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Part One:
Introduction







Notes:

1 Before You Start

This course guide accompanies the Level 1 training sessionsin Rhino Release 1. Level 1 shows you how to produce 3-D
modelsin Rhino.

In class, you will receive information at an accel erated pace. For best results, practice at a Rhino workstation between
class sessions, and consult your Rhino reference manual for additional information.

Course Objectives
InLevel 1, you learn how to:
» Customize your modeling environment
 Create basic graphic objects—Iines, circles, arcs, curves, solids, and surfaces
» Draw with precision using coordinate input and object snaps
» Modify objects with edit commands
+ Display any portion of the model
» Import and merge models
» Output models to different file formats

* Render models

Robert McNeel & Associates [






Part Two:
Getting Started With Rhino







Notes:

2 Rhino Basics

The Rhino for Windows Interface

Before learning individual tools, we will get acquainted with the Rhino interface. The following exercises examine the
interface elements used in Rhino, the Rhino window, viewports, menus, toolbars, and dialog boxes. There are many ways
to access the commands in Rhino—the keyboard, menus, and toolbars. We will focus on the toolbars in this class.

To open Rhino:

¢ Double-click the Rhino Icon from the Windows desktop.

The Rhino Screen

Rhino divides its window into six areas that supply information or prompt you for input.

Screen Area Description

Menu Bar Access commands, options, and help.

Toolbars Access shortcuts to commands and options.

Graphics area Displays the open model. Several viewports can be displayed. The default viewport layout

displays four viewports (Top, Front, Right, Perspective).

Robert McNeel & Associates [



RHINO BASICS

Screen Area Description

Viewports Displays different views of the model within the graphics area.

Command line

Status bar Displays the coordinates of the pointer, the status of the model, options, and toggles.

P Rhinoceros-28-Aug-1998 - Untitled. 3dm
File Edit “iew Curve Suface Solid Transform Toolz  Analpze Fender Help

Lists commands you enter and information produced.

Command: Delete \
Command: SelAll
Command: \
[+ 28]~ O[O AP0 =[] |l a[=S/0[0[0] A&E]
Ie|od MENU BAR
Gjle) COMMAND WINDOW
=[] DOCKED TOOLBAR
"@ ~ CASCADING TOOLBAR VIEWPORT TITLE BAR
£ P
@ @ WORLD COORDINATE ICON
=|Bg /
Jain %
Trimn | Split VI EWPORTS
fn\* Frnnl I:mul
T\ = Lines j/—FLOATING TOOLBAR
R ParA R B
|—=a =]
L TS s [ e
e S
STATUS BAR
[x2z303 y0000 215869 | [ Defaul [Snap [Oiho [Flanar | Osnap

Rhino screen

Notes:

Watch the command line to
find out what’s happening.
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RHINO BASICS

Menus
Most of the Rhino commands can be found in the menus.

fe» Rhinoceros - Untitled. 3dm

File Edit RUETN Curve Suface Solid Transform  Tools  Analys
Eammat| UndoView Change:  Home
WREBIAE | Fedoisw Change  End

Comma

Pan
Fotate {m) ij‘ @ Q
Zoom

Set View
Set CPlane

23Viewparts

Wiewport Layout

Background Bitmap

~Rd - - -

4 Vigwparts
Bead from File

Yiewport Properties. ..

Mew Yiewport
Split Harizontal
Split Vertical

<|u [FIO[V]G] 7]~
AFS I IERO@ L -

4o

.
8

=l

A

1
2l C

Rhino View menu

(=

= oo
CET
oo

Toolbars

Rhino toolbars contain buttons that provide shortcuts to commands. Y ou can float atoolbar anywhere on the screen, or
dock it at the edge of the graphics area

Rhino starts up with the Main 1 Toolbar docked above the graphics area and the Main 2 toolbar docked on the left.

Notes:
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RHINO BASICS

Tooltips

Tooltipstell what each button does. Move your pointer over a button without clicking it. A small yellow tag with the
name of the command appears. In Rhino, many buttons can execute two commands. The tooltip will indicate which
buttons have dual functions with a vertical line between the two commands.

N~

2l s

g
5 Palyline
E B Line Segments

Flyouts

Buttons on atoolbar may include other command optionsin aflyout. Usually the flyout contains variations on the base
command. After you select a button on the flyout the flyout disappears.

Buttons with flyouts are marked with a small white triangle in the lower right corner. Open the flyout toolbar by holding
down the left button for a second or by pushing both buttons at the same time.

D=E| &)@
alffm

arNEah> B2
o
-

= [

Fohs

g
B Polyline
E A Line Segments

ACammy|
The Linestoolbar islinked to the Main 2 Toolbar.

If you hold the left mouse down the flyout toolbar will open.

Graphics Area

The Rhino graphics area can be customized to suit your preferences. The position of viewports can be arranged in
different configurations.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

Viewports

Viewports are windows in the display area that show you views of your model. Y ou can move and resize viewports by
dragging the title bar or borders. Each viewport has its own construction plane that the cursor moves on, and a projection
mode. Y ou can create new viewports, rename viewports, and use predefined viewport configurations.

Y ou can toggle between a small viewport and one that fills the graphics area by double-clicking the viewport title bar.

M Rhinoceros RBEOTD 14:10:00-28-Aug-1998 - Untitled. 3dm

File Edit iew Curve Surface Solid Transform Tools  Analyze Render Help

D|€|EIJ [ [e] @[S0 O] 0] O =] [@fal]S[0]QI0] A (G P
Perspective ‘ %l ;
Lines
AN
L0 S ?éa—\
o B
@ &)
=B
Jain /1/;
Trim | Split
Y
T |
o 2
& 4L
Start of palyline: | -
Command: Options -
Command: | Ol
[+ 8838 p29791 20000 | [ Default [Snap [Oitho [Flanar | Dsnap

Rearranged Rhino screen. Command line at the bottom, single viewport, toolbars placed in different locations.

Notes:
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RHINO BASICS

Command Window

The command window displays commands and command prompts. It can be positioned at the top or the bottom of the
screen. The command window shows three lines by default.

The Mouse

In a Rhino viewport, the left mouse button selects objects, and the right mouse button enters. Use the left mouse button to
select objects in the model, commands or options on the menus, and buttons in the toolbars. Use the right mouse button to
complete a command, to move between stages of commands, and to repeat the previous command. The right mouse
button is used to initiate some commands from toolbar buttons.

Drag with the right mouse button to PAN and ROTATE in viewports. Hold down the CTRL key and drag with the right
mouse button to zoom in and out in aviewport. Y ou must press and hold the right mouse button down to activate this
feature.

Entering Commands

Use the command line to type commands, type command options, type coordinates, type distances, angles, or radii, type
shortcuts, and view command prompts.

To enter information typed at the command line, press ENTER, SPACEBAR, oOr right mouse button.

Shortcuts are customizable key combinations. Y ou can program the function keys and CTRL key combinations to perform
Rhino commands.

Note In Rhino, ENTER and SPACEBAR perform the same function.

Entering options

To enter command options, type the first letters of the option. The interior capitalization is meaningless for entering the
option. For example, for the AroundCurve option, type A not AC. Y ou only need to type enough of the option word to
differentiate it from other options that begin with the same letter.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

Tab to complete command name

Typethefirst few letters of acommand name and press TAB. If the letters you type correspond to a unique command
name, the command will be completed on the command line. If there is more than one command that starts with the
letters you typed, Rhino completes as much as possible.

Repeating commands

Y ou can repeat the last command by right-clicking in aviewport, or by pressing ENTER Or SPACEBAR. Y OuU can repeat
previous commands by right clicking in the command line window and selecting from alist.

Canceling commands

Cancel acommand by pressing ESC, or by entering a new command from a button or a menu.

Help

Rhino Help can be accessed at any time by pressing the F1 key. In addition to finding information about each command,
Rhino help has conceptual information as well as many examples and graphics to help you complete your model. When
you get stalled for any reason, the first place you should ook is the help file. Y ou can aso access help for a specific
command by starting the command and then press the F1 key.

View the command line history

The command line history window lists the last 500 command lines from the current Rhino session. The command
history can be viewed at any time by pressing the F2 key.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

Exercise 1—Rhino Basics

To look at your first Rhino model:

1
2

From the File menu, click Open.
In the Open dialog box, select First Model.3dm.

> Rhinoceros Beta 7-Aug-1998 - D:\Clazs Files\rhino-1\First Model 3DM
File Edit “iew Curve Surface Selid Transform  Tools Analyze Hender Help

Command: 4view
Command: Open

Command: ﬂ_| ﬂ

N ] W Y i

{¥ o

S|
:

(=N

A2

4
sl C

|[# 12845 y 26031 z 0000 | | Objects [Snap [Ontha [Flanar [ Osnap 4

= oo
L)
)

Two parallel viewports and one perspective viewport.
This model contains five objects: a cube, a cone, a cylinder, a sphere, and arectangular plane.

You won't be able to select or move the plane. You will learn about how to do this later. It is just there to pro
with a floor underneath the objects.

Notes:

|
=2
Open
Look for this button.

ide you

Robert McNeel & Associates [
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RHINO BASICS

3 Fromthe View menu, click Viewport Layout, then click 4 Viewports.

> Rhinoceros Beta 7-Aug-1998 - D:\Clazs Files\rhino-1\First Model 3DM
File Edit “iew Curve Surface Selid Transform  Tools Analyze Hender Help

Command: 3view
Cornmand: 44iew

Command: | ﬂ_| ﬂ

¢ ln [Fl@VI@[ >~
EB0e
D

R

{¥ o

S|
= [p:

HATD e

[SA5N
Lo

2olCl

|2 11168 » 14406 =z 0.000 | | Objects [Snap [Ontha [Flanar [ Osnap 4

Three parallel viewports and one perspective viewport
4 Inthe status bar, click Snap to turn on the grid snap.

Grid snap may already be on in your system. Be careful that you don't turn it off instead of on. If grid snap is
word “Snap” will be black in the status bar. If it is off, the word “Snap” will be gray.

Note This is an important step. Grid snap only lets your cursor move in certain intervals. In this model, by default
grid snap is set to one half of a grid line. Grid snap helps you line up your objects as if you were building with
LEGOL blocks.

Notes:

on, the

Robert McNeel & Associates [
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RHINO BASICS

Notes:
5 Click the mousein the Perspective viewport to make it active.
The title bar highlights when it is active. An active viewport is the viewport where all your commands and actions
take place. .
6 Fromthe Render menu, click Shade. Shade

The objects appear shaded. Shade lets you preview the shapes with no color. The model is shaded right in the Look for this button.

viewport, and in shaded mode you can manipulate the view.

Shaded preview.

Robert McNeel & Associates [ 16



RHINO BASICS

Notes:
7 Fromthe Render menu, click Render.
Rendering the model opens a separate display window. The model displaysin colors previously assigned to the 0
objects. You can also set spotlights and a background. Y ou will learn about doing thislater. Y ou cannot manipulate —
o : . ; : ender
the view in the render display window but the image can be saved to afile. Look for this button.
Eile

Render.

8 Closetherender Display Window.
9 Inthe Perspective viewport, click and drag with your right mouse button held down to rotate the view.

Robert McNeel & Associates [



RHINO BASICS

Notes:
10 From the Render menu, click Shade.

L

Rotate the view in shaded mode.

The plane helps you stay oriented. If the objects disappear, you are looking at the bottom of the plane.
11 From the Render menu, click Render.

M= Digplay Window
File

IS [=] E3

Render the rotated view.
12 Close the render Display Window.

Robert McNeel & Associates [ 18



RHINO BASICS

13 Inthe Perspective viewport on the right, drag with your right mouse button to rotate the view around.

Rotating the wireframe view.
14 Rotate your view by dragging from the bottom of the view toward the top.

Looking at the objects from the bottom in wireframe mode.
Y ou are now under the objects looking up.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

15 From the Render menu, click Shade.
The objects are obscured by the plane.

Looking at the objects from the bottom in shaded mode.

In shaded mode, the plane helps you see when your viewpoint is below the objects.

To get back to your original view:

¢ Pressthe HOME key to undo your view changes.

Navigating Around the Model

Y ou have used the right mouse button to rotate in the Perspective viewport. Y ou can hold sHIFT and drag with the right
mouse button to pan. Dragging the right mouse button to move around does not interrupt any commands in progress.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

To pan in a viewport:

¢ Inthe Top viewport, hold sHIFT and drag with the right mouse button to pan the view.

Top

D
@$

H {7

Panning with shift and the right mouse button.

Zooming In and Out

Sometimes you want to get closer to your objects or move back so you can see more. Thisis called zooming. Aswith
many thingsin Rhino, there are several waysto do this. The easiest way is to hold down the CTRL key and drag up and
down in aviewport with the right mouse button. If you have a mouse with a scroll button, turn the scroll button to zoom
in and out.

To zoom in and out:

¢ Inthe Top viewport, hold the CTRL key, click and hold the right mouse button, and drag the mouse up and down.

Notes:

What if ...

Instead of panning or rotating,
something funny happened.

If you just right-click quickly
once in viewport, the last
command starts again. You
must hold the right mouse
button down while panning or
rotating.

| panned in another viewport, it
shaded too. What's going on?

When you are in shaded mode
and make a change in any
viewport, the viewport also
displays in shaded mode.
Press Esc or click in a viewport
to exit shaded mode.

Robert McNeel & Associates [
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Notes:
Drag up to zoomin.

Drag down to zoom out.

Zooming with CTRL and the right mouse button.

Zooming Extents

r_1

The Zoom Extents command zooms a viewport so the objects fill up the viewport as much as possible. Y ou can use this e

command to make everything visible. ZoomExtents
Look for this button.
Left Click this button.

To zoom extents in a viewport:

¢ Fromthe View menu, click Zoom, and then click Extents. Zooming Extents in the

i t lost, it's often handy t tents in all iewports at there i d to do just thatPE/SPective viewport s
you get 10st, IT'S often nanay to zoom extents In all your viewports at once, so there IS a command 1o do Jus a Sometlmes Inaccurate

To zoom extents in all viewports: —

o

¢ From theView menu, clickZzoom, and then cliclextents All. ZoomExtentsAll
Look for this button.
Right Click this button.

Robert McNeel & Associates [ 22



RHINO BASICS

Move Objects

Now drag the objects around. Y ou can drag in any viewport. In this model Snap is set to one-half of agrid line. Using this
snap, you should be able to line objects up with each other.

To move objects:

1 Click the cone and drag it.
The cone turns yellow to show it is selected.

The selected cone highlights.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

2 Dragthe conein the Perspective viewport until it lines up with the cylinder.
It will be inside the cylinder.

The cone moves on the base that is represented by the grid. This baseis called aconstruction plane. Each viewport
has its own construction plane. When you start Rhino, the Perspective viewport has the same construction plane as
the Top viewport. Y ou will learn more about using construction planes later.

Drag the cone to move it.

Notes:

Robert McNeel & Associates [

24



RHINO BASICS

3 Inthe Front viewport, drag the cone to the top of the cylinder.
Watch what happens in the Perspective viewport.
There are many times when you have to watch what is happening in other viewports to accurately place your objects.

Move the cone in the Front viewport.
4 Click in the Perspective viewport.
5 From the Render menu, click Shade.

Shaded preview.

Notes:

Robert McNeel & Associates [
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RHINO BASICS

Notes:
6 Fromthe Render menu, click Render.

M Dizplay Window [_ (O]
File

Render.

Try on Your Own

» Move the objects around. Use the Front viewport to move the objects vertically and the Top or Perspective V|

ewport
to move them horizontally.

Copy Objects

To create more objects, copy the shapes.

To start with a fresh model:

1 From theFile menu, clickOpen.

2 Don't save the changes.

3 Inthe Open dialog box, selggitst Model.3dm.
You will find this model in thekhino-1 folder.

Robert McNeel & Associates [ 26



RHINO BASICS

To copy objects:

1 Click the box to select it.

2 Fromthe Transform menu, click Copy.

3 AtthePoint to copy from (Vertical InPlace) prompt, click somewhere in the Top viewport.
It usually helpsto click a spot that relates to the object like the middle.

Top
@
i
@—= pb
ﬂ
Select and copy the box.

4 At thePoint to copy to prompt, click where you want the first copy.
Zoomin closer if you like.
To zoom, hold CTRL and drag with the right mouse button.

Notes:

mo
Og

Copy
Look for this button.

Robert McNeel & Associates [
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RHINO BASICS

5 At the next Point to copy to prompts, click other places to make some copies of the box.

r

Top

Make three copies
6 When you have enough copies, press ENTER.

Shade the new boxes.

Try on Your Own

Make copies of more objects and move them around. See if you can build something.

Notes:

Robert McNeel & Associates [
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Creating Two-dimensional
3 Objects

Drawing Lines

The Line, Lines, and Polyline commands draw straight lines. Line draws a single line segment. Lines draws continuous
line segments, end to end. Polyline draws aline with multiple vertices (asingle linear object with multiple segments).
Exercise 2—Drawing Lines

1 Fromthe File menu, click New.

2 Inthetemplate File dialog, click 4viewports.3dm.

3 Fromthe File menu, click Save.

4 Inthe Save dialog, typeLines, then click Save.

To draw line segments:
1 Fromthe Curve menu, click Line, then click Line Segments to begin the Line command.
2 AttheStart of first line prompt, pick apoint in aviewport.

3 AttheEnd of line segment (Undo) prompt pick another point in aviewport. A line segment appears between the
two points.

4 AttheEnd of line segment, press ENTER when done (Undo) prompt, pick another point .

Notes:

T

Line Segments
Look for this button.
Right click for Line Segments

Robert McNeel & Associates [
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CREATING TWO-DIMENSIONAL OBJECTS

5 AttheEnd of line segment, press ENTER when done (Close Undo) prompt, continue pick points.
Additional segments appear. Each segment meets, but isn’t joined to it, the previous segment.

Option  Description

Close Closes the shape by drawing a segment from the last point picked to the first point
picked. This ends the command.

Undo Deletes the last point picked.
6 AttheEnd of line segment, press ENTER when done (Close Undo) prompt, presgNTER to end the command.

To draw a polyline:

1 From theCurve menu, clickLine, then clickPolyline to begin the Polyline command.

2 At theStart of polyline prompt, pick a point .

3 At the nexiNext point of polyline (Undo) prompt pick another point .

4 At theNext point of polyline, press ENTER when done (Undo) prompt, pick another point .

5 At the Next point of polyline, press ENTER when done (Close Undo) prompt, continue to pick points.

To draw a single line segment:

1 From theCurve menu, clickLine, then clickSingle Line to begin the Line command.
2 At theStart of line (BothSides) prompt, pick a point .

3 At theEnd of line (BothSides) prompt, pick another point.

4 The Single Line command ends after one segment is drawn.

To use the Close option:

1 From theCurve menu, clickLine, then clickLine Segments to begin the Line command.

2 At theStart of first line prompt, pick a point .

3 At theEnd of line segment (Undo) prompt pick another point .

4 AttheEnd of line segment, press ENTER when done (Undo) prompt, pick another point .

Notes:

You can press the right button
to enter.

T

Polyline
Look for this button.
Left click for Polyline.

.

Single Line
Look for this button.
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At the End of line segment, press ENTER when done (Close Undo) prompt, type C and press ENTER. The line
will close back to the original start point.

To use the Undo option:

a A W N BB

»

From the Curve menu, click Line, then click Polyline to begin the Polyline command.

At the Start of polyline prompt, pick a point .

At the Next point of polyline (Undo) prompt pick ancther point .

At the Next point of polyline, press ENTER when done (Undo) prompt, pick another point .

At the Next point of polyline, press ENTER when done (Close Undo) prompt, type U and press ENTER. One
segment of the polyline is removed.

At the Next point of polyline, press ENTER when done (Undo) prompt, pick another point .
At the Next point of polyline, press ENTER when done (Undo) prompt, press ENTER to end the command.

