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1 Exercise Instructions for Students

Exercise: CAD software

Objective: To acquire skills related to the working in CAD software, modelling and modification of
solid, making technical drawings.

Required Tools:

e Computer with Widows operating system
e Installed one of the following programs: SolidWorks, Inventor, Catia, Siemens NX or other

Task: Make the model according to the instructions below. The model presented is an example. The
shape, dimensions, and order of the features made may vary.

The module consists of two exercises:

1. Exercise 1: Solid Modeling in CAD- Software comparison— focused on developing basic
skills in 3D modeling and technical drawing.

2. Exercise 2: Designing a Simplified Mechatronic Device Using Parametric Modeling —
aimed at applying parametric design techniques to create a flexible mechatronic model.

Objectives:

1. Exercise 1: Solid Modeling in CAD - Software comparison— focused on developing basic
skills in 3D modeling and technical drawing.

The aim of this exercise is to develop students’ skills in using CAD software for creating three-
dimensional models. During the exercise, students will design a simple solid model by applying
fundamental CAD tools such as sketching, extruding, revolving, and adding features like fillets and
chamfers. Additionally, they will learn how to define constraints and dimensions in sketches and
prepare a technical drawing of the modeled part. This task will allow students to gain practical
experience in solid modeling and technical documentation.

2. Exercise 2: Designing a Simplified Mechatronic Device Using Parametric Modeling —
aimed at applying parametric design techniques to create a flexible mechatronic model.

The purpose of this exercise is to design a simplified mechatronic device model by applying
parametric modeling techniques in CAD software. Students will define global variables and equations
to control key parameters of the model, such as pressure and flow, and observe how changes in
these parameters affect the geometry of the device. The exercise aims to enhance students’
understanding of parametric design and the use of CAD tools for creating flexible and adaptable
models of mechatronic systems.
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1.1 Exercise 1 — Solid Modeling in CAD- Software comaprison

The educational exercise introduces students to CAD environments. Example programs were
chosen. The ability to use different programs will make it easier for students to make choices in the
future. The selected systems: SolidWorks, Catia, Siemens NX, and Inventor are presented below
(Fig. 1). Students can choose any program and should perform similar exercises.

a) 7
DS SOLIDWORKS

2
” 25 CATIA

»
C) ‘;
SIEMENS NX

Inventor

d)

Fig. 1. Selected systems: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
The aim of the exercise is to create a solid similar to the one shown in the Fig. 2.

a) b)

Fig. 2. Example solid: a) model, b) section view of model

1. Select the tool Sketch and the Plane of sketch
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Selecting a sketch plane is the first step to creating a solid. In the Cartesian coordinate system,

three sketch planes are available (Fig. 3).
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Creates a 2D sketch on a planar face or work plane on a part, or
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2. Create the outline of the solid
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Fig. 3. Sketch in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

An outline of the solid should be made on the selected plane (Fig. 4). This will be the basis for
making the solid in three dimensions (3D). It is recommended that simple sketches be drawn and the

geometrical features of the solid be given using the modeling function. The basic sketching tools in

each program are the following: profile, rectangle, circle, line, arc, helical, spline, point, fillet, chamfer,

mirror, pattern, offset, trim, extend, corner, split, text, project geometry, and the following constraints:

dimension, coincident, collinear, concentric, horizontal, vertical, tangent, parallel, perpendicular,

equal, symmetric, midpoint.
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Fig. 4. Outline of the solid in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
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3. Create a feature or body by adding depth to the profile.

The first step after drawing the solid outline is to create a three-dimensional solid. One of the
functions that can be used for this is “Extrude” (or "Pad" in Catia). The extrude creates a feature or
body by extruding a sketch or selected sketch contours in one or two directions, adding depth to a

profile (Fig. 5). Closed profiles create solids or surfaces, while open profiles create surfaces. The

extruded features are being built for parts. Extrusion adds or removes material from parts or removes

material from assemblies. Extrusion can create new solid bodies in a multibody part file. You specify

where the extrude starts and define its direction and extent, depth, taper angle, and termination

method for the extrusion.

a) _;‘,?SSOLI'DWORKS File Edit View Insert Tools Simulation Window b)
Fei o : w;ﬂ : : 18D Dimensions | SOLID!
» -
5
/\-,
C -. d
) EE )

