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Note: The numbering of the captions starts with 13 because of the continuing of the process chain. In
Module 3 you already made the steps 1 to 12.
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0 Model analysis with task

The NX model used for this exercise contains two pneumatic cylinders and a conveyor belt.

The task of the system is to first push a workpiece (rectangular body) laying on a plate with two
pneumatic cylinders and then transport the workpiece away using the conveyor belt.

An additional start button can be used to initiate a sequence of steps for the sequence control. The
double-acting pneumatic cylinders are controlled via solenoid valves and their position is monitored
by limit switches.

Cylinder 1

Workpiece

Conveyor belt

Cylinder 2

-

Start button

In the following work process, the already existing CAD model (assembly in STEP file format ) is
imported to Siemens NX MCD .
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Parts of it will be made ,,physically” movable so that the model can then be linked to a control system
(PLC SIM advanced) and the associated programming environment (TIA-Portal) .

The whole work process is devided into five sections.

ADD PHYSICAL PROPERTIES TO NX MODEL

Import Data Collision Body Jointing Function Test Transport Surface  Limit Switch Function Test

STEP Data import Definitian of Define aslidingjoint gy gare llea u_=| version of Define a lransport surface for  Define a limit switch for survey  Simulate the actual version of

in NX Soft e and save as with Ul.dle- ir lf & 1 el sirmulation the positl of actors & model with the inspector
N/

_-r

Runtime Button

.

___-f_, I

Function Test

Rigid Body Function Test Pos Control
Definitian of the rigid Bodie: ulate the actusl miove shjects along an axis tea Simulate the actual Diefines user action button for
” e madel verslon of the rodel positiar version of the redel simulation interaction

SIGNALS IN NX

Output
Parameter

CREATE A NEW TIA PROGRAM

Input / Output
Signals

Assignment of
input & output signals

()

Assignment of

Symbol Table ) A

input signals
Import a symbol
table to integrate

inputs & outputs

Define output
parameters

Assign Parameter to Input
Signal with a formula

()

download to

Add PLC & tags N

device

Create a new PLC device
and import a Variable

table for PLE Tags

New FB Block Call FB in OB1

create a new functicn
block in SCL language

Connection of PLC
and program variables
in Main OB1

downlaod program
to device

BOTEED O XD O D 7 O3 O @
f
\
D O D O T O3 b 4
Input Connect
Parameter Signal & Parameter
Assign Parameter to Output @
[EITE TR Signal with a formula

parameters

Enable TIA TIA programming Create PLC Sim
Simulation

enable TIA Portal for
simulation access

write an easy TIA
program to control
cylinder 1

Create and starta
soft PLC for
simulation purpose

4
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CONNECTION PRETEST STEP CHAIN AND FUNCTION TEST
Call FB with
step chain in :
Signal Main OB1 F.unctlon Test
connection Function Test e
Conne he ir | .
o
Signals \_/
D @
\_/ D O D O T O O3
pJeo) I O3 @
Create TIA Save & close
Step Chain Save the NX Project and

close MX, PLCSim Adv

structure of a step e
2or

chain to cantral the
machine

Function Test

Simulate the actual
version of the model

SIGNALS IN NX

Output i
Symbol Table P Inputl / Output I-\.smgnn'.lent of
Parameter Signals input signals
Import a symbol
table to integrate Define cutput Assignrment of Assign Parameter to Input
inputs & cutputs parameters input & output signals " Signal with a formula
(:j) (:'E) (t¢) (18)
B O O TS O TS 7 O3 I O
Input Connect
Parameter Signal & Parameter

Assign Parameter to Output

Define output Signal with a formula

parameters

A crucial part of working with NX MCD is the creation of signals and their assignment.

Movements of actuators and sensor signals are assigned to parameters in order to be
connected to PLC signals later on.

This mapping takes place in the Signal Adapter, which forms the core of communication.
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13 Importing a symbol table for variable names

Video: 13Import Symbols

The next step is to import a symbol table containing the variable names of the PLC variables from the
TIA Portal project in order to facilitate the signal mapping with the PLC program later on.

If, as in our example, the naming structure is identical, the variable assignment can be done
automatically for simulation purposes.

E‘Signals
= Signal Conned M- Import Signals...

ﬂ: Import Signal Adapters...
Mew r ;%.) Runtime Parameters...

Ty Symbol Table >,
1M Signal...

ﬂ,_'"‘ Signal Adapter...

{} Symbol Table D ? X
* Symbols

Symbel Name External Signal... 10 Type Di

1§

w Name Import Symbols from external resource, L
|
SymbolTable(1) :
b4
J
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£} Import Symbol Table 0 ? X wx  Symbol Table File

¥ Impaort From
&« 3 ~ 4 < DigiwinDoku > 08-BAND

© External Symbol Table File

Organisieren « Neuer Ordner

File Typs T
O sTEP © TA portal A start tame

iE PLCTag

:@ & Katalog

@8 OneDrive

w Status for Importing Symbols
Status Symbol Name External Signal
EW Desktop

L Downloads

B H
w Confliction Handling
B Dieser PC

stem (C:)

= Conflicted Symbols Selection

¥ Selectin Existing... = Selectin Importe...

5 | Symbol Mame S| Symbol Name

Dateiname:

Cancel

€} Import Symbol Table 0 ? X

~ Import From

© External Symbol Table File

File Type
(O STEPT O TA portal

T:\\ehrar\&chm\d\D.g.Twm,Doku\DE-BAND-”%ﬂ

« Status for Importing Symbols
Symbol Name  External Signal

Status

New xMEB1 xMEB1

New *ME2 *ME2 |

New xMB32 xMB32 ||

+ Confliction Handling

w Conflicted Symbols Selection

~ Select in Existing... | v Select in Importe...

5.| SymbolName | 5. Symbol Name

ox , [ |
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In the symbol table in the NX model, you can see that the assignment for MB1 (solenoid valve), for
example, is declared as an input, and for sensors such as BG1 (end position monitoring), it is declared
as an output.

The reason for this is that the variables are viewed from the perspective of the NX model, and in this
case, a sensor is an output because it delivers a signal to the controller, and the solenoid valve is an
input because the signal comes into the NX model as an input signal from the PLC.

& Symbol Table o7 X
~ Symbols
Symbol Name  External Signal... 10 Type DataType  Comment
xMB1 xMB1 Input bool
xMB2 xMB2 Input bool
xMB3 xMB3 Input bool
xMB4 xMB4 Input bool
xMB3 xMB3 Input bool
xMB6& xMB6 Input bool
xMB7 xMB7 Input bool
xMB8 xMB8 Input bool
xPF1 xPF1 Input bool
xPF2 xPF2 Input bool
xPF3 xPF3 Input bool
xPF4 xPF4 Input bool
xPF3 xPF5 Input bool
xPF6 xPF& Input bool
xPF7 xPF7 Input bool
xPF8 xPF8 Input bool
xBG1 xBG1 Output bool
xBG2 xBG2 Output bool
xBG2 xBG3 Qutput bool
xBG4 xBG4 Qutput bool
xBG5 xBG5 Output bool
xBG6 xBGH Output bool
xBG7 xBG7 Output bool
xBG8 xBG2 Qutput bool
xSF1 xSF1 Qutput bool
x5F2 xSF2 Output bool
x5F3 x5F3 Output bool
xSF4 xSF4 Qutput bool
xSF3 xSF3 Qutput bool
xSF6 xSF6 Cutput bool
xSF7 xSF7 Output bool
x5F8 xSF8 Output bool
~ Name

SymbolTable(1) |

%K
The symbol table is then generated automatically.
= ZrGgnels
‘m& SymbelTable(1) Symbol Table
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14 Selection and definition of parameters for the inputs in NX

Video: 14Signals-Ad-Inputs

In this step, parameters for individual sensors are defined specifically according to the respective

application.

-7 Signal=

‘W& S k. Import Signals...

= Signa ﬁ Import Signal Adapters...

