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Module 3 — First Project
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» Modules 1-4
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= Modules 5 -13

Diagnostics and Hardware
= Modules 14 — 16
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3.1 Introduction to TcXAEShell

= After installation of TWInCAT 3.1 is complete and the

computer has rebooted, the Cog is added to your System
Tray.

* This provides a convenient shortcut menu to interact with
TwinCAT, and to start up TcXAEShell, which is the
development environment used to develop TwinCAT
applications.

» Click on the Cog and select TWinCAT XAE (TcXaeShell).

© About TwinCAT...

[#5|| TwinCAT XAE (TcXaeShell)
D AL ) U

winLA -

Tools

32 Realtime Settings...
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3.1 Introduction to TcXAEShell
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¢ Build 40247 (Loaded) -

After a few seconds, TcXaeShell
will open to the start page,
allowing easy access to the last
few projects.

On the right hand side, select
New TwinCAT Project.

Solution Ex... [REERESTILEN

Start Page + X

TwinCAT 3

BECKHOFF

Recent

The projects, solutions and folders you open locally
appear here,

The remote host for Git repositories and other source
control providers will appear on the recent list of other
devices you've signed in to.

Open

Open Project/ Solution

Search project templates

:ﬂ TwinCAT XAE Project (XML format)
E ¥T Scope Project

ArrayBar Scope Project

Maore project templates...

E TwinCAT Motion Designer Project  TwinCAT Motion Designer

TwinCAT Projects
TwinCAT Measurement

TwinCAT Measurement

SMAN |

Entire Solution

" Description

Error List [effisi

- |00Errors | 1 0Warnings |00Me;sages |Cleal' | Build + IntelliSense &

Project

Search Error List

File

Properties

éj Start Page - TcXaeShell Y & | Quick Launch (Ctrl+Q) Rl - (=] b4
File  Edit View Project Debug TwinCAT  TwinSAFE  PLC  Team  Scope  Tools  Window  Help
- |?ﬁv -2 J‘| | - '| P Attach.. ~ |p ltpReset '|mﬁmﬁ-“=@[|'=

Toolbox




3.1 Introduction to TcXAEShell BECKHOFF

The New Project Wizard will open

1. Select TwWinCAT Project in the Fo g
collection on the left-hand side. Iﬁw - ' =

2. Select TWInCAT XAE Proect XML “ Installed E] TwinCAT XAE Project (XML format) TwinCAT Projects .: in 5': & :na )
. Ject (
Format) on the right-hand side.

TwinCAT Motion Designer
TcXaeShell Selution

3. Give your project the name
TC3 _Project_1.

4. Tick the Create directory for solution
checkbox.

5. Click on OK.




3.2 First PLC Project
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The different parts of the project
are accessed in the Solution
Explorer window on the left.

Compile and runtime errors are
displayed in the Error List at the
bottom.

Properties of selected items and
the Toolbox are available in the
window on the right.

[Z TC3 Project 1 - TeXacShell

File  Edit View Project Build Debug TwinCAT  TwinSAFE PLC  Team Scope Tools Window Help
fe-olf-u-a P
i BB E|[®]5. & | 10 Project 1
oluti it x

b SYSTEM
MOTION
PLC

(& AnaLTICS
b 170

- |00Error; | 1 0Warnings |00Messages |C|ear

| Build + Intellisense

Y & | Quick Launch (Ctrl+() Rl - = b4

& ItpReset v|..'1}v!1,1ﬁ-".'.@|2|v;

Properties MR
TC3_Project_1

| A
El Software Protection

EncryptFile False
SignFile False
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: i : . i#1 TC3_Project_1 - TcXaeShell
At this point, the Solution is just Fle Edt View Project Buld  Debug
an empty framework, and doesn’t e-o|B-h-uE
SR E|H# @|_ ﬁé| TC3 Project_1

contain a PLC project.

Solution Explorer = I X

@ o-a|p=

Search Solution Explorer (Ctrl+;) P~

Add a PLC Project by right-
clicking on PLC in the solution
explorer and selecting Add New
Item...

] Solution 'TC3_Project_1' (1 project)
4 o TC3 Project_1
b @ SYSTEM

T} PLC
7 X %1  Add New ltem...
.

+| 'O Add Existing ltem...
Add Project from Source Control...
Paste
Paste with Links

Hide PLC Configuration

TwinCAT

TwinSAFE  PLC

= | Release

* <local=

Ins

Shift+Alt+4

Teamn Sco

= TwinCAT H




3.2 First PLC Project

This opens up the Add New Item wizard

1.

