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TwinCAT CNC Training

Agenda

* Presentation of the Beckhoff CNC HMI application base
« Presentation of Main Features

« User Management

« Language Switching

« Settings

« CNC View

« NPV Table

« PLC Machine Data
« Adaptability

« Parameter Setting via the Menu Manager

* Integration in Visual Studio
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TwinCAT CNC Training

The HMI Application Base (V 2.3.x)

« Beckhoff provides libraries for communication with ADS devices (e.g. PLC or CNC)
« These can be used with the appropriate programming languages and their
development environments. These include:
+ Visual Basic
e C/C++
« Scripting Languages (VBScript, JScript)
« VB.NET, C#
« Java
« The HMI application presented here shows an example of how on this basis, an
industry-standard visualization solution for CNC machines can be created.

« The following statements relate to the CNC HMI version 2.3.2!
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TwinCAT CNC Training

The HMI Application Base (V 2.3.x)

« Complete visualization solution (not only) for
CNC machines
* Free (no official product, no support) used

as.:

« Example Application

 Transitional solution

e Cost-bound in the context of:

« Application projects

« Developed in C# (Windows Forms)

« Expandable via:

« Configuration (e.g. key layout, logo, ...)

 Integration of new CIL class libraries
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TwinCAT CNC Training

Presentation of the Main Features - Basics

« The CNC HMI (or HMI for short) can be stored with its folder structure at any

location either locally or on a remote PC.

. Auftrag 24.03,2011 11:32 Dateiordner
.. Bitmap 24.03.2011 11:32 Dateiordner
| Customer 29.03.2011 13:30 Dateiordner
. externalReferences 28.03.2011 18:27 Dateiordner
i Log 24.03.2011 11:32 Dateiordner
. Modules 24.03.2011 11:32 Dateiordner
J PLC+TSM 24.03.2011 11:32 Daterordner
. Plugins 24.03.2011 11:32 Dateiordner
. References 24,03.2011 11:32 Dateiordner
. Systemn 0B.05.2011 14:24 Dateiordner
E 2611.2010 15:09 AML Configuration File b KB
ﬁ Beckhoff. App.Shell. Core.exe 24,03.2011 11:16 Anwendung 33 KB

« There is no installation or registration required.
« Start the application via Beckhoff.App.Shell.Core.exe (as pictured)
 After starting the HMI you will be presented with the default form
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TwinCAT CNC Training

Presentation of the Main Features - Basics
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TwinCAT CNC Training

Presentation of the Main Features — User Management

« The HMI includes a flexible user management with an unlimited number of users

divided into six different groups — passwords can be configured.

Fe—
abl UserAdmi |il
{ Add J [ Delete ] [ Properties ] ’ Save ] I Close } l
-
o-! Mew User - Full Name Description Type
inistrator Administrator Administrator
I @ Edit user properties ’
llzer name : Schichtfihrer |
Full name:
Descrption: Kann alles verstellen
|lzerld: 0
Password: e
Member Cf: Supenuser hd
Language: 1031 Geman (Gemary) -
[7] Azcount ie dieabled |

Automatic logoff if inactive for
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TwinCAT CNC Training

Presentation of Main Features — Language Switching

Multiple Language Switching is available

The various translations are stored in an Access database (found under

“..\System\Texte.mdb”) and can be edited via the HMI or and external program.

