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Introduction

Welcome to Beginning Google SketchUp for 3D Printing. I'm pleased that you chose this book as a
companion to guide you in your 3D printing and SketchUp modeling adventures. Whether you're an
experienced pro or a seasoned 3D designer, hobbyist, craftsperson, or artist who is new to Google
SketchUp and Shapeways, you will find valuable information and step-by-step instructions to help you
develop your SketchUp expertise for 3D printing.

The book is divided into three sections. If you are a Google SketchUp and Shapeways beginner, I
recommend you start with a close reading of Part I, because it lays out some of the basics of modeling in
SketchUp and 3D printing in Shapeways. Those of you who are intermediate to advanced users can skim
through the chapters to find what most appeals to you. Part IT of the book focuses on developing models
in Google SketchUp for 3D printing in Shapeways. Part I1I is all about presenting and sharing your
models. The book concludes with future developments in 3D printing. To set the stage for you to start
thinking about 3D printing, I'll introduce the different printing methods for some historical perspective.

Background

Advanced printing technology has been around for many decades now and has become highly advanced
since the first printing presses were invented in the 15th century. As the years have progressed, we have
seen changes in printing technology, and it’s now available in various forms. Table 1 lists the five
printing methods that are being used today.

Table 1. Five Common Printing Methods

Methods Descriptions

Screen printing This form of printing is commonly used to create designs on fabric. Screen
printing involves a screen or wire mesh that paint seeps through to create a
design. Most designs on T-shirts are screen printed.

Dot-matrix printing  This form of printing was commonly used before the invention of laser or inkjet
printers. This printer is slower and nosier than an inkjet or laser printer. The
printouts are created from dots. The print head strikes an ink ribbon that
transfers a dot of ink onto paper. The alignment of these dots creates the
characters on paper.

Inkjet printing This is the type of printing most commonly used with at-home desktop printers.
Desktop printers are relatively inexpensive and can be bought at your local
electronics store. Expect to spend anywhere between $30 and $100 for an inkjet
printer.
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Methods Descriptions

Laser printing Laser printers are commonly found in a business setting. The benefits of laser
printers are less noise and quick printing, but they are more expensive than the
inkjet printer. Expect to spend between $150 and $400 for a desktop laser printer.

3D printing One of the most advanced printing technologies involves 3D printing. There are
several types of 3D printers, including nano printers for printing on the nano
scale. There are 3D printers that print various types of materials. You will find 3D
printers that use plastic, powder, and paper—and even chocolate and sugar. The
possibilities are endless when you think about the types of materials you can use
for 3D printing. 3D printers are available in all shapes and sizes. Some take up an
entire room, and some can be easily placed on your desktop.

T hope that after reading this book you are encouraged to dive into your own fabricating adventures
and try the many new ways of using SketchUp and Shapeways in your daily life.

Who This Book Is For

This book is for anyone interested in learning about 3D modeling and 3D printing. If you're a hobbyist,
engineer, architect, or someone who enjoys building things, there are some great things you will learn
from this book. If you have never modeled before, you should start with the very basics in Chapter 1 and
work your way through more advanced examples in every chapter. If you're coming in with some
experience developing designs using CAD software, then you will find this book a great review. You will
learn about developing models and preparing them for 3D printing on Shapeways.

What’s Covered

In Part I, you'll take a look at Shapeways, where you will learn how to set up an account, order a model,
and see the various materials used for 3D printing. You also are introduced to SketchUp and its tools.

Part IT is where all the fun begins. Here you learn how to come up with ideas to model in SketchUp
and use SketchUp to design models for 3D printing on Shapeways. You learn what types of models are
acceptable for 3D printing.

In Part III, you'll see how to share and sell all the models you have designed in SketchUp throughout
this book. You'll also learn how they can be animated and how they can be presented using LayOut. The
last chapter concludes the book by exploring other ways you can 3D print your models and you are
introduced to Ponoko for laser-cutting your models.

Getting the Most Out of This Book

Learning to model in 3D can be difficult, especially if you haven’t had any prior experience sketching or
modeling. For a blacksmith, it takes many years of practice to design that perfect tool. Now, I don’t
expect it will take you years to master SketchUp, but there is a slight learning curve. To assist you along
the way, I recommend the following:



INTRODUCTION

Reading this book is the easy part, but applying what you learn is another thing. So, remember to
download Google SketchUp and apply all the examples in this book.

If you are stuck, refer to the example files for each chapter. You can download example files for
this book from the Apress web site. Look at Beginning Google SketchUp for 3D Printing’s catalog
page in the Book Resources section under the cover image. Click the Source Code link in that
section to download the example files.