To use the Bothsides option:

1
2
3
4

From the Curve menu, click Line, then click Single Line to begin the Line command.
At the Start of line (BothSides) prompt, type B and press ENTER.
At the Start of line prompt, pick apoint.

At the End of line prompt, pick ancther point. A segment is drawn with equal length on both sides of the start point.

Drawing Freeform Curves

The Curve from Interpolated Points and Curve commands draw freeform curves. Interpolated Points draws a curve
through the points you pick. Curve uses control points to create a curve.

Exercise 3—Drawing Interpolated Curves

1

2
3
4

From the Curve menu, click Freeform, then click Interpolate Points.

At the Start of curve (Tangent Knots=SqrtChord) prompt, pick a point .

At the Next point of curve (Tangent Knots=SqrtChord Undo) prompt, pick another point .

At the next several Next point of curve (Tangent Knots=SqgrtChord Undo) prompts, pick more points.

Notes:

ol

Interpolated Points
Look for this button.
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5 Or, type an option letter, and press ENTER.

Option Description

Close Closes the shape by drawing a segment from the last point picked to the first point
picked. This ends the command.

Tangent  After choosing a point on another curve, the next segment will be tangent to the point
you picked and end the command.

Undo Deletes the last point picked.

Exercise 4—Drawing Curves from Control Points

1

2
3
4
5

From the Curve menu, click Freeform, then click Control Points.

At the Start of curve prompt, pick apoint .

At the Next point (Undo) prompt, pick another point .

At the next several Next point, press ENTER when done (Undo) prompts, pick more points.
Or, type an option letter, and press ENTER.

Modeling Aids

Mode commands are modeling aids that you can toggle on or off by pressing shortcut keys, afunction key, typing asingle
letter command, or picking a button.

Function
Mode Command Key Description
Ortho (0] F8 or Ortho on restricts cursor movement to the points at a specified angle from the last

SHIFT point created. The default angle is 90 degrees.

Pressing and holding the shift key down toggles Ortho. If Ortho is set to on, the
shift key toggles Ortho off. If Ortho is off, the shift key toggles Ortho on.

Grid Grid F7 Hides or shows a reference grid in the current viewport of the graphics screen at

the construction plane. This toggle does not work if you are in the middle of a
command.

Notes:

=5

Curve
Look for this button.

Notice the points you pick are

off the curve as control points.
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CREATING TWO-DIMENSIONAL OBJECTS

Function
Mode Command Key Description
Snap S F9 or Forces the pointer to snap on grid intersections.

Planar P

This is a modeling aid similar to ortho. This helps you model planar objects even if
the modeling command was normally able to draw non-planar objects by forcing
input to be on a plane parallel to the construction plane that passes through the
last point that you picked.

Modeling aids can be toggled on and off by clicking their mode buttons on the status bar:

||:-:D.DEIEI y 0000 =0000 [0000 (BN Defaul

| Snap |Orho | Planar | Osnap ¢|

Exercise 5—Drawing lines and curves using mode functions
1 Toggle Snap on and draw some lines.

The cursor snaps to each grid intersection.
2 Toggle Snap off, toggle Ortho on and draw some lines and curves.

Y ou can only input points that are 90 degrees from the last point. By using grid snap and ortho toggles you can draw
with precision. We will discuss other ways to get precision in alater session.

Model Setup

In Rhino you can create full-size models using precise measurements. Y ou might need to change the modeling
environment depending on the type of model you are creating; the default options may not always work.

Notes:
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To change the options:

1 Fromthe Tools menu, click Options. The Rhino Options dialog box appears.

2 Click on the Modeling Aids tab.

The Modeling Aids tab allows you to control ortho, object snap, grid snap, and other mode options.

Options
Wiew | General I Grid
Modeling Aids | Appearance
— Ginid enap
¥ Shap on
r— Ortho
[ Shap every IBUJ] degrees
i~ Flanar made

[ Planar mode an

— Object snaps

™ Project to CPlane
[~ Use horizontal dialog box

Snap radius: |15 3: pixels

r— Trim ¢ Extend

[ Estend lines
¥ Use apparent jntersections

I Render | Uitz I File:s
| Shortcut Keps | Aliases

—Mudge steps in units

Hudge key alone: IU.2
Lt + nudge kew: IU.UE
Shift + nudge key: |2_D

—Mudge keys and direction
 Anow keys
& Al + arrow keys

" Use CPlane axes
& Usze world axes

— Control polwgon display
[+ Display control polygon
[+ Highlight cortral polygan

Dizplay density: |4 3:

[ X

0K I Cancel | Help

3 Changethe Ortho optionsto Constrain every 30 degrees.

Notes:
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Notes:
4 Click on the Grid tab.

Y ou can change the appearance of the modeling environment by changing the grid elements. The grid size, the
frequency of the thick lines, and the number of grid elements can be changed. The Grid dialog allows you to
configure grid settings.

Modeling Aids I Appearance I Shortcut Keys | Aliazes I
Wigw | General Grid | Render | Units I Files
Snhap spacing: 0.z2s ¥ Show grid

Grid o D ¥ Show grid axes
I v WwWorld axes icon

Maijor lines every: |4
V¥ Use as defaults
¥ Zpply to all viewparts

Nk

Grid gxtents:

0K I Cancel | Help

Change the Snap Spacing setting to .25.
Change the Thick line every setting to 4.
Change the Grid Extents setting to 10.

Click OK.

Draw some more lines and curves with Snap and Ortho on. Notice that the cursor now snaps between the grid
intersections and that ortho snaps at every 30 degrees.

© 00 N o O
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CREATING TWO-DIMENSIONAL OBJECTS

Notes:
10 Try to draw the object below with snap and ortho turned on.

Top

Saving your work
Save your work periodically during a session to keep it from getting accidentally deleted.

To save your model:
1 Fromthe File menu, click Save.
Or, click one of the other options. Y ou will have an opportunity to save your work.

Command Description

Save Saves your model and keeps it open. Itis gOQd practice to Sav_e your
Save A s del t iod fil ocat d format model in stages under different

ave As aves your model to a specified file name, location, and format. names, using the Save As
New Offers to save your model before opening a new one. command. This will allow you
Open Offers to save your model before opening a different one. to go back to an earlier version
Exit Offers to save your model before ending your Rhino session. nyour model for modifications
if necessary.
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Layers

Rhino layers work like CAD layering systems. By creating objects on different layers, you can edit and view related
portions of amodel separately or as a composite. Y ou can create as many layers as you like.

Y ou can display al layers simultaneously or turn any of them off. Y ou can lock layers so they are displayed but cannot be
selected. Each layer has a color. Y ou can assign a unique name to each layer (for example, BASE, BODY, TOP) to
organize the model or you can use preset layer names (Default, Layer 01, Layer 02, Layer 03).

The Edit Layers dialog box manages layers. Useit to set up layers for your model.

+ Edit Layers

Showr: I All Layers j o Current laver : Default

~F| Mame On  Off Lock | Colar
« Default O O

Cancel

Appll

Hew

[elete

Select Al
Invert

By Object...

teve e

| ERELE )

e Dot

Help

Notes:
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Exercise 6—Layers

To create a new layer::
1 Fromthe Edit menu, click Layers, then click Edit.

+ Edit Layers

Showr: I All Layers j o Current laver : Default

o | Hame
Like
Curve

0K | Cancel | Sppli I

(=]

ﬂwl
__ Dekte |
_Seketal |
_ et |
_Bytiec. |
I
_Move Do |

Delete

Select Al
Invert

By Object...

teve e

Mave Diown

Help

In the Edit Layers dialog box, click New.

Click New.

o 0o~ WN

The layer Default is created automatically when you start a new model.

The new layer Layer 01 appearsin thelist, type Line and press ENTER.

The new layer Layer 02 appearsin thelist, type Curve and press ENTER.

Notes:

=

Edit Layers
Look for this button.
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To assign a color to a layer::

1

N

Click the Color bar ontheLine row in thelist.

Select Color

Mamed colors:

*'hite
LightGray
Gray
DarkGray
Black.

Red
Brawn
Orange
Gald
ellow
Chartreuse
Green
DarkGreen [N
Sealreen

Aguamarine

Cyan

Turquoize

Firk j -

"iolet

Nk

Cancel |

In the Select A Color dialog box, click red from the list.

The sample square turns red.
Click OK.

In the Edit Layers dialog box, the new color appearsin the color bar on the Line row of the layer list.

Repeat steps 1-3 to make thave layerBlue.
Click OK to close the dialog box.

To make a layer current:

1
2

Click in theLayer pane of theStatus Bar.
Click Line.

Notes:

Hue is controlled by moving
the line around the circular
portion of the color wheel.

Hue is the color that is referred
to as a scale ranging from red

through yellow, blue and green
and then circularly back to red.

Saturation and Value are
controlled by moving the circle
around in the square portion in
the middle of the color wheel.

Saturation is the vividness of
hue.

Value is the relative lightness
or darkness of a color.
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Notes:
3 Draw somelines.

4 Thelines appear on the Line layer and they are red.

5 Change layers by clicking the Layer area of the status bar. Click Curve.

w0 Cefault "
Line
Curve
|2 0347 y 23723 z 0000 | | P a— [Snap [Ontho [ Flanar || Oznap 4

6 Draw some curves.
7 Draw more lines and curves on each layer.

To lock a layer:
1 Fromthe Edit menu, click Layers, then click Edit.
2 Inthe Edit Layers dialog box, click the radio button under Lock in the row for Line.

Locking alayer turnsit into areference only layer. Y ou can see and snap to objects on locked layers. Y ou cannot
select any objects on locked layers. Y ou cannot make alocked layer current without unlocking it.

3 Click OK.

To turn a layer off:

1 Fromthe Edit menu, click Layers, then click Edit.
2 Inthe Edit Layers dialog box, click the radio button under Off in the row for Curve.

Turning alayer off makes all objectsoniit invisible.
3 Click OK.

Exercise 7—Selecting objects

To select an object:

¢ Moveyour pointer arrow over the object and left-click.

40
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To select more than one object:
1 Moveyour pointer arrow over the first object and left-click.
2 While holding the sHIFT key down, move your pointer over another object and left-click.

To select more than one object using a window:
1 Move your pointer arrow into an open areato the lower left of the objects you want to select. Hold your |eft button

down and drag diagonally to the right until you have several objects inside the window. Release your mouse button.

All objects completely inside the window will be selected.
2 You can add to your selection set by holding the sHIFT key down while making another selection.
3 Or, type Selwindow and press enter to start aWindow selection.

To select more than one object using a crossing window:

1 Move your pointer arrow into an open areato lower right of the objects you want to select. Hold your |eft button
down and drag diagonally to the left until you have several objectsinside or touching the window. Release your

mouse button.

All objectsinside or touching the window will be selected.
2 You can add to your selection set by holding the sHIFT key down while making another selection.
3 Or, type Selcrossing and press enter to start a Crossing Window selection.

To hide an object:

1 Select an object.
2 Fromthe Edit menu, click Visibility, then click Hide.
The object becomesinvisible.

To show hidden objects:

¢ Fromthe Edit menu, click Visibility, then click Show.
The Show command shows al hidden objects globally.

Notes:

Hide

Hide
Look for this button.
Left click for hide.

Hide

Show
Look for this button.
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To Lock an object:

1 Select an object.

2 Fromthe Edit menu, click Visibility, then click Lock.
The object becomes shaded gray. Y ou can see the Locked object, you can snap to it, but you cannot sdlect it.

To Unlock locked obijects:

¢ Fromthe Edit menu, click Visibility, then click Unlock.
The Unlock command redisplays all Locked objects globally.

To move an object from one layer to another:

1 Select an object.

2 Fromthe Edit menu, click Layers, then click Change Object Layer.
The Layer for object dialog appears.

Layer for object

oK I Cancel I

3 Select the layer you want the object to move to, then press OK.

Notes:

Lock

Lock
Look for this button.

[
Lock

Unlock
Look for this button.

&2

Change Layer
Look for this button.

Right click for unlock.
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Deleting objects
Delete removes selected objects from the model. Use Delete to practice selection.

Exercise 8—Practice Using Delete and Selection options

To open the practice model:
1 From the File menu, click Open.

8-

2 Inthe Open dialog box click Delete.3dm and click Open or double-click delete.3dm to open the model.
3 Select the square and the circle.

%
E@%@%

Notes:
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Notes:
4 From the Edit menu, click Delete or press the DELETE key.

The objects disappear.

To start the first practice:

1 Select one of the lines on the hexagon in the top view. Because there are several lines superimposed on each other,
the choose between multiple objects dialog appears.

Choose One Object E2

H1ofd: Curve

Prev | Mext |

Click Next.

It will highlight the next item that is in the same location. Y ou can see the change in the perspective or side view.
When the hexagon on the top is highlighted, click OK.

From the Edit menu, click Delete.

w N

(2 B

Make a crossing window to select the surface and the polyline in the top right part of the drawing.

Both objects are selected.
e W

Top

HH HH

- -

6 From the Edit menu, click Delete.
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7 Make awindow to select the polyline and the cylinder in the lower right part of the drawing.
Only those objects that are completely inside the window are selected.

Notes:

Top Top

-

8

-

-

8

D

8 From the Edit menu, click Delete.

9 Continue deleting objects in the drawing. Practice using different selection methods to select and deselect objects.
Use crossing and window. The SHIFT key while selecting will let you add to your selection set. The CTRL key while

selecting will |et you to remove objects from your selection set.

To undo deletions:

¢ From the Edit menu, click Undo.
Each time you click it will take you back one command sequence.

To redo:

¢ From the Edit menu, click Redo.
Each time you click it will redo the previous Undo.

K™

Undo
Look for this button.
Left click for undo.

K™

Redo
Look for this button.
Right click for redo.
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4 Precision Modeling

Exercise 90 Setting Up a Model

To start the new model :

1 From the File menu, click New.

2 Click 4viewports.3dm, then click Open.

3 From the File menu, click Save. Name the model BOXES.

Modeling With Coordinates

So far you have been drawing imprecise lines. Now we will look at drawing lines at specific places. To do this you will
use coordinates.

Whenever you draw a curve, place apoint, or create a solid primitive, Rhino asks you for a series of points. You can tell
that Rhino is asking for point input two ways: the command prompt has a prompt like Start of first line, Start of
polyline, Start of curve, or Next point and the cursor turnsinto a marker.

Y ou can enter a point two ways: by picking a point in aviewport with the mouse, or by typing coordinates in the
command line.

Rhino uses a fixed Cartesian coordinate system called the World Coordinate System (WCS), based on three axes (the x-
y-, and z-axes) that define locations in two- and three-dimensional space.

Notes:

0
Marker
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Each viewport has a construction plane that defines coordinates for that viewport. We will work in the Top (and
Perspective) viewports where the two coordinate systems are the same.

Absolute Coordinates

Thefirst form of coordinates you will use are called absolute coordinates. Absolute coordinates are exact locations on the
X-, y-, and z-axes.

Use the BOXES model to learn how to draw with absolute coordinates.

Exercise 10—Entering Absolute Coordinates

To draw lines using absolute coordinates:

Maximize the Top Viewport by double-clicking the title bar.

From the Curve menu, click Line, then click Polyline.

At the Start of polyline prompt, type 0,0, and press ENTER.

At the Next point of polyline (Undo) prompt, type 5,0, and press ENTER.

At the Next point of polyline, press ENTER when done (Undo) prompt, type 5,5, and press ENTER.

At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type 0,5, and press ENTER.

At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type C, and press ENTER, to close
theline.
0,5 55

N oo o B~ W N P

0,0 5,0

Notes:

A

Polyline
Look for this button.
Left click for Polyline.
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Relative Coordinates

Absolute coordinates can be dow and cumbersome, but they do work. Most of the time, relative coordinates are easier to
use. Every time you select a point, Rhino saves that point as thelast point. Relative coordinates are based on this last
point, instead of on the origin (0,0,0) of the CPlane.

Precede the x,y,z coordinates with a singléto enter relative coordinates.

Exercise 11—Entering Relative Coordinates

1 Fromthe Curve menu, click Line, then click Polyline.
2 Atthe Start of polyline prompt, type 8,0, and press ENTER.
3 At the Next point of polyline (Undo) prompt, type R5,0, and press ENTER.
4 At the Next point of polyline, press ENTER when done (Undo) prompt, type R0,5, and press ENTER.
5 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type R-5,0 and press ENTER.
6 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type C, and press ENTER, to close
theline.
R-5,0 RO,5
NEW POINT
LAST AY
POINT
AX
8,0 R5,0

Notes:

A

Polyline
Look for this button.
Left click for Polyline.
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Polar Coordinates

Polar coordinates specify a point that is a distance and direction away from 0,0 in the current construction plane. For

example, if you want a point four units away from the construction plane origin, at a 45° angle clockwise from thg

construction plane x-axis, type 4<45, and press ENTER. Relative polar coordinates are preceded by the “r”, abs
polar coordinates are not. Instead of using x-, y-, and z-coordinates, enter relative polar coordinates like this:
rdistance<angle.

Exercise 12—Entering Polar Coordinates

From the Curve menu, click Line, then click Polyline.

At the Start of polyline prompt, type 0,8, and press ENTER.

At the Next point of polyline (Undo) prompt, type R5<0, and press ENTER.

At the Next point of polyline, press ENTER when done (Undo) prompt, type R5<90, and press ENTER.

At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type R5<180, and press ENTER.

o O A W N P

At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type C, and press ENTER, to close
theline.
. 50
R5<180 R5<90 % @

POINT ™% ®

DISTANCE
180 0

ANGLE

POINT

0,8 R5<0 270

Notes:

Dlute

T

Polyline
Look for this button.

Left click for Polyline.
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Distance and Angle Constraint Entry

Using distance constraint entry, you can specify a point by typing a distance and pressing ENTER. AS you move your
cursor in any direction, the length of line will be constrained. Thisis agood way to specify aline length quickly.

Using angle constraint entry, you can specify an angle by typing < followed by a value and pressing ENTER. The next

point is constrained to lines at the angle you specified.

T

/
/ /0/\

N \ / ~ ANGLE
N e CONSTRAINT
~N ~
~ i

N

}

\

CONSTRAINT
\ o
\

< ° \ |
N DISTANCE
N

\

S

Distance constraining value 5, angle constraint value 30

Notes:
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Using the shift key to toggle Ortho on and off:

When Ortho is off you can hold the sHIFT key down to toggle it on. This method is an efficient way to draw
perpendicular lines. In the following example, you draw aline 5 units long using distance constraints.

Exercise 13—Distance Constraint Entry
1 Fromthe Curve menu, click Line, then click Polyline.
2 Atthe Start of polyline prompt, type 8,8, and press ENTER.

3 At the Next point of polyline (Undo) prompt, type 5, and press ENTER.
Hold the sHIFT key down and pick a point 90 degrees to the right.

4 At the Next point of polyline, press ENTER when done (Undo) prompt, type 5, and press ENTER.
Hold the sHIFT key down and pick a point 90 degrees up.

5 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type 5, and press ENTER.
Hold the shift key down and pick a point 90 degrees to the lft.

6 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type C, and press ENTER, to close
theline.

Exercise 14—Distance and Angle Constraint Entry
1 Fromthe Curve menu, click Line, then click Polyline.
2 Atthe Start of polyline prompt, type 16,5, and press ENTER.

3 At the Next point of polyline (Undo) prompt, type 5, and press ENTER, then type <45 and press ENTER.
Asyou drag your cursor around it snaps to a distance of 5 and an angle of 45 degrees.
Pick a point 45 degrees down and to the right.

4 At the Next point of polyline, press ENTER when done (Undo) prompt, type 5, and press ENTER, then type <45
and press ENTER.
Pick a point 45 degrees up and to theright.

5 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type 5, and press ENTER, then type
<45 and press ENTER.
Pick a point 45 degrees up and to the left.