Symbol Table

New ¥ | £ Runtime Parameters...
Ty Symbol Table...
1 Signal...
B o
Th- Signal Adapter... l\é
Physics Navigator [ | TRANSPORT-STATION 00_cs.prt % | IR
Name = Visi... | Type © Signal Adapter
~ 85y Basic Physics ~ Parameters
A ceE Collision Body
% Collision Body / Select Physics Object (1) &
® | FigidBedy Parameter Name Switch i
+ A& R8G) @  Rigid Body Add Parameter ‘b[}
[= Flexible Physics A Alias Object Object Type Parameter  Value Unit Data.. R
=5 Joints and Constraints Add Parameter
A% RE(1)_SI(1) Sliding Joint
[ RE@)_SI(1) Sliding Joint
5 Materials
F= Couplers
- 5y Sensors and Actuaters = Signals
=
B, 861 Gyt InPos Limit Suitch Ass.. Name Data Type Input...  Initial Value Dimension... Unit  Comment | E
BG2 Cyl1 OutPos Limit Switch
BG3 Cyl2 InPos Limit Switch
5 BG4 Cyl2 OutPos Limit Switch
O
O~
o~ ~ Formulas N
O~
Oz Assignto Formula Comment
- F= Runtime Behaviors —

[Z1€SF1 Start Signal

= CARL-BENZ-SCHULE
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The limit position sensors are defined with the parameter type "switch" and the start button with the
parameter type "triggered."

{3 Signal Adapter
¥ Parameters
+/ Select Physics Object (1)

Parameter Name

9 ? X

triggered - |

A Alias Object Object Type Parameter  Value Unit Data.. R
Parameter_1 BG1 Cyll InPos  Limit Switch switch false bool R @
Parameter_2 BG2 Cyll QutPos  Limit Switch switch false bool R
Parameter_3 BG3 Cyl2 InPos  Limit Switch switch false bool R
Parameter_4 BG4 Cyl2 QutPos  Limit Switch switch false bool R
Parameter_3 SF1 Start Signal  Runtime Button  triggered false bool R

= Signals

Ass... Name Data Type Input... Initial Value Dimension...  Unit Comment E

|

* Formulas

Assign to Formula Comment
* Name

SignalAdapter(1) |

-

Ll L]
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15 Selection and definition of parameters for outputs in NX

Video:

15Signals-Ad-Outputs

v+ FOR EDUCATION

In this step, parameters for individual actuators are defined specifically for the respective application.

-y Signals

2 SignalAdapter(1)

Signal Adapter

T, SythbolTable(1)
[ signal Connection

Physics Navigator

Name & Visi... Type
~ [ Basic Physics

Callision Body
Collision Body
+ A& Re(1) @  Rigid Body
+ A& RBR) @  Rigid Body
+ 1@ RBE) @  Rigid Body
£5 Flexible Physics
=-F5 Joints and Constraints.
1% Re(1)_si(1 Sliding Joint
1% RBE_SI1) Sliding Joint
5 Materials
5 Couplers
-5 Sensors and Actuators
BG1 Cyll InPos. Limit Switch
BG2 Cyll OutPos Limit Switch
BG3 Cyl2 InPos. Limit Switch
BG4 Cyl2 OutPos Limit Switch
[ MB1 Gyt in Pasition Control
O~
O~
oA
02
=[5 Runtime Behaviors

4] TRANSPORT-

£ Signal Ac

~ Parameters

/' Select Physies Object (1)

Parameter Name
Add Parameter
A Alias
Parameter_|
Parameter 2
Parameter 3
Parameter 4

Parameter_5

~ Signals

Ass... Name

Object

Object Type

BG1Cyl1InPos  Limit Switch
BG2 Cyl1 QutPos Limit Switch
BG3 Cyl2InPos  Limit Switch
BG4 Cyl2 OutPos  Limit Switch
SF1 Start Signal  Runtime Button

Data Type Input.

Symbol Table

TEEE] G Discovery Center

Parsmeter  Value  Unit

switch
switch
switch
switch

triggered

Initial Value

false
false
false
false

false

Dimension.

position -

position
speed

limit acceleration
acceleration
deceleration

fimit jerk

jerk

overioad

force to attachment.x
force to attachmenty
force to attachment.z
limit force.

limit forward force
limit reverse force

sctive |y

When defining the parameters, a definition with the parameter type "active" is used.

3 Signal Adapter 07?7 X

+ Parameters

+/" Select Physics Object (1)

Parameter Name

A Alias Object
Parameter_1 BG1 Cyl1 InPos
Parameter_2 BG2 Cyl1 OutPos
Parameter_3 BG3 Cyl2 InPes

Parameter_ 4 BG4 Cyl2 OutPos
Parameter_5 SF1 Start Signal
[] Parameter 6 MEB1 Cyl1 in
] Parameter 7 MB2 Cyl1 out
[] Parameter & MB3 Cyl2 in
] Parameter 9 MB4 Cyl2 out
[] Parameter 10 MB5 CONV on

[ CARL-BENZ-SCHULE
mE GAGGENAU

il Mercantec

Object Type
Lirnit Switch
Limit Switch
Limit Switch
Lirnit Switch
Runtime Button
Position Control
Pasition Contral
Position Control

Pasition Control

Parameter
switch
switch
switch
switch
triggered
active
active
active

active

Transport Surface  active

2024-1-DE02-KA210-VET-000246677

Value
false
false
false
false
e
true
true
true

true

true

&

active v

Unit. Data ..
bool
bool
bool
bool
bool
bool
bool
bool
bool

bool
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16 Assignment of signals in the signal adapter

Video: 16Add_Signals

All input and output signals are then created in the signal adapter.

[} Signal Adapter (%] X
+ Parameters
3 Select Physics Object (0) < i
Parameter Name | hd ‘ :c'_l
A Alias Object Object Type Parameter  Value Unit Data.. R
Parameter_1 BG1 Cyl1 InPos  Limit Switch switch false bool R
Parameter_2 BG2 Cyl1 QutPos  Limit Switch switch false bool R o
Parameter_3 BG3 Cyl2 InPos  Limit Switch switch false bool R
Parameter_4 BG4 Cyl2 OutPos  Limit Switch switch false bool R
Parameter_3 SF1 Start Signal  Runtime Button  triggered false bool R
[] Parameter_6 MEB1 Cyl1 in Position Control  active true bool W
[] Parameter_7 MB2 Cyll out Position Control  active true bool W
[] Pararneter 8 MB3 Cyl2 in Position Control  active true bool W
[] Parameter 9 ME4 Cyl2 out Position Control  active true bool W
[] Parameter_10 MBS COMNV on  Transport Surface active true bool W
 Signals
Ass..  MName Data Type Input... Initial Value Dimension...  Unit Comment E %

WImmEmN (f|BENZ-SCHULE Funded by b q‘f:E[IlBITM TWIN 12
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 Signals
Ass.. Mame Data Type Input...  Initial Value Dimension...  Unit Comment E
|:| xBG1 bool Output  false
] - | bool Output false
xBGY
xBG2
xBG3 L-\S |
xBG4
xBG5
xBG6
xBG7
xBG8
x5F1
- varr'lISFE
Assign to Formula Comment B
« Signals
Ass.. Mame Data Type Input... Initial Value Dimension...  Unit Comment E tﬁ,\\)
|:| xBG1 bool Output  false .,)_'
“.[] xBG2 bool Output  false Add |
.
w Frrmiilas
|:| xBG3 bool Outp - falze
Input[%
Outpu
e Funded by om (e
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The assignment of whether it is an INPUT or OUTPUT is made from the perspective of the NX model.
This means that an actuator is defined as an INPUT and a sensor as an OUTPUT.

* Signals
Ass.. Mame Data Type Input.. Initial Value Dimensicn..  Unit Cormment E
[] xBG1 bool Output  false
[] xBG2 bool Output  false
[] xBG3 l} bool Output  false
[] xBG4 bool Output  false
[] =5F1 bool Output  false
xME1 bool Input  false
xMEB2 bool Input  false
xMEB3 bool Input  false
xMEB4 bool Input  false
kMB35 bool Input  false

Ll | - .
=-.“= CARL-BENZ-SCHULE
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17 Connecting parameters and signals in the signal adapter

Video: 17Connect_MB

In this step, the individual signals are manually merged with the respective matching parameter.