Tl

File _ Home Assemblies

ESAC IS NG

Extrude Revolve Haole Unite Subtract

Surface

@@@‘

Trim  Edge Chamfer E
Bodv r Rlend T

Curve

Extrude (X)

o 5¢ Creates a feature by extruding a section along a vector,

] Di

B CATIAVS - [1.CATPart]

EJ Stat  ENOVIAVSVPM FEile  Edit  View Inset Tools 1}

=2

Sketch-Based Features n

' S1B R EE G S A

DD'BE@",'@‘E"ﬁl-._dv.QQQGeneric v‘
 File 3D Model  Sketch  Annotate Inspect Tools Manage View
jT Q %) Sweep @) Emboss Ml Decal - D
Start Extrude|Revolve g PR hen -Ej impot Hole Fillet
2D Sketch ™ = ol (& Rib &1 Unwrap %

Sketch Create

Fig. 5. Extrude of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
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4. Create a reference geometry - the work axis.
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The work axis (Fig. 6) creates a construction line that is parametrically attached to other objects.
Create a reference axis when the current geometry is insufficient to create and position more
features. For example, use a work axis to mark symmetry and centerlines or help define a revolve axis

location.
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Fig. 6. Create the reference axis in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
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5. Create relations of constraints and dimensions in the new sketch, regarding the existing
body.

In each sketch, relationships can be inserted between the drawn shapes, e.g. between lines,
arcs, points, etc. The most important ones are shown in Figure 6 a). In addition to these, conversion
to reference and hide are also used. In sketches, dimensions can be parameterised. Their value can
be the result of some function. They can also depend on each other, as shown in Figure 6 b).
Dimension p4 is 1/3 of the value of dimension p5.
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Fig. 7. Relationships in the sketch: a) constraints, b) parameterization of dimensions

6. Create a feature or body by revolving one or more sketched profiles about an axis.

Revolves a new sketch or selected sketch contours around an axis to create a solid feature (Fig.
8). You can revolve profiles through any angle up to 360 degrees. The axis of revolution can be part

of the profile or offset from it. The profile and axis must be coplanar. Use the revolve manager to
define the axis, direction, and extent of the revolve.
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Fig. 8. Revolve feature of the part in: a) SolidWorks, b) Catia, ¢) Siemens NX, d) Inventor
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7. Create a feature at the edge of the body by adding a fillet.

Fillet creates a rounded internal or external face along one or more edges on a solid or surface
feature (Fig. 9). Fillets can be of constant or variable radius. You can add fillets as one feature or as
separate features. Use the toolbar palette to change between fillet types and selection priority.
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Fig. 9. Fillet feature of the part in: a) SolidWorks, b) Catia, ) Siemens NX, d) Inventor
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8. Create a feature at the edge of the body by adding a chamfer.

Chamfers sharp edges between faces (Fig. 10). Applies a bevel to one or more component
edges. You can define a chamfer by a single distance, a distance and angle, or two distances.
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Fig. 10. Chamfer feature of the part in: a) SolidWorks, b) Catia, c¢) Siemens NX, d) Inventor
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9. Create a feature in the body by adding an extruded cut.

Cuts a solid model by extruding a sketched profile in one or two directions. If the cut affects
multiple bodies in multibody parts, you can select which bodies to keep. In Catia this function name
is called Pocket, but w Siemens NX and Inventor in the Extrude function select the correct option

with Boolean operation - subtract or cut (Fig. 11).
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Fig. 11. Extrude cut feature of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

10. Create a feature in the body by adding a hole.

Creates holes based on sketch points or other geometric selections to one or more solid bodies
in a part or assembly (Fig. 12). You can create simple, clearance, tapped, or tapered tapped holes, and
include thread types from the thread data sheet. You can create counterbore, countersink, thread, or
spotface holes. You can specify tolerances for the hole dimensions.
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Fig. 12. Hole feature of the part in: a) SolidWorks, b) Catia, ¢) Siemens NX, d) Inventor

14



I 1a Union Europea Competence: CAD Software
Document:  Teaching materials

*

Cofinanciado por Mechatronics for Improving and Standardizing Competences in Engineering, MISCE

11. Create a reference geometry - the plane.

Creates a construction plane, datum plane, work plane. Different names are used. Creates a
datum plane used to construct other features (Fig. 13). This plane is attached parametrically to other
objects and is a work plane to sketch on when no planar face exists. You also use datum planes to
apply planar assembly constraints on a part where no planar face exists, such as the middle of a part.
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Fig. 13. Create the reference plane in: a) SolidWorks, b) Catia, ¢) Siemens NX, d) Inventor
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12. Create a feature on the new work plane.