6 At the Next point of polyline, press ENTER when done ( Close Undo) prompt, type C, and press ENTER, to close
theline.

Notes:

A

Polyline
Look for this button.
Left click for Polyline.

T

Polyline
Look for this button.
Left click for Polyline.
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7 Save your model. We will use this model for another exercise.

Exercise 15—Practice
1 Start anew model. Save as Arrow.

‘—| 1 '— 55 i 3 l
N \
‘ = . ;

5

——

2 Draw the arrow with apolyline, using a combination of absolute coordinates (x,y), relative coordinates (RX,y),
polar coordinates (Rdistance<angle), and distance constraint. Begin your model at 0,0.

3 Save your model.

To make it 3D:

1 Select the Polyline.
2 Fromthe Surface menu and click Revolve.
3 Toggle Snap on.

S L

Notes:

1

Revolve
Look for this button.
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Notes:
4 At the Start of revolve axis prompt, choose the end of the arrow along the center line.

5 AttheEnd of revolve axis prompt, choose the other end of the arrow along the center line.
6 TheRevolve Options dialog box will appear. Click OK. Y our arrow is now a three-dimensional model.

Revolve Dptions E2

" Exact
" Deformable with I'ID cantral paintz

Start angle: ID
End angle: |3BU

™ Delete curve to revalve

Cancel |

7 Click the mouse in the Perspective viewport to make it active.
8 From the Render menu, click Shade. Q

Look for this button.

-~
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Viewports

Viewports are windows in the Rhino graphics area that show you a view of your model. Y ou can move and resize
viewports by dragging thetitle bar or borders. The cursor moves along a construction plane, which is defined for each
viewport. Y ou can create new viewports, rename viewports, and use predefined viewport configurations. To activate a
viewport click anywhere in the viewport and thetitle highlights. If you are in acommand sequence you simply haveto
move your cursor into aviewport to activate it.

M Rhinoceros Beta 11-Aug-1998 - Untitled. 3dm _ O] x|
File Edit “iew Curve Suface Solid Transform Tools Analvze Bender Help
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Notes:
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Construction planes

The construction plane is the guide used for modeling Rhino objects. Points you pick are always on the construction
plane unless you use coordinate input, elevator mode, or object snaps.

Each construction plane has its own axes, agrid, and an orientation relative to the world coordinate system.
Default construction planes are provided with the default viewports.

» The Top construction plane x- and y-axes align with the world x- and y-axes.

The Right construction plane x- and y-axes align with the world y- and z-axes.
» The Front construction plane x- and y-axes align with the world x- and z-axes.
» The Perspective view uses the Top construction plane.

Each construction plane has a grid. The grid is a plane of perpendicular lines lying on the construction plane. Or]
grids, every fifth line is slightly thicker. The red line represents the construction plane x-axis. The green line reprs
the construction plane y-axis. The red and green lines meet at the construction plane origin.

The red and green axes on the grid are the x- and y-axes of that viewport’s construction plane. The construction
happen to be lined up with world axes when you first start Rhino, so it is confusing in the front and side viewports
the y-axis of the construction plane happens to be pointing up in the world z- direction. The icon in the left hand
always shows world coordinates, which are different from the construction plane axes.

Exercise 16—Modeling in different viewports

1 Start anew model. Save as Viewports.

In this exercise you will use snap and ortho to draw in different viewports. When modeling in Rhino, the active
viewport and the construction plane are the same.

Toggle Ortho and Snap on.

From the Curve menu, click Line, then click Polyline.

Move your cursor into the Top viewport.

At the Start of polyline prompt, type 0,0, and press ENTER.
At the Next point of polyline prompt, pick 8 units to the right.
At the Next point of polyline prompt, pick 5 units up.

N o o0~ WN

Notes:

default
bsents

planes
5 where
corner

T

Polyline
Look for this button.

Left click for Polyline.
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8 At the Next point of polyline prompt, pick 8 unitsto the left.
9 At the Next point of polyline prompt, type C, and press ENTER to close the line.

Top

To draw in the front viewport:

From the Curve menu, click Line, then click Polyline.

Move your cursor into the Front viewport.

At the Start of polyline prompt, type 0,0 and press ENTER.

At the Next point of polyline prompt, pick 8 units to the right.
At the Next point of polyline prompt, pick 5 units up.

At the Next point of polyline prompt, pick 8 unitsto the | eft.

o O A W N P

Notes:

T

Polyline
Look for this button.
Left click for Polyline.
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7 At the Next point of polyline prompt, type C, and press ENTER to close the line.

To draw in the right viewport

From the Curve menu, click Line, then click Polyline.

Move your cursor into the Right Viewport.

At the Start of polyline prompt, type 0,0, and press ENTER.
At the Next point of polyline prompt, pick 5 unitsto theright.
At the Next point of polyline prompt, pick 5 units up.

At the Next point of polyline prompt, pick 5 unitsto the | eft.

o o~ WN P

Notes:

A

Polyline
Look for this button.
Left click for Polyline.
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7 At the Next point of polyline prompt, type C, and press ENTER to close the line.

Righ

Look in the perspective view. Each rectangle was drawn on a different construction plane. Asyou input coordinate
data the points will be placed on the construction plane of the active viewport.

Modeling in 3d Space

Rhino makesit easy to draw in 3d space. Asdemonstrated in the previous exercise you can draw on a different
construction plane by simply moving your cursor into a different viewport. Another useful tool for modeling in 3d space
is elevator mode.

Elevator Mode

Elevator mode lets you pick points that are off the construction plane. Elevator mode requires two point picks to
completely define the point. The first specifies the base point. The second specifies how far the final point is above or
below the base point.

After the base point is specified, the marker is constrained to atracking line perpendicular to the CPlane that passes
through the base point.

Pick a second point to specify the z-coordinate of the desired point. Y ou can pick a point with the mouse, or type asingle
number to specify the height above the Cplane. Positive numbers are above the construction plane, negative numbers are
below.

To activate elevator mode, hold the CTRL key while clicking with the left mouse button.

Notes:
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To draw rectangle using elevator mode:
1 Fromthe Curve menu, click Line, then click Polyline.
2 Moveyour cursor into the Top Viewport.

3 At the Start of polyline prompt, pick the 0,0 point while holding the CTRL key down.
A tracking line constrains the marker through the base point perpendicular to the CPlane of the current view.

4 Movethe cursor to the Front viewport to see the marker track along the tracking line.
Pick apoint at the top left of the rectangle. Thisis asecondary pick that elevates the first point off the construction

plane.

Top

5 At the Next point of polyline prompt, drag your cursor back to the top viewport and pick 8 unitsto the right.
6 At the Next point of polyline prompt, pick 5 units up.

Notes:

A

Polyline
Look for this button.
Left click for Polyline.
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Notes:
7 At the Next point of polyline prompt, pick 8 units to the left.

8 At the Next point of polyline prompt, type C, and press ENTER to close the line.

Notice that the polyline stays at the same elevation from the construction plane as you pick your next point. Thisis
because Ortho isturned on.

9 Experiment using elevator mode with Ortho off.
10 Experiment using elevator mode with Planar mode on.
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Exercise 17—Practice using distance and angle constraints
1 Start anew model. Save as V-Block.
2 Double Click on thetitle bar in the Front viewport. Create the following model in the front construction plane.

3 Draw the object below using a combination of absolute coordinates (X,y), relative coordinates (rx,y), and polar
coordinates (rdistance<angle). Start your model at 0,0 in the Front Viewport.
Try to create the model using a single polyline.

2 !| 5 |“_2_’

4 Save your model.
5 Double Click on thetitle bar of the Front viewport to restore your views.

Notes:
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Notes:
6 Select the object.

7 From the Solid menu, click Extrude Planar Curve.

8 At theExtrusion distance <1> (Direction Cap=yes Bothsides Tapered) prompt, type 12 and press ENTER.
Y ou can view the model as a three-dimensional object in the perspective viewport.

9 Click the mouse in the Perspective viewport to make it active.

10 From the Render menu, click Shade. Q

Look for this button.

b

11 Save your model.
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Object Snaps

Object Snaps are tools for selecting specific points on existing objects. Use them for precision modeling and to get
accurate data. Object Snaps are often referred to as osnaps.

To open the Osnap toolbar, click Osnap in the status bar. This toolbar controls persistent object snaps. Use persistent
objects snaps to maintain an object snap through choosing several points without having to reactivate the object snap.

When an object snap is active, moving the cursor near a specified point on an object causes the marker to jump to that

point.

Check a box to turn on the object snap. Y ou can place the toolbar anywhere on your desktop.

Command
End

Near
Point
Mid

Cen

Int

Perp

Tan

Quad

Button

o—

i

OEEE B

Description

End snaps to the end of a curve.
Near snaps to the nearest point on an existing curve.
Point snaps to a control point.

Midpoint snaps to the midpoint of a curve.

Center snaps to the center point of a curve. This works best with circles and arcs.

With other curves, you will snap to the center points of circles based on the
curvature at any given point.

Intersection snaps to the intersection of two curves.

Perpendicular To snaps to the point on a curve that is perpendicular to the last
selected point. Works only when you're selecting a series of points.

Tangent To snaps to the point on a curve that is tangent to the last selected point.

This only works when you're selecting a series of points.

Quad snaps to the quadrant point of a circle, arc, or ellipse.

[~ End
[ Mear
™ Paint
[ Mid

[ Cen
[ Int

[ Pep
[~ Tan
[ Quad

[ Project
[ Lock

Notes:
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Command Button Description
Lock Temporarily turns off running object snaps.
Project Projects the snap point to the construction plane.

In Rhino, reliable modeling and easy editing depends on objects actually meeting at specified points. Objects snaps gives
you precision you cannot get using the “eyeball” method.

Exercise 18—Using Object Snaps

1
2

Open the Osnap model.
Toggle Snap and Ortho off.

Using End and Midpoint:

1
2
3
4

Click Osnap on the status bar. Y ou can leave the Osnap toolbar displayed.
Check End and Mid. Y ou can check and uncheck individual asnaps to make modeling with precision easy.
From the Curve menu, click Line, then click Polyline.

At the Start of polyline prompt, move your cursor close to the end of the line at the lower left corner of the first box
and pick when the marker snaps to the end of the line. Pick to draw the polyline.

Theline starts exactly at that corner.

Top

e

o

5 At the Next point of polyline prompt, snap to the Midpoint of the right vertical edge of the second box.

Notes:

A

Polyline
Look for this button.
Left click for Polyline.

™ Project
[ Lock

Osnap
End and Mid on
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The marker snaps to the midpoint of the line that the cursor touches, making the new line cross to the exact midpoint
of that side. Pick to draw the polyline.

6 At the Next point of polyline prompt, snap to the End at the upper left corner of the first box.
The marker snaps to the End of the line. Pick to draw the polyline.

7 PresseNTER to end the command.

Using Near to and Perpendicular to:
1 Inthe Osnap toolbar check Near and Perp; uncheck End and Mid.
2 Fromthe Curve menu, click Line, then click Polyline.
3 At the Start of polyline prompt, pick on the lower edge the circle at the top right.
The marker snaps to the point on the circle nearest to where the cursor was positioned.

Top

==

4 At the Next point of polyline prompt, pick the top horizontal edge of the second box.
The marker snaps to a point perpendicular to the previous point. Pick to draw the polyline.
5 PressENTER to end the command.

Using Intersection and Tangent to:
1 Inthe Osnap toolbar check Int and Tan; uncheck Near and Perp.
2 Fromthe Curve menu, click Line, then click Polyline.

Notes:
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3 Atthe Start of polyline prompt, pick on the intersection where the diagonal line crosses the vertical line on the first

box.

The marker snaps to the intersection between the two lines.

Top

o

==

4 At the Next point of polyline prompt, pick the top, |eft edge of the circle on theright.
The marker snaps to a point tangent to the circle.

5 PresseENTER to end the command.

Using Center of:

1 Inthe Osnap toolbar check Cen; uncheck Int and Tan.
2 Fromthe Curve menu, click Line, then click Polyline.

Notes:
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3 At the Start of polyline prompt, pick on the edge of acircle.
The marker snaps to the center of the circle.

Top

==

4 At the Next point of polyline prompt, pick on the edge of the other circle.

The marker snaps to the center of the circle.
5 PressENTER to end the command.

Using Quadrant of:
1 Inthe Osnap toolbar Check Quad; uncheck Cen.
2 Fromthe Curve menu, click Line, then click Polyline.

Notes:
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Notes:
3 Atthe Start of polyline prompt, pick a point on the top edge of thefirst circle.

The marker snaps to the quadrant point of the circle.

Top

==

4 At the Next point of polyline prompt, pick the |eft edge of the circle.
The marker snaps to the quadrant point of the circle.

5 At the Next point of polyline prompt, pick the bottom edge of the circle.

6 At the Next point of polyline prompt, pick the right edge of the circle.

7 At the Next point of polyline prompt, type C and press ENTER.

Analysis Commands

Rhino provides analysis tools for finding lengths, angles, areas, distances, volumes and centroids of solids. Additional
commands let you analyze curve curvature, continuity between curves, and find unjoined edges.

Command Description

Distance Displays the distance between two points.

Length Displays the length of an object.

Angle Displays the angle between two lines.

Radius Measures the radius of curvature of a curve, circle, or arc at the point where you pick the curve and

displays it on the command line.
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Command Description

Point The Cartesian coordinates of the point, in both world and CPlane coordinates are displayed on the
command line in x,y,z format.

To find the distance between two points:
1 Fromthe Analyze menu, click Distance.
2 AttheFirst point for distance prompt, pick the intersection where adiagonal line intersects a vertical line.

3 Atthe Second point for distance prompt, pick the intersection where the other diagonal line intersects the same
vertical line.

Top

==

"o

4 PressF2 to display the information.
Construction coordinates:
angles: Xy =90 elevation=0
deltas: dx=0 dy=3.07692 dz=0
World coordinates:
angles: xy =90 elevation=0
deltas: dx=0 dy=3.07692 dz=0

Distance = 3.07692 units

Notes:

i

Distance
Look for this button.
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To find the length of aline:

1 Fromthe Analyze menu, click Length.
2 Atthe Select Curve to measure prompt, select the line between the centers of the circles.

Top

==

The length of the object displays on the command line.
Length: 8.0000 (+/- 0.0008)

To measure the Angle between two lines:

From the Analyze menu, click Angle.

At the Start of line 1 prompt, select a point that defines the start of an angleline.
At the End of line 1 prompt, select a point that defines the end of an angleline.

a A W N BB

At the End of line 2 prompt, select a point that defines the end of the second angle line.

Notes:

e

At the Start of line 2 prompt, select a point that defines the beginning of the second angle line.

Length
Look for this button.

5
Angle
Look for this button.
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Top

==

The angle will display on the command line in the following format:
Angleis21.7711 degrees

To measure the radius of a circle:

1 Fromthe Analyze menu, click Radius.

2 Atthe Select curve for radius measurement prompt, select one of the circles. Thiswill also measure aradius on a
curve.

The radius will display on the command line in the following format:
Radius at pick point is 2.5

To measure a point:
1 Fromthe Analyze menu, click Point.

Notes:

e

Radius
Look for this button.

aYZ
(=]

Point
Look for this button.
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2 AtthePoint to measure prompt, snap to the end point of one of the squares.

Top

==

The x,y,z point is displayed for the world coordinate plane and the current construction plane.
Point in world coordinates = 8,5,0 cplane coordinates = 8,5,0

Drawing Circles

Y ou can create circles using a center point and radius, center point and a diameter, two points on the diameter, three
points on the circumference, tangent points to two coplanar curves and aradius.

Button Command Description
@ Circle Creates a circle from a center point and a radius.
Cj Circle3Pt Creates a circle from three points on the circumference.
@ CircleD Creates a circle from two points on the circumference that are the ends of the
diameter.
E} CircleTTR Creates a circle from a radius and two objects that the circle is tangent to.
CircleTTT Creates a circle that is tangent to three other objects.

%

Notes:
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Button Command Description

@ Circle V Creates a circle that is perpendicular to the construction plane

Option Description

Diameter Type D, and press ENTER to change to diameter input. You will have to type R to change back to radius
input.

Vertical Type V, and press ENTER to create a circle that is perpendicular to the construction plane.

AroundCurve Type A, and press ENTER to draw a circle whose axis is perpendicular to a curve.

Exercise 19—Drawing Circles

To draw a center, radius circle:

1 From the Curve menu, click Circle, then click Center, Radius.

2 At theCenter of circle (Vertical AroundCurve) prompt, type 20,10 and press ENTER.
3 AttheRadius <1> (Diameter) prompt, type 3 and press ENTER. A circleis created.

To draw a center, diameter circle:

1 Fromthe Curve menu, click Circle, then click Center, Radius.

2 Atthe Center of circle (Vertical AroundCurve) prompt, type 20,3 and press ENTER.
3 AttheRadius <3> (Diameter) prompt, type D and press ENTER.

Notes:

G

Circle
Look for this button.

©

Circle
Look for this button.
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4 At the Diameter <6.00> (Radius) prompt, type 5 and press ENTER.
A circleis created that is based on a center point and a diameter. The diameter option will be the default until it is

S
@

Top

To draw a 3-point circle:

1 From the Curve menu, click Circle, then click 3 Points.

2 AttheFirst point on circle prompt, snap to an End on one of the squares.

3 Atthe Second point on circle prompt, snap to another End on the same square.

Notes:

¢

Circle 3Pt
Look for this button.
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4 AttheThird point on circle prompt, snap to athird End on the same square.
A circleis created with a circumference that intersects the three ends you picked.

Top

=

To draw circle diameter:

1 From the Curve menu, click Circle, then click Diameter.

2 Atthe Start of diameter (Vertical) prompt, pick the first point on the circle diameter by snapping to the End of a
sguare.

Notes:

&

Circle Diameter
Look for this button.
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3 Atthe End of diameter prompt, type 3 and press ENTER, then turn Ortho on and pick to the right.
A circleis created with the two points you picked as the diameter, and the diameter was constrained to a value of 3.

Top

::}O‘Q

To draw a tangent, tangent, radius circle:

1 Fromthe Curve menu, click Circle, then click Tangent, Tangent, Radius.

2 Atthe Select first curve for CircleTTR prompt, select the circle you just created near the top edge.

At the Select second curve for CircleTTR prompt, select the circle to the right of the circle you picked near the top
edge.

3

Notes:

Gp

Circle Tangent, Tangent, Radius
Look for this button.

i
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4 AttheRadius <1> prompt, type 2 and press ENTER. Or, press ENTER to accept the default value.

A circleis created that istangent to the two circles you selected with aradius of 2. Sometimes this command creates
multiple circles. Delete the extras.

Top

To draw a tangent, tangent, tangent circle:

1 Fromthe Curve menu, click Circle, then click Tangent to 3 Curves.

2 Atthe Select First curve: prompt, select the first object that you want the circle to be tangent to.

3 Atthe Select Second curve: prompt, select the second object that you want the circle to be tangent to.

Notes:

%

Circle Tangent to 3 Curves
Look for this button.
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4 Atthe Select Third curve prompt, select the third object that you want the circle to be tangent to.

Sometimes this command creates multiple circles. Delete the extras.

Top

To draw a circle vertical to the construction plane:

1
2
3
4

From the View menu, click Viewport Layout, then click 4 Viewports.

From the Curve menu, click Circle, then click Diameter.

At the Start of diameter (Vertical) prompt, type V and press enter.

At the Start of diameter prompt, snap to the Quadrant of one of your circlesin the top viewport.

Notes:

%,

Circle Diameter
Look for this button.
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5 Atthe End of diameter prompt, snap to the other Quadrant of the same circle.
Thecircleisdrawn perpendicular to the construction plane. You will be able to seeit in the one of the other

viewports.

