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1 Exercise Instructions for Teachers

Competence: CAD software

Objective: Guide students to acquire skills related to the analysis and optimization of mechanical
systems and control engineering, with a particular focus on the working in CAD software, modelling
and modification of solid, making technical drawings.

Required Tools:

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

Preparation:

1. Setup:
o Ensure that the computers are working and configured properly.
o Verify if each CAD software starts and is configured correctly.

2. Materials:
o Provide students with exercise instructions and a practice model

3. Safety:
o Ensure that all students are aware of and adhere to safety rules.

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.
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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.

1.1 Exercise 1 Solid Modeling in CAD - Software comparison— task
guidance

Introduction:

o Begin with an overview of CAD programs and the basics of CAD modeling.

o Inform the students that the model presented is an example.

o The shape, dimensions, and order of the features made may vary.

o Students can choose one of the following programs: SolidWorks, Catia, Siemens NX and
Inventor.

o The aim of the exercise is to create a solid similar to the one shown in the Fig. 1.

Fig. 1. Example solid: a) model, b) section view of model

Tools in CAD programs:

1. Explain the CAD programs operation, moving the model and changing view. Next select the tool
Sketch and the Plane of sketch. Selecting a sketch plane is the first step to creating a solid. In
the Cartesian coordinate system, three sketch planes are available (Fig. 2).
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Fig. 2. Sketch in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

i

2. Create the outline of the solid

o Discuss how an outline of the solid should be made on the selected plane (Fig. 3). This will be
the basis for making the solid in three dimensions (3D).

o lItis recommended that simple sketches be drawn and the geometrical features of the solid be
given using the modeling function.

o Discuss the basic sketching tools in each program: profile, rectangle, circle, line, arc, helical,
spline, point, fillet, chamfer, mirror, pattern, offset, trim, extend, corner, split, text, project
geometry.

o Explain how to use the constraints: dimension, coincident, collinear, concentric, horizontal,
vertical, tangent, parallel, perpendicular, equal, symmetric, midpoint.
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Fig. 3. 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. 4). 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.

o Demonstrate how to specify where the extrude starts and define its direction and extent.
o Show other functions such as depth, taper angle, and termination method for the extrusion.
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Fig. 4. Extrude of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

4. Create a reference geometry - the work axis.
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The work axis (Fig. 5) creates a construction line that is parametrically attached to other
objects.
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Guide students through creating a reference axis in the hole.
Explain why the work axis is needed when the current geometry is insufficient to create and

position more features.

Show as use a work axis to mark symmetry and centerlines or help define a revolve axis

location.

D-®-H-8-9-

Be 8 @ -

X

B E Jro (@ wer ° b3
Fillet  Linear = Reference | Curves | Instant3D
pattern D) Draft () Intersect Geometry

@] shell Hlﬂ Mirror o o
a5 | Simulation | MBD | SOLIDWORKS{ [l Plane

)zl A ps

-

@ Paint

*\‘} Center of Mass
:# Bounding Box
am] Mate Reference

}b Coordinate System

b)

B CATIAVS - [1.CATPart]

B start
5) [E) b (& €] & & % A &

ENOVIAVSWPM  File  Edit  View  |nset  Tools

PartBody
"J Pacl1

< Point.1

c)

é\l‘] @Oﬁ'set(ume ' Bridge E{

1adow "‘\Q;OffsetinFace éCompos\te Mare Trim
urve 0 L - Curve Length

Derived Blend -
a i Circular Blend Curve

From Curve

<) Combined Projection

ﬁ\ Wrap/Unwrap Curve
From Body

@ Isoparametric Curve
(f'J Isocline Curve

% Section Curve

[B Extract Virtual Curve

E\ﬁ Revolye Mutline
™y Bxtract

%

| copy

,1 __/_l @ /gé

Curve X-Form

More

Virtual Curve

L
fﬂﬁ Mirro
| Offset
@D Offset 3D Curve

E Scale Curve

d)

i s Rectangular Al Mirror [-Ji

e T
Shape Plane Axis
Generator T

Epttre fieoy ﬁOn Line or Edge
/Ej Parallel to Line through Point

5,

I:] Threugh Twe Points
L|: Ilntersect\on of Two Planes

G—- Mormal te Plane through Point

= Face

nghrough Center of Circular or Elliptical Edge

‘\/ ’ Through Revolved Face or Feature

Fig. 5. 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.

o Discuss relationships and show how to insert between the drawn shapes, e.g. between lines,
arcs, points, etc. The most important ones are shown in Figure 6 a).
o In addition, conversion to reference and hide is also used; show how to do it.
o Explain the parameterised dimensions. 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. 6. Relationships in the sketch: a) constraints, b) parameterization of dimensions
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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. 7).
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Explain that the axis of revolution can be part of the profile or offset from it; show examples.

