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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.

1.1 Exercise 1 — basic modelling tools, CAD software comparison

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

»
; ©
SIEMENS NX

Inventor

d)

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

2) - ‘. b)

Fig. 2. Example solid: a) model, b) section view of model
1. 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. 3).
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Fig. 3. Sketch in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor
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2. Create the outline of the solid

Mechatronics for Improving

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.

Mechatronics for Improving

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) 55 SOLIDWORKS ~ File Edit View Inset Taols Simulation Window b)
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o 5¢ Creates a feature by extruding a section along a vector.
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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.

Mechatronics for Improving

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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0|

Ty

o

b) .
|

Fig. 7. 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.
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

define the axis, direction, and extent of the revolve.

axis must be coplanar. Use the revolve manager to
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Fig. 8. Revolve feature

of the part in: a) SolidWorks, b) Catia, c) 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.

a) W swemcn fl Bk mo s Wy b) Dress-Up Features n
Revolved (7] Lofted cut Filt| lnear oo Draft (L3 Intersect Ef::;‘t‘,; G
@ Boundary Cut | - - @ shel [l Mirror J —\‘ @ 0{ @ .@, @
te | MBD Dimensions | soLID| [P Fillet n| MeD | soLipworkscam | sou " = = - v
@ Chomer PHLPRD

c) d) 58 ;.b Decal . @ Chamfer % Thread S Split
i @ @ eDraﬂ: %Paﬂ:ern Feature @ % Q e 7 Import Hol FiII Shell tCombine (B Direct

&1 Unwrap * Delete Face
n Edg Move Del Fillet (F)

o . Adds 3 fill d to the selected ed
Basel Adds tangent blend faces along sharp edges between SN RS B G

:I faces. Press F1 for more help

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.

Mechatronics for Improving

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.

Q)  SweptCut
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1 Edge ChI
tv Blend~
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@

Ty T

Chamfer
Chamfers sharp edges between faces.

Move Del

d) s E_—, Decal . @ Chamfer % Thread S Split I
e -a Import 4 4 [._l Clall Ml i (e Nivns
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i Unwrap i i
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Press F1 for more help

Fig. 10. Chamfer feature of the part in: a) SolidWorks, b) Catia, ¢) 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).

—
Bk i
a) @ W B swept cut ® Bk ro
Extruded  Hole Revolved Fillet Linear
Cut Wizard Cut @ Lotled Lt Pattern e Bratt
= @ Boundary Cut |~ = Q§| Shell
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e I T T
O e ruded cut

_—-;‘ Cuts a solid model by extruding a sketched profile in one
ﬂ C ortwo directions. If the cut affects multiple bodies in
"~ | multibody parts, you can select which bodies to keep in
the Bodies to Keep dialog box.
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Fig. 11. Extrude cut feature of the part in: a) SolidWorks, b) Catia, c) Siemens NX, d) Inventor



Molab Cofinanciado por Mechatronics for Improving
B ol la Unién Europea

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.

a) @ @ 8 sweptcu @ Bt Jlre & wer b)

Hole | Revolved Fillet Linear
" Lofted Cut Draft Interse
Wizard Cut @ Pattern ® ﬁj Sketch-Based Features [ = |
= @ Boundary Cut > > @] Shell H{l Mirror
T

ek dcic X V-1

Hole Wizard nulation | MBD

Inserts customized holes of various types, for example, é
counterbore, countersink, or tap. The type and size of the
hole appears in the FeatureManager design tree.

c : d £ Thread Split Mark =
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J Shell Combi j Direct
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and threaded.

Fig. 12. Hole feature of the part in: a) SolidWorks, b) Catia, ¢) Siemens NX, d) Inventor
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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.

Wrap 'ﬂ U b)
| Reference | Curves
ntersect Geometry
Mirror - -
MBD | | [ Plane EAMTEM
Jzl 7 Axis . %E

;.- Coordinate System
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G Center of Mass
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s w  Selection Shape  Plane :} Point i Circular = B Convert
Senerator 1 T GRS =
<S> ( Draft
7:@,7®§7@ QJE @ @ 8 e % Explore v Work Branc.) form

D4 Datum Plane Trim  Edge Chamfer @ Shell % Creates a construction plane that is attached parametrically to

cj Creates a datum plane used to construct other features, | o :::ed other objects.

Press F1 for more help

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).

a)

b)

d)

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 ® B Jro & war ‘Y b)
ved @ Lof— Fillet Linear e= - .. & . . . Reference Curves

t Swept Cut eometry
Bo| Cuts a solid model by sweeping a closed profilealongan |~ - Sketch-Based Features n

————— open or closed path. A common usageisto createa cut ——————
ABD Dimens 4round 3 cylindrical body. If the cut affects multiple LIDWORKS CAM | @ @ b @ ) @ = @ @

bodies in multibody parts, you can select which bodies @ = t] < 1
to keep in the Bodies to Keep dialog box.

c) d)
@ O w ) Sweep @\ Emboss Bl Decal @) Chamfer =T
mdshel gfc

W4 Loft &) Derive ) Import

Sweep Swept Swept
Al Eridita il piseiion {’s x
weep (Ctrl+Shift+S
Sweep along Guide 3 pi(Cits ) &
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. ‘

Press F1 for more help

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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Fig. 16. Example technical drawing
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Mechatronics for Improving

The first step is to move from the modeling module to the drawing module. In each program,

this step looks similar, Fig. 17.
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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.
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Fig. 18. Choose the format and scale of the sheet in: a) SolidWorks, b) Catia, ¢) Siemens NX, d) Inventor
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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 — a 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. 19). For the purposes of the project, the exercise was carried out in
SolidWorks, but students can choose any program.

a)

b)

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

Fig. 21. Ranges of valve movements
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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.

a)

b)

Fig. 23. Example tools used in this model: a) extruded cut, b) swept cut
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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)

v — flow rate [m/s]

— pressure converted from bar to Pascal

a — width of channel [mm] max 46 mm

Ppasc = ———
100 0000
2+ Ppasc
v = |ZEPase
q
G
a=
v-q-b

(1)

)

3)

Global variables are defined in the "Equations” folder. Right-click on it and select "Manage

Equations” (Fig. 24).
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Fig. 24. Manage equations
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The chosen values and equations for the global variables are presented below and on figure Fig. 25.

variable parameters constant parameters equations
P=2 q=0.90 Ppasc = ("P") /100000
G=3 b =20 v=((2*"Ppasc")/"q")N(1/2)
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Fig. 25. Global variables, dimensions, and equations

Right-click on dimension and select "Link Values" (Fig. 26).
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Fig. 26. Linking a dimension to a global variable
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Select the appropriate global variable from the list (Fig. 27).

Shared Values >
2504177112 :
|v
SVAR: P

SVAR: G
SVAR: a

SVAR: q
SVAR: v
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.

Q)

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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