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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
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In the following work process, the already existing CAD model (assembly in STEP file format ) is

imported to Siemens NX MCD .

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
X si.T:C:p_-::d.?",:?:.‘ wit  hadies mthe el ST St  embe e ilienknaf | ke 2reever seho kS osions i sy | sl e e
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Rigid Body Function Test Pos Control Function Test Runtime Button
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Output Input / Output  Assignment of download to
Symbol Table P P 9 Add PLC & tags i
4 Parameter Signals input signals 9% New FB Block call F& in OB1 device
Create a new PLC device Connection of PLC

Import a symbol
table to integrate
inputs & outputs

and import a Variable
table for PLC Tags

)

Define output
parameters

Assignment of

Assign Parameter to Input
input & cutput signals

Signal with a formula
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Input Connect
Parameter Signal & Parameter Enable TIA
Simulation

Define autput
parameters
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Assign Parameter to Output
Signal with a formula

enable TIA Portal for
simulation access
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In this section we import an already existing simple CAD model to NX MCD and we will add physical
behavior to the CAD model.

We use the concept of rigid bodies and collision bodies in order to simulate the effects of gravity,
collision and friction. Joints between the bodies are used to make the bodies movable. Position
controls are defined to limit and control the motion.
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1 Open Siemens NX MCD, import the project, and save it

Video: 01Start-lmport-Save

To use the software for modeling a digital twin, the NX Mechatronics Concept Designer (MCD) icon
must be launched.

1d Dokumenten suchen

Ng

ngen  Onebote 2016

Access

scroll here

S
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umenten suchen

Alle < Zuriick

. Siemens Automation

- Siemens NX

NX NX

NX NX Manufacturing - NX CAM

NX Manufacturing - Post Builder

MNX Manufacturing - Process Studio Author
&  NXManufacturing - ugpost

NX Viewer

Release Info - Help

Release Info - Release Notes

Release Info - What's New

NX Siemens Mechatronics Concept Designer

Once the NX interface has been opened, a pre-created STEP file can be imported using the OPEN icon.
Before doing so, you must select "All Files" above the OK and Cancel buttons in order to view the STEP
file.
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W Open  Ritently  Assemble Touch Window Help
Operd Parts ~ Mode -

1]
=

o}

DigiTwin_Doku > 08-BAND-ZYLINDER KOMPLETT MIT VIDEOS -DIGITWIN
Organisieren »  Neuer Ordner
M

B 45Nx-internal-Signal-Adapter.mp4

g-edge.mpd

g O

2_catpart.prt

=
s

Dateiname:

The STEP file TRANSPORT-STATIONOO.stp can then be imported into Siemens NX MCD and saved as a
new project with the extension .prt (Part) using Save As.

Curve  Surface  Assemblies  Analysis  View  Selection  Tools  Application

? DYPT IS P OO &~ SRS o

Datum Sketch  Extrude Revolve Hole Unite Subtract Edge Chamfer Draft Shell %Mm,mme Move Delete Replace @mmmem
Plane - Biend

08-BAND-ZYLINDER KOMPLETT MIT VIDEOS -DIGITWIN

Organisieren v Neuer O

e

STP-Datei

Save as with your own initials xy in the the file name TRANSPORT-STATION 00_xy.prt
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| Save As

& 3 v 4 | Desktop > 03-BAND-ZVLINDER KOMPLETT MITVIDEOS -DIGITWIN

Organisieren = Neuer Ordner
A Stert
4| Katalog

B8 OneDrive

Navigate to: [ \work part Location Options

A Ordner ausblenden

The MCD tool <can then be started expand— "More" icon in the header
and choose—>Mechatronics Concept Designer

Home Assemblies Analysis View Selection Tools __Application plication
@ S % 5553] X 2o vy ik [ X @
=
Modeling Sheet Shape Toolbox| More  Toolbox  Manufacturing Additive More Gateway TOOlbOX |"~'10|'E
Metal Studio - ™ T Manufacturing -
Dresign P— . fture - Gateway M
e
= Menu ~ Mo Selection Filter
ﬂggl Mﬁhatronics Concept Designer
fog Assembly Mavigator o D ] Discovery Center
Descriptive Part Name [m]m] - Mecnatronics Loncept Designer
@ [= Sections pie] Sta!'tsthe MechatronicsConcept Designer ar.J;:lIicat_ior‘lr
which provides tools to simulate the complex motien of
- [/]:#3 TRANSPORT-STATION 00_cs mechanical systems interactively.
B (] @ BAND_id42_catpart I e

Opening the MCD module automatically opens the Physics Navigator.
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In this project, you can see that no definitions have been made yet. The Physics Navigator is still
completely empty.