Use the revolve manager to define the axis, direction, and extent of the revolve.

b B CATA VS - [1.CATPar]

n Start EMOVIAVSVPM File  Edit  View  Insert  Tools Window E

e o 5

Sketch-Based Features

Rl

@@@Q

S0P o
&

Extrude Rewolve Hole Unite Subtract Trim Edge Chamfer
Body ~ Blend ~
Baca
Mo Selection Revolve
- Creates a feature by revolving a section about an axis,
ﬂ] Discovery

d HOo-EH<-

3D Model ~ Sketch

¥ &

Extrude |Revolve

Prl@ B AN

93 @ Generic

Tools

Annotate  Inspect Manage  View

o

Hole Fi

I:ﬂ Sweep \ “?\ Emboss ‘.J Decal
E‘ Loft G Derive D Import

= coil (&, Rib &1 Unwrap

Create

A

2
Start

2D Sketch

Sketch

Fig. 7. Revolve feature 6f the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

7. Create a feature at the edge of the body by adding a fillet.
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Fillet creates a rounded internal or external face along one or more edges on a solid or surface

feature.
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b)

Dress-Up Features n

Yol ) Ry

i @ 8 ot @Pmem Feature @ % G‘

n  Edg

J+ Blen; Edge Blend

Base Addstangent blend faces along sharp edges between

:I faces.
v

Move Del

d) sss 85 Decal @) Chamfer = Thread = split
Y
5 - e
e 7 Import tole | Fillee Shell i@ Combine (B Direct

SR

* Delete Face

&l Unwrap

Fillet (F)
Adds a fillet or round to the selected edges.

Press F1 for more help

Fig. 8. Fillet feature of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

8. Create a feature at the edge of the body by adding a chamfer.

Chamfers sharp edges between faces

10
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o Guide students through applies a bevel to one or more component edges, similar to Fig. 9.
o You can define a chamfer by a single distance, a distance and angle, or two distances.

I
a Swept Cut @ EE @ Rib Wrap
Fillet | Linear
) loftedcut pattr [ Draft (T Intersect
Boundary Cut - [ shen [l mirror

°
Reference
Geometry

-

iensions | SOLID| [ Fillet

n| MBD | SOLDWOF

r Chamfer |

PP

Chamfer
Chamfers sharp edges between faces.

'@

L M e

Move Del

CAD Software
Teaching materials

Dress-Up Features
d) sss B Decal &) Chamfer = Thread = spiit F
M| t 4 Chall Bl Cnnbinn (. Divnns
= Bt e e Fcl\amfer (Ctrl+Shift+K)
¥ Unwrap % i

Applies a bevel to one or more component edges.

Press F1 for more help

Fig. 9. Chamfer feature of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
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Cuts a solid model by extruding a sketched profile in one or two directions.
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Show that 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. 10).
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Fig. 10. 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.

12
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Creates holes based on sketch points or other geometric selections to one or more solid bodies
in a part or assembly (Fig. 11).

o Show how to create simple, clearance, tapped, or tapered tapped holes, and include thread
types from the thread data sheet.

o Show how to create counterbore, countersink, thread, or spotface holes.

o You can specify tolerances for the hole dimensions.
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Fig. 11. Hole feature of the part in: a) SolidWorks, b) Catia, c¢) Siemens NX, d) Inventor

11. Create a reference geometry - the plane.

Creates a construction plane, datum plane, work plane. Different names are used.

13
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o Explain how to create a datum plane that is used to construct other features (Fig. 12).

o This plane is attached parametrically to other objects and is a work plane to sketch on when no
planar face exists.

o Show how to 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. 12. Create the reference plane in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

12. Create a feature on the new work plane.

Show how to create any solid feature, e.g. a cuboid on the newly created plane (Fig. 13).

14
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a)

b)

d)

Fig. 13. 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.

Guide students through cuts a solid model by sweeping a closed profile along an open or
closed path (Fig. 14). Explain that 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.

ved @ Lof— Fillet Linear e= - .. & . Reference Curves
t Swept Cut eometry
@ Bo| Cuts a solid model by sweeping a closed profilealongan | ~ -

a 1 @ sweptcut ® Bt Jrb [@g wap @ 3] b)

Sketch-Based Features B

open or closed path. A common usage is to create a cut

around a cylindrical body. If the cut affects multiple LIDWORKS CAM

ABD Dimens

'S EnEE g §AA

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

c) d)
@ O @ %] Sweep @\ Emboss EJ Decal O Chamfer % T

Sweep  Swept Swept w Loft &3 Derive :-:‘] Import rﬂ Shell i C
Alon= i Alatiam { ;