Although this book tries to cover all the details you will need to design models for 3D printing in
SketchUp, there still may be some things you're probably curious about. If you want to learn
more about a particular topic, refer to the appendix, where we take a look at online communities
you can join to get your questions answered.
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Getting Your Feet Wet



CHAPTER 1

The Ins and Outs of Google
SketchUp and Shapeways

Before you jump in and start the 3D printing process, it's important you learn about the tools used in the
development process. With the numerous modeling programs available today, you might ask, “Why
should I use Google SketchUp?” I recommend Google SketchUp for two reasons. First, it has an easy
learning curve that allows even beginners to create models effortlessly. Second, for such a simple tool,
SketchUp offers the user the ability to draw highly complex models. Software such as AutoCAD,
SolidWorks, and Blender are also great, but the downside of those modeling packages is the steep
learning curve. A beginner might find those software programs intimidating compared to the ease of
using Google SketchUp. In the first half of this chapter, I will go through the steps of installing Google
SketchUp and introduce you to the SketchUp toolbars.

The second half of the chapter explores the online 3D printing service Shapeways. Shapeways is an
online platform for uploading models for 3D printing. By using Shapeways, you avoid having to
purchase expensive equipment. The equipment is operated by Shapeways, and all it does is charge you
for the cost of the material and service.

Let’s not waste any time; by the end of this chapter, the goal is to provide you with enough
information to construct a simple model in Google SketchUp and to navigate your way through the
maze of options in Shapeways.

Google SketchUp

Google SketchUp is 3D modeling software downloadable from Google. In 1999, @Last Software in
Boulder, Colorado, developed SketchUp and then introduced it into the market in 2000, before being
acquired by Google. Since then, Google SketchUp has become popular among 3D modelers. What
individuals love about this software is its easy learning curve. An individual with no experience in
computer 3D modeling could easily learn SketchUp within a few hours of starting the program. With this
advantage over other software packages, such as SolidWorks and AutoCAD, individuals with little to no
experience can produce designs of immense complexity.

The interface is very simple—a common trait among many of Google’s products. This is what
especially makes the software package so attractive. The look and feel of the software is what sparked its
popularity. It incorporates most of the tools used by software packages such as Microsoft Paint and
Photoshop, including Line, Arc, Freehand, Rectangle, Polygon, and 3D Text, which are all common but
also powerful tools for modeling 3D structures.
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Installing Google SketchUp

You can download either a free or professional version of Google SketchUp online. If you are a beginner
or intermediate user of SketchUp, I highly recommend you download the free version, because there is a
lot you can do with it without having to pay anything. Most of this book is set up to use the free version
of Google SketchUp, but in Chapter 11 we use LayOut, which is a separate software package that comes
with the Pro version. I recommend that you wait, read the entire book, and use the free version before
investing money in buying the Pro version—unless you are planning to do some serious 3D modeling.
The Pro version of Google SketchUp has additional features that allow you to create documents and
presentations and comes with an additional tool set called Solid Tools. It also imports and exports a
variety of file formats and allows you to create your own custom styles. Now let’s get started on our 3D
modeling and printing journey.

Downloading Google SketchUp

The free version of Google SketchUp is available for download on the SketchUp home page at
http://sketchup.google.com. In the upper-right corner of the page, click Download Google SketchUp, as
shown in Figure 1-1.

Google SketchUp
’

Home

3D modeling for everyone

Figure 1-1. Google SketchUp home page

You will be directed to a second page to select between two links (Figure 1-2). You can download
Google SketchUp Pro or Google SketchUp 8. For now we will be using the free Google SketchUp 8. Click
the Download Google SketchUp 8 link to continue the download process.
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Google SketchUp et
byt Download SketchUp

Eroducts

Downloads Google SketchUp 8
) Download Google SketchUp
~ Download Googhe Sketchllp and create, moddy and share 30 models for free

Sketchlp For Windows PNt & Mac 05 X (105+)
? Create 30 moduls, share them with the world and add them 1o Google Esth

Google SketchUp Pro @

Google Sketchlp Pro B s & suste of powertul features aivd apphcations for design and engineering professionaks

? Skatchllp Pro Downioad Google SketchlUp Pro

5 Do more with your models Gt wll the autra power of Google Sketchlip Prio
et for 8 haurs of unlimited use
ayOut

/ Create fenble 20 documents and presentations Piaae check the Lystem equlements

ﬁ-,-:. Styla Builder

\y”  Create custom, sketchy-adge dwplay Styies fer Sketchup

Figure 1-2. Google SketchUp free and professional version download page

You are redirected to the agreement page (Figure 1-3). Select the platform you are using, Windows
or Mac OS. Then click Agree and Download.

