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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

R Definition of the cellision Define a shiding jaint

Jl.dle.ll e mode;

or Sunvey Juum he actual version of
of actors & model with the inspector

__W, ,

simulate lle.s Tual version af Defire a tran: =p.n surface for Define .al nit

he maodel

(2 (04 ‘

Rigid Body Function Test Pos Control Function Test Runtime Button
Diefinitian of the rigid bodies in Simulate the actual fmiove objects along an axis toa Simulate the actual Defines user action button for
the model version of the madel psltior wersian of the modal simulation interaction

SIGNALS IN NX CREATE A NEW TIA PROGRAM

Output i
Symbol Table P Input/Output  Assignment of Add PLC & tags . download to
A Parameter Signals input signals 95 New FB Block Call FB in OB1 i
mport a sym )
table to integrate Define output Assignment of o iy e i \ functi Connection of PLC
inputs & outputs parameters input & output signals ’zfglll‘a\::;?z:;r;m and import a Variable E.'ffkc,:;‘fﬂ;;i;g; and program variables plauaeciniaany
table for PLC Tags in Main OB1 to device

29 9090 © o
L Yy

Input Connect
Parameter Signal & Parameter Enable TIA TIA programming Create PLC Sim
et - Assign Parameter to Output Simulation write an easy TIA nd
e S BRI program to contral i
simulation access Cuipciey simulation purpose
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CONNECTION PRETEST STEP CHAIN AND FUNCTION TEST
Call FB with
Signal st:q:;:nh;i;]in Ifunrttion Test
f{::r:?it:grr:a‘ Function Test p{'ggfg:i:’{azg’};_‘;ﬂ e

MCD Signals with the observation the signals

N
external TIA Portal in TIA Porta { \
Signals “\, ')

D O S O I O 7 |
b Te) ) Je) | @
Create TIA Save & close
Step Chain Save the NX Project and
- e close NX, PLCSim Adv

e and TIA Partal

Function Test

Simulate the actual
version of the model

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 5%.) 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

|
1
b4
)
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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

! H:\

w Confliction Handling
W Dieser PC
stern (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 © TIA portal

TlehrenSchmid\DigiTwin_Doku\08-BAND-|[F5]

w Status for Importing Symbols

Symbol Name  Extenal Signal

Status

Mew «MB1 xMB1

New «MB2 xMB2 |

Mew B2 «ME3 |

w Confliction Handling

= Conflicted Symbols Selection

~ Select in Existing... | = Selectin Importe.

5. Symbol Name

5. Symbol Name

oK I} |: Cancel
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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 O ? 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.
‘m& SymbelTable(1) Symbol Table

= 3ignal onnecuon
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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.

- Signals
Ty 5 A Import Signals.. Symbol Table
= Signa ﬂ".: Import Signal Adapters...
New ¥ | £ Runtime Parameters...
Ty Symbol Table...
e Signal...

an? signal Adapter... N

Physics Navigator [RRll | TRANSPORT-STATION 00_cs.prt % [l erey
Name = Visi... | Type © Signal Adapter
i EB““‘»FW““ ~ Parameters
A ceE Collision Body
i Collision Body ./ Select Physics Object (1) &
@®  Rigid Bod: - -
® [Noubodr Parameter Nome
+ 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
/1% RB(1)_SI(1T Sliding Joint
[A1%& RB(2)_SN1) Sliding Joint
5 Materials
= Couplers
- 5y Sensors and Actuaters = Signals
5 BG1 Cyll InP Limit Switch
4 Ay AT S Ass.. Name Data Type Input...  Initial Value Dimension.. Unt  Comment  E
BG2 Cyl1 OutPos Limit Switch
BG3 Cy12 InPos Limit Switch
3% BG4 Cyl2 OutPos Limit Switch
o~
O~
-
o ~ Formulas
o~
Oz Assignto Formula Comment
- F= Runtime Behaviors —
[/]*<0 SF1 Start Signal Runtime Button
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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) |

-
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15 Selection and definition of parameters for outputs in NX

Video:

15Signals-Ad-Outputs

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 a Visi.. Type
- [ Basic Physics
E Callision Body
Collision Body
+ A& Re(1) @  Rigid Body
+ (A& re@) @  Rigid Body
+ @ ReE) @  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

=[5 Runtime Behaviors

4+ TRANSPORT-STATION

~ Parameters

Symbol Table

TEEE] G Discovery Center

+/ Select Physics Object (1)

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

Parameter_5

~ Signals

Ass... Name

Object Object Type Parameter  Value
BG1CyllInPos  Limit Switch switch false
BG2Cyll QutPos LimitSwitch  switch false
BG3Cyl2InPos  LimitSwitch  switch false
BG4 Cyl2 OutPos  Limit Switch switch false
SF1Start Signal  Runtime Button  triggered  false

Data Type Input... _Initial Value Dimension

Unit

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.