Select Plc Templates in the collection on
the left-hand side.

Select Standard PLC Project on the
right-hand side.

Give the PLC project the name
PLC_Training.

Click the Add button.

BECKHOFF

Add Mew ltem - TC3_Project_1

4 _|nctalled
Plc Templates

Sorthy: [Default -] &

ﬂ Standard PLC Project

H -
.I?I Empty PLC Project

Search (Ctrl+E)

Type: Plc Templates

Creates a new TwinCAT PLC project
containing a task and a program.

Plc Templates

Plc Templates
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Z TC3_Project_1 - TeXaeShell

File = Edit View Project Build Debug  TwinCAT
EiRR =Rl "N ] |
N Eﬂlﬂ# @I'."., @& | TC3_Project 1

Solution Explorer * [

Your Solution should now contain a PLC Project framework.

nR=" T:E:I-E‘IT'|ﬁE

The various items in the tree can be expanded by clicking on Search Solution Explorer (Ctrte) 0 -
I ] Sclution 'TC3_Project_1' rojec

the arrow to the left of the collapsed item. T

b SYSTEM

The PLC Project contains everything we need to run PLC
code, including an empty Program called Main. =3 External Types

<] References

[ DUTs

[ GVLs
[ POUs
5] MAIN (PRG)
3 VIsUs
[ E] PlcTask (PlcTask)
O} PLC_Training Instance
T SAFE] Y
C++
&l ANALYTICS

b /0
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Double-click MAIN (PRG) to reveal the coding interface in
the middle window. = B

[Z] TC3 Project 1 - TeXaeShell
File Edit View Project Build Debug TwinCAT  TwinSAFE  PLC  Team Scope Jools Window  Help
fo-o|B-0-2 W XEa]|9-C -] Release ~ | TwinCAT RT (x64) - B Attach.. - | 5 pReset S RARER e D,

iw BB E@[w. & 1Pt « <Local> ~J= 8 PLC_Tiaining = | | |
X ie

> 0 x
@& o-a| m=
Search Solution Explorer (Ctrl+;) P~
fal Selution 'TC3_Project_1' (1 project)
4 gl TC3 Project_1
b @l SYSTEM
MOTION

= The top half is for declaring gy .

4 L—g PLC_Training Project 5

The coding interface is separated
Into two halves:

[ External Types

variables. , 2 sy

3 DUTs
£3 GVLs

= The bottom half is for editing T

I} PLC Training Instance

(45 SAFETY

program logic. S S

b /0

Before we write any logic, we are
going to declare some Global
Variables that represent some
digital inputs.

- ||| @ 0 Messages ‘ Clear | Build + IntelliSense

Project File
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(@] TC3_Project_1 - TeXaeShell
File  Edit View Project Build Debug TwinCAT  TwinSAFE  PLC  Team  Scope  Teols  Window  Help
-0 |8®-a-2 X @ | -0 | Release + | TwinCAT RT (x64) + P Aftach.. -

Global Variables are declared and stored in AT || RO T R :

a Global Variable List, or GVL. 8- 0-a| S I PO

Search Solution Explorer (Ctrl+;) P~ 2 END VAR

] Solution 'TC3_Project_1' (1 project)
TO ad d a GVL: 4 ol TC3 Project_1
b @l SYSTEM
MOTION
o pLC

= Right-click on the GVLs folder. gy
= Select Add — Global Variable List. 4 Bl ypes : =

3] References
[ DUTs

GVL
B N

4 [ POUs
L?J K Export to ZIP @ POU for implicit checks...
3 VIsUs Import from ZIP
;}EJ PIcTas L5 Import PLCopenXML.. @ Global Variable List...
PLC_Train
T SAFETY XM Cut Ctrl+ X &1 Referenced Task...
C++ ! Copy Crl+C & Visualization...
@ANALY‘I’ICS X Delete Del Visualization Manager...
> & o Pename GlobalTextList...
& Properties Alt+Enter R HE BT e
Image Pool...
=2 nterface...
F§ Parameter List...
Text List..
@ Class Diagram...
‘O Existing ltem... Shift+ Alt+A
#3  New Folder
4 Euisting Folder Content...
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Add Global Variable List >
When the Add Global Variable List wizard . -
appears: reate a new global variable lis
= Set the name to Global |O.

= Click Open.
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The new Global Variable List is
automatically opened after being created.

If you want to access it in the future,
simply double-click on the Global 10 node
In the GVLs folder in the Solution
Explorer.