GL“ JSIL‘ Skemhuo Change Langusge iEmjuw us) .!
s Download Google SketchUp 8

Download Google SketchUp B and create, madily and share 30 models for es. ?

© Windwws XPVistaT
T Mac 05 X (10.5+)

Google SketchUp License =]

Welcome to Google SketchUp! By downloading, installing o using Google softwane or any pontion thessof (Goegle
Software’) you agres 1o tha following terme ant conditons (ihe “Termes and Canditions”) The Google Software and

any ponion thereod, are referrad to heren as the “Software” By sgresng to these Terms and Conditions, you

sepresend that you are 18 years old or older and capsble of entering into 3 legally binding agreement ¥ you am &

Business entity, you slsa mpresent that you are duly suthonzed to do business in the country or Countnes wher you
oparate and that your smployees, oficars, representstives, and other agents sccessing the Serice are duly authorized =]

Peasa erter your smail addross f you'd ke 1o recesn the Google Sketchip nawsletier
Agree snd Downlosd

Please make surs your system meets thive minments prior 1o downkoading Geoght Sketchlip

Figure 1-3. Google SketchUp download agreement page
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Installing Google SketchUp

For Windows users, a download dialog box will appear; click Save File. Remember to save the file in a
location you can easily access. The downloaded file is approximately 40MB, so with a DSL connection, the
download will take only a few minutes. After the download completes, double-click the executable file. The
Google SketchUp 8 Setup dialog box will appear (Figure 1-4). Click Next to continue the installation.

zhllp 8 Setup

Welcome to the Google SketchlUp 8
Setup Wizard

The Setup Wizard will install Google SketchUp 8 on your
computer, Chck Next to continue or Cancel bo exit the Setup
Wizard,

Next Cancel

Figure 1-4. Google SketchUp 8 Setup dialog box

Select the “T accept the terms in the License Agreement” check box, and then click Next (Figure 1-5).

rﬁl Google SketchUp 8 Setup M= m

End-User License Agreement
Plaase read the following license agreement carsfully

Google SketchUp License g

to Google Sketehlpn! By nstalling or using Googhe software or any portion
hereof (Google Software™) you agrea to the following terms and conditions (the “Terms and
Conditions”) The Google Software, and any portion thereo!, are refemed to harein as the
[“Gofteare”, By agreeng to these Terms and Condtions, you represent that you are 18 years old or
jolder and capabls of antering into 2 legally binding agreemaent. If you afe 3 business entity, you
akso represent that you are duly authonzed 10 do business in the country or courtnes mhene you
operate and thae your employees. officers. representatives, and other agerts accessing the
Service are duly authonzed to access the Service and to begally bind you to these Terms of
Service. Inthase Terms and Conditions, "Google Services” means any of Googla's products,
softwane, services and web stes

1. USE OF THE PRODUCTS; CONTENT IN THE PRODUCTS _,'_J

¥ I accept the terms in the License Agreement]

Figure 1-5. End-User License Agreement screen
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By default Google SketchUp will be installed automatically into your programs folder. I recommend
you stay with the default options at this time unless you have a good idea of where you want to save the file
beforehand. Click Next to continue the installation of Google SketchUp (Figure 1-6).

ﬂ Google SketchUp B Setup - | %

Destination Folder
Click Mext to install to the default folder or dick Change bo choose another

Install Google SketchUp 8 to:

[-: \Program Files\Google\Google Sketchiip 81

Change... I

Back Next Cancel

Figure 1-6. Destination Folder screen

Finally, click Install (Figure 1-7). Google SketchUp will take a couple of seconds to install on your
computer. After installation is complete, click Finish.

ﬁl Google SketchUp 8 Setup . O] n

Ready to install Google SketchUp 8

Click Install to begin the installation. Click Back to review or change any of your
installation settings. Chck Cancel to exit the wizard.

Back ’ Install I Carnicel

Figure 1-7. Ready to install Google SketchUp 8 screen
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User Interface

Once installation is complete, double-click the Google SketchUp icon on your desktop, or select it from
your programs menu. When SketchUp opens, you are presented with the Welcome to SketchUp dialog
box (Figure 1-8a). On the bottom of the menu, select the Template tab. You are then asked to select a
units template (Figure 1-8b). This will be the default template used when drawing models. Since we will
be working with small-scale 3D printed models in this book, select the Product Design and
Woodworking-Millimeters template. If you do not want the Welcome to SketchUp dialog box to appear
again, uncheck the “Always show on startup” box in the bottom-left corner of the window. Then click
Start using SketchUp in the bottom-right corner of the dialog box.