Top

ARER)
L/

To draw a circle around a curve:

1 From the Curve menu, click Circle, then click Center, Radius.

2 At theCenter of circle (Vertical AroundCurve): type A and press ENTER.
3 Atthe Center of circle: prompt, choose a point on acircle.

Notes:

G

Circle
Look for this button.
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Notes:
4 AttheRadius: prompt, type 3 and press ENTER.

Thecircleisdrawn perpendicular to the curve at the point you picked. You will be able to seeit in the perspective
viewport.

Top
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Notes:
Exercise 20—Practice

Start anew model. Save as Circles.

From the Edit menu, click Layers, then click Edit.

Click New threetimes.

Rename the new layers Box, Line, Circle.

Change the color of the Box layer to green, Line to cyan, and Circle tored.

Draw thelines and circles on the appropriate layers. Use Line Segments for the Box and Single Line for the center
lines. You will use several of the circle options and object snaps to complete this model .

o o~ WN P

20.00

10.00

4 )

N TANGENT,
15.00 /' '\ TANGENT,
_ K RADIUS
/k CENTER,

7.50 RADIUS

2POINT ALL CIRCLES R2.00

To make it 3D:

1 Select the lines that form the rectangle.
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2 Fromthe Solid menu, click Extrude Planar Curve.
3 AttheExtrusion distance <1> (Direction Cap=yes Bothsides Tapered) prompt, type 2 and press ENTER.
The rectangle generates a box.

4 Select thecircles.

5 From the Solid menu, click Extrude Planar Curve.

6 AttheExtrusion distance <2> (Direction Cap=yes Bothsides Tapered) prompt, type -6 and press ENTER.
The circles generate cylinders.

7 Click inthe perspective viewport.

Notes:

=

Extrude Planar Curve
Look for this button.
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8 Fromthe Render menu, click Shade.

Notes:

J

Shade
Look for this button.
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Exercise 21—Using Circle related Object Snaps
1 Start anew model. Save asLink.

2 Complete the model as shown.
3 Draw thethreelarge circlesfirst.
4 Draw the small holes next. Use object snaps to snap to the center of the large circles.

@3.00

QRSOO
23.00

1 Fromthe Curve menu, click Line, then click Tangent to 2 Curves.

To draw the lines:

2 Atthe Select first curve near tangent point prompt, pick on the edges of the circles where you want the tangent
lines to attach.

Notes:

-

Line Tangent to 2 Curves
Look for this button.
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Notes:
3 Atthe Select second curve near tangent point prompt, pick on the edges of the circles where you want the tangent
lines to attach.

Top

4 Continue to use this command to complete the model.
5 Save your model.

Drawing Arcs

Arc draws a circular arc through three non-collinear points. Y ou can create arcs from a center point, start point, and
angle, two ends and a point along the arc, the ends and a direction, a start point, circumference point, and an end point,
tangent points two coplanar curves and aradius.

Y ou can continue an existing curve with an arc to an existing curve to a point or by an angle.

Button Command Description

by Arc Creates an arc from a center point, a starting point and an end or an angle.
kti Arc3Pt Creates an arc from three points.

“-\: ArcDir Creates an arc from start point, end point, and direction.
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Button Command Description

o s, ArcTTR Creates an arc from tangents and radius.
ol ExtendByArc Continues an arc by angle.
e ExtendByArcToPt  Continues an arc to a point.

Exercise 22—Practice With Arcs
¢ Open the Arc1 model.

ARC: START,
END, DIRECTION'\

‘ #
2 R2
/’ ARC: TANGENT,

- TANGENT, RADIUS
R3 R2
4 . —+ +
1N :
7 | | ¥
ARC: CENTER, —/" 2= 7 |

START, END

CONTINUE ARC
BY ANGLE

CONTINUE ARC
TO POINT

Notes:
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To draw a center, start, end or angle arc:

1 Fromthe Curve menu, click Arc, then click Center, Start, Angle.

2 Atthethe Center of arc prompt, snap to the center of the circle at the lower left.

3 Atthe Start or arc prompt, snap to the end of theline.

4 AttheEnd point or angle prompt, snap to the end of the other line, or drag your cursor in the direction you want the
arc to go then type 90 and press ENTER.

Top

S

To draw a start, end, direction arc:

1 From the Curve menu, click Arc, then click Start, End, Direction.
2 Atthe Start of arc prompt, pick a start point.

3 AttheEnd of arc prompt, pick an end point.

Notes:

Arc
Look for this button.

)
Direction Arc
Look for this button.
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Notes:

4 At theDirection prompt, toggle ortho on and drag straight up for the tangent at the start point and pick.

Top
5 Make another Direction Arc at the upper right.

Top
To add more arc segments:
1 Fromthe Curve menu, click Extend, then click By Arc. Fail
2 Atthe Select curve to extend prompt, pick the end point of the arc you just created. Extend By Arc
3 AttheRadius of arc (MatchRadius) prompt, type 2 and press ENTER. Look for this button.
4 AttheEnd point or angle prompt, toggle ortho on and pick a point straight down.
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The arc will be tangent to the curve you chose.

Top

S
&

5 Fromthe Curve menu, click Extend, then click By Arc to Point.
6 Atthe Select curve to extend prompt, pick the end of the last arc.
7 Atthe End of arc prompt, pick the end of theline.

Top

S
&

To draw a tangent, tangent, radius arc:
1 Fromthe Curve menu, click Arc, then click Tangent, Tangent, Radius.

2 Atthe Select first curve for ArcTTR prompt, pick an arc, line, circle, or curve.

Notes:

'

Extend By Arc To Pt
Look for this button.

Tah

Arc Tangent, Tangent, Radius
Look for this button.
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3 Atthe Select second curve for ArcTTR prompt, pick another arc, line, circle, or curve.
4 At theRadius<1> prompt, type 3 and press ENTER. All of the arcs that are tangent are created. Delete the arcs that

you don't need.

=

Top

5 Repeat this for the other tangent arc with a radius of 6.

Top

6 Save your model.

Notes:
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Exercise 23—Practice With Arcs
1 Start anew model. Save as Arc2.

2 Createthismodel using object snaps and the Line, Circle, and Arc commands.

1.00

e

/—R0.50 195

e

0.75

| 2.50 2.50 2.00——‘

To make it 3D:

1 Select theall of the lines and arcs that form the object.
2 Fromthe Solid menu, click Extrude Planar Curve.

Notes:

Draw the center lines first: use
their intersection point to draw
your arcs and circles.

=

Extrude Planar Curve
Look for this button.
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3 At theExtrusion distance <1> (Direction Cap=yes Bothsides Tapered) prompt, type 1 and press ENTER.
The object now has thickness.

4 Click inthe perspective viewport.
5 Fromthe Render menu, click Shade.

Notes:
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Drawing Ellipses and Polygons

Y ou can draw €llipses from the center or by the ends. Y ou can draw Polygons from a center point or an edge. Y ou can
draw arectangle from diagonal corners or by choosing three points.

Button Command Description
Ellipse Creates an ellipse by specifying the center point, the end of one axis, and a height.
EllipseD Creates an ellipse by specifying the ends of one axis, and a height.
Polygon Creates a polygon from its center and radius.

PolygonEdge Creates a polygon by specifying the ends of one edge.

Rectangle Creates a rectangle using opposite corners.

B0 |G @) (Q] (&

RectangleCen Creates a rectangle from adjacent corners and a point on the opposite edge.

Ellipse Options

Option Description
Vertical Type V, and press ENTER, to create an ellipse that is perpendicular to the construction plane.

AroundCurve  Type A, and press ENTER to draw an ellipse whose axes is perpendicular to a curve.
Polygon Options

Option Description

Circumscribed Type C, and press ENTER, to create a polygon that is circumscribed about a radius. The default is to
create a polygon that is inscribed in a specified radius.

Notes:
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Exercise 24—Practice With Ellipses and Polygons
Start anew model. Save as Ellipse.

CORNERS 19x9

RECTANGLE RECTANGLE
4 / WITH ROUNDED

/4

-

"

& +
1

ZN G

- J

|— (N —]

20

To draw arectangle from diagonal corners:
From the Curve menu, click Rectangle, then click Corner to Corner.

At theFirst corner of rectangle (Rounded) prompt, type -10,-5, and press ENTER.

1
2
3 At theOther corner or length prompt, type 20 and press ENTER.
4 At thewidth prompt, type 10 and press ENTER.

RADIUS 1.5 FOR
ALL POLYGONS

Notes:

[T

Rectangle
Look for this button.
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Draw arectangle from a center point with a length and width, and rounded corners:

g o » W N B

From the Curve menu, click Rectangle, then click Center, Corner.

At the Center of rectangle (Rounded) prompt, type R, and press ENTER to give the rectangle rounded corners.
At the Center of rectangle prompt, type 0,0 and press ENTER.

At the Corner or length prompt, type 19 and press ENTER.

At the Width prompt, type 9 and press ENTER.

At the Choose a point in the corner to define roundness (Corner=Arc) prompt type 1,and press ENTER.

If you are creating a rounded rectangle, choose a point in the corner to set its curvature. Or, type C, and press ENTER
to toggle from circular rounded cornersto conic rounded corners.

To draw an ellipse from its center and axis ends:

a A W N BB

From the Curve menu, click Ellipse, then click From Center.

At the Center of ellipse (Vertical AroundCurve) prompt, type 0,0 and press ENTER.
At the End of First axis prompt, type 4, and press ENTER

At the End of First axis prompt, toggle ortho on and pick to the right.

At the End of Second axis prompt, type 3, and press ENTER.

To draw a polygon from its center and radius:

1
2

From the Curve menu, click Polygon, then click Center, Radius.

At the Center of polygon (NumSides=4 Circumscribed) prompt, type 3 and press enter to change the number of
sides for the polygon.

At the Center of polygon (NumSides=3 Circumscribed) prompt, type -7,-2 and press enter to locate the center point
for the polygon.

At the Radius prompt, type 1.5 and press enter.
At the Radius prompt, pick a point to orient the polygon.
Continue drawing the rest of the polygons. Use the same radius for each one.

Notes:

[=]

Centered Rectangle
Look for this button.

&>

Ellipse
Look for this button.

&

Polygon
Look for this button.
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To make it 3D:

1 Select the pentagon.

2 From the Solid menu, click Extrude Planar Curve.

3 At theExtrusion distance <1> (Direction Cap=yes Bothsides Tapered) prompt, type 6 and press ENTER.

Notes:

=3

Extrude Planar Curve
Look for this button.
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4 Continue to extrude all of the polygons, the rectangles, and the ellipse as follows:
hexagon, Extrusion distance <5>
octagon, Extrusion distance <4>
triangle, Extrusion distance <3>
rectangle, Extrusion distance <1>
ellipse, Extrusion distance <2>
rounded rectangle, Extrusion distance <-6>.

!

5 Click inthe perspective viewport.
6 From the Render menu, click Shade.

Perspective [N

=

Notes:
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Notes:
Modeling Freeform Curves

The use of freeform curves allows more flexibility to create complex shapes. If you need to control precision, you can
make construction lines that define your overall parameters.

Button Command Description

Curve Curve by control points creates a curve from specified control points. Control
points do not lie on the curve, but they determine its curvature.

Interpolated curve  Interpolated curve creates a curve going through specified interpolate points.
These points lie on the curve and determine its curvature.

@)| [ |£.s] |Ls| Ko

Sketch curve Sketch uses a brush-stroke effect to create a curve. You simply hold your left
mouse button down and move your cursor to create a sketch curve.
Helix Creates a helix. User can specify a radius, the number of turns, the length and
direction of the axis.
Spiral Creates a spiral. User can specify two radii, the number of turns, the length and
direction of the axis.
nj Conic Creates a conic curve, which is part of an ellipse, parabola or hyperbola.
Option Description
Undo Type U, and press ENTER to remove one point at a time.
Close Type C, and press ENTER to close the curve to its start point.

Exercise 25—Practice With Curves
1 Openthe Curve model.

In this exercise we will learn how to make a curve by control points, an interpolated curve, and a sketch curveto
compare the differences between the three methods.

2 Inthe Osnap dialog, check End Osnap, uncheck all others. If you click with your right mouse on End it will uncheck
al but the one you click on.

3 Toggle Ortho and Snap off.
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To draw a Curve by Control Points:

1
2
3
4

From the Curve menu, click Freeform, then click Control Points.
At the Start of curve prompt, snap to the end point of the polyline at 0,0.
At the Next point (Undo) prompt, snap to the next End.

At the Next point, press Enter when done (Undo) prompt, continue to snap to the Ends on the polyline until you
get to the end.

At the Next point, press Enter when done (Close Undo) prompt, press ENTER.

A freeform curve is drawn. The control points were not on the curve except at the two ends. Control points control
the curvature of the curve but usually do not fall on the curve.

Top

To draw an Interpolated Curve:

1
2
3
4

From the Curve menu, click Freeform, then click Interpolate Points.
At the Start of curve (Tangent Knots=SqrtChord) prompt, snap to the End of the polyline at 0,0.
At the Next point on curve (Tangent Knots=SqrtChord Undo) prompt, snap to the next End.

At the Next point on curve , press Enter when done (Tangent Knots=SqrtChord Undo) prompt, continue to snap
to the next End until you get to the end.

Notes:

=5

Curve
Look for this button.

o

Interpolated Curve
Look for this button.
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Notes:
5 At the Next point on curve , press Enter when done (Tangent Knots=SqrtChord Undo) prompt, press ENTER.

A freeform curve is created from specified interpolate points. These points lie on the curve and determine its
curvature.

Top

To draw a sketch curve:

1 From the Curve menu, click Freeform, then click Sketch. n_“’j,"

2 AttheClick and drag to sketch (Closed), hold your left mouse button down and drag. Curve
Look for this button.

Points will appear as you are dragging, when you release your mouse the curve will replace the points.

To draw a curve with tangency and straight segments.
1 Toggle Snap on.
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Notes:

2 Try tofollow the construction lines to generate two curves like the illustration below. Use Curve by Control Points
(2) for one of the curves and Interpolated Curve (1) for the other curve.

r“ 1.2
r«

Top

1.0

Notice that the Interpolated Curve (1) has bulges at some points and doesn't follow the construction line very well.

The Curve by Control Points (2) is much smoother. Notice that if you put three pointsin arow ninety degreesto
each other it creates a straight segment. Three points equidistant and in each direction and ninety degrees from each

other creates a smooth corner curve.
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Exercise 26—Practice With Curves

1 Start anew model. Save as Screwdriver.

2 Inthisexercise we will learn how to make a Curve by Control Points to create the following part.
3 Create Construction, Curve layers. Make them different colors.

To create the construction lines:
1 Changeto the Construction layer.

/.75
2 .25 1.63 ' 1

31 44 ‘ ‘

\> START AT 0,0

From the Curve menu, click Line, then click Polyline.
At the Start of polyline prompt, type 0,0, and press ENTER.

a b~ W N

Continue to use distant constraints and ortho mode to draw the construction line.

To create the Curve by Control Points:

1 Changeto the Curve layer.
2 From the Curve menu, click Freeform, then click Control Points.

Notes:

o

At the Next point (undo) prompt, type .69, and press ENTER. With ORTHO on pick a point above the first point.

Polyline
Look for this button.

=5

Curve
Look for this button.
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Notes:
3 Atthe Start of curve prompt, snap to the end point of the polyline at 0,0.
3 POINTS IN A ROW (ORTHO)
CURVE FROM WILL ALLOW YOU TO
CONTROL POINTS MAKE THE NEXT SEGMENT
A STRAIGHT LINE
ANOZQ
2 POINTS IN A
ROW (ORTHO)
WILL GIVE YOU
A TANGENT AT
THE ENDPOINT
4 At the Next point (Undo) prompt pick another point on the same segment of the construction line.
5 At the Next point - enter to finish (Undo) prompt pick a point in the direction of the next segment of the
construction line (horizontal).
6 Continue picking points to create the curve. Use the construction lines to help you create the curve.
7 When you get to the shank of the screwdriver, you can get the curve to continue as a straight line if you put three
pointsin arow (ortho) at the beginning. The next segment will be astraight line.
8 Save your model.
To make it 3D:
1 Toggle Snap and Ortho on.
2 Fromthe Surface menu and click Revolve. ﬂ'_
Revolve
Look for this button.
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Notes:
3 Atthe Select curve to revolve prompt, select the curve.

Top

4 At the Start of revolve axis prompt, choose the end of the curve along the center line.
5 AttheEnd of revolve axis prompt, choose the other end of the curve along the center line.
6 TheRevolve Options dialog box will appear. Click OK. Y our model is now athree-dimensional model.

7 Click the mouse in the Perspective viewport to make it active.
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Notes:
8 From the Render menu, click Shade. Q

Look for this button.

Exercise 27— Drawing special curve forms: helix, spiral.
Start anew model. Save As Helix.
In this exercise we will learn how to make a helix, and a spiral.

To make a helix:
1 Toggle Snap and Ortho on.

2 From the Curve menu, click Helix. %
3 At the Start of axis (Vertical AroundCurve) prompt, place your cursor in the Front viewport, type 0,0 and press Helix
ENTER. Look for this button.

4 AttheEnd of axis prompt, type 10 and press ENTER.

Robert McNeel & Associates [ 106



PRECISION MODELING

Notes:
5 AttheEnd of axis prompt, pick directly above your first point.

This makes avertical axis of length 10.

i

6 AttheRadius and start point prompt, type 5 and press ENTER.

7 At the Start of helix prompt, move your cursor into the Top viewport and pick directly below your last point. This
establishes where the helix will begin.

Top
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8 IntheHelix / Spiral dialog, click OK.
A helix is created

Helix / Spiral

& Tumns: I'ID.D [~ Beverse twist

 Pitch: |u_s

Cancel | Breview

To create a spiral:

1 Fromthe Curve menu, click Spiral.

2 Atthe Start of axis (Flat Vertical AroundCurve) prompt, drag your cursor into the Front viewport , type -15,0 and
press ENTER.

Top

=

3 AttheEnd of axis prompt, type 10 and press ENTER.

Notes:

©

Spiral
Look for this button.
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Notes:
At the End of axis prompt, pick directly above your last point.

At the Radius and start point prompt, type 5 and press ENTER.

At the Start of spiral prompt, drag your cursor into the Top viewport and pick directly below your last point.
At the End radius prompt, type 1 and press ENTER.

In the Helix / Spiral dialog, click OK.

A spiral is created

o N o g b

Helix / Spiral

& Tumns: I'ID.D [~ Beverse twist

™ Pitchy |u_s

Cancel | Breview
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5 The Display

Changing the view of your model

When you add detail to your models, you'll need to see different parts of your model with different magnifications
can use the view commands, the mouse, and the keyboard to change the view in a viewport.

Each view corresponds to the view through a camera lens. The invisible target of the camera is located in the m
the viewport.

Viewports

With Rhino you can open an unlimited number of viewports. Each viewport has its own projection, view, construc
plane, and grid. If a command is active, a viewport becomes active when you move the mouse over it. If a comm|
active, you must click in the viewport to activate it.

Parallel vs. Perspective Projection

Unlike other modelers, Rhino lets you work in both parallel and perspective views. To toggle a viewport between
and perspective, right click on the title bar of the viewport, click Properties, then click parallel or perspective and

Panning and Zooming

The simplest way to change the view is to hold dowrstheT key and drag the mouse with right mouse button held
down. This pans the view. To zoom in and out, hold dowrctize key and drag up and down.

. You

ddle of

tion
and is not

parallel
OK.

Notes:
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Y ou can also use the keyboard to move around:

Key Action + CTRL
LEFT ARROW Rotate left Pan left
RIGHT ARROW Rotate right Pan right
UP ARROW Rotate up Pan up
DOWN ARROW  Rotate down Pan down
PAGE UP Zoom in

PAGE DOWN Zoom out

Y ou can change your view in the middle of a command to see precisely where you want to select an object or choose a
point.

