EventEnable 35 | 0005
s e s s L e o LS FeedbackValue 40 |inactive j
Rt Term 2 (KL2114)_Chn3 (BACnet Binary Output Object) )
(- B4F Term 2 (KL2114)_Chn4 (BACnet Binary Output Object) _Ecl 7 |3
- B4F Term 3 (K12114)_Chn1 (BACnet Binary Cutput Object) loBusNr 513 |0
B-54F Term 3 (KL2114)_Chn2 (BACnet Binary Output Object) loModuleChn 515 |1
--E,Etz Term 3 (KL2114)_Chn3 (BACnet Binary Output Object) loModuleNr 514 |1
[#-53F Term 3 (KL2114)_Chn4 (BACnet Binary Output Object) - -
[#1-64F Term 4 (KL 1104)_Chn1 (BACnet Binary Input Object) Mf”fm”momfme sl i |l
- BAF Term 4 (KL1104)_Chn2 (BACnet Binary Input Object) MirimurmnOntime [s] 67 |0
B1-54F Term 4 (KL1104)_Chn3 (BACnet Binary Input Object) NotificationClass 17 |0
--E’&P Term 4 (KL1104)_Chn4 (BACnet Binary Input Object) Netfy Type ﬂ
[-54F Term 5 (KL1104)_Chn1 (BACnet Binary Input Object) . ;
(555 Term 5 (KL1104)_Chn2 (BACnet Binary Input Object) e
(#-B45 Term 5 (KL1104)_Chn3 (BACnet Binary Input Object) ObjectMName
[#-B2F Term 5 (KL1104)_Chn4 (BACnet Binary Input Object) —
4. BAC .
Bat Term 6 (KL3062)_Chn1 (BACnet Analog Input Object) OutOfServiceFalbackBi. | 805 |
E-58F Term 6 (KL3062)_Chn2 (BACnet Analog Input Object) -
#1-BAF Term 7 (KL3204)_Chn1 (BACnet Analog Input Object) Polarty 84 | nomal =l
528 Term 7 (KL3204)_Chn2 (BACnet Analog Input Object) i Reliability 103 |no_fault_detected =l
--E&E Term 7 (KL3204)_Chn3 (BACnet Analog Input Object) 4 | ]
[#-BAT Term 7 (KL3204)_Chn4 (BACnet Analog Input Object)
b) Binary input "Binarylnput: 0" is to be linked with the PLC instance "Bl_0":
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Beckhoff_3543045 (BACnet Server)

-1 Inputs

- @l outputs

-BAC Device (BACnet Device Object)

-BAC CurrentConfig. xml (BACnet File Object)

2 L '|11l|\{l-\. - Tal

-BAC BACnetOnline_1010010.wbp {BACNhet File Object)

Ei‘aﬁ IoBus_0_CX3000-KE (BACnet Structured View Object)
BAC Term 2 (KL2114)_Chn1 (BACnet Binary Qutput Object)
BAC Term 2 (KL2114)_Chn2 (BACnet Binary Quiput Object)
BAS Term 2 (KL2114)_Chn3 (BACnet Binary Qutput Object)
BG5S Term 2 (KL2114)_Chn4 (BACnet Binary Output Object)
EAC Term 3 (KL2114)_Chn1 (BACnet Binary Qutput Object)
B25 Term 3 (KL2114)_Chn2 (BACnet Binary Output Object)
EAC Term 3 (KL2114)_Chn3 (BACnet Binary Qutput Object)
e et Al

! Plawica T (EYANNNLE o)

EAC Term 4 (KL1104)_Chn1 (BACnet Binary Input Cbject)

EAC Term 4 (KL1104)_Chn3 (BACnet Binary Input Chiect)
BAC Term 4 (KL1104)_Chn4 (BACnet Binary Input Cbject)
BAS Term 5 (KL1104)_Chn1 (BACnet Binary Input Object)
EAT Term 5 (KL1104)_Chn2 (BACnet Binary Input Object)
BAC Term 5 (KL1104)_Chn3 (BACnet Binary Input Cbject)
EAT Term 5 (KL1104)_Chn4 (BACnet Binary Input Object)
BAC Term 6 (KL3062)_Chn1 (BACnet Analog Input Object)
EAC Term 6 (KL3062)_Chn2 (BACnet Analog Input Object)
BAC Term 7 (KL3204)_Chn1 (BACnet Analog Input Object)
EAC Term 7 (KL3204)_Chn2 (BACnet Analog Input Object)
BAC Term 7 (KL3204)_Chn3 (BACnet Analog Input Object)
BAS Term 7 (KL3204)_Chn4 (BACnet Analog Input Chject)

;I Settings |Dr||ir|e| Cyclic Data | Optional F'mpef‘r.i&sl
Name D Value
Active Text 4 |TRUE
AarmValue & inactive j
Description 28
Device Type 31 |KL 1104, 4 Ch. Input (24V, ...
EventEnable 35 | xDDD5
FaultFallback BinaryValue a3 |0
Inactive Tesd 46 |FALSE
loBusNr 513 |0
loModuleChn 515 1
loModuleNr 514 |3
NotificationClass 17 |0
Notify Type 72 | alam j
Objectlderrt_'rfier 75 | Binarylnput:0
3| ObjectName 77 |EH I
OutOfService 8 [
Polarity 24 |nomal j
Reliability 102 |no_fault_detected =]
TimeDelay [s] 113 (0

4

-

7. Execute PLC automapping via the Settings tab of the BACnet server:

- Configuration

- Configuration

1/0 Devices

8P Device 1 (BACnet)

- -I- Device 1-Image

%T Inputs

-§ Outputs

Bl Beckhoff 3543045 (BACnet Ser

%T Inputs

$| outputs

EaL Device (BACnet Device Object)

BAC CurrentConfig.xml (BACnet File Obje

-84 BACnetOnline_1010010.whbp (BACRE

=g IoBus_0_CX9000-KE (BACnet Struch
- EAF Term 2 (KL2114)_Chn1 (BACnet _|

545 Term 2 (KL2114)_Chn2 (BACnet

500 Term 2 (KL2114)_Chn3 (BAChet

5T Term 2 (KL2114)_Chn4 (BACnet

500 Term 3 (KL2114)_Chn1 (BAChet

340 Term 3 (KL2114)_Chn2 (BACnet

-BAE Term 3 (KL2114)_Chn3 (BAChet

-BAC Term 3 (KL2114)_Chn4 (BACnet

EAC Term 4 (KL1104)_Chn1 (BACnet

EBAC Term 4 (KL1104)_Chn2 (BAChet 'L|

[

.
.

Ear — - - -

Settings |Dbjects|
—ldentification —Device Management
BACnet ID |3543ﬂ45 Persist Server Online Data [~
Ads Port |1i]]] Use USW I
Udp Port 47808 Backup Interval (min) |20 -
—Authentification
Password Set | Save Online Data Save
— PLC AutoMapping EtherCAT/KBus AutoMapping ——
CX3001 =N =l
Map | Unmeap | Map | Unmeap |
— Cynamic Object Management
Object Type |Ana|og@utput |
Instance ID ID S0an |
[Dynamic Objects | [elete | Create |

8. The process data of the BACnet objects and the corresponding data of the PLC program are then

linked:
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-l SYSTEM - Configuration
=-§M PLC - Configuration
=1-1E€ Cx2001
== CX9001-Image
=-[21 Standard
= &1 Inputs
@] DEMO.Device, _SystemStatus
@] DEMO.Device. _Objldentifier
@@ DEMOLBI_O, _PresentValue
¢! DEMO.BI_O._StatusFlags
¢l fbBACnet_Adapter._DeviceStatus
H-gpl foBAChet_Adapter._AmsMetld
¢l DEMO,BO_0,_PresentValue
¢! DEMO.BO_0._StatusFlags
= §l Outputs
-l DEMO.Device, _ServerContral
@l DEMO,BO_0._PresentValue_Priority 12
=-f 1/0 - Configuration

= §! Outputs

o 2| PresentValue_Priority12
= Inputs
i@l RawloBinaryBoolvalue

gl Presentvalue

----- & StatusFlags

| P g Y g O oy O oy O oy O oy O o |

- §] outputs
ﬂl RawloBinaryBoolvalue
= %T Inputs

gl Presentvalue

----- &0l StatusFlags

]
=-ga IoBus_0_CX9000-KB (BACnet Structured View Object)
EI-%5F Term 2 (KL2114)_Chn1 (BACnet Binary Output Object)

p-BAC Term 2 (KL2114)_Chn2 (BACnet Binary Output Object)
p-BAC Term 2 (KL2114)_Chn3 (BACnet Binary Output Object)
p-BAC Term 2 (KL2114)_Chn4 (BACnet Binary Output Object)
-BAC Term 3 (KL2114)_Chn1 (BACnet Binary Output Object)
p-BAC Term 3 (KL2114)_Chn2 (BACnet Binary Output Object)
p-BAC Term 3 (KL2114)_Chn3 (BACnet Binary Output Object)
p-BAC Term 3 (KL2114)_Chn4 (BACnet Binary Output Object)
-54F Term 4 (KL1104)_Chn1 (BACnet Binary Input Object)

-BAC Term 4 (KL1104) Chn2 (BACnet Binarv Inout Obiect)

9. The configuration has to be activated (Ctrl+Shift-F4), and the PLC program has to be loaded (PLC
Control via menu "Online --> Login" or F11). The PLC is then switched to Run state with F5 or "Online
--> Start".

10. The different PLC states and the corresponding BACnet properties are described below:

a) Case 1: "Bl_0" is not OutOfService and ACTIVE or INACTIVE — Priority "12" of "BO_Q" is set

to ACTIVE or INACTIVE and acts on the hardware terminal:

TS8020
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.= TwinCAT PLC Control - CX9001.pro - [DEMO (PRG-CHC)]

! Datei Bearbeiten Projekt Einfligen Extras Online Fenster Hilfe

2|2|H| B|S|2dE || S5

& |Ex|@|Gy|5H] [0 -] =|a|@ha|=|s)

0001 | H-Device
m 0002 | B-BI_0 |
- DEMO [PF| 0003 | @20 0 -
- [2] MalN (PRI = —

BI 0

|_

FE BACnet BinaryInput
Device & bReady
bPresentValue

(o]

bCverridden
bOutOfService

bFault
bInAlarm
bError
nErrorId
- Device

BO 0

iz

|

FE BACnet BinaryOutput
bEnablePV bReady
bEV bPresentValue
Device b bCverridden

bBCutOfService
bFault
bInfAlarm
bError
nErrorId

(1]

 Device

EEEER

Fielzuzten: T 10BES3 [5.
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. CX900Ltsm - TWinCAT System Manager - '0O(_10B653"

File Edit Actions View Options Help

R=TE

IDFaHEZE| 28 &=

mn BB @R B Qe oo @

E1-BAE Term 7 (KL3204)_Chn1 (BACnet Analo:

--Bn*.‘F Term 7 (KL3204) Chn2 {BACnet Analo.™
4 3

Ready

bice 1 (BACnet) =l ;
Device 1-Image Settings  Online I Cyclic Data I Optional Fmperti&sl
Inputs Mame ID | Value Type o
Outputs 85 |active j BACnetBinaryP
Beckhoff_3543045 (BACnet 5 s
§T m‘;ut; (BACnet Server) [ 57 |16 Bemenis BACnet Priorty
- Outputs ] (Mully Mull
EAC Device (BACnet Device Cbject) 2 {Mully Mull
EAC CurrentConfig, xml (BAChet File Object)
nat
EAC BAChetOnline_1010010.whp (BACet File (31 (i) Ml
& [0Bus_0_CX9000-KE (BAChet Structured ¥ [4] {Mull) Mull
[#-BAT Term 2 (KL2114)_Chn1 (BACnet Binary 5] (Nul) Null
BAS Term 2 (KL2114)_Chn2 (BACnet Binary
BAC Tarm 2 (KL2114)_Chn3 (BACnet Binary [6] (Null) Mull
EAC Term 2 (KL2114)_Chn4 (BACnet Binary 7 (MNull) Mull
BAC Term 3 (KL2114)_Chn1 (BACnet Binary
Tt - 8 Mull Mull
[-BAT Term 3 (KL2114)_Chn2 (BACnet Binary [ (Nl
EBAC Term 3 (KL2114)_Chn3 (BACnet Binary 8] (Ml Mull
BAF Term 3 {(KL2114)_Chn4 {BACnet Binary [0 (Nully Null
EAC Term 4 (KL1104)_Chn1 (BACnet Binary
net I
B#C Tarm 4 (KL1104)_Chn2 (BAChet Binary [ — —
[H-B4C Term 4 (KL1104)_Chn3 (BACnet Binary | [12] (active) Binary
Bn-:\tC Term 4 ﬂ<:|.1104}|_Chn4 [B#.Cnet Binar‘, [1 3] {NIJ") Mull
BAC Term 5 (KL1104)_Chn1 (BACnet Binary
BAC Term 5 (KL1104)_Chn2 (BACnet Binary [14] (Nl Ml
BAS Term 5 (KL1104)_Chn3 (BACnet Binary [15] (Mully Null
EAC Term 5 (KL1104)_Chn4 (BACnet Binary
net - 1 Mull Mull
B4 Term 6 (KL3062)_Chn1 (BAChet Analo ner ) =
BAC Tarm & (KL3062)_Chn2 (BAChet Analo: y I = Reliabilitvw 103 |no fault detected EﬁCne‘{F{ehaﬂJ

| 2]

CX_10B653 (5.16.182.83.1.1) | RTime 24%

4

b) Case 2: "Bl_0" is OutOfService — Priority "12" of "BO_0" is deleted (Zero) and the value from
property RelinquishDefault of "BO_0" acts on the hardware terminal:
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.= TwinCAT PLC Control - CX9001.pro - [DEMO (PRG-CHC)]

! Datei Bearbeiten Projekt Einfligen Extras Online Fenster Hilfe

2|2|H| B|S|2dE || S5

& |Ex|@|Gy|5H] [0 -] =|a|@ha|=|s)

0001 | H-Device
m 0002 | B-BI_0 |
- DEMO [PF| 0003 | @20 0 -
- [2] MalN (PRI = —

BI 0

|_

FE BACnet BinaryInput
Device & bReady
bPresentValue

(o]

bCverridden
bOutOfService

bFault
bInAlarm
bError
nErrorId
- Device

BO 0

iz

|

FE BACnet BinaryOutput
bEnablePV bReady
bEV bPresentValue
Device b bCverridden

bBCutOfService
bFault
bInfAlarm
bError
nErrorId

(1]

 Device

EEEER

Fielzuzten: T 10BES3 [5.
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» TX9001Ltsm - TwinCAT System Manager - 'O(_10B653"

File Edit Actions Wiew Options Help

Device 1-Image

Inputs

Outputs

Beckhoff_3543045 (BACnet Server)

&1 Inputs

-§l outputs

BAC Device (BACnet Device Object)

BAC CurrentConfig. xml (BACnet File Object)

J?.*}E BACnetOnline_1010010.whp (BACnet File ¢

ii ToBus_0_CX2000-+E (BACnet Structured Vi
[#-B2F Term 2 (KL2114)_Chn1 (BACnet Binary
[-B4F Term 2 (KL2114)_Chn2 (BACnet Binary
l [-B4F Term 2 (KL2114)_Chn3 (BACnet Binary
I -E45 Term 2 (KL2114)_Chn4 (BACnet Binary
l -E4F Term 3 (KL2114)_Chn1 (BACnet Binary
I - BAS Term 3 (KL2114)_Chn2 (BACnet Binary
[-B4F Term 3 (KL2114)_Chn3 (BACnet Binary
l [-B4F Term 3 (KL2114)_Chn4 (BACnet Binary
I &-B45 Term 4 (KL1104)_Chn1 (BACnet Binary
l (- BAC Term 4 (KL1104)_Chn2 (BACnet Binary
I G- BAS Term 4 (KL1104)_Chn3 (BACnet Binary
[-B4F Term 4 (KL1104)_Chn4 (BACnet Binary
l [-B4F Term 5 (KL1104)_Chn1 (BACnet Binary
I G1-EBAS Term 5 (KL1104)_Chn2 (BACnet Binary
l #-BL% Term 5 (KL1104)_Chn3 (BACnet Binary

I BAC Term 6 (KL3062)_Chn1 (BACnet Analog
l [#-BLF Term 6 (KL3062)_Chn2 (BACnet Analog
l - EBAC Term 7 (KL3204)_Chn1 (BACnet Analoc

.4
Ready

pice 1 (BACnet) Al

l - BAT Term 5 (KL1104)_Chn4 (BACnet Binary

+-B25 Term 7 (KL3204) Chn2 (BACnet Analoc ™
1

Application
JI=IE
e/ H BB 2 Q2 0" @
Seﬂmgs Online |C],'d|c Data I Optional Properties |
MName D Walue Type ;I
PresentValue 35 |inactive j BACnetBinaryF
3 16 Elements BACnet Priorty\
[ (Mully Mull
12 (Nully Mull
31 (Mully Mull
[4] {Mully Mull
5] (Null) Mull
[6] (Nully Mull
71 (Mully Mull
[8] (Mully Mull
E] {Mully Mull
[10] (Nully Mull
[11] (Mully Mull
l [12] {Mull) "
[13] (Mully Mull
[14] (Nully Mull
[15] (Null) Mull
[16] (Mully Null
<| -] Reliabilitv 103 Ino fault detected | B.PtCne‘{F{eliat:iI"
4| | |
CX_10B653 (5.16.182.83.1.1) | RTime 26% [F4

3.4 Example: I/O automapping

In a BACnet environment data are always represented via objects and their properties. This applies to
memory states (variables) as well as hardware inputs and outputs. Essentially it means that all hardware
terminals of the 1/0 system must be mapped via BACnet objects. The automapping option minimizes the
complexity of linking between BACnet objects and hardware terminals. The procedure is described below by
means of screenshots. Further technical information can be found in section "I/O automapping [» 72]". An
example for manual linking between hardware terminals and BACnet objects can be found in section
"Manual hardware linking (terminal), BACnet Binarylnput and PLC runtime [» 931"

1. Create BACnet adapters and servers (see Example "Create BACnet adapters and servers [P 92]")

2. Create an I/O bus via the Scan function in Config mode or manually (see also section "I/O

automapping [»_72]")
3. Activate EtherCAT or K-bus automapping

a) Select the required bus system via the dropdown box
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.y CX9001.tsm
File Edit Actons

- TwinCAT System Manager -

View Options Help

"O(_0D082E"

ee v H B BB E % B Qe e’
L——_Iﬁ /O Devices et
E-#2° Device 1 (BACnet) SR |

i=¥m Device 1-Image —ldentification —Device Management
$1 Inputs BACnet ID [527621 Persist Server Online Data [~
$! outputs

¢ Beckhoff_527621 (BACnet Server) Ads Port |1DDD Use ISV r
%T Inputs
- Outputs Udp Port 47508 Backup Interval (min) Ig: 3:
--‘?;:E Device (BACnet Device Object) —
[£-B4F CurrentConfig.xml (BACnet File Object) —Authentification
3-BAC BAChetOnline_1010010.whp Fassword Set |

== Device 2 (CX9000-KBus) — . B

% Device 2dmage PLC AutcMapping 7, EtherCAT/KBus AutoMapping —

t %T Inputs I J {8

- §] Outputs

Eﬂj CXO000-KE Map | Unmap | Map | Unmap
- &1 Inputs -
- §l outputs —Dynamic Object Management
W Term 2 (kL2114) Cbject Type IﬁnalogOutput
i Term 3 {(kL1104)
% Term 4 (KL3202) Instance ID o |

----- ' EndTerm (KL3010) . .
- @ Device 3 (NOV/DR-RAM) Dynamic Objects | Delete | Create |

&5 Mappings
Ready

CX_0D0828 (5.14.8.40. L. 1) | Config Mode |3

b) Press the "Map" button

4. The mapping parameters can be set in the Automapping dialog and confirmed with the "Map" button

ToBusMappingDialog

=1o]x]

—Settings

Default resolution: Iﬂ.1

¥ Create Structured\iew object for mapping

[~ Disable Instrinsic Reporting Properties

—Link Settings
v
v
¥ Link coupler-/box state
[¥ Link EtherCAT state

[V Link \WeState
¥ Link status override. (e.g. KM4602)

Link raw PresentValue

Link status byte (Owverrange, Underrange)

—Object ID Generation Algorithm
¥ Use next available object identifier

nnn
Uy -

[T StartlD:

10 -

Module increment:

Cancel

Map

5. A separate dialog indicates the mapping progress
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_la/x]

Mapping Term 2 (KL2114) : Module 1/4 - Channel 1

6. The BACnet objects representing the the terminals of the 1/0 bus are located under a Structured View

y OX9001.tsm - TwinCAT System Manager - "O(_0D0828"

File Edit Actions View Options Help

|

VR BN L ® % B Qe

B4 Device 3 (NOV/DP-RAM)

-2 Device 1 (BACnet) e |
f + Device 1-Image MName | ID Walue
~&l Inputs » 28
-§ Outputs NodeSubtype 207
| Beckhoff_527521 (BACnet Server)
: § Inputs NodeType 208 |functional
Outputs Ohject Identifier 75 | StructuredView:0
§l
B E,Etz Device [EAC;ET: DTE";CE Dbjeci‘:} et Object MName 77 |VIEW D
I et CurrentConfig. xml (BACnet File Object X
I 3?.'25 BACnetOnline_1010010,wbp (BACnet File Ob_]ect} et Type - N o Py
(S8 105us_0_CX3000-KB (BACnet Structured View Object) SubordinateAnnotations| 210 | {
[+-B2E Term 2 (KL2114)_Chn1 (BACnet Binary Qutput Clb_]ect} SubordinateList 211 | §

- E‘;ﬂ‘F Term 2 (KL2114)_Chn2 (BACnet Binary Output Object)
'S Term 2 (KL2114)_Chn3 (BACnet Binary Qutput Object)
#-B2F Term 2 (KL2114)_Chn4 (BACnet Binary Output Object)
i BAE Term 3 (KL1104)_Chn1 (BACnet Binary Input Object)

! +-B4C Term 3 (KL1104)_Chn2 (BACnet Binary Input Object) ’

[#-B4F Term 3 (KL1104)_Chn3 (BACnet Binary Input Object)
A Term 3 (KL1104)_Chn4 (BACnet Binary Input Chject)
A Term 4 (KL3202)_Chn1 (BACnet Analog Input Object)
#-B25 Term 4 (KL3202)_Chn2 (BACnet Analog Input Object)

@8 Mappings Auto. mapped BACnet-Objects

Ready CX_0D0528 (5.14.5.40.1.1) | Free Run

7. The objects are available "Online" once the configuration has been loaded with "Reload 1/0 Devices"
and the Free RUN mode has been activated
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. O{9001.tsm - TwinCAT System Manager - "O(_0D0828"
Fle Edit Actions View Options Help

(=1 3

ID@@E(SE| 2R M |= 6

W . Y
£ e|% 2a e

- § Term 3 (KL1104)
oM Term 4 (KL3202) Instance ID [o

§ End Term (K1L9010)

=B 1/0 Devices VR -
: - eload I/0-Devices (F4
B Bﬁc Device 1 (BACnet) Settings | j ': }
----- -.adm Device 1dmage —ldentification ———— [~ Device Management
' g Inputs BACnet ID [527621 Persist Server Online Data [~
------ - §l Outputs
SR 5=ckhoff_527621 (BACnet Server) Ads Port |1m|:| Use USY r
- §T Inputs
- §l Outputs Udp Port 47808 Backup Interval {min) |3; =]
I [+-B25 Device (BACnet Device Object) —
I =B CurrentConfig.xml (BACRet File Object) | [ Authentification _
[-B4F BACnetOnling_1010010.wbp Password Set | Save Online Data Save
EECK
= hope Device 2 (CXS000 KBus) —PLC AutoMapping ———| EtherCAT/KBus AutoMapping —
----- -=¥= Device 2-Image =
- %T Inputs I J I j
- §l Outputs
= i cxoo00-+kB Map | Unmap | Map | Unmap |
%T Inputs i )
‘l Outputs —Dynamic Object Management
.j Term 2 (KL2114) Object Type I;’-‘-nalogOutput

_I

: ic Objects Delete Creat
- @ Device 3 (NOV/DP-RAM) Dynamic Obj | : | i |
+-&H Mappings
Ready CX_0D0823 (5. 14.8.40.1.1) | Config Mode i€

3.5 Example: PLC automapping

In a BACnet environment, data are represented via objects and their properties. This applies to memory
states (variables) and PLC signals that are meant to be visible in BACnet. Essentially this means that all
states of the PLC runtime which are meant to be visible in BACnet must be mapped via BACnet objects. The
automapping option minimizes the complexity of linking between BACnet objects and SPS signals. The
procedure is described below by means of screenshots. For further information please refer to section "PLC

automapping [»_62]".