£} Signal Adapter
v Parameters
./ Select Physics Object (1)

Parameter Name

A Aliss Object Object Type
Parameter_1 BGT Gyl InPos  Limit Switch
Parameter_2 BG2 Cyll OutPos  Limit Switch
Parameter_3 BG3 Cyl2InPos  Limit Switch
Parameter 4 BG4 Cyl2 OutPos  Limit Switch
Parameter_ 5 SF1 Start Signal  Runtime Button

[ Parameter 6 MB1 CylTin Position Control

[ Parameter 7 MB2CylTout  Position Control

[] Parameter 8 MBS CylZin Position Control

[] Parameter 9 MB4 CylZout  Position Control

[] Parameter 10 MBSCONVon  Tiansport Surface

= CARL-BENZ-SCHULE

=Illlll GAGGENAU

il Mercantec

Parameter  Value
switch false
switch false
switch false
switch false
tiggered  fye
active true
active true
active true
active true
active true

0 ? X

&

Unit Data.. R
bool R
bool R @
bool R
bool R
bool R
bool w
bool w
bool w
bool w
bool w
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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 %

wEmmEEN (f|BENZ-SCHULE Co-funded by A= = =2 DIGITAL 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
e x5F1
v FOMksk2
Assign to Formula Comment B
« Signals
Ass.. Mame Data Type Input... Initial Value Dimension...  Unit Comment E tﬁ,\\)
[ =BG bool Output  false .,)_.
[] xBG2 bool Output  false Add |
.
w Frrmiilas
|:| xBG3 bool Outp - falze
Input[%
Outpu
WEEEEEN (AR|-BENZ-SCHULE Co-funded by 7 13
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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 Comment E
[] =BG bool Output  false
[] xBG2 bool Output  false
[] =BG3 % bool Output  false
[] xBG4 bool Output  false
[] =5F1 bool Output  false
xME1 bool Input  false
xMEB2 bool Input  false
xMB3 bool Input  false
xMB4 bool Input  false
xMB35 bool Input  false
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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 . i

e JR— _——

Parameter_6 MB1 Cyll in Position Control  active true bool W
%Parameterj MB2 Cyll out Position Control  active true bool w
[/] Parameter_8 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

EEN
=_..== CARL-BENZ-SCHULE
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» Formulas

Assign to Formula Comment
Parameter_o xMB1 E
Parameter_7 .
Parameter_8

Parameter_9

Parameter_10
Formula

;
xBG1 I

xBG2

xBG3

xBG4 —

xMB1

xMB2 -

Cancel

2N [concel ]
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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

* Mame

SignalAdapter(1) |

o [omi]

EEN
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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.

- E‘Signals
+-[/]02 SignalAdapte &5 t
Ty SymbolTable(1) ﬂ le
Pt | X Delete
Rename
» Search & Add to Insnactar
+ Signals
Ass.. Mame Data Type Input... Initial Value Dimension... Unit Comment E
[ xBG1 bool Output  false
[ xeG2 bool Output  false
[/] xBG3 bool Output false L
] xBG4 bool Output  false
% x5F1 bool Output  false
x*ME1 bool Input  false
xME2 bool Input  false
x*MB3 bool Input  false
+MRA hnnl Ik falem
« Formulas
Assign to Formula Comment
Parameter_g *MEB1
Parameter_7 x*MB2
Parameter_2 *MB3

Parameter_9 xMB4
Parameter_10 *MB5
xBG1

xBG2

xBG3

xBG4

x5F1

EEN
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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

p2E22 DIGITAL TWIN
SESSFOR EDUCATION

40

Comment

[X]#]

] 2 [

| Parameter_3

+ Mame

| SignalAdapter(1)
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CREATE A NEW TIA PROGRAM

download to

Add PLC & tags New FB Block Call FB in OB1 .
device
ijcf N nt‘w D‘Iic’dt;;wcc create a new functicn Cennection of PLC . e
and import a Variable bloek in SCL language and program variables downlaod program
table for PLC Tags in Main OB1 to device

__‘;, 1 - hd

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

Create and starta
program to control

enable TlA Portal for " soft PLC for
Cylinder1
simulation access & simulation purpose

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

L]
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Create empty/new project

74 Siemens

Proiect  Edit View Insert Online Options Teoeols Window Help

t{j‘*!ilﬂ Save project =25 X @ TMIGE
Devices

b P_m Online access
b P_w Card ReaderflUSE memory

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

Create a new project

Project name: | (K44

Path: |C:'.U5E~r5'.5u:'.DE5ktu:up

Version: |1'-I"1|5

Author: |ﬁ.dmini5tratn:|r

Comment:

r CreatehJ | Cancel
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Documentation Ve
Key Concept Product development \S

(a\

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.