Create any solid feature, e.g. a cuboid on the newly created plane (Fig. 14).

b)

d)
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Fig. 14. Create the cuboid on the reference plane in: a) SolidWorks, b)
Catia, c) Siemens NX, d) Inventor
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13. Create a feature in the body by adding a swept cut.

Cuts a solid model by sweeping a closed profile along an open or closed path (Fig. 15). If you
sweep multiple profiles, they must exist in the same sketch. The path can be an open or closed loop,
but must pierce the profile plane. If the cut affects multiple bodies in multibody parts, you can select

which bodies to keep.

a) ] (@ sweptcut @ Bk Jdro Wrap w2 b)

ved @ Lof— _Fillet Linear e= - .. . Reference Curves
t Swept Cut eometry
Bo| Cut: lid model b i losed profile all - -
@ S @ solid model by sweeping a closed profile along an Sketch-Based Features n

————— open or closed path. A common usageisto createacut ——————
ABD Dimens 4round & cylindrical body. If the cut affects multiple LIDWORKS CAM

SO nEDg §Aa

bodies in multibody parts, you can select which bodies m
to keep in the Bodies to Keep dialog box.

<) d)
%’] Sweep @\ Emboss EJ Decal - O Chamfer % T
@ O & mdshel gc

i Loft &3 Derive " Import

Sweep. Swept Swept
= é Sweep (Ctrl+Shift+S) 9 T
Sweeps one or more sketch profiles or a solid toolbody along a M

Press F1 for more help

Sweep along Guide
Creates a body by sweeping a section along a guide.
| selected path to create a feature or body. '
|

Fig. 15. Sweep feature of the part in: a) SolidWorks, b) Catia, c¢) Siemens NX, d) Inventor
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14. Create a technical drawing.

An example of a technical drawing is shown in Fig. 16.
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The first step is to move from the modeling module to the drawing module. In each program,

this step looks similar, Fig. 17.

.l
a) 25 SOLIDWORKS File | Edit View Insert Tools Simulation

i T [ New.. Ctrl+N
Design  Interference
Study Detection @ Open... Ctrl+O

- Open Recent b e
Features | Sketch | Sk Open Drawing P

Close Ctrl+W

Make Drawing from Part < I

Make Assembly from Part

Save Ctrl+5
Save As...

Save All

OAC B G@

b)

CATIAVS - [1.CATPart]

n Start ENOVIAV5VPM  File Edit View Insert Tools Window Help
[tz v s lgrer @
@ Part Design
~§hape L3 @ Assembly Design
Analysis & Simulation 3 %& Sketcher
AEC Plant L4 & r_: Product Functional Tolerancing & Annctation
Machining L4 %ﬂald Design

oisital Vocup

Equipment & Systems
Digital Process for Manufacturing
Machining Simulation

Ergonomics Design & Analysis

3 gMo\d Tooling Design

v @ Structure Design

» | 512D Layout for 3D Design
Lk
g

Composites Grid Design

NX B ©-

File

XX
L

Toolbox Maore

Home

Dresign

Curv

MNX - Modeling

surface

9 ik 9
Drafting Toolbox % Mare A More
Document T | Manufacture T ' Simulation T

Drafting (Ctrl+Shift+D)

Starts the Drafting application, which provides tools to
create and maintain drawings of the design model.

d)
Ho-5H<-
3D Model  Sketch

&1d)

File Annotate

New

[) §

Assembly
He oo
o Drawing
3 oWE
E Save As 3
Part

a Export »

(‘fo Share 3

- B - %5 & Generic

Create a file from the list of templates.