In the first step, the output parameters are checked and then assigned to the corresponding signal via
the Formulas area.

e . . JR— _——

[ Parameter_6 MB1 Cyll in Position Control  active true bool W
Parameterj MB2 Cyll out Position Control  active true bool w
Parameter_2 MB3 Cyl2 in Position Contral  active true bool W
Parameter_9 MEB4 Cyl2 out Position Control  active true bool w
Parameter_10 MB5 CONV on  Transport Surface active true bool W
w Signals
Ass... Name Data Type Input...  Initial Value Dimension...  Unit Comment E
[ xBi1 bool Output  false
7 xBi2 bool Output  false
[ xBG32 bool Output  false
[ xBG4 bool Output  false
1 =5k bool Output  false
*MB1 bool Input  false
xMB2 bool Input  false
xMB3 bool Input  false
xMB4 bool Input  false
xMB35 bool Input  false
v Formulas
Assign to Formula Comment
Parameter_&
Parameter_7
Parameter_8
Parameter 9

Parameter_10

ol
=-. BR CARL-BENZ-SCHULE
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» Formulas

Assign to Formula Comment
Parameter_o xMB1
Parameter_7
Parameter_8
Parameter_9

Parameter_10

Formula

;
xBG1 I
xBG2
xBG3
xBG4 —
xMB1
xMB2 -

Cancel

2N [concel ]

Ll | - .
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v Signals
Ass.. MName Data Type Input... Initial Value Dimension...  Unit Comment E
[ =eG1 bool Output  false
[ xBG2 bool Output  false
[ xBG3 bool Output  false
[] xBG4 bool OQutput  false
[ =5F1 bool Output  false
xMB1 bool Input  false
xMB2 bool Input  false
xMB3 bool Input  false
xMB4 bool Input  false
xMB3 bool Inout  false
¥ Formulas
Assign to Fermula Comment
Parameter_6 xMB1
Parameter_7 xMB2
Parameter_8 xMB3
Parameter_9 xMB4

EParameter_'ID xMBS

v Name
SignalAdapter(1) |
-
o
sumy
B emmmn CARL-BENZ-SCHULE Funded by 4.
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18 Connecting input parameters and signals in the signal adapter

Video: 17Connect_BG

In this step, the individual signals are manually merged with the respective matching parameters.

In this step, the input signals are checked and then assigned to the corresponding parameter via the
Formulas area.

This corresponds to a reverse assignment as in the previous point.

--I= signals
+-[/]02 SignalAdapte - t
Ty SymbolTable(1) & fat le
P it m o oai_ | X Delete
Rename
» Search & Add ta Insnactar
w Signals
Ass.. Mame Data Type Input... Initial Value Dimensien...  Unit Comment E
xBG1 bool Output  false
xBG2 bool Output  false
xBG3 bool Output  false L
xBG4 bool Output  false
%xSH bool Output  false
xMB1 bool Input  false I
xMB2 bool Input  false
xMB3 bool Input  false
+hARA hanl lnnit falce
+ Formulas
Assign to Fermula Comment
Parameter_& xMEB1
Parameter_7 xMB2
Parameter_2 xMB3
Parameter_9 xMB4
Parameter_10 xMB3
xBG1
xBG2
xBG3
xBG4
x5F1

Ll LT N g
SEMERER (/\RL-BENZ-SCHULE 18
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» Formulas
Assign to Formula
Parameter 6 xMB1
Parameter_7 xMB2
Parameter_8 xMEB3
Parameter_9 xMB4
Parameter_10 xMB3
xBG2 Parameter_2
xBG3 Parameter_3
xBG4 Parameter_4
x5F1
xBG1 Parameter_1
I
" Formula

-?'I 0

EEADIGITAL TWIN
S FOR EDUCATION

40

Comment

[X]#]

| Parameter_3

] 2 [

+ Mame

| SignalAdapter(1)
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CREATE A NEW TIA PROGRAM

download to

Add PLC & tags o FB Block Call FB in OB1 -
device
SRR o Connaction of PLC .
and import a Variable block in SCL language and program variables downlaod program
table for PLC Tags in Main OB1 to device

_.1, N - N

Enable TIA TIA programming Create PLC Sim
Simulation write an easy TIA

eptenpleays ol Create and start a
enable TIA Portal for prog o tro =soft PLC for
Cylinder1

simulation access - simulation purpose

-
°'I 0

=22 DIGITAL TWIN

SESER EDUCATION

40

In this section we create the TIA Portal Project for the programming part oft he digital twin.

We start with a new function block FB and add the code to control one cylinder.

PLC Sim avanced takes the role of a soft PLC and we download our program to an instance of it.
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19 Simulation release in the TIA Portal

Video: 19TIA new_enable_Simulation

In order to work with a simulation in the TIA Portal, this simulation option must first be activated in an
empty project.

TIA 7
alé6 &r
TIA Portal "J"if} S.T'“—F' I:T-. Port

Siernens Engineering System fir Automatisierungslésungen

®

Lumi SinuTrain

'li User interface language

P Project ‘I.I'""ﬁﬂ
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Create empty/new project

JA Siemens
Proiect  Edit VWiew Insert Online Options Tools Wndow Help

E{%b (B saveproject Z ¥ 35 E X D T MEES

Devices

] P_H Online access
b P_w Card ReaderlUSE memory

Set the path to the C:// drive (this is different in the video, please use your desktop)

Create a new project

Project name: | [HelE44)

Path: |C:'.U5E-r5'.5|:'.DE5kt|:|p

Wersion: |‘uf1ﬁ

Author: |P.drnir1i5trat|:|r

Comment:
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Ordner auswahlen

v 4 | BN > Desktop

Organisieren - Meuer Ordner

Mame

iy Start

BB OneDrive

Creating project...

Z Creating project...

The project C:\WserslSclDesktoplProject1\Project1.ap16 is being created.
Please wait.
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Right-click on the project and then select Properties

I Siemens - C:\Users\Sc\Desktopi\Project1\Project1

Project Edit View Insert Online Options Tools Wndow Help

Cf Y E savepoje @ X 3 B X D:ds 5 MEHE

Project tree

Devices

* | ] Projectl
K Add ne
iy Device
% Ungro
5% Securi
E Cross-
r\'\_’l

[gf Comm
=

(5] Docun
[ . .

4@ Langul Sy Search in project  Ctrl+F
:}g Versio

“"' Add new device
Add new group
ut Crl+x

op Cerl+C

o om0

Go online Ctrl+}

F.ﬂlé ||||}||IiiiI <

filine Ctrl+h

. » Cross-references F11
Online ac

Card Read = rint... Cerl+P
& Print preview...

el rropertes..ait:cnter ]
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Simulation must be activated
Project [Project] X
| General || Protection |
Protection

Protection

MNote that the know-how protection of blocks can be weakened by a simulation.

%Sl pport simulation during block compilation. .

B A |

OK 1 | Cancel |
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20 Create PLC hardware and integrate PLC variables

Video: 20TIA_new_PLC_Import_Variables

A hardware configuration for a PLC must be defined.

In this case, a 1500 PLC is used, as this corresponds to the reality on site.