Home hodeling Assemblies Curve
% Function = " 3 Bdrude - @
% Logical - Q Unite -
Reguirement Sketch Play
- C‘% Dependency @ Block -
Systems Engineering T | Mechanical Concept 7
= Menu ~ |N::| Selection Filter vl |Entire Assembly
{3} | Physics Navigator =il * T
Mame & Visi...

[ Basic Physics
[ Flexible Physics

- [=7 Joints and Constraints

_Jlﬁ =7 Materials
N

= Couplers iy
- =7 Sensors and Actuators
Bio =7 Runtime Behaviors
= = Signals

@ =7 Signal Connection
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2 Definition of rigid bodies

Video: 02Rigid Bodies

It is suitable to apply the following rules.

Every component that should be movable in the later process must be defined as a rigid body in the

|
=

@

dy Rigid C
Body~ E

NX model. A rigid body is defined as a Rigid Body Mecha

In order to assign correctly the rigid bodies, you must first consider which components should be
movable.

i
s
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In this model, the two cylinder Pistons and the workpiece must be defined as rigid bodies, as these

three components are supposed to be moveable in the simulation.
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3 Definition of collision body

Video: 03Collision bodies

All components that are supposed to potenionally collide with each other in the subsequent process
must be defined as collision bodies. Single Parts or surfaces are defined as Collision Body.

The collision body property allows bodies (such as cylinders) to move and push other bodies (such as
the workpiece) away. In this example, cylinder 1 pushes the workpiece in front of the second cylinder,
which then pushes the workpiece onto the conveyor belt.

Similarly, the transport surface must be defined as a collision body so that the workpiece on the
conveyor belt can be transported after the cylinders have been moved.

Attention: collision bodies are continously surveyed during simulation, therefore they are consuming
a lot of computer-power. They have to be applied in an economical way.

y

SN
N

N
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To define collision bodies, surfaces must be selected. In this example, the surface and the front of the
ejector cylinder were selected.

The shape of the collision surface is defined as a "box." Due to the two surfaces selected so far and the
"box" collision shape, the pink border is still tilted as a box.

#] TRANSPORT-STATION 00_cs.prt [ x RS ey
€ Collision Body
~ Collision Body Object

+/ Select Object (2)

~ Shape

Shape Properties Automatic

102

~ Collision Setting

@ Highlight on Collision
(O Stick when Collision
(C) Pause once Collision
<53 Edge in KOLBEN2_ID185_CATPART,
~ Name
=0 ] .
/

When a third and fourth surface are selected to define the collision body more precisely, the entire
collision surface changes automatically and the pink border fits to the ejector cylinder. To do this, the
side surfaces were also selected.

In most cases, it is sufficient to select three surfaces to define the collision body.

Please compare your result to the video.

EEN | -
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In the Physics Navigator, the collision surface created is stored in the project tree behind the rigid body.

Physics Navigator O Physics Mavigator O
Name 4 Visi_ Nam? A . Visi...
- =iBasic Physice - - =% Basic Physics
5 --[Z1§ RB(1
+ [ Re() ® 1§ 0 ®
[V1& RE() ® by 48 con)
. V& RBE@ ®
B i & ReG) ®

= Clrneibln Mlaeriee

=7 Flexible Physics
=7 Joints and Constraints

~—

Once all collision bodies for the tasks have been defined, they should be displayed in the Physics
Navigator as shown below.

Physics Mavigator O

Mame & Visl...
- E{Basic Physics
Vi CBE)
Vi@ CB(3)
--[1& RB(1) ®
[VI& CBlN)
--[/1& RB(2) ®
V& B2
- [/ RB(3)
(& CBra

It is important to save the intermediate results regularly.
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E‘LJ Print...

Plot... Ctri+pP

Eﬁ_) Export »
% Utilities »
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G
Preferences b | . Save All
=

r§11 saves all modified parts and all top level assembly parts.