A The example https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749044491/.zip can be
downloaded from herehttps://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749044491/.zip.

1. Creating BACnet adapters and servers (see: "Example: Create BACnet adapters and servers [»_92]")

2. Create a PLC project with the following block instances

0001 ([PRCGRLM DEMOC

0002 (VAR

0003 Device : FE BACnet Device;

0004 BV O : F3 BACnet BinaryValue;

0005 RV O : F3 BACnet AnalogWValue;

0006 MV O : F3 BACnet MultiStateWValue;

0007 | (* FB BACnet Enx_ce, FE BACnet BinaryValue,
0008 Fﬂ_ﬂlﬂ*nt_h_a aogValue and FB  BACnet Multist
0005 are implemented by the library "TcBAChet.
0010 |[END VLR

ateValue
ib" )

The aim is to create the PLC instances of the BACnet blocks as BACnet objects in the System
Manager configuration, pre-configure the process data and properties and link the process data

between the PLC and the objects. The required process data definitions

(AT%l* I AT%Q*) are

already included in the library blocks of the PLC library. Initialisation of the object properties is

described below.
3. Add automapping comments to the PLC instances and call up the block inst

ances in the PLC program
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PROGEAM DEMO
VLE
Device : FE BACnet Device;
BV O : FE BACnet BinmaryValue;
(* ~(BACnet | GhjectNaﬂE : DEMO.BEV O : nolink)
(BACnet ObjectIdentifier: 10 : nolink)
(BACnet ActiveText HEl : nolink)
(BACnet TInactiveText : hus : nolink)
(BACnet MinimumCntime HE: : nolink)
(BACnet MinimumOfftime : 5 : nolink)
(BACnet RelinguishDefault: active : nolink) *)
AV O : FE BACnet AnalogWValue;
(* ~(BACnet | GhjectNaﬂE : DEMO.AV O : nolink)
(BACnet Description : Ein Test- Chijekt. : molink)
(BACnet HighLimit : 100 : nolink)
(BACnet LowlLimit R : nolink)
(BACnet LimitEnakble 1 OxCO00e 1 nolink)
(BACnet Units : Other percent : nolink) *)
MV 0 : FE BACnet MultiStateValue;
(* ~(BACnet CbjectName : DEMOC.MV 0 : nolink)
(BACnet MNumberOfStates HE- 1 nolink)
(BACnet ARlarmValues : {274} 1 nolink)
(BACnet FaultValues i {1:5} 1 nolink)
(BACnet StateText i {eMin;wHMin;CE;wMax;eMax} : nolink) #*)
(* FBE_BACnet Device, FB BACnet BinaryValue,
FE BACnet AnalogValue and FB BACnet MultiStateValue
are implemented by the library "IcBACnet.lib"™ *)
END VAR
Note:

- The PLC program "DEMO" is called from program "MAIN". The program "MAIN" is entered as a
task in the task configuration

- The test program contains the library "TcBACnet.lib" as reference
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.. TwinCAT PLC Control - CX9001.pro - [DEMO (PRG-CFC)] - 10| x|

! Datei Bearbeiten Projekt Einfligen Extras Online Eenster  Hilfe _|E|H

B8 Bo)eda 2R & ElRmm k- -] ==

0001 |[PROGEAM DEMC
‘a B austeine ooz VAR

¥ 0003 Device : FB BACnet Device;

------ kAN (PR .l _'|_
BV O @ :

FBE_BLCnet BinaryWValue
—bEnabkle PV bReady—
—\BEV bEFresentValue—
Device b= bOverridden—
boutDfService—
bFault—
bIntlarm—
bBError—

nErrorId—

b Device

AV 0
FBE_BACnet AnalogValue @
—bEnabkle BV bReady—
—£BV fPresentValues—
Device = bBverridden—
bBoutDfService—
bBFault—
bIndlarm—
bError—

nErrorId—
b Device

MY 0
FB B2Cnet MultiStateValue @
—\bEnakle BV bReady—
—|nBv nBresentValuesq—
Device b= bBOverridden—
bBoutDfService—
bFault—
bIntlarm—
nbrOfStates—
bError—

4 I I 3 nErrorId—

. m: B Device -
CREE | o

<

4. Compile the PLC project (CTRL+F8)
5. Add the PLC project to the hardware configuration
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- TX9001.tsm - TwinCAT System Manager - 'C{_0D0828"
File Edit Actions View Options Help

Do a6 5 E

- [ - B SYSTEM - Configuration

v i a

BRI E Paste Ctrl+v

g '. : BB Paste with Links Alt+Ctrl+y

- 4| Inputs

------ b ] Outputs

El ElZ Beckhoff_527621 (BACnet Server)
- 8T Inputs
I ‘l Outputs
I #-BAC Device (BACnet Device Object)
I #-B45 CurrentConfig. xml (BACnet File Object)
I fﬁ.':'E BACnetOnline_1010010.wbp (BACnet File Object)
=i ‘B [oBus_0_CX9000-+E (BACnet Structured View Object)

F#1-B4C Term 2 (KL2114) Chn1 (BACnet Binarv Outout Obiect)

6. In the Settings tab of the BACnet server select the PLC configuration and execute automapping by
pressing the "Map" button

r CX9001.tsm - TWinCAT System Manager - "O(_0D0828"
File Edit Actions View Options Help

D@ E S 2 =RRHh Eeav/ddasi % EQRF" &0 2

E! PLC - Configuration

-EE Cxa001 Settings |
== 1/0 - Configuration —ldentification ——————— —Device Management
E--ﬁ 1/0 Devices BACnet ID [527621 Persist Server Online Data [~
=% Device 1 (BACnet)
Device 1-Image Ads Port I‘IDD[I Use USY ul
%T Inputs

— ] Udp Port I-ﬁ'&ﬂ& Backup Interval (min) Ig: 3:

- Beckhoff_527521 (BACnet Server)

R

Authentification
- §l Outputs ’7 Passwaord Save Online Data SEVE
- BAC Diyi i ;

S2F Device (BACnet Device Object)

I

- .
I [+-B2F CurrentConfig. xml (BACnet File Object) LS g — EtherCAT/KBus AutoMapping —
l ‘?.’JF BACnetOnline_1010010.wbp (BACnet File Object) || =l | |
B2 ‘B [oBus_0_CX9000-+E (BACnet Structured View Object)
545 Term 2 (L2114)_Chn 1 (BACnet Binary Output Object) =p Lis Map | Unmap |
I [#-BAC Term 2 (KL2114)_Chn2 (BACnet Binary Output Object)

[3-849 Term 2 (KL2114)_Chn3 (BACnet Binary Output Object) | [ DYMamie Objeet Manag
I -BAS Term 2 (KL2114)_Chn4 (BACnet Binary Output Object) Object Type IﬁnalogOutput J
l [-E4F Term 3 (KL1104)_Chn1 {BACnet Binary Input Object)
(- BAE Term 3 (KL1104)_Chn2 (BACnet Binary Input Object) Instance IO o |
-84 Term 3 (KL1104)_Chn3 (BACnet Binary Input Cbject)
l [#-EB24F Term 3 (KL1104)_Chn4 {BACnet Binary Input Object)
l [#-E4C Term 4 (KL3202)_Chn1 (BACnet Analog Input Object)
[#-BAC Term 4 (KL3202)_Chn2 (BACnet Analog Input Object)
[H-E52 Device 2 (CX9000-KBus)

Dynamic Objects | Delete | Create |

Ready

CX_0D0828 (5.14.8.40.1. 1) | Config Mode

7. Wait until the mapping is complete (dialog with progress bar appears)

PLC Automapping in Progress ...

Processing symbol 1/27:
DEMO.BV O

Cancel

8. The links have now been created. Finally, activate the configuration by pressing the button "Activate
Configuration" button in the toolbar
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o TX9001.tsm - TwinCAT System Manager - 'C{_10B653"

File Edit Actions View Options Help

=T

T
J s L HP BB T22Q 2 @0
[TEM - Configuration =
- Configuration fEimgE | Objects |
- Configuration r— Identification — Device Management
Blg‘cj Devices BACnet ID [3543045 Persist Server Online Data [
5. Device 1 (BACnet)
; + Device 1-Image Ads Port IH]II Use USV r
Udp Port 47808 Backup Interval (min) |3[:u 3:
r—Authentification
-§! Outputs Password 5EH | Save Online Data ave
EAC Device (BACnet Device Object) ) )
net | _— {B s —
f,‘;:'tc CurrentConﬁg xml {BACnet File Ob_]ett} IPLC AutoMapping J IEH-'BFCAT’I futoMapping J
E‘ HE DEMO
%,&E DEMO.BV_0 (BACnet Binary Value Object) 2 | Unmap | Map | Unmap |
545 DEMOLAY_D (BACnet Analog Value Object) — X -
= 546 DEMO.M_D (BAChEt Mottt Value Object) Dmislonilsimin
o t Object Type IAnangOutput J
=2 pevice 2 {cxgonnmus)
@ Device 3 (NOV/DP-RAM) Instance ID o |
Mappings Chynamic Objects | Delete | Create |

58 Device 2 (CX9000-KBus) - Device 1 (BACnet) (turned)

S5 CX2001 (Standard) - Device 1 (BACnet)
E‘iﬁ [Device 1 {BACnet)_Task_58 - Device 1 (BACnet)]

Kl | »]

Ready

CX_10B653 (5.16.18

83.1.1)

Config Mode

9. Log into the PLC (F11) and load the program (then start the PLC project with F5, if required)
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... TwinCAT PLC Control - CX9001.pro* - [DEMO (PRG-CFC)] - ||:|| ﬂ

! Datei Bearbeiten Projekt Einfligen Extras Online Eenster  Hilfe _Iﬁllﬂ

B=E| Bl@ledtseRm * @m0 -] ==

0001 | @Device
‘a B austeine ooozZ | BBV O
E """ EB ooo3 | e .nERR_NO ERROR = 0
o MaN PR| [0002] - .NERR_WRONG MAPPING = 2
ooos | e .nERR OPERATIONARL = 3
000 | e ._PresentValue = 1
gooT | e ._PresentValue Pri... = 2
goos | e ._StatusFlags = 4
0009 B, StatusFlagsBits
goio| e ._nipdateCount = 7077
gpi1| .bEnablePV =
0012 ....... .bP'&F =
0013| .bReady =
0014 | e bPFresentValus = IgilX
Qo015 e POverridden = (IR
00le| LPOutCfService = [N
Qo7 | e LLFault = |gEinsgiy
ooi1g | e LInflarm = [N
goi1ge | e LEError = 3NN
goza | e .NErrorId = 0
0021 . Device
0022 | @&V O
0023 | @MV _0
0024
0025 [
BV 0 (-
FB_BACnet BinaryWValue @ o
—\bEnakle BV bReadyl—
—\BEV bEresentValueq—
jﬁet'ice = bBverridden—
bBoutDfService—
bBFault—
bIndlarm—
bError—
1| I [ 3 nErrorId—
._[! E E — b Device -
| | ol

3.6 Example: BACnet day/night control
The example below illustrates how to configure simple day/night control with the aid of a BACnet schedule

and output object. This can be used for lighting control, for example, which is active during the night. The
time for activating the binary output is set to 22:00. The output is reset at 4:00.

& The example https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749045899/.zip can be
downloaded here https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749045899/.zip.

1. Create a BACnet adapter and server (see "Example: Create BACnet adapters and servers [P 921")

2. Adding an I/O bus via I/0 automapping (see: "Example: I/O automapping [»_115]")
3. Creating a schedule object under the server
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a) Right-click on the server and select "Append Object..." to create a new BACnet object

. OX9001.tsm - TwinCAT System Manager - 'C(_0D0828" — IEI ILI

File Edit Actions View Options Help

Dl S 2R 2 A8 ®asrdd s a2 |(2qease @32

=B} SYSTEM - Configuration

PLC - Configuration Settings |
E|- LjO - Configuration Identification ——————— | [~ Device Management
=54 1/O Devices BACnet ID [527621 Persist Server Online Data [~

EIBZc Device 1 (BACnet)
=t Device 1-Image Ads Port I‘IDDD Use USV I~
@1 Inputs
§| Outputs Udp Port 47208 Backup Interval (min) |3: =

Beckhoff_527521 (BACnet 5

erver]
% Inputs Jmi’maﬂon
- $! Outputs ¥ Delete Object.. rd Set | Save Online Data Save

I -54C Device (BACnet Device Object

P - ;
. #-BAS CurrentConfig.xml (BAChet Fil \ Scan Devices.. ollapping —| 1 EtherCAT/KBus AutoMapping
=
- J?,*}F BACnetOniine_1010010.ubp (5 =l | =
gy IoBus_0_CXS000-KB (BACnet © m | x | U |
22 Device 2 (CX9000-KBus) & Change 1d ip_l nmap ap nmap
[+-- @ Device 3 (NOV/DP-RAM) i E—
58 Mappings Chynamic Object Manag:
Object Type [AnalogOutput J
Instance D I |
Dynamic Objects I Delete I Creste |
4 | |
Ready C)_0D0B28 (5.14.8.40.1.1) | RTime 26% |3

b) Select module "BACnet Schedule Object" and add with "OK"

Insert TCom Object

Search: I Mame: IElbiectE [BACHet Schedule Object] | oK. I
Tvpe: El- :Ei: Beckhoff Automation GmbH Cancel |
[=-BAC BAChet Modules
--EAE BAChet Binary Input Object [Module] .
net ) I = I
B85 BAChet Binary Output Object [Module)] Multiple: 1 E

B85 BAChet Binary Y alue Object [Madule]

-85 BACHhet Analog Input Object [Madule]

B BAChet Analog Output Object [Module] Inzert Inztance. .. |
-BAE BAChet Analog ¥ alus Dbject [Module]
--BAZ BAChet Calendar Object [Madule]
RS B4 net Schedule Object [Module]
--BAE BAChet MaotificationClazs Object [Module]
BT BACHet Multistate Input Object [Module]
--ERAE BACnet Multistate Output Object [kModule]
-BAE BAChet Multistate Value Object [Maduls]
-BAC BAChet TrendLog Object [Module]

BT BACnhet File Object [Maodule)]

--BAE BACKet Group Object [Module]

--BAE BACHhet Accumulator Dbject [Module]
BT BAChet Program Object [Module]

B4 BAChet Loop Object [Module)]

-85 BAChet Command Object [Madule]

gty BAChet Stuchured View Object [Module]

4. The object of type BACnetBinaryOuput, which represents the binary output for the lighting control, is
entered as object reference for writing the schedule value (ACTIVE | INACTIVE):

a) Double-click on the property ListOfObjectReferences:
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Settings |Dn|in&| Cyclic Data I Optional Fmperti&sl

MName | ID Value Type
oo B CharacterStingExt
Effective Perod Y. e | BACnetDate Range
ExceptionSchedule 38 |0 .| BACnet Special Event List
ListOfObjectPropertyReferen... | 54 | 0 }. 4 PACnetDeviceObjectProperty Referencel]
ObjectIdentifier 75 |Schedule:0 \bﬁ-ﬂACne‘tObjedldemmer
ObjectName 7T DEMU.TagNadﬂZeﬂMalte"ﬁ'} CharacterString Ext
OutOfService T Bool
Priority ForWWriting 28 |16 Unsignedirteger
Reliability 103 | no_fault_detected j BACnet Reliahility
ScheduleDefault 174 | {MNull} BACnetValueList
WeeldySchedule 123 |GGG | BACnet Daily ScheduleList

b) Then select the PresentValue of the required BinaryOutput object:

object/Property Wizard - ||:|| ﬂ

=L Beckhoff_3543045 (BACnet Server) "
----- [J&4F Device (BACnet Device Object)

----- CIEE CumertCorfig xml (BACnet File Object)

----- [J545 BACnetOnling_1010010.wbp (BACnet File Object)

- [ loBus_0_CX9000-KB (BACnet Structured View Object)

- [JE4E Temn 2 (KL2114)_Chn1 (BAChet Binary Output Object)

- LW PresertValue

- T8 Term 2 (KL2114)_Chn2 (BACnet Binary Output Object)

- 545 Tem 2 (KL2114)_Chn3 (BACnet Binary Output Object) -

= FEaT T Ea N P N T L] R N T

il Seings
Property Filter PresentValus |
Object type filter j
Data type filter j

The selection of the object reference is important for the subsequent steps. It determines
the data type of the TimeValue entries in the property ExceptionSchedule for the following
wizard. If the PresentValue of a binary* object is selected, the data type BACnetBinaryPV is
otherwise added to Bool.

5. Double-click on the property ExceptionSchedule:

TS8020 Version: 1.3 125



Application

BECKHOFF

o CX9001.tsm - TwinCAT System Manager - 'O( 10B653"

File Edit Actions View Options Help

D@ &G F 2R a S = e v

L 2% @ | B Qe ve”

FM - Configuration

Settings |Dn|ir|e| Cyclic Data I Optional F‘mperti&sl

Configuration
IConfiguration Mame D Value Type
[0 Devices Diescription 28 Characti
* Device 1 (BACnet) . - =3 | » |coooooos ]
" & Device L1mane EffectivePeriod 32 [eeeasss ______|BACnet]
- %1 Inputs 4 g 32 U .
..... $| outputs ListOfObjectPropetyRef... | 54 [{(BinaryOutput:0;Presq - ™l ..
].—|<S- Beckhoff_3543045 (BACnet Server) Object|dentifisr 75 |Schedule:0 ¥4 | BACnet:
)1 Inputs ObjectName 77 | DEMO TagNachtZeitschatter | Charach
= §l Outputs )
- EAC Device (BACnet Device Object) OutCr Service 81 |[™ Bool
--E,’:F CurrentConfig.xml (BACnet File Object) PriorityFor\¥iiting 32 (16 Unsigne
[#-B4F BACnetOnline_1010010.whp (BACnet File C Reliability 103 | no_fault_detected = || BAChetl
gy ToBus_0_CX9000-KB (BACnet Structured Vi X
7 B SCHED_ D (BACnet Schedule Object) ScheduleDefault 174 | {Null} BACnet
. @ Inputs WeeklySchedule 123 ({0 E0GG0 BACnet|
------ &! outputs
¥ Device 2 (CX9000-KBus)
Device 3 (MOV/DP-RAM)
appings
4
Kl | sl
Ready
6. The wizards facilitates configuration of the switch-on and switch-off times:
&# Exception Schedule - DEMO.TaghachtZeitschalter = Il:llﬂ
1o | weekNDay
i [P o Hp =) | Pew = || Eow = | L
Inactive pooooo = || |poooo = || 4]
Inactive pooooo = || |pooooe = || +]
Inactive pooooo = || |pooooe = || +]
Inactive pooooo = || |poooe = || 4]
Inactive pooooo = || |pooooo = || +]
+ Clear | Ca'tnell Ok |
Y
7. The configuration now has to be loaded into the target system by clicking on "Active configuration" on
the toolbar:
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-y OX9001.tsm - TwinCAT System Manager - "O(_0D0828"

File Edit Actions View Options Help

P
B - IER IR EEET 1 Y R R IR RN Ik

=Bl 5YSTEM - Configuration
=58 PLC - Configuration

E|l 1/0 - Configuration

Elﬁ I/O Devices

E1-%%° Device 1 (BACnet)
-=f= Device 1-Image

4 Device (BACnet Device Object)
45 CurrentConfig. xml
4 BACnetOnline_1010010.wbp
=% IoBus_0_CX9000-KB
[+-B4F SCHED_0 (BACnet Schedule Object)
-5 Device 2 (CX9000-+Bus)
[+ 4 Device 3 (NOV/DP-RAM)
g8 Mappings

Activate configuration

Settings Ionli:|.-'-\cﬁvahe configuration hal Properties I

Name 1D | Value Type
Description 28 CharacterString Ext
EffectivePeriod 32 et | BACnetDateRange

ExceptionSchedule 38

{=.=1:{(22.00:00;:active);(04:00:. | BACnet Special Event List

[=] ListOfObject PropertyRefer... | 54 | {{BinaryOutput:0;PresentValue)} | BACnetDeviceObject PropertyReference]]
L4 1 BACnet DeviceObject PropertyReference
Object Identifier 75 | Schedule:D BACnetObject Identifier
Object Name 77 |SCHED_D CharacterString Ext
OutOfService |- Bool
Priority For/riting 38 |16 Unsignedinteger
ScheduleDefault 174 | {Null} BACnetValueList
WeeldySchedule 12310000000 BACnetDaity ScheduleList

CX_DD0B28 (5.14.8.40.1.1)

RTime 24% |4

3.7
interface

Example: Operating BACnet and BK90XX via an Ethernet

This section explains how a BACnet device can be operated in parallel with one or several BK90XX ( real-

time Ethernet ) via an Ethernet interface.