Devices

¥ |7 Project1
W rwuswusviee = W Add new de
Eg-h Devices & networks v X
. . Device name:
3 E:’. Security settings |PLC_1 |
» E Cross-device functions
r— - - —
b r-!' Common da(.a - - rj. Controllers Ead Device: ;
] r%ﬂ] Documentation settings » (i SIMATIC 57-1200
LT} Languages & re.sources - rj. S IMATIC 57-1500
» [4 version control interface =
| = Controllers ~ WU
» g} Online access » [l CPU 15111 P
» [ Card ReaderlUSB memory I
] CPU1511C-1 PN
I'_i. CPU 1512C-1 PN
w | CPU 1512C-1 PN
D | BEZ/ D 1Z-ILRUU-UABY A
[T T6057 51210101 0AB Arti leno.:  [6ES7 512-1CKD1-0ABD |
HMI Tom e o e version: |V2.8 |V|
» [l cPU 15152 PN
E— » [ cPU 15163 PNIDP SRR £
» p_u CPU 1517-3 PNIDP CPU with display; work memory 250 KB code
» n_u CPU 15184 PNIDP and 1 MB data_;48 ns bit operation time; 4-
= ) stage protection concept, technology
» Ll CPU 15784 PNIDP ODK functions: motion control, closed-loop
PC systems » "_j. CPU 1518-4 PMIDP MFP L | control, counting and measuring; tracing;

Runtime options; for all PROFINET interfaces:

3 2
D | JGRBIERUAD (E transport protocol TCPIIP, secure Open User

» (@ cPu1513F1 PN Communication, 57 communication, 57
» [l CPU1515F2 PN routing, IPforwardingI,_Wbb ser\rer,hDI:S client,
= . OFC UA: Server DA, Client DA, methods,
D LT = USRS s companion specifications; PROFINET IO
Drives » p_[. CPU 1517F-3 PNIDP controller, supports RTIRT, performance
» I"_[. CPU 1518F-<4 FNIDP upgrade PROFINETV2.3, 2 ports, |-Device, MRP,
= . MRPD, isochronous mede, Routing, runtime
» LW CPU 1518F4 PNIDP ODK options; firmware V2.8 with DI32/DQ32,
L3 P_m CPU 1518F-4 PNIDP MFP Al5IAQ2: Digital input module DIT6 x DC24V,
» [ CPU1511T1 PN grouping 16; Digital output module DQ16 x
s DC24VI0.5A, grouping 16; Analog input
b LW CPUTSIST2 P module Al4 x Ull, Al 1xRTD, 16-bit, grouping 5;
,—AJ—LNJJIJH—J—DMM—| Analog output module AQ2 x Uil 16-bit,
m ] arouping 2; 6 channels for counting and
[w] Open device view r oK | Cancel |

+ | Details view
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Once the PLC has been configured, the PLC variables (PLC tags) are imported using an Excel file. The
file is located in the folder — Appendix=> PLC_Tags.xIsx.

Project] » PLC_1 [CPU 1512C-1 PN] » PLCtags

Tog table Dot type Asdresz Resin  Acces. Wit sl Supends_ Comment

Elements 1o be impared: i Tags
) constamns

| Details view

Hame

Import completed. (0032:0000071) %

Import completed successfully.
Path of import file:

C:lUsersiSciDesktopl2025_05_21_DIGI_TWIN_Kurs_Basicsi04-Nx-Serie-BAND-ZYLINE.. . . . . E E
[Ciluzerslscezkoni2025 0521 DS Kur: Bacic serie SANDZYUN..] Detailed information is shown in the import log

Elements to be imported: [ Tags file.
(7] constants

=

Overview of the imported PLC variables.

Click here to view the log file.

Y

I
i
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Projectl » PLC_1 [CPU 1512

PN] » PLC tags

Devices

"

] FE PG TEH S
PLC tags
~ 7 Projectl Name Tag table Data type Address Retsin  Acces... Writs..
I Add new device 1 |al e | varisblentabelle [+] Eool %Q4.0 M &
By Devices & networks 2 |la ez Variablentabelle  Bool %Q4.1
~ [ PLC_1 [CPU 1512C-1 PN] 3 @  we3 Variablentabelle Bool %Q4.2 =] =]
IIf Device configuration 4 |la  xvea Variablentabelle  Bool %Q4.3 =] =]
4| online & disgnostics 5 @ MBS Variablentabelle Beol %Q44 =] =]
» B8 Software units 6 @ xMB6 Variablentabelle Bool %Q4.5 =] =]
» [ Program blocks 7 @ xMe7 Variablentabelle Bool %Q4.6 =] =]
» [ Technology objects & @ xves Variablentabelle Beol %Q4.T =] =]
» @} External source files 9 @ R Variablentabelle Bool %Q5.0 =] ™
~ [ g PLCtags 0 @ P2 Variablentabelle Bool %Q5.1 =] =]
& Show sl tags 11 @ WF3 Variablentabelle Beol %Q5.2 =] =]
B Add new tag table 12 aly eFs Variablentabelle  Boal %Q5.3 =] =]
%4 Defaulttag table [59] 13 @ PFs Variablentabelle Bool %Q5.4 =] =]
% Variablentabelle [32] 14 @ *PF6 Variablentabelle Bool %Q5.5 @ @
3 LC data types 15 @ WFF7 Variablentabelle Boal %Q5.6 =] ™
¥ [ Viatch and force tables 16 @ PF8 Variablentabelle Bool %Q5.7 =] =]
» rj-, Online backups 17 @ xBG1 Variablentabelle Bool %I110.0 @ @
b [ Traces 12 @ ez Variablentabelle Beol %I10.1 =] =]
» & OPC UA communication 19 @ se3 Variablentabelle Bool %102 =] =]
» i Device proxydata 0 @ BG4 Variablentabelle Bool %103 @ @
§ Program info 21 @ ses Variablentabelle  Bool %10.4 =] =]
Cf PLC supervisions & alarms 22 - *BG6 Variablentabelle Bool %I10.5 =] =]
E] PLCalarm text lists 23 <@ xBGT Variablentabelle Bool %I10.6 @ @
» [ Local modules 24 |@ s Variablentabelle  Bool %107 =] =]
» [ Ungrouped devices 25 @ sA Variablentabelle Bool %I11.0 =] =]
» 55 Securitysettings 26 @ SR Variablentabelle Bool %I11.1 =] 7]
» 34 crossdevice functions 7 @ s Variablentabelle  Bool %0112 =] =]
» [§g§ common date 38 @GR4 Variablentabelle Boal %113 =] ™
» [5]) Documentation settings 38 @ GFS Variablentabelle Bool %114 =] =]
» [@ Languages & resources 30 @ cFs Variablentabelle  Bool %115 =] =]
3 [\-ﬁ Version control interface — =
= Online access
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21 Creating a function block in the TIA Portal

Video:

21TIA_New_FB

Changing the programming language in the MAIN OB1 block

Project tree

Devices
) Tl =
Main
¥ | 7] Projectl Ead Mame
‘:' Add new device 1 |<@ * Input
Ef}h Devices & networks 2 g = Initial_Call
- h PLC_1 [CPU 1512C-1 PN] 3 g = Remanence
[lf Device configuration
4/ online & diagnostics HF ik —0— 7} -
v [gE Software units . -
~ [ Program blocks ¥ Block title: “Main Fro
K Add new block Lermment
indmetl =
= & Mai Open work 1: ...
b L3 Technol
» Externa| ¥ Cut Ctrlex ['E7
- p—d PLC tag _i—g Copy Ctrl+C
_% Shoy L) Faste ctrl+v
.
B Add ¥ Delete Del
54 Defa Rename F2
= o
=V .
= ~a varng Compile ]
b Llg| PLC dat .
= Download to device [
D I?i:;l‘l'"ﬁtth 8 ﬂ Go online Ctrl+i
D r{- Online B oY Go offline Ctrl+M
b (25 Traces
5 -r:é‘, SEE IR &]8 Quick compare ]
¥ i Device _h search in project Ctrl+F
&5 Prograrm él-b Generate source from blocks ]
Ef PLCsu
=I e : _XJ Cross-references F11
= alar ; . .
I_T-I _}(J Cross-reference information  Shift+F11
b Ll Local m|
D 4 & call structure
5 WS Assignment list
» E-:. Securityse
» E Crossdevid Switch pregramming language
] ﬁ Commmaon d Know-how protection
s |
D I‘E'm BT = Frint... Ctrl+P
D I_-‘? LaNQUagEs| B, print preview...
» Lal Version cor - i Cross-i
v 3 onii [ Properties... Alt+Enter 4
r-‘-“ e I X Show all mes
b 5 Card Reader/USE memory

