Theoretical and practical
content for modelling with
inventor and drawing
with Autocad

Alejandro Rodriguez Ortega
Isabel Segui Verdu

Sandra Maria Munera Picazo
Francisco Albert Gil

Nuria Aleixos Borras

APUNTES
UNIVERSITAT POLITECNICA DE VALENCIA



Alejandro Rodriguez Ortega
Isabel Segui Verdu
Sandra Maria Munera Picazo
Francisco Albert Gil
Nuria Aleixos Borras

Theoretical and practical content for
modelling with Inventor and drawing with
Autocad



:UPV
Recursos

Educativos
Abiertos

http://tiny.cc/edUPV_rea

Collection Apunte http://tiny.cc/edUPV_apuntes

Authorship
Alejandro Rodriguez Ortega
Isabel Segui Verdu
Sandra Maria Munera Picazo
Francisco Albert Gil
Nuria Aleixos Borras

Edited by: edUPV, 2025
Ref.: 6713_01_01_01

© of the texts and images: the authors

If the reader detects a mistake in the book or wishes to contact the authors, he can send an email to
edicion@editorial.upv.es

@@@@ Theoretical and practical content for modelling with Inventos and drawing with Autocad / edUPV
BY NC SA

The UPV Publishing House authorizes the reproduction, translation and partial dissemination of this publication for scientific,
educational and research purposes that are not commercial or for profit, provided that the UPV Publishing House, the publication and
the authors are duly identified and recognized. The authorization to reproduce, disseminate or translate the present study, or compile
or create derivative works of the same in any form, for commercial / lucrative or non-profit purposes, must be requested in writing by
edicion@editorial.upv.es



Content

1.

4.

5.

INEFOAUCTION .ottt et sr e b 7

(0] oY1= 4 Y71 ST 7
Contextualisation of the enViroNMENt.........cooiiiiiiiiiii e 7
The importance of spatial ViSiON .......oociiiiiii e 7
Practice with representation SOftWare. ......ccccceiivciiii e e 7
SPECITIC OBJECLIVES oottt e e st e e et e e e eaba e e e eaees 8
Distribution of |ah SESSIONS ....c.eieuiiiiiiieeee e 8
Structure of the DOOK ..o e e 9
(6073 To [T To] o WPV UPPTOURRI 9
SESSION 1: 3D CAD - Environment and handling of Inventor©...............cccuvvueee... 10
Application ENVIFONMENT ..occuiiie et e e e e e rabee e e anes 11
EXERCISE 1 ..ttt sttt et et et sbe e s s e smne e 11
Introduction to Basic ModelliNg.........coocuiiiiiiiiieicee e 14
EXERCISE 2. CYLINDER ....eeitiiiiieiieeite ettt ettt sttt st st st st nneeneee s 14
EXERCISE 3. BOX .iteeteeieeteesit ettt ettt st sttt ettt sbe s be e she e sat e satesatesateeabeeteeneeens 16
EXERCISE 4: SimMPIE PArts ....uueeeeiiieiciiiiie e e ceciitie e s e e eeettte e e e e e e e snreae e e e e s ssnnnraeseeeeeenanns 18
EXERCISE 5. Parts with multiple extrusions........ccccceevciieeiriiieecciee e 19
SESSION 2: CAD 3D - CONSEraints ...ccoovcvviiiiiiiieiiiiiiinicieec e 20
Introduction to Basic Modelling Il.......ooeuiiiiieei i 22
EXERCISE 1. RROMDBUS ..ottt 22
EXERCISE 2. Parallelogram / Rectangle / SQUare.......coceeeeeeeeeeecveeecvee et 26
EXERCISE 3. CONCENTIC PartS.ccciiiiiiiiiiiiiiieeieeee ettt 29
EXERCISE 4. Trapezoid with Symmetry and Equality constraints.........cccceeeveeeenneen. 32
EXERCISE 5. Sketch With TaNgENCY ..ccccuviiiieiiee ettt 35
EXERCISE 6. SESSION SUMMAIY EXEICISE c.vvviriririiirereieeerereerieiereieeeeeeeeeeeaseaeeeesesasaeeeanens 36
SESSION 3: CAD 3D - Auxiliary planes and HOIES ......ccccuvviieeeiiiciciieeee e 41
Introduction to Basic Modelling Il..........uuviiiieii it 42
EXERCISE 1. EXEICISE PIan@s....cccvveeiiiieiiieiiee sttt sttt et 42
EXERCISE 2. V PAPEIrWEIGNT....ceiiiiiiieieiiiee ettt ettt et e e e etre e e sntae e s snree e e 47
EXERCISE 3. Pinball flIPPEIS «evveeeiieee ettt et 47
EXERCISE 4. Part with Rounding and Chamfers........cccceveeciiieiciieec e, 48

@@ Alejandro Rodriguez Ortega; Isabel Segui Verdu; Sandra Maria Munera Picazo; 3
@ Francisco Albert Gil; Nuria Aleixos Borras
BY NC SA

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE

Theoretical and practical content for modelling with Inventor and drawing with Autocad INGENIERIA GRAFICA
6. SESSION 4: CAD 2D — Environment and use of AUtoCADO .........ccccevveevveeriieennnnenn 51
EXERCISE 1 ...ttt ettt ettt ettt ettt et e st e st e e sabe e st e sbeesnteesabeesnbaeennne 53
EXERCISE 2 ...ttt 53
EXERCISE 3 .. oottt ettt s s s me e e s e saneeenee 54
EXERCISE 4 ...ttt ettt sttt st e s e s e e nee 55
7. SESSION 5: CAD 2D - Tangencies, Layers and PDF Printing.......cccccceeeecciiieeeeeeeccnnns 57
EXERCISE 1 ...ttt ettt ettt ettt ettt st st e st e sabe e sabe e sbeesateesabeesnbaeennee 58
EXERCISE 2 ...ttt ettt ettt ettt sttt et s e st e e sabe e sabe e s bt e snteesabeesnbaeennee 60
EXERCISE 3 ..ottt e 62
8. SESSION 6: CAD 2D - Arrays, Splines and Symmetry......cccocccvvveeeeeiivccviieeee e 63
EXERCISE 1 ..ottt ettt ettt s s me e sane e saneesne 64
EXERCISE 2 ...ttt ettt sttt ettt ettt e st sat e st e e s b e s me e e sabeeeneeenee 67
EXERCISE 3 ...ttt ettt sttt ettt ettt st s e e st e st e e sabeesabeesabeesnbeesabeeenbeeennee 68
EXERCISE 4 ...ttt et 70
9. SESSION 7: CAD 3D —ReVIeW XEICISES.....ccoiviiiiiiiiiiiiiiiieiiitce it 72
EXERCISE 1 ...ttt sttt st st e e sane e saneeenee 72
EXERCISE 2 ...ttt ettt ettt et ettt e s e sate e st e e s b e e me e e sabeesaneeenee 74
EXERCISE 3 ..ottt ettt sttt et ettt e st e s e e sab e st e e s b e e meeesabeesnreeeanee 77
10. SESSION 8: CAD 3D - Revolutions and Advanced Sketch Dimensioning.................. 82
EXERCISE 1 .ottt s e 82
EXERCISE 3 ..ottt s e s e 85
EXERCISE 4 ...ttt sttt sttt st s s me e s e s e e ne 87
11.  SESSION 9: CAD 3D - PAtterNS ..eeeeeeeiiieiieeiiee ettt ettt et e e e sane e 89
EXERCISE 1. Exercise on rectangular and circular patterns. ........ccccceeevvieeeiicieeeenen, 89
EXERCISE 2. Circular Patterns EXErCiSe ......cocuierueeriiireriiieiieenieeeieeesiee e e sveesiee e 91
EXERCISE 3 ..ottt s s s e 92
EXERCISE 4 ...ttt sttt st sme e sane e s e e nee 93
EXERCISE 5 ...ttt ettt sttt sttt s s me e sane e saneeenee 95
12. SESSION 10: CAD 2D — Standardized representation of engineering parts ............ 97

EXERCISE 1 Review modification of layers and printing documents (creating files). 98