Save Bookmark...

Saves the assembly context in a bookmark file, including component visibility, load options, and component
groups.

@ Import » Save Options...
Defines actions to perform when part files are saved.

E% Hew... Ctri+N —
= Saves the work part and any modified components.
E QOpen Ctrl-0
.. Sawve Work Part Only
Close 13 Saves only the work part.
) N Save As...
£k I% Saves the work part under a different name.
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4  Testing and simulating the current status

Video: OATest run

You can test the intermediate results at any time — the simulation is started using the Play button.

Ca, p

bR

P'EL\, m;@@.

. Play
Runs the simulation.
sembly

When the simulation is started, the two cylinders simply fall off. The reason for this is that the push
cylinders have not yet been attached via push joints. These connections will be made in the next step.

o
T

After testing, stop the
simulation again using the stop
o -

button.
@ 0O @
Stop it

Stop
Stops the simulation,
nbly -
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5 Creating connections — defining the sliding joints

Video:

05Joints

To make cylinder pistons 1 & 2 movable, there must be defined joints. This property makes the cylinder
pistons movable and allows them to extend and retract in a targeted manner.

[ ]|
ﬁ) mEm '@
HEN
n Bas Mﬂre Collisio
Joint = Sensor

[ BasicJoint

{ Virtual Axis Joint

SPORT-STATION 00_cs.prt [ % JSIfUETR et

=] TRANSPORT-STATION 00_cs.prt [t % Jeliuige]
£} Basic Joint

ﬁ% Fixed Joint -

g Fixed Joint
€ Hinge Joint

£} Basic Joint ‘\ f@ Shiding Joint %
|R Siding Joint '| \\ & Cylindrical Joint
@ Ball Joint
~ Rigid Bodies ‘z Point On Curve Joint

Select Attachment (0)

Select Base (0)

w Axis and Offset

B o

¥ Specify Axis Vector m
* Limits
8 v
8 Lo
w Settings
* Name
si1) |
-
r
- X

EEN i .
=_..== CARL-BENZ-SCHULE
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Q¢ Curve On Curve Joint
E Screw Joint
‘é‘ Planar Joint
S Path Constraint Joint

@ Show Shortcuts
@ Rigid Body : RE(1) FIT)

-

A
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After selecting the cylinder/piston rod, the movement vector (the extension direction) must be
defined.

sliding Joint -
9

~ Rigid Bodies

+/ Select Attachment (1)
Select Base (0)

¥ Axis and Offset

% Specify Ais Vector |7 -
~ Limits

8 Upper 100 mm v v
8
* Settings

* Name

RB(11_SI(1] |

r
-

[T Siding Joint -

+ Rigid Bodies
+/ Select Attachment (1)

~ Axis and Offset

| St IZ‘ V}

~ Limits

8 e
B Lover o p——
~ Settings

~ Name

[Rer1)_si) |

I
- X

| - g
=-..== CARL-BENZ-SCHULE
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The procedure is then repeated for the second cylinder, also as a sliding joint. The procedure is
analogous to that for the first cylinder.

First, select the body of the cylinder.

@ Rigid Eody : RE(3)

Then confirm the movement vector.

[t Siding Joint -
~ Rigid Bodies

+/ Select Attachment (1)
Select Base (0)
~ Auis and Offset

¥ Specify Axis Vector m f;? -
~ Limits

[m]

[m]

~ Settings

Motion Type Dynamics

~ Name

RB(3)_SI(1) |

| - g
=-..== CARL-BENZ-SCHULE
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The maximum travel distance of the cylinder is defined in the Limits section —in our example, 100 mm.

] TRANSPORT-STATION 00_cs.prt [3 x [RIuiesun

£} Basic Joint

[t Sliding Joint -
~ Rigid Bodies

o/ Select Attachment (1) -

Select Base (0)

* Axis and Offset

/" Specify Axis Vector II‘

Offset B mm o v
w Limits

@ Upper 100 [
B Lower 0 R
w Settings

* Name I"\’

RB(2)_SI(T) |

-
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6 Testing and simulating the current status

Video: 06Test joints

It is always advisable to test the intermediate status — therefore, the simulation is now started with
the Run button.