First, a real-time Ethernet adapter (multi-protocol handler) is created and linked with the required

Ethernet interface:

Insert Device

]

[+-4110 Beckhoff Lightbus
[+-8%% Profibuz DP

--iﬁ’ Profinet

--till CaMopen

--3:_— DeviceMet / Ethernet /P
#-fff SERCOS interface

= EtherCaT

Etherret

Type:

..... Er

----- EF Yirtual Ethemnet Interface
----- EF BAChet Ethernet Device

LSE
Imterbus-5
H-ft Beckhoff Hardware

----- EF Real-Time Ethermet [Standard)
Feal-Time Etheret Adapter [Multiple Protocol H andler)
----- EF Real-Time Ethemet Protocol (BES0x, Ax2000-8300)

----- ﬁ_u |[EEE 1883 Ethernet Device [PTF]

M ame: ID avice 1

Ok I
Cancel |

— Target Type——
£+ PC only
0 anly
B anly
£ al

Then a BACnet device is created and used as Ethernet adapter Port 1 for the multi-protocol handler:

TS8020
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File Edit Actions Yiew OQptions Help
g v B BENE®| % B A[Eé v €0

|IDF&FH =6 & B8R dba =

Bl =vsTEM - Configuration : : -
B PLC - Configuration Audapter | Settings | BBMD | Diagrosis |
= 1/0 - Configuration e
Eﬂ 1/ Devices M etwork Adapher
. ¥ Device 1 (RT-Ethernet Adapter) & 05 (HDI5] L = i DERAM
=% Device 2 (BACHeL) _—
. == Davice 2-Image Dzsarintion I
T Inputs Device Name: |
Lo @] Oukputs
& Mappings POl Bus/Slot | Seaich.. |
Al Addiess: IEID 00 00 00 00 00 Compatible Devices. . |
|F &ddrezs: ID.D.D.D [0.0.0.0)
I™ | Fromiscuous Mode [use with MetmanAsireshark only]
I~ | wirtual Device Names
— i Adapter Feference
Adapter:
Freerun Cycle [ms]: m
Ready Local (10.3.16.9.1. 1) BERIER

The procedure for the real-time Ethernet protocol is similar:

i, Untitled - TwinCAT System Manager =]

File Edit Actions Yiew OQptions Help

D@ & Een A3 BeasdFE s <D Balldes e B
- B SYSTEM - Configuration
B PLC - Configuration General Adapter |
= 10 - Canfiguration e
I_——_Iﬂ /O Devices Metwark Adapter
i-m¥F Device 1 (RT-Ethernet Adapter) & 05 (HDI5] L = i DERAM
8% Device 2 (BACHEL) Descriptior: I
Dieyice Mame: |
PCIBus/Slat: | Search.. |
MAE Address: i i
§ Inputs IEID 00 00 00 00 00 Compatible Devices. . |
&/ outputs I[P Address: |E|_|j,[|_|:|[|j.[|_[|_|j]
- Box 1 (BKI000)
& Inputs ™| Promiscuous Mode [use with Metmaon sireshark orly]
‘l Outputs I~ | wirtual Device Names
L End Term (KL9010)
-8 Mappings — ¢ Adapter Feference
Adapter: IDevice 1[RT-Ethemet Adapter) - Port 1 j
Freerun Cycle [me]: |4 3:
Ready Local £10.3.16.9.1.1)  JERINE

BACnet and real-time Ethernet can now be operated in parallel via the same Ethernet interface. ( e.g.
scanning in of devices etc. )
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If the real-time Ethernet protocol device is not controlled via BACnet but through synchronous mapping from
a PLC, for example, the network queues must be activated in the BACnet device. The reason is that internal
BACnet functions can only be called up via the BACnet task. Synchronous mapping of the real-time Ethernet
protocol device results in BACnet being called up in the context of the linked task. In this case the network
queues decouple internal BACnet functions from this task.

The network queues can be activated in the "Settings" dialog of the BACnet device:

. Untitled - TwinCAT System Manager o ] 4

File Edit Actions Wiew Opkions Help
DS HE Sk 222 M| EHavyddan<e e Bl e en
Ldapter  Settings | EEMD' Diagnosisl

- Bl 5¥STEM - Configuration

! PLC - Configuration
E|. 1/ - Configuration

=1-E8 V0 Devices [~ Loeal Ip Settings
S Device 1 (RT-Ethernet Adapter) Networ!. adapter Settings

-7 Device 2 (BACRet)

= g

— Time Management

Usze operating spstem setting: v

- Device Z-Image ¥ Use separate Recw/Send queuss \ UTC Offset IBEI—
87 Inputs . \

R 5 [ = , —

§! Outputs zev Queue Sice 1000 = Daylight Savings Time ]

g

Device 3 (RT-Ethernet Protocol) Send Queue Size I‘IDDD 3:
+ Device 3-Image

[ 8T Inputs z
‘l Outputs

- Box 1 (EK9000)
%T Inputs

Local Date |1 142472011

IS 3.
2 Local Time 4:37-57 PM
Apply J/
Client Synchronization Sunc MNow |

Tazk Pricrity

Cancel

- @l output
Hl? E:deuersm {KLA0LD) Ads Port i55535 _— Kow Corfina
; —Supplement K.ey Configuration
@8 Mappings —
— Task Configuration Key Status walid BACHet supplement key
|Device 2 (BACnet] Task 56 =]  Appl | View Key | [——— |
—Import/Export (EDE, =ML, EXF] —————— [ Advanced Settings
Import | et | [ata Stuctures m
Mebwark fdapter Qusues ’
Ready Local £10.3.16.9.1.1) BGRINEEES

The procedure described here can also be used for configuring several BACnet servers (devices) on a
network interface. For each BACnet server a BACnet device must be created and linked with the port of the
multi-protocol handler. In this way several BACnet servers can be operated in parallel - the IP address then
must be adapted for each associated BACnet device, since the BACnet servers are distinguished through
the IP address.

3.8 Example: NotificationClass and NotificationSink

The following is an example of using the NotificationClass in conjunction with a NotificationSink. This
"collects" the events of 3 objects (BV, AV, MV) and sends them to the local process 10 (NotificationSink) of
the local BACnet device (event notification by intrinsic reporting).

In addition the PresentValue of the AnalogValue object should be sent to the NotificationSink if the value
changes by 0.1 (COV noatification).

A& The example https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749047307/.zip can be
downloaded here https://infosys.beckhoff.com/content/1033/tcbacnet/Resources/12749047307/.zip. The
included TSM file can be used for testing purposes without loading the PLC.
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Device 107297

MotificationSink
NC:10 Process 10

BV:0

Maotificat

Fig. 1: Figure 1: Schematic diagram of an NotificationClass example configuration, its event-generating

objects (AV, MV, BV) and the NotificationSink.

The objects are configured via the declaration in the PLC program:

VAR
viewDummy : BOOL; (* ~( BACnet StructuredvViewPath : \/DemoNClass : ) *)

fbDevice : FB_BACnet Device;

fbBV_0 : FB_BACnet BinaryValue;
(* ~(BACnet ObjectIdentifier : 0 : nolink )
(BACnet FEventEnable : {to_offnormal;to fault;to normal} : nolink )
(BACnet ActiveText : EIN : nolink )
(BACnet InactiveText : AUS : nolink )
(BACnet NotificationClass : 10 : nolink ) *)

fbAV_0 : FB_BACnet AnalogValue;

(* ~(BACnet ObjectIdentifier : 0 : nolink )

(BACnet EventEnable : {to _offnormal;to fault;to normal} : nolink )
(BACnet NotificationClass : 10 : nolink ) *)

fbMvV_0 : FB_BACnet MultiStateValue;
(* ~(BACnet ObjectIdentifier : 0 : nolink )
(BACnet EventEnable : {to_offnormal;to fault;to normal} : nolink )
(BACnet NotificationClass : 10 : nolink )
(BACnet NumberOfStates : 5 : nolink )
(BACnet StateText : ErrLow;WarnLow;Normal;WarnHigh;ErrHigh : nolink )
(BACnet FaultValues : 1;5 : nolink )
(BACnet AlarmValues : 2;4 : nolink )
(BACnet Description : MV DEMO Objekt. : nolink ) *)

fbNC 10 : FB BACnet NotificationClass;
(* ~(BACnet ObjectIdentifier : 10 : nolink )
(BACnet_Priority : {70;80;90} : nolink )
(BACnet AckRequired : {to offnormal;to fault;to normal} : nolink )
(BACnet RecipientList
<ArrayOfBACnetDestination>
<BACnetDestination>
<recipient>
<choice>device</choice>
<BACnetObjectIdentifier>
<objId>33661729</0bjId>
</BACnetObjectIdentifier>
</recipient>
<validDays>65025</validDays>
<fromTime>
<hour>0</hour>
<minute>0</minute>
<second>0</second>
<hundredths>0</hundredths>
</fromTime>
<toTime>
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<hour>23</hour>

<minute>59</minute>

<second>59</second>

<hundredths>99</hundredths>
</toTime>
<processIdentifier>10</processIdentifier>
<transitions>57349</transitions>
<issueConfirmedNotifications>false</issueConfirmedNotifications>

</BACnetDestination>
</ArrayOfBACnetDestination>
: nolink ) *)END VAR

The NotificationSink added for receiving the events is configured in the System Manager:
NotificationSink

: LU pat LA AL L e T
=" NSINK_10 {MNotification Sink)
El%T Inputs
-1 CovNotifications
‘5] EventMotifications

Fig. 2: Figure 2: NotificationSink in the System Manager tree view

Orline  Settings |
— ldentification Configuration ———————————
Process ID I'H]' Event Queus Size IZE»E 3:
Ads Port 1001 COV Queue Size IZE-E 3:
—COV Subscriptions
Subscription | ID | Parameter Datatype
4 0 | (10;AnalogValue O;False; 0;(Present Value);0,1) | SubscribeCOVPr...
subscriberProcess|dentifier 10 Unsignedinteger
monitoredObjectldentifier AnalogValue: 0 BAChetObject|de. ..
issueCorfimedMotifications | | Boal
lifetime W [0 IUnsignedinteger
monitored Propertyldentifier (PresentValue) BACnet PropertyR ...
covincrement ¥ (0.1 Real
T ——

Fig. 3: Figure 3: NotificationSink configuration in the System Manager

Process ID: The process ID is set to 10 and reported to the NotificationClass as a receive process (via PLC
automapping comment).

COV Subscriptions: As an example the PresentValue of the AnalogValue object (AV:0) is subscribed to.
The parameter covincrement specifies the change of value threshold at which a COV notification is sent.

The following entries are displayed in the Online tab, once the configuration has been loaded and the
values of the respective objects have been modified: NotificationSink PresentValue
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—Notifications

MNr Time: Source Param
COVMatification_0 12.06.2012 14:20:53 {10; Device: 107297 AnalogValue 0;0:{(Pres... |COV...
COVMotification_1 12062012 14:21:19 {10;Device: 107297 AnalogValue:0;:0:{{Pres... [COV...
COVMotification_2 12.06.2012 14:21:24 {10;Device: 107297 AnalogValue:0:0:{{Pres... [COV...
COVMotification_3 12062012 14:21:27 {10; Device: 107297 AnalogValue 0;0;{(Pres... |COV...
COVMotification_4 12.06.2012 14:21:30 {10;Device: 107297 AnalogValue:0:0:{{Pres... [COV...
Event Motfication_0 12.06.2012 14:20:53 (10; Device: 107257 MuttiStateValue:0;12.0... |Eve...
Event Motification_1 12.06.2012 14:20:53 {10; Device: 107257, BinaryValue:0;12.06.20... | Eve...
Event Motfication_2 12.06.2012 14:21:11 (10; Device: 107257 BinanValue:0;12.06.20... | Eve...
EventMotfication_3  [12.06.2012 14:21:13 {10; Device: 107257, BinaryValue:0;12.06.20... | Eve...
Event Motfication_4 12.06.2012 14:21:57 (10; Device: 107257 MuttiStateValue:0;12.0... |Eve...
EventMotfication_5 [ 12.06.2012 14:22:03 {10; Device: 107257, MultiStateValue:0;12.0... |Eve...
Event Motfication_6 12.06.2012 14:22:05 (10; Device: 107257 MuttiStateValue:0;12.0... |Eve...
'  12.06.2012 14:22:08 (10;Device: 107257, MuttiStateValue:0;12.0... |Bve...
process|dentifier 10 Unsi...
intiatingDeviceld... Device: 107257 BALC...
eventObject ldent .. MultiStateValue:0 BAC...
time:Stamp 12.06.2012 14:22:08 d. =
notificationClass 10 Unsi...
priority a0 Unsi...
event Type change_of_state j BALC...
message Text " MY DEMO Obijekt. ... |Char...
notify Type alam j BALC...

ack Required v v Bool
from State I offnormal ﬂ BAL...
toState fault ~|Bac..
eventValues =2 (49156:11:5)) c.. 7|

Fig. 4: Figure 4: NotificationSink online data after COV and event notifications have been received.

(
1 The text under messageText is formed from the property description of the event-generating object.

3.9 Frequently asked questions

BACnet client does not provide current process data

* During stopping/shutdown of the TwinCAT system the process data of some BACnet objects are reset
»133]
o How can a restart of remote servers be detected?

o How can the status of remote servers be monitored?

o How to increase the maximum number of properties subscriptions, which the server permits per
object?

» Writing of data to a remote server in the event of change of value (Write On Change) should be
temporarily disabled. [»_135]

* How can the sending of alarm events be prevented for BinaryOutput/Input or Value objects? [» 136]
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* How can NULL (NaN) be written to the priority array of the commandable property PresentValue of an
AnalogOutput by the PLC via the process data? [P _136]

* Why is the process data PresentValue of a binary* object of type WORD? [»_136]

e The K-bus of BACnet controller fails sporadically, without apparent reason. What could be the causes?
> 136]
> How can the K-bus task be triggered independent of the BACnet task?

* Why does the property StatusFlags of an object have the value 0x0004 or the property EventEnable the
value 0x0005, even though no status bits of the property are set? [P _138]

« A BACnet client whose process data are linked with the PLC is always shown as “"Offline” in the System
Manager. However, the client is shown in a scan. What could be the problem? [» 138]

o How can the input process data (Read) of a client be changed from COV to Polling?

e The PLC auto-mapping is much slower than usual. What could be the problem? [» 139]

I. BACnet client does not provide current process data

A BACnet client does not provide current process data, which were subscribed to via COV, to the PLC
(process data connected with the PLC on the client side via mapping; the object itself runs on a remote
server). What might cause this?

1. The remote server which the client tries to access was restarted (reboot, TwinCAT restart or control
voltage failure). Once the server is running again the client must re-register all COV subscriptions, or
the time defined under Resubscription Interval has elapsed (Resubscription Interval, see also section

“Process data [P 42]” under "Properties as process data").
o How can a restart of remote servers be detected?

Under a client the process data SystemStatus can be mapped. Mapping of SystemStatus
should be set to Polling with a period that should be as short as possible (between 1..5 s). If
the remote server is switched off, timeout of the polling query is triggered (server cannot be
reached, client status bit 1 = TRUE — acknowledgement via ClientControl ). Once the remote
server commences a restart, the SystemStatus assumes state “4” (non-operational). Once the
SystemStatus changes from “4” to “0” the remote server is ready for queries, so that COV
subscriptions can be re-registered. The registration of the COV subscriptions can be controlled
via ClientControl bit 3.

For further details see section “Process data”, subsection “BACnet client”.
2. The network connection between client and server is interrupted.
o How can the status of remote servers be monitored?

See item 1. In addition, the Device Status of the local BACnet adapter can be used to monitor
the “linked” state of the network adapter (see section “Process data”, subsection “BACnet
device”).

3. The remote server does not support COV of Properties (COV-P).
See also Section IX. [P 138]
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4. The remote server is supporting COV-P, but the maximum number of subscriptions to the
corresponding object exceeded on server side. In the logger window of the System Manager on the
client side you will see:

. Unbenannt - TwinCAT System Manager - 'CX{_OFFBAD" - IEI Ill
File Edit Actions Wiew Options Help
LR - &
D@  EE|( % 2e8 @) =avdd s e|=qQleeed
ITEM - Configuration . -
- Configuration Sd'hngsl Orline  Cyclic In Data | Cyclic Out Data I
- i -
H‘é";ﬁg_‘m"” —Objectidentifier
evices
o e - e BT
?zcl: Gerat 1 (BACnet) [V | Update using COV Resubscnption [nterval (=) Iaiu
“-=¥= Gerst 1-Prozessabbild r COV Increment I—
81' Inputs
; | Qutouts ™| If EOV subscription fails use polling Cycle time (ms) |1EEE
=5 Beckhoff_527385 (BACnet Clie
g Inputs —Present\/alue
- Outputs i -
: v L Cov Resubs Interval 240
- BAC Beckhoff_527365 (Remots ) Lot s esubscription Interval (5) |
B#-52F CurrentConfig.xml (Remot ke COV Increment I:
(+-52F BACnetOnline_1010010.w
=-52F BY_0 (Remote BACnet Bin: [T If COV subseription fails use polling Cycle time (ms) |1DDD
= §T Inputs
¢ % Presentvalue —StatusFlags
o ‘l Outputs [V | Update using COV Resubscription [nterval (s) IZiC LI
E* I i
w&um N
12:27:06 737 ms IEACnet Client 527365: BinaryValue:0 - Present_Value - COV subscription failed! Errorcass: Services Errorcode: Timeout o
12:23:05 787 ms  BACnet Client 527365: BinaryValue:0 - Present_Walue - COV subscription failed! Errordass: Services Errorcode: Timeout
=R ms net Clien » BinaryValue:0 - Present_Valua - subscription failed! Errordass: Services Errorcode: Timeou
12:19:04 737 BACnet Client 527365 Bi Value:0 - Py t_Wal COV subscription failed! Errord Servi Eri de: Ti t
12:15:03 786 ms  BACnet Client 527365; BinaryValue:0 - Present_Value - COV subscription failed! Errordass: Services Errorcode; Timeout
jl 1107 TRE rie RAMmat Cliant EYTIEC Rimardizliae - Dracant Walus - ©OW ouherrindian failad|] Ereard=soos Carvican Frearcadas 'l'lrrn:.niH- ILI
1
CX_OFFBAD (5. 15,251, 160, 1.1) Jonfig MIF

Example of COV-P error

> How to increase the maximum number of properties subscriptions, which the server
permits per object?

On the server side the following parameter needs to be adjusted to increase the maximum
number of subscriptions per object (see Advanced Settings under Memory-specific parameters

[»531]):
a. Select the BACnet adapter of the appropriate server

B SYSTEM - Configuration : i
B PLC - Configuration Adapt ngs I BEMLC

P Cam - Configuration

—Local |p Settings —
Mode v L

- $! Outputs Subnet 255
E|.—|<S- Beckhoff_5273465 (BACnet Server)
%T Inputs Gateway 163
- §l Outputs
7. BAC i i j
2 Device (BACnet Device Db_]ec.t} —Device Seftings ——
E':'F CurrentConfig.xml (BACRet File
- BAE BACnetOnline_1010010.wbp (B Amshetld  |5.12.
N =-E2C BY 0 (BACnet Binary Value Obij Ads Prrt ===
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b. Press button "Configure" under "Advanced Settings - Data Structures”

Ldvanced Settings
Network Adapter Queues | Configure 1

c. Increase parameter "MAX_OBJ_SUBS_COV_ENTRIES" accordingly

MA&X_0BJ_SUBS_COV_ENTRIES [10 =
MAX_PROPERTY_ARRAYELEMENTS  [200 =]
LIST_ALLOC_MEM_BYTES [a192 =
MAX_DEVICE_BINDINGS [1000 =
MAX_OBJECTS | 1000 =
MAX_CLIENTS [255 =
M&X_TRENDLOG_ENTRYSIZE [56 =
DYN_TRENDLOG_BUFFERSIZE [100 =
MAX_MULTISTATE_DYNSTATES [255 =]
MAX_RECY_BAC_SEGM_FRAMES 1000 —
MAX_SEND_BAC_SEGM_FRAMES [1000 =]
I0_STARTUP_TIMEOUT 2000 =

Cancel SetDefaulis | Save |

d. Press button "Save" to store changes / button "Cancel" to abort

e. Apply changes with symbol "Activate configuration" respectively with symbol "Reload 1/0
devices (F4)" in mode "CONFIG" from the tool bar.

Il. During stopping/shutdown of the TwinCAT system the process data of some BACnet objects are
reset

During stopping/shutdown of the TwinCAT system the process data of some BACnet objects are reset. This
leads to unintended effects since some object states influence the persistent PLC data. How can the validity
of the object states in the PLC be monitored?

1. The validity of the object states can be monitored with the aid of the Device Status (bits 8...15) of the
local BACnet adapter, by querying the state of the device state machine (mapped in the PLC). If the
device state machine reports Complete (8), the local server and its objects and properties were
initialized and the communication with remote servers can commence. During shutdown of TwinCAT
system the device state machine is reset (< 8). If the resetting (< 8) is detected in the PLC, the object
states (mapped properties) should no longer be evaluated.

2. In general, the validity of client objects (of remote servers) cannot be verified since communication
timeouts etc. prevent timely monitoring. Failure of BACnet services is indicated by the client status (bit
0 and 1, see section “Process data [P 42]", subsection “BACnet client”). Failed queries result in the
respective bits being set in the client status, which then must be acknowledged. The local BACnet
adapter can be monitored with the aid of the device status (see item 1.).
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lll. Writing of data to a remote server in the event of change of value (Write On Change) should be
temporarily disabled.

Writing of data to a remote server in the event of change of value (Write On Change) should be temporarily
disabled (e.g. for re-triggering of the PresentValue of a BinaryOutput object, without state INACTIVE being
set). How can this be realised?

1. In the process data ClientControl writing of Write On Change can be disabled with the aid of bit 2 (see
section "Process data", subsection "BACnet client [» 44]").
2. Re-triggering of writing to a remote object can alternatively be accomplished with an ADS command

(see section “ADS interface [P 513]"). The PLC library “TcBACnet.lib” offers the convenient function
block “FB_BACnetWriteProp” for this purpose.

IV. How can the sending of alarm events be prevented for BinaryOutput/Input or Value objects?

1. Sending of events can be prevented by deselecting the bits in the Settings or Online tabs, or by writing
the property EventEnable no. 35 (value = 0x0005). However, this only suppresses sending of event
notifications. The status bit in_alarm of the property StatusFlags no. 111 continues to be set.

2. To prevent generating any events for the respective binary object, support for intrinsic reporting (04)
can be disabled (see section “BACnet objects and properties [P 21]", subsection “Configuration”). This
prevents setting of status bit in_alarm of property StatusFlags no. 111.

V. How can NULL (NaN) be written to the priority array of the commandable property PresentValue of
an AnalogOutput by the PLC via the process data?

1. The PresentValue must be activated as a process data with the required priority.
2. The process data must be linked with the PLC (data type REAL)

3. In PLC program the library function “E_BACnet NAN() [» 486]” can be used to write the state NULL
(NaN) from the library “TcBACnet.lib” to the process data — This cancels the respective priority of the
priority array.

VI. Why is the process data PresentValue of a binary* object of type WORD?

Within BACnet the PresentValue of binary* object is stored as enumeration of type BACnetBinaryPV [P 518]
(active, inactive). Enumerations are generally mapped with type WORD. The manufacturer-specific property
PresentValueBool was introduced to simplify handling of binary* objects. It can be mapped with data type

BOOL via the PLC mapped (see section “Process data [P 42]").

VIIl. The K-bus of BACnet controller fails sporadically, without apparent reason. What could be the
causes?

1. The K-bus power supply was exceeded. The K-bus is switched off, if e.g. many relay output terminals
are activated simultaneously during operation, resulting in the maximum permitted K-Bus current to be
exceeded. Power requirements of the terminals should be checked (see power consumption in the
data sheet for the terminal) and an appropriate K-Bus refresh (see description of the KL9400) must be
provided.

2. If the K-bus task is triggered by the BACnet task (mapping only between BACnet and K-bus, no PLC
etc.— asynchronous mapping), under heavy load of the BACnet task the K-bus task may not be
triggered often enough. The reason is task time exceedance of the BACnet task (frequently exceeds
— see Exceed counter for the respective task) in the event of high BACnet communication traffic.

> How can the K-bus task be triggered independent of the BACnet task?
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a. Create a new task in the TwinCAT System Manager

EIE SYSTEM - Configuration
=@ Real-Time Settings

EE .'5||:||:|iﬁ|:|FIEI| T.EIS"" :
. [-[B1 Device 1 (B4 Mwl

------ h Route Settings s
______ -91 TCOM Objects Append Task Object...

+-§M PLC - Configuration
- 1/0 - Configuration

5" Import Task...