EXERCISE 2 ..ttt ettt e et e s s s snren e e e e e s 99

Alejandro Rodriguez Ortega; Isabel Segui Verdd; Sandra Maria Munera Picazo; @@@@
Francisco Albert Gil; Nuria Aleixos Borras = e o

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE

INGENIERIA GRAFICA Theoretical and practical content for modelling with Inventor and drawing with Autocad
13. SESSION 11: CAD 2D - Standardised representation of engineering parts Il........ 104
EXERCISE 1 ..ttt ettt ettt ettt ettt ettt et e st e st eesat e e sabeesabeesneeesabeesans 104
EXERCISE 2 ..ottt e 107
EXERCISE 3 ..ottt ettt sttt ettt sttt s e e s e s e snenesmneesans 110

14. SESSION 12: CAD 2D - Standardised Representation of Engineering Parts Ill ...... 113
EXERCISE 1 ..ttt ettt ettt ettt ettt ettt sat e st e e sae e san e e saneesnenesaneesanis 113
EXERCISE 2 ..ttt ettt ettt ettt ettt e s e e s bt e e sat e e sabeesabeesbaeesabeesans 116

15.  Self-assesSMeNnt - RUDIIC ...cueiiiiiiiiiiiiii ettt e 119
16.  Annex |: Other exercises with INVentor © .........c.cccecevieniiniinienieeeeeeeeeeeen 120
EXERCISE 1 ..ttt sttt smn e s e snen e smneesans 120
EXERCISE 2 ..ttt ettt et et sn e sren e smneesans 121

17.  Annex |l: Other exercises with AUtOCADO ..........ccoieieiiieriieeeiieeee e 122
EXERCISE 1 ..ttt ettt ettt ettt ettt ettt e sbt e e sit e e st e s bt e e sateesabeesabeesnaeesabeesans 122
EXERCISE 2. ..ottt e st 124

@@ Alejandro Rodriguez Ortega; Isabel Segui Verdu; Sandra Maria Munera Picazo; 5
@ Francisco Albert Gil; Nuria Aleixos Borras
BY NC SA

Editorial Universitat Politécnica de Valéncia






DEPARTAMENTO DE

INGENIERIA GRAFICA Theoretical and practical content for modelling with Inventor and drawing with Autocad

1. Introduction

Graphical Engineering is a fundamental discipline that trains engineers in various fields, such as
industrial engineering and organisation, chemical engineering, and energy engineering. In this
context, spatial vision, and graphical representation software such as Autodesk AutoCAD®© and
Autodesk Inventor© play a crucial role. This book is designed to provide a deep and practical
understanding of these fundamental elements.

Objectives

The main objective of this book is to train future engineers in the knowledge and use of techniques
and tools that allow the graphical representation and modelling of elements in the engineering
field. This includes studying representation systems, training students to interpret and create
engineering drawings, and using the computer to develop industrial objects and parts. This
comprehensive approach ensures that students acquire fundamental skills for their professional
development.

Contextualisation of the environment

In the modern industrial environment, it is essential to know, understand and manage the
language and techniques of graphic representation to solve various problems and perform design
activities. Knowledge of graphic resources is necessary to transmit ideas and proposals, thus
facilitating technical communication. The widespread implementation of computer-aided design
systems in industry underlines the importance of this knowledge. Therefore, this book
incorporates the learning of 2D drafting and 3D modelling tools, preparing students to face
challenges in the professional field.

The importance of spatial vision

Spatial vision is a cognitive ability that allows us to understand and manipulate objects in three
dimensions. This ability is essential as it facilitates the interpretation and creation of three-
dimensional planes and models, improving accuracy and efficiency in product design and
manufacturing. Spatial vision allows us to visualise complex components and assemblies and is
essential for problem-solving and design innovation.

In engineering, spatial vision is developed through constant practice and advanced graphical
tools. Modelling and technical drawing exercises help students improve this skill, preparing them
for the future. In addition, visualising in 3D is indispensable for understanding how distinct parts
of a system interact, which is essential for process engineering and the optimisation of complex
systems.

Practice with representation software

Using graphical representation software is an integral part of Engineering Graphics training. These
programs allow students to create accurate and detailed models of components and systems,
facilitating understanding and analysis of complex designs. Among the most widely used programs
in this field are Autodesk AutoCAD®© and Autodesk Inventor©, each with specific features and
applications that complement student learning.
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AutoCADO is a computer-aided design (CAD) program developed by Autodesk©, renowned
for its versatility in creating 2D and 3D technical drawings. Its intuitive interface and editing
features make it essential for engineers, allowing them to draw and modify draws and better
understand the geometry of objects.

Inventor©, also developed by Autodesk©, focuses on 3D modelling for product design,
rendering, and simulation. It is ideal for creating complex three-dimensional models, visualising,
and analysing designs, and performing digital prototypes and virtual testing, reducing time and
costs in product development.

2. Specific Objectives

This book aims to provide students with a comprehensive, direct learning experience using
AutoCAD®O and Inventor©. Through a series of exercises and projects, students will develop the
skills necessary to tackle design challenges in the professional field.

Specific objectives of the book include:
1. Develop spatial vision: Through 3D part modelling exercises, students will improve their
ability to visualise and manipulate objects in three dimensions.

2. Become familiar with Autodesk AutoCAD®©: Students will learn to use basic and advanced
AutoCADO features to create and edit technical drawings.

3. Master Autodesk Inventor©: Students will learn to use Inventor© to design complex
products and systems through modelling and simulation practices.

4. Integrate graphic knowledge: The exercises are designed to integrate knowledge of
geometry, mathematics, and physics with graphic skills, providing a comprehensive
understanding of engineering design.

5. Prepare for the professional environment: By doing the exercises, students will be better
prepared to use CAD tools in their future careers, applying the knowledge acquired in real
projects.

Distribution of lab sessions

3D CAD sessions are performed using Inventor©, and 2D CAD sessions using AutoCAD®©. This
structure allows students to familiarise themselves with each tool before deep into their advanced
capabilities and applying them in integrative projects.

The lab sessions are distributed as follows:

e Lab session 1: 3D CAD - Environment and handling of Inventor©
e Lab session 2: 3D CAD - Constraints

e Lab session 3: 3D CAD - Auxiliary planes and holes

e Lab session 4: 2D CAD - Environment and handling of AutoCAD©
e Lab session 5: 2D CAD - Tangencies, layers, and PDF printing

e Lab session 6: 2D CAD - Matrices, splines, and symmetry

e Lab session 7: 3D CAD - Review exercises

e Lab session 8: 3D CAD - Revolutions and advanced dimensioning of sketches
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e Lab session 9: 2D CAD - Patterns
e Lab session 10: 2D CAD - Standardized representation of engineering parts
e Lab session 11: 2D CAD - Standardized representation of engineering parts Il

e Lab session 12: 2D CAD - Standardized representation of engineering parts lll

Structure of the book

The book is divided into sections focusing on graphic design and CAD software use. Below is an
overview of the sections:

1. Autodesk Inventor© Practices: This section focuses on parametric modelling. Students will
learn to create 3-dimensional parts using sketches, constraints, dimensioning, extrusions,
holes, symmetry, patterns, and revolutions.

2. Autodesk AutoCAD®© Practices: The exercises in this section are designed to familiarise
students with AutoCAD®© features. They primarily include 2D drawing tasks, printing plans,
and setting up title blocks for printing to PDF.

3. Self-Assessment and Reflection: The last section of the book focuses on self-assessment of
the exercises completed, which allows students to reflect on the knowledge they have
acquired.

Conclusion

Engineering Graphics is a fundamental competency for engineers of all disciplines. This practical
book is designed to help students develop skills in spatial vision and use 2D and 3D CAD software,
preparing them to face the professional world. Upon completing this course, students will have
acquired technical knowledge and will have improved their visual space. They will be able to solve
complex problems and work efficiently with advanced computer-aided design tools.
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3. SESSION 1: 3D CAD- Environment and handling of Inventor©

In this first lab session of the 3D modelling course, we will focus on the fundamental aspects of
working in a three-dimensional environment. Next, we will explore the following topics:

1. Application environment

o

o

New file (.ipt): we will learn how to create a new 3D model file in the correct format.

Ribbons: we will practise using the ribbon tools, focusing on the 3D Modelling and Sketch
sections.