(@l TC2 Project 1 - TeXaeShell

File Edit View Project Build Debug TwinCAT  TwinSAFE PLC  Team  Scope Tools Window  Help
fe-o|@-n-u XD T | Relese + | TwinCAT AT (<64) - b Attach.. -
© Build 40247 (Loaded) - - 2| @|[®. & 1o - <local> < = PLC_Training

Solution Explorer
AE-|o-a|p-]
Search Solution Explorer (Ctrl+;)
m Solution 'TC3_Project_1' (1 project)
4 g TC3 Project 1
> [ svsTEM
MOTION

LC_Training
LC_Training Project
3 External Types
b -2l References

4 DUTs

Global_IO

F] MAIN (PRG)
[3 VIsUs
b [ PlcTask (PlcTask)
O} PLC_Training Instance
| SaFETY
Cor
& anaLvTICS

3 170

Error List

- | @ Erors | 1 Wamings | @ Messages | X Clear |

Solution Explorer [ERNSTIRTES Error List eI

[ Ready

| 5 ltpReset

X & QuickLaunch (Ctr+Q) P - & x

7 Filter ~ | ¥3 Sortby ~

El Sort order ~

Property Value

- 1 x

"| search Error List P -l oo intion

Properties [Nl

4 Add to Source Control =




3.2 First PLC Project

Add two new Input variables, taking care to copy the syntax

exactly.

These two variables will be
accessible from anywhere
In our PLC code.

The {attribute
‘qualified_only’} at the top
means that the variable
names must be prefixed
with the GVL name
Global 10 whenever we
reference them.

Solution Explorer

@E-|o-a|m=

Search Solution Explorer (Ctrl+;)
fa] Solution 'TC3_Project_1' (1 project)

a Iila TC3 Project_1
b @ SYSTEM

MOTION
4 PLC
4 PLC_Training

[ External Types
[» 3] References
[ DUTs
4 [ GVls
&® Global IO
4 [ POUs
5] MAIN (PRG)
A VisUs
b g5 PlcTask (PlcTask)
O} PLC_Training Instance
(i SAFETY

l:++

&l ANALYTICS

3 170

A Al Global_|0* 4 > WAl

"'»FAR_G LOBAL
bSwitchl
bSwitch2

BLEDL
END VAR

BECKHOFF
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3.2 First PLC Project

Go back to your MAIN program
by double-clicking the node in the
Solution Explorer, or by selecting
the open tab at the top of the
Editing Window.

Solution Explorer * 0 x| Global IO*
@E- o-a|p=

Search Selution Explorer (Ctri+;) P~

= L [ o

fa] Solution 'TC3_Project_1' (1 project)
4 o TC3 Project 1
b SYSTEM
MOTION
p PLC
4 PLC_Training

[ External Types
[ [+3] References
[ DUTs
4 | = GVls
ﬁ.—. Global_10
F = P
VLS
[+ E';g PlcTask (PlcTask)
O} PLC_Training Instance
[ SAFETY

C++

&l AnaLYTICS

b /0
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Add the code to implement an AND gate shown
window within the MAIN program.

Solution Explorer
Q- a| L=

Search Selution Explorer (Ctri+;)

= W M =

fa] Solution 'TC3_Project_1' (1 project)
4 ol TC3 Project_1
b SYSTEM
MOTION
4 [Of pLC
4 PLC_Training

[ External Types
- [-3] References -
4 DUTs
4 |5 GVLs
ﬁ.—' Global_IO
4 | POUs
5] MAIN (PRG)
3 VIsUs
[ E‘fj PlcTask (PlcTask)
O} PLC_Training Instance
i3 SAFETY

C++

&l anaLyTICS

b & o

below into the bottom

MAINT &= >
PROGRAM MAIN
VAR
END_VAR

IF (Global IO.bSwitchl AND Global IO.bSwitchZ) THEN
Global IO.bLLED]1l := TRUE;
ELSE

Global IO.bLED1 : FALSE;
END_IF
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Let's compile the code to check for errors

and get it ready to be executed. @l T3 Project 1 - Tokaeshel
e i Droje -Build Debug  TwinCAT
)

Ctrl+5hift+B
Rebuild Solution ||:

= Select Build from the menu across the top Clean Solution
of the TcXAEShell window. Build PLC Training

Rebuild PLC_Training

Gl

Fe

Clean Selection

= Then select Build Solution. Batch Build..

Configuration Manager...