R paste Crl+y
b. Configure the task; activate Auto start and set the required cycle time (Cycle ticks)

= SYSTEM - Configuration
E: aur: Task I Online I
=@ Real-Time Settings
ElIE Additional Tasks ,
#1-[B1 Device 1(BACnet) 7|  Mame: |K-Bus-Trigger
- [B - K-Bus-Trigger IV Auto start
""" g Task 3-Image Auto Priority Management
------ Inputs
...... ‘l Outputs F'nun-hr I-I j
----- X% Route Settings B I 3 I
e ticks:
----- 4 TCOM Objects
- 58 PLC - Configuration [T Start tick (modulo):
Eﬂ- IIIIII:I - Cl:lrlﬁguratil:ln M Canarsta i d nndzta

c. Add a variable for the mapping (e.g. CycleTime of type UINT)

=Bl SYSTEM - Configuration & Nz
ﬁ Real-Time Settings
L——_IIE Additional Tasks
-[B Device 1 (BACnet)_Task_53
=8 - k-Bus-Trigger

----- -I- Task 3-Image

------ &

------ 3 O
----- Route Settings
_____ i TE;M GT:IJE:fs Recalc Adresses

- B P - Canfinoration

d. Link the K-bus variable “CycleTime” and task variable “K_Bus_CycleTime”

=-[Ea - K-Bus-Trigger ]
----- -I- Task 3-Image
] ]'nruﬂ'r.'

%] K_Bus_CydeTime “ Name:
LT
----- h Route Settings
----- 4§ TCOM Objects
+-§M8 PLC - Configuration
I'_—'I--. If0 - Configuration
= B8 1/0 Devices
i B Device 1 (BACnet)
=] ﬁ Device 2 (CX9000-Bus)
----- -I- Device 2-Image

EI %T Inputs

ariable |F|agg I C

Type:

=1 =1 =l ol

=1 71
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e. Activate the modified configuration with the icon “Activate configuration” in the toolbar

VIIl. Why does the property StatusFlags of an object have the value 0x0004 or the property
EventEnable the value 0x0005, even though no status bits of the property are set?

Properties with bit flags (subtype BitFieldBits) are internally transferred as so-called bit string. A bit string
always consists off a high byte and a low byte. The low byte indicates how many bits of high byte are not
used (from the left). i.e. StatusFlags = 0x0004 means the 4 higher bits of the high byte are not used (i.e. only
bits 8, 9, 10 and 11 of the WORD data type are used). For further details see section “Process data / bit

string [P 42]".

IX. A BACnet client whose process data are linked with the PLC is always shown as “Offline” in the
System Manager. However, the client is shown in a scan. What could be the problem?

If process data are used that were linked by PLC automapping, the properties are usually obtained via COV
subscription. This can lead to problems, if the client does not support COV (logger messages such as: “Error
TCOM Server (10) [...] BACnet Client [...] - COV subscription failed! Reject Reason: unrecognized
service”). Since the COV subscription fails, new requests keep being sent to the remote server. This leads
to timeouts and eventually to the client be shown as “Offline” in the System Manager.

Solution: The input process data of the client properties should be switched to “Polling” mode in the System
Manager.

How can the input process data (Read) of a client be changed from COV to Polling?

1. Select the respective client
2. Open the “Objects” tab
3. Open the Property wizard (see also BACnet wizards)

. » DemohotificationSink.tsm - TwinCAT System Manager - |Ellﬂ

File Edit Actions Wiew Options Help

IR R Er Y2 &

L 20 @B |2 Qle|ar o]

- Configuration :I . :
- Configuration Settings  Objects |
[/0 Devices — Settings
*® Device 1 (BACnet) Status:  Completed
== Device 1-Image ]
(-8 Inputs
..... ‘l Qutputs |pdate
[#-§; Beckhoff_107297 (BACnet Server)
+- ] NSINK_10 (Notification Sink) Objectidentifie| ObjectName | PresentValue | EventState | OutOfService | Descriptic
- .
g 300001_00... cora appli
-5 300001_0000200 (BACnet Client 200)

Analoglnpu... |temperature. . | 26,741 state_nomal | False temerature
'l Outputs Analoglnpu... |potertiomet . | 237 state nomal | False temperatu
=-BAC 300001_0000200 (Remote BACRet [ -

- - AnalogValu.. |offset I this val
[#-E2F temperature sensor (i1} (Remote B alogvau s Process Data Wizard Eoz Brebs
[#-BAC potentiometer (zi2) (Remote BACne AnalogValu... |led on m alse time in sec
"Eﬁfc offset device id (av1) (Remote BAC AnalogValu... |temperature... |0 state_nomnal | False temperatu
B-B3F led on time (av2) (Remote BACnet A - —
"E\.’}:C temperature offset{av3) (Remote B; AnalogValu... |perod of he... [0 state_normal | False time in mir
B1-B3F period of heating time extension{av. Binarylnput:1 |motion dete... |active state_nomal | False holds 20 5

H. EAC i i
ner motion detector (bil) (Remote BACK Binan/Value 1 | extem heati... |inactive state_normal | False representi
B1-B3F extern heating on (bv1) (Remote Be
[1-B%F heating time extension (bv2) (Remo ™

[ ’ 1| | |
Ready | Local (10.3.32,17.1.1) [sgiiaQgblels -

4. Select the client under “Select Objects” and...
> a. Activate option “Optimize Process Data Access (Tick Modulo)”
> b. Activate option “Change Process Data In Configuration (Read)”
o c. Set mode “Process Data Read Mode” to “Polling”
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o d. Set parameter "Cycle Time (ms)” to 10000 = 10 seconds read cycle, for example

3 This parameter must be optimized based on the application requirements and may
have to be determined individually for the respective property

5. Select all entries under “Select Properties” (right-click, “Select All")
6. Click Apply to confirm the changes.

X. The PLC auto-mapping is much slower than usual. What could be the problem?

Cause: The PLC auto-mapping should not be performed when the system manager logged on the target
system. When the System Manager is connected to the target system, there will be delays when linking
process data. The PLC auto-mapping creates potentially many links of process data, and this leads to a
much longer PLC auto-mapping cycle.

Solution: Before the PLC auto-mapping is performed the System Manager should be connected to local
runtime system. After the PLC auto-mapping was performed the System Manager can be reconnected to the
target system.

Also see about this
Frequently asked questions [ 136]
Help functions and wizards [ 31]
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4 PLC library: TcBACnetRev12.Lib

The functionality of the PLC library "TcBACnetRev12.lib" is described below. The library offers convenient
access to objects of a BACnet configuration from a PLC program.

Overview

The PLC library "TcBACnetRev12.lib" is a collection of function blocks for programming a BACnet controller.
For each BACnet object function blocks are available that are read and written via the selected Properties. In
general a distinction is made between function blocks for server and client objects. Function blocks for client
objects have the prefix "Remote", since they enable access to remote BACnet objects on other devices. The
BACnet object function blocks ascertain whether process data are valid and the BACnet controller is ready
for operation (bReady).

The function block FB BACnet Adapter [P_153] represents a BACnet device and therefore the access point to
the BACnet network via a network card. This block enables the existence of a link to be verified, for example.
To make the PLC program more transparent, the BACnet adapter is created as a global variable within the
"TcBACnetRev12.1ib", since in the majority of the projects a single BACnet adapter is used.

Depending on the client and server functionality, the function blocks FB BACnet Device [»_196] or

FB BACnet RemoteDevice [P 241] can be used to link state and control information for the BACnet client and
server. The operational readiness of the BACnet objects is determined via the client and server status and
the property System_Status for the respective device or remote device object. Each BACnet object function

block must therefore transfer a reference to the instance of the corresponding FB BACnet Device [P_196] or
FB BACnet RemoteDevice [P 241], in order to enable the status evaluation (bReady).

The following figure shows an overview of the function blocks of "TcBACnetRev12.lib" and the corresponding
links with the BACnet modules. The linking between a PLC program based on "TcBACnetRev12.lib" and the

BACnet modules of a configuration can be automated via the function PLC automapping [»_62].

-l E/A - Konfiguration

- B8 E/A Gerte FB_BACnet_Adapter
. 5-**° Adapter (BACnet)
= Gerat1-Prozessabbild &7 fbBACnet_Adapter,_DeviceStatus
- @l Inputs & foBACnet Adapter. AmsNetld
9t Device Status
-4 AmsMNetld
§! Outputs
= 'E!.i Beckhoff_42 (BACnet Server) "B BACTS Dovee
-1 Inputs - -
j . Server Status
- @l Outputs #| fbDev._ServerControl
! &/ Server Control - __---""—-—_ QT fbDev._SystemStatus
| @@l loBusState
=845 Device (BACnet Device Object)
i $. Outputs
- @ Inputs
T SystemStatus
=545 AV_0 (BACnet Analog Value Object) FB_BACnet_AnalogValue
=8l Outputs b Davice
@) PresentValue_Priorityl2 ‘1
= QT Inputs @) fbAvl, PresentValue Priorityl2
&1 PresentValue $f foavl,_PresentValue
of StatusFlags O fbAvl. StatusFlags
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Compatibility and new features

From TwinCAT 2.11 Build 2042, the PLC library "TcBACnetRev12.lib" is included in the basic TwinCAT
installation. The library is largely compatible with the previous version "TcBACnet.lib". A brief overview of
new features is provided below:

* BACnet function block names are compatible (except Accumulator)
» Improved alignment of process data
» FBs for new (Revision 12) objects, consistently Ex for all objects
* FB_BACnet_Device
o Data type, name nAmsPort changed (no function with Rev. 12)
o Automatic reading of ADS information
o Triggering of persistent data writing
» Loop_Drv: Internal control active automatically (via BACnet stack)
* Loop_Ex: Auto-tuning (PID determination), ramp limitation (AccLimit) outputs
* New ADS functions:
o String decoding according to Win1252 (Description, ObjectName,EventMessageTexts)

o ExceptionSchedule (bool), WeeklySchedule (bool), LogBuffer (Real), RecipientList (Read,Write),
ObjectList, RecpientList (Notification Class)

> Access to NotificationSink functions (Acknowledge, Read message list, Delete)
o Support for time synchronization
* Remote blocks
o ERR_OPERATIONAL error if client not present
o bTriggerwwOC
o For write access, EX or WR versions must be used.

Older projects that were created based on the "TcBACnet.Lib" PLC library can be converted for use with the
new library based to the following scheme:

Delete "TcBACnet.Lib" from the PLC project
Add "TcBACnetRev12.Lib"
Recompile
In the System Manager:
o Re-load the PLC project
> undo the old mapping, if necessary

Powbd -~

o create a BACnet device in the new Revision, if necessary.
o Run PLC automapping

Persistent data cannot be preserved during the changeover to the new "TcBACnetRev12.lib".

As a rule, PLC projects based on the old "TcBACnet.Lib" should also work under "BACnet Revision 12",
without the need for conversion.

Overview

An overview of the PLC library components is provided below. Detailed information can be called up via
corresponding links.

BACnet adapter and Notification Sink

Blocks Description

FB BACnet Adapter [» 153] Function block for linking the PLC program with a local BACnet adapter
(network card).
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Blocks

Description

FB BACnet NotificationSink [P 258]

Function block for realizing an ADS connection with a BACnet
NotificationSink.

Local BACnet objects (server)

Standard objects

The following function blocks establish the connection between the BACnet object in the TwinCAT System
Manager and its use in the PLC program. The blocks contain all comments that are required for the PLC

automapping.

The standard function blocks are available in two versions:

* Minimum process data - only the essential properties are linked, including Present Value and

Status_Flags.

» Extended process data - Object_Identifier, Event_Flags and Reliability are also linked. Function
blocks with extended process data are identified with the extension _EX.

The documentation refers to the version with extended process data. Advanced process data are identified

as such in the description.

?

EX[»_166

Blocks Symbol |BACnet object Description
FB BACnet Accumulator | pee Accumulator A BACnet Accumulator
EX [ 156] e object represents a
measured value
determined through
pulse count.
FB BACnet Analoglnput | a1 Analog Input A BACnet Analog Input

object represents an
analog input value.

FB BACnet AnalogOutp | ae
ut EX[» 170

Analog Output A BACnet Analog
Output object represents
an analog output value.

FB BACnet Averaging E | pe
X > 179] -

FB BACnet AnalogValue | ;v Analog Value Represents an analog
EX [P 176] o state value within a
program.
Averaging Enables calculation of

statistical data within a
control system.

194

FB BACnet Binarylnput | Binary Input A Binary Input object

EX [»_180] " represents a binary
input value.

FB BACnet BinaryOutpu | gag Binary Output A Binary Output object

t EX[»_185] "_ represents a binary
output value.

FB BACnet BinaryValue | Binary Value Represents a binary

EX [P 191] . state value within a
program.

FB BACnet Calendar EX | s Calendar Enables separate

definition of exception
days for schedules
(schedule objects).

FB BACnet Command E | qup
X [»195] v

Command Enables control of
complex sequences
over chronologically
staggered write
commands for BACnet
object properties.
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[»219

Blocks Symbol |BACnet object Description

FB BACnet Device BEL Device Forms the logical entry

» 196] o point of a BACnet

L device. Includes the list
of all BACnet objects for
this device.

FB BACnet EventEnrollm| Event Enroliment Enables configuration of

ent EX [ 198] & rule-based event
messages. The
notification system
integrated in many
objects enables
definition of
comprehensive rules for
triggering event
messages. Example:
additional or multiple
limit value pairs for a
PresentValue.

FB BACnet File EX . File Represents properties of

» 199] n a file object.

FB BACnet Group EX - Group Group objects enable

[» 200] e consolidation of multiple
Properties in a single
data point.

FB BACnet Loop EX Lp Loop Represents the

[» 201] properties of a PID
controller.

FB BACnet MultiStateln | 44 Multi State Input Represents an integer/

put EX [»_205] - multi-stage input value.

FB BACnet MultiStateO | s Multi State Output Represents an integer/

utput EX [P 209] e multi-stage output value.

FB BACnet MultiStateVa | Multi State Value Represents an integer/

lue EX [» 215] il multi-stage state value.

FB BACnet NotificationC| Notification Class The Notification Class

lass EX [P 218] object is used to
configure the distribution
of event messages
(EventNotifications).

FB BACnet Program EX | e Program A BACnet Program

=

object enables changing
the states of a PLC
program.

FB BACnet PulseConvert| ;;

er EX[» 222

Pulse Converter

A Pulse Converter
object represents a
measured value
determined through
pulse count.

FB BACnet Schedule EX
[» 225

SCH
Q00

Schedule

Represents a schedule
which is used to write
values of other BACnet
objects on the basis of
time-based switching
entries.

TS8020

Version: 1.3

143



PLC library: TcBACnetRev12.Lib BEGKHOFF

Blocks Symbol |BACnet object Description
FB BACnet TrendLog EX| i Trend Log Represents recorded
> 226] ol historical data, which

are recorded cyclically
at fixed intervals or
event-based.

Local BACnet objects (ADS)

Write access to the property PresentValue occurs priority-based via ADS. This function block can be used in
cases where no priorities for write access have been specified in advance of the program runtime, or to
manipulate several priority levels in the program at the same time.

Function blocks Description
FB BACnet AnalogOutput ADS A BACnet Analog Output object represents an analog output value.
P71

FB BACnet AnalogValue ADS [» 177] Represents an analog state value within a program.
FB BACnet BinaryOutput ADS [» 186] A Binary Output object represents a binary output value.
FB BACnet BinaryValue ADS [» 192] |Represents a binary state value within a program.

FB_BACnet MultiStateOutput ADS  |Represents an integer output value.
» 210]
FB_BACnet MultiStateValue ADS Represents an integer output value.
» 216]

Table 1: Local BACnet objects (drivers)

Function blocks Description

FB BACnet Loop DRV EX [» 203] This block is linked to a TwinCAT BACnet Loop object with enabled
internal control. The control algorithm is implemented directly in the
BACnet stack, not in the PLC. All other loop-FBs implement their
control algorithms within the PLC. The advantage of this function
block is a more efficient execution time, since fewer BACnet
properties have to be linked via process data.

Local BACnet objects (raw versions)

RAW FBs enable specification of physical measured and control values from the PLC. This is in contrast to
other FBs for physical measured and control values, which are linked directly to a hardware module. The
corresponding Rawlo* process record of the BACnet object is linked directly to a PLC variable via PLC
automapping.

Function blocks Description
FB BACnet Accumulator RAW A BACnet Accumulator object represents a measured value
> 159] determined through pulse count. In this case this measured value is

formed in the PLC.

FB BACnet Analoglnput RAW [» 1671 A BACnet Analog Input object represents an analog input value. This
function block can be used for postprocessing of analog input values
in the PLC, or for generating read-only analog values directly in the

PLC.
FB BACnet AnalogQutput RAW A BACnet Analog Output object represents an analog output value.
I 173] This function block can be used in cases where an analog output

signal is to be pre-processed prior the output, for example.

FB BACnet Binarylnput RAW [» 182] |A Binary Input object represents a binary input value. This function
block can used in cases where postprocessing of binary input values
in the PLC is desirable (e.g. for debouncing)

FB BACnet BinaryOutput RAW A Binary Output object represents a binary output value. This function
> 188] block can be used in cases where a binary output signal is to be pre-

processed prior the output, for example.
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Function blocks

Description

FB BACnet MultiStatelnput RAW
[» 206

A multi-state input object represents an integer/multi-stage input
value.

FB BACnet MultiStateOutput RAW
»212

A multi-state output object represents an integer/multi-stage output
value.

FB BACnet PulseConverter RAW
» 224

A Pulse Converter object represents a measured value determined
through pulse count.

Table 2: Local BACnet objects (Revision 6 specific)

Function blocks

Description

FB BACnet Accumulator R6 [» 162]

Function block that is compatible with Revision 6. It should only be
used with TwinCAT BACnet Revision 6.

FB BACnet Accumulator RAW R6
» 163

Function block that is compatible with Revision 6. It should only be
used with TwinCAT BACnet Revision 6.

Client BACnet objects (remote)

The function blocks for remote objects

between three versions of remote FBs.

PresentValue and StatusFlags. The "_

offer access to BACnet objects of other devices. A distinction is made
The basic FBs without extension offer read access to the properties
EX" versions support a wider range of properties. The "_WR" versions

can be used for additional write access with minimum read properties. In general, function blocks with few
properties are preferable, to minimize the network load.

The function. exp export (in the BACnet device) can be used for efficient integration of BACnet devices. It
facilitates generation of PLC variable declarations for the remote FBs of scanned client configurations or
configurations that were read via an EDE file.

Function blocks

Description

FB BACnet RemoteAccumulator

A BACnet Accumulator object represents a measured value

> 2271 determined through pulse count.

FB BACnet RemoteAnaloglnput A BACnet Analog Input object represents an analog input value.

[»229

FB BACnet RemoteAnalogQutput A BACnet Analog Output object represents an analog output value.

[»230

FB BACnet RemoteAnalogValue Represents an analog state value within a program.

[» 232

FB BACnet RemoteAveraging [ 233] |Enables calculation of statistical data within a control system.

FB BACnet RemoteBinarylnput [» 234] |A Binary Input object represents a binary input value.

FB BACnet RemoteBinaryOutput A Binary Output object represents a binary output value.

[» 235

FB BACnet RemoteBinaryValue [P 237] |Represents a binary state value within a program.

FB BACnet RemoteCalendar [» 238] Enables separate definition of exception days for schedules
(schedule objects).

FB BACnet RemoteCommand [» 239] |Enables control of complex sequences over chronologically
staggered write commands for BACnet object properties.

FB BACnet RemoteDevice [P 241] Forms the logical entry point of a BACnet device. Includes the list of
all BACnet objects for this device.

FB BACnet RemoteEventEnrollment Enables configuration of rule-based event messages. The

> 243] notification system integrated in many objects enables definition of
comprehensive rules for triggering event messages. Example:
additional or multiple limit value pairs for a PresentValue.

FB BACnet RemoteFile [ 244] Represents properties of a file object.

FB BACnet RemoteGroup [P 244] Group objects enable consolidation of multiple Properties in a single

data point.
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Function blocks

Description

FB BACnet RemotelLoop [P 245]

Represents the properties of a PID controller.

FB BACnet RemoteMultiStatelnput
[»_ 247

Represents an integer/multi-stage input value.

FB BACnet RemoteMultiStateQutput

[»248

Represents an integer/multi-stage output value.

FB BACnet RemoteMultiStateValue
[» 250

Represents an integer/multi-stage state value.

FB BACnet RemoteNotificationClass
> 251]

The Notification Class object is used to configure the distribution of
event messages (EventNotifications).

FB BACnet RemoteProgram [P 252]

A BACnet Program object enables changing the states of a PLC
program.

FB BACnet RemotePulseConverter

[» 255

A Pulse Converter object represents a measured value determined
through pulse count.

FB BACnet RemoteSchedule [» 256]

Represents a schedule which is used to write values of other
BACnet objects on the basis of time-based switching entries.

FB BACnet RemoteTrendlLog [» 257]

Represents recorded historical data, which are recorded cyclically at
fixed intervals or event-based.

ADS function blocks for generic access to all online properties (raw data access)

Function blocks for access to BACnet properties via ADS. All BACnet properties of server and client objects

can be read or written via ADS.

Function blocks

Description

FB BACnet ReadProp [P 273]

Read access to properties

FB BACnet WriteProp [P 276]

Write access to properties

ADS function blocks for access to specific properties

Function blocks for specific access to BACnet properties with data type conversion via ADS. All BACnet
properties of server and client objects can be read or written via ADS. Based on the function blocks
FB_BACnet_ReadProp and FB_BACnet_WriteProp, the following function blocks are used to convert data
read via ADS into PLC data types, or to code PLC data as BACnet data during write access. The size
limitation of approx. 8 kbytes for the following ADS access operations is related to the global ADS data buffer

(see ST BACnet GlobalAdsBuffer [»_3601).

Function blocks Description Access
FB BACnet ObjectNameProperty |ADS access to the property Object_Name of type Read
» 292] CharacterString, including decoding of UTF-8, UCS-2
and UCS-4
FB BACnet DescriptionProperty ADS access to the property Description of type Read
> 280] CharacterString, including decoding of UTF-8, UCS-2
and UCS-4
FB BACnet EventMessageTextsPro |ADS access to the property Event_Message Texts of Read
perty [» 281] type CharacterStringExtList, including decoding of
UTF-8, UCS-2 and UCS-4
FB BACnet ObjectListProperty ADS access to the property Object_List of type Read
» 290] BACnetObjectldentifier(]
FB BACnet ExceptionScheduleProp |ADS access to the property Exception_Schedule of type |Read, write
erty [» 283] BACnetSpecialEventList; only for entries with data type
Bool
FB BACnet WeeklySchedulePropert|ADS access to the property Weekly Schedule of type Read, write
y [» 297] BACnetDailyScheduleList; only for entries with data type
Bool
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Function blocks Description Access
FB BACnet LogBufferProperty ADS access to the property Log Buffer of type Read
[ 287] BACnetLogRecordList; only for entries with data type

Real
FB BACnet RecipientlistProperty |ADS access to the property Recipient_List of type Read, write
[» 294] BACnetDestination[] (e.g. NotificationClass object)

ADS blocks for access to service

and diagnostic data

Function blocks

Description

FB BACnet GetDiaglnfo [P 259]

ADS access to the diagnostic data of a BACnet adapter

FB BACnet NSinkReadEvent [P 264]

ADS access to the BACnet Notification Sink: reading a BACnet event

FB BACnet NSinkAcknEvent [P 261]

ADS access to the BACnet Notification Sink: service to acknowledge a

BACnet event

FB BACnet NSinkRemoveEvent
[» 268

ADS access to the BACnet Notification Sink: deleting a BACnet event
(replaces FB BACnet NotificationSinkDelEntry [»_489])

FB BACnet TimeSync [» 270]

ADS access to the BACnet adapter: service for time synchronization in
the BACnet network (broadcast) or locally.