Resetting your view

If you get lost, four view commands can help you get back to a starting place.
To undo and redo view changes:
¢ Click in aviewport, then press your HOME or END key on your keyboard to undo and redo view changes.

To set your view so you are looking straight down on the construction plane:
0 From the View menu, click Set View, and then click Plan.

To bring all your objects into view:

0o From the View menu, click Zoom, and then click Zoom Extents.

To bring all your objects into view in all viewports:
0 From the View menu, click Zoom, then click Extents All.

Notes:
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Exercise 28—Zooming

¢ Open the Camera model. We will use thisto practice changing views. We will create views from six directions
including the oblique perspective view.

M= Rhinoceros Beta 12-Aug-1998 - D:%Rhino\Level 1% Camera.3dm

File Edit “iew Curve Suface Solid Transform  Tools

fnalwze RBender Help

Camrmand: 3view &

Comrmand: ZoomExtentsAll -

Command: 4 v
DS @&« | %M B 5000 e 2— 5 I 0 U/A

| Top
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Ly

[« BE8AT 32736 20000 | [ 13 [Snap [Ontha [Flanar [ Osnap 7

To change the viewport layout:

1 Fromthe View menu, click Viewport Layout, then click 4 Viewports.

2 Fromthe View menu, click Zoom, then click Extents All.

Notes:

H

4 Viewports
Look for this button.
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To change the number of viewports:

© 00 N o OO b~ W N -

N e
w N B O

Make the Top Viewport active.

From the View menu, click Viewport Layout, then click Split Vertical.

From the View menu, click Set View, then click Bottom.
From the View menu, click Zoom, then click Extents All.
Make the Front Viewport active.

From the View menu, click Viewport Layout, then click Split Vertical.

From the View menu, click Set View, then click Left.
From the View menu, click Zoom, then click Extents All.
Make the Right Viewport active.

From the View menu, click Viewport Layout, then click Split Vertical.

Click in the lower right viewport.
From the View menu, click Set View, then click Back.
From the View menu, click Zoom, then click Extents All.

Notes:

r_1

o

L o

Zoom Extents All

Bottom View

Look for this button.

il
Left View

Look for this button.

=

Back View

Look for this button.

Look for this button.
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Notes:
14 Adjust the zoom in the Right and the Left viewport.

> Rhinoceros Beta 12-Aug-1998 - D:ARhino\Level 1\Camera.3dm

File Edit “iew Curve Surface Selid Transform  Tools Analyze Hender Help

Comrand: Back
Cornmand:; ZoomEsxtentsAll
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To change the shape of viewports:

1 Move your cursor to the edge of a viewport until you see the resizing = @ cursor, hold the left mouse button down
and drag the bar. If two viewports share the edge, both resize.

2 Moveyour cursor to the corner of aviewport until you see the resizing G{ED cursor, hold the left mouse and drag the
intersection in any direction. If several viewports touch at that corner, all resize.
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To pan in a viewport:
¢ Hold down the SHIFT key and drag with the right mouse button to pan in any viewport.
To zoom in a viewport:

¢ Hold down the CTRL key and drag up or down with the right mouse button. Dragging down zooms out, dragging up
zoomsin.

To rotate in a viewport:
1 Drag with right mouse button in a perspective viewport to rotate the view.
2 To rotate the view in a parallel viewport use the arrow keys. See “Using keys to change your view” on page 1

To maximize and restore a viewport:
1 Double click on the title of the viewport to maximize it.
2 Double click on the title of the maximized viewport to restore it to its smaller size.

Right mouse options:

¢+ Right mouse click on the title of a viewport.
A menu appears that allows you to maximize and restore a viewport, zoom a window or extents, change to t

front or right view, and close a viewport.

Mauimize i awimnize: |

Swap Swap

£oom wiindow Zoam >

Set Wiew b Extents Plan

Cloze Extents Selected Cloze
Top

Froperties... Properties... Bottom

Grid Settings... Grid Settings.. Left

- ~ Bight

Eront
Back
Perspective

Notes:

14.

e top,
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Editing Objects

Once you create objects, you can move and edit them to produce complex and detailed variations.

Notes:

Fillet

Fillet connects two lines, arcs, circles or curves extending or trimming them to intersect or to join with acircular arc.

Option Description

Radius Sets the fillet radius. A radius of O extends or trims the curves to a corner, but doesn’t create a fi|let.
Join Yes joins the fillet to the curves.

No doesn't join the fillet to the curves.

Exercise 29—Fillet
To start the practice model:

0 Open the Fillet model.

To fillet lines at a zero radius:
1 Fromthe Curve menu, click Fillet.

2 Atthe Select first curve to fillet (Radius=0 Join=No) prompt, type 0 and press ENTER to change the radius. This
radius will remain the default until it is changed.

S

Fillet
Look for this button.
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Notes:
3 Atthe Select first curve to fillet (Radius=0 Join=No) prompt, select an outer vertical line.
4 AttheSelect second curve to fillet (Radius=0 Join=No) prompt, select an adjacent horizontal line. Remember to pick on the part
The ends of the lines are trimmed to a corner. of the line that you want to
keep.

Top

.

5 PressENTER to repeat the command.
6 Fillet the other corners, as shown.

Top

:
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To fillet lines using an arc:

1 Fromthe Curve menu, click Fillet.

2 Atthe Select first curve to fillet (Radius=0 Join=No) prompt, type 2 and press ENTER to change the radius. This
radius will remain the default until it is changed.

3 Atthe Select first curve to fillet (Radius=2 Join=No) prompt, select an outer vertical line.

4 Atthe Select second curve to fillet (Radius=2 Join=No) prompt, select an adjacent horizontal line.
The ends of the lines are trimmed to aradius.

5 PressENTER to repeat the command.

6 Fillet the other corners, as shown.

Top

i i

7 PressENTER to repeat the command.

8 Atthe Select first curve to fillet (Radius=2 Join=No) prompt, type 1 and press ENTER. Thisradius will be used for
the smaller object.

9 Atthe Select first curve to fillet (Radius=1 Join=No) prompt, select an outer vertical line.
10 At the Select second curve to fillet (Radius=1 Join=No) prompt, select an adjacent horizontal line.

Notes:

S

Fillet
Look for this button.
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Notes:
11 Fillet the other corners, as shown.

Top

O]
/
ipiEs

To fillet circles:

1 Fromthe Curve menu, click Fillet. —\I

2 Atthe Select first curve to fillet (Radius=1 Join=No) prompt, type 3 and press ENTER. Thisradius will be used for Fillet
the smaller object. Look for this button.

3 AttheSelect first curve to fillet (Radius=3 Join=No) prompt, select right edge of the circle.

4 AttheSelect second curve to fillet (Radius=3 Join=No) prompt, select right edged of another circle.
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Notes:
5 Repeat the command for the other side of the circles.

O
e

To fillet and join objects:

1 Fromthe Curve menu, click Fillet. —\I
2 Atthe Select first curve to fillet (Radius=3 Join=No) prompt, type J and press ENTER. Thisradius will be used for Fillet

the smaller object. Look for this button.
3 Atthe Select first curve to fillet (Radius=3 Join=Yes) prompt, select one of the arcsin the middle of the screen.

4 Atthe Select second curve to fillet (Radius=3 Join=Yes) prompt, select the other arc in the middle of the screen.

E
-
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5 Repeat this procedure for the arc and the line at the bottom left.

To join the filleted objects:
1 Select the objects at the top with awindow.

B
-

2 From the Edit menu, click Join.

Top

The objects are joined together. Pre-selected curvesjoin only if they touch..

To make 3D with a lofted surface:

1 Changeto the Perspective viewport

2 Changeto the Surfaces layer.

3 Select the two sgquares in the upper |eft part of the Top viewport.

Notes:

Jain

Join
Look for this button.

The lines in this model are at
two different elevations. We
are going to connect the lines
at different elevations with a
surface.
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Notes:
4 From the Surface menu, click Loft.

Pl
Wb

The two sguares show a seam direction arrow. They point the same direction. —
(0)

Look for this button.

5 Atthe Select seam point to adjust, press ENTER when done (FlipDirection Automatic Natural) prompt, press
ENTER.

6 IntheLoft Options dialog, change the Style to Straight Sections, then click OK.
A surface is generated between the two squares.

=

Loft Options

-\-\_\-\"-\_\_\_\_\_'_'_'_,_l—'_‘—\_
Style: Simplify Fd_ﬂ_____ﬂ_,ﬂ——_
& Do not simplify

Straight sections Jhd

o il il |1E| tral point
7| Elzedlaft - Be':.'u'lc_' M_"th -:gln RS
I Shaded preview Fiefit withir IEI.EI‘I uhitz

(1] I Cancel | Breview | Help |
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7 Repeat the procedure for the rounded squares until the Loft Options dialog appears.
8 IntheLoft Options dialog, change the Style to Normal, then click OK.

Loft Dptions Mm
Style: Simplify S s
Farral - & Do ot simplify
C id with [10 tral pairt
I= | Glosed loft - Bet‘-uﬂc.l L'\:'Ith Cg.n rol paints
[ Shaded preview Refit withir IEI_EH units

(1] I Cancel | Breview | Help |

9 Save your model.
10 Click inthe Perspective viewport.
11 From the Render menu, click Shade.

Notes:

J

Shade
Look for this button.
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Chamfer

Chamfer connects two curves by extending or trimming them to intersect or to join with abeveled line. Chamfer works
on convergent or intersecting lines.

Option

Distances

Description

Thefirst chamfer distance specifies the distance from the chamfer end on the first curve to the point
where the two curves would intersect. The second chamfer distance specifies the distance of the
chamfer end on the second curve to the intersection point.

A chamfer distance of O trims or extends that curve to the intersection point. If the chamfer distanceis
non-zero, achamfer line is created if needed to extend the other curve to the intersection. If you enter O
for both distances, the curves are trimmed or extended to their intersection, but no chamfer is created.

Exercise 30—Chamfer

To start the practice model:

0 Open the Chamfer model.

To chamfer lines:

1 Fromthe Curve menu, click Chamfer.
2 Toset adistance, at the Select first curve to chamfer (Distances=0,0) prompt, type 1, and press ENTER.
3 Atthe Second chamfer distance<1> prompt, press ENTER.

The default second chamfer distance always matches the first chamfer distance. This creates chamfers that begin and
end the same distance from the point where the two lines would intersect.

4 Atthe Select First Curve to chamfer (Distances=1,1) prompt, choose one of the inner vertical lines.

Notes:

~

Chamfer
Look for this button.
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5 Atthe Select Second Curve to chamfer (Distances=1,1) prompt, choose an adjacent horizontal line.

6
7
8
9

Top Top

e

Continue creating chamfers on all of the corners as shown.

Press ENTER to repeat the command.
At the Select First Curve to chamfer (Distances=1,1) prompt, type 3, and press ENTER.

At the Second chamfer distance<3> prompt, type 2, and press ENTER.

10 At the Select First Curve to chamfer (Distances=3,2) prompt, choose one of the outer horizontal lines.
11 At the Select Second Curve to chamfer (Distances=3,2) prompt, choose an adjacent vertical line.

Top Top

‘o
K

Notes:
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12 Continue creating chamfers on al of the corners as shown.

To join the chamfered objects:
1 From the Edit menu, click Select, then click All, then click Curves.
2 From the Edit menu, click Join.

The curves have been joined together.

To make it 3D:

1 Changeto the Surfaces layer.

2 From the Edit menu, click Select, then click All, then click Curves.
3 Fromthe Surface menu, click Loft.
4

At the Select seam point to adjust, press ENTER when done (FlipDirection Automatic Natural) prompt, press
ENTER.

In the Loft Options dialog, change the Style to Straight Sections, then click OK.
A surface is generated between the two squares.

(&)]

Loft Options
Style: Simplify
Clrai i & Do not simplify
" Bebuild with I‘IEI cantral poinks

r L .
I Shaded preview Fiefit withir IEI.EI‘I uhitz

(1] I Cancel | Breview | Help |

6 Save your model.
7 Click inthe Perspective viewport.

Notes:

Jain

Join

Look for this button.

Pl
o

Loft

Look for this button.
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Notes:
8 From the Render menu, click Shade.

%)

Shade
Look for this button.
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Notes:
Exercise 31—Practice with Fillet and Chamfer

R1.00 275 R1.25
$1.00 21.25
‘ i; !
1.25-=] \_ 10* 1-25
3.00 .50
195 — 75 |=~— $0.75 450
.75
1
‘ f N\ 2.00
1.50 = 75 —*—
* 75
1.00
Bl—] |~
4.00 ALL FILLETS AND
6.00 ROUNDS R0.50

1 Start anew model. Save as Filletex.

Robert McNeel & Associates [ 129



EDITING OBJECTS

Notes:
2 Draw the outline of the part with Line Segments, Circles, and Arcs.
Top Top
—
3 UseFillet and Chamfer to edit the drawing as shown.
To make it 3D:
1 From the Edit menu, click Select, then click All, then click Curves.
2 From the Solid menu, click Extrude Planar Curve. =3
Extrude Planar Curve
Look for this button.
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3 AttheExtrusion distance ( Direction Cap=Yes BothSides Tapered ) prompt, type .5 and press ENTER.

4 Click in the Perspective viewport.
5 From the Render menu, click Shade.

Notes:

J

Shade
Look for this button.
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Notes:
Move

Use Move to move objects without changing orientation or size.
Option Description
Vertical Moves the selected objects vertical to the current construction plane.

Exercise 32—Move
1 Open the Move model.

Top

O
O

2 Turn off both Ortho and Snap so you can move objects freely.
3 Turn Cen object snap on.

To move using object snaps for placement:

1 Select the small circle at the bottom left side of the top view. o

A
(u]

2 Fromthe Transform menu, click Move. Move

3 AtthePoint to move from (Vertical) prompt, snap to the center of the small circle. Look for this button.
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4 At thePoint to move to prompt, snap to the center of the arc at the lower left of the object.

Top

O
>—0

Top

To move using absolute coordinates:

From the Edit menu, click Select, then click All, then click Curves.

From the Transform menu, click Move.

1
2
3 AtthePoint to move from (Vertical) prompt, snap to the end of the line at the lower part of the object.
4

At the Point to move to prompt, type 0,0 and press ENTER.

The end of thelineis exactly at point 0,0 in the top view.

Notes:

]
A

u]

Top

o O

e

Top

Move
Look for this button.

Robert McNeel & Associates [

133



EDITING OBJECTS

Notes:
To move using relative coordinates:
1 Select the large slotted circle in the middle of the object. We will move the slotted circle relative to the part.
2 Fromthe Transform menu, click Move. A0
3 AtthePoint to move from (Vertical) prompt, pick any point in the top view. ,\;IOVE

It is usually better if you pick near the object you are going to move. Look for this button.

4 At thePoint to move to prompt, typer0,-.25 and press ENTER.
The circle is moved down .25 units.

Top Top

o O o O

Copy

Copy duplicates sel ected objects and places them in a new location. The command repeats to create more than one copy
in the same command sequence.

Option Description
Vertica Copies the selected objects vertical to the current construction plane.
InPlace Duplicates the object at the current location.

Robert McNeel & Associates [ 134



EDITING OBJECTS

Exercise 33—Copy

To copy using object snaps for placement:
Select the small circle at the lower |eft of the object.
From the Transform menu, click Copy.

1
2
3
4

5 PressENTER to end the command.

To make multiple copies:
1 Select the small circle at the lower |eft of the object.
2 Fromthe Transform menu, click Copy.

At the Point to copy from (Vertical InPlace) prompt, snap to the center of the small circle.
At the Point to copy to prompt, snap to the center of the arc at the upper left of the object.

Notes:

Og

Top

O

Top

3 AtthePoint to copy from (Vertical InPlace) prompt, snap to the center of the small circle.

Copy
Look for this button.

mo
Opg

Copy
Look for this button.

Robert McNeel & Associates [

135



EDITING OBJECTS

4 At thePoint to copy to prompt, begin picking points on the screen.
Each time you pick acircle will be copied to that location.

Top

S OO

OO
OO

OO
o

5 PresseENTER to end the command.

Undo and Redo

If you make a mistake or don't like the results of a commandJuoge. If you decide that you did like those results, after

undoing them, usBedo command. Redo restores the last thing undone.

Rhino Mouse
Button Button Command Description
. Left-click or Undo Cancels the effects of the last command.
CTRL+Z
. Right-click  Redo Restores the effects of undo.
or CTRL+Y

The number of undos kept in memory can be set in Rbjnimns under theGeneral tab,
If a command has asndo option, typeU to enter it. At the command prompt, typedo.

You cannot use Undo after you exit a modeling session or open a different model.

Notes:
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Notes:
Rotate

Use Rotate to move objectsin a circular motion around a base point. For precise rotation, enter a number of degreesto
rotate. Positive numbers rotate counterclockwise, negative numbers rotate clockwise.

Option Description

Copy Duplicates the abject asit isrotated

Exercise 34—Rotate
1 Select the large slotted circle in the middle of the object.
2 Fromthe Transform menu, click Rotate. |];1
3 Atthe Center of rotation (Copy) prompt, snap to the center of the slotted circle. Rotate

Top Look for this button.

9
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Notes:
4 AttheAngle or first reference point (Copy) prompt, type -28 and press ENTER.

The slotted circle rotated clockwise 28 degrees.

Top

9

Mirror

Mirror creates a copy of the objects flipped over a specified axis on the construction plane.
Exercise 35—Mirror

1 From the Edit menu, click Select, then click Invert.

This selects everything but the object that was previously selected. All of the curves except the slotted circle should ‘ l}
be highlighted. Mirror

2 From the Transform menu, click Mirror. Look for this button.

3 Atthe Start of mirror plane prompt, type 0,0 or snap to the End of the line at the lower right of the part.
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Notes:
4 AttheEnd of mirror plane prompt, toggle Ortho on and pick directly above the previous point.
Top Top ol
O ‘\9 O 0 O
¢ gﬁ\o: 6 O 17 0 ¢
Join
Join unites curves that meet at a common end, making a single curve. Join can unite curves that don't touch, if you select
them after the command has started. As you pick non-touching curves adialog asksif you want to fill the gap.
Exercise 36—Join
1 Fromthe Edit menu, click Select, then click All, then click Curves.
2 From the Edit menu, click Join. Jain
> O Look for this button.
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Notes:

Scale

Scale changes the size of existing objects without changing their shape. This command will scale three-dimensional
objects along al three axes. There are also 2-dimensional, one-dimensional, and non-uniform scale command.
Option Description
Copy Preserves the object as it creates a new scaled one.
Scale factor Inputs a value for scale factor. Less than one reduces the size, more than one increases the size.
Reference The first reference point shows the current scale factor. The second reference point shows the new scale
point factor.
Exercise 37—Scale
1 Fromthe Edit menu, click Select, then click All, then click Curves.

From the Transform menu, click Scale, then click Scale 2-D. =3

2
3 AttheOrigin point (Copy) prompt, type 0,0 and press ENTER. Scale
4

Look for this button.
At the Scale factor or first reference point (Copy) prompt, type .75 and press ENTER. cokforthis button

The whole part has been scaled to seventy-five percent of its original size.

Top
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To scale using the reference point option:

1 Fromthe Edit menu, click Select, then click All, then click Curves.

2 Fromthe Transform menu, click Scale, then click Scale 2-D.

3 At the Origin point (Copy) prompt, snap to the center of the dotted circle.
4

At the Scale factor or first reference point (Copy) prompt, snap to the quadrant of the slotted circle.

The radius of the dotted circle is the reference for the scale factor.

Notes:

al

Top Top

5 Atthe Second reference point (Copy) prompt, type 1.375 and press ENTER.
The dlotted circle now has aradius of 1.375. Everything else was scaled proportionally.