Display Menu: we will use the display menu to adjust and optimise the display of the
model.

2. Introduction to Basic Modelling I: we will learn the essential elements to create the first
sketches and parts.

o

o

Simple Sketches: we will start with the creation of basic flat sketches that will serve as a
basis for our models.

Simple Shapes: we will develop skills to create and manipulate simple geometric shapes.
Orientation in space: we will navigate within three-dimensional space.

Basic extrusions: we will apply extrusion techniques to generate 3D geometry from flat
sketches, adding depth and details to our models and applying both positive and
negative (or cutting) extrusions.

Multiple extrusions: we will experiment with multiple extrusions to build more complex
shapes.

Redefine the sketch plane: we will move the parts to other work planes.

This session will provide the foundations for effective and accurate 3D modelling.

10
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Application environment
EXERCISE 1

Step 1. Select from the NEW FILE menu: template, graphics window, movement tools, model tree
(sequence of modelling operations), source elements (planes, axes, and centre).

n Create New File

W

| Templates
> [ en-US
> . es-ES

Step 2. View the different planes.

Model X <+ Q=

i part1

+ EI Model States: [Primary]
+ -[_T- View: [Primary]
- E? Origin

.'—.l‘r'z Plane
.'_J)EZ Plane
.'_J)(‘r' Plane

- A

- Loy s

- Iz axis

=~ Center Paint
- €3 End of Part

Francisco Albert Gil; Nuria Aleixos Borras

¥ Part - Create 2D and 30 objects

Sheet | Standard.ipt
Metal.ipt
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1 I/;-'_'l..l

Step 3. View the different MODELLING OPERATIONS: solid modelling creation and modification
operations.

m 3D Model  Sketch  Annotate  Inspect  Tools  Manag

1:_: ‘[ ﬁ@ %1 Sweep _‘Qﬂl Emboss E_.'I Decal |
: Loft g Derive 7 Import
Start Extrude Revolve @ “ 9 >
2D Sketch = Coil [k Rib ¥ Unwrap
Sketch Create

a=z32

%@i[ﬁ*ﬂ

- @‘Q'I
Modify

j J -2 A
m

Plane Tl
~ 14 ao

Work Features  Pattern

Francisco Albert Gil; Nuria Aleixos Borras
Editorial Universitat Politécnica de Valéncia
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Step 4. Select the SKETCH MODE menu: 2D drawing operations for creating profiles (flat shapes).

3D Model  Sketch  Annotate  Inspect  Tools M

I:-" / O f (" Fillet ~
—F A Text -
Start Line  Circle  Arc  Rectangle

2D Sketch ™ 7 v v v -+~ Point
Sketch Create =

%’ "I-b Move '{ Trirmn E Scale I o Rectangular

Project
Geometry G Rotate —|- Split (= Offset A\ Mirror

Madify Pattern

oy Copy | Extend D_,l Stretch 58 Circular

|<—>‘ (W | ' @ E B Image > V
i I = <] Point 1) S
Dimension [ " 7 X ﬂ' E:' et :: ' Finish
< O S [ "W ACAD 5 Show Format o

Constrain - Insert Format -

Step 5. Select View Menu.
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Introduction to Basic Modelling
EXERCISE 2. CYLINDER
Step 1. Centre at any point.

Learning objectives:

Q e To navigate in space

e Understand how modelling applications work
e Handling sketches and space management

\J e Creating simple shapes

Step 2. Centred on source planes. e Coincidence of the centre of

o I the circle with the centre of
( the origin:

\\J |

Step 3. With diameter dimension (add it to the sketch already created).

g

N

K
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Step 4. Modify the extrusion feature to be symmetrical on both sides.

Step 5. Redefine the sketch plane (allows you to choose another sketch plane without having to
draw it again).
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EXERCISE 3. BOX
Step 1. Vertex at any point.

Learning objectives:

e To navigate in space

e Understand how modelling applications
work

e Handling sketches and space management

e Creating simple shapes

Step 2. Vertex at Origin. . . .
e Projection of planes in construction

\ mode
=
5

> Project h
Geometry

e Line collinearity constraint

— v

Step 3. Centred on the planes of origin (centre of two points).

<

e Drawing the rectangle in the
sketch with the option:

| Rectangle
= Two Point Center

16 Alejandro Rodriguez Ortega; Isabel Segui Verdu; Sandra Maria Munera Picazo;
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Step 4. Modify the extrusion feature to be symmetrical on both sides.

Step 5. A dimension for each side (add to the sketch).

Step 6. A dimension for one side only and equality constraint.
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Step 7. Create a sketch (circle) on the top face and perform a negative Extrusion (BLIND and
THROUGH).

Properties %+

Extrusion > Sketchd 0e

v Input Geometry

Profiles k [ 1 Profile <]
From k 7 1 Sketch Plane i
v Behavior

Direction Fa /) ..)

Distance A 10 mm F L S
¥ Qutput

Boolean B \E\ = it

» Advanced Properties

| OK Cancel +

EXERCISE 4: Simple Parts

Step 1. Model the following parts as simple extrusions and use the constraints. Redefine the sketch
planes of the three parts once they have been created.

e : ,/ N

- / / ~~
P A 7 .
- - - ~
- - = - ~
< P ~ ~
, ~ ~ .
N e N - .
// A - ,/ ™~
|~ S ~ N
/ ~ -
P ,/ - -
i ,./ s /
~ - 7 e
~ / W
N ~ /
~ P
N e
N ’/
™ N e
N _ -
. - e
- -
- .
. s N ~
™~ / N ~

/
/

/
\

\

/
\

\
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EXERCISE 5. Parts with multiple extrusions

Step 1. Model the following parts with multiple positive and negative extrusions.

S
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4, SESSION 2: CAD 3D- Constraints

In this session, we will study fundamental concepts of basic modelling. We will look at the
following topics:

1. Introduction to Basic Modelling II:

o Simple Sketches: we will create basic sketches to become familiar with the drawing and
editing tools in the 3D environment.

o Geometric constraints: we will apply geometric constraints to define the relationships
and behaviours between the sketch entities, ensuring that they maintain their desired
shape and position.

¥ © &

v X =

I —

O [ =
o Symmetry and tangency constraints: the symmetry constraint ensures that two
geometric entities (lines or arcs) are symmetrical around a centre line. In addition, the

tangency constraint ensures that two entities, such as a circle and a line, touch at a single
point without crossing each other.

e}

o Dimensional constraints (Dimensions): We will use parametric dimensions to control
the size and position of elements in the sketch, allowing for exact precision and
adjustment of dimensions.

These concepts are essential for developing accurate and functional 3D models.
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SUMMARY
SKETCH MODE
Constraints Dimensions Projections Lines in sketches
— Equality dimension
e Lineal e Projection of axes | ® Construction
,;_, Parallel and planes Centreline - - - - -
e Aligned
Perpendicular o Geometry
X e Angle projection -
| Point-point / line-
*— point coincidence 4 e Axislines . . . _
=
# Straight-straight Project
[ e - h
matching eometry L
57 Horizontal Dimension
ﬂ] Vertical

F8: activates the display of geometric constraints of the sketch
F9: deactivates its display

-

o} Piezal ¥
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Introduction to Basic Modelling I

Modify QuadrilaterallrregularA.ipt and QuadrilaterallrregularB.ipt to obtain the desired geometry
in Exercise 1, Exercise 2, and Exercise 4, respectively.

EXERCISE 1. Rhombus
Step 1. Open the file QuadrilaterallrregularA.ipt

http://tiny.cc/0138 CI_A

Step 2. Irregular Quadrilateral drawn with the Line tool.
Step 3. Draw the diagonals with the line tool and convert them to construction centrelines.

—
e
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Step 4. Use the constraint of coincidence of the two diagonals about the origin (point-line).

Step 5. Apply to a diagonal the vertical constraint.

al

Step 6. Apply the perpendicular constraint to the two diagonals.

X
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Step 7. Dimensioning the length of one side with an aligned dimension.

[~

150,

Aligned
Vertical |
Horizontal

+ Edit Dimension D | men Si on

Step 8. Equality constraint applied to 3 sides (the other side will automatically also be equal)
(RHOMBUS).
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Step 9. Angle dimension: the rhombus is fully constrained.