The function block provides the current system time cyclically as
an output and should be used in each BACnet project as the time
source in the PLC program.

BACnet auxiliary blocks for date a

nd time

Function blocks

Description

F BACnet CheckDay [»_307]

Function for checking the validity of a numerical date value (BYTE) for
the day of the month.

F BACnet CheckDayOfWeek
[»308

Function for checking the validity of a numerical date value (BYTE) for
the day of the week.

F BACnet CheckHour [» 308]

Function for checking the validity of a numerical time value (BYTE) for
the hour indication.

F BACnet CheckHundredths
[» 308

Function for checking the validity of a numerical time value (BYTE) for
the hundredths of a second indication.

F BACnet CheckMinute [P 309]

Function for checking the validity of a numerical time value (BYTE) for
the minute indication.

F BACnet CheckMonth [» 309]

Function for checking the validity of a numerical date value (BYTE) for
the month.

F BACnet CheckSecond [P 309]

Function for checking the validity of a numerical time value (byte) for the
second.

F BACnet CheckWeekOfMonth
[» 310

Function for checking the validity of a numerical date value (BYTE) for
the week of the month.

F BACnet CheckYear [» 310]

Function for checking the validity a numerical date value (BYTE) for the
year.

F BACnet DateHasPlaceholder
[» 310

Function for checking for placeholders (255 — undefined) in a date.

F BACnet DateMerge [» 311]

Function for merging of two time stamps.

F BACnet DateTime TO TimeStru
ct [» 306

Function for converting a BACnet time stamp to data type
TIMESTRUCT..

F BACnet DateTimeString [P 307]

Function for string representation of a BACnet time stamp.

F BACnet DateUnspecified [P 311]

Function for checking for placeholders (255 — undefined) in a date.

F BACnet DaysinMonth [» 311]

Function for calculating the number of days in a given month of a year.

F BACnet Get100msDate [P 312]

Function for calculating the timestamp in 100 ms steps since 1900.
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Function blocks

Description

F BACnet Get100msTime [P 312]

Function for calculating the time stamp in 100 ms steps since 00:00:00.0
hrs.

F BACnet TimeHasPlaceholder
»312

Function for checking for placeholders (255 — undefined) in a time
specification.

F BACnet TimeMerge [» 312]

Function for merging of two time stamps.

F BACnet TimeString [P 307]

Function for string representation of a BACnet time stamp.

F BACnet TimeStruct TO DateTim
e [» 306

Function for converting a time stamp of data type TIMESTRUCT to a
BACnet time stamp.

F BACnet TimeUnspecified [P 313]

Function for checking for placeholders (2556 — undefined) in a time
specification.

BACnet auxiliary blocks for bit conversion (bit strings)

Function blocks

Description

F BACnet EventTransitionFlags
> 314]

Function to decode the process data of the property Acked Transitions
of a BACnet object.

F BACnet GetEventTransFlagsData

[»314

Function for encoding the value of the property Event Enable of a
BACnet object.

F BACnet GetLimitEnFlagsData
[» 315

Function for encoding the value of the property Limit_Enable of a
BACnet object.

F BACnet GetStatusFlagsData
[» 313

Function for encoding the value of the property Status Flags of a
BACnet object.

F BACnet LimitEnableFlags [P 315]

Function to decode the process data of the property Limit_Enable of a
BACnet object.

F BACnet StatusFlags [» 313]

Function to decode the process data of the property Status Flags of a
BACnet object.

BACnet auxiliary blocks for multi-state objects

Function blocks

Description

F BACnet MultiStatePV [» 316]

Function for implementing a UDINT value of the PLC in the process data
value of a BACnet MultiState* object property Present Value.

BACnet auxiliary blocks for REAL values

Function blocks

Description

F BACnet RealPV [» 316]
(obsolete:
F BACnet AnalogPV

[».3221])

Function for implementing a REAL value of the PLC in the process data value
of a BACnet analog* object property Present Value.

F BACnet IsFinite [P 318]

Function for checking a REAL value for finiteness.

F BACnet RealEQ [» 318]

Function for comparing two floating-point values considering the value range.

F BACnet RealGE [» 319]

Function for comparing two floating-point values considering the value range.

F BACnet RealGT [P 319]

Function for comparing two floating-point values considering the value range.

F BACnet ReallE [»_319]

Function for comparing two floating-point values considering the value range.

F BACnet ReallT [r_320]

Function for comparing two floating-point values considering the value range.

F BACnet RealNull [» 317]
(obsolete: F BACnet NAN

[» 486))

Function returns the floating-point value "Not aNumber", which, as value of the
property Present_Value of an analog* object, corresponds to the value Null (no
value).
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Function blocks

Description

F BACnet RealNothing
» 317

Function returns the floating-point value "Not aNumber", which, as value of the
property Present_Value of an analog* object, corresponds to the value Nothing
(do not evaluate). Process data with the coded value Nothing are not
processed by the BACnet stack from Revision 12.

F BACnet RealToStr [P 317]

Function for converting a floating-point number to a string, considering the

value range.

BACnet auxiliary blocks for string processing

Function blocks

Description

F BACnet GetObjectldString

[»_320

Function for outputting the object ID of a BACnet object as a short string.

FB BACnet StringExtDecode
[» 321

Function block for decoding BACnet strings.

FB BACnet StringExtEncode
[» 321

Function block for coding BACnet strings.

Signal conversion

Function blocks

Description

FB BACnet PWM [P _327]

Function block for generating a pulsating output signal, with defined switch-on
and switch-off duration in percent of the cycle duration (pulse width
modulation).

Auxiliary functions for BACnet BinaryPV data types

Function blocks

Description

F BinPV_AND [r 324]

Function for logical linking of BACnet BinaryPV values.

F BinPV _NOT [»_325]

Function for inverting a BACnet BinaryPV value.

F BinPV OR [r 325]

Function for logical linking of BACnet BinaryPV values.

F BinPV _XOR [P 326]

Function for logical linking of BACnet BinaryPV values.

F BinPV To Bool [P 323]

Function for converting a BACnet BinaryPV value to data type BOOL.

F Bool To BinPV [P 323]

Function for implementing a value with data type BOOL of the PLC in the
process data value of a BACnet binary* object / property Present Value.

Other BACnet auxiliary functions

Function blocks

Description

F BACnet GetObjectListinde
x [» 302

Function for determining the position of a BACnet object ID in a list of IDs.

F BACnet GetObjld [»_301]

Function for coding the object type and the object instance in the BACnet
Object_Identifier.

F BACnet GetObijlnstance
[» 301

Function for decoding the BACnet Object_Identifier in the object instance
(object number).

F BACnet GetObjType
[»_301

Function for decoding the BACnet Object_Identifier in the object type.

FB BACnet Acclimit [P 302]

Function block for limiting signal change per time (maximum acceleration).

FB BACnet AvgValue
[» 303

Function block for averaging an input variable X over n values.

FB BACnet PidControl
[»_303

PID controller block in parallel configuration or Ideal form.

FB BACnet PT1 [P 306]

Function block for emulating a 1st order deceleration.
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BACnet constants

Constants

Description

BACnet Globals [P 328]

Global constants for default values, error messages, data range limits etc.

BACnet diagnostic data

Data Types

Description

ST BACnet DiagEthStatistics
[» 357

Describes diagnostic data of the Ethernet adapter such as sent, received or
faulty messages.

ST BACnet DiagnosisTiming
[» 358

Contains information on execution times within the BACnet stack.

ST BACnet FrameStatistics
[»_360

Contains information on sent and received BACnet network packets.

ST BACnet Info [P 361]

Information on memory usage.

ST BACnet ServerStatistics
[» 366

Contains information on persistent data and change statistics for the
properties.

ST BACnet TcloEthStatistic
[» 367

Describes diagnostic data of the Ethernet adapter.

ST BACnet TcloEthTxRxErro
rCount [» 368

Describes diagnostic data of the Ethernet adapter.

ST BACnet UnConfirmedSer
viceDiag [P 369

More detailed data for BACnet services

BACnet data types

Data Types

Description

ST BACnet AdsConnection
[» 355

Structure with connection information for an ADS server of the BACnet driver

ST BACnet CharacterStringE

xt [» 356

BACnet string, including the encoding format used.

ST BACnet CharacterStringE

xtListEntry [» 356]

List of BACnet strings.

ST BACnet Date [P 356]

Date with day, day of the week, month, and year.

ST BACnet DateTime
[» 357

Describes date and time.

ST BACnet Diagnosis
» 357

See BACnet diagnostic data.

ST BACnet EventTransitionB
its [P 358

PLC mapping of BACnet data type BACnetEventTransitionBits (properties
Event_Enable and Acked_Transitions).

ST BACnet ExceptionSched
uleBool [» 359

Structure for data exchange of the property exception_schedule with the aid of
function block FB BACnet ExceptionScheduleProperty [P 283]

ST BACnet ExceptionSched
uleEntryBool [» 359]

Partial data of property ExceptionSchedule of the Schedule object

ST BACnet LimitEnable
[» 362

PLC mapping of BACnet data type BACnetLimitEnable. See BACnet
specification DIN EN ISO 16484-5 for property Limit_Enable.

ST BACnet LogBufferEntryR
eal [» 362

PLC mapping of BACnet data type BACnetLogRecord for Log Datum of type
Real. See BACnet specification DIN EN ISO 16484-5 for property Log_Buffer.

ST BACnet LogBufferReal
[» 362

Structure for data exchange of property Log_Buffer with the aid of function
block FB_ BACnet LogBufferProperty [P 287]
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Data Types

Description

ST BACnet NSinkEvent
[» 363

PLC mapping of the data of an event entry of the BACnet Notification Sink.

ST BACnet ObjectldentifierL
ist [» 363

Structure for describing the object list of a device. See BACnet specification
DIN EN ISO 16484-5 for property Object_List (device object).

ST BACnet ObjectTypesSup
ported [» 364

PLC mapping of BACnet data type BACnetObjectTypesSupported. See
BACnet specification DIN EN ISO 16484-5 for property
Protocol_Object _Types_Supported.

ST BACnet ProgramHandsh
akeRequests [P 365]

Structure for operating the program object

ST BACnet ProgramHandsh
akeStates [P 365]

Structure for operating the program object

ST BACnet RecipientListDev
ice [»_365

Structure for data exchange of property Recipient List with the aid of function
block FB_BACnet RecipientListProperty [P _294]

ST BACnet RecipientListDev
iceEntry [P 365

Partial structure for data exchange of property Recipient_List with the aid of
function block FB_BACnet_RecipientListProperty

ST BACnet ServicesSupport
ed [» 366

PLC mapping of BACnet data type BACnetServicesSupported. See BACnet
specification DIN EN ISO 16484-5 for property Protocol _Services Supported.

ST BACnet StatusFlags
[» 367

PLC mapping of BACnet data type BACnetStatusFlags. See BACnet
specification DIN EN ISO 16484-5 for property Status_Flags.

ST BACnet Time [»_368]

PLC mapping of BACnet data type Time. See BACnet specification DIN EN
ISO 16484-5 for data type BACnetDateTime.

ST BACnet TimeValue
[» 368

PLC mapping of BACnet data type BACnetTimeValue for entries of type Bool
or Null. See BACnet specification DIN EN ISO 16484-5 for data type
BACnetTimeValue.

ST BACnet TimeValueBool
[» 368

PLC mapping of BACnet data type BACnetTimeValue for entries of type Bool.

ST BACnet TimeValuelist
[» 369

List of BACnet_TimeValue entries.

ST BACnet Value [» 369]

Partial structure of ST_BACnet_TimeValue

ST BACnet WeeklySchedule
Bool [P 370

Structure for data exchange of property Weekly Schedule with the aid of
function block FB BACnet WeeklyScheduleProperty [P 297]

BACnet Enumerationen

Data Types

Description

E BACNETACTION [r 332]

PLC mapping of BACnet data type BACnetAction. See BACnet
specification DIN EN ISO 16484-5 for property Action.

E BACNETADAPTERSTATUS [»_332]

Status of the BACnet adapter.

E BACNETBINARYPV [» 333]

PLC mapping of BACnet data type BACnetBinaryPV. See
BACnet specification DIN EN ISO 16484-5 for property
Present Value of binary* objects.

E BACNETDATATYPES [r_333]

List of possible BACnet data types (excerpt).

E BACNETDAYSOFWEEKBITS [P_336]

Bit assignment of the days of the week

E BACNETDEVICESTATUS [P _336]

Status of the BACnet server object (see BACnet specification
DIN EN ISO 16484-5 for BACnet device object and property
System_Status).

E BACNETEVENTSTATE [»_336]

PLC mapping of BACnet data type BACnetEventState. See
BACnet specification DIN EN ISO 16484-5 for property
Event_State.

E BACNETEVENTTRANSITIONBIT [»_337]

Bit assignment of the event transition flags [P _358]

Event_Enable and Acked_Transitions).
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Data Types

Description

E BACNETEVENTTYPE [» 337]

PLC mapping of BACnet data type BACnetEventType. See
BACnet specification DIN EN ISO 16484-5 for property
Event Type.

E BACNETFILEACCESSMETHOD [»_338]

PLC mapping of BACnet data type BACnetFileAccessMethod.
See BACnet specification DIN EN ISO 16484-5 for property
File_Access_Method.

E BACNETLIFESAFETYMODE [»_339]

PLC mapping of BACnet data type BACnetLifeSafetyMode. See
BACnet specification DIN EN I1SO 16484-5 for property Mode
and Accepted_Modes.

E BACNETLIFESAFETYOPERATION [r 339]

PLC mapping of BACnet data type BACnetLifeSafetyOperation.
See BACnet specification DIN EN ISO 16484-5 for property
Operation_Expected.

E BACNETLIMITENABLEBITS [»_340]

Bit assignment of the Limit-Enable-Flags [»_362]
(Limit_Enable).

E BACNETLOGGINGTYPE [»_340]

PLC mapping of BACnet data type BACnetLoggingType. See
BACnet specification DIN EN ISO 16484-5 for property

Logging_Type.

E BACNETLOOPMODE [r_340]

Operating modes of PLC LOOP object FB BACnet LOOP [» 201]

E BACNETNOTIFYTYPE [»_341]

PLC mapping of BACnet data type BACnetNotifyType. See
BACnet specification DIN EN ISO 16484-5 for property
Notify Type.

E BACNETOBJECTSUPPORTEDBITS [P _341]

Bit assignment of the Object Types-Supported flags [»_364]

(Protocol_Object_Types_Supported).

E BACNETOBJECTTYPE [»_342]

List of possible BACnet objects (excerpt).

E BACNETPERSISTENTDATASTATE [»_343]

PLC mapping of proprietary BACnet data type
PersistentDataState (see BACnet device object

E_BACNETPIDTUNINGMODE

Tuning modes of block FB_ BACnet LOOP [» 201]

E BACNETPOLARITY [»_343]

PLC mapping of BACnet data type BACnetPolarity. See BACnet
specification DIN EN ISO 16484-5 for property Polarity.

E BACNETPRIORITY [»_344]

List of possible BACnet priorities of a commandable property
(e.g. Present_Value).

E BACNETPROGRAMERROR [P 345]

PLC mapping of BACnet data type BACnetProgramError. See
BACnet specification DIN EN ISO 16484-5 for property
Reason_For_Halt and function block description

FB BACnet Program [» 219]

E_BACNETPROGRAMREQUEST

PLC mapping of BACnet data type BACnetProgramRequest.
See BACnet specification DIN EN ISO 16484-5 for property
Program_Change and function block description
FB_BACnet_Program

E BACNETPROGRAMSTATE [» 345]

PLC mapping of BACnet data type BACnetProgramState. See
BACnet specification DIN EN ISO 16484-5 for property
Program_State and function block description

FB_BACnet Program

E BACNETPROPERTYIDENTIFIER [r 346]

List of possible BACnet properties (excerpt).

E BACNETRELIABILITY [»_349]

List of possible values of BACnet property Reliability (excerpt).

E BACNETSEGMENTATION [»_350]

PLC mapping of BACnet data type BACnetSegmentation. See
BACnet specification DIN EN ISO 16484-5 for property
Segmentation_Supported.

E BACNETSILENCEDSTATE [» 351]

PLC mapping of BACnet data type BACnetSilencedState. See
BACnet specification DIN EN ISO 16484-5 for property Silenced.

E BACNETSTATUSFLAGS [r 351]

Bit assignment of the Status flags [» 367]

(property Status_Flags).
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Data Types Description

E BACNETSTRINGENCODINGTYPES The enumeration contains a list of the string encodings

[» 351] supported by the BACnet driver.

E BACNETUNIT [» 352] PLC mapping of BACnet data type BACnetEngineeringUnits.
See BACnet specification DIN EN ISO 16484-5 for property
Units.

Also see about this
E_BACNETPIDTUNINGMODE [ 343]
E_BACNETPROGRAMREQUEST [ 345]

41 FB_BACnet_Adapter

Function block for linking the PLC program with a local BACnet adapter (network card). The linking of the
function block takes place with the aid of process data.

The process data can be linked manually or automatically via PLC automapping [P 62]. The comments

required for PLC automapping [P 62] ( (* ~ (BACnet... | ??7 | ??7? ) *) ) are already included in the declaration
of the function block.

Attention:

This block must not be instantiated in the PLC program! An instance of the block is already included in the
global data of the PLC library (fbBACnet_Adapter), where it is automatically detected by the PLC
automapping. Instantiation in the PLC program is only necessary if several BACnet adapters are used in a
PLC program!

FE BEiCnet Adapter
h _e.ﬁ.dapterStatus—
hEthLinkOk—

hizatewayOki—

simsMet Id—

hFirstCyolel—

hErraori—

nErrorId—

Application

The function block FB_BACnet_Adapter is used to read the state of the local BACnet adapter (process data
Device Status) and output it in the PLC program. In addition, the process dataAmsNetld is used to read the
AMS NetlID of the BACnet adapter and output it to sAmsNetld.
=-*% Gerdt1 (BACnet Revision 12)
=¥ Gerit 1-Prozessabbild
- 8 Inputs
E ----- &1 Device Status
il AmsNetld

..... .l Gutp uts

Fig. 5: Fig. 1: Process data of the BACnet adapter in the System Manager.
As described above, one instance of the block FB_BACnet_Adapter is already provided by the PLC library

as a global instance and must therefore not be explicitly created. The global instance is recognized by the
PLC automapping and automatically linked to the corresponding BACnet adapter in the System Manager.
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The block instance is required by the BACnet function blocks FB BACnet Device [»_196] and

FB BACnet RemoteDevice [P 241]. The hierarchy between FB_BACnet Adapter, FB BACnet Device [»_196]

and a BACnet object of type AnalogValue is shown below:

0001 | FROGEAM J'.'!IP.IH_PRGG

0002 |var

auos " “Ppevice

ﬂﬂﬂ! VD
005 E}]D_VRR

toos

: FB_BACnet Dewvice:
: FB _BACnet_AnalogValue;

4

=P fHEACnet Adaprter
FBE BACnet Rdapter
eidapterStatus/—

bBEchLinkOk—
bGatewaylkl—

sRmslTetTd—

bFirstCyveclel—

BErrorf—
nErrorId—

0001

VAR _GLOBAL

Doo2

Qo003

stBACnet AdaBuflfer

Qoog

DoDe

Qoo7

pBacnet_Jdapter

Qoos

END VAR

0oos

VAR _GLOBRL C@NSTANT

----------+DEV.T—.GE

bReaset
bSupportBackup
bWricePersis
={bligableWOC
PReload
—inAmsPort

FB BACnet Device

nRevigion/—
stidsConn—
esSystemStatus—
bBackuphctive -
EWrivePersishcrive—
bQperationall—
bWOCDisabled|—
bFirscCyele—
dtLocalTime =
bBError—
nErroridl—

AVO

—EFV

—bEnablePVv
BNullEV

> Device |—Dev1cen~

FB_BACnet AnalogvValue

= Device

bReady—
fPresentValues|—
bOverridden—
bOutCfService—
bFault—
bInAlarm—
BError|—
nErrorIdi—

(* ADS read/write buffer for dynamic sized prope

ST_BACnet_Globalld

(* global linkable BACnet adapter *)
ey e fbBACnet Adapter

FB_BACnet Adapter;

(* global sijible BACnet adapter reference ¥)

POINTER TO FB_BACH

Fig. 6: Fig. 2: Relationship between FB_BACnet_Adapter, FB_BACnet_Device and a BACnet function block
(e.g. FB_BACnet_AnalogValue).
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Notes re. the figure:

* Red dashed: Function block call FB_BACnet_Adapter from the global data of the PLC Library. Each call
updates the global pointer pPBACnet Adapter, which is used by the blocks FB_ BACnet Device [»_196] and
FB BACnet RemoteDevice [ 241] as adapter reference.

* Red: Device blocks FB BACnet Device [P 196] and FB BACnet RemoteDevice [P 241] will use the global
instance of the BACnet adapter internally to check the status of the BACnet connection and read the
AMS NetID. The instance is determined via the global pointer pBACnet_Adaper. The global pointer can

also be overwritten in the PLC program with its own adapter instance, before FB BACnet Device [P_196]

and FB BACnet RemoteDevice [P 241] are called. In this way it is possible to realize PLC programs with
multiple adapters, for example.

+ Orange dashed: Function block call FB BACnet Device [»_196] with the instance from the PLC program.
The user creates the instance locally or globally in the PLC program. It is linked to the corresponding de-
vice in the TwinCAT System Manager through PLC automapping.

+ Orange: Transfer of the device instance (FB_BACnet Device [P_196]) to the function block of the BACnet
object. The function block of the BACnet object reads among other things the device status of the in-
stance.

Tip:

The instance of the block FB_ BACnet_Adapter does not have to called in the PLC program. If required, the
adapter is called automatically by the blocks FB_ BACnet Device [P_196] or FB BACnet RemoteDevice [P 241].

VAR_OUPUT

eAdapterStatus : E_BACNETADAPTERSTATUS;
bEthLinkOk : BOOL;

bGatewayOk : BOOL;

sAmsNetId : T AmsNetId;
bFirstCycle : BOOL;

bError : BOOL;

nErrorId : UINT;

eAdapterStatus: Status of the BACnet adapter; see: E BACNETADAPTERSTATUS [»_332].

bEthLinkOk: The local Ethernet connection is active (cable connected, adapter linked) if the output is set to
TRUE.

bGatewayOk: The configured gateway can be reached if the output is set to TRUE.

sAmsNetld: Output of the AMS NetID of the local BACnet adapter (can be used for asynchronous access to
BACnet objects via ADS).

bFirstCycle: Is set for one cycle when the block instance is first called after a PLC reset or restart.

bError: An error is pending.

nErrorld: Error code, see BACnet Globals [P 328] for an overview.