Check all objects [PLC_Training]
| EF"LL
An easy keyboard shortcut to use in future o g e

[ External Types

whenever you want to build or compile your > References =
code is Ctrl+Shift+B. + e ons

&P Global_I0
4 [z POUs
5] MAIN (PRG)
£ VISUs

i | " P L




3.2 First PLC Project BECKHOFF

If there aren’t any errors in your code, e m—— e

you should see “Build succeeded” in = S 5P 1 - oo

4 o TC3 Project 1

the bottom left-hand corner of Visual " S
F] Ei PLC
. “ y p i T
StUdIO’ as We” as O Errors In the Error L et e 1 IF (Global TO.bSwitchl AND Global IO.bSwitch2) THEN
- I [Z] References 2 GlObal_IO.bLEDl := TRUE;
L | St . L4 DuTs 3 ELSE
“ LJ‘G\.’L(; - Global TO.bLEDl := FALSE;
) L_?‘T?OU: - 5 END_IF
& MAIN (PRG)
3 VISUs
E_'g PLC_Training.tmc

If you do have errors, they will appear By el
in the error list, and double-clicking on Bl
the error will move the editing cursor to

the line of code that has the error.

150 R

* 0 x
||0 0 Errors ||| 1 0Warnings H i Oof14Messag "'| Search Error List @ ~
Project File Line

Clearing the list before building helps
identify compile errors, if the XAR or
hardware is also reporting errors.
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Since this is a brand new project, the project @l T3 Project 1- Texaeshel

structure will need to be sent to the TwinCAT ol |“‘; o :h';| i T|wi"m'

XAR which executes your application. w B2 @[] %] TP

Activate Configuration

@E-o-a| k=

This process is called Activating, and is sarh ofon gl (E1) -
. . 5 . Solution 'TC3_Project_1' (1 project)

performed by clicking the = Activate button . uaE_pmjequ "

. o] SYSTEM

In the toolbar. =] MOTION

[T WYY
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Activating your project will stop any PLC

COde that IS running, SO a Warnlng / Activate Configuration »
confirmation dialog box opens asking if you project: | TC3_Project. 1 |
are sure you want to continue. et | <locd> |

[ ] Autostart PLC Boot Project(s)

Cancel

No PLC code is running at the moment, so
click OK to continue.
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Since we're running our PLC code on a normal computer,
you won’t have any licenses installed.

TcKaeShell )4

Some required runtime licenses missing. Generate trial
licenses

TwinCAT 3 allows the use of trial licenses that last 7 days
for almost all available features. Once the 7 day trial is
over, a new trial license can be generated as many times
as necessary to complete development of your application.

Yes Mo Cancel

Whenever you activate your project and XAE discovers a Enter Security Code X
missing license, it will prompt you to generate a trial
license, so click Yes to continue, and copy the code from
the top textbox into the lower textbox exactly and click OK.




3.2 First PLC Project

Finally, TwWinCAT asks if it's OK to restart the XAR into
Run Mode.

This is required in order to start up the XAR in
preparation to execute your application.

Please click on OK to continue.

At the bottom of the TcXAEShell window, you should see
a Blue cog icon change to Red and then Green a few

seconds later. This indicates that TwWinCAT XAR is in Run
Mode.

BECKHOFF

TcxXaeShell -

o Restart TwinCAT System in Run Mode

&

Al an
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Now that the XAR is in Run Mode, we can connect and download our PLC code
to the PLC software component that has been created for us inside the XAR.

This is called “Logging in”, and is done by clicking the 2 Login button in the
toolbar.

#1 TC3 Project_1- TcXaeShell X
File Edit View  Project Build Debug TwinCAT  TwinSAFE PLC  Team  Scope Tools Window  Help

(OO0 (B0 0 < O <| Release  ~  TwinCAT RT (x64) - P Attach... - | 5 ltpRes
Nl | | |||, & | TC3 Project T - <Local> = _ % PLC_Training -1 - |

Solution Explorer * 0 x| MAIN & X Global_|O

@E-lo-J K= 1 PROGRAM MAIN
Search Selution Explorer (Ctrl+;) Jo : VAR
fa] Solution 'TC3_Project_1' (1 project) :1 EHD_v.ﬁR

4 L0 TC3 Project 1
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The first time we log in after activating, TwinCAT PLC Control v
TwinCAT will ask to create the Application @ I s ot st on s TCPri1 Doy ant

Inside the PLC block.

Yes Mo Details. ..