Modify the dimensions and check that the rhombus is perfectly parameterised (defined).

Step 10. Change the side length dimension to the diagonal length.

70,00

200
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EXERCISE 2. Parallelogram / Rectangle / Square
Step 1. Open the file QuadrilaterolrregularB.ipt

Step 2. Draw a diagonal with the Line tool and convert it to a construction centreline.
Step 3. Constraint of coincidence of the midpoint of the diagonal with the origin (point-point).

ﬁ
-
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Step 4. Parallelism constraint of 2 opposite sides.

Step 5. Parallelism constraint of the other pair of opposite sides (PARALLELOGRAM).

Step 6. Horizontal constraint applied to one side.
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Step 7. Dimension of the parallelogram: 1 angle and two non-parallel sides (or vice versa). The
parallelogram is constrained.

Modify the dimensions and check that the parallelogram is perfectly parameterised.

Step 8. Change the angle dimension to a perpendicular constraint (RECTANGLE). The rectangle
remains fully constrained.

Modify the dimensions and check that the rectangle is perfectly parameterised (defined).

Step 9. Change a side dimension to an equality constraint (SQUARE). The square is still fully
constrained.

Modify the dimension and check that the square is perfectly parameterised.
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EXERCISE 3. Concentric Parts . ..
Learning objectives:

e To understand the operation
of geometric constraints in the
sketch.

e To deal with the dimensional
restrictions in the sketch
(dimensions).

e Tolearn how to modify the
dimensions of models.

Step 1. We will draw two concentric circles.
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Step 3. We will trim the excess with {
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Step 4. Try moving the remaining arc entities to see how the sketch deforms or varies (press F8 to
display all sketch constraints and F9 to hide).

Step 5. Apply the horizontality constraint of the centre point with the lower right side (in red)
with —

&l
—i}

@@ Alejandro Rodriguez Ortega; Isabel Segui Verdu; Sandra Maria Munera Picazo; 31
@ Francisco Albert Gil; Nuria Aleixos Borras
BY NC SA

Editorial Universitat Politécnica de Valéncia



IlEI'AII'I'ﬂ’MEH'I"Il DE
Theoretical and practical content for modelling with Inventor and drawing with Autocad INGENIERIA GRAFICA

Step 6. Now check how it is deformed.

EXERCISE 4. Trapezoid with Symmetry and Equality constraints
Step 1. Open the File QuadrilaterallrregularC.ipt and convert the sketch to an isosceles triangle.

http://tiny.cc/0138 CI _C

Step 2. Apply a constraint of coincidence of the midpoint of the lower side with the origin (point-
to-point).

S
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Step 3. Apply a horizontal constraint to the bottom side.

Step 4. Apply a parallelism constraint between the top and bottom sides.

Z

4

Step 5. Project the Z-axis and convert it from the projected line to the construction axis.

|
|
i
i
i
i
i
1
\
i
i
i
i
i
o
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Step 6. Apply Symmetry constraint (mirror) of the lateral sides in relation to the central axis
(ISOSSCEL TRAPECIUM).

Step 7. Dimension of the isosceles trapezium: 1 angle, the base, and the height. The isosceles
trapezium is completely constrained in this way.

Step 8. Modify the dimensions and check that the isosceles trapezium is perfectly parameterised
(defined).

80,00

200 !

34 Alejandro Rodriguez Ortega; Isabel Segui Verdd; Sandra Maria Munera Picazo; @@@@
Francisco Albert Gil; Nuria Aleixos Borras = e o

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE
INGENIERIA GRAFICA

Theoretical and practical content for modelling with Inventor and drawing with Autocad

EXERCISE 5. Sketch with Tangency

Step 1. Create the following dimensioned sketch by applying tangency constraints.

Step 2. Apply the rest of the restrictions that are necessary so that the sketch is completely

constrained.

Step 3. Create a 25mm symmetrical extrusion.

Model Properties X 4 =
Extrusion » Sketch2 (]

¥ Input Geometry

Profiles & 1 Profile

From k 7 1sketchPla. [
¥ Behavior

Direction & { 4)
Distance A 25 L
¥ Qutput

Body Name Solid1

v Advanced Properties

Taper A 0,00 deg Z
iMate
| oK Cancel =+
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EXERCISE 6. Session summary exercise

Make the following part using extrusions and the corresponding restrictions.

Step 1. EXTRUSION. Sketch placed on the horizontal plane. Place the centre of the arc at the centre
of the planes of origin.
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Step 2. EXTRUSION. The sketch is located on the upper face (the diameter is not re-dimensioned,
but matching constraints are used).

(o

~
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Step 3. CUTTING EXTRUSION. The sketch is located at the upper base of the cylindrical part. Sketch
with circumference with centre coincident (concentric) with the upper base of the cylinder.
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Step 4. CUTTING EXTRUSION. The sketch is located on the upper face of the base. Sketch with
circumference with centre on the symmetry axis (command mirror in Inventor).
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Step 5. Modify the dimensions in two ways:

From sketch mode: "Edit sketch"

5 L!T Extrusionl

@ Endof ;-,T Repeat Extrude
I Copy
I} EditSketch
Redefine
1= share Sketch
Properties. ..
Edit Coordinate System
Measure
Make Part
Make Components
Create Mote
Export Sketch As...

5 L i

Visibility

Show Input
Relationships. ..
Ro, Find in Windaw

How To. ..

From the model tree: Select an operation and "Show dimensions" and "Refresh" the tree with
(|

n L‘m——'/;:] Repeat Extrude
Sket

) End of | R, 30 Grips
A® Move Feature

T copy
Delete
Show Dimensions

I} Edit Sketch

{3 Edit Feature
Infer iMates

el Measure
Create Note
Suppress Features
Adaptive
Relationships...

Expand All Children i @ - Q- @
Collapze All Children

i, Find in Window | j Local Update

Properties

How To. .. Global Update

- T m
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5. SESSION 3: CAD 3D- Auxiliary planes and Holes

In this practical session, we will start using working planes and axes necessary to define the
geometric references in 3D modelling.

B

<% Peint -
Plane
v 1s, ucs

Work Features
I—I__I Plane / DAxis
m| | Offzet from Plane X
On Line or Edge
m|-| Parallel to Plane through Point
ﬁ Parallel to Line through Point
7

ﬂ} Midplane between Two Planes

W
[}

Midplane of Torus L/]\ Through Two Points

L‘ﬁ Angle to Plane around Edge %_' Intersection of Twe Planes

'_—J Three Points m—- Mormal to Plane through Point

L ) Two Coplanar Edges

T

;:jThrough Center of Circular or Elliptical Edge

| e
Tz t to Surface th h Ed
éq/ Fngent to urtace frough =ege n/ D hrough Revolved Face or Feature

é-JTangent to Surface through Point
L

A= |
| | Tangent to Surface and Parallel to Plane

'y

-“‘x Mormal to Curve at Point

Mormal to Axis through Point

We will then look at the creation of holes, including how to create them based on points and
concentricity constraints, which ensure perfect alignment in cylindrical components. We will learn to
implement them using sketches with points for accurate placement.

Properties X +

Hole > Sketch2

LT

© Last Used +

¥ Input Geometry

Positions X -~ 1posiion  © ‘T‘
v Type
Hoe L U]
o o=
v Threads
Type 150 Metric profile
Size 2
Designation M2x0.4
Class 6H
Direction D @
Full Depth o
¥ Behavior
Termination i '17' 4
Direction Al
| 4mm
’ ] —2mm

¥ Advanced Properties

oK Cancel +
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We will then explore rounding and chamfering. They are basic industrial techniques for softening
edges and corners.

Properties X +

T

Filet

‘*%‘ Chamfer partial
¥ Selection Sets =
v Distance
Constant Radius Edge Sets +| " L3 Edges s »
¥ Select Edges 2 mm o) - [B Face Angle
5 45 deg >
v Advanced Properties ‘ /b‘ — —
= ige Chain etbad
Roll Along Sharp Edges
9 9 Dy @ N
Rolling Ball Where Possible
2
Automatic Edge Chain & TR
Preserve All Features &
L]
Cancel = @ Canoel

Finally, we will recall the importance of symmetries in design, which help to maintain consistency
by applying changes uniformly across a symmetrical plane (command mirror in Inventor).

i

Introduction to Basic Modelling I

EXERCISE 1. Exercise Planes Learning objectives

Step 1. Create the following sketch. e Understand and learn to use the working
operations: Planes and Axes

e Create symmetrical copy operations

e Fully constrain a sketch
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Step 2. Create the following planes.