L]
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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

ZF M saveprojecr @ ¥ = g X D &) I E

Project tree

Devices

i = —
l Projectl .
. IT0I8E “"‘ Add new device
‘*L'ﬁ.dd ne
Add new group
n%h Device .
» i Ungro . +
» &g Securi| — - +
b E Crossd = = +
» ﬁ Cornm ,}J Go anline Ctrl+
b rj]] Docun ;&q Go offline Ctrl+
[3 i :
r 1@ Langu _H Searchin project  Ctrl+F
b :-3;, Wersio - : —
[ : X Cross-references E
b g Online ac| ~
» [5F Card Reac =] Print... Ctrlep
fw Print preview...

el rropertes..ait:cnter ]

EEN N .
=_..== CARL-BENZ-SCHULE
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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 |

L]
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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

B WU IS uCvioe "

Devices & networks v

Security settings

w178

Cross-device functions
ﬁ Common data
Eﬂ] Documentation settings

- v v ww

p_m Languages & resources
» [4 version control interface

» (1@ Online access

» [ Card ReaderlUSB memory

+ | Details view

==IIII CARL-BENZ-SCHULE
[T GAGGENAU

il Mercantec

Add new device

Device name:

[PLC_1

Controllers

PC systems

Drives

[w] Open device view

0| <0

~ [ Controllers
» [ 5IMATIC 57-1200
~ [l 5IMATIC 57-1500
~ W cPu
» [l CPU1511-1 PN
» [l CPU 15111 PN
v [l CPU 1512¢-1 PN

[>]

Il PE>/ 5 12-1LRUU-UABY ‘

[l 6ES57 512-1CK01-0AB0]
=

clmeise e
[ cPu 15152 PN

[ cPU 1516-3 PNIDP

[ cPU 1517-3 PNIDP

(i cPU 15184 PNIDP

[ CPU 15184 PNIDP ODK

[ CPU 1518-4 PNIDP MFP

[m cPU1511F1 PN

(@ cPU 1513F1 PN

[@ cPU 1515F2 PN

[ cPu 1516F-3 PNIDP

[ cPu 1517F-3 PNIDP

[ cPu 1518F4 PNIDP

[ cPU 1518F4 PNIDP ODK
(@ CPU 1518F-4 PNIDP MFP
[ cPu1511T1 PN

[ cPu1515T2 PN

[<] - i :

v v T T YT YT T VETETTTTTTETT
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Device:

CPU 1512C-1 PN
Arti leno.:  [6ES7 512-1CKD1-0ABD |
version: |V2.8 |V|
Description:

CPU with display; work memary 250 KB code
and 1 MB data; 48 ns bit operation time; 4-
stage protection concept, technology
functions: motion control, closedHoop
control, counting and measuring; tracing;
Runtime options; for all PROFINET interfaces:
transport protocol TCPIIP, secure Open User
Communication, 57 communication, 57
routing, IP forwarding, Web server, DNS client,
OPC UA: Server DA, Client DA, methods,
companion specifications; PROFINET IO
controller, supports RTIRT, performance
upgrade PROFINETV2.3, 2 ports, [-Device, MRP,
MRPD, isochronous mode, Routing, runtime
options; firmware V2.8 with DI32/DQ32,
Al5IAQ2: Digital input module DIT6 x DC24V,
grouping 16; Digital cutput module DQ16 x
DC24VI0.5A, grouping 16; Analog input
module Al4 x Uil, Al 1xRTD, 16-bit, grouping 5;
Analog output module AQ2 x Uil 16-bit,
arouping 2; 6 channels for counting and

e DIGITAL TWIN
FSSEOR EDUCATION
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Cancel
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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_E \04-HX-5 BAMD-ZYLIN . . . . E E
LCiuzecslscbezonizozs oz 21 o serie SANDZYUN..] Detailed information is shown in the import log

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

=

Click here to view the log file.