A new function block is then created using the SCL programming language

= CARL-BENZ-SCHULE
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Project tree m 4
Devices
S W S 8, =P im0 8 @19 e BT 621z G et &7
Main
¥ | 7] Projectl z Name Data type Default value Cornment
K Add new device [ 17 e~ Input
ﬁg‘h Devices & networks 2 |ggm Initial_Call Boal Initial call of this OB
- p_]. PLC_1 [CPU 1512C-1 PN] 3 e Remanence Bool =True, ifremanent data are available
Y pevice configuration ‘Add new block 'x -
ﬂ Online & diagnostics k
] rﬁg Software units MName:
- r:;., el ‘ﬂJTransport |
Add new block
4 Main [OB1] = Language: SCL ﬂ
] I"_* Technology objects #
3 External source files B Merrlzzr. e
v [4 PLC tags Organization (O Manual
%5 showall tags e #) Automatic
ﬁ Add new tag table
_%’ Default tag table [59]
% Variablentabelle [32] # Description:
» (g PLC data ypes FB . . .
[ - . Function blocks are code blocks that store theirvalues permanentlyin instance data blocks,
» \55l Watch and force tables Function block 50 that they remain available after the block has been executed.
v [ Online backups
3 E Traces
] :E::- OPC UA communication
» i Device proxy data *
B8 Program info
[f PLC supervisions & alarms Feinian
&) PLC alarm text lists
» I"_u Local modules
b [id Ungrouped devices
» Eg securitysettings EB
3 I?Ej Cross-device functions Data block
» [g§ common data
b [5]] Documentation settings mere.- W
» [ Languages & resources b |Additiona| information
» ?& Version control interface
D = G pees [+ Add new and open oK 1 | Cancel -

» ri Card ReaderiUSB memaory

Please select Function block!

g CARL-BENZ-SCHULE
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22 Program creation in the function block

Video: 22TIA_FB_Prog

For the first test, a few input and output variables are created and used to write a small PLC program
for cylinder 1.

Projectl » PLC_1[CPU 1512C-1 PN] » Program blg

Devices

i =2 | 2 0 =8 @] 06 8 6
fbTransport
* | ] Projectl A Namea Detstuas
' Add new device B 1 <@ " Input
Eﬂ-h Devices & networks 2 |ag o xStart Bool
7 r=_[. PLC 1 [CPU 1512C-1 PN] 3 |- xSenCyl10ut Bool
[l'f Device configuration - s T
E Online & diagnostics 5 |4 * Output
» g Software units 6 |« xActorCyl10ut Bool
7 r:i:p Program blocks 7 1 xActorCyl1in Boal
E ~dd new block .-E—QDEA B . S

=2 DIGITAL TWIN 31
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Projectl » PLC_1 [CPU 1512C-1 PN] » Progra
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Devices
i ER | = e 6, =8 B[] 6o &
fbTransport
* | 7] Projectl E Marne Data type
B Add new device b a- Input
Eg'h Devices & networks 2 |4qnwm xStart Bool
« (5 PLC_1 [CPU 1512C1 PN] 3 |qn xSenCyl10ut Bool
[l'f Device configuration 4 s <Add new=
4 Online & diagnostics 5 40 ™ Output
v g Software units 6 |40 = xActorCyl 10wt Bool
=~ r:al Prograrm blocks 7 | w xActorCyl1in Bool
K ~dd new block I n Acld na
= vein (01 || e s e e o
38 fbTransport [FE1]
¥ [ Technology objects if //Cylinder 1 in Out Position
» External source files 2  #xRctorCyllOut := #x3tart;
= r:d FLC tags 3
% Show all tags 4 //Cylinder 1 in In Position
“.,_ Add new tag table a $xtctorCyllIn := #xSenCylllut;
.:?'a’ Defaulttag table [59] : |
=='=== CARL-BENZ-SCHULE Funded by 32
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23 Call the FB in Main OB1 and save the program

Video:

23TIA_Prog_Save

-
-?l 0
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In MAIN OB1, the variables of the function block are linked to the PLC variables (PLC tags). First, the
function block must be dragged and dropped into MAIN OB1.

Project tree m 4

Devices

Call options

~ [ ] Projecti
B Add new device
By Devices & networks
~ [ PLC_1 [CPU 1512C-1 PN]

2]

Name Data type Single
<@ ~ Input Instance
= Initial_Call Bool
< Remanence Bool

2 b, =B =P8 &

JIY pevice configuration

'] Online & diagnostics

» [gg Software units

« [:gl Program blocks
B Add new block
4 Main [0B1]
3 foTransport [FB1]

» [ Technelegy objects

3 External source files

- [ PLCtags
%5 showall tags
B Add new tag table
%4 Default tag table [59]
B variablentabelle [32] L

» [ PLC dats types

Ll | - .
=-.“= CARL-BENZ-SCHULE

mmmmmEE GAGGENAU

Jl Mercantec

a

* Block title: "Main Program Sweep (Cycle)”

-

=1 7 A4 —al = ]

Comment

Network 1:

Comment

o 117\';":&3;', IFB1]

L

[}

Data block

Name

Nurmber

foTranspert_DB n

(I
OManuaI

(®) Automatic

If you call the function block as a single instance, the function
block saves its data in its own instance data block.

rmore...

r O[}_’ | Cancel
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Devices
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Project1 » PLC_1[CPU 1512C-1 PN] » Program blocks » Main [OB1]

—ate
= |

~ [ PLC_1[CPU 1512C-1 PN]
Y Device configuration
g Online & diagnostics
» g8 Software units
= |5 Program blocks
ﬁ Add new block
4B Main [0B1]
4 fbTransport [FB1]
@ fbTransport_DB [DB1]
» [3 Technology objects
4 External source files
= % PLC tags
5 showalltags
ﬁ Add new tag table
2 Default tag table [59]

% Variablentabelle [32]

» [‘y PLC data types
» 52 Watch and force tables

WX L, =0=
Main

Mame

1 <4l > Input

o ) Initial_call Bool
3 |aw Remanence Bool

-3 HH
()8 G G2 [=]

Data type

ey

Default value Comrmen

Initial ca
=True, if1

& »=1 B} A =l

* Block title: "Main Program Sweep (Cycle)”

= 4

Comment

¥  Network1: .

Comment

%DB1

"foTransport_DB"

.= EN

« | Details view

%11.0

SSF1T —start

[

Details
%10.0
%101
%l10.2
%103

Mame Dat... Comment
xBG1 Bool
xBG2  Bool
xBG3  Bool

xBG4  Bool

Bool %1104
%I10.5
%I10.6
%I10.7

xBG6  Bool
*BG7 Bool
xBG8  Bool
*ME1 Bool

NN Y
&

&
5

Bool %Q4.2

H BN CARL-BENZ-SCHULE
mmmmmEE GAGGENAU

il Mercantec

%10.1
"¥BG2" ==l xSenCyl1Out

%FB1

"“fbTransport"

%0Q4.1
"xMB2"

%Q4.0
"xMB1"

xActorCyl1Out

xActorCyl1In
CiNw '_

5]

¥  Network2: .