@ [fthereis no network connection (bEthLinkOk = FALSE) or the gateway cannot be reached
(bGatewayOk = FALSE), all remote objects (BACnet objects under one client) are blocked. Objects
1 of the local BACnet server are not affected.
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4.2 BACnet Server Objects

421 FB_BACnet_Accumulator_EX

FE BACnet Accumulator EX
nPv h l:u_Readgr—
—DLevice & nPFresentWalue|—
nMaxPv—
hirverridden—
homtof3ervicel—
hFaultl—
hInkilarm—
hirrerRange—
hUnderRange|—
hNoS3ensor|—
hiopenLoopl—
hommFailure—
ha3hortedLoopl—
hotherFault|—
eEventitate|l—
LoObjectIDl—
hErrori—

nError Id—

= Device

Application

The function block FB_BACnet_Accumulator can be used for reading and write access to a BACnet object of
type Accumulator (ACC).

An accumulator object is typically used for mapping meter readings to BACnet. The Example [P 157
illustrates the interfacing of an M-Bus counter with an accumulator object.

The basic and _EX versions of the block differ in terms of how the property Present Value is written and the
number of status outputs. In the basic version write access to the object is via the property Value Set.
Before the value acceptance in the property Present Value, the previous value including time stamp is
saved. In this way the property Value Change Time indicates when the property Present Value was last
updated, for example. In the case of an external counter (e.g. M-Bus), this feature can be used to check the
up-to-dateness of the value.

VAR_INPUT

d Variables shown in gray color are not included in the basic version of the function block. Variables
1 shown in black are not included in the _EX version of the function block.

nPVvV : UDINT;
nValueSet : UDINT;

nPV: value to be written to the property Present Value. The process data are written when there is a
change.

nValueSet: value to be written to the property Value Set. Write access also triggers update of the properties
Value _Change Time and Value Before Change. The process data are written when there is a change.

VAR_OUPUT

bReady : BOOL;
nPresentValue : UDINT;
nMaxPV : UDINT;
bOverridden : BOOL;
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bOutOfService : BOOL;

bFault : BOOL;

bInAlarm : BOOL;

bOverRange : BOOL;

bUnderRange : BOOL;

bNoSensor : BOOL;

bOpenLoop : BOOL;

bCommFailure : BOOL;

bShortedLoop : BOOL;

bOtherFault : BOOL;

eEventState : E_BACNETEVENTSTATE;
tObjectID : T_BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

nPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Accumulator and property Present_value).

nMaxPV: Current value of the property Max_Pres_Value of the BACnet object (see also BACnet
specification DIN EN ISO 16484-5 for BACnet object Accumulator and property Max_Pres_Value).

bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Accumulator and property Status _Flags.

bOverRange, bUnderRange, bNoSensor, bOpenLoop, bShortedLoop, bOtherFault: See BACnet
specification DIN EN ISO 16484-5 for BACnet object Accumulator and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Accumulator and property
Event_State.

tObjectID: Object ID of the BACnet object (object type and object instance).
bError: An error is pending.

nErrorld: see global constants (BACnet Globals [P 328]).

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Example

The following example illustrates the implementation of an M-Bus counter on a BACnet object of type
Accumulator.
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0oo3 [ (* M-BUS *)
0004 HMEBUS FBE MBUSEKEL&TS1;
0005 MBUSCom ST.'_I-EUS Communication;
0006 MBUSRaw FB MBUS RawData;
0007 B B
QD08 | (* BACnet =)
0009 Device FE BACnet Dewvice;
0010 phocValue POINTER TO UDINT:
0011 ECC FE BACnet Accumulator;
0012 (* ~(BACnet Ebjectﬂgme MATH.ACC NOLINE) *)
0013 BCCRel AT%EH WORD:
0014 (* ~(BACnet ObjectTvpe RCC HOLINK)
0015 (SRC:Et_iject}Iarr.e MATH.ACC OBJREF, HNOLINE)
0016 (BL-’::Et:RE'_'_aI:'_'_'_tg-' LINE) *)
-
MBUSEaw
FE MBUS RawData
'JSi;deIESE h bBusyl—
atSechdr bReady
eBaudrate bError
bStart eError|—
bSND NEE dwIdNunber—
bReadInit byS5tatus|—
tHinSendTime byGEN|—
bDizsabled byCounter|—
stCom bt usiRecivedidr—
eMediam—
sHMan—
iLen|—
arrDatal—
& =tCom
| ADR (MBUSRaw.arrData[0]) — phccValue
RCC
FE BACnet Accumulator
| phocValue™ :'NaluEEEt B bReadyl—
Device Device b nPresentValue|l—
bCverridden|—
bOutOfService|—
bFaultcl—
bInf&larm—
bError|—
nErrorId/—
t Device
L EEL
EACnetReliability unreliable other | L
SEL

BACnetReliability no fault detected I—

EACnetReliability communication failure I—

Fig. 7: Fig. 1: Example for the implementation of an M-Bus counter in the BACnet object Accumulator in the

PLC program.
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The BACnet object records the value of the input nValueSet and saves it as property Present_Value. Further
information for setting the property Reliability of the BACnet object is provided by the bError and bReady
states of the M-Bus block. This property indicates the state of the value of the BACnet object. If the M-Bus
block reports bReady = TRUE, the BACnet object assumes state no_fault _detected — value valid.

4.2.2 FB_BACnet_Accumulator RAW
FE BiCnet Accumulator BAW
—nRawIn h hRe adyl—
—kMNoSensor nPFresentWalue|—
—|hCrrerRange hirrerridden—
—hUnderRange houtof3ervicel—
—fhopenLoop hFaultl—
—h3hortedLoop bhlInkhlarm—
—bContmFailure hErraori—
—botherFault nError Id—
—Levice b B Device

Application

The function block FB_BACnet_Accumulator_RAW can be used for read and write access to a BACnet
object of type Accumulator.

In contrast to the standard and _ EX versions of the block, the raw value, and the state of the property
Reliablitity are provided by function block inputs, not directly by the IO hardware. For example, the state of a
counter input can be mapped from a sub-bus system in PLC code to a BACnet object (signal conversion

from sub-bus systems or virtual data points to BACnet, see Example [P_160]).

VAR_INPUT

nRawIn
bNoSensor
bOverRange
bUnderRange
bOpenLoop
bShortedLoop
bCommFailure
bOtherFault

: UINT;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;

nRawln: Raw value input of the object in the range -32768 to 32767. The input is linked to the process data
"RawloAccumulatorUnsignedValue" of the BACnet object. Changes in the value of nRawln are offset with
the property Prescale to calculate the value of the property Present_Value (provided the object state is not

out _of_service).

bNoSensor, bOverRange, bUnderRange, bOpenLoop, bShortedLoop, bCommFailure, bOtherFault:
TRUE at the input sets the appropriate state [»_349] of the property Reliability. The priority decreases with
the order of the inputs (bNoSensor has highest priority, bOtherFault lowest). See BACnet specification DIN
EN ISO 16484-5 for BACnet object Accumulator and property Reliability.

VAR_OUPUT

bReady
nPresentValue
bOverridden
bOutOfService
bFault
bInAlarm
bError
nErrorId

: BOOL;
: UDINT;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.
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nPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Accumulator and property Present_value).

bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Accumulator and property Status_Flags.

bError: An error is pending.

nErrorld: see global constants BACnet Globals [» 328].

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

Example

The following example illustrates the implementation of a digital pulse signal on a BACnet object of type
Accumulator.
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Syoye oy

4

goa3 | (* Virtual wvalue *)

0004 diPulseInput AT:I*:BOOL;

0005 diPulselk AT%I*:BOOL;

0006 rtrigPulse R_TRIG:

0ooT nCounter UINT:

0008

000G [ (* BACnet *)

0010 Device FE BACnet Device;

0011 ACCRawCount FE BACnet Accumulator RAW;

nCounter
1

| diPulseInput ——CLK “ ")

rtrigPulse
R TRIG

EN ENO—

MOD
nCounter
32768
BCCRawCount

FBE BACnet Accumulator RAW
nRawfﬁ - EReady—-
—bHoSensor nPresentValue|—
—bCOverRange bOverridden|—
—bUnderRange bOutOfService—
—bkOnenl.oop bFault|—
—bShortedLoop bInflarm—
—bCommFailure bError—
diPulsefk —bOtherFault nErrorId—

Device Device & + Device

Fig. 8: Fig. 1: Example for the implementation of a pulse signal in the BACnet object Accumulator in the PLC

program.

The BACnet object records the changes in the input nRawlin. An overflow of the UINT value is non-critical,
since the BACnet object can respond accordingly. The difference of the input value is counted in module
32768. Further information is provided by the input diPulseOk. This input indicates that the pulse-generating

side (e.g. an external counter) is ready.
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4.2.3 FB_BACnet_Accumulator_R6

FE BACnet Accumulator E&
—nPV - - lz_Read},r—
—Device b nPresentValue|—
bOverridden|—
bOucOfService|—
bFault—
bInfdlarm—
bBError|—
nErrorId/—

& Device

Application

The function block FB_BACnet_Accumulator_R6 can be used for reading and write access to a BACnet
object of type Accumulator. Write access in this version (_R®6) is the same as in the previous library version
(Revision 6): The value of nPV is transferred directly into the property Present Value.

VAR_INPUT

nPVvV : UDINT;

nPV: Value that is written directly to the Property Present Value.

VAR_OUPUT

bReady : BOOL;
nPresentValue : UDINT;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bError : BOOL;
nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

nPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Accumulator and property Present_value).

bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Accumulator and property Status_Flags.

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [ 328]).

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.
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4.2.4 FB_BACnet_Accumulator_RAW_R6
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FE BLCnet Lccumulator RA4W Ee
—npv - " bReadyl
—nReliability nPresentValus—
—blutCfServicelut nMa=xPFVi—
bOverridden|—
bOutCfService—
bFault—
bInAlarm—
bOverRange—
bUnderRange|—
bNoSensor|—
blpenLoop|—
bShortedLoopi—
bOtherFault|—
eEventState—

—ADevice b=

bError|—
nErrorId—
- Device

Application
The function block can be used for read and write access to a BACnet object of type Accumulator (ACC).

In contrast to the standard and _ EX versions of the block, the current counter value (Present Value) and the
state of the property Reliablitity are provided by function block inputs, not directly by the 10 hardware. For
example, the state of a counter input can be mapped from a sub-bus system in PLC code to a BACnet object

(signal conversion from sub-bus systems or virtual data points to BACnet, see Example [»_164]).

VAR_INPUT

nbPVv : UDINT;
nReliability : WORD;
bOutOfServiceOut : BOOL;

nPV: Value that is written directly to the Property Present Value.

nReliability: Input sets the appropriate state [P_349] of the property Reliability. See BACnet specification DIN
EN ISO 16484-5 for BACnet object Accumulator and property Reliability.

bOutOfServiceOut: TRUE sets the object state to out_of service. See BACnet specification DIN EN ISO
16484-5 for BACnet object Accumulator and property Status_Flags.

VAR_OUPUT

bReady : BOOL;
nPresentValue : UDINT;
nMaxPV : UDINT;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bOverRange : BOOL;
bUnderRange : BOOL;
bNoSensor : BOOL;
bOpenLoop : BOOL;
bShortedLoop : BOOL;
bOtherFault : BOOL;
eEventState : E BACNETEVENTSTATE;
bError : BOOL;
nErrorId : UINT;
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bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

nPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Accumulator and property Present_value).

nMaxPV: Current value of the property Max_Pres_Value of the BACnet object (see also BACnet
specification DIN EN ISO 16484-5 for BACnet object Accumulator and property Max_Pres_Value).

bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Accumulator and property Status_Flags.

bOverRange, bUnderRange, bNoSensor, bOpenLoop, bShortedLoop, bOtherFault: See BACnet
specification DIN EN ISO 16484-5 for BACnet object Accumulator and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Accumulator and property
Event_State.

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [P_153] and FB_BACnet Device [P_196] for
further information.

Example

The following example illustrates the implementation of a digital pulse signal on a BACnet object of type
Accumulator.
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0002 VAR PERSISTENT

0oa3 | (* Perszistent counter value *)

0004 nCounter : UDINT:

0005 END VAR

0006 [VRE

goaT | (* Virtual wvalue *)

0008 diPul=zeInput ATZI~:BOOL;

0009 diPulselk AT:I*:BOOL;

0010 rtrigPulse : R TRIG;

0011 | (* BACnet *)

0012 Device : FB BACnet Device;
0013 ACCRawCount : FB BACnet Accumulator RAW R&;
0014 END VAR

4

rtrigPulse
R TRIG

| diPulseInput |—CLK H Q

EN EHO—

1

<
ACCRawCount .bReady EN ENC|— MOD
LCCRawCount .nMaxPFV EN ENC|—
[istrrrerees —
| nCounter |
| ACCRawCount .nMaxFV+1

SEL

diPul=selk

| BACnetReliability unreliabhle other
| BACnetReliability no fault detected

ACCRawlCount
FBE BACnet Accumulator RAW R&
nCounter I nEv B B B _EReady——
nReliability nPFresentValue|—
bCutCfServicelut naxPFV—
Device I Device &= bOverridden—
bOutOfService|—
bFaultcl—
bInflarm—
bCverRange—
blUnderRange(—
bNoSen=sor|—
bOpenLoopl—
bShortedLoopl—
bOtherFault|—
eEventState|—
bError—
nErrorId—
t Device

Fig. 9: Fig. 1: Example for the implementation of a pulse signal in the BACnet object Accumulator in the PLC
program.
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The BACnet object records the count value at the input nPV. An overflow of the UDINT value occurs when a
maximum value is set or depending on data type. Further information is provided by the input diPulseOk.

This input indicates that the pulse-generating side (e.g. an external counter) is ready.

4.2.5 FB_BACnet_Analoglnput_EX

FBE Bicnet Analoglnput EX
—DLevice & hReady
fPresentValues
hinrerridden
houtOf3ervice
hFault
hInklarm
hirrerRange
hlnderRange
hblo3en=sor
hiopenLoop
ha3hortedLoop
hotherFault
eEventitate
bAckedTrans ToOffNormal
bAckedTrans ToFault
bAickedTrans TolNormal
tohjectID
hError
nErrorId
t Device
Application
The function block FB_BACnet_Analoglnput can be used for read access to a BACnet object of type
Analoginput (Al).
VAR_OUPUT
bReady : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bOverRange : BOOL;
bUnderRange : BOOL;
bNoSensor : BOOL;
bOpenLoop : BOOL;
bShortedLoop : BOOL;
bOtherFault : BOOL;
eEventState : E_BACNETEVENTSTATE;
bAckedTrans ToOffNormal : BOOL;
bAckedTrans ToFault : BOOL;
bAckedTrans ToNormal : BOOL;
tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational", or the block instance was not linked correctly in the TwinCAT System
Manager. If this output is set, the other status outputs are valid (PresentValue, Overridden ...). If the output is
FALSE, the corresponding function block FB_BACnet_Device does not report "Operational”, or the block
instance was not linked correctly in the TwinCAT System Manager.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Analoglnput and property Present_Value).
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bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Analoginput and property Status_Flags.

bOverRange, bUnderRange, bNoSensor, bOpenLoop, bShortedLoop, bOtherFault: See BACnet
specification DIN EN ISO 16484-5 for BACnet object Analoglnput and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Analoglnput and property
Event_State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object Analoglnput and
property Acked_Transitions).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [P 328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [P_153] and FB_BACnet Device [P_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]

4.2.6 FB_BACnet_Analoglnput_ RAW

FE BACnet AnalogInput RAW
—nEawln h h h hReadyl—
—kblNo3ensor fPresentValue|—
—|hCrerBange hirrerridden—
—|khUnderBRange houtOfService|l—
—kbCpenLoop hFaultl—
—bShortedLoop bhInllarm—
—kbContFailure bhickedTrans ToOffNormal —
—kotherFault bickedTrans ToFault|—
—Device & bhickedTrans TolNormali—
hErraori—
nError Id—
B Device
Application

The function block FB_BACnet_Analoglnput_ RAW can be used for read and write access to a BACnet
object of type Analoginput.

In contrast to the standard and _ EX versions of the block, the raw value and the state of the property
Reliablitity are provided by function block inputs, not directly by the IO hardware. For example, the state of
an analog value can be mapped from a sub-bus system in PLC code to a BACnet object (signal conversion

from sub-bus systems or virtual data points to BACnet, see Example [P_168]).

VAR_INPUT

nRawIn : INT;
bNoSensor : BOOL;
bOverRange : BOOL;
bUnderRange : BOOL;
bOpenLoop : BOOL;
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bShortedLoop : BOOL;
bCommFailure : BOOL;
bOtherFault : BOOL;

nRawlIn: Raw value input of the object in the range -32768 to 32767. The input is linked to the process data
"RawloAnalogSignedValue" of the BACnet object. The value from nRawln is offset with the property
Resolution to calculate the value of the property Present Value (provided the object state is not

out_of_service).

bNoSensor, bOverRange, bUnderRange, bOpenLoop, bShortedLoop, bCommFailure, bOtherFault:
TRUE at the input sets the appropriate state [P_349] of the property Reliability. The priority decreases with
the order of the inputs (bNoSensor has highest priority, bOtherFault lowest). See BACnet specification DIN
EN ISO 16484-5 for BACnet object Analoginput and property Reliability.

VAR_OUPUT

bReady : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bAckedTrans ToOffNormal : BOOL;
bAckedTrans ToFault : BOOL;
bAckedTrans ToNormal : BOOL;
bError : BOOL;
nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational", or the block instance was not linked correctly in the TwinCAT System
Manager.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Analoginput and property Present Value).

bOverride, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Analoginput and property Status_Flags.

bOverRange, bUnderRange, bNoSensor, bOpenLoop, bShortedLoop, bOtherFault: See BACnet
specification DIN EN ISO 16484-5 for BACnet object Analoglnput and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Analoglnput and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object Analoglnput and
property Acked_Transitions).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [» 328].

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Example
Example

The following example shows the implementation of an integer value from EIB in the property Present Value
of an Analoglnput object:
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pooz [var
D003 |(* EIB *)
0004 EIE KLE301;
0005 EIEAnIn EIE 20CTET SIGN REC;
0006 - - -
0007 | (* BACnet *)
0008 Device FE BACnet Device;
0009 LIRaw FE BACnet Analoglnput REW:
0010 [END VAR B Bl -
4
EIB
KL6301
| Device.bOperational —bActiwvate bhctivel—
[ 1 Hidx bReady
[ EibPhyAddr [EIB PHYS ADDR bError
| EibGroupFilter | —EIB GROUP_FILTER iErrorIdf—
—|iHode str Data Rec
k16301in —|HLE301 IN & b KLE301 IN
k16301lout —|KL&301 OUT b b KLE301 OUT
EIBANDTND

EIE ZOCTET SIGH REC
Eibliddr Group hddress bDataReceivel—

Device

Device b

backedTrans ToNormal —

ztrData Rec iData—|
LATRaw

FE BACnet Analoglnput RAW
nRawIn - - - bReadyl—
—bHoSensor fPresentValue|l—
—bCverRange bOverridden|—
—blnderRange bOutcOfService|—
—bCpenloop bFault|—
—bShortedLoop bInAlarm—
bCommFailuare bickedTrans ToCOffMNormal —
L AbhCtherFault bickedTrans ToFault—

bError|—
nErrorId—

t Device

Fig. 10: Fig. 1: Example for the implementation of an integer value from EIB in the property Present_Value in

the PLC program.

This example assumes the library "TcEIB.lib" is available. For further information on EIB please refer to the
manual for the KL6301 terminal.

TS8020

Version: 1.3

169



PLC library: TcBACnetRev12.Lib

BECKHOFF

4.2.7 FB_BACnet_AnalogOutput_EX

—bEnablePV
—bNullPV
—fPrV
—Levice b

FE BACnhet AnalogOutput EX
h h h hReadyl—
fPresentValue|—

hinrerridden—

houtOfService|—

hFaultl—

bInilarm—

hNoOutputl—

hiopenLoopl—

ha3hortedLoopl—

hotherFault|—

eEventitate|—

bickedTrans ToOffNormal—

bAickedTrans ToFaultp—

bhickedTrans TolNormal—

nictivePriaol—

tobhjectIDl—

hErraori—

nError Id—

B Device

Application

The function block FB_BACnet_AnalogOutput can be used for read access with priority 12 to the property

Present_Value and for write access to a BACnet object of type AnalogOutput (AO).

VAR_INPUT

bEnablePV
bNullpVv
fPV

: BOOL;
: BOOL;
: REAL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of fPV; FALSE = write value of fPV

as property value.

fPV: Value to be written to the property Present_Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

VAR_OUPUT

bReady : BOOL;

fPresentValue : REAL;

bOverridden : BOOL;

bOutOfService : BOOL;

bFault : BOOL;

bInAlarm : BOOL;

bNoOutput : BOOL;

bOpenLoop : BOOL;

bShortedLoop : BOOL;

bOtherFault : BOOL;

eEventState : E BACNETEVENTSTATE;
bAckedTrans_ToOffNormal : BOOL;

bAckedTrans_ ToFault : BOOL;
bAckedTrans_ToNormal : BOOL;

nActivePrio : UINT;

tObjectID : T_BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;
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bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Present_Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Status_Flags.

bNoOutput, bOpenLoop, bShortedLoop, bOtherFault: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and
property Acked_Transitions).

nActivePrio: Indicates the currently active priority of the priority array, which acts on the Present Value (see
also BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and property
Present_Value).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [ 328]).

VAR_IN_OUT

Device : FB _BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]

4.2.8 FB_BACnet_AnalogOutput_ADS

FB BACnet Analoglutput ADS
_bEnablelPV bReadyl—
—bEHullFEV bPvDone—
—fFV fPresentValue|l—
—bManual bOverridden|—
—ePriority bOutOfService|—
—Device bBFanltl—

bBInflarm—
tChbjectIDl—
bError|—
nErrorId—
nbdsErrorId—
t Device
Application

The function block FB_BACnet_AnalogOutput_ADS can be used for read and write access to a BACnet
object of type AnalogOutput.
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VAR_INPUT

bEnablePV : BOOL;

bNullPV : BOOL;

fPV : REAL;

bManual : BOOL;

ePriority : E BACNETPRIORITY:=BACNETPRIORITY 12;

bEnablePV: enables the value of input fPV. As soon as the input is set to TRUE, write access to the
commandable property Present Value takes place with the value from fPV and the priority from ePriority
(default: 12, if the input ePriority is not connected). If the input is set to FALSE, no further write access takes
place (no change).

bNullPV: overwrites the entry of the commandable property Present Values in priority ePriority with the
value NULL, if bEnablePV is set to TRUE. The input fPV is ignored, as long as bNullPV is set to TRUE.

fPV: value to be written to the corresponding location of the property Priority Array of the commandable
property Present Value if bEnablePV is set to TRUE and bNullPV is set to FALSE. The priority is
determined with the input ePriority (default: 12, if the input ePriority is not connected). If the value changes,
writing takes place acyclically (ADS WRITE).

@® Since writing of the property Present_Value takes place acyclically, and only when the value
changes, it is potentially possible that the property Present Value is also overwritten with the same
priority by other BACnet devices. In this case (i.e. same priority) the last write access always "wins".

bManual: the following evaluations are distinguished for the input:

- FALSE: write on value change

- Edge change FALSE — TRUE: write the property Present_Value on edge change.

- TRUE: write on value change and when the associated BACnet server changes to the "Operational" state

(see FB BACnet Device [»_196]).

ePriority: specification of the priority for write access to the property Present Value (default: 12, see also
E BACNETPRIORITY [»_344]).