Click Yes to continue.
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[# TC3 Project 1 - TeXaeShel Y & | Quick Launch (Ctrl+Q) Pl- & x
File Edit View Project Build Debug TwinCAT  TwinSAFE PLC Team Scope Jools Window  Help
e-o|B-n-ARMH|LAa|D-C- P Attach.. - | 5 ttpReset | mArREse E- .

After Iogglng In, the PLC lo-5-aueools o S-S SITT NP
appllcatlon haS been e I Global IO [Onling] FR—

| e T Fiter v | ¥$ sortby ~
0. @

downloaded into the XAR e g g

. P | TC3 Project 1
and is ready to run. i-pa

TC3_Project_1.PLC_Training.MAIN

%l Sortorder *

Expression Prepared value Address Comment

Property Value

[ External Types — . B .
b = References = 1 IF (Global TO.bSwitchlfiijg] AND Global IO.bSwitchZjgiiid)) THEN
3 DUTs 2 Global IO.bLED]1FAEE := TRUE;
Start the PLC by clicking on T s
&b Global 10 a Global TO.bLEDIENEE := FALSE;
+ o Pous : _ FALSE i
- 5] MAIN (PRG) - END_IF
the B Start button in the e
22 PLC_Training.tmc 7
3 E;] PlcTask (PlcTask)
tOO I bar I Cff PLC_Training Instance
bl & saFETY
[ C++
& AnaLvTIcS
b [F o
150 |
Entire Selution - | €3 OErrors | 1 0Warnings |000f26Messages |Clear | Build + IntelliSense ~| |Search ErrorList O~
™ Description Project File Line
Description
Solution Explorer el RIES Error List [elfisaiy Properties BETIIS

/1 Ready Ln7 Col 1 Ch1 IMS 4 Add to Source Control =
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MAIN [Online] + X

Expression Type Value Prepared value Address Comment E

Now that you're logged in and the PLC is

running, the values of the variables are K
displayed next to each variable. | R

Double clicking on the EX& value to change
It to MEE=E=E shows that a modification to
that value is queued up. Set both bSwitchl
and bSwitch2 to have a queued value of
TRUE.

D Global IO.bswitchE|IFYTEELU=

ELSE
4 Global_I0.bLED1|FMES := FALSE;
END_IF
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e i 1o

To send all the queued writes to the PLC, click on the = Write Values

button in the toolbar.

1 TC3_Project 1 - TeXaeShell Y
File Edit View Project Build Debug TwinCAT  TwinSAFE  PLC  Team  Scope  Tools  Window  Help

e - | i - -2 e | L | - - p Attach.. = | o ItpReset
5y | n |'f.‘ o5 | TC3_Project_1 = < PLC_Training v m €] |

MAIM [Online] + > EEGLEIROIETE!

Solution Explorer * I
Q& oK
p =
fad Solution 'TC3_Project_1' (1 project)
4 o TC3 Project_1
b [ SYSTEM

MOTION
p PLC

4 PLC_Training

TC3_ Project_1.PLC_Training.MAIN

Search Solution Explorer (Ctrl+;) Expression Prepared value Address Comment

L

Quick Launch (Ctrl+Q) o

[ External Types -

b 3 References = 1 IF (Global IO.bswitchl|jjfRGU=00 AND Global IO.bswitchZ|JNgs]) THEN
C3 DUTs 2 Global IO.bLED1NES := TRUE;
4 & oVls - 3 ELSE
(i Global 10 4 Global IO.LLEDIENEE := FALSE;
4 [ POUs : clocl. ;
&) MAIN (PRG) - END_IF
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Now, bSwitchl and bSwitch2 are both TRUE, and as
dictated by the logic, bLED1 turns on as well.

Experiment and validate = [wanonna - _
TC3 Project_1.PLC_Training.MAIN

the expected logic by cpresson

setting bSwitchl and
bSwitch2 to True and
False alternately.

Type Yalue Prepared value Address Comrmmen t E

bLED1 should only be -
True when both bSwitchl :
and bSwitch2 are set to
True.

-
IF (Global IOR LIRENEY AND Global IO.bsSwitchZ|jfUE) THEN

bLED] py=ll=

Global TG = TRUE;
ELSE
Global IO.LLED1jpmpl=l := FALSE;

END_IF

RETURN




Module 3 Recap BECKHOFF

In this module we covered:
= Creating a new TwinCAT XAE project,
= Creating a new PLC Project,

= Adding new GVLs,

Activating the configuration,

Logging in,

Running PLC code in Simulation.
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