Comment

General y" Cross-references

Funded by
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24 Creating a new simulation instance in PLCSim Advanced

Video:

24_Sim_New_lInst

A virtual soft PLC can be created by starting the PLC Sim Advanced software. This controller, named
ditwin01, is used to load the current PLC.

i S7-PLCSIM Advanced V3.0 Upd2
@  Online Access
%  TCPAIP communication with

(R Virtual Time Scaling

0.01 Off 100

I () start Virtual 571500 PLC

@ PLCSIM @D PLCSIM Virtual Eth. Adapter

=

Control Panel

il
=-..== CARL-BENZ-SCHULE

mnmmmmE GAGGENAU

il Mercantec

B | MRES
No Active PLC Instance Ordner suchen
id] Desktop
Drop Instances | |> 47 Start
A Katalog IE
> OneDrive
~ @ Desktop
- > T 02ANALOG
¥ Runtime Manager Port |50000 | [] 5 7 2025.05_21_DIGITWIN Kurs Basics
[¥  virtual SIMATIC Memory Card =] Y s
i Show Nofifications /m
?  Function Manual
Neuen Ordner erstellen oK Abbrechen
0 Eit | —

2024-1-DE02-KA210-VET-000246677

Funded by
the European Union

A

[
\

5N

228 DIGITAL TWIN
ENEFOR EDUCATION

www.digitwindteach.eu

35



Module 4

-
-?'I 0

Documentation Yeae=ze DIGITAL TWIN

o000

B FOR EDUCATION

(a\

Key Concept Product development \&

A Advanced V3.0 Upd2 = M Advance ) Upd2 E=
Control Panel Control Panel
m Online Access m Cnline Access
@ PLCSIM @ PLCSIM Virtual Eth. Adapter ® PIcSIM @D PLCSIM Virtual Eth. Adapter |
% | TCPAP communication with % | TCP/IP communication with |
(R Virtual Time Scaling (R Virtual Time Scaling
1 1
0.01 Off 100 0.01 Off 100
() Start Virtual §7-1500 PLC (%) Start Virtual §7-1500 PLC
m_ Instance name m Instance name | ditwin01
PLC type Unspecified CPU 1500 + PLC type Unspecified CPU 1500
| dedi m_‘ Start
B | MRES B | MREes
Mo Active PLC Instance 1 Active PLC Instance(s):
OEE ditwin01 /192.168.0.1 0 x

®

Drop Instances Here

¥ Runtime Manager Port | 50000 O & Runtime Manager Port 50000 O
[¥ | Virtual SIMATIC Memary Card ] [¥ | Virtual SIMATIC Memory Card
i Show Netifications i Show Notifications
? Function Manual | ? Function Manual
O it D Eit
=-l B CARL-BENZ-SCHULE Funded by 36
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25 Load TIA program in PLC Sim

Video: 25 TIA_Sim_Transfer

The current PLC program can now be loaded into PLC SIM Advanced.

7 Siemens - C:Wsers\ScDesktop\Project1 \Project1

$7-PLCSIM Advanced V3.0 Upd2

SIM Control Panel

=Ml Froject Edit View Insert oOnli tions  Tools  Wind:

G _‘;E saveproject | Zh M 35 2 X W) (M: 5 @ﬂ B R ¥ coonline ¥ Gooifiine g7 [ B 2@ ] (1| [Searchinprojece | G
b Online Access L
® picsiM @D PLCSIM Virtual Eth. Adapter Devices
e & 4 =2 EC)8 42 CLEABT R A T G E
G | virtual Time Scaling v T PLC T [CRU 512G P Name Data type Defaultvalue | Comment
1 o . ~ Input [
001 off 100 @/ Online & diagnostics > @@= mitalcall Bool Initial call ofthis 0B |
» g Softws its 3 . Remanence Bool =True, if remanent data are available
(3) Start Virtual §7-1500 PLC = BE LT g e hoet |
~ gl Program blocks
& Instance name | ditwin01 B Add new block o s FREUREE S}
PLC type Unspecified CPU 1500 & Meoin [081] = —— . = [
= e ) ‘Block title: “NinFrogrom Swep Cycle)
® ) Toad preview X T20% g
1 Active PLC Instence(s) 4 9 Check before loading |5 Info | % Dlagnasucs \
COEE ditwind1 /192.168.0.1 0 x T
Swtus |1 Terget Message Action
4] @ ~ A Ready for loading. Load 'PLC_1"
(] Simulated module  The loading will be performed from a simulated PLC ? Erors | Warnings | Time.
0 2 wsatare |
Q b Software Download software to device load 0 2 12:54:13 PM
o 2 12:54:13 PM
(] Text libraries Download all alarm texts and text st texts to device Consistent download o 1 12:54:13 M
&% Runtime Manager Port [50000 | [ R
[ Virtual SIMATIC Memry Card o ! 1254117
: . 12:54:13 PM
i Show Notifications g g T
?
?  Function Manual T
P 12:54:17 PM
12:54:18 PM
al 0 5] usuw

[ Refresh | . i Thel

:E = ]m _

When the module is started, the PLC changes its status from Stop to Start and the LED turns green.
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Online Access.

74 Siemens - C:\Users\Sc\Desktop\Project1\Project1

Project Edit View Insert Online Options Tools

N

i =2 DIGITAL TWIN

B FOR EDUCATION

»

Window  Help

@ ricsM @

PLCSIM Virtual Eth. Adapter

TCP/IP communication with

(W) Virtual Time Scaling

0.01 Off 100

(~) Start Virtual §7-1500 PLC

Instance name | ditwin01

PLC type Unspecified CPU 1500 v

M| I | MReS

1 Active PLC Instancels):

OEE ditwinol £192.168.0.1 o (x
&% Runtime Manager Port (50000 ]
[ Virtual SIMATIC Memory Card
i Show Notifications
7 Function Manual
Q Eat

1o vermIngen voR EINganga 7
19 Simulationsfreigabe im..

20 Anlegen einer SPS-Har..

21 Anlegen eines Funktio...

22 Pragrammerstellung i...

23 Aufruf des FB im Main...

WUmEERE (AR|-BENZ-SCHULE
ummmmEn GAGGENAU

il Mercantec

5 % [ Save project X 9 : 5[5 B R ¥ coonline ¥ coofilne dz I 3¢ 1] [Sesrchinp
Project tree m 4
|| Devices |
] 2% G 02 68 B (=
Name Data type Default value Comment
L] 1 @~ Input
%/ Online & diagnostics 2 la- Initial_Call Bool Initial call of this OB
» [g@l Software units 3 |a@n Remanence Bool =True, ifremanent data are ava
~ [gl Program blocks I —
&’ Add new block PR 4 - = 4]
4 Main [0B1]
+ Block title: “Main Program Sweep (Cycle)”
Comr
T
vl
=
4 9 Status and actions after downloading ta device
- [
A
Status ! Target Message Action
g & v rca Downloading ta device completed withaut error. Load PLC_1"
1 » Startmodules Start modules after downloading to device. [Moaction  [+]
Start module L\\
<]
> | Details| [<] ] [>]
Finish || || cancel
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S7-PLCSIM Advanced V3.0 Upd2

Sl M Control Panel

e

@ Online Access 1
| @ PLCcSIM @ PLCSIM Virtual Eth. Adapter [l

% | TCP/IP communication with B
(R Virtual Time Scaling

0.0 Off 100

(®) Start Virtual 57-1500 PLC

m_ Instance name  |ditwin01
PLC type Unspecified CPU 1500 v
Start
M BB | MRES
1 Active PLC Instance(s):
EHE ditwind1 £192.168.0.1 0 x
N

Runtime Manager Port |50000 O
Virtual SIMATIC Memory Card
Show Motifications

Function Manual

0 N~ [J%

Exit
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CONNECTION PRETEST

Signal
connection Function Test
Connect the internal
MCD Signals with the cbservation the signals
external TIA Portal in TIA Portal
Signals
N
| )
N/
p__Jo) I O3

Function Test

Simulate the actual
version of the model

In this small section we are making some adjustments in NX and we run the test program.
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26 Creating signal connections in MCD

Video: 26_NX_New_Signal_Conn

The simulation level is then ready for operation and the signal connections in Siemens NX MCD must
be created.

Signal Connection
E 9 .r’ Import Signal Mapping Connections...