)
29@, O
Pla o (M0 (D
Play 1
Runs the simulation.
nbly

After starting the simulation (Run mode), the thrust joints can be moved using the mouse.
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7 Implementation of position monitoring on actuators

Video: 07Pos-Controls

These steps give the cylinders their range of motion. In the case of the cylinder, this is extension and
retraction using solenoid valves—> MB1 and MB2 for cylinder 1.

o/,}\ w g"@ % w f&, Export to ECAD -

!E ﬁr !E kj Export Load Curve ~
1 Position  Symbol QOperation Electronic Runtime Symbol Add
= Control= Table = Cam =~ MC =  Table = Component = % Export Cam Profile -

E Eﬁ‘ Pogion Control
+ Speed Control (j\ Moves objects along an axis to a given position.

_ -f_.‘ Faorce/Torque Control

ﬂ Hydraulic Cylinder ‘

Solenoid valve 1> MB1

] TRANSPORT-STATION 00_cs.prt @ X [fSIiE- ML=

{3} Position Control
w Physics Object

./ Select Object (1) RS

~ Constraints

(] Data from Exterr

Destination 0 mm - v

Speed mmfs -~

[ Limnit Acceleration
(] Limit Force

¥ Graph View

MBT Tyl in
=

QK

Y.\ ,x
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Solenoid valve 2> MB2
WEmmEEN (f|BENZ-SCHULE Funded by Yol m:ngGlTM TWIN 24

EmmmEEE GAGGENAU the European Union ‘9:

' FOR EDUCATION

ll"l Mercantec 2024-1-DE02-KA210-VET-000246677 @ @
www.digitwin4teach.eu




Module 3

-
-?'I 0

Documentation peizs [ GITAL TWIN
Key Concept Product development ‘.@. %gFDR EDUCATION

Solenoid valve 4> MB4
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8 Integration of transport surfaces

Video: 08Conv-Belt

In order to transport the workpiece to the next station on a conveyor belt after it has been handled by
the two cylinders, this transport surface must be defined.

C/g\ ii B’@ % ii I8, Export to ECAD -
*f !E tfft Export Load Curve ~
Position Symbol Operation Electronic Runtime Symbaol Add

!
Control= Table = Cam - MC =  Table - Component = @ Export Cam Profile ~

- -

E u,f Paosition Control Design Collaboration

+ Speed Control

_ -'f_.‘ Farce/Torque Control

ﬂ Hydraulic Cylinder
"1 Hydraulic Valve
ﬂ Pneumatic Cylinder
'ﬁ Pneumatic Valve

‘_J Inverse Kinematics

[;} Joint Jogger "\
ﬁ Transport Surface

N Defines a transport surface for physics simulation.
Eﬁ Export Load Curve

= |7 Import Selected Motars

5""; Export Sensors and Actuators to SIMIT
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9 Interim test of actuators (cylinders and conveyor belt)

Video: 09Test run

Once all actuators have been integrated, they can be tested manually. To do this, first deactivate all
actuators (remove check marks) and start simulation mode using the Run button.
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10 Integration of end position monitoring on actuators

Video: 10Limit switches

In the next step, limit position monitoring (sensor limit switches) are to be integrated for the two
cylinders. This limit position monitoring is defined with the reference codes BG1/BG2/BG3/BG4.

ﬁ % wﬁm d@ L % wﬁ]}] B, Export to f

{4 Export Loa
Collision Transport Symbol  Operation Electronic Runtime Symbol Add
Sensor~ Surface~ Table * Cam e NCe Taple~ | Compoment~ H Export Car
% Collision Sensor ptomation

Design Collabaration
<) Distance Sensar

e 2D Laser Scanner

= Light Curtain
£ Position Sensor

E Inclinometer

59 Generic Sensor

E Limit Switch N e

5 Relay ‘# Defines a limit switch for physics simulation.
-—

™} Export Sensors and Actuators to SIMT [ _—

End position monitoring for cylinder 1 retracted—> BG1
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+/ Select Object (1) ‘$’
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End position monitoring for cylinder 1 extended—> BG2