Overview of the imported PLC variables.
fammmns CARLBENZ-SCHULE Co-funded by .4@' =2 DIGITAL TWIN 27
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Projectl » PLC_1 [CPU 1512

PN] » PLC tags

Devices

"

] FEF P TE B
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 @ E
» [ 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

%10
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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

I |

n
[ |

¥ | 7] Projectl
‘:' Add new device
EE‘U Devices & networks
~ [[j PLC_1 [CPU 1512C1 PN]
[lf Device configuration
4/ online & diagnostics

&g Software units

-

- I;-_v. Program blocks
‘:' Add new block

1]

W EF S A
Main

E Mame

B 1 < > Input

T Initial_Call

3 <=

Remanence

HF ik —0— 7} -

* Block title: "Main Fro

Comment
Lomment

& NaininRil

Open

-

r»_* Technol
Externa
~ [ PLC tagq E=
% shoy T Past
‘;Add ¥ Delete
% Defa
% Varig
[ PLC dat

-

Rename
Compile

[& online k

-
==

=

55l Watch a & Goonline
oY Go offline

?E.‘r SEE IR &]8 Quick compare

[i§. Device | G Searchin project

Traces

- ¥ ¥ v v r

L PLC sup

E] PLC alar
» [ Localm)
% Ungrouped
E:’.' Securityse
E Cross-devig
ﬁ Commmaon d
I__'—::jﬂ] Documents i Print._.
40 Languages) &, print preview...

» [ version cor -
. P ries ..
» g Online access g Propertie

_XJ Cross-references

& call structure
Assignment list

v T T w w w

Download to device »

Eo =
=4 Prograr E—I-b Generate source from blocks »

_}(J Cross-reference information  Shift+F11

Switch pregramming language

Know-how protection

nent

Ctrl+C

Del
F2

4

Ctrl+i

4

Curl+F

F11

Crrl+P

ij| Cross-
Acegner | U] Cross-

] I"-_w Card ReaderiUSE memory

Mlild Show all mes

-?l 0

EEADIGITAL TWIN
SN FOR EDUCATION

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

: CARL-BENZ-SCHULE
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Project tree

Devices

1 -?I (1)
==

0
=
01

=22 DIGITAL TWIN
FSSEOR EDUCATION

»

S W Sr@e@rHF @B iz G &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 -
%[ Online & diagnostics k
] rﬁg Software units MName:
- '}. el ‘ﬂJTransport |
Add new block
4 Main [OB1] = Language: SCL ﬂ
3 r:* 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 X . -
o - Function blocks are code blocks that store theirvalues permanentlyin instance data blocks,
¥ 55l Watch and force tables Function block so that they remain available after the block has been executed.
v [ Online backups
3 E Traces
] :E::- OPC UA communication
» i Device proxy data *

4 Program info

E PLC supervisions & alarms Function
&) PLC alarm text lists
3 r:u Local modules
R, Ungrouped devices
E}. Security settings EB
E Cross-device functions e

[g# common data

= more...
|5 Documentation settings

v v v v oww

[ Languages & resources b |Additiona| information

3 EE}; Version control interface
[+ Add new and open

v fg Online access
» '—i Card ReaderiUSB memaory

Please select Function block!

: CARL-BENZ-SCHULE
B GAGGENAU
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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
Eg“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:. Program blocks 7 ! xActorCyl1in Boal
E ~dd new block .ﬂﬁ LR Y . S

=2 DIGITAL TWIN 31
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Projectl » PLC_1 [CPU 1512C-1 PN] » Progra

Devices
& ER |z D 6. =8 Q2] 6 &

fbTransport
* | 7] Projectl E Marne Data type
B Add new device b a- Input
EE'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
' ~dd new block I n Acld na

4 Main [OB1] pCASE.. FOR.. WHILE..
& foTransport [FB1] : OF.. TODC.. DO..

¥ [ Technology objects

J External source files

= r:d FLC tags

% Showall tags

ﬁ"" Add new tag table

[ Default tag table [59]

(*...*) REGION

J/Cylinder 1 in Cut Position
$xlctorlyll0ut := #xStart;

SN U O ]

J/Cy¥linder 1 in In Position
#xfctorlyllIn = #xSenCylllutc;

in

(=11

=2 DIGITAL TWIN 32
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23 Call the FB in Main OB1 and save the program

Video: 23TIA_Prog_Save

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.

o I
Project tree m 4 Call options X
T Data block
[ = 0, =0 :=gg 23 H Name fbTransport_DB! n
I
- -
1 Projectt [~ Name Data type Single () manual
I ~dd new device 1 <@ ~ Input instance
8y Devices & networks 2 g = Initial_cCall Bool @ Automatic
~ [ PLC_1 [CPU 1512C-1 PN] L Remanence Bool Ifyou call the function block as a single instance, the function
[ pevice configuration block saves its data in its own instance data block.
%/ online & diagnostics D R I I T I |

» [gg Software units
* Block title: "Main Program Sweep (Cycle)”

Comment

« [:gl Program blocks

B Add new block

& Main [0B1]

<& fbTransport [FB1]
» [ Technelegy objects
3 External source files
- [ PLCtags

%5 showall tags

B Add new tag table ) more...