New 4 _‘{-!-;_ Signal Mappingl.,..
LA

Ll LT N g
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+ External Signal Type
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4

Comg
Type
PLCSIMAdY Instances
~ Signals Setting 1
* MCD Signals (10) * External Signals (0)
Scope |AII |F|Iter| Scope |AII |F|Iter|
Find + |[[J Match Case [ Match Whole Word E Find ~ |[[J Match Case [ Match Whole Word E
MName External Signal... Adapter Name |0 Ty.. Data Type MName 10 Type Data Type Comment
xBG1 SignalAdapte... Output bool
xBG2 SignalAdapte... Output bool
xBG3 SignalAdapte... Output bool
xBG4 SignalAdapte... Output bool
x5F1 SignalAdapte... Output bool
xMB1 SignalAdapte... Input  bool
xMB2 SignalAdapte... Input  bool
xMB3 SignalAdapte... Input  bool
Do Auto Mapping
* Mapped Signals (0)
Connection Name MCD Signal Name  Di.. External Signal Name  Owner Component  Message
Check for N-»>1 Mapping |
e
L LT 42
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{} External Signal Configuration

PLCSIM Adv M Swi

* |nstances

Mame I CPU Status  Version  Owner Part ‘ﬁ

Add Instance

* |nstance Information

In the signal connections, the soft PLC from PLCSIM Advanced is created as an instance and linked.
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10':

{3} Add PLCSIM Adv Instance O ? X
* |nstances

Mame Status

ditwin01 Run

o

{3} External Signal Configuration

PLCSIM Adv

¥ Instances
MName ID  CPU Status  Version ~ Owner Part
ditwin01 0 1512C... Run 3.002  TRANSPORT-STA

* Instance Information
+ Update Options

Area
B8 HMI Visible Only
B HWCNExport-File

=l

Update Tags %

Filter -

Find I:I[:] Match Case [_] Match Whole Word E

* Tags (0]

[ Select All

5. Name Address 10 Type  [=3
SEamNEE (ARL-BENZ-SCHULE Funded by b 9‘:§D|B]TA|. TWIN 44
IammmEs CAGGENAU the European Union Y FOR EDUCATION

il Mercantec 2024-1-DE02-KA210-VET-000246677 www.digitwindteach.eu



Module 4

Documentation ei=702 DI GITAL TWIN

(0001

Key Concept Product development (g S FOR EDUCATION

£} External Signal Configuration 0? X
PLCSIM Adv
~ Instances

Name ID  CPU  Status Version OwnerPart

¥,
ditwin01 0 15712C.. Run 3002  TRANSPORT-STATION 00_cs i

* Instance Information
~ Update Options

Area 10 -
8 HMI Visible Only
8 HWCNExport-File

\ [
I Update Tags |
~ Togs(32)
Find [ |0y Metch Cose (] Meich WholeWerd [sh]
@ ciect il
Sl Address 10 Type Data Type AreaType  Source Comment
XSFS Input Bool Input From PLCS...
XSF6 Input Bool Input From PLCS...
XSFT Input Bool Input From PLCS...
xSF8 Input Bool Input From PLCS...
«MB1 Output Bool Output From PLCS...
xMB2 Output Bool Output From PLCS...
xMB3 Output Bool Output From PLCS...
M2 Output Bool Output From PLCS...
MBS Output Bool Output From PLCS...
MBS Output Bool Output From PLCS...
XMB7 Output Bool Output From PLCS...
XMEE Output Bool Output From PLCSI...
XPF1 Output Bool Output From PLCSI...
XPF2 Output Bool Output From PLCSI...
XPF3 Output Bool Qutput From PLCS...
XPFA Output Bool Output From PLCS...
XPF3 Output Bool Qutput From PLCS...
XPFE Output Bool Output From PLCS...
XPF7 Output Bool Output From PLCS...
XPFE Output Bool Output From PLCS... |

([ Reset PLC memory when MCD simulation starts

~ Synchronization

g [ fancel |

Select all variables and then select automatic assignment. The automatic assignment can be performed
successfully thanks to the identical naming.

BR CARL-BENZ-SCHULE
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£} Signal Mapping

+ External Signal Type

Frpe PLCSIM A -
PLCSIMAGy Instances =

~ Signals

« MCD Signals (10) + External Signals (32)

Scope [an - |Fitter - Scope [4n - |Fitter | -
Find w |[J Match Case [_] Match Whole Word E Find w |[] Match Case [_] Match Whole Word E
MName External Signal... Adapter Name 10 Ty.. Data Type Name 10 Type Data Type Comment

xBG1 SignalAdapte... Output bool xBG1 Input Bool

xBG2 SignalAdapte... Output bool xBG2 Input Bool |
%BG3 SignalAdapte.. Output bool %BG3 Input Bool

xBG4 SignalAdapte... Output bool xBG4 Input Bool

XSF1 SignalAdapte... Output bool xBGS Input Bool

xMEB1 SignalAdapte... Input  bool *BGE Input Bool

xME2 SignalAdapte... Input  bool %BG7 Input Bool

xMB3 SignalAdapte... Input ool xBGE Input Bool

N Do Auto Mapping

~ Mapped Signals (0)

Connection Name MCD Signal Mame | Di... | External Signal Name  Owner Component | Message

Check for N->1 Mapping ‘

-
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27 Temporary storage and testing of the software status in NX

Video: 27 _NX_Save_Test

Video: 27 TIA Observe

Testing and observation allow the current status to be simulated and checked.

Ll LT N g
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28 Testing the software status in the TIA Portal

Video: 27 TIA Test

The current function block is tested in conjunction with NX MCD and PLCSIM. The variables can also
be monitored in observation mode.

Project1l » PLC_1 [CPU 1512C-1 PN] » Program blg

Devices

k
o

¥ = B S
beranspDrt

~ [ PLC_1 [CPU 1512C-1 P... Name Data type

¢ 4 ¢ 62

8

[I1 pevice configuration 1 <@ * Input
4| Online & diagnaostics ]2 <o = xStart Bool
b [gg Software units 3 < m xSenCyl10ut Bool =
« [l Program blocks 4 s <Add new:
[ ~dd new block 5 <@ * Output
| Main [OB1] 6 <@ w xActorCyl10ut Bool
& fbTransport [FB1] | = |**(_‘"- S P EATS Paal

@ fbTransport_DEB ...

Fa e ote =
b L3 Technology objects L cgsFE... TFDoSa \'-II;—|CI:LE.. T S—
b External source files 1
- r"_d PLC tags 1 //Cylinder 1 in Out Position
% Showall tags 2 FIF #xStart THEN
ﬁ"'ﬁdd new tag table 3 // 5tatement section IF
= 4 #uhctorCylllut = 1;
23 Default tag table... _ N i
=L Variabl bell 5 #xhctorCyllIn := 07
N Eg Variablentabelle .. | i ¢ | END 1F;
» LI PLC data types 7
v [z watch and force tab... L 2
» rj', Online backups M 9 //Cylinder 1 in In Position
4 r;"Traces M 10 HIF #x3enCyllCut THEN
v [@ OPC UA communic... i 11 // Statement section IF
» i Device proxydata 12 #xlActorCyll0ut = 0;
g:_",-i Program info 13 #xhctorCyllIn = 1;
j— . 14 [END IF;;:
L PLC supervisions & . - -
= - 1 - P J.-D
== BEE CARL-BENZ-SCHULE Funded by ~)
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STEP CHAIN AND FUNCTION TEST

Call FB with
step chain in

Main OB1 Function Test

D O T O N O ) |
Create TIA Save & close
Step Chain Save the NX Project and
RO close MX, PLCSim Adv

e of J:tcp and TIA Portal

Now we are able to write a ,,step- chain“ program in TIA Portal and test it with our digital twin model
in NX MCD.

il
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29 Creation of a step chain program

Video: 29 TIA Step_Chain

-?l 0

BERDICITAL THIN

B FOR EDUCATION

»

In the next step, the small PLC program for cylinder 1 will be overwritten and replaced by a more

comprehensive control program with a step chain.

To do this, new variables must be implemented in the function block in the inputs and outputs area.
In addition, the step number with the designation istep, which has the default value 0, is added to the

static variables area.

fbTransport
nlomn s Data ype Default value Retain

1 @ ™ Input
2 - wStart Bool false Non-retain
3 an- x5enCyl10ut Bool false Mon-retain
4 q@nm xSenCyllin Bool false Non-retain
5 4an- xSenCylz0ut Bool false Non-retain
6 4= XSenCyl2in Bool false Mon-retain
7 L} Add news=
8 ol
ER T xActorCyl10ut Bool false MNon-retain
10 @ = xActorCyl1in Bool false Non-retain
11 a1 = xActorCyl20ut Bool false Mon-retain
12 4 = xActorCyl2in Bool false Non-retain
134an xConveyorOn Bool false Non-retain

14 L] Add new El B

15 ¥ Innut

1€ = Add news=
17 |4 > Static
. istep Int 0 Mon-retain

Accessible f... | Writa...