£} Limit Switch O 7? X
w Physics Object
N

./ Select Object (1) -
w Limits
() Enable Lower Limit

@ Enable Upper Limit
Upper Limit —

AAAAA

End position monitoring for cylinder 2 retracted—> BG3

£ Limit Switch 07?7 X

~ Physics Object

+/ Select Object (1) -
~ Limits

@ Enable Lower Limit

(] Enable Upper Limit
a8

~ Name

BG3 Cyl2 InPos

—E‘ Sensors and Actuators b
- [17# BG1 Cyl InPos

-[Z]2¥ BGZ Cyll OutPos

- [/]3# BG3 Cyl2 InPos

- [13# BG4 Cyl2 OutPos
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End position monitoring for cylinder 4 retracted—> BG4

{3 Limit Switch

¥ Physics Object

+/ Select Object (1) ‘Gb’
* Limits

(] Enable Lower Limit
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11 Function test of end position monitoring on actuators

Video:

11Test-Limitsw

The Runtime Inspector, a monitoring function, can be used to monitor signals in NX.

If the limit position sensors BG1-BG4 are selected and added to the Inspector, they can be monitored
in simulation mode in the view (next image).

— -7 Sensors and Actuators
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— p Export Sensors and Actuators to SIMT...
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Dcf\ EE Properties
L&
=7 Runtime Behaviors
= Signals

Open the Inspector Window and adjust the size of it
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Situation 1: Cylinder 1 is retracted

- Inspector | Graph = Snapshot = Simulation Record N
93 Physics G.. | E. | R.. | Value
o | | -5 BG4 Cyl2 OutPos
ko= 7 switch O O O fake
«» ¥ active O O O true
A
s 2| I:‘ |:| I:‘ true
= active 111 1 true
A8 BG2 Cyll OutPos
@ ¥ switch [0 O [ false
= active [ 71 [ true
@ - 5 BG1 Cyll InPos
) : "'_"_switch [ [ [ true
@( 4] active L L L true
Situation 2: Cylinder 1 is extended
Inspector | Graph = Snapshot  Simulation Record A
=le]
29 Physics G. E. R.| Value
v 5 BG4 Cyl2 OutPos
ko= "='_;witch O O O fake
G'» 7 active [ 7 [ true
N ¥ BG3 Cyl2 InPos
= switch OO O true
"='_actwe I:‘ I:‘ I:‘ true
G2 Cyl1 OutPos
& O 0 0 e
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i 0 O O false
g : = L L L true
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12 Integration of buttons in the NX model

Video: 12Start button

A start button is required to control the model. To do this, you must integrate a geometry into the
model that performs the required functionality.

A cylinder that is subsequently integrated into the model and also has the properties of a runtime
button takes on the task of initiating the sequence control.

S
R |

Menu for integrating a cylindrical body into %ﬁv"nder gl ™ B o e (S

nical Concent T ilate
the NX model. — Cylinder
Creates a cylinder by defining axis lecation and

In this case, a cylindrical button is anchored dimensions.

. Vish.. Type

in the model. ®
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The size, orientation, and position of the button can be varied in the dialog box.

o

Cylinder

Q7? X

— |‘}i Axis, Diarneter, and Height

- ¥ Axis
+/ Specify Vector I? T
I % Specify Point _‘:’_

¥ Dimensions

Diameter

Height

~ Boolean

Boolean

Show Result

Cancel

= | Cursor Location

* Paoint Location

./ Specify Cursor Location

« Coordinates

Reference
X
Y
z

w Offset

Offset Option

—_
|
-
—_
Absolute - Work Part v | ——
100 mm v
-100 mm v
100 mm v
-

-

Paint Dialog

mm -

¥ Cylinder

€ Cylinder

Q7?7 X

T |§‘i Aixis, Diameter, and Height

M |

- Axis
+/ Specify Vector
< Specify Point

w Dimensions

Diarneter

Height

w Boolean

Boolean

L

0 ? X

him;, Dismeter, and Height

v Axis

/ Specify Vector

./ Specify Point

I D

i

+ Dimensions

Height
¥ Boolean

Boolean

Show Result &
-

<

P —

mm -
1

Show Result

-
£ Cylinder 07X
A, Dismeter, and Height
- Ais
~ Dimensions
~ Boolean
None
Unde Result [

o
ol Apply || Cancel
Ry

The behavior of the button is then defined. In this case, the button is to transmit a trigger signal to the
control system.
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# Observe Variables

-
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Runtime Button

b %D Defines a runtime user action button for physics

simulation.,
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