~ @@ [ Default

Inspect  Tools Manage View  Environments
&
General  General

MNote Profile Note
MNotes

<=

Presentation

Use Template.

Fig. 17. Move to the drawing module in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

The second step is to choose the format of the sheet, e.g. A4, A3, and scale, e.g. 1:1, 1:2, Fig. 18.

Zx
DS SOLIDWORKS  File

a)

Edit

View Insert Tools window A Y () - - E

(¥ Select Other
Selection Tools
Zoom/Pan/Ratate
Recent Commands

Sheet (Arkusz1)

E7] Edit Sheet Farmat
Lock Sheet Focus
Add Sheet...

By copy

K Delete

Properties... .

Relations/Snaps Options...
Comment
& Smart Dimension

Maore Dimensions.

== | Sheet Properties
3
Sheet Properties  Zone Parameters
3
(®) First angle
Saale: : (O Third angle
Sheet Format/Size
(@) standard sheet size
] Only show standard format
Reload
a3 - iso.slddrt Browse...

[ Display sheet format

CATIAVS - [1.CATPart]
ENOVIAVSVPM  File

b)

Edit

Select an automatic layout:

o 5 B

B

View

Insert  Tools  Window

New Drawing ?

Standard
150 -
Sheet Style

A3150 ~
AD150

Format A3 150
Paper size = 257 x 420 mm
Global scale = 1:1

Standard SO

AT1S0
A2 150

A4150

@ OK I Mod'!!... I & Cancel I

B4150
B5150
C5150
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o) GE - g o B [windon -~

Drafting Tools Analysis

&} Sheet

~ Size

Hew
Sheet~
Sheet 7| New Sheet @jlise Tempiate;
— Creates a new drawing sheet. | (3 Standard Size

(O Custom Size

8 QO Discovery Center

View

Selection Tor

Q7 X

AD - Size
Nam ﬁ;*g‘lf
- Size
# <€ 23 -Size
L& el
& e » Preview
: O b Settings
Py 8

d)

Custom Size (mm)
S x 12 (inches), Portrait
12 x 18 {inches)

18 x 24 (inches)

D-FHs- = - g=ge-LhE-+~
p—
Edit Sheet % || Drawing View
Format Text Property Source Component  Model Display Options ~Recor
iame VIEW1: Lipt Fie
= Orientation D:\Artykuly \MISCE - projekt\Zadanie 16 CAC
O O Label
S hd —_—— Ve

View Identifier

VIEW1

Scale

Fig. 18. Choose the format and scale of the sheet in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
Using the available functions, in addition to the main view, you should create section views,

projected views, detail views, and add dimensions, tolerances, and other symbols, as shown on

example - Fig. 16.

1.2 Exercise 2 — Designing a Simplified Mechatronic Device Using
Parametric Modeling

For this competence, the MISCE project proposes the joint use of the prepared model to
develop a variant of a mechatronic device using parametric modeling. The model is simplified and

simulates the valve system (Fig. 19). For the purposes of the project, the exercise was carried out in
SolidWorks, but students can choose any program.

a)
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b)

Fig. 19. Valve control system: a) assembly, b) exploded view

Real-life examples of mechatronic valve control systems are shown on the figure Fig. 20.

AUTOMATIC TRANSMISSIONS
REPAIR

Fig. 20. Real-life examples of mechatronic valve control systems [1, 2, 3, 4]

The ranges of valve movements are derived from the length of the chamber. In the model,
this has been limited by relations in the assembly (Fig. 21). There are two types of chambers. The first
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changes the state of work for one of the two output channels — valves 1 and 2. The second
have closed or open status — valve 3.

° ® ® °
o INPUT OUTPUT ®
=

Fig. 21. Ranges of valve movements

Figure Fig. 22 shows the input and output channels. These features are parameterized.

Fig. 22. Parameterised features

Any features of the model were made by using simple tools for modeling, e.g. extrude ("Pad" in
Catia), extruded cut ("Pocket" in Catia), fillet, hole, or swept cut (Fig. 23). The tools in the first exercise
were presented.