INRRE

NEEE

]

RS

HNOE®

]

Visiblein ...

INERE

NEE®

]

Setpoint

]

A possible implementation of the step chain in SCL could look like the screenshot below.

I S TR VIR (.4 AeGioN

1 CICASE #iStep OF

2 I 0:

3 IF #xStart THEN // Statement section case 1

4 #i5tep := #iStep + 1;

5 END_IF

& 1:

T8 IF #x5SenCyllOut THEN // Statement section case 1
] $iStep := $iStep + 1;

5 END_IF;
10 2
115 IF #xSenCyllIn THEN // Statement section case 1
12 $iStep := #iStep + 1;
13 | END IF;
14 3
153 IF #x5SenCyl20ut THEN // Statement section case 1
1€ #iStep := #iStep + 1:
17 | END_IF;
18 4
15 IF #xSenCy12In THEN // Statement section case 1
20 #iStep := 07
21 | END_IF;
23 | END_CASE:

Ll | - .
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30 Control of the outputs of the step chain program

Video:

30 _TIA_New_Prog_Chain

-
-?l 0

2 DIGITAL TWIN
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40

After the advance conditions were defined in the previous step, the control of the outputs is now

defined in the program.

To do this, only the step numbers are assigned to the individual outputs and connected using a basic

logical OR (OR) link.

Ll | - .
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fbTransport
Marme Data type Default value Retain Accessible f... | Writa... |V
1 4 ™ Input
2 ] = xStart Bool false Mon-retain ¥ [+
3 ] = xSenCyl10ut Bool false Mon-retain ] [+
e 1 —
o B IO VS . seion
1 [JCASE #iStep OF
2 0:
3Z IF #xS5tart THEN // Statement section case 1
4 #iStep = $iStep + 1;
3 END IF H
[ 1
= IF #x5enCyllOut THEN // Statement section case 1
g $iStep := $#iStep + 1;
] END IF;
wl| 2 -
11 3 IF #x5enCyllIn THEN // Statement secticon case 1
2 #i5tep := #i5tep + 1;
13| END_IF:
14 3
153 IF #xSenCyl20ut THEN // Statement section case 1
16 #iStep = $iStep + 1;
17 [ END_IF;
] 4:
- 18 4 IF #x5enCyl2In THEN // Statement section case 1
M 20 #iStep := 0;
= a1 END_IF;
i 22
23 |END_CRSE;
24
2% J//Controlling the u:utputs|
26 $#xhctorCyllOut := (#iStep = 1);
27  $#xBctorCyllIn := (#iStep = 0) OR (#iStep = 2)0R (#iStep = 3)0OR (#iStep = 4);
28  $xbhctorlyla0ut := (#iStep = 3)»
2% gxBctorCyl2In := (#iS5tep = 0) OR (#iStep = 1) OR (#iS5tep = 2) OR (#iStep = 4);
30 #xConveyorln := (#iStep = 4);
31

=2 DIGITAL TWIN 52
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10'3

The adjustments in the function block also require adjustments to be made in the MAIN OB1 block
with regard to variable assignment.

To do this, the content in MAIN OB1 must first be updated so that the PLC variables can then be
reassigned.

‘€3 Network 1: .

Comment

"fbTransport_DB"
ToFB1
"fbTransport"

- %Q4.1
%11.0 aeAccbes of0 11 e "yhAR 2"

" u Open
WS —iStan P

Open and menitor

%10.1

"BG2" —5enCyl1OU|  Rename tag... Ctrl+ShiftsT

Rewire tag... Crrl+5hift+P
M ocut Ctrl+X
E5| Copy Crrl+C

Cornment 5] Paste Ctrl+

Network 2: ..
¥ Delete Del

Go to »
Cross-references F11
Cross-reference information  Shift+F11

Update block call

o
Insert STL network
Insert SCL network
¥ Insertinput and output Ctrl+Shift+3
Insert empty box Shift+Fs
¥ Insert comment

Properties Alt+Enter

Simply click on Show all tags once and assign them to MAIN OB1 using drag & drop.
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» ﬁ Software units :
~ [ Program blocks w Block title: *Main Program Sweep (Cycle)”
B Add new block armment
& Main [CB1] hd Network 1:
4 fbTransport [FB1] - .
@ MTransport_DE ... emment
» [ Technology objects
» External source files %DB1
v [ PLCtags “fbTrans port_DB"
Z5 Show all tags WEB1
<] i “fbTransport"
v | Details view - == EN %041
%W11.0 xActorCyl1Out — - "WMB2"
"WSF1 —sGtart %Q4.0
— e e P W10.1 *ictorCyl1In = - "<MB1"
@ BG1  Bool %100 [~] "MBG2" = xSenCyl1Out %Q4.2
<@ BG2  Bool %101 %10.0 xActorCyl20ut = = "xMB3"
@  BG3  Bool %102 "XBG1" = xSenGyllin %Q4.3
@ BG4 Bool %103 " "
wACtol - - "xMB4'
@ BG5S  Bool %104 wégf YD
@ BGE  Bool %105 * —GenCyl20ut %Q4.4
@ x8G7 Bool %106 = %10.2 xConveyorOn = - ]
4@  «BG8 Bool %I10.7 "xBG3" —xswcylzm ENO = :
<@ «MB1 Bool %Q4.0
<@ B2 Bool %Q4.1
< B3 Bool %Q4.2 - Network 2:
<@ B4 Bool %Q4.3 Comment
AES N
<@ MBs  Bool %045
<@ BT  Bool %046
<@ BB Bool %047
= ~PE1 Ranl wnES A
L)
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The current software version can then be reloaded from the TIA Portal into the soft PLC in PLCSIM
Advanced.

J& Siemens - C:\Users\Sc\Desktop\Project1

Project Edit Wiew Insert Online

Cf ChH saveproject & X = 5 X

Options

\Project1
Tools Window Help

D EYCE ‘E‘@.m R # Goonline i Goofiline - iy AW € 1]

Sesrch in projects

Project tree

Devices

s 2 o =k -— . N
| Wi 2, EA =28 28 el el G & T G
Main
= _] Projectl Mame Data type Default value Comment
ﬁAdd new device 1 40 > Input
fy Devices & networks. Load preview b3
~ g PLC_1[CPU 151 i )
Check before loading
¥ Device configuration
ﬂ Online & diagnostics
» R software units Status |1 |Target Message Action
e L & - P Ready for loading. Load 'PLC_1"
~ [l Program blacks
W" Add new block
. 0 Simulated module  The loading will be performed from a simulated PLC.
4 Main [OB1]
& fbTransport [FB1
portiFa1k (] b Different modules  Differences between configured and target modules (online}
@ mTransport DB ...
(] ’:* Technology objects . .
= O ¥ Online is up-toda... The hardware configuration will not be loaded, because the onlin..
» External source files
v [@ PLCtags
el [v] » Data block re-initi... The data blocks will be re-initialized with their start values. [Redinitialize  [+]
45 Show all tags
M oA +am okl
< ” il | (V] » Software Download software to device Consistent download
v | Details view
Module
[<] i I[]
B8 Software units Finish | : Load H | Cancel ‘
gt Program blocks
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31 Testing the software version with NX

Video: 31 _NX_Prog_Chain_Test

Finally, the newly programmed step chain can be tested with the NX model. To do this, first start the
simulation (RUN) and press the Start button.
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32 Save status and close entire project

Video: 32 Save Close_All

Finally, all project statuses should be saved so that variations and adjustments can be made
afterwards.

74 Siemens - C:\Users\Sc\Desktop\Project1\Project1

Project Edit View Insert Online Dptiuns Tools
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To close PLC SIM Advanced properly, it is best to proceed as shown.
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LCSIM Advanced V3.0 Upd2
Control Panel

h_m Online Access
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-y TCP/1P communication with

5 Virtual Time Scaling

0.01 Off

(#) Start Virtual 57-1500 PLC
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Power off and unregister all running PLC instances.
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