1% Default tag table [59] = '1:7";":{}”' EE

B variablentabelle [32] L (Y

v [ PLC dats ypes [ Of% | cancel

*  Network 1:

Comment

L]
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Devices
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»

Project1 » PLC_1[CPU 1512C-1 PN] » Program blocks » Main [OB1]

W
Ex

~ [ 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
= ':a 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

Wl = N
Main

Mame

<l ¥ Input

47 = Initial_call Bool Initial ca

g = Remanence Bool =True, if1

Default value Comrmen

Data type

Wk =

L 1 I B B o |

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

Comment

¥  Network1: .

%DB1
"foTransport_DB"
%FB1
"“fbTransport"

oo = EN %04.1

« | Details view

9411.0 *ActorCyl1 Qut — "XMB2"

[

MName Dat... Details Comment
*BG1 Bool %%I10.0
xBG2 Bool %I10.1
*BG3 Bool %1102
BG4 Bool %1103
Bool %1104
xBGBE Bool %105
*BGT Bool %I10.6
*BG8 Bool %1107
*ME1 Bool %Q4.0

NN Y
&

&
5

Bool %Q4.2

EEN
=_ BN CARL-BENZ-SCHULE

mmmmmns GAGGENAU

)l Mercantec

"XSF1" —lsStart %Q4.0
%101 xActorCyl1In — "xMB1"
"*BG2" ==l xSenCyl10ut U —

5]

¥  Network2: .

General y" Cross-references || Compile || Syntax
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24 Creating a new simulation instance in PLCSim Advanced

Video:

24 _Sim_New_Inst

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.

S7-PLCSIM Advanced V3.0 Upd2

(@ Orline Access
@ PLCSIM @ PLCSIM Virtual Eth,
% TCPAP communication with

(R Virtual Time Scaling

001 off 100
I () start Virtual 571500 PLC

B | MRES

Adapter

Control Panel

=

EEN
=_..=l CARL-BENZ-SCHULE

mmmmmns GAGGENAU

il Mercantec

No Active PLC Instance Ordner suchen
id] Desktop
Drop Instances | | > ) 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 | —
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A Advanced V3.0 Upd2 H M Advance ) Upd2 +
Control Panel Control Panel
m Online Access Ix_“ Cnline Access
® picsiM @D 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
M B | MRES M| B | MRES
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 bt
= : CARL-BENZ-SCHULE Co-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 ject  Edit  View Insert  Onli
SIM Control Panel F _‘, H saveproject g ¥ = =
b Online Access L

® PLCSIM @D PLCSIM Virtual Eth. Adapter Devices

=

tions  Tools  Wind:

X O3 Aj@ﬂ

B [ ¥ coonline @ coofiine o [N M@ 2 o ]

Bl e* BB =l e & G =

% | TCP/IP communication with =]
@ Vst Timescaig WA SECT Hame == T
= - nput |

001 off 100 @/ Online & diagnostics 2 @s  mitalcall Bool Initial call ofthis 0B |
» g Softws its 3 0 Remanence Bool =True, if remanent data are available
(@ Start Virual §7-1500 PLC T g e hoet |
+ [l Program blocks.
B lasrancelranel ditwind1 I Add new block PR 4 - = 1]
PLC type Unspecified CPU 1500 & Mein [081] T .
e ) ~ Block title: “Main Pragram Sweep (Cycle) [
Start Cormmer
® ) Toad preview X T20% g [
1 Active PLC Instence(s) 4 9 Check before loading |5 Info | % Dlagnasncs \
COEE ditwind1 /192.168.0.1 0 x T
Stetws ! Target Message Action
4] @ ~ Aca Ready for loading. Load 'PLC_1"
o Simulated module  The loading will be performed from a simulated PLC. 7 Errors Warnings | Time
o 2 s |
Q b Software Download software to device load 0 2 12:54:13 PM
o 2 12:54:13 PM
o Text libraries Download all alarm texts and text list texts to device Consistent download 0 1 12:54:13 PM
&% Runtime Manager Port [50000 | [ R
[ Virtual SIMATIC Memry Card o ! 1254117
: . 12:54:13 PM
i Show Notifications g g T
?
?  Function Manual Ty
o 12:54:17 PM
12:54:18 PM
& i 1] 12 S4:18 P

[ Refesh | . i The

: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

Control Panel

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

N

R DIGITAL TWIN
S FOR EDUCATION

»

I @ PICSM @

PLCSIM Virtual Eth. Adapter

n with

[ Virtual Time Scaling

001 off 100
(~) Start Virtual §7-1500 PLC

Instance name | ditwin01

PLC type Unspecified CPU 1500 v
Start
M| I | MReS
1 Active PLC Instancels):
OEE ditwinol £192.168.0.1

Runtime Manager Port 50000 1
Virtual SIMATIC Memery Card

Show Notifications

Function Manual

O ~v~li%

Exit

15 veroingen von tinganga: T
19 Simulationsfreigabe im..