Textanderungen -_ = Lo X
\ [ID | Besc| Maxim | Deutsch : | Englisch | Italienisch | Franzésisch | =
UserLogOn buttonCancel - 25R HAbbrechen Cancel Cancel Annuler E
__|OpenDizlog -Abbrechen - 2558 Abbrechen Abbrechen Abbrechen fbbrechen i
Iﬂ FormManual - Abgabestationd 255 JAbgabestation 4 Abgabestation 4 Abgabestation 4 Abgabestation 4
FormManual - Ablage-Transport - 255 Mblage-Transportantrieb Ablage-Transporta  Ablage-Transporantrieb Ablage-Transporta
FormManual. Gruppel Entry[2].C - 285 Ahblegen Ahlegen Ablegen Classer i
Il FormManual - Abs aughaube Ag il Absaughaube Aggregat 11 Absaughaube Aggr  Absaughaube Aggregat 11 Absaughaube Agg
'_ FarmManual - Absaughaube Ag 255 Absaughaube Aggregat 12 Absaughaube Aggr  Absaughaube Aggregat 12 Absaughaube Agg
‘; FormManual - Absaughaube Ag 255 Absaughaube Aggregat 13 Absaughaube Aggr Absaughaube Aggregat 13 Absaughaube Agg
A_ FarmManual - Absaughaube Ag 205 Absaughaube Aggregat 14 Absaughaube Aggr Absaughaube Aggregat 14 Absaughaube Agg
_'FnrmManu-al - Absaughaube Ag 255 Absaughaube Aogregat 23s Absaughaube Agar  Absaughaube Aggregat 235 Absaughaube Agg
__ FormManual - Absaughaube Ag 255 Absaughaube Aggregat 23b Absaughaube Aggr Absaughaube Aggregat 23b Absaughaube Agg
'\ |FormManual - Absaughaube Ag 255 Absaughaube Aggregat 24 Absaughaube Aggr Abssughaube Aggregat 24 Absaughaube Agg
_ FarmManual Gruppel Entry[7] P - 255 ahsenken absenken absenken haisser 1
|  |FormManual - absenken 255 ahsenken absenken absenken absenken i
| [UserProperties - Account ia disa - 285 Accountis disabled Account is disabled Accountis disabled Aecount is disable
_ip‘-'-.xia Param - Achsbewegung 2558 Achsbewegung Achsbewegung Achsbewegung Achsbewegung i
| |AwisParam - Achsbezeichnung 255 Achsbezeichnung Achsbezeichnung  Achsbezeichnung Achsbezeichnung
_ | FormPleStructure - ActPlcValue 288 LctPlcValue ActPlcValue ActPlcValue ActPlcValue Fl=
'rl-_ e _mem = e b
Suche nach: E [ Fieset I
b Ll [H Speichem l
"] Zwischen Grof-und Kleinschreibung unterscheiden
=] Mur unmittelbar am Satzanfang suchen Xiﬁ Ereatzen Kf‘*‘% S [X Abbrachen I
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TwinCAT CNC Training

Presentation of the Main Features - Logging

« Major fault and status messages from the HMI, and also from the PLC/CNC are logged in log
files (found under “...\Log\Program.log”).
« The open source logging framework “log4net” is used (more information can be found at

http://logging.apache.org/log4net/index.html)

« The corresponding configuration file is located at ,....\System\log.xml*

83 Beckhaff Applicatio [ e

Kanal 1 - ;
16 2957 BEBKHOFF

| aktive Events o . =B B

‘ || Program.log - Editor L'“:" g
Date Time Confim  Resst  Confimed 1D Cass  Site  Proly Sourc.. SoucPWgme  Message

|@ 06052011 155031 1 m 7 1 0 551  CNC Messo™, 20799 V| Datei Bearbeiten Format Ansicht 7

“cMenu. FKeyUpEvent |GoBack (previous Form:FormLanguage) -
BAAdsPTcClient PLC AmsMetId=172.16.15.42.1.1 Port=801 Symbol not found. Plc variab
EmydsPlcClient PLC AamsNetId=172.16.15.42.1.1 Port=801 symbol not found. Plc variab
Baadsglcclient PLC AmsMetId=172.16.15.42.1.1 Port=801 Symbol not found. Plc variab
PeeyUpEvent |GoBack {previous Form:FormEmpty)
BAAdsPlC Eﬂt PLC AmsNetId=172.16.15.42.1.1 pPort=801 symbol not found. Plc variab
AmsNetTd=172.16.15.42.1.1 Port=801 symbol not found. Plc variab
AmsMetId=172.16.15.42.1.1 Port=801 Symbol not found. Plc variab
éShowForm: formCnc (previous Form:FormMain)
Mg NetId—I:Z 16.15.42.1.1 Port=801 symbol not found. Plc variab
.15.42.1.1 pPort=801 symbol not found. plc variab
.15.42.1.1 pPort=801 symbol not found. Plc variab
to write value to PLC variable: .GD_VISUVAR
to write value to PLC variable: .GD_VISUSPEED