O O
NQQiOo

Top

Scale
Look for this button.
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To make it 3D:

1 Fromthe Edit menu, click Select, then click All, then click Curves.

2 From the Solid menu, click Extrude Planar Curve.

3 AttheExtrusion distance ( Direction Cap=Yes BothSides Tapered ) prompt, type 1 and press ENTER.

4 Click in the Perspective viewport.
5 From the Render menu, click Shade.

Notes:

=

Extrude Planar Curve
Look for this button.

J

Shade
Look for this button.
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Array

Use the Array commands to make multiple copies of selected objects. Array Rectangular makes rows and columns of
objects. Array Polar copies objectsin acircle around a center point

Exercise 38—Array
To create a rectangular array:

1 Openthe T-Flange model.
2 Select the cylinder that isvisible in the Top viewport.

_
o : :

©.

o
3]

From the Transform menu, click Array, then click Rectangular.
At the Number in x direction <1> prompt, type 2 and press ENTER.
At the Number in y direction <1> prompt, type 2 and press ENTER.
At the Number in z direction <1> prompt, type 1 and press ENTER.
At the Unit cell or x spacing prompt, type 4 and press ENTER.

N o 0o~ W

Notes:

=]

=]

a

Array Rectangular
Look for this button.
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8 AttheY spacing prompt, type 1.5 and press ENTER.

The cylinders are arrayed on the base of the flange.

Top

A 7

& [T 4B

To create a 3D array:

1 Select the cylinder that is visiblein the Front viewport.
When entering distances in the Front viewport the construction plane Y direction is up and the Z direction is toward

you. Theiconthat isvisibleisthe World Coordinate Icon.

o

D

]

]

B

B

Notes:
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From the Transform menu, click Array, then click Rectangular.
At the Number in x direction <2> prompt, type 2 and press ENTER.
At the Number in y direction <2> prompt, type 2 and press ENTER.
At the Number in z direction <1> prompt, type 2 and press ENTER.
At the Unit cell or x spacing prompt, type 2 and press ENTER.

At theY spacing prompt, type -2 and press ENTER.

0 N o o b~ wWwN

At the Z spacing prompt, type -4.5 and press ENTER.
The cylinders are arrayed on both flanges.

B Az,

i
i

f
f

To remove the holes from the flange:

1 Save your model.

2 Fromthe Solid menu, click Difference.

3 Atthe Select surface or polysurface prompt, pick the flange.

Notes:

Array Rectangular
Look for this button.

The reason that negative
numbers are used for the y
and z spacing is because the
hole is arrayed in the negative
direction on each axis.

Always save your model
before doing any boolean
operation.

Boolean Difference
Look for this button.
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4 Atthe Select surface or polysurface to subtract prompt, pick one of the holes.

The holeis subtracted from the flange.

Top B

Va1,

a1 4B

v
0/4/ HH——H

7
/

5 Repeat this process for each of the holes.

Robert McNeel & Associates [
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Notes:
6 Fromthe Render menu, click Shade All Viewports.
M Rhinocerosz Beta 17-Aug-1998 - D:AClass Files\rhino-1A\t-flangedone.3dm o
File Edit “iew Curve Suface Solid Transform  Tool: Analyze Bender Help Shade All Viewports
: Look for this button.
Command: = - . .
Carreret el - Right click this button.

Press Esc to view wireframe: 1 | | ﬂ

AEREIICIEE

O | |

|[# 11035 p 5501 z0000 | | Construction [ Shap || Ortho | Planar | Oznap i

Robert McNeel & Associates [ 147



EDITING OBJECTS

Notes:
To create a polar array:
1 Open the Wheel model.
2 Select the cylinder and therib in the Top viewport.
Top
3 Fromthe Transform menu, click Array, then click Polar. e
gt

4 At the Center of polar array prompt, snap to the center of the wheel. Array Polar
5 At the Number of elements<1> prompt, type 3 and press ENTER. Look for this button.

The cylinders and ribs are arrayed in a circular pattern around the center of the wheel. and the copies as the number

in the array.
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Notes:
To remove the holes from the wheel:
1 Save your model.
2 From the Solid menu, click Difference. %’j
3 Atthe Select surface or polysurface prompt, pick the wheel. Boolean Difference
4 At the Select surface or polysurface to subtract prompt, pick one of the holes. Look for this button.

The holeis subtracted from the flange.
5 Repeat this process for each of the holes.

To add the ribs to the wheel:

1 From the Solid menu, click Union.

2 Atthe Select surface or polysurface prompt, pick the wheel. @l

3 Atthe Select surface or polysurface to union prompt, pick one of theribs. Therib is added to the wheel. Boolean Union

4 Repeat this process for each of the ribs. Look for this button.
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Notes:
5 Fromthe Render menu, click Shade. 0

Look for this button.
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Offset

Offset creates an object parallel or concentric to another object. Use Offset to create specialized copies, such as parallel
lines, concentric circles, and concentric arcs, through specified points or at pre-set distances.

Exercise 39—O0Offset
Start anew model. Save as Shaft Base.

—~— 0.50

4.00

N\

i
90.50 90.63 J \_ 41.00 —1.25 ]

To create the rounded rectangle:

1 Fromthe Curve menu, click Rectangle, then click Center, Corner.

2 Atthe Center of rectangle ( Rounded ) prompt, type R and press ENTER.

3 At theCenter of rectangle prompt, move you cursor into the Top viewport, type 0,0 and press ENTER.

Notes:

[=1

Rectangle Centered
Look for this button.
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4 AttheCorner or length prompt, type 6 and press ENTER.

5 At theWidth prompt, type 2 and press ENTER.

6 AtthePoint for rounded corner to pass through (Corner=Arc) prompt, type 1 and press ENTER.

Top

Top

To create offset rounded rectangles:
1 Fromthe Curve menu, click Offset.

2 Atthe Select curve to offset (Distance=1 Corner=sharp ThroughPoint) prompt, type .25 and press ENTER.
3 AttheSelect curve to offset ( Distance=.25 Corner=sharp ThroughPoint ) prompt, pick the rounded rectangle.

Notes:

=

Offset
Look for this button.
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Notes:
4 AttheSide to offset ( Distance=.25 Corner=sharp ThroughPoint ) prompt, pick outside the rounded rectangle. A
larger rounded rectangle will be created.
Top
5

Continue to offset the remainder of the curves. Make sure to change the offset distance for each curve.

- :

To draw the holes:

1 Turnon End Osnap.

2 From the Curve menu, click Circle, then click Center, Radius.

At the Center of circle (Vertical AroundCurve) prompt, snap to the end point at the bottom right corner of the center | Circle
line.

Look for this button.
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Notes:
4 AttheRadius <1> (Diameter) prompt, type D and press ENTER.
5 At the Diameter <2> (Radius) prompt, type .63 and press ENTER.

==

6 From the Curve menu, click Circle, then click Center, Radius. @

7 At the Center of circle (Vertical AroundCurve) prompt, snap to the same End while holding your CTRL key downto | Circle
activate elevator mode, then type .375 and press ENTER. Look for this button.

8 At the Diameter <0.63> (Radius) prompt, type 1 and press ENTER.
This moves the center of the circle off the construction plane.

(( @))
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Notes:
To copy the circles:
1 Select thecirclesyou just created.
2 TurnonEnd and Quad osnaps.
3 Fromthe Transform menu, click Copy. lD'
=]
4 At thePoint to copy from (Vertical InPlace) prompt, pick the end point where the circles are located. Copy _
5 At the Point to copy to prompt, pick the End point and Quadrant points for the location of the circles as shown inthe | L00k for this button.

drawing.

f==,

6 Create the smaller holes at both ends of the shaft base.

fs
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To make it 3D:

© 00 N o OO b~ W N -

N e
w N B O

14

Select the smallest rounded rectangle.

From the Transform menu, click Move.

At the Point to move from (Vertical) prompt, move your cursor into the Front viewport and pick a point.
At the Point to move to prompt, type R0,.75 and press ENTER.

Select the center line curve and delete it.

Select the largest rounded rectangle.

From the Solid menu, click Extrude Planar Curve.

At the Extrusion distance ( Direction Cap=Yes BothSides Tapered ) prompt, type .5 and press ENTER.
Select the smallest rounded rectangle.

From the Solid menu, click Extrude Planar Curve.

At the Extrusion distance ( Direction Cap=Yes BothSides Tapered ) prompt, type .75 and press ENTER.
Select the largest rounded rectangle.

From the Solid menu, click Extrude Planar Curve.

At the Extrusion distance ( Direction Cap=Yes BothSides Tapered ) prompt, type 1.25 and press ENTER.

To add the parts together:

1
2
3

Save your model.
From the Solid menu, click Union.
At the Select surface or polysurface prompt, pick the base.

Notes:

(=]
A
(u]

Circle
Look for this button.

=

Extrude Planar Curve
Look for this button.

&

Boolean Union
Look for this button.
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4 At the Select surface or polysurface to union prompt, pick the boss. otes

To subtract the inside of the boss from the base:

1 Save your model.

2 From the Solid menu, click Difference. %’j

3 Atthe Select surface or polysurface prompt, pick the base. Boolean Difference
4 Atthe Select surface or polysurface to subtract prompt, pick the inside of the part that sticks up. Look for this button.
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Notes:
5 Repeat this process for the holes. First extrude the holes and then subtract them from the base.

Trim
Trim cuts and deletes portions of an object to make it end precisely at its intersection with another object.

Exercise 40—Trim
1 Open the Trim-Split model.

==
i

“.'-"

2 From the View menu, click Zoom, then click Window. Zoom Window

Look for this button.
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3 Make awindow around the grid in the lower left corner of the Top viewport.

Top

From the Edit menu, click Trim.
At the Select cutting edge (Options) prompt, select the two outside vertical linesin the grid.
At the Select cutting edge (Options) prompt, press ENTER.

At the Select object to trim (Options) prompt, select each of the horizontal lines at their left and right ends. The
lines will be trimmed to the cutting edges.

~N o g b

Top

8 Atthe Select object to trim (Options) prompt, press ENTER to end the command.
9 Fromthe View menu, click Zoom, then click Extents All.

Notes:

Trim

Trim
Look for this button.

r_1

o

L -

Zoom Extents All
Look for this button.
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10
11

12
13

14 Atthe Choose object to trim prompt, press ENTER to end the command.

From the Edit menu, click Trim.

At the Select cutting edge (Options) prompt, select the surface that intersects the sphere in the Perspective

viewport.

At the Select cutting edge (Options) prompt, press ENTER.

At the Select object to trim (Options) prompt, select the right side of the sphere. The sphere istrimmed at the edge

of the surface.

Notes:

Trimn

Top

=
S

&SN

=
/

Top

Split

Splits one object with another, or a curve at a point. Split breaks the object where it intersects of the cutting object, but

does not delete anything.

Exercise 41—Split

1

From the View menu, click Zoom, then click Window.

Trim
Look for this button.
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Notes:
2 Make awindow around the closed curve in the lower right corner of the Top viewport.
Top —
3 Fromthe Edit menu, click Split.
4 At the Select object to split prompt, choose the closed curve. Split
5 At the Select cutting objects (Point) prompt, choose the lines. Split

Look for this button.

Top —
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Notes:
4 At the Select cutting objects (Point) prompt, press ENTER.

The curve is separated into four pieces precisely where the lines intersect it.

m

=

From the View menu, click Zoom, then click Extents All.

6

7 Fromthe Edit menu, click Split. Split

8 At the Select object to split prompt, choose the second sphere. Split

9 Atthe Select cutting objects (Point) prompt, choose the surface that intersects the sphere. Look for this button.
The Sphere is separated into two pieces precisely where the surface intersectsiit.

T
EL
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Extend

Extend lengthens an object to make it end precisely at its intersection with another object or you can lengthen an object
when there is no intersection.

Exercise 42—Extend
1 Open the Extend model

Top
T = LT T
.-f"’f_—q_h“

2 Fromthe Curve menu, click Extend, then click Extend Curve.
3 AttheSelect boundary objects prompt, pick the line at the left.
4 Atthe Select boundary objects prompt, press ENTER.

Notes:

Extend
Look for this button.
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Notes:
5 At the Select object to extend (Type=Line) prompt, choose the left ends of the three curves.

Theline and curves will be extended to touch the boundary edge on the left.

Top Top

CHE
N S

2
o

6 Atthe Select object to extend (Type=Line) prompt, press ENTER to end the command.

To extend with some of the other options:

From the Curve menu, click Extend, then click Extend Curve.

1

2 Atthe Select boundary objects prompt, pick the curve at the right. Extend

3 Atthe Select boundary objects prompt, press ENTER. Look for this button.
4 Atthe Select object to extend (Type=Line) prompt, pick the right end of the line.

Thelineis extended straight.

At the Select object to extend (Type=Line) prompt, type A and press ENTER.

(2NN |

At the Select object to extend (Type=Arc) prompt, pick the right end of the curve.
The curve continues with atangent arc to the boundary edge.
7 Atthe Select object to extend (Type=Arc) prompt, type S and press enter.
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Notes:
8 Atthe Select object to extend (Type=Smooth) prompt, pick the right end of the arc.

The arc continues with atangent curve.

Top
o~

To extend to a surface:

From the Curve menu, click Extend, then click Extend Curve. ..
At the Select boundary objects prompt, choose the cylinder on the left. Extend

At the Select boundary edges prompt, choose the surface on the right. Look for this button.
At the Select boundary edges prompt, press ENTER.

At the Select object to extend (Type=Smooth) prompt, type L and press ENTER.

ga A W N BB
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6 Atthe Select object to extend (Type=Line) prompt, choose both ends of the line and the curve.

The curves will extend to the surface of the sphere and to the surface.

-

Top

To extend a curve without boundary edges:
1 Fromthe Curve menu, click Extend, then click By Line.
2 AttheSelect curve to extend prompt, choose near the curve in the upper right side.
3 AttheEnd of line or length prompt, pick a paint.
The curveis extended as a tangent line to the point you picked.

Notes:

e

Top Top

Extend by Line
Look for this button.
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From the Curve menu, click Extend, then click By Arc.

~N o g b

At the Select curve to extend prompt, select near the upper end of the line on the | eft.
At the Radius of arc prompt, pick apoint to set aradius, or type avalue for the radius.
At the End point or angle prompt, pick an end for the arc, or type an included angle for the arc.

Notes:

&3

Top

/ AT

Top

—

1

Extend by Arc
Look for this button.
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Notes:
Exercise 43—Practice

1 Start anew model. Save as Gasketl
2 UseCircle, Arc, Trim, Fillet, and Join to create the part shown.

A ! 4R !
% \ J N

R1.5

3 UseExtrude to create the 3d part. The extrusion thicknessis .125.
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Exercise 44—Practice

1 Start anew model. Save as Gasket?2.

2 UseCircle, Arc, Line, Trim, Offset, Fillet, Copy, and Mirror to draw the part shown.

2.35
8 HOLES

3.5

3.12

272

3 UseExtrude to create the 3d part. The extrusion thicknessis .125.

N

3.6

Notes:
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Notes:
Exercise 45—Practice

1 Start anew model. Save as Cam.
2 UseCircle, Arc, Line, Trim, Join, and Array to draw the part shown.

o515 R1.75
)
* 75
s )t
R3

3 UseExtrude to create the 3d part. The extrusion thicknessis .5.
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Exercise 46—Practice
1 Start anew model. Save as Link.
2 Useline, Arc, Trim, Offset, Join, Fillet and Circle to draw the part shown.

30°

R.81

.63

3 UseExtrude and Subtract to create the 3d part. The extrusion thicknessis .5.

Notes:
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7 Point Editing

Point editing

Y ou can display the control points or the edit points of an object so that you can adjust the shape of an object rather than
manipulating the whole object at once. That is called “point editing.”

You can use point editing on meshes, curves, and surfaces, but not on polysurfaces or solids.

NURBS Curves

Rhino's curves are represented internally by Non-Uniform Rational B-Splines (NURBS). The shape of a NURBS
determined by three things:

* A list of points called "control points"
* Degree
* A list of numbers called "knots"

If you change any of these things, it changes the shape of the curve.
Exercise 47—Control Point Editing

In this exercise we are going to experiment with moving control points. Understanding how curves and lines react when
control points are moved is very important to understanding NURBS modeling.

Notes:

curve is

Robert McNeel & Associates [

173



POINT EDITING

Start anew model. Save as Points.

Create Polyline, Curve and Surface layers.

Turn Ortho and Snap on.

Change to the Polyline layer.

In the Top viewport draw apolyline 6 unitslong with avertex at each unit along the line.

The points disappear when the command terminates. The illustration below shows the line with the points on.

aa A W N B

»

Changeto the Curve layer.

7 IntheTop viewport draw acurve by control points 6 units long. Make sure that you pick at each snap point, so that
the curve will have a control point at each unit.

Top

e

Notes:

T

Polyline

Look for this button.

5

Curve

Look for this button.
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8 Usemirror to create two more lines, one curve and one polyline. Mirror the curves starting at 0,0 in the Top
viewport. Toggle ortho on to pick the second point. Make sure the polylines are on the top and the bottom.

Top

9 From the Edit menu, click Select, then click All, then click Curves.
10 From the Edit menu, click Point Editing, then click Control Points On.

==

Notes:

4

Mirror

Look for this button.

Select All Curves

=

PtOn

Look for this button.

Look for this button.
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Notes:

11 IntheTop view, click and drag some points on the polylines. Notice that the line has a pointed edge at each control
point and that the control points are exactly on the line. When a curve or polyline bends at a point like thisit is called
akink. If you create a surface from aline that has akink it will have a seam at the kink.

- /\/D\/u\n

12 Push ESc twice to turn off the control points.
13 From the Edit menu, click Layers, then click Edit. =~
14 Lock the Polyline layer. Layer

15 Select one of the curves and turn the control points on. Look for this button.
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Notes:
16 Next, we will elevate the points off the Top Cplane. In the Front viewport click and drag some of the control points.

If you the Choose One Object dialog appears make sure it displays Curve point and pick OK.

#1 of 2: Curve point
(1] | i Mest |

Note that as you move the point, the curve deforms at the point, but stays the same everywhere else.
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17 Repeat this process for the second curve. Change the location of some of the points, so that it looks different from
the previous curve.

To change the polylines into curves without kinks:

1 Fromthe Edit menu, click Layers, then click Edit.

2 Turnonthe Polyline layer.

3 Select both polylinesin the Top viewport.

4 From the Curve menu, click Edit Tools, then click Rebuild.
The Rebuild Curve dialog will appear.

Rebuild Curve
Paint count: [7) I'I il 3:
Degres; ) |3 3:

v Delete input v Current |ayer

Cancel | Breview

Notes:

Layer
Look for this button.

R

Rebuild
Look for this button.
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Notes:
5 IntheRebuild Curve dialog change the point count to 9 and the degree to 3 and press Preview.

A degree 3 curve cannot have kinks.

6 Change the point count and degree, and press Preview. Notice how the curve will approximate the geometry at
different degrees and point counts.

7 When you are satisfied with the preview, click OK.

=l AVAVAN

NAVAVY

To loft a surface over the curves:

1 Changeto the Surfaces layer.
2 Select al of the curves.

3 From the Surface menu, click Loft. {T
4

In the Loft Options dialog, click OK. Loft
Look for this button.

Loft Options

Style: Simplify
I I & Do nat simplf
W armal hd I plity

o il il |1E| tral point
[~ Clozed laft - Bet‘-uﬂc.l M_”th u:g.n el el
I Shaded preview Fiefit withir IEI.EI‘I uhitz

Cancel | Breview | Help |
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A surface appears over the curves.

5 From the Render menu, click Shade.

r

6 Turn off the Curve and Polyline layers.
7 Select the lofted surface.
8 Fromthe Edit menu, click Point Editing, then click Control Points On.

Notes:

J

Shade

Look for this button.

=

Points On

Look for this button.
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9 Move some of the control points of the surface to see what effect it has on a surface.