20 Anlegen einer SPS-Har..

21 Anlegen eines Funktio...

22 Pragrammerstellung i...

23 Aufruf des FB im Main...

x

Project Edit View Insert Online Options Tools Window Help
(5 [ [ sveproiect | @b i X X D G[MEHE R S coonine F cootine g M IE 2 1] [“eoching
Project tree m 4
[ |[ Devices |

& Main [0B1]
48 fbTransport [FB1]

o, & 56z 0368 T 6= Gl
Data type Default value Comment
[If Device configuration 1 @ v input
%/ Online & diagnostics 2 la- Initial_Call Bool Initial call of this OB
» [ Software units z lan Remanence Boal =True, ifremanent data are ava
~ [gl Program blocks I —
&’ Add new block PR 4 - = 4]

+ Block title: “Main Program Sweep (Cycle)”

vl
5 . .
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  [+]
i —
Start module L\\
<]
> | Details| [<] ] [>]
Finish || || cancel

-PLCSIM Advanced V3.0 Upd2

Control Panel

[  Online Access
I @ PLcSIM @) PLCSIM Virtual Eth. Adapter
% | TCPAP communi

(R Virtual Time Scaling

0.01 Off 100

() Start Virtual §7-1500 PLC

i Instance name | ditwind1
PLC type Unspecified CPU 1500
Start

M B | MmRes

EE ditwind1 '192.168.0.1
&% Runtime Manager Port [so000 | [
[¥ | Virtual SIMATIC Memory Card
i Show Motifications
?  Function Manual
Q
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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
A
|
N r
031 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 Mappinﬁl,..
LA

L]
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£} Signal Mapping |
= External Signal Type Comé
Tpe ey
PLCSIMAG Instances j %
~ Signals Setting i
+ MCD Signals (10) = External Signals (0}
Scope |AH |F\\ter| Scope ‘AII ‘FI"IEI’ ‘
Find ~ [[J Match Case [] Match Whole Word E Find + |[J Match Case [] Match Whole Word E
Name External Signal... Adapter Name 10 Ty... Data Type Name 10 Type Data Type Comment
*BG1 SignalAdapte.. Output bool
xBG2 SignalAdapte.. Output bool
xBG3 SignalAdapte.. Output bool
xBG4 SignalAdapte.. Output bool
x5F1 SignalAdapte.. Output bool
x*MB1 SignalAdapte.. Input  bool
*MB2 SignalAdapte.. Input  bool
*MB3 SignalAdapte.. Input  bool

Do Aute Mapping

» Mapped Signals (0)

Connection Name MCD Signal Name  Di.. External Signal Name = Owner Component = Message

Check for N->1 Mapping ‘

-

. .
£} External Signal Configuration -—
Li

PLCSIM Adv - Swi

+ |nstances

Mame I CPU Status  Version  Owner Part

* |nstance Information

B CARL-BENZ-SCHULE Co-funded by 41
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In the signal connections, the soft PLC from PLCSIM Advanced is created as an instance and linked.

£} Add PLCSIM Adv Instance

* |nstances

Mame Status
ditwin01 Run
w

o

{} External Signal Configuration

PLCSIM Adv
¥ |nstances

MName ID  CPU
ditwin01 0 1512C...

Status  Version ~ Owner Part

Run 3.002  TRANSPORT-S5TA

* Instance Information
+ Update Options

Area
B8 HMI Visible Only
B HWCNExport-File

L

=l

Update Tags l}

* Tags (0]

Filter

[ Select All

5. Name

EEN N .
=_..== CARL-BENZ-SCHULE
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£} 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.
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£} Signal Mapping 97 X

+ External Signal Type

Type
PLCSIMAGY Instances

PLCSIM Adv -

~ 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  bool xBGS Input Bool

L\\) Do Auto Mapping

~ Mapped Signals (0)

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

Check for N->1 Mapping ‘

-

oK

Cancel
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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.
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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

G SEODEE FEGEEL
fbTransport
= [ PLC_1[CPU 1512C1 P... Name Data type
[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:
E ~dd new block 5 <@ * Output
| Main [OB1] 6 <@ w xActorCyl10ut Bool
& fbTransport [FB1] | = |**(_‘"- suletarCidlln Bl

@ fbTransport_DB ...