Duetoa
Plan‘e phase
passing shift from
through two another
coplanar
plane
edges
N,
Plane
passing Plane
through an passing
edge and through
with an
three
angle on points
another
plane
Middle
plane
PILane h between
throug fWo
point planes
(created in
the model)
and
parallel to
plane
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Step 3. Create the top fin in the vertical mid-plane and then a negative extrusion of a circle sketch
that goes through the whole part, only two walls and one wall.

Step 4. Create an axis coaxial to the cut made (left) and an axis passing through two points (right).
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Step 5. Create a lateral tab (lug) on a plane inclined 30° above the upper plane and a concentric
straight-through hole of the dimensions shown.
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Step 6. Finally, the symmetry of both operations, the ear (extrusion) and the hole are made on the
median plane of the part.
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EXERCISE 2. V paperweight

Play with the restrictions: apply, eliminate, modify... so that the V is centred on a medium plane,
resting on the ground, the thicknesses of its sides and the side resting on the ground are equal
(the opening angle must be 459).

Equal wall thickness.

Place the V

symmetrically on both
sides of the vertical
plane (median plane).

NOTE: as a geometric constraint

cannot be applied to a
dimension/quotation, a vertical
construction centreline will be
created on the floor wall from

Rounding on
this edge and
its symmetric.

Chamfer on
this edge and
its symmetric.

midpoint to midpoint. And two
others perpendicular to the walls
of the V to be able to apply -

Support the V on
“— @@ |
the ground plane

(TOP).

EXERCISE 3. Pinball flippers

Create different restrictions: apply, delete, modify... Redefine the plane of the sketch: make the
plane vertical instead of horizontal (without redrawing the sketch). Create a concentric hole in the
thickest area to anchor it and make it pivot.

Once modelled,
REDEFINE the
sketch plane.

Create a straight and through
concentric HOLE.

NOTE: practice with creating
other types of holes (with

cylindrical seat, countersunk
seat, threaded hole, through
hole, blind hole, etc.).
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Examples of the distinct types of holes are shown below:

EXERCISE 4. Part with Rounding and Chamfers

Model the following part to meet the following, using the corresponding geometric constraints:
1) Supported in the horizontal plane.
2) Centred in a vertical plane.

3) The upper groove must be centred so that when the dimensioning is changed, the result
maintains the symmetry of the part (mirror).

4) Create a straight-through cylindrical hole in the centre of the inclined face using a sketch
with dots.

5) Pour the part from the sides using an "offset" from the sketch of the first extrusion.

6) Finally, ROUND the upper edges of the part that are perpendicular to the back face.

Create a straight
through HOLE in the
centre of the face and
on the middle plane.
NOTE: create a sketch
with a point at this

Create a negative
EXTRUSION with a sketch
to be drawn using the
OFFSET command

NOTE: the offset
dimension shall be 3 mm.

position.
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Steps 1,2 and 3

Step 5. Modify the height of the groove to 1 mm beforehand and sketch using the OFFSET.
Mode 1: Take a side face of the part as a sketch plane.
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Mode 2: Take the sketch plane as the central origin plane (the middle plane of the part). To do this, we
suppress the last extrusion or move the end of the part up in the model tree:

+[@]Hole1

Step 6. Implement a rounding.

Step 7. Change rounding to chamfering (1 mm x 459).
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6. SESSION 4: CAD 2D — Environment and use of AutoCAD©

This session is designed to provide a basic understanding of the fundamental functions of
AutoCAD®©. We will start studying the program through the various tools it offers us: the drawing
area, the command line and the status bar with its tabs and activation buttons.

During this session, we will address the following topics:
1. Environment of AutoCAD©
o Main tools
o Drawing area
o Command line
o Status bar

2. Zoom and framing: we will learn how to adjust our view to work accurately at different
scales.

3. Layers: we will discover how to organise and manage our layers to define line types,
thicknesses, etc.

4. Drawing: we will practice creating lines and circles, which are fundamental for any
geometric design.

5. Selection and Editing Tools: we will use these tools to define and optimise our drawings

o Delete: this tool allows us to remove selected objects from the drawing. It is essential to
correct errors and clean the workspace of unnecessary elements. You cannot have non-
useful elements in the drawings you deliver.

o Trim: with this function, you can cut parts of the objects that exceed a defined limit.
o Extend: allows you to stretch objects to the specified limits.

o Offset: this function creates a parallel copy at a specified distance from the original
object. It is a useful tool for the parts we will work with.

o Fillet: with this tool, you can join two objects with a defined radius arc.

6. Geometric transformations
o Rotate: allows you to rotate objects around a specified base point.

o Move: this function moves the selected objects to a new location within the drawing
space.

o Copy: allows you to duplicate objects and place them in a new position. Multiple copies
can be made.
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7. Drawing aids

o Ortho mode: this mode restricts cursor movement to right angles (0, 90, 180, 270
degrees), facilitating the creation of precise orthogonal drawings. It is a tool to be used
so that they are perfectly aligned when representing different views.

o References (CTRL + Right-click): these references allow you to adjust the cursor to
specific points, such as endpoints, tangents, perpendiculars, midpoints, centres, etc.

8. PDF printing: we will see how to prepare and print our projects professionally.

To reinforce these concepts, we will perform some practical exercises that will include:
e Line and angle figures to practice precision.

e Figures with tangents, offsets, auxiliary lines, etc.

This session will provide a solid foundation for future AutoCAD© exercises.
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EXERCISE 1

Draw the following graphic representation: the first three digits of your ID or Passport.

I 0Dl o oanagndg

[ID:IQEU 1 LA

T T 000 g b

LN [N

EXERCISE 2
Create the following layers and render the following image considering the thickness of the lines.
NAME LINE TYPE THICKNESS COLOR
BASIC 1 CONTINUOUS 0,50
BASIC 2 CONTINUOUS 0,70 AUTOMATIC (BLACK/WHITE)
BASIC 3 CONTINUOUS 0,18 RED

20

=
s

Init
" 60 | !
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EXERCISE 3

Draw the geometric shape represented in the figure, considering the layers defined below. The
inner figure is out of phase with the outer one by 15 units.

NAME LINE TYPE THICKNESS COLOR
BASIC 1 CONTINUOUS 0,50
BASIC 2 CONTINUOUS 0,70 AUTOMATIC (BLACK/WHITE)
BASIC 3 CONTINUOUS 0,18 RED
65

50

174

5 67
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EXERCISE 4

The layers you will have to use for the graphic representation are.

Draw the geometric shape represented in the figure without delimiting it. Prepare this figure and
try to print it in PDF. In the following session, printing will be done directly using this exercise.

NAME LINE TYPE THICKNESS COLOR USE
AXES CONTINUOUS 0,18 RED Axes, circumf. of construction, plan traces
DIMENSIONS | CONTINUOUS 0,18 BLUE Dimensioning elements
VIEWS CONTINUOUS 0,50 BLACK Edges and contours: thickening of cutting
planes
AUXILIARY CONTINUOUS 0,18 MAGENTA Auxiliary lines and curves
GRAPHIC L
WINDOW CONTINUOUS 0,18 MAGENTA Graphic window
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7. SESSION 5: CAD 2D- Tangencies, Layers and PDF Printing

In this session, we will learn some fundamental aspects of AutoCAD®© that will help you to improve
your drawing and printer skills. The following are the contents we will study:

1.

Drawing: review of tangencies

We will begin with a thorough review of tangencies. Tangencies are essential for creating
smooth and precise connections between curves and straight lines. We will learn how to:

e Draw tangent lines to circles and arcs.

¢ Use commands to create tangents between multiple elements.