Walkcoms ta Shatchlp

- pros) - A \ 4
Google SketchUp A 004 D v 3
8y = et/
Interested in Skelchiip Pro BF ’ - . Lsasn Mors
Delauk Template: e Drelmdt Ternplate \ hocss " e o o d Wes E‘ a T | B
¥ Leam . Leam
v Temglate
whal's néw Template Selections (£}
- Engeeeneg Meter =l
m Watch Video Tutonals S L Uree Mt
' [ -y .
W Rea &
Froduct Dasegn and Woodwokany - Inchas
U Iches
P \ 4 - o Pt ekt oo b e Cropects rach 4 ki Swgn
. |
i Mownkoad a Quick Reference Card Product Deisgn snd Woodmokang  Mdlmelers
Uretr M rssten
- U s temmgdote o sousde s prepeces mich a0 bt Seagn
) Readine Skstchp Bog
Pt e _F' ] o poxpeerh g Wit
Unes Inche.
b Template 1l i e, wrne e s st i s ioms =l
<t g Shetchip

Figure 1-8. (a.) Welcome to SketchUp dialog box; (b.) selecting a units template

When SketchUp opens for the first time after the Welcome to SketchUp menu, the Instructor dialog
box will appear. This dialog box gives you an introduction to the Line tool. You will be using the Line tool
to construct a lot of the models throughout this book. For now, you can close the dialog box. On first use
of SketchUp, you are presented with only the bare minimum needed to start modeling (Figure 1-9). This
allows you to begin using SketchUp and avoid being overwhelmed by too many tools, especially if you're
a beginner to 3D modeling. As you gradually get comfortable using the basic tool sets, you can easily
activate the advanced tools in SketchUp.
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Figure 1-9. Google SketchUp user interface

The Google SketchUp user interface is divided into five sections. These are numbered in Figure 1-9
and described in the following list. You will be using each part of the user interface throughout this book,
so don’t worry about how they work. For now, browse through each menu option and get familiar with
their locations in SketchUp. In later sections and chapters, you’ll explore each tool’s functionality while
you develop models for 3D printing.

1. The menu bar is divided into eight menu options. These are File, Edit, View,
Camera, Draw, Tools, Window, and Help.

2. The Getting Started toolbar, located below the menu bar, contains the tools you
will be using to construct models.

3. The modeling window is where you will spend the majority of your time
constructing your 3D models using the tools from the Getting Started toolbar
and the Large Toolset. We will be discussing the Large Toolset later in this
chapter (see the “Large Toolset” section).

4. The Measurement toolbar is in the bottom-right corner of Google SketchUp. It
displays dimensional information about each model and allows you to enter
information to adjust model features.

5. The status bar, located on the bottom left of the screen, provides tips on each
tool you select while modeling. Keep an eye on the status bar when you are not
sure how to use a particular tool while modeling.

Let’s continue and learn about the Getting Started tools available in Google SketchUp.
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The Getting Started Toolbar

The Getting Started toolbar contains 25 tools, including all the basic tools you will need to start
modeling, as shown in Figure 1-10. From the name of the tool, you can probably understand exactly
what each does. Table 1-1 explains in more detail each tool’s function, based on the numbers in Figure
1-10. In the “Learning by Example” section, you will be applying some of these tools to construct

models, and you will get a hands-on feel of how the tools operate.

(1) () (3) [f-?ﬂ ) (9) (1) (38) (15) (17) (1) (z) () (=
I N g O O e TR |
Y \ v v Y
AN /ZBO@C |- ¢ RBIROFIH2RAAIZL(SLSEF
4 A A A 4 A
o T e
(2) (s) (6) !"'a'_::- (10) (12) (1) (16) (1) (20) | 22) (24)
Figure 1-10. Getting Started toolbar
Table 1-1. Getting Started Tools
Tool Number Description
Select 1 Selects objects in the modeling window to be modified with
other tools
Line 2 Draws lines forming edges and faces
Rectangle 3 Draws a rectangle or square made of four edges
Circle 4 Draws a circle by defining the number of sides
Arc 5 Draws multiple connected line segments
Make Component 6 Creates a component of selected edges and surfaces
Eraser 7 Erases objects from the modeling window
Tape Measure 8 Measures distance, creates guidelines, or resizes models
Paint Bucket 9 Paints objects in the modeling window
Push/Pull 10 Converts 2D surfaces into 3D models
Move/Copy 11 Rotates components and groups and moves and copies
objects
Rotate 12 Rotates and stretches objects in a circular path
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Tool Number Description