4 P_#Technalagyahjects = |, CASE.. FOR.. WHILE. . ,
- "ar. Tope. mo. %% REGION
] External source files
- [ PLC tags 1 //Cylinder 1 in Out Position
% Showall tags 2 FIF #xStart THEN
""'Add new tag table 3 // 5tatement section IF
= 4 #xhctorCyllOut = 1;
23 Default tag table... _ B _ i
=L Variabl bell 5 #xbctorCyllIn := 07
N Eg Variablentabelle . | i ¢ | END 1F;
» LI PLC data types 7
v [z Watch and force tab.. L g
v &) Online backups M g //Cylinder 1 in In Position
4 r;"Traces b 10 EIF #xSenCyllCut THEN
> :E.. OPC UA communic... : 11 // Statement section IF
» i Device proxydata 12 #xlActorCyll0ut = 0;
g:_w-i Program info 13 #xhctorCyllIn = 1;
— . 14 |END IF:;:
L PLC supervisions & . 15 -
el
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STEP CHAIN AND FUNCTION TEST

Call FB with

step chain in S S,
Main OB1 unction Tes

D O TS O T O3 > |
Create TIA Save & close

close NX, PLCSIm Ady
and TIA Portal

Step Chain Save the NX Project and
RGOS

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

Video: 29 TIA Step_Chain

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 Accessible f.. Writa... | Visiblein .  Setpoint

1 @ ~ Input
2 - xStart Bool false Non-retain E E E
3 an- x5enCyl10ut Bool false Mon-retain E E E
4 q@nm xSenCyllin Bool false Non-retain = =l =)
5 4an- xSenCylz0ut Bool false Non-retain E E E
6 4= XSenCyl2in Bool false Mon-retain E @ E
7 L} dd new
8 ol
ER T xActorCyl10ut Bool false MNon-retain E E E
10 @ = xActorCyl1in Bool false Non-retain [ = [
1 4= xActorCyl20ut Bool false Mon-retain E E E
12 g = xActorCyl2in Bool false Non-retain = =l =)
134an xConveyorOn Bool false Non-retain E E E
14 = Add new E
15 2w mnus
1€ = dd ne
1. 4 > Static
it e istep Int 0 Mon-retain [ = [ =

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

IF.

CASE... FOR... WHILE.. . |,
oF.. ToD 7 (%% REGION

C.. DO...

1 IC‘ASE #iStep OF
2 0:

IF #xStart THEN // Statement section case 1

4 #i5tep := #iStep + 1;

5 END_IF

§ 1:

T8 Ir yll0out THEN // Statement section case 1
] p = §iStep + 1;

5 END_IF.

10

115 Cy11In THEN // Statement section case 1
12 Step := $iStep + 1;

13

14 3

1565 IF #x Out THEN // Statement section case 1
1lg = #iStep + 1:

17 END

18 4:

15 IF #x5 y12In THEN // Statement section case 1
20 #1 1= 05

21 | END_IF;

23 | END_CASE:

L]
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30 Control of the outputs of the step chain program

Video:

30 _TIA_New_Prog_Chain

-
-?‘ 0

2 DIGITAL TWIN

== FOR EDUCATION

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.
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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;
50 END IF H
& 1
= IF #x5enCyllOut THEN // Statement section case 1
g $iStep := $#iStep + 1;
g9 END IF;
wl| 2 N
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;
b 21 | END IF;
i 22
23 | END_CASE;
24
2% J//Controlling the u:utputs|
26 $#xhctorCyllOut := (#iStep = 1);
27 $#xBctorCyllIn := (#iStep = 0) OR (#iStep = 2)0R (#iStep = 3)OR (#iStep = 4);
28  $xbhctorlyla0ut := (#iStep = 3)»
29 $xRctorCyl2In := (#iStep = 0) OR (#iStep = 1) OR (#iStep = 2) OR (#iStep = 4);
30 #xConveyorln := (#iStep = 4);
31
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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"