VAR_OUPUT

bReady : BOOL;
bPvDone : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;
nAdsErrorId : UDINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.

bPvDone: Positive edge if writing of property Present_Value via ADS was successful.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Present_Value).

bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Status Flags.

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].
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nAdsErrorld: ADS error code.

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

4.2.9 FB_BACnet_AnalogOutput_ RAW

FE BACnet AnalogOutput ERAT
—bEnak 1ePV h h h bReadyl—
—kbNullPv fPresentValue—
— TPV hirrerridden—
—bRawirrerridden houtOfZervice|—
—kNoDutput hFaultl—
—kbCpenLoop bInllarm—
—bShortedLoop bAickedTrans ToOffNormall—
—kbContFailure bhickedTrans ToFault|—
—kotherFault bickedTrans ToNormali—
—Device & hErraori—
nError Id—
nRawout|—
B Device
Application

The function block FB_BACnet_AnalogOutput RAW can be used for reading and write access to a BACnet
object of type AnalogOutput.

In contrast to the standard or _EX version of the block, the flag of the property Status Flags is overridden,
and the value of the property Reliablitity is provided by function block inputs and mapped from the PLC
program to the BACnet object. The PLC program maps the state of the property Present Value to the
hardware and the sub-bus system. Otherwise, this is dealt with directly by the 10 hardware. In this way it is
possible, for example, for a BACnet object to map the output value to a sub-bus system in PLC code (signal

conversion to sub-bus systems or virtual points from BACnet, see Example [P _174]).

VAR_INPUT

bEnablePV : BOOL;
bNullpv : BOOL;
fpPV : REAL;
bRawOverridden : BOOL;
bNoOutput : BOOL;
bOpenLoop : BOOL;
bShortedLoop : BOOL;
bCommFailure : BOOL;
bOtherFault : BOOL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of fPV; FALSE = write value of fPV
as property value.

fPV: Value to be written to the property Present_Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

bRawOverridden: TRUE sets the flag overridden of the property Status Flags. This indicates to BACnet
that the value of the property Present Value was decoupled from the hardware output (e.g. through manual
local operation). See BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and
property Status_Flags.
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bNoOutput, bOpenLoop, bShortedLoop, bCommFailure, bOtherFault: TRUE at the input sets the

appropriate state [»_349] of the property Reliability. The priority decreases with the order of the inputs
(bNoOutput has highest priority, bOtherFault lowest). See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Reliability.

VAR_OUPUT

bReady : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bAckedTrans_ToOffNormal : BOOL;
bAckedTrans ToFault : BOOL;
bAckedTrans ToNormal : BOOL;
bError : BOOL;
nErrorId : UINT;
nRawOut : INT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Present_Value).

bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Status Flags.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and
property Acked_Transitions).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [» 328].

nRawOut: Raw value output of the object in the range -32768 to 32767. The output is linked to the process
data "RawloAnalogSignedValue" of the BACnet object. The value of nRawOut results from the property
Present_Value, taking account of the property Resolution.

VAR_IN_OUT

Device

: FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [P_153] and FB_BACnet Device [P_196] for

further information.

Example

The following example illustrates the implementation of the property Present Value of an AnalogOutput

object in EIB:
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0002 [VAR
Q002 | (* EIE *)
0004 EIE KL6301;
0005 EIEAnOuUt EIE 20CTET SIGHN SEMND:
0008 B - -
0eaT | (* Manual override *)
gooa diMandctive AT:EI*:BOOLy (* kevy switch on cabinet *)
0009 aiManSlider AT%I*:INTI; (* analog =slider on cabinet *)
0010
0011 | (* BACnet *)
0012 Device FE BACnet Device:
0013 AORaw FB BACnet AnalogOutput RAW:
0014 [END VAR B B B
4
EIE
KELE301
| Device.bOperational —b&ctivate bictive|—
| 1 iax bReady
| EibPhyAddr | —EIB_PHYS_ADDR bError
| EibGroupFilter —EIE GRCUP FILTER iErrorId—
—|iHaode str Data Rec
kK16301in —KL&301 TN t EL&301 TN
kKle30lout —EL6301 OUT B = KEL6301 OUT
ETBAnOut
EIE 20CTET SIGN SEND
GrD'.lp_FLd_ciress - - bError—
iData iErrorID—
|—.51:r Rec
SEL J
| diManfctive |+
| aiManSlider |
LORaw
FBE BACnet Analoglutput BRAW
JbEnablepV B - - bReady|l—
—bHullFV fPresentValuel|—
—£EWV bCverridden|—
bRawlwverridden bBOutCfService—
—bNoCutput bFaulti—
—|bCpenLoop bInAlarml—
—bShortedLoop bAckedTrans TolOffNormall—
bCommFailure backedTrans ToFault—
L — kRO therFaultc bickedTrans ToNormal —
Device b bError—
nErrorId—
nBawiuat
b Device

Fig. 11: Fig. 1: Example for the implementation of property Present_Value in EIB in the PLC program.
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This example assumes the library "TcEIB.lib" is available. For further information on EIB please refer to the
manual for the KL6301 terminal.

The implementation of local operation by means of a selector switch (digital input) and a control
potentiometer (analog input) is also illustrated.

4.2.10

FB_BACnet_AnalogValue_EX

—bEnab lePV
bHul 1PV
—fPV
—Device

FE BiCnet AnalogValue EX

hReady

fPresentValue

hirrerridden

houtof3ervice

hFault
bhInklarm
hirnrerRange
hinderRange
hotherFault
eEventitate

bhickedTrans ToOffNormal
bAckedTrans_TDFault
bAckedTrans_Tanrmal

nlictivePrio
tohjectID
hError
nErrorId

t Device

Application

The function block FB_BACnet_AnalogOutput can be used for read access with priority 12 to the property

Present_Value and for write access to a BACnet object of type AnalogValue (AV).

VAR_INPUT

bEnablePV : BOOL;
bNullpbPV : BOOL;
fPVvV : REAL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of fPV; FALSE = write value of fPV

as property value.

fPV: Value to be written to the property Present Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

VAR_OUPUT

bReady : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bOverRange : BOOL;
bUnderRange : BOOL;
bOtherFault : BOOL;
eEventState : E BACNETEVENTSTATE;
bAckedTrans ToOffNormal : BOOL;
bAckedTrans_ ToFault : BOOL;
bAckedTrans_ToNormal : BOOL;
nActivePrio : UINT;
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tObjectID : T_BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block
"FB_BACnet_Device" does not report "Operational”, or the block instance was not linked correctly in the
System Manager.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Present _Value).

bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogOutput and property Status _Flags.

bOverRange, bUnderRange, bOtherFault: See BACnet specification DIN EN ISO 16484-5 for BACnet
object AnalogOutput and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and
property Acked_Transitions).

nActivePrio: Indicates the currently active priority of the priority array, which acts on the Present Value (see
also BACnet specification DIN EN ISO 16484-5 for BACnet object AnalogOutput and property
Present Value).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [P 328]).

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]

4.2.11 FB_BACnet_AnalogValue_ADS

FBE BACnet AnalogValue A4DS5S
JbEnablePV bReadyl—
—ENull1FV bEPvDone|—
—£FV fPresentValue|—
—bEManual bCverridden—
—ePriority bOutOfServicel—
—Device b bFaultl—

bInflarm—

tChjectID|—

bBError|—

nErrorId—

nidsErrorIdl—
= Device
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The function block FB_BACnet_AnalogValue ADS can be used for reading and write access to a BACnet
object of type AnalogValue.

In contrast to the standard and _ EX versions, writing of the property Present Value is realized with ADS-
WRITE (acyclic).

VAR_INPUT

bEnablePV : BOOL;

bNullpPV : BOOL;

fPV : REAL;

bManual : BOOL;

ePriority 8 EiBACNETPRIORITY:=BACNETPRIORITY712;

bEnablePV: enables the value of input fPV. As soon as the input is set to TRUE, write access to the
commandable property Present Value takes place with the value from fPV and the priority from ePriority
(default: 12, if the input ePriority is not connected). If the input is set to FALSE, no further write access takes
place (no change).

bNullPV: overwrites the entry of the commandable property Present Values in priority ePriority with the
value NULL, if bEnablePV is set to TRUE. The input fPV is ignored, as long as bNullPV is set to TRUE.

fPV: value to be written to the corresponding location of the property Priority Array of the commandable
property Present Value if bEnablePV is set to TRUE and bNullPV is set to FALSE. The priority is
determined with the input ePriority (default: 12, if the input ePriority is not connected). If the value changes,
writing takes place acyclically (ADS WRITE).

@ Since writing of the property Present_Value takes place acyclically, and only when the value
changes, it is potentially possible that the property Present_Value is also overwritten with the same
1 priority by other BACnet devices. In this case (i.e. same priority) the last write access always "wins".

bManual: the following evaluations are distinguished for the input:

- FALSE: write on value change

- Edge change FALSE — TRUE: write the property Present Value on edge change.

- TRUE: write on value change and when the associated BACnet server changes to the "Operational” state

(see FB_BACnet Device [P_196]).

ePriority: specification of the priority for write access to the property Present Value (default: 12, see also
E BACNETPRIORITY [»_344]).

VAR_OUPUT

bReady : BOOL;
bPvDone : BOOL;
fPresentValue : REAL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;
nAdsErrorId : UDINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.

bPvDone: Positive edge if writing of property Present_Value via ADS was successful.

fPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogValue and property Present_Value).

bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object AnalogValue and property Status Flags.
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tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

nAdsErrorld: ADS error code.

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

4.2.12 FB_BACnet_Averaging_EX

FE BACnet Averaging EX
—ADewvice B h h bReadyl—
fiverageWValue|l—
fMaximuanWalus|—
fHinimanWalusl—
nvalid3amples—
nindow3amples—
nilindowInterval|—
CoObhjectIDl—
bErrori—

nError Id—

B Device

Application

The function block FB_BACnet_Averaging can be used for read access to a BACnet object of type
Averaging (AVG).

VAR_OUPUT

o
1 Variables are not included in the basic version of the function block.

bReady : BOOL;
fAverageValue : REAL;
fMaximumValue : REAL;
fMinimumvValue : REAL;
nValidSamples : UDINT;
nWindowSamples : UDINT;
nWindowInterval : UDINT;
tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF; (*siehe Info*)
bError : BOOL;
nErrorId : UINT;

bReady: notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block
"FB_BACnet_Device" does not report "Operational”, or the function block instance was not linked correctly in
the System Manager.

fAverageValue: current average value (see BACnet specification DIN EN ISO 16484-5 for BACnet object
Averaging and property Average Value).

fMaximumValue: largest sampled value (see BACnet specification DIN EN ISO 16484-5 for BACnet object
Averaging and property Maximum_Value).

TS8020 Version: 1.3 179



PLC library: TcBACnetRev12.Lib

BECKHOFF

fMinimumValue: smallest sampled value (see BACnet specification DIN EN ISO 16484-5 for BACnet object
Averaging and property Minimum_Value).

nValidSamples: number of valid values of the BACnet object (see BACnet specification DIN EN ISO
16484-5 for BACnet object Averaging and property Valid_Samples).

nWindowSamples: number of values sampled over the period of Window _Intervall (see BACnet
specification DIN EN ISO 16484-5 for BACnet object Averaging and property Window_Samples).

nWindowlnterval: period over which the values are averaged in full seconds (see also BACnet specification

DIN EN ISO 16484-5 for BACnet object Averaging and property Window _Interval).
tObjectID: object ID of the BACnet object (object type and object instance).

bError: an error is pending.

nErrorld: see global constants (BACnet Globals [P 328]).

VAR_IN_OUT

Device

: FB _BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [P_153] and FB_BACnet Device [P_196] for
further information.

4.2.13

FB_BACnet_Binarylnput_EX

—ADevice &=

FE BACnet EBinarvInput EX
h h h hReady
hPresentValue
hinrerridden
houtDfService
hFault
hInklarm
hoSensor
hiopenLoop
h3hortedLoop
hotherFault
eEventitate
bAickedTrans ToOffNormal
bAickedTrans ToFault
bhickedTrans TolNormal
nchangeQfitate
LohjectID
hErraor
nErrorId

E Device

Application

The function block FB_BACnet_Analoglnput can be used for read access to a BACnet object of type
Binarylnput (BI).

VAR_OUPUT

bReady
bPresentValue
bOverridden
bOutOfService
bFault
bInAlarm
bNoSensor

: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
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bOpenLoop : BOOL;

bShortedLoop : BOOL;

bOtherFault : BOOL;

eEventState : E BACNETEVENTSTATE;
bAckedTrans_ToOffNormal : BOOL;

bAckedTrans ToFault : BOOL;
bAckedTrans_ToNormal : BOOL;
nChangeOfState : UDINT;

tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Present _Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Status_Flags.

bNoSensor, bOpenLoop, bShortedLoop, bOtherFault: See BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Binarylnput and property
Event_State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object Binarylnput and
property Acked_Transitions).

nChangeOfState: Number of changes of state (not to be confused with changes in value) of the property
Present_Value (see BACnet specification DIN EN ISO 16484-5 for BACnet object Binarylnput and property
Change_Of_State_Count).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]
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4.2.14 FB_BACnet_Binarylnput_ RAW
FE BACnet EBEinarvyInput RAW
—bEawln h h h hReadyl—
—kbMNoZensor hPresentValue|—
—fhopenLoop hirrerridden—
—bShortedLoop houtOfService|—
—bCommFailure hFaultl—
—kCdtherFault bInilarm—
—Lewvice b bickedTrans ToOffNormal—
bhickedTrans ToFault|—
bhickedTrans TolNormal—
hErraori—
nError Id—
B Device
Application

The function block FB_BACnet_Binarylnput_ RAW can be used for reading and write access to a BACnet
object of type Binarylnput.

In contrast to the standard and _ EX versions of the block, the raw value, and the state of the property
Reliablitity are provided by function block inputs, not directly by the IO hardware. For example, the state of a
binary value can be mapped from a sub-bus system in PLC code to a BACnet object (signal conversion from

sub-bus systems or virtual data points to BACnet, see Example [P_183]).

VAR_INPUT

bRawIn : BOOL;
bNoSensor : BOOL;
bOpenLoop : BOOL;
bShortedLoop : BOOL;
bCommFailure : BOOL;
bOtherFault : BOOL;

bRawlIn: Raw value input of the object. The input is linked to the process data "RawloBinaryBoolValue" of
the BACnet object. The value from bRawiln is offset with the property Polarity to calculate the value of the
property Present Value (provided the object state is not out_of service).

bNoSensor, bOpenLoop, bShortedLoop, bCommFailure, bOtherFault: TRUE at the input sets the

appropriate state [»_349] of the property Reliability. The priority decreases with the order of the inputs
(bNoSensor has highest priority, bOtherFault lowest). See BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Reliability.

VAR_OUPUT

bReady : BOOL;
bPresentValue : BOOL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bAckedTrans ToOffNormal : BOOL;
bAckedTrans ToFault : BOOL;
bAckedTrans_ ToNormal : BOOL;
bError : BOOL;
nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational", or the block instance was not linked correctly in the TwinCAT System

Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Present Value).
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bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object Binarylnput and property Status_Flags.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object Binarylnput and
property Acked_Transitions).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB_ BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

Example
Example

The following example shows the implementation of a bit value from EIB in the property Present Value of a
Binarylnput object:
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0010 [END VAR
4

pooz [var
D003 |(* EIB *)
0004 EIE

0005 EIEBinIn
0006

FKL6301;

0007 | (* BACnet =)
0008 Device
0009 EIRaw

EIS BIT REC;

FE BACnet Device;
FE BACnet BinaryInput ERAW;

Eibaddr

EIE
KLE301
| Device.bOperational —bActivate bhctive
[ 1 |Hidx bReady
| EibPhyAddr EIB_PHYS ADDR bError
| EibGroupFilter | —EIB GROUP_FILTER iErrorId
—iMode str_Data Rec
k16301in [ —{KL6301 INGb b KLE301 IN
k16301lout —KLE301 OUT b b KLEZO1 OUT
EIEBinIn

EIE_BIT_REC

strData Rec

Group Rddress bDataBReceive

bData

EIRaw

S

Device

FE BACnet BinaryInput RAW

bERawln bReady
bNoSensor bPre=szentValue
bOpenloop bOverridden
bShortedLoop bOutOfService
bCommFailure bFault
bOtherFault bInAilarm

Device

bAckedTrans ToOffNormal
backedTrans ToFault
bickedTrans ToNormal

bError
nErrorId
E Device

Fig. 12: Fig. 1: Example for the implementation of a bit value from EIB in the property Present_Value in the

PLC program.

This example assumes the library "TcEIB.lib" is available. For further information on EIB please refer to the
manual for the KL6301 terminal.
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4.2.15

FB_BACnet_BinaryOutput_EX

—bEnablePV
—bNullPV
—bPY
—Levice b

FE BACnet BinaryOutput EX

hReadyl—
hPresentValue|—
hinrerridden—
houtOfService|—
hFaultl—

bInilarm—

hNoOutputl—
hiopenLoopl—
ha3hortedLoopl—
hotherFault|—
eEventitate|—
bickedTrans ToOffNormal—
bAickedTrans ToFaultp—
bhickedTrans TolNormal—
nictivePriaol—
nChangelfitate—
tobhjectIDl—

hErraori—

nError Id—

B Device

Application

The function block FB_BACnet_BinaryOutput can be used for reading access with priority 12 to the property
Present_Value and for write access to a BACnet object of type BinaryOutput (BO).

VAR_INPUT

bEnablePV : BOOL;
bNullpPV : BOOL;
bPV : BOOL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of bPV; FALSE = write value of bPV

as property value.

b PV: Value to be written to the property Present Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

VAR_OUPUT

bReady

bPresentValue
bOverridden
bOutOfService

bFault

bInAlarm

bNoOutput

bOpenLoop
bShortedLoop
bOtherFault
eEventState
bAckedTrans ToOffNormal
bAckedTrans_ToFault
bAckedTrans_ ToNormal
nActivePrio
nChangeOfState
tObjectID

bError

nErrorId

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: BOOL;

: E_BACNETEVENTSTATE;
: BOOL;

: BOOL;

: BOOL;

: UINT;

: UDINT;

: T _BACnet ObjectIdentifier:=16#FFFFFFFF;
: BOOL;

: UINT;
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bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Present_Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Status_Flags.

bOtherFault: See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and property
Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and
property Acked_Transitions).

nActivePrio: Indicates the currently active priority of the priority array, which acts on the Present Value (see
also BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and property
Present_Value).

nChangeOfState: Number of changes of state (not to be confused with changes in value) of the property
Present_Value (see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and property
Change_Of _State Count).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]

4.2.16 FB_BACnet_BinaryOutput_ADS

FE BACnet BinaryOutput ADS
_bEnablePV bReadyl—
—bHullFV bEvDonel—
—BFV bFresentValue|—
—bManual bCverridden|—
—ePriority bOutOfService|—
—Device b bBFaultl—

bInfilarm—

tChjectIDl—

bError—

nErrorId—

naddsErrorIdl—
& Device
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The function block FB_BACnet_BinaryOutput_ADS can be used for read and write access to a BACnet
object of type BinaryOutput.

In contrast to the standard and _ EX versions, writing of the property Present Value is realized with ADS-
WRITE (acyclic).

VAR_INPUT

bEnablePV : BOOL;

bNullpPV : BOOL;

bPV : BOOL;

bManual : BOOL;

ePriority 8 EiBACNETPRIORITY:=BACNETPRIORITY712;

bEnablePV: enables the value of input bPV. As soon as the input is set to TRUE, write access to the
commandable property Present Value takes place with the value from bPV and the priority from ePriority
(default: 12, if the input ePriority is not connected). If the input is set to FALSE, no further write access takes
place (no change).

bNullPV: overwrites the entry of the commandable property Present Values in priority ePriority with the
value NULL, if bEnablePV is set to TRUE. The input bPV is ignored, as long as bNullPV is set to TRUE.

bPV: value to be written to the corresponding location of the property Priority Array of the commandable
property Present Value if bEnablePV is set to TRUE and bNullPV is set to FALSE. The priority is
determined with the input ePriority (default: 12, if the input ePriority is not connected). If the value changes,
writing takes place acyclically (ADS WRITE).

@ Since writing of the property Present_Value takes place acyclically, and only when the value
changes, it is potentially possible that the property Present_Value is also overwritten with the same
1 priority by other BACnet devices. In this case (i.e. same priority) the last write access always "wins".

bManual: a distinction is made between the following options for the input:
» FALSE: writing when the value changes
» Edge change FALSE — TRUE: writing the property Present_Value on edge change.

» TRUE: writing when the value changes and the associated BACnet server changes to "Operational”
state (see FB_BACnet Device [»_196]).

ePriority: specification of the priority for write access to the property Present_Value (default: 12, see also
E BACNETPRIORITY [»_344]).

VAR_OUPUT

bReady : BOOL;
bPvDone : BOOL;
bPresentValue : BOOL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;
nAdsErrorId : UDINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.

bPvDone: Positive edge if writing of property Present Value via ADS was successful.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Present _Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Status_Flags.
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tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

nAdsErrorld: ADS error code.

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

4.217 FB_BACnet_BinaryOutput_RAW

FB BACnet BinarvOutput RALI
—bEnab 1PV h h h bReady—
—ENullPV hPresentWValue|—
—bPV hirrerridden—
—kFeedback homtOfService—
—kbERawiwverridden hFault—
—kbNoJutput hlInklarm—
—fhCpenLoop bhickedTrans ToOffNormal—
—fb2hortedLoop bAckedTrans ToFaulti—
—bCortFailure bAckedTrans TolNormall—
—kbCotherFault hErrori—
—DLevice & nError Id—
hbRawlut—
t Device
Application

The function block FB_BACnet_BinaryOutput RAW can be used for reading and write access to a BACnet
object of type BinaryOutput.

In contrast to the standard or _EX version of the block, the flag of the property Status Flags is overridden,
the property Feedback Value and the value of the property Reliablitity is provided by function block inputs
and mapped from the PLC program to the BACnet object. The PLC program maps the state of the property
Present Value to the hardware and the sub-bus system. Otherwise, this is dealt with directly by the 10
hardware. In this way it is possible, for example, for a BACnet object to map the output value to a sub-bus

system in PLC code (signal conversion to sub-bus systems or virtual points from BACnet, see Example
[»_189]).

VAR_INPUT

bEnablePV : BOOL;
bNullPV : BOOL;
bPV : BOOL;
bFeedback : BOOL;
bRawOverridden : BOOL;
bNoOutput : BOOL;
bOpenLoop : BOOL;
bShortedLoop : BOOL;
bCommFailure : BOOL;
bOtherFault : BOOL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of bPV; FALSE = write value of bPV
as property value.
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b PV: Value to be written to the property Present Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

PLC library: TcBACnetRev12.Lib

bFeedback: Signal feedback to the BACnet object. See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Feedback_Value.

bRawOverridden: TRUE sets the flag overridden of the property Status Flags. This indicates to BACnet
that the value of the property Present_Value was decoupled from the hardware output (e.g. through manual

local operation). See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and

property Status_Flags.

bNoOutput, bOpenLoop, bShortedLoop, bCommFailure, bOtherFault: TRUE at the input sets the

appropriate state [P _349] of the property Reliability. The priority decreases with the order of the inputs
(bNoOutput has highest priority, bOtherFault lowest). See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryQutput and property Reliability.