Drawing Aids Review
We will review two essential tools that facilitate precision in drawing:

e Ortho mode: this mode restricts cursor movement to angles of 02, 902, 1802, and 2709,
allowing precise vertical and horizontal strokes.

o References (CTRL + Right Button): we will use the references to adjust the cursor to
specific points, such as ends, means and centres of objects.
Layers: review

In this section, we will focus on layer management, which is crucial for organising drawings and
specifying line thicknesses, line types, etc.:

o Definition of TLScale and ISO dashed lines: we will learn how to define and apply line-
type scales and understand the use of dashed lines in ISO standards.

¢ Importance of correct axis definition: we will see why it is vital to define axes correctly.

e Layer organisation: we will review how to organise elements using layers, assigning them
specific properties such as colours, line types and thicknesses.

4. PDF printing review

Finally, we will review the PDF printing process, ensuring that our documents print correctly:

e Graphic window: we will explore the print window settings, selecting the appropriate
areas to print and adjusting the parameters for optimal results.
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EXERCISE 1

Open the exercise you have prepared at home from the previous session, modify the line type of
the “AXES” layer and set the linotype scale (ESCALATL) to 0.3.

NAME LINE TYPE THICKNESS COLOR USE
AXES SO 10W100 0,18 RED Axes, circumf. of construction, plan
traces
DIMENSIONS CONTINUOUS 0,18 BLUE Dimensioning elements
VIEWS CONTINUOUS 0,50 BLACK Edges and con.tours: thickening of
cutting planes
AUXILIARY CONTINUOUS 0,18 MAGENTA Auxiliary lines and curves
GRAPHIC L
WINDOW CONTINUOUS 0,18 MAGENTA Graphic window

With PDF printing, you must generate the graphic representation, including the updated date in
the box, your name, and the scale of representation.
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EXERCISE 2
Draw the geometric shape represented in the figure using appropriately each layer in the different
lines.
NAME LINE TYPE THICKNESS COLOR USE
AXES IS0 10W100 0,18 RED Axes, circumf. of construction,
plan traces
DIMENSIONS CONTINUOUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLack | Fdges and contours: thickening
of cutting planes
GRAPHIC Auxiliary lines and curves.
WINDOW CONTINUOUS 0,18 MAGENTA Graphic window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date

in the box, your name, and the scale of representation.
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EXERCISE 3
Draw the geometric shape represented in the figure using appropriately each layer in the different
lines:
NAME LINE TYPE THICKNESS COLOR USE
AXES 1SO 10W100 0,18 RED Axes, circumf. of construction plan
traces
DIMENSIONS CONTINUOUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLACK Edges and contours
GRAPHIC Auxiliary lines and curves. Graphic
WINDOW CONTINUOUS 0,18 MAGENTA window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date
in the box, your name, and the scale of representation.
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8. SESSION 6: CAD 2D- Arrays, Splines and Symmetry

This session explores advanced AutoCAD®© techniques, ranging from spline curves to geometric
transformations and matrices.

During this session, we will address the following topics:

1.

Drawing: Spline Curve
o Creating Spline curves

o Hatching areas with Spline

. References (activation button)

o Using references to improve drawing accuracy

o Activation of buttons and tools for shortcuts

Geometric transformations

o Symmetry: apply symmetry to duplicate and mirror objects

o Scaling: adjusting the size of objects while maintaining their proportions or modifying
them as necessary

Matrix

o Rectangular: create arrays of objects in rows and columns

o Polar: arrange objects around a midway point in a circular shape
Editing
o Grip: use grips to modify selected objects quickly

o Decompose: break composite objects into their components for detailed editing
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EXERCISE 1

Draw the geometric shape “monitor” represented in the figure. Create a second copy of the
monitor with the “copy” command and move it away with the “Move” command. In addition, you
must make use of the following layers:

NAME LINETYPE [THICKNESS| COLOR USE
AXES ISO 10W100 0,18 RED Axes, circumf. of construction plan traces
DIMENSIONS| CONTINUOUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLACK Edges and contours
GRAPHIC .. . L
WINDOW CONTINUOUS 0,18 MAGENTA | Auxiliary lines and curves. Graphic window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date
in the box, your name, and the scale of representation.
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Step 1. Create a rectangular matrix of five columns and four rows from the “monitor” element you

created.

—

—

—

—

—

Step 2. Using the second monitor, create a circle and a polar matrix around the centre of the circle
of the “monitor” element you made at the beginning.

Remember the viewing angle of the objects that you will have to modify so they can be
displayed as follows.

[ ]

f—
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Step 3. Use the decompose tool (Explode) to see how a single “monitor” from the previous step
can be removed.

Step 4. Make a Spline that joins the centres of the different monitors.

Step 5. Make an ANSI 31 shading inside two of the monitor screens.
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EXERCISE 2

Draw the geometric shape represented in the figure using appropriately each layer in the different
lines:

NAME LINE TYPE THICKNESS| COLOR USE
AXES IS0 10W100 0,18 RED Axes, circumf. of construction plan
traces
DIMENSIONS CONTINUOUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLACK Edges and contours
GRAPHIC Auxiliary lines and curves. Graphic
WINDOW CONTINUOUS 0,18 MAGENTA window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date
in the box, your name, and the scale of representation.
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EXERCISE 3

Draw the geometric shape represented in the figure using the matrix and symmetry commands
correctly. In addition, you must make use of the following layers:

NAME LINE TYPE THICKNESS COLOR USE
AXES 1SO 10W100 0,18 RED Axes, circumf. of construction plan
traces
DIMENSIONS CONTINUOQUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLACK Edges and contours
GRAPHIC Auxiliary lines and curves. Graphic
WINDOW CONTINUOUS 0,18 MAGENTA window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date
in the box, your name, and the scale of representation.

The central element that organises this shape is a half-regular polygon.
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EXERCISE 4

Draw the geometric shape represented in the figure using the matrix and symmetry commands
correctly. In addition, you must make use of the following layers:

NAME LINE TYPE THICKNESS COLOR USE
AXES ISO 10W100 0,18 RED Axes, circumf. of construction plan traces
DIMENSIONS| CONTINUOUS 0,18 BLUE
VIEWS CONTINUOUS 0,50 BLACK Edges and contours
GRAPHIC - . L
WINDOW CONTINUOUS 0,18 MAGENTA | Auxiliary lines and curves. Graphic window

Line type scale 0.3

With PDF printing, you must generate the graphic representation, including the updated date

in the box, your name, and the scale of representation.

CLARIFICATIONS

e Non-dimensioned rounding radius are 2.5 mm

e Non-dimensioned hole diameters are 5 mm

70
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9. SESSION 7: CAD 3D —Review exercises

In this session, we will review the exercises we have learnt in previous sessions in Autodesk
Inventor®©.

EXERCISE 1

Step 1. Symmetrical extrusion. Sketch placed on the frontal plane.

)

Y
&,
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Step 2. Through hole. Sketch with a point located on the symmetry axis of the upper face of the
base.

Step 3. Chamfers. No sketch is required.
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EXERCISE 2

Model the following part so that it meets the next, using the corresponding geometric constraints:

1) Supported in the horizontal plane.
2) Centred in a vertical plane.

3) The side walls must maintain the exact dimensions and be centred so that when the
dimensioning is modified, the result retains the symmetry of the part (mirror).

4) With straight-through holes in the vertical walls and centred holes with countersunk and
tapped holes in the base.

5) With roundings and chamfers where indicated.

/A\

Step 1. Create a sketch in a vertical plane and draw the sketch, which will then be extruded on
both sides by 10 mm. The final part should look as shown above.

A
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Step 2. Create a sketch on the front or rear face and draw the sketch that will be extruded through.
Make sure the symmetry is maintained when modifying the 6 mm dimension.

Step 3. Create a sketch on the side face of any wall and place a point 3.5 mm from the references
(edges) indicated. Then make a straight through HOLE.
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Step 4. Create a sketch on the upper base with two points located on the middle plane at 2 mm
from the ends of the part. Then, make a HOLE with a conical countersunk seat and ISO M2 metric

thread.
3 mm
90 gr

_T—
4,000mm * =

- 00—

@ &y

Step 5. Create the roundings (R=2 mm) and chamfers (1 mm x 452) on the indicated edges. Observe
the part using different display modes.
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EXERCISE 3

Model the following part.

Note: the @15 mm hole, modify it to be a M15 thread.
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Step 1. Extrusion. Sketch placed on the profile plane. Symmetrical sketch.