10 Fromthe Render menu, click Shade All Viewports.

M Rhinoceros Beta 17-Aug-1998 - D:\Class Files\rhino-1\PointsDone_3dm

File Edit “iew Curve Suface Solid Transform Tools Analyze Bender Help

Command: ZoomExtentsAll
Command: ShadeAll

Press Esc to view wireframe: |

KD
nl - [ DSE] s [m]@] [R5 O] Hebd—[ &l =[O Q@ AR T

N o
(=) G

™o

&

9

0/&)| / .

(B

P o gt

Trim | Split

35

T|&

SR

il

[«7.799 w270 zoO000 | W Surface [Snap [Ontho [Flanar [ Osnap 4

Notes:

J

Shade All Viewports
Look for this button.
Right click this button.
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A few facts about control points, edit points and knots

Knots are parameters (that is, numbers, not points). Y ou can evaluate aNURBS curve or surface at aknot and get a
“knot point.”

Control points do not have to be on the curve.

Edit points and knot points are always on the curve.

A curve has the same number of control points as edit points.

Generally, there are more control points than knot points.

On a polyline, control points = edit points = knot points.

If a curve is not a polyline, then control points are different from edit points and knot points.
Rhino lets you edit curves and surfaces by moving control points and edit points.

Rhino lets you add and remove knots, but you cannot explicitly move knot points.

Notes:
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Exercise 48—Practice with Freeform Curves and Control Point editing
1 Start anew model. Save as Glass.

R.02
; R1.19

13

R1.25

Make sure you trim
the ends of these curves
to the center line.

R1.23

R.48

R.08 R1.19

2 UseRectangle and Curve to draw the part shown in the Front viewport.

Notes:
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Notes:
3 Start by drawing construction lines to help you create an accurate curve.

4 Adjust control pointsif necessary to achieve the design you want for your glass.

To make it 3D:

1 Fromthe Surface menu, click Revolve.

2 Atthe Select curve to revolve prompt, select the curve you created.
3 Atthe Start of revolve axis prompt, pick one end of the curve.
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4 AttheEnd of revolve axis prompt, pick the other end of the curve.

5 Inthe Revolve Options dialog, click Deformable, then click OK.

Revolve Dptions E2

" Enxact
% Deformable with I'ID cantral paintz

Start angle: ID
End angle: |3BU

™ Delete curve to revalve

Cancel |

Thiswill makeit so that the glass will have control points that can be adjusted.

Notes:
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Notes:
6 Fromthe Render menu, click Shade.

7 Save your model.
8 Experiment with adjusting the control pointsto see what happens.
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Part Three:
3D Modeling and Editing







Creating Deformable Shapes

Freeform Modeling

When building models in Rhino, you should first determine which methods should be used for each part of the project.
There are two basic ways to model in Rhino—freeform and accurate. Some models require more attention to ex
dimensions because they might have to be manufactured or parts may have to fit together. Sometimes it is the s
the object, not the accuracy that is important. These techniques can be merged together to create accurate, free
shapes. This tutorial focuses only on the freeform, squishy aspect. The exact size and placement of the objects
critical. The overall form is the main objective.

This exercise shows
» simple surface creation
» surface rebuilding
« control point editing
* curve creation (drawing, projecting)
» splitting surfaces with curves and surfaces
* blending between two surfaces
* lighting and rendering

When you model the rubber ducky, you will use similar modeling techniques for the head and the body. In this e

hCt
hape of
form

s not

ercise

you will create spheres that will be deformed to make the shapes.

Notes:
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CREATING DEFORMABLE SHAPES

If you need to know more about control points and surfaces search, the Rhino Help index for Control points.

Exercise 49—Creating a rubber ducky.

1 Start anew model. Save as Ducky.

2 You can use layers to separate your parts, but for this model, it isn’'t necessary.
For more information about layers, searchRhiano Help index forlayer.

RN

y

Create the Body and Head Shapes

Notes:

The body and head of the ducky are created by modifying two spheres. The size and placement of the spheres goesn’t

need to be exact.
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To create the basic shapes:

1
2
3
4

0 N o o

From the Solid menu, click Sphere, then click Center, Radius.

At the Center of sphere prompt, pick a point in the Front viewport.

At the Radius (Diameter) prompt, pick another point in the same viewport to create a sphere.
Repeat this procedure for the second sphere.

Select the large sphere.

From the Edit menu, click Point Editing, then click Control Points On.
Select acontrol point and drag it.

Click in the Perspective view.

Notes:

o

Sphere

Control Points On

Look for this button.

Look for this button.
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Notes:
9 Fromthe Render menu, click Shade. Q
Notice that you have sharp edges in the sphere. The spheres you just created do not lend themselves well to Shade

deformation. To make them deformable, you have to add control points and the ability to deform smoothly. Rhino has | Look for this button.

acommand to do this.

10 PressENTER or ESC to exit Shade mode. Press ESC again to turn off control points.

11 From the Edit menu, click Undo. )

To make the spheres deformable: Eggl?for this button.
1 Select both spheres.

2 Fromthe Surface menu, click Edit Tools, then click Rebuild. ﬁj

Rebuild Surface
Look for this button.
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Notes:
3 IntheRebuild Surface dialog, change the Point Count to 8 for both U and V.

Change the Degree to 3 for both U and V
Check Delete Input, clear Current Layer, and click OK.

Rebuild Surface

Paint count: U (8] IS 3: W [5] IS 3:
Degree: iz |3 3: W 2] |3 3:

v Delete input [ Current Jayer

QK I Cancel | Breview |

The spheres are now deformable. Having more control points allows more control over smaller parts of the surface. A
degree-three surface will have a smoother shape when deformed.

To modify the body shape:
1 Select the large sphere.
2 Fromthe Edit menu, click Point Editing, then click Control Points On. iﬁllu

Control Points On
Look for this button.
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Notes:
3 IntheFront view select the control points near the bottom of the sphere.

Window select by dragging a box around the control points.

4 Fromthe Transform menu, select Set Points. =0

5 Make the Set Points dialog look like this, and click OK. Set Points
Look for this button.

Set Points

[~ Setx

[~ Sety

¥ SetZ
& World coordinates
" CPlane coordinates

Cancel |
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6 Drag the selected control points up.

Thiswill align all of the selected control points to the same z value (vertical in Front viewport), flattening the
surface.

Notes:
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8 Window select the control points at the upper left edge of the body, and drag them up to form the tail.

Noticein the Top view that two control points are selected, though in the Front view, it looks like only oneis
selected. Thisis because the second control point is directly behind the one you can see in the Front view.

Front I

9 Window select the control points at the front of the body, and drag them to the right to bulge out the chest.

Front [

Notes:
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10 Window select the control points at the upper right, and drag them up and to the right.

Front [

11 You can adjust the control points further until you get the shape you want.
12 Save your model.

To shade the model:
1 Click inthe Perspective viewport.
2 Fromthe Render menu, click Shade.

Notes:

J

Shade
Look for this button.
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Notes:

3 PressENTER or ESC to exit Shade mode.
4 PressESC to turn off control points. The first ESC cancels any commands that are active. The next deselects all

selected objects. The next ESC turns off control points.
To create the head:
1 Select the small sphere.
2 Fromthe Edit menu, click Point Editing, then click Control Points On. “E“',
3 Select the control points on the right side and drag them to begin forming the bill. Control Points On

Look for this button.

Remember to use a window to
select the control points. There
may be multiple control points
in the same location in this
view.
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Notes:
4 Select the control points at the top right side and drag down to continue forming the hill.
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Notes:

J

6 From the Render menu, click Shade.
Shade

Look for this button.

7 PressESC to turn control points off.

Separate the Bill From the Head
For the final rendering, the bill must be a different color from the body. To do this, they must be separate surfaces. Y ou

can split asingle surface into multiple surfaces many ways. The following techniqueisjust one.
To make the head and bill two separate surfaces, split it with acurve. It is easiest to draw a curve in one view and project

it to the surface to create a 3D curve.

200
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Notes:
To create the curve for the bill:
¢ IntheFront view create a curve that looks like the illustration below.
B
To Project the curve onto the surface of the head to create the shape for the bill.
From the Curve menu, click From Objects, then click Project Eﬂ
At the Select curves to project prompt, in the Front view, select the curve (1). Project

1
2

3 Atthe Select curves to project prompt, press ENTER. Look for this button.
4

At the Select surfaces or polysurfaces to project onto prompt, select the head you created (2).
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Notes:

5 At the Select surfaces or polysurfaces to project onto prompt, press ENTER.

The curve is projected onto the head.
6 Deletetheorigina curve.
To split a surface with a curve:
1 From the Edit menu, click Split. S pli
2 Atthe Select object to split prompt, select the head (1). Split
3 At the Select cutting objects prompt, select the curve you just created (2). Look for this button.
4 At the Select cutting objects prompt, press ENTER.
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5

The bill separates from the head.

Save your model.

Create the Ducky’'s Neck
The ducky needs a neck. We are first going to make an edge on the surface of the head and a corresponding edge on the
surface of the body so we can create a blended surface between the two edges.

To create a cutting plane:

1
2
3
4

Select the head.
From the Surface menu, click Rectangle, then click Cutting Plane.
At Start of cut plane prompt, in the Front view, pick thefirst point of aline (2) to define a plane.

Toggle Ortho on.

Notes:

203
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5 Atthe End of cut plane prompt, select the end point of aline (3) that cuts through the lower part of the head.

6

At the Start of cut plane prompt, press ENTER to end the command.

To trim the head with the cutting plane:

1
2
3
4

From the Edit menu, click Trim.

At the Select cutting edges (Options) prompt, select the cutting plane you created (1).
At the Select cutting edges (Options) prompt, press ENTER.

At the Select object to trim (Options) prompt, select the bottom edge of the head (2).

Notes:

Trimn

Trim
Look for this button.
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5 Atthe Select object to trim (Options) prompt, press ENTER to end the command.

6

The bottom of the head will be trimmed.

Delete the cutting plane.

To Cut a hole in the body that matches the opening in the bottom of the head:

1
2
3
4

From the Curve menu, click From Objects, then click Project.

At the Select curves to project prompt, inthe Top view, select the curve at the bottom of the head ().

At the Select curves to project prompt, press ENTER.
At the Select surfaces or polysurfaces to project onto prompt, inthe Top view, select the body (2).

Notes:

===
=
Project
Look for this button.
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5 Atthe Select surfaces or polysurfaces to project onto prompt, press ENTER.
The curveis projected to the top (1) and the bottom (2) of the body.

Top
m

/AR RN~
(s e

N :

6 From the Edit menu, click Trim.
7 Atthe Select cutting edges (Options) prompt, select the curve at the top of the body.
8 Atthe Select cutting edges (Options) prompt, press ENTER.
9 At the Select object to trim (Options) prompt, select the body on the inside of the curve.
10 At the Select object to trim (Options) prompt, press ENTER.
A hole will be created in the body. If Trim doesn't work try Split.

Notes:
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11 You can delete the projected curves.
This may take more than one pick. Occasionally the curve gets broken into pieces.
12 Save your model.

To create the blend surface between the head and body:

1 From the Surface menu, click Blend.

2 Atthe Select edge to blend - pick near one end (PlanarSections Degree=Quintic) prompt, select the curve at the
bottom of the head.

3 Atthe Select edge to blend - pick near one end (PlanarSections Degree=Quintic) prompt, select the curve on the
body.

4 At the Select seam point to adjust, press Enter when done (FlipDirection Automatic Natural) prompt, check to
see that the seam point lines up.

If it doesn't, select one of the seam points and drag it until it lines up with the other one. If the curve direction
are not pointing in the same direction flip one of them.

Notes:

&

Blend Surface

Look for this button.

arrows
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Notes:
5 Toflipacurvedirection, at the Location of seam point (FlipDirection) prompt, pick the point on the curve you want
to flip, then type F and press ENTER.

6 AttheLocation of seam point (FlipDirection) prompt, press ENTER.
A surface is blended between the body and the head.

7 Save your model.
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Notes:
To join the parts:
From the Edit menu, click Join. o
At the Select object for join prompt, select the body. Join

At the Select next surface or polysurface to join prompt, select the neck. Look for this button.

At the Select next surface or polysurface to join prompt, select the head.
At the Select next surface or polysurface to join prompt, press ENTER.

aa A W N B

To make an eye:
From the Solid menu, click Ellipsoid. i)
Toggle Ortho and Snap on to help. Ellipsoid

At the Center of ellipsoid prompt, pick apoint in the Top viewport. Look for this button.
At the End of first axis prompt, pick a point.

At the End of second axis prompt, pick a point that is approximately the same radius as the previous pick.

a A W N P
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Notes:
6 AttheEnd of third axis prompt, pick apoint in the Front viewport that creates aflat ellipsoid.
To make the pupil for the eye:
To be able to assign a different color for the pupil of the eye, the ellipsoid surface has to be split into two parts.
1 From the Curve menu, click Circle, then click Center, Radius. @
2 Atthe Center of circle (Vertical AroundCurve) prompt, pick the center of the ellipsoid. Circle
3 AttheRadius <1> (Diameter) prompt, pick a point in the Top viewport that is slightly smaller than ellipsoid. Look for this button.
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From the Curve menu, click From Objects, then click Project.

At the Select curves to project prompt, in the Top view, select the circle.

At the Choose surfaces or polysurfaces to project onto prompt, in the Top view, select the ellipsoid.
At the Choose surfaces or polysurfaces to project onto prompt, press ENTER.

4
5
6 Atthe Select curves to project prompt, press ENTER.
7
8
9

Delete the original circle and the one on the bottom of the ellipsoid.

10 From the Edit menu, click Split.
11 At the Select object to split prompt, select the ellipsoid.

12 At the Select cutting objects prompt, select the circle on the top of the ellipsoid.

13 At the Select cutting objects prompt, press ENTER.

Perspective ’

Perspective

14 Select the surface at the top of the ellipsoid. If it is broken into two halves, join the pieces together. Make sure the

top of the ellipsoid is selected.
15 From the From the Edit menu, click Object Properties.

Notes:
==

=
Project
Look for this button.

S plit

Split
Look for this button.

o

Properties
Look for this button.
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16 Inthe Object Properties dialog, click Render Color and select arender color for the pupil of the eye, like black.
[X]

Select Color

Mamed colors:

Object Properties E

Properties | Imfa |

Gray
DarkGray
Black.
Red

Mame: || ¥ Show surface jzoparms grown
range

Layer Ii[:uwes j |soparm density: I1 _| \Ejglllcolw

Chartreuse
Green

Rendercolor [~ Highlight: Sl F——— B DarkGreen [N

Sealreen
Aguamarine
Tranzparency: Opaque [— Transparent

Cyan

T .
e e e
Blue

D arkBlue
Tegture: I[none] Browse. .. Purple

Magenta

Match... | Bump:  [[nane] Browse... Yiolet
Firik.
Ok I Cancel | Help | 0K I

i

[L== iy s

—
w
=] | | a
8 | aif

2
2
2

To move the eyes to the surface of the head:

From the Transform menu, click Orient, then click On Surface.

At the Select base surface prompt, select the head.

At the Select objects to orient prompt, window select the whole eye and press ENTER.

At the Base point on surface (WorldCoordinates) prompt, type W and press ENTER.

At the Base point in world coordinates (OnSurface) prompt, pick the center of the ellipsoid.
At the Offset point prompt, move the cursor onto the head to place the eye.

o O A W N P

Notes:

O
asry

Orient On Surface
Look for this button.
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Notes:

7 At the Offset point prompt, press ENTER.

Top

(f {8

N
S

R
]

1T

8 Mirror the eye to the other side of the head.

!

9 Save your model.

Render a Picture of the Ducky
Rendering creates a “realistic” picture of your model with colors you assign. These render colors are different from the

layer colors you might be using, which control the display in wireframe mode.

213
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To render the ducky:

1 Select the beak.
2 From the From the Edit menu, click Object Properties.

3 Inthe Object Properties dialog, click Render Color and select a color for the beak, like orange.

Object Properties E

Properties | Imfa |

Mame: ||

Layer Ii Curves

¥ Show surface jzoparms

j |soparmn denzity: |1 _Ij

[~ Highlight: Sl I —— Fig
Tranzparency: Opaque [—— Transparent
Hiakit: Goft I——— Hard

Fiender colar:

Texture: I[none] Browse. ..

Match... |Eump: I[none]
DK I

Browse. ..

i

Cancel | Help |

Select Color

Mamed colors:

Gray
DarkGray
Black.

Red
Brawn
Orange
Gald
ellow
Chartreuse
Green
DarklGreen
Sealreen
Aguamarine
Cyan
Turquoize
Lavender
Blue
DarkElue
Purple
Magenta
"iolet

Fink.

2
2
2

=18
= |
== ey e
[
v | | |
S ai| onl| o
] | | &

4 Select the body.
5 From the From the Edit menu, click Object Properties.

Notes:
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Notes:
6 Inthe Object Properties dialog, click Render Color and select a color for the body, like yellow.

Select Color

Mamed colors:

Object Properties E
Propertieslmfg I glaaréalfray
Red
Mame: || ¥ Show surface jzoparms Brown
Orange
Layer: Ii[:uwes j |zoparm density |1 _I \Ejglllcolw
Chartreuse
Green
Rendercolor [~ Highlight ool ——— o DakGreen S
Aguamarine
Tranzparency: Opaque [—— Transparent Cyan
Turquoize
- P
it i Hizrd Lavender
Blue
DarkElue : .
Texture: I[none] Browese... | Purple Hue: IEI B |255
I agenta Sat: ID G: |255
Match... | Bump:  |inone) Browse. . | Wiolet : .
Pirk YWal |28 @ B |255
0k I Cancel | Help | 0K I LCancel |

7 Fromthe Render menu, click Render.

QD

Render
Look for this button.
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To place lights:

1
2
3
4

From the Render menu, click Create Spotlight.

At the Base of cone (Vertical) prompt, select a point in the middle of the model.

At the Radius prompt, drag the radius until it is approximately twice as large as the model.
At the End of cone prompt, pick apoint in the Top view while holding the CTRL key down.

Thistechnigue activates Elevator Mode. The point should be slightly to the left and bel ow the model.

In the Front view pick a point slightly above the object.

Top

Notes:

A

Spotlight
Look for this button.
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CREATING DEFORMABLE SHAPES

Notes:
5 From the Render menu, click Render. 0

Render

\ Look for this button.

6 Try placing two lights.
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Notes:

Render
Look for this button.

7 Fromthe Render menu, click Render.

8 Save your model.
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Modeling solids
Modeling solids in Rhino is easy. There are several commands that enable you create and edit solid objects.

Button Command

Modeling with Solids

Description

@ Box

@ Sphere
@ SphereD
@ Sphere3Pt
@ Cylinder

= Tube

=) u

Creates a rectangular box from two diagonal corners and a height.

Right button option:
Creates a box from two adjacent corners, a point on the edge across from them, and a
height.

Creates a sphere from a center point and a radius.
Creates a sphere from the two ends of its diameter.
Creates a sphere from three points on its surface.

Creates a solid cylinder from a center point, a radius, and a height.

Creates a solid tube from a center point, two radii, and a height.

Notes:
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Notes:
Button Command Description
é Cone Creates a solid cone from a base point, a base radius, and a height.
é'% TCone Creates a truncated cone that ends in a circular plane from a base point, two radii, and
a height.
@ Ellipsoid Creates an ellipsoid from a center point, and three axis endpoints.
Torus Creates a solid torus from a center point, a radius for the center of the tube, and a tube
= .
radius.
g’D Pipe Creates a pipe around an existing curve. Pipe bundles the Circle command with the
OnCurve option of one-rail sweep and caps the ends to create solid pipes.

The Thick option lets you specify two radii at each end of the curve to create pipes with
holes bored through the middle like tubing.