Offset 13 Copies lines and surfaces in line with the first model
Orbit 14 Rotates camera around the object

Pan 15 Moves camera horizontally and vertically

Zoom 16 Moves the camera position in or out

Zoom Extents 17 Zooms to the entire model

Add Location 18 Captures site location where the model will appear
Toggle Terrain 19 Toggles between 2D and 3D while in SketchUp

Add New Building 20 Launches the Google Building Maker

Photo Textures 21 Adds photo textures to buildings

Preview Model in Google Earth 22

Get Models 23
Share Model 24
Upload Component 25

Places the model in Google Earth
Downloads models from the 3D Warehouse
Uploads models to the 3D Warehouse

Uploads components to the 3D Warehouse

Large Toolset

When you open Google SketchUp for the first time, you are presented only with the Getting Started
toolbar. To activate the Large Toolset, select View » Toolbars » Large Toolset from the menu bar. You
will then be presented with 32 additional tools. Hold the cursor over each tool to display its name
(Figure 1-11). Some of the tools displayed are similar to those shown in the Getting Started toolbar.
Table 1-2 describes the ones that are not present in the Getting Started toolbar, based on the numbers

in Figure 1-11.
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Figure 1-11. Google SketchUp Large Toolset
Table 1-2. Large Toolset
Tool Number Description
Polygon 1 Creates polygonal objects
Freehand 2 Draws hand-drawn lines
Follow Me 3 Extrudes a face along a path
Scale 4 Resizes a model
Dimension 5 Places dimensions in the model
Protractor 6 Measures angles and creates guidelines
Text 7 Adds text to the modeling window
Axes 8 Moves the axes in the modeling window
3D Text 9 Creates 3D text on objects
Previous 10 Goes to previous zoom location
Next 11 Goes to the next zoom location
Position Camera 12 Places the camera at the desired eye height
Look Around 13 Pivots the camera at a single point
Walk 14 Walks within the modeling window
Section Plane 15 Creates cuts to view within your model

The feel of Google SketchUp is very similar to Microsoft Paint. The most common tools you will be
using in SketchUp are Move/Copy, Push/Pull, Rotate, Scale, Tape Measure, and Offset. You will be using
these tools in most, if not all, of your modeling work throughout the book. With the Move/Copy tool, you

12
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can select an object and move it. By pressing the Ctrl key on your keyboard and then selecting the object,
you can create a copy of the object. With the Push/Pull tool, you can extrude any surface of the model.
The Scale tool resizes the selected surface or the entire model. Use the Tape Measure tool to draw in
guidelines to assist you in modeling, or use it to automatically adjust the dimensions of your model. The
Offset tool will create a copy of the surface, which you can shrink or enlarge on top of the surface being
offset.

We have just gone over some of the common tools you will be using in SketchUp. In the next
section, [ will demonstrate how to use some of the tools to draw simple objects. I also recommend you
take a leap of faith and let your imagination run wild. Select any tool and simply start drawing.

Learning by Example

Let’s start modeling by using the tools in the Getting Started toolbar. For our first tutorial, you’ll draw
simple shapes in the modeling window, which you will then convert into 3D shapes using the Push/Pull
tool.

Modeling a Cube

Open SketchUp, and in the Getting Started toolbar, select the Rectangle tool. The cursor turns into a
pencil.

1. Take the pencil, click the center axes, and drag the mouse cutward.

As you are doing this, take a look at the Measurement toolbar. The dimensions
of the model change as you drag the cursor outward while drawing the
rectangle. As you drag the cursor outward, you will see the rectangle get bigger.

2. Clickyour mouse once more to lock the rectangle in place.

You can also add a specific dimension rather than dragging the cursor and
trying to estimate the size of your rectangle. Instead of locking the rectangle in
place, type the value 500, 500, and hit Enter on your keyboard. This will create a
500mm X 500mm square instead of a rectangle (Figure 1-12). You will recall
that a few sections back we set the default unit as millimeters. If you want to
work with inches, meters, or feet, type in the desired unit after each number
(500", 500", 500m, 500m, or 500', 500").

After drawing the rectangle or square, if you are unable to see the model, select
the Zoom Extents tool from the Getting Started toolbar. This will readjust the
modeling window so that the entire model is visible. To show the size of the
square in Figure 1-12, I added dimensions to the sides. Dimensions are not
placed automatically when you draw a model in SketchUp.

3. Toplace a dimension, select the Dimension tool from the Large Toolset, and
select the edge of the square.

4. Drag the cursor outward, and click your mouse once to lock the dimensions in
place.
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