e g 2

“‘cMenu. FKeyUpEve
BaadsPlcClient PLC
BaadsPIcClient PLC
BaAadsPlcClient PLC

‘NC |Module TwinCAT.Cnc.TcCnc UM
‘cMenu. FKeyupEvent|(a11MEtho- i
20789 'vorschubwer ePTChreilet erlaubten wertebereich.
‘NC Messages | 20799 Varschubwert ueberschreitet erlaubten WErtebere1ch
INC Messages |20799 'vorschubwert ueberschreitet erlaubten wertebereich.
BaadsPlcClient PL HENetId=172. 15 15 42 Tl Port—sol 5ymbo1 not folae
BAaAdsPlcClient PLC AmsMe = k und. variab —

BAAdsPTcClient PLC AmsNetId=172. 16 15; 42 S EEE Port-BUl Symbo1 not found.

1 @CLA
11 LA

1 [

aAdm\'m;trator Level: Administrator 4 | i)

Hr | Bl | =] “— —_— e

Vlew Show
View Active Details Zuriick
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TwinCAT CNC Training

Presentation of the Main Features - Settings

« Settings that affect the appearance and behavior of the HMI are stored in the so-called
Settings.

» The settings can be modified via the HMI.

« Keep in mind that some settings may require a restart of the HMI in order to be effective.

» The scope of the settings is largely dependent on the type and number of optional features

and is usually heavily dependent on the customer.

=3 S‘,’Sléan‘&GenemISBtllngsml Sl | 5]
... ColorTheme FunctionKeyFort Arial: B 25pt; style=Hold 7
- FornCNCHpy HeaderType 0
- FormCNCHpv2 HeaderVisible True
&-FormManual IBALogYiew_MessagsViswer False
- formManual LQQMMSMWW True
- FormMeassages NewMessageline True
- formMiew FLC_NetlD 127.001.1.1
e FLC_Portnumber 201 i
& Manud PleVarUserLewvel actlserLevel
s Processor’ffinty (1]
- MaschPar Res640c480 Pl
.. MeszageLine Res30han0 False
(- Madule SaveDate 06.05.2011 12:20:58
. PeihSetlings fermMain
[ PleStructurs StatusBar\Visible True
TagetSystem (1]
TcMenu_Log_Infos True
Transline False
Traylcon False
UseTeWinlock True
WindowPosX 33
WindowPosY 106
Window SizeX 1040 B
WindowSizer 724 |
Start FormMame:
Instanzname der Form, die als erstes geladen wird
String, formMain

"
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TwinCAT CNC Training

Introduction of Other Features

In addition to the previously presented, and fundamentally important for many applications,

infrastructure components, the HMI has a number of useful features.

« This can have an application-specific background, or be generally valid.

» The high flexibility of the HMI application framework makes it possible to make such function
available via configuration, as well as to remove them entirely

« Two of these components are discussed briefly below:

« Zero Offset table for CNC

« PLC machine data management

BECKHOFF




TwinCAT CNC Training

Introduction of Other Features — Zero Offsets

« The zero offset table in the HMI allows you to adjust the zero offset data for the CNC. Without
this, the system manager must be used.

« The zero offset data can be stored in an external file, and if necessary (or automatically)
loaded.