= Extrude Creates a solid by extruding a closed planar curve vertically.
Closed
Planar Curve
Extrude Creates a solid by extruding a surface vertically.
Surface Extrude planar curve with draft angle

¢@ Cap Planar Creates simple planar surfaces to close simple planar holes in a surface or partial solid.
Holes

@l Boolean Boolean operation in Rhino to combine solids.
Union

%’:‘J Boolean Boolean operation in Rhino to subtract surfaces and solids from another.
Difference

@ Boolean Boolean operation in Rhino to create the intersection of two surfaces or solids.
Intersection
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Notes:

Exercise 50—Creating solids.
Start anew model. Save as Swing Bracket.

3

—{ 5 2 ~r— .25

R.75

1.25
' ‘ \ .63

R.75 .63 2
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Notes:
To create the boxes:
1 Fromthe Solid menu, click Box, then click Corner to Corner, Height. Make sure your cursor isin the Front @
viewport.
Box
At the First corner of box prompt, type-.75,0,-.1875 and press ENTER. Look for this button.

At the Other corner or length prompt, type 1.5 and press ENTER.
At the Width prompt, type 3.25 and press ENTER.
At the Height prompt, type .375 and press ENTER. The first box is created.

a b~ W DN

6 Fromthe Solid menu, click Box, then click Corner to Corner, Height. Make sure your cursor isin the Top
viewport.

7 AttheFirst corner of box prompt, type -1.5,-.75,3.25 and press ENTER.

8 At theOther corner or length prompt, type 3 and press ENTER.

9 At theWwidth prompt, type 1.5 and press ENTER.
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Notes:
10 At the Height prompt, type .25 and press ENTER.

11 Fromthe Solid menu, click Box, then click Corner to Corner, Height. Make sure your cursor isin the Right
viewport.

12 At theFirst corner of box prompt, type-.75,3.5,-1.25 and press ENTER.
13 At the Other corner or length prompt, type 1.5 and press ENTER.

14 At the Width prompt, type 1 and press ENTER.

15 At the Height prompt, type .25 and press ENTER.

16 Select the last box you created.
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Notes:
17 Fromthe Transform menu, click Mirror. Make sure your cursor isin the Front viewport. ‘I}
18 At the Start of mirror plane prompt, type 0,0 and press ENTER. =
Irror
19 Atthe End of mirror plane prompt, toggle Ortho on and pick a point directly above0,0. Look for this button.

The box ismirrored to the other part.

To create the cylinders:
1 TurnonEnd and Mid osnap.

=

2 Fromthe Solid menu, click Cylinder. Cylinder
Look for this button.
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3 AttheBase of cylinder (Vertical) prompt, snap to the midpoint at the top of the last box you created.
4 AttheRadius <0.75> (Diameter) prompt, snap to the endpoint of the |eft top edge of the same box.
5 Atthe End of cylinder prompt, snap to the other midpoint at the top of the same box.

1 /%L
) %%\'\;\

6 Select the cylinder you just created.
7 Fromthe Transform menu, click Copy.
8 AtthePoint to copy from (Vertical InPlace) prompt, snap to the midpoint at the top left edge of the box.

9 AtthePoint to copy to prompt, snap to the midpoint of the corresponding box at the other end of the part.

10 At the Point to copy to prompt, press ENTER.

Notes:

mo
Opg

Copy
Look for this button.
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11 Use the same procedure to make the cylinder at the bottom of the part.

A
=1
k]
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To create the tube:

From the Solid menu, click Tube.

At the Base of tube (Vertical) prompt, move your cursor into the Front viewport and type 0,0,1 and press ENTER.
At the Radius <0.75> (Diameter) prompt, type D and press ENTER.

At the Diameter <1.5> (Radius) prompt, type .63 and press ENTER.

At the Diameter <2> (Radius) type 1 and press ENTER.

At the End of tube prompt, type 2 and press ENTER.

o o~ WN P

Notes:

=1
7]
A=

Tube
Look for this button.
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7 Atthe End of tube prompt, move your cursor into the Top viewport, toggle Ortho on and pick a point directly above
the previous point.

" Ly

- R

e

A

-‘;\F:. iy

o

8 Save your model.

To join the parts:
1 From the Solid menu, click Union.

2 Atthe Select surface or polysurface prompt, select one of the parts you created.
3 Atthe Select surface or polysurface to union prompt, select an adjacent part.

Notes:

Always save your model
before you do a boolean
operation.

&

Boolean Union
Look for this button.
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4 Continue to Union partstogether until it becomes one piece.

L

e
i
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To make the hole through the top part of the bracket:

1 Fromthe Solid menu, click Cylinder.

2 AttheBase of cylinder (Vertical) prompt, move your cursor into the Top viewport, type 2,0,4.5 and press ENTER.
3 At the Diameter <0.75> (Radius) prompt, type .63 and press ENTER.

4 AttheEnd of cylinder prompt, toggle Ortho on and drag the cylinder to a point that passes through the object.

Notes:

=

Cylinder
Look for this button.
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Notes:
To subtract the cylinder to create the holes:
1 Fromthe Solid menu, click Difference. @
2 Atthe Select surface or polysurface prompt, select joined part. Boolean Difference

3 Atthe Select surface or polysurface to subtract prompt, select the cylinder you just created. Look for this button.

/
[
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|
l

A
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MODELING WITH SOLIDS

Modeling a Flashlight

When this model is finished you will have three distinct parts—the flashlight body, the lens, and the switch.

Notes:

You will learn how to use Rhino solids to create a simple model of a flashlight. While building the model you will create
the basic shape with a cylinder, and a truncated cone. A sphere is added to create the switch. To complete the model you

will add solids together and subtract other solids from your basic shapes.

J

The shaded view of the finished flashlight.

Exercise 51— Model a Flashlight

To draw the body:

1 Start anew model. Save as Flashlight.
2 Fromthe Solid menu, click Cylinder.

3 Move your cursor to the Right viewport.

When you are in the middle of a command, you don’t have to click in the viewport, just move the cursor therg
make it active. The viewport title highlights in blue.

4 AttheBase point ( Vertical ) prompt, typeo,0.

=

Cylinder
Look for this button.

to

This sets the base point for the cylinder at the origin (0,0,0 point) of the coordinate system for the Right viewport.

Coordinates define points in space.

5 At theRadius ( Diameter ) prompt, type75 and presgNTER.
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6 AttheEnd of cylinder prompt, type 5.5 and press ENTER.
7 TurnOrtho on.

8 At thenext End of cylinder prompt, in the Front viewport, pick a point to show the rotation angle so the cylinder
points to the right.

9 From the View menu click Zoom, then click Extents All.

Or, right-click the Zoom Extents button.
10 Click inthe Perspective viewport.

When you are not in the middle of acommand, you have to click in aviewport to make it the active viewport.
11 From the Render menu, click Shade.

Notes:

r_1

o

L 4
Zoom Extents
Look for this button.

J

Shade
Look for this button.
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Since you will be using Shade frequently, this might be a good opportunity to find the toolbar button for Shade. It is
in the toolbar that runs across the top of the viewports. The icon isagray sphere.

To draw the flashlight reflector shield:

1 Fromthe Solid menu, click Truncated Cone.
At the Base point of truncated cone ( Vertical ) prompt, snap to the center of the right end of the cylinder.

To turn on the Center object snap, on the status bar click Osnap, then check Cen.
It's easiest to use theerspective viewport for this.

2

Notes:

=)

Truncated Cone
Look for this button.
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Notes:
3 Atthe Radius <.75> ( Diameter ) prompt, type .875 and press ENTER.

A truncated cone has two radius values, the base and top.
4 At the next Radius <1.00> ( Diameter ) prompt, type 1 and press ENTER.
5 Atthe End of cone prompt, type 2 and press ENTER.
This sets the length of the cone.
6 Atthenext End of cone prompt, pick in the Front viewport to the right of the cylinder to rotate it into place.

Y ou may have to zoom out alittle to get some space in the Front viewport. Hold down CTRL and drag with the right
mouse button. You can do this right inside the command. The rotation angle won’t be entered until you click with the
left mouse button.

_n_
0
0

Being able to zoom and pan inside a command makes moving around in Rhino easy.
7 From theview menu, clickzoom, then clickExtents All.
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Notes:
8 Shade the Perspective view.

To create the cutting cone:

Y ou will now copy the truncated cone to create another truncated cone that will be used to cut the inside shape of the
reflector shield.

1 Select the truncated cone.
2 Fromthe Transform menu, click Copy.

oo
Og

3 AttheBase point ( Vertical InPlace ) prompt, in the Front viewport pick any point. Copy
- Look for this button.
Front

— |

=.%=.
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Notes:
4 At the Offset point prompt, turn on Ortho and drag the cone to the right until the sides of the cone copy areinside
thefirst cone.

5 Pick apoint to place the copy, and press ENTER.
We needed to move the truncated cone to the right so does not cut into the sides of the flashlight.
It may help at this point to turn off the Center object snap.

—_— |

SELE

To add the two parts of the flashlight body together:

1 From the Solid menu, click Union. @l
2 AttheSelect surface or polysurface prompt, select the cylinder.

Boolean Union
You can't select the object first when using boolean commands. Starting the command cancels your selectiop. Y¥8gj¢ for this button.
can only select one object at each prompt.

3 At theSelect surface or polysurface to union prompt, select the first truncated cone.
Not much appeared to happen, but the cylinder and the truncated cone are now one piece.

To cut the inside of the reflector shield:

1 From theSolid menu, clickDifference. %’j

2 At the Select surface or polysurface prompt, select the flashlight body. Boolean Difference

3 At theSelect surface or polysurface to subtract prompt, select the new truncated cone. Look for this button.
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Notes:
4 Shade the Perspective view.
5 Rotate the view abit so you can seeinside the flashlight.
To draw the cutting cylinder:
1 Fromthe Solid menu, click Cylinder. @
You will create a cylinder that will be subtracted from the inside of the flashlight. Cylinder
Look for this button.

At the Base point ( Vertical ) prompt, pick a point in the Perspective viewport that is at the center of the cylinder at
the flashlight base.

236
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Notes:
3 AttheRadius ( Diameter ) prompt, type .625 and press ENTER.

4 AttheEnd of cylinder prompt, pick a point in the Front viewport to the right of the reflection hood.
This sets both the length of the cylinder and the rotation angle at the same time.

To move the cylinder away from the base:
We need to move the cylinder away from the base a little so it won’t cut through the flashlight’s bottom.
You can move obijects just by selecting and dragging them.

1 Select the cylinder you just created.

2 TurnOrtho on, if it is not already.

3 Turn off the Center object snap.
Sometimes having object snaps on interferes with your ability to click and drag freely.

Robert McNeel & Associates [ 237



MODELING WITH SOLIDS

4 IntheFront viewport, click near the right end of the cylinder and drag it alittle bit to the right.
Ortho will keep it moving in astraight line.

o

I

5 From the View menu, click Zoom, then click Extents All.
6 Shade the Perspective view.

To cut out the interior of the flashlight:
1 Fromthe Solid menu, click Difference.
2 Atthe Select surface or polysurface prompt, select the flashlight body.

Notes:

r_A

o

L o

Zoom Extents All Viewports
Look for this button.

Boolean Difference
Look for this button.
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MODELING WITH SOLIDS

3 Atthe Select surface or polysurface to subtract prompt, select the new cylinder.

4 Shade the Perspective view.

To draw the lens:
1 Fromthe Solid menu, click Cylinder.

2 AttheBase point ( Vertical ) prompt, snap to the center of the inside edge of the truncated cylinder.

Notes:

=

Perspective K
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3 AttheRadius <0.625> ( Diameter ) prompt, type .625 and press ENTER.
4 Atthe Choose a point prompt, in the Front viewport pick a point slightly to the left of the center point.

Cylinder
Look for this button.
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Notes:
It helps at this point to turn off the Center object snap. Otherwise, it's hard to drag the cylinder a very small amount.

You are trying to make a thin piece of glass.

S——

—— ]

The glass won't show much in your model, but later, when you render it, you can make the flashlight more reflistic
by making this cylinder partially transparent.

To draw the switch button:

1 From theSolid menu, click Sphere, and then clickCenter, Radius. @

2 At theCenter point prompt, in the=ront viewport pick a point near the top of the cylinder. Sphere
Look for this button.
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Notes:
3 AttheRadius ( Diameter ) prompt, pick aradius.
Y ou can type .4, or just drag out a size that looks good to you.

A
N

4 Shade the Perspective viewport.

<

Render the Flashlight

Y ou can use Rhino to add color, texture, and lights to your model to make simple presentations. In this exercise you will
add only color to the flashlight parts and use Rhino’s rendering capability to create a more realistic picture.
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To render the model:
1 Click inthe Perspective viewport.
2 Fromthe Render menu, click Render.
A separate Display Window appears with the model rendered in default gray.

To set the color for the flashlight body:

1 Select the flashlight body.

2 Fromthe Edit menu, click Object Properties.

3 Inthe Object Properties dialog box, under Render color, click the color swatch.

Notes:

Render
Look for this button.
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Notes:
4 Inthe Select Color dialog box, from the Named Colors list, select Red, and click OK.
Select Color
Object Properties E Named colars:
Properties | Iifa | i
[ ra
Ergay i
i I I | Sl surtace isoparms [B)E[.i{kﬁ i
Layer: IiDefault j |samarm dersit: I'I 3: Efoctl-vn
Orange
Gold
Render color. [ Small +— Big |‘| EE!?::Ieuse
Tranzparency: Opagque +— Tranzp. IU g:ﬁgreen
Spotlight hardness: Soft +— Hard I »S’-‘«ngrineaerir;e
Cyan
T : | T j
exture I[nc-ne] Browse. .. L;\'{iﬂ;‘?
Bump: I[nc-ne] Browse. .. | glgiBlue
Purple
Magenta
Match. .. | Yiolet
Pink
Ok I Cancel | Help |
5 Inthe Object Properties dialog box, check Highlight.
6 MovetheHighlight dider to near the middlie of the Small to Big range.
7 Click OK.
To set the lens to be transparent:
1 Select thelens.
2 Fromthe Edit menu, click Object Properties.
3 Inthe Object Properties dialog box, drag the Transparency slider to the right. 0
Don’t move it all the way to the right or the lens will disappear completely. You want it to be a little opaque SO y@®Ender
can still see it. Look for this button.
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Notes:
4 Fromthe Render menu, click Render.
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Modeling a Pull Toy

In the following exercise, you will create awheeled pull toy.

Drawing the Pull Toy Body

This exercise uses x-, y-, and z-coordinates to accurately place points. When you are to type coordinates, type them just
asthey are shown in the manual. The format isx,y,z. For example, type 1,1,4. Y ou must type the commas. This sets your
cursor at x=1, y=1, and z=4 in the active viewport.

Whenever you type points, look in all viewports at where the point is placed so you can start getting an idea of how
coordinate entry works. The advantage this gives you is that you can enter your points without restricting them to the
construction plane.

gﬁ

{

91

The finished Pull Toy

Note Pay close attention to the viewport required in each instruction.

Exercise 52—Creating solids.

To start the model:
Start anew model. Save as Pull Toy.

Notes:
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Notes:
To create an ellipsoid:
1 TurnonOrtho. @,
2 Fromthe Solid menu, click Ellipsoid. Ellipsoid
3 Inthe Top viewport, at the Center point prompt, type 0,0,6 and press ENTER. Look for this button.

This places the center point of the ellipsoid at x=0, y=0, and z=6. Look at the point in the perspective viewport.
4 AttheEnd of first axis prompt, type 7 and press ENTER.
5 Drag the cursor to the right and pick to show the direction.

Top

6 AttheEnd of second axis prompt, type 4 and press ENTER.

This sets the width of the ellipsoid.
7 Atthe End of third axis prompt, type 4.5 and press ENTER.

Y ou how have an egg shape that has different dimensionsin all three directions.
8 Rotate the perspective viewport so you are looking along the x-axis as shown.
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9 Shade the Perspective view.

Drawing the Axles and Wheel Hubs

The axles and wheel hubs are cylinders. The axles are long, thin cylinders, and the wheel hubs are short, fat cylinders.
Y ou are going to make one axle and one complete whedl. Y ou will then mirror the complete wheel to the other side. You
can then either mirror or copy the complete axle and whed set to the front of the toy.

To create the axle:
1 Fromthe Solid menu, click Cylinder.
2 IntheFront viewport, at the Base point (Vertical) prompt, type 4,3,5 and press ENTER.

Look at where this point is. It isfour unitsin the x-direction, three unitsin the y-direction, and five unitsin the
z-direction of the active viewport.

3 AttheRadius (Diameter) prompt, type .25 and press ENTER.
4 AttheEnd of cylinder prompt, type 10 and press ENTER.

Notes:

=

Cylinder
Look for this button.
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5 IntheTop viewport drag the cylinder as shown to place the axle. netes:
Top
=||]=|
To create a wheel hub:
From the Solid menu, click Cylinder. @
In the Front viewport, at the Base of cylinder (Vertical) prompt, type 4,3,4.5 and press ENTER. Cylinder

At the Radius (Diameter) prompt, type 2 and press ENTER. Look for this button.

At the End of cylinder prompt, type 1 and press ENTER.
At the next End of cylinder prompt, pick in the Top viewport to place the hub.

aa A W N P

Top
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Notes:
6 Shade the Perspective viewport.
Draw the Lug Nuts
Y ou will make the lug nuts by extruding a hexagonal polygon. Polygons are curvesin Rhino.
To create the hexagon:
1 Fromthe Curve menu, click Polygon, and then click Center, Radius. {oh
2 Atthe Center of polygon ( NumSides=4 Circumscribed ) prompt, type 6 and press ENTER. Polygon
3 Inthe Front viewport, at the Center of polygon ( NumSides=6 Circumscribed ) prompt, type 4,4,5.5 and press Look for this button.
ENTER.
Thiswill place the polygon right on the surface of the wheel hub.
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Notes:
4 At the Radius prompt, type .25 and press ENTER.
0

(S

Pl

w1/
To make a solid from the polygon:
1 Select the hexagon you just created. =
2 Fromthe Solid menu, click Extrude Planar Curve. Extrude

3 AttheExtrusion distance (Direction Cap=yes Bothsides Tapered) prompt, make sure Cap=yes. Look for this button.

If it does not, type C and press ENTER.

This is an example of a command option. Many commands have options. You will learn how to change and use them
as you learn to use the commands. Take a moment and look at the options available for the Extrude command.

Press F1 to look at the Help topic for this command. The Help topic explains the options.
4 AttheExtrusion distance (Direction Cap=yes Bothsides Tapered) prompt, type .25 and press ENTER.

Notice the negative number. If you type a positive number at this point, the nuts will be buried in the wheel hub. You
want them to stick out.
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5 Shade the Perspective viewport.

Assign Colors

Now that you have the basic parts built, you are going to assign render colors to them before we start copying them. If we
wait until we have all the parts, you will have to select 20 lug nuts separately. If we assign render colors now, the color
property will be copied when we copy the parts.

To assign render color to the parts:
1 Select the lug nut.

2 From the Edit menu, click Object Properties.
3 Inthe Object Properties dialog box, under Render color, click the color swatch as shown.

Notes:
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4 Inthe Select Color dialog box, under Named Colors, click Black and click OK.

Object Properties E

Froperties Ilnfo |

Mame: I

W Show surface jzoparms

Laper: Ii Lughuts

™ Highlight:

Fiender color:

Spatight:

j |soparrn dengity: |'| _|:

Smal I—" Eig

Tranzparency: Opaque — Tranzparent

Soft I———" Herd

Tegture: I[none]

Browse...

Match... |Eump: I[none]

Browse...

i

o |

Cancel | Help

Select Color

Mamed colors:

Gray
DrarkGray
Black.

Red
Brawn
Orange
Gald
ellow
Chartreuse
Green
DarkGreen
SealGresn
Aquamarine