- =N %Q4.1
%W11.0 B PN ¥ W T “whAR 3"
y Open

WS —xStant

Open and menitor
%10.1 Defre tan o

G2 —pSenCyllOut|  gename tag... Ctrl+Shift+T
Rewire tag... Crrl+5hift+P

M ocut Crl+x
E5| Copy Crrl+C

Comment =| Paste Crl+\

Network 2: ..
¥ Delete Del

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

Update block call

PO ———
Insert STL network
Insert SCL network

Shift+Fs

]# neart innuE and outnot

Insert empty box

¥ 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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» rﬁg Software units
~ [ Frogram blacks w Block title: *Main Program Sweep (Cycle)”
ﬁﬁdd new block Comment
_» LI (O = Network 1:
4 fbTransport [FB1] o
@ fbTransport_DE ... emment
» [ Technology objects
» External source files %DB1
v [ PLCtags “fbTrans port_DB"
Z5 Show all tags WEB1
<] I I "fbTransport"
w | Details view - ==EN %04.1
%W11.0 XActorCyl10ut — - “XMB2"
"XSF1" —Start %Q4.0
e T %10.1 xActorCyl1in — - "xMB1”
€@ «BG1  Bool %100 [ "¥BGZ" == ySenCyl10ut %Q4.2
4@  BG2  Bool %101 M W10.0 xActorCyl20ut = - "xMB3"
< xBG3  Bool %1102 "“BG1" — xSenCyllin %Q4.3
@ BG4 Bool %103 . .
@ BG5S Bool %104 103 *fctorCyl2in = - “XMB4
@  BGs  Bool %105 BG4 —xGenCyl20ut %Q4.4
@  «BG7  Bool %106 = %10.2 xConveyorOn = * ]
@  «BGB  Bool %107 "xBG3" —ﬁwcﬂgm ENO = -
<@ «vB1  Bool %Q4.0
@ «vB2  Bool %Q4.1
< B3  Bool %Q4.2 - MNetwork 2:
@ B4 Bool %Q43 Comment
k@ s
@ MBS  Bool %Q45
@ «MB7 Bool %Q46
€@ «vBB  Bool %Q47
= ~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.

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

Project Edit Wiew Insert Online Options Tools Window Help

GfF ] saveproject 3 ¥ i B X D T @m IR & Goonline ¥ Gooffline gy M I 3¢ ][] [Searchinproject
Project tree m 4

Devices

=i

Wi 2 ER @@ st G ST &
Main
Mame Data type Default value Comment

]

= _] Projectl
ﬁﬂdd new device 1 40 > Input
gy Devices & network Load preview b3

~ g PLC_1 [CPU 1512C )
B 9 Check before \Dadmg

|]'f Device configuration
| Online & diagnestics = - = = -
r tatus |1 arget essage ction
b g8 Sofware units < = = : =
= 3 e r loading. o8 3
~r ot 4 @ PLC_1 Ready for loading. Load 'PLC_1
= Program blocks

B Add new block
&/ Main [081] 0 Simulated module  The loading will be performed from a simulated PLC.
in

4& bTransport [FB1]
@ mTransport DB ...
(] ’:* Technology objects

(]
» External source files 0
/]
(]

Different modules  Differences between configured and target modules (online}

-

Online is up-toda... The hardware configuration will not be loaded, because the onlin..

-

7 ’—La PLC tags
25 showall tags

Wt add +am okl
] |

Data block re-initi... The data blocks will be re-initialized with their start values. [Redinitialize  [+]

-

Software Download software to device Consistent download

-

<]
v | Details view

Module

[<] ] [>]

Finish |E Load ;l Cancel ‘

oftware units

3 ow

rogram blocks

53

WSmERER (AR|-BENZ-SCHULE RN Co-funded by

unmmEEE GAGGENAU B the European Union

2024-1-DE02-KA210-VET-000246677
www.digitwin4teach.eu

)l Mercantec




Module 4

Documentation ,". = sDIGITAL TWIN
Key Concept Product development ‘.@, ;\{‘tgFDR EDUCATION

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.

Ty
."-‘
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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

jjgiuepmject 2 Mz g Y @

Project tree
Main

Devices

Ea

B B

The TIA Portal project can then be closed.
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Options =D
LEREpRt Gt EEE Ocaa® =l Gl & T ET H
~ [ CPU operatar panel =

Duta ope Defaukivalue | Comment

= inisal_Cal Bool sl call of thix 08 =
Remanence Bool ~True, il remanent data are available = Y

To close PLC SIM Advanced properly, it is best to proceed as shown.
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SIM Advanced V3.0 Upd2
Control Panel

Online Access
® PLCSIM @

PLCSIM Virtual Eth. Adapter

LS

(R | Virtual Time Scaling

TCP/IP communication with

0.01 Off 100

() start Virtual 57-1500 PLC
Instance name  ditwin01

PLC type Unspecified CPU 1300

Start

MRES

1 Active PLC Instance(s):

B @ ditwin01 /192.168.0.1

Runtime Manager Port |30000 O
Virtual SIMATIC Memory Card
Show Notifications

Function Manual

QO v

Exit

¢
Power off and unregister instance I

Ug Online Access
® PLCSIM @ PLCSIM Virtual Eth, A
-y TCP/1P communication with
5 Virtual Time Scaling
1
0.01 Off 100

(#) Start Virtual 57-1500 PLC
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LCSIM Advanced V3.0 Upd2

Control Panel

dapter

Nao Active PLC Instance
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m-' Runtime Manager Port | 30000 O
[¥  Virtual SIMATIC Memory Card O
i Show Notifications
? Function Manual

. Instance name | ditwin01
[
PLC type Unspecified CPU 1300 v
\ Start
| (% | MRES

Drop Instances Here

Exif,

Ly~
Power off and unregister all running PLC instances.
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Disclaimer
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Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.
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