« NOTE: The adjusted zero offset data are loaded only on startup of the HMI. Therefore, this

data is not loaded to the CNC on reboot until the HMI is started and sends the data.

default
Index X b z
| G54 | 2.00] 12.00] 0.00 |
y G55 | 0.00 | 0.00 | 0.00 |
| G56 | 0.00| 0.00 | 0.00
| c57| 0.00 | 0.00 | 0.00 |
| c58 0.00  0.00] 0.00]
| c59 | 0.00 | 0.00| 0.00 |
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TwinCAT CNC Training

Introduction of Other Features — PLC Machine Data

« Machine data (setting values that are available in the PLC) can be managed on the HMI using
the classes from the plugin “Beckhoff.App.PlcStructure.dll”

« The values have to be provided in the PLC with a specifically declared comment to indicate it
as loadable and storable machine data.

« More information on this can be found under the documentation

“...\Documents\PlcStructure.pdf’

e e
- Mns nterger Wt EATI 4711
: B B
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TwinCAT CNC Training

Customization Options — The Menu Manager

« Inthe Menu Manager is a component that manages the particular assignment of the function
keys on the navigation bar.
* The Keys of the HMI are set at runtime:
« Manually
« Via Code
« Manual configuration of the Keys is stored in the file “...\System\tcMenu.xm|”
« More information about the Menu Manager is located under “...\Documents\MenuManger.pdf”
« The configuration mode is activated by holding Ctrl and Alt and clicking a button. The same

actions will also deactivate the configuration mode.

Hr S B2 g 0P N F Hro B H HFr2 @

An-l
User Abmeldung CHC

Mazchinen- Applikation Computer
daten Optionen Beenden Aus=zchalten
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TwinCAT CNC Training

Customization Options — The Menu Manager

« While in configuration mode, a dialog box, with

[-F'if

which the behavior of a Key can be set, is
FreyData

displayed by clicking one of the buttons.

Ype Form

» The dialog allows modification of:

FormPleStructure

» The function type

Dat3

The access authorization AgcessLevel 0 - Admiristrator
PrEfault Tend Maschinen-daten

» The display text (including language

aguane index

database index)

e The button icon
FareColar

« Foreground and background colors
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TwinCAT CNC Training

Customization Options — The Menu Manager

The following function types:

Form

callMethod

Back

startProcess

ShutDown

ExitProgram
PlcSetAndResetVar
PlcToggleVarAndFeedback

PlcToggleVarAndFeedbackimage

BECKHOFF

Opens the specified in “Data”. The forms available to the Menu Manager
must be made known via the “FormsList”.

Calls a public void method declared in the current form. This method may
accept a maximum of one parameter.

Returns to the calling form.

Starts an external application.

Ends the HMI and shuts down the computer.

Ends the HMI

When pressed this Sets the PLC BOOL variable specified in DATA and
Resets the variable when released.

Toggles the PLC BOOL variable specified in DATA in the PLC

Toggles the PLC BOOL variable specified in DATA in the PLC. When the
variable is TRUE the image specified in DATA 2 is displayed.



TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

» The flexibility of the Menu Manager allows user developed Windows Forms to be used within
the HMI.

_MyForm.cs [Entwurf]* | Startseite

ol MyForm =N EaE <

Das ist meine selbst erstellte Form

. Projektmappen-Explorer - Training - &
&= & F|EE S

[ - Projektmappe "Training” (1 Projekt)
L= E Training

[~ =d] Properties
G- [ Verweise
3 [2] MyForm.cs

Windows Forms Controls Library “Training” with “MyForm’
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

» First, however, are the Menu Manager has to know that the user form is available (“Form List”

button in the configuration dialog)

L= = . i
@ romrcvienssetup N | e

[Autto] Instance Type = Load

[T formMain TcApplication. FormMain

[7] formMessage Tehpplication. FormMessages Type FileMame

[] formMaschPar TeApplication.FormMaschPar Training .My Fom merﬂ‘henningr‘ﬁeckhnﬁ HMI"MichaelB"\A