23



Cofinanciado por Mechatronics for Improving and Standardizing Competences in Engineering, MISCE

la Unién Europea Competence: CAD Software
Document:  Teaching materials

a)

b)

Fig. 23. Example tools used in this model: a) extruded cut, b) swept cut
Parameterisation of selected model elements requires the preparation of global variables to

define the values of the relevant dimensions. These include the following:

P — pressure (bar) — variable parameter

G - flow (kg/s) — variable parameter

g — density of oil — constant parameter

b — depth of channel [mm] — constant parameter

Ppasc — pressure (Pa) — pressure converted from bar to Pascal

Ppasc - 100 0000 (1)

2 - Ppasc
= _— 2
% / p (2)

a — width of channel [mm] max 46 mm

v — flow rate [m/s]
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Global variables are defined in the "Equations” folder. Right-click on it and select "Manage

Equations” (Fig. 24).

2
25 SOLIDWORKS File Edit Wiew

g &

Extruded Revolved
Boss/Base Boss/Base

@ Swept Boss/Base
ﬁ Lofted Boss/Base

@ Boundary Boss/Base

Insert  Tools

@
Extruded
Cut ]

Features | Sketch | Sheet Metal | Weldments | Mold Too

G E B ¢ &
7
E-E'[j B Valve plate 2 (Domyélna) <<D¢ *
4 History

Sensors
4 Annotatinns
’ Solid Bodies(1)

A Equations

@ g3 Manage Equations...
@ nGh=3 Show File Properties
@ L] Add/Edit Parameters...
@ "q"=0 Go To...

@ w'=0 Collapse ltems

@ *P pa Rename tree item

@ =3

Hide/Show Tree ltems...
Fig. 24. Manage equations

The chosen values and equations for the global variables are presented below and on figure Fig. 25.

variable parameters

constant parameters

q = 0.90
b =20

25

equations

Ppasc = ("P") / 100000

v=((2*"Ppasc")/"q") M (1/2)

a=("G"/("v"*"q"))/("b")
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Equations, Global Variables, and Dimensions

[ Automatically rebuild

[ILink to external file:

Angular equation units:

E Automatic solve order

1 : : -
[T Filter All Fields | =5 @
Mame Value / Equation Evaluates to  |Comments OK
S ot vt
P =2 2.00 pressure [bar]
G =3 3.00 flow [ka/s] Impart...
ey al =[G (Vg 1)/ hT) 25.04mm width of channel [mm] max 46 mm
T - 0.897 0.90 density of oil
v =((2*Ppasc )/ q )~ (1/2) (0.1 flow rate [m/s]
P pasc = ["P"] /100000 0.00 pressure converted from pascal to bar
[» - =20 20mm depth of channel [mm]
Add alohal wariah
V7

Fig. 25. Global variables, dimensions, and equations

Right-click on dimension and select "Link Values" (Fig. 26).

%
FRiELR D

Selection Tools
Zoom/Pan/Rotate

43, Display Grid
Recent Commands
Sketch Entities
More Dimensions

Relations

ls, Display/Delete Relations...
Sketch Tools

7< Delete

Dimension (D1@Szkic26(25.04))
Hide Dimension Line

Link Values

Reverse Directicn
Driven

Mark For Drawing
Display Options
Annotations

Fig. 26. Linking a dimension to a global variable

Select the appropriate global variable from the list (Fig. 27).
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* %

Shared Values

Value: 25.0417711: :
Cancel

EIH =

SVAR: P pasc
SVAR: b

Fig. 27. Selection of the global variable

Dimensions linked to global variables are marked with a symbol as shown in the figure Fig. 28.

Fig. 28. Dimensions defined by global variables
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Changing the pressure (P) and/or flow (G) in the global variables will change the width of the
channel. The change will occur automatically, without the designer interfering with the sketches and
functions that create the model feature. Examples are shown in the figure Fig. 29.

a)

)

Fig. 29. Channel width configurations for different P and G parameter values:
a)P=2,G=3,b)P=6,G=2,c)P=2,G=6,d)P=18,G=6

In this exercise, make your own model. Propose different inlet and outlet channel layouts and
valve chamber locations. Use different chamber types. Prepare global variables and define at least
one model feature parametrically. You can use the model from the example. In this case, change the

positions of the valves and chambers. Change the number of inputs and outputs and route the
channels differently.
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