VAR_OUPUT

bReady : BOOL;
bPresentValue : BOOL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
bAckedTrans ToOffNormal : BOOL;
bAckedTrans ToFault : BOOL;
bAckedTrans_ToNormal : BOOL;
bError : BOOL;
nErrorId : UINT;
bRawOut : BOOL;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryQOutput and property Present_Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryOutput and property Status_Flags.

bOtherFault: See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and property
Reliability.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryOutput and
property Acked_Transitions).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

bRawOut: Raw value output of the object. The output is linked to the process data "RawloBinaryBoolValue"
of the BACnet object. The value of bRawOut results from the property Present_Value, taking account of the
property Polarity.

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet
adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

Example

Example
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The following example illustrates the implementation of the property Present_Value of a BinaryOutput object

in EIB:

0002 VAR

goo3 | (*~ EIE *)

0004 ETE : EL&301;

Q0005 ETEBinCut : EIE EIT SEND:

0006

0oaT | (* Manual override *)

goos diManbctive ATEI*:BODL; (* kev switch on cabinet #)
0008 diManOnOff AT:I*:BOOL; (* on/off switch on cabinet #)
0010

0011 | (* BACnet =*)

0012 Device FE BACnet Device:

0013 BCRaw FBE BACnet BinmaryOutput RAW;

0014 END VAR

4

EIE
KELE301
| Device.bOperational —biActivate bictivel—
| 1 |—idx bReady
| EibPhyAddr [—EIB_PHYS ADDR bError
| EibGroupFilter —EIE GRCUFP FILTER iErrorId—
—|iHaode str Data Rec
kE16301in [—KL6301 IN®t t L6301 TH
kKl6301lout —EL&301 OUT b ¢ KL&301 OUT
EIEEBinCut
EIE BIT SEND
GrD'.lp_Ederes_.s B bError—
bhata iErrorID—
rstr Rec
SEL
| diManfctive (o =
|  diManCOnOff |
BCRaw
FE BACnet BinaryOutput ERAW
bEnablebV - - - bReadyl—
—bHullPV bBPresentValues—
—BFV bCverridden—
bFeedback bOutCfService—
bRawlwverridden bFaultci—
—beHNoCutput bInAlarm—
—bOpenLoop bickedTranz ToOffNormall—
—bShortedLoop backedTrans ToFault—
bCommFailure bickedTrans ToMNormall—
L  hOtherFanlt bErrori—
Device b nErrorId—
bRawCut
- Device

Fig. 13: Fig. 1: Example for the implementation of property Present_Value in EIB in the PLC program.

190

Version: 1.3

TS8020



BEGKHOFF PLC library: TcBACnetRev12.Lib

This example assumes the library "TcEIB.lib" is available. For further information on EIB please refer to the
manual for the KL6301 terminal.

The implementation of local operation by means of a selector switch (digital input) and a control switch
(digital input) is also illustrated.

4.2.18 FB_BACnet_BinaryValue_EX

FE BiCnet BinaryValue EX

—hEnakbhlelPV hReadyl—
—kbNullPv hPresentValue|—
—bPV hirrerridden—
—Device houtOfZervice|—
hFaultl—

bInllarm—

hotherFault|—

eEventitatel—

bickedTrans ToOffNormal—
bhickedTrans ToFault|—
bhickedTrans TolNormal—
nictivePrial—
nChangedfitate—

tohject ID—

hErrori—

nError Id—

= Device

Application

The function block FB_BACnet_BinaryValue can be used for read access with priority 12 to the property
Present_Value and for write access to a BACnet object of type BinaryValue (BV).

VAR_INPUT

bEnablePV : BOOL;
bNullpbPV : BOOL;
bPV : BOOL;

bEnablePV: TRUE = write enable of the property value; FALSE = do not change the entry in the BACnet
object (bNullPV and fPV have no effect).

bNullPV: TRUE = delete the property entry (NULL); instead of the value of bPV; FALSE = write value of bPV
as property value.

b PV: Value to be written to the property Present Value, if bEnablePV = TRUE and bNullPV = FALSE. The
process data are written when there is a change.

VAR_OUPUT

bReady : BOOL;

bPresentValue : BOOL;

bOverridden : BOOL;

bOutOfService : BOOL;

bFault : BOOL;

bInAlarm : BOOL;

bOtherFault : BOOL;

eEventState : E_BACNETEVENTSTATE;
bAckedTrans_ToOffNormal : BOOL;

bAckedTrans ToFault : BOOL;

bAckedTrans ToNormal : BOOL;

nActivePrio : UINT;
nChangeOfState : UDINT;

tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;
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bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryValue and property Present_Value).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryValue and property Status Flags.

bOtherFault: See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and property
Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and
property Acked_Transitions).

nActivePrio: Indicates the currently active priority of the priority array, which acts on the Present Value (see
also BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and property Present _Value).

nChangeOfState: Number of changes of state (not to be confused with changes in value) of the property
Present_Value (see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and property
Change_Of State Count).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB_ BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

Also see about this
E_BACNETEVENTSTATE [ 337]

4.2.19 FB_BACnet_BinaryValue_ADS

FE BACnet BinaryvValue 4D35
_bEnablePV bReadyl—
—bHNullFV bEvDone|—
—BFV bFre=zentValue|—
—EManual bCverridden|—
—ePriority bBOutOfService|—
—Device b bFaultl—

bBInfilarm—

tChjectIDl—

bError—

nErrorId—

nhdsErrorIdl—
& Device
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Application

The function block FB_BACnet_BinaryValue ADS can be used for read and write access to a BACnet object
of type BinaryValue.

In contrast to the standard and _ EX versions, writing of the property Present Value is realized with ADS-
WRITE (acyclic).

VAR_INPUT

bEnablePV : BOOL;

bNullpPV : BOOL;

bPV : BOOL;

bManual : BOOL;

ePriority 8 EiBACNETPRIORITY:=BACNETPRIORITY712;

bEnablePV: enables the value of input bPV. As soon as the input is set to TRUE, write access to the
commandable property Present Value takes place with the value from bPV and the priority from ePriority
(default: 12, if the input ePriority is not connected). If the input is set to FALSE, no further write access takes
place (no change).

bNullPV: overwrites the entry of the commandable property Present Values in priority ePriority with the
value NULL, if bEnablePV is set to TRUE. The input bPV is ignored, as long as bNullPV is set to TRUE.

bPV: value to be written to the corresponding location of the property Priority Array of the commandable
property Present Value if bEnablePV is set to TRUE and bNullPV is set to FALSE. The priority is
determined with the input ePriority (default: 12, if the input ePriority is not connected). If the value changes,
writing takes place acyclically (ADS WRITE).

@ Since writing of the property Present_Value takes place acyclically, and only when the value
changes, it is potentially possible that the property Present_Value is also overwritten with the same
1 priority by other BACnet devices. In this case (i.e. same priority) the last write access always "wins".

bManual: the following evaluations are distinguished for the input:

- FALSE: write on value change

- Edge change FALSE — TRUE: write the property Present Value on edge change.

- TRUE: write on value change and when the associated BACnet server changes to the "Operational” state

(see FB_BACnet Device [P_196]).

ePriority: specification of the priority for write access to the property Present Value (default: 12, see also
E BACNETPRIORITY [»_344]).

VAR_OUPUT

bReady : BOOL;
bPvDone : BOOL;
bPresentValue : BOOL;
bOverridden : BOOL;
bOutOfService : BOOL;
bFault : BOOL;
bInAlarm : BOOL;
tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;
nErrorId : UINT;
nAdsErrorId : UDINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System

Manager.

bPvDone: Positive edge if writing of property Present_Value via ADS was successful.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryValue and property Present_Value).

bOverridden, bOutOfService, bFault, binAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object BinaryValue and property Status Flags.
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tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [»_328].

nAdsErrorld: ADS error code.

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.

4.2.20 FB_BACnet_Calendar_EX

FE BEiCnet Calendar EX
—Device_b- h _hReadgr—
hPresentWValue|—
tobhjectID—
hError—
nErrorId—

 Device

Application

The function block FB_BACnet_Calendar can be used for reading access to a BACnet object of type
Calendar (CAL).

VAR_OUPUT

bReady : BOOL;

bPresentValue : BOOL;

tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Calendar and property Present_Value).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [P 328]).

VAR_IN_OUT

Device : FB BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [»_196] for
further information.
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4.2.21 FB_BACnet_Command_EX

FE BACnet Commnand EX
—bEnak 1eFV h " hReadyl—
—nPv nPresentWValue|—
—hEetrigoger hillWrites0kl—
—Levice b bhInProcess|—

tobhjectID—
hError—
nErrorId—
= Device
Application

The function block "FB_BACnet_Command" can be used for reading and write access to a BACnet object of
type Command (CMD).

VAR_INPUT
bEnablePV : BOOL;
nbPv : UDINT;

bRetrigger : BOOL;

bEnablePV: Enables the value of input nPV. When the input is set to TRUE, writing takes place into the
property Present_Value of the corresponding BACnet object with the value of input nPV.

If bEnablePV is set to FALSE, the process data of the mapped property Present_Value are written to 0 and
thus deactivated.

nPV: Value of the property Present_Value to be written. If the value is outside the value range (see BACnet
specification DIN EN ISO 16484-5 for BACnet object Command and property Present_Value), the
corresponding process data is disabled, writing to the property is disabled.

Writing of a valid value triggers execution of the corresponding command list of the BACnet object. The
value of the property Present Value is written whenever the process data changes (i.e. change in the value
of nPV with bEnablePV set, or signal change from FALSE to TRUE at input bRetrigger with bEnablePV
set).

bRetrigger: A rising edge at this input triggers a repeat of the write process and therefore execution of the
corresponding commands of the BACnet object Command. The signal change from FALSE to TRUE
corresponds to a change of the process data of the property Present Value from x to 0 to x.

VAR_OUPUT

bReady : BOOL;

nPresentValue : UDINT;

bAl1WritesOk : BOOL;

bInProcess : BOOL;

tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

nPresentValue: Current value of the BACnet object (see also BACnet specification DIN EN ISO 16484-5 for
BACnet object Command and property Present_Value).

bAIlIWritesOk: The last requested command list was successfully processed (see also BACnet specification
DIN EN ISO 16484-5 for BACnet object Command and property All_Writes Successful).

bInProcess: The selected command list is processed (see also BACnet specification DIN EN ISO 16484-5
for BACnet object Command and property In_Process).

tObjectID: Object ID of the BACnet object (object type and object instance).
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bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

4.2.22 FB_BACnet Device

FE EBiCnet Device

—kEReset B B nRewvision—
—h3upportEackun stidsConnl—
—hliritePersis eldvystemitatus|—
—fhDizablelOC bBackuphctive—
—kbEReload blilritePersisictive—
—(nim=Port hoperationall—
bUoCDisabhled—
bFirsctCycle|l—
dtLocalTime—
bError—
nError Id—

Application

Function block for interfacing of the PLC program with a local BACnet device object (server). The function
block is linked with the aid of process data and ADS (evaluate AMS port, read object list, determine the stack
revision and backup).

@® Asarule, the function block is backward compatible (revision 6). The BACnet revision in use can be
read at output nRevision.

1 If revision 6 is used, some ADS services of the BACnet stack are limited; e.g. the AMS port of the
BACnet device (server and client) can only be determined automatically from revision 12. If revision
6 is used, the AMS port (Ads port) shown in the TwinCAT System Manager must therefore be
transferred at input nAmsPort (see Figure 1)!

-l 5YSTEM - Configuration

-§ER NC - Configuration Settings |Ob]Ed5 I
- PLC - Configuration — ldentification —Device |
-BgR Cam - Configuration BACHet ID I'I 07297 Persist !

-fll 1/0 - Configuration

=B 1/0 Devices Ads Port @ Use S

=27 Device 1 (BACnet)

== Device 1-Image Udp Port 47808 Backup
- 8@ Inputs

- $!| outputs —Authentification

EBEN Beckhoff_107297 (BACnet Server) Password Set | Save Or

5% Beckhoff_2624261 (BACnet Client 2624261) :
- —PLC AutoM | EtherCA

55 Beckhoff_527365 (BACnet Client 527365) R

H-H5 Beckhoff IUT (BACnet Client 9001) | ﬂ |

=-g8 Mappings |
Map

Inmap | Mz

Fig. 14: Fig. 1: AMS port of the BACnet device in the TwinCAT System Manager
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VAR_INPUT

o
1 Inputs are optional and do not have to be assigned if Revision 12 or higher is used.

bReset : BOOL;
bSupportBackup : BOOL;
bWritePersis : BOOL;
bDisableWOC : BOOL;
bReload : BOOL;
nAmsPort : T AmsPort:=1000; (*siehe Info*)

bReset: resets the error state in the event of a signal change FALSE — TRUE.

bSupportBackup: if the input is set to TRUE, saving of the persistent PLC runtime data via BACnet is
supported. If this mode is activated, the persistent files of the PLC (by default under: "C:\TwinCAT\Boot\")
must be created as BACnet file objects and provided with the value "TwinCAT Configuration File" of the
property File_Type (thus the BACnet stack takes care of the backup and transfer of the files to the backing
up remote system).

When using the BACnet-side backup of the persistent PLC data, no further instance of the function block
FB_WritePersistentData has to be used in the PLC runtime (FB_WritePersistentData is executed by
FB_BACnet_Device) - The input bWritePersis triggers the writing of the persistent data independently of the
BACnet backup.

bWritePersis: signal change FALSE — TRUE triggers writing of the persistent PLC data, independent from
the BACnet backup. Within the function block, the call is triggered by FB_WritePersistentData.

bDisableWOC: state TRUE at the input disables writing of process data to the BACnet objects of the
respective BACnet device. All property write access is blocked.

bReload: the ADS connection is renewed. Subsequent function blocks, which use the ADS connection, are
also triggered.

nAmsPort: only if revision 6 is used, otherwise do not use: AMS port of the local BACnet server. The default
number is 1000 (provided the BACnet server is the first element under the BACnet adapter in the TwinCAT
System Manager). The port number can be read in the System Manager (see Figure 1).

VAR_OUPUT

nRevision : DINT:=-1;

stAdsConn : ST _BACnet AdsConnection;
eSystemStatus : E BACNETDEVICESTATUS;
bBackupActive : BOOL;
bWritePersisActive : BOOL;

bOperational : BOOL;

bWOCDisabled : BOOL;

bFirstCycle : BOOL;

dtLocalTime : ST BACnet DateTime;
bError : BOOL;

nErrorId : UINT;

nRevision: Output of the BACnet revision number in use.

stAdsConn: Structure with the ADS connection data (from Revision 12 the included AMS port is determined
automatically).

eSystemStatus: Status of the BACnet server object (see BACnet specification DIN EN ISO 16484-5 for
BACnet device object and property System_Status).

bBackupActive: Feedback to indicate that a backup via BACnet is executed if the output is set to TRUE.

bWritePersisActive: Writing of the persistent PLC data is executed. Writing of the persistent PLC data can
be triggered by BACnet backup or by setting the input bWritePersis.

bOperational: Device adapter is no longer in Init state. If the output falls to FALSE, all linked BACnet object
function blocks in the PLC program are blocked.

bWOCDisabled: Feedback to input bDisableWOC.
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bFirstCycle: Output is set to TRUE when the function block instance is called for the first time (PLC start).
Subsequently the output remains on FALSE.

dtLocalTime: Current BACnet time (see properties Local_Date and Local _Time of the BACnet device
object). The function block FB BACnet TimeSync [» 270] is available for time synchronization between
operating systems, BACnet stack and BACnet network.

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

4.2.23 FB_BACnet_EventEnroliment_EX

FE BiCnet EwentEnrollment EX
—Levice b h h h bReadyl—
eEventicace|l—

bEventEnable ToOffMNormal—
bEventEnable ToFaulti—
bEventEnable ToMNormale—
bhckedTrans ToOffNormsl—
bickedTrans ToFaulti—
bickedTrans TolNormall—
tobhjectID—

bErrori—

nError Id—

 Device

Application

The function block FB_BACnet_EventEnroliment can be used for reading access to a BACnet object of type
EventEnrollment (EE).

VAR_OUPUT

bReady : BOOL;

eEventState : E BACNETEVENTSTATE;
bEventEnable ToOffNormal : BOOL; (*siehe Anmerkung¥*)
bEventEnable ToFault : BOOL; (*siehe Anmerkung *)
bEventEnable ToNormal : BOOL; (*siehe Anmerkung *)
bAckedTrans_ToOffNormal : BOOL;

bAckedTrans ToFault : BOOL;

bAckedTrans ToNormal : BOOL;

tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the function block instance was not linked correctly in the TwinCAT System
Manager.

eEventState: see BACnet specification DIN EN ISO 16484-5 for BACnet object BinaryValue and property
Event_State.

bEventEnable_ToOffNormal, bEventEnable_ToFault, bEventEnable_ToNormal: Flags [»_358] of the
property Event_Enable (see also BACnet specification DIN EN ISO 16484-5 for the BACnet object
BinaryValue and property Event_Enable).

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags [P 358] of the
property Acked_Transitions (see also BACnet specification DIN EN ISO 16484-5 for the BACnet object
BinaryValue and property Acked _Transitions).

tObjectID: object ID of the BACnet object (object type and object instance).
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bError: an error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.

4224  FB_BACnet_File_EX

FE BiCnet File EX
—DEViEE b h bﬁeadar—
nFile3ize—
LobjectID—

bErrori—
nError Idl—

B Dewvice

Application
The function block FB_BACnet_File can be used for reading access to a BACnet object of type File (FILE).

VAR_OUPUT

bReady : BOOL;

nFileSize : UDINT;

tObjectID : T _BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the remaining status outputs are valid
(FileSize and ObjectID). If the output is FALSE, the corresponding function block FB_BACnet_Device does
not report "Operational”, or the block instance was not linked correctly in the TwinCAT System Manager.

nFileSize: Current file size in bytes (see also BACnet specification DIN EN ISO 16484-5 re. BACnet object
File and property File_Size).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants (BACnet Globals [»_328]).

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.
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4.2.25 FB_BACnet_Group_EX

FE BACnet Group EX
—Devi_ce b h bR_Eadgr—
LobjectID—
hErrori—
nError Id—
+ Device
Application

The function block FB_BACnet_Group_EX can be used for reading and write access to a BACnet object of
type Group.

VAR_OUPUT

bReady : BOOL;

tObjectID : T BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [P 328].

VAR_IN_OUT

Device : FB_BACnet Device;

Device: Specification of the instance of the local corresponding BACnet server block. For each BACnet

adapter one BACnet server is possible. See FB BACnet Adapter [»_153] and FB BACnet Device [P_196] for
further information.
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4.2.26 FB_BACnet_Loop_EX

—bhutoTuning
—{tTuningTimeout
eTuningMode
—fhAcclimit
Device &

FE BACnet Loop EX

bReady
bTuninghctive
bTuningWaitEV
bTuningWaitlWV
bTuningDone
bTuningaAborted
fSecPoint
fControlledValue
fPresentValue
fPropBand
bOverridden
bOucOfService
bFault

bInflarm

bOpenLoop
bCommFailure
bOtherFault
eEventState
blAickedTrans ToOffHNormal
bAckedTrans ToFaulc
bickedTrans Tollormal
tChjectID

bError

nErrorId

eMode

b Device

Application

The function block FB_BACnet Loop_EX can be used for reading and write access to a BACnet object of

type Loop. The function block contains a standard PID controller (FB BACnet PidControl [» 303]) and
therefore covers a wide range of control tasks.

VAR_INPUT

bAutoTuning : BOOL;

tTuningTimeout : TIME:=T#15m;

eTuningMode : E BACNETPIDTUNINGMODE:=BACnetPIDTuningMode PI;
fAccLimit : REAL:=0.0;

bAutoTuning: Starts internal auto-tuning.

tTuningTimeout: Maximum duration of auto-tuning in [ms].

eTuningMode: Preselection of the control parameters to be determined (P, PI, PD, PID).

fAccLimit: Parameters for limiting the control value acceleration (ramp) 0 = unlimited or [1/s] (positive and

negative).

VAR_OUPUT

bReady
bTuningActive
bTuningWaitPV
bTuningWaitCVv
bTuningDone
bTuningAborted
fSetPoint
fControlledValue
fPresentValue
fPropBand

: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: BOOL;
: REAL;
: REAL;
: REAL;
: REAL;

TS8020

Version: 1.3

201



PLC library: TcBACnetRev12.Lib BEGKHOFF

bOverridden : BOOL;

bOutOfService : BOOL;

bFault : BOOL;

bInAlarm : BOOL;

bOpenLoop : BOOL;

bCommFailure : BOOL;

bOtherFault : BOOL;

eEventState : E BACNETEVENTSTATE;
bAckedTrans ToOffNormal : BOOL;

bAckedTrans ToFault : BOOL;

bAckedTrans_ ToNormal : BOOL;

tObjectID : T_BACnet ObjectIdentifier:=16#FFFFFFFF;
bError : BOOL;

nErrorId : UINT;;

eMode : E_BACNETLOOPMODE;

bReady: Notification of general readiness. If this output is set, the other status outputs are valid
(PresentValue, Overridden ...). If the output is FALSE, the corresponding function block FB_BACnet_Device
does not report "Operational”, or the block instance was not linked correctly in the TwinCAT System
Manager.

bTuningActive: Auto-tuning is active.

bTuningWaitPV: Auto-tuning expects the specified set value jump to be reached.
bTuningWaitCV: Auto-tuning expects the actual value response to be reached.
bTuningAborted: Auto-tuning was aborted (see nErrorid).

fSetPoint: Feedback of the controller specification (W, set value).
fControlledValue: Feedback of the current process parameter (X, actual value).

fPresentValue: Feedback of the current control output (Y, control value). Attention: Present Value and
Controller_Variable Value can easily lead to confusion (see also BACnet specification DIN EN ISO 16484-5
for BACnet object Loop and properties Present Value, Controlled_Variable Value and

Controlled_Variable Reference).

fPropBand: Feedback of the current control output in percent (-100%...+100%) in relation to the minimum
and maximum control output (properties Minimum_Output and Maximum_OQutput).

bOverridden, bOutOfService, bFault, bInAlarm: See BACnet specification DIN EN ISO 16484-5 for
BACnet object Loop and property Status_Flags.

bOpenLoop, bCommFailure, bOtherFault: See BACnet specification DIN EN ISO 16484-5 for BACnet
object Loop and property Reliability.

eEventState: See BACnet specification DIN EN ISO 16484-5 for BACnet object Loop and property
Event State.

bAckedTrans_ToOffNormal, bAckedTrans_ToFault, bAckedTrans_ToNormal: Flags of property
Acked_Transitions (see BACnet specification DIN EN ISO 16484-5 for BACnet object Loop and property
Acked_Transitions).

tObjectID: Object ID of the BACnet object (object type and object instance).

bError: An error is pending.

nErrorld: see global constants BACnet Globals [» 328].

eMode: Output of controller mode. A distinction is made between two modes: 1. Standard form and 2. Ideal
form (see E BACNETLOOPMODE [P_340]). The mode is detected automatically based on the parameter unit
set for parameter | and/or D as "Time_seconds" — Standard form. If they are configured as factors
"Other_no_units ", the mode "ldeal form" is detected. The Ideal form is a pure parallel connection of the 3
control variables (P, | and D). The Ideal form enables practice-oriented controller configuration since the
parameters can be optimized without direct dependency. Control parameters can be deduced directly from
the path behavior, for example.

VAR_IN_O