[ formManual Beckhoff App.FormManual - = |

[] formPlcStatus TchApplication. FormPlcStatus i

[] formEmpty ToApplication . FormEmpty

[] formSettings TeApplication. FormSettings

[] formCric Beckhoff App Nc.FormCnc

[7] formMestedExeSysman  Tefhpplication. FormNested Exe N

[] formNe Beckhoff App . Nc.FormMNc

[7] formMNestedExelnfoSys  Tefpplication. FormNested Exe

[ formOption TcApplication. FormEmpty

[] FomTool TeApplication.Form Tool

[ FormZenoOffset Beckhoff App Ne. FormZernCifset

[] FormVariable\iew Beckhoff App Cnc VarablenViewer. MainForm -

1| 0 | b ] i ! b
| Cancel ‘ ‘ oK

Windows Forms Controls Library “Training” with Form “MyForm”
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

« The “final” configuration...

Form

MyFam

Accesslevel 0 - Administrator

Default Ted Meine eigene Form

LanguageIndex

lcon

BaclColor
ForeColar
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

« ... and the user form displayed in the HMI

I
D T T
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

A user created Windows Form can also access the infrastructure components (logger,
language change, settings, ADS, ...) of the HMI.
« To do this you must create a parameterized constructor with the needed interfaces.

public Forml(IBASettings settings, TcAdsServer adsServer0ld): this()

{

« The HMI will then pass to the constructor the suitable implementations of these interfaces.

« This mechanism is called “dependency injection” (or DI for short) and is implemented in the
HMI via the “Unity Application Block”.

« For more information see:

e http://unity.codeplex.com

o htip://en.wikipedia.org/wiki/Dependency Injection
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

« The usable interfaces are defined in the
class libraries:

“Beckhoff.App.Ads.Core.dll”

“Beckhoff.App.Core.Interfaces.dll”

 These libraries must be referenced in the
Windows Forms project.

» Depending on the functionality required

more libraries may need to be referenced.

BECKHOFF

(A

Projektmappe "Training” (1 Projekt)

El 7] Training
5 =d| Properties

[=EE=d \ enveise

=1

- ded Beckhoff App.Corelnterfaces

-« System

- =2 Systern.Core

-« Systern.Diata

----- 3 System.Data.DataSetExtensions
- =3 System.Drawing

-« System.Windows.Forms
-« System.Xml

-« Systermn.Xml.Ling

-« TwinCAT . App

2 TwinCAT.Cnc

- 22| MyForm.cs




TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

« The most important interfaces are:

IBAAdsServer Allows use of the ADS communication. FOR EXAMPLE for
reading and writing PLC variables (event-driven)

IBALanguage Provides access to the content of the language database and
execution of language switching functionality.

IBALogger Provides the ability to write messages in to the log file.

IBAMenu Provides access to the Menu Manager. e.g. for program-controlled

settings of the buttons.
IBASettings Provides read and write access to the application settings.
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TwinCAT CNC Training

Customization Options — Use of Own CIL Classes

« The native Windows Forms class that uses the infrastructure of the HMI via DI can also take
advantage of the full debugging functionality of the development environment.
« The HMI is not directly executed but instead is executed via the debugger.

« The following project properties need to be changed in Visual Studio.

Anwendung

Konfiguration: | Aktiv (Debug) - Plattform: | Aktiv (Any CPU) -
Erstellen

Startakti
Buildereignisse st

71 Projekt start
Debuggen s =HE
C:: @ Externes Programm starten: ChUsersshenningrt

Ressourcen 1 g _:} Fu” path tO the HMI
l () Browser mit folgender URL starten:
Dienste

A Startopticnen
Einstellungen P

Befehlszeilenargumente:
Verweispfade

Signierung

c:'_'::_ Arbeitsverzeichnis: Ci\Users\henningr\ u e Work|ng dlreCtOFy of the HMI

[l Remotecomputer verwenden
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