Sweep along Guide i Sweep (Ctrl+Shift+S) G

Creates a body by sweeping a section along a guide. Sweeps one or more sketch profiles or a solid toolbody along a M

selected path to create a feature or body. l

Press F1 for more help

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

14. Create a technical drawing.
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An example of a technical drawing is shown in Fig. 15.
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Fig. 15. Example technical drawing
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Explain that the first step is to move from the modeling module to the drawing module. In each
program, this step looks similar; see Fig. 16.

a D)S SOLIDWORKS File | Edit View Insert Tools Simulation b) CATIAYS - [1.CATPart]
) 2 Start ENOVIAV5VPM  Eile Edit View Insert Tools Window Help
?’_? % B New... Ctrl+N n Infrastructure 3 i | o ] Ef Er J 7
[;:ZI‘jgyn In[;::tr:‘:tzle::e @ Open... Ctrl+O & part Design
. Open Recent v e ~§hape L4 @ Assembly Design
Py ; Analysis & Simulation L4 Sketcher
Features | Sketch | Sh TpUETIE E AEC Plant ’ ﬁl’[odud Functional Tolerancing & Annotation
[ Close Ctrl+W Machining 5 gm Design
- 'Q\g\tal Mockup » || = Mold Tooling Design
(T8 Make Drawing from Part I Equipment & Systems fs @ngmre Design
f’% Make Assembly from Part Digital Process for Manufacturing 3 2D Layout for 3D Design
Machining Simulation L3 m
E Save Ctrl+5 Ergenomics Design & Analysis 3 @Qompos\tas Grid Design
R Save As...
@ savean

c) d)
_ID-BE - - BN % @ Generic ~ @ L& Default

3D Model  Sketch  Annotate Inspect Tools Manage View  Envircnments

ABC
&4
General  General

& , & [ Snew o [y e Note  Profile Note
hs i ES [;LO h Create a file from the list of templates. Notes

MX - Medeling

Home  CurvN@¥Fsurface Appl

Toolbox  Mare Drafting Toolbox % Mare E[J\ Mare E?OpEn 3 Assembly
Design M Document ~ | Manufacture ™ | Simulation T E Save 5
— i . -
= Menu ~ Drafting (Ctrl+Shift+D) g " <: v
-

o3

P Starts the Drafting application, which provides tools to E Save As 3
art. S . X
create and maintain drawings of the design model.

! [
S
Mame I} e b

@ Presentation
("fo Share

> -

Fig. 16. Move to the drawing module in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor

Use Templzte.

The second step is to choose the format of the sheet, e.g. A4, A3, and scale, e.g. 1:1, 1:2, Fig. 17.

a 75 SOLIDWORKS  File Edit View Insert Tools Window 2 Habh-BF-Ek b)

%] Vs -
EJ Stat  ENOVIAVSVPM File  Edit  View Inset  Tools  Window  Help

) ¥ select Other = | Sheet Properties
Selection Toals ' Sheet Properties  7one Parameters
Zoom/Pan/Rotate 3 Standard
Type of projection tandan
" Arkuszl
Sheet (Arkusz1) Scale: : O Third angle |:| E:Eﬂg O O4 SheetStle
7] Edit Sheet Format A3150 ~
i enest Forma Sheet Format/Size B Lo & 0150
Lock Sheet Focus (@ Standard sheet size Standard 150 A1150
Add Sheet... [ Only show standard format Format A3 IS0 4@ | laiso
Paper size = 297 x 420 mm &P
[y copy Reload Global scale = 1:1 * | [ad1s0
Delete B4150
@ ok | _Moddy.. | @ cancel || [es5150
Properties.. () 5150
Relations/Snaps Opticns... @ Cancel
neel |

Comment

a3 -iso.slddrt Browse...

&N Smart Dimension [ Display sheet format

More Dimensions.

) 3 ) HO-CHe-= - GdEgBe-HAhm-+~
7 |-
Drafting Tool A Edit Sheet x Drawing View
% T Sheet v 7 X Format Text Property Source Component | podel  Display Options  Recoy
- [ ;
o Size : ame VIEW1:Lipt File
ahect New Sheet @ise Template: — Orientation D:VArtykuly MISCE - projekt\Zadarie 16 CAC
= Mer Creates 3 new drawing sheet. | (O Standard Size = » (@] (@] Label
(O Custom Size ~ Pt View Identifier

Discovery Center Custom Size (inches)
A4

Al-Size
A2

Scale

A2 - Size

B v s Eo
Custom Size (mm)

» Preview 9 x 12 (inches), Portrait
12x 18 (inches)

» Settings 18 x 24 finches)

Fig. 17. Choose the format and scale of the sheet in: a) SolidWorks, b) Catia, c) Siemens NX, d)
Inventor
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Use the available functions and guide students to the technical drawing. In addition to the
main view, show that you should create section views, projected views, detail views, and add
dimensions, tolerances, and other symbols, as shown in example - Fig. 15.