Step 2. Auxiliary plane with offset to right rear lateral face. No sketch is required.
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Step 3. Extrusion. Sketch placed on the auxiliary plane. Symmetrical sketch.

Step 4. Extrusion. Create a sketch placed on the front face of the last part. Symmetrical sketch.
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Step 5. Generate a concentric through hole. No sketch is required.

Step 6. Extrusion. Sketch on the upper side of the base. Generate a symmetrical sketch.
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Step 7. Create a concentric through hole. No sketch is required.

B

3

Create a through-hole
with a thread.

Step 8. Rounding. No sketch is required.
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10. SESSION 8: CAD 3D - Revolutions and Advanced Sketch
Dimensioning
In this session, we will look in depth at key concepts such as:

1. Advanced dimensioning: we will see more types of dimensioning to provide parts with
correct dimensions.

2. Revolve operations: we will learn how to create revolve operations, a necessary technique
for modelling objects in 3D. By revolutionising sketch profiles around an axis, we can
generate complex shapes.

EXERCISE 1

Make the following part using the revolution command.

Step 1. Revolution. Sketch located in frontal or profile plane (indistinctly). Sketch with diameter
dimensions to the axis of revolution.

P65,
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Step 2. Through hole concentric to the circumference. No sketch is required.

EXERCISE 2

Make the following part using an operation of revolution and a hole.

@30 K
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Step 1. Revolution. Sketch located in frontal or profile plane (indistinctly). Sketch with diameter
dimensions concerning the axis of revolution.

=

/

Step 2. Concentric through-hole. No sketch is required.
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EXERCISE 3

Make the following part using a revolve operation, a hole and a joint.

Step 1. Revolution. Sketch located in frontal or profile plane (indistinctly). Sketch with diameter
dimensions to the axis of revolution.

¥
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Step 2. Concentric through-hole. No sketch is required.

Step 3. Rounding (splicing). No sketch is required.
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EXERCISE 4

Make the following part using operations of revolution.

@61

Step 1. Revolution. Sketch located in the horizontal or frontal plane (indistinctly). Sketch with
diameter dimensions concerning the axis of revolution.
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Step 2. Cutting Revolution. Sketch located in the horizontal or frontal plane (indistinctly). Sketch
with diameter dimensions concerning the axis of revolution.
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11. SESSION 9: CAD 3D- Patterns

In this session, we will look in depth at:

1. Operations of revolution: we will remember how to perform positive and negative

revolutions.

2. Rectangular and fitted patterns: we will explore the rectangular and circular pattern tools.

-

EXERCISE 1. Exercise on rectangular and circular patterns

Step 1. Open a new sketch with a rectangle centred on the 20 x 15 mm axes.

Step 2. Generate a Symmetrical extrusion 10 mm in height.

N
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Step 3. Create a through hole with a diameter of 3 mm at 2.5 mm from the edge.

Step 4. Create a rectangular pattern with the following characteristics on different axes. Select the
axes appropriately.

Rectangular Pattern *
Feaiures

R Solids

Direction 1 Direction 2

Sk L >
&35 | @fs 3]
|spacing v |spadng v
T [ w5
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EXERCISE 2. Circular Patterns Exercise

Step 1. Open exercise 2 from the previous session.

2

Step 2. Add the following holes using patterns.

. Add to the workpiece 4 straight
through holes, to be made with
sketch positioning with a point
for the initial hole, evenly

‘ distributed in a circular (polar)
pattern.
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EXERCISE 3

Step 1. Open exercise 3 from the previous session.

Step 2. Includes a circular pattern of 8 through threaded holes in the indicated surface of the
part.

Add to the part 8
through threaded
holes, to be made with
sketch positioning
with a point for the
starting hole, evenly
distributed in a
circular (polar)

pattern.
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EXERCISE 4

Extend exercise 4 from the previous session by adding the four holes with a diameter of @10 mm.
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Step 1. Open exercise 4 from the previous session.

%)

0\"
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Step 2. Create a through hole. Sketch on the larger cylindrical part. Sketch with a point located on
the symmetry axis and the auxiliary circumference.
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EXERCISE 5

Model the following part represented by the dimensions of the perspectives following the
instructions in the note boxes.

7. Create a sketch

6. Create an offset . }
with a point for

plane and extrude the .
placing a through

upper flange area
1. Positive hole

revolution of the @'
external contour

@50

3. Negative
revolution of the 8.Hole
inner contour pattern
2. Base extrusion
\
4. Threaded
through hole with
lindrical seat
cylindrical sea 5 Hole
symmetry

NOTE: The "M" in place of the "@" symbol means that the hole of the indicated diameter (figure
accompanying the M) is threaded with a "Metric" thread profile.
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12. SESSION 10: CAD 2D - Standardized representation of
engineering parts

This session will cover the following contents, allowing us to obtain views on distinct parts.

1. Drawing: Spline curve

N

. Shading

3. Dimensioning
o Types of dimensioning: linear, aligned, radius, diameter, angle

o Standards and good practices for correct dimensioning in technical drawings

4. Cuts
o Types of cuts (total, partial, local)
5. Guidelines and arrows
o Use of guidelines to accurately guide and define cuts
o Role and application of guidelines and arrows in technical drawing annotation

o Standards and conventions of use

6. Styles
o Text styles in technical drawings
o Different dimensioning styles and guidelines and their application in technical
documentation
7. Editing dimensions
o Use of grips and properties for precise dimension editing
o Tools and techniques to adjust and modify dimensions according to design needs

o Inclusion of dimensioning symbols

8. Practical exercises
o Representation of engineering parts using views, cuts, auxiliary lines, and dimensioning
o Practical exercises to apply and reinforce the concepts learned
This chapter will provide a detailed and practical guide to mastering technical drawing techniques,

ensuring that engineering parts are represented accurately and clearly, and facilitating their
interpretation and manufacture.
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EXERCISE 1 Review modification of layers and printing documents (creating files)

With the following layers, modify the exercises of session 4, 5 and 6 by modifying layers and

dimensioning.

NAME LINETYPE |[THICKNESS| COLOR CHARACTERISTICS USE
Axes, circumf. Of
AXES ISO 10W100 0,18 RED construction, plane
traces
Extremes and changes
EXTREMES | CONTINUOUS 0,50 RED of direction of cutting
planes
ISO-25 dimensioning style Dimensionin
DIMENSIONS| CONTINUOUS 0,18 BLUE (Offset from origin O, g
elements
General scale 1.5)
Pattern: ANSI 31
HATCHES | CONTINUOUS 0,18 GREEN Section hatching
Scale: 0.9
Text Style: Arial Font
. Edges and contours:
VIEWS | CONTINUOUS | 0,50 BLACK Text Size: 2.5 thickening cutting
Guideline Style: Text Size planes
and arrow: 6
GRAPHIC . Auxiliary lines and
WINDOW CONTINUOUS 0,18 MAGENTA Optional curves

Line type scale 1.2

You must update the pdf printout of the three exercises and update the scale in the box so that
the entire part, including the dimensions, can be displayed.
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EXERCISE 2

SURNAME, NAME ID. PC

TO CORRECT YOUR EXAM, IT MUST BE SUBMITTED WITH THE PROPER IDENTIFICATION: SURNAME,
NAME, ID PC.

It is the student’s responsibility to save the exam in the grade folder. Exams saved after the due date
will be considered NOT SUBMITTED and will NOT BE GRADED.

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised if
you do not follow the norm) using the European System and without hidden lines, using the AutoCAD©
layers functionality.

1. Views

O Draw the front view according to direction A. The front view should be cut by the symmetry
plane.

U Draw the top view. The top view should be cut by parallel planes (which allows you to define
all the holes with de different diameters @6, @9, @23, and @12 mm).

U Draw the left view. The left view should be cut by a local cut (which allows you to see the
interior of the through-holes with a diameter of @14 mm).