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

Design proposal for a simple mechatronic device

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. 18). For the purposes of the project, the exercise was carried out
in SolidWorks, but students can choose any program.

a)

b)
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Fig. 18. Valve control system: a) assembly, b) exploded view

Real-life examples of mechatronic valve control systems are shown on the figure Fig. 19.

Fig. 19. 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. 20). There are two types of chambers. The
first 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.

®
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Fig. 20. Ranges of valve movements

Figure Fig. 21 shows the input and output channels. These features are parameterized.

OUTPUT  ©
® 14

) 1
D2 °
®
® ; VALVE 3 \ )
1|1 vAwe2 :
. VALVE 1| . o e

)
Fig. 21. 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. 22). The tools in the first
exercise were presented.

a)

b)
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Fig. 22. 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 = 1

100 0000

_ |2 Ppasc
v (R 2)

a — width of channel [mm] max 46 mm

v — flow rate [m/s]

a= 3)
Discuss global variables. They are defined in the 'Equations' folder, show it. Right-click on it
and select "Manage Equations" (Fig. 23).

i
28 SOLIDWORES File Edit View Inset Tools

ﬁﬂ @ ,@h Swept Boss/Base H;ﬂ]

Extruded Revolved , Extruded
EBoss/Base Boss/Base ﬂ RoHEdiBoss(Base Cut 3

@ Boundary Boss/Base

Features | Sketch | Shect Metal | Weldments | Mold Too

¢ EIR[¢[E.[
e
% ﬁ Valve plate 2 (Domyslna) <<De¢ ™
4 History

Sensors
4 Annntatinns
’ Solid Bodies(1)

= Equations

@ wpn_3 Manage Equations...
@ "Gr=3 Show File Properties

@ "g"=2 Add/Edit Parameters...

9 "q'=0 Go To...
@ =0 Collapse ltems

@ P pas Rename tree item

& "b'=2

— Hide/Show Tree [tems...

Fig. 23. Manage equations
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The chosen values and equations for the global variables are presented below and on figure Fig.

24,
variable parameters constant parameters equations
P=2 q=0.90 Ppasc = ( "P" )/ 100000
G=3 b =20 v=((2*"Ppasc")/"q")*(1/2)

a=("G"/("V"*"q"))/ ("b")

Equations, Global Variables, and Dimensions

[F Filter All Fields EYs
Name

Value / Equation Evaluates to  |Comments &3 o]

=l Global Variables Cancel
P =2 2.00 pressure [bar]
G =3 3.00 flow [ka/s] Impart...
[>T =[G /(v *q 1)1/ k) 25.04mm width of channel [mm] max 46 mm
‘g = 0.897 0.90 density of ail
'S =[([{2*Ppasc )/ q )~ (1/2) 1001 flow rate [m/s]
P pasc = ["P"] /100000 0.00 pressure converted from pascal to bar
[> =20 20mm depth of channel [mm]

Add ainhal wariakh

|:| Automatically rebuild Angular equation units: @ Automatic solve order

[JLink to external file:

L

Fig. 24. Global variables, dimensions, and equations

Right-click on dimension and select "Link Values" (Fig. 25).

%
FRimerd ol

Selection Tools

Zoom/Pan/Rotate
4% Display Grid

Becent Commands

Sketch Entities

More Dimensions
Relations
L, Display/Delete Relations...
Sketch Tools
x Delete

Dimension (D1@5zkic26(25.04))

Hide Dimension Line

Link Yalues

Reverse Direction
Driven

Mark Eor Drawing
Display Options
Annctations

Fig. 25. Linking a dimension to a global variable
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Select the appropriate global variable from the list (Fig. 26).

Shared Values

2504177112 :
Cancel

EIH s

SVAR: P
SVAR: G

[ a
SVAR: q

SVAR: v

SVAR: P pasc

SVAR: b

Fig. 26. Selection of the global variable

Dimensions linked to global variables are marked with a symbol as shown in the figure Fig. 27.

Fig. 27. 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. 28.

Fig. 28. 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

Assist students in making their own model. Propose different inlet and outlet channel layouts
and valve chamber locations. Use different types of chambers. Supervise students as they prepare
global variables and define at least one model feature parametrically. Provide guidance on how to
use the model from the example. Oversee the students as they change the positions of the valves
and chambers. They should change the number of inputs and outputs and route the channels
differently.
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