2. Clarifications

U Create a presentation in A4 format (horizontal) at a 2:3 scale (use the title block provided)

3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student
U PDF File (1stSurname_2ndSurname_Name.pdf)
U DWG File (1stSurname_2ndSurname_Name.dwg)
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EXERCISE 3

SURNAME, NAME ID. PC

TO CORRECT YOUR EXAM, IT MUST BE SUBMITTED WITH THE PROPER IDENTIFICATION: SURNAME,
NAME, ID PC.
—_ = =

It is the student's responsibility to save the exam in the grade folder. Exams saved after the due date will
be considered NOT SUBMITTED and will NOT BE GRADED.

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be
penalised if you do not follow the norm) using the European System and without hidden lines,
using the AutoCAD®© layers functionality.

1. Views

U Draw the front view according to the direction “Front View,” made without cuts.

U Draw the top view. The top view should be cut by parallel planes (which allows you to see
a complete view of the M10 thread, as well as holes “A” and “B”).

U Draw the right view. The right view should be cut by a local cut (which allows you to see the
interior of the through-holes @5 mm).

2. Clarifications

O All the holes are through holes.

U Create a presentation in A4 format (horizontal) at a 3:5 scale (use the title block provided).
3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student

U PDF File (1stSurname_2ndSurname_Name.pdf)
U DWG File (1stSurname_2ndSurname_Name.dwg)
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13. SESSION 11: CAD 2D - Standardised representation of
engineering parts
EXERCISE 1

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1. Views

U Draw the front view according to direction A. The front view should be cut by the
symmetry plane of the part.

U Draw the top view. The top view should be done with a local cut (which allows you to
define the holes with @10 mm diameter).

U Draw the left view without cutting.

2. Clarifications
O All the holes are through holes.
U Create a presentation in A4 format (horizontal) at a 2:3 scale (use the title block
provided).
3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student
U PDF File (1stSurname_2ndSurname_Name.pdf)
U DWG File (1stSurname_2ndSurname_Name.dwg)
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EXERCISE 2

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1.

2.

Views

O Draw the front view according to direction A, made with a half-cut. The front view should
have a local cut (which allows you to see the interior of the through hole of 316 mm).

U Draw the top view without cuts.

U Draw the left view. The left view should be cut by a total cut using the plane of symmetry.

Clarifications

O The @12 mm hole reaches the interior surface of the part.

O All the other holes are through holes.

U Create a presentation in A4 format (horizontal) at a 2:5 scale (use the title block
provided).

Files should be submitted in P:\GITI or P:\GIE\Folder_Student

U PDF File (1stSurname_2ndSurname_Name.pdf)

U DWG File (1stSurname_2ndSurname_Name.dwg)
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EXERCISE 3

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1.

2.

110

View

U Draw the front view according to direction A. A half-cut should cut the front view. The
front view also should have a local cut (which allows you to see the through-hole
character of the 320 mm hole.

U Draw the top view. The top view should be done with a local cut to show the through
character of the rear grooves.

U Draw the right view. The right view should be cut by the symmetry plane.

Clarifications

O All the holes are through holes except the threaded hole.

O The thread depth is 30 mm with full thread.

U Create a presentation in A4 format (horizontal), at a 1:3 scale (use the title block
provided).

Files should be submitted in P:\GITI or P:\GIE\Folder_Student

O PDF File (1stSurname_2ndSurname_Name.pdf)

U DWG File (1stSurname_2ndSurname_Name.dwg)

Alejandro Rodriguez Ortega; Isabel Segui Verdd; Sandra Maria Munera Picazo; @@@@
Francisco Albert Gil; Nuria Aleixos Borras = e o

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE

INGENIERIA GRAFICA Theoretical and practical content for modelling with Inventor and drawing with Autocad

OO Alejandro Rodriguez Ortega; Isabel Segui Verdd; Sandra Maria Munera Picazo; 111
@ = ::C’ = Francisco Albert Gil; Nuria Aleixos Borras

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE

Theoretical and practical content for modelling with Inventor and drawing with Autocad INGENIERIA GRAFICA
2
N
(@) =]
kel
Nl o
™ >
N |o 5
O |l
N [E @
9 i
'3
oz 14 < kel
0¢ . . © =
N i 5 <
g \ = A

IN H §) 95

5
214

el |
2
38
18
I
50
154
ESCALA:1/3
mm
=

3 5 3w
L Sosj
o fe
S 95 43 vl '_QE'(B
% j%ga
q 2 3522
owm~—~

()]

_—= .

@28

;/%

2

112 Alejandro Rodriguez Ortega; Isabel Segui Verdd; Sandra Maria Munera Picazo; @@@@
Francisco Albert Gil; Nuria Aleixos Borras = e o

Editorial Universitat Politécnica de Valéncia



DEPARTAMENTO DE

INGENIERIA GRAFICA Theoretical and practical content for modelling with Inventor and drawing with Autocad

14. SESSION 12: CAD 2D - Standardised Representation of
Engineering Parts Il
EXERCISE 1

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1. Views

U Draw the front view according to direction A. The front view should be done with a local
cut (which allows you to see the holes in the base).

U Draw the top view. The top view should be cut by a plane parallel to the base and at a
height of 30 mm from the ground.

U Draw the left view. The left view should have a half cut (which allows you to see the
inside of the two upper cylindrical elements).
2. Clarifications
U Create a presentation in A4 format (horizontal), at a 1:1 scale (use the title block
provided).
3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student
O PDF File (1stSurname_2ndSurname_Name.pdf)
U DWG File (1stSurname_2ndSurname_Name.dwg)
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EXERCISE 2

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalized
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1.

2.

116

Views
U Draw the front view. The front view should be cut by the symmetry plane of the part.

U Draw the top view. The top view should be done with a local cut (which allows you to
define the hole with the axis e2).

U Draw the right view. The right view should be cut by a vertical plane (which allows you
to see the rectangular holes).

Clarifications

U The part has a plane of symmetry, and all the holes are through holes.

U Create a presentation in A4 format (horizontal), at a 1:2 scale (use the title block
provided).

Files should be submitted in P:\GITI or P:\GIE\Folder_Student

O PDF File (1stSurname_2ndSurname_Name.pdf)

U DWG File (1stSurname_2ndSurname_Name.dwg)
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Self-assessment- Rubric

15.

Below is a rubric to help you assess your readiness for the Inventor© exam
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16. Annex I: Other exercises with Inventor ©

This appendix offers practical exercises to practice in Autodesk Inventor®©. It includes sketch
creation, geometric constraints, and advanced part modelling activities.

EXERCISE 1

Make this hole with
the function Hole by

sketch with point.
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EXERCISE 2
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The thin line
around and the ‘M’
replacing the ‘@’
symbol in the
dimension means
that the hole is
@14 and is
threaded with a
‘Metric’ thread
profile.
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17. Annex ll: Other exercises with AutoCAD©
EXERCISE 1

Exercise: Draw the following part in AutoCAD© using two-dimensioned views (you will be penalised if
you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.
1. Views
O Draw the front view according to direction A, made with a half cut (hatching on the right
side) and with a local cut (which allows you to see the other holes of the part).
U The top view should have a local cut for the holes. (in the left half of the Front View).

U Draw the top view.

2. Clarifications

U The part has a plane of symmetry, and all the holes are through holes.

U Create a presentation in A4 format (vertical), at a 1:1 scale ((use the title block provided).
3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student

U PDF File (1stSurname_2ndSurname_Name.pdf)

U DWG File (1stSurname_2ndSurname_Name.dwg)
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EXERCISE 2

Exercise: Draw the following part in AutoCAD®© using 3 dimensioned views (you will be penalised
if you do not follow the norm) using the European System and without hidden lines, using the
AutoCADO layers functionality.

1. Views

U Draw the front view according to direction A, made with a local cut (which allows you to
see the interior of the hole called "B").

U Draw the top view. The top view should be cut by a total plane parallel to the projection
that passes through the axis of the hole called "C".

1 Draw the left view. The left view should have a total cut to define the elements called
"D". The plane should pass through the axes of the two holes with cylindrical
countersinks with @7 and @10 mm diameters.

2. Clarifications
U The part has a plane of symmetry, and all the holes are through holes.

U Create a presentation in A4 format (horizontal) at a 2:3 scale (use the title block

provided).
3. Files should be submitted in P:\GITI or P:\GIE\Folder_Student
U PDF File (1stSurname_2ndSurname_Name.pdf)
U DWG File (1stSurname_2ndSurname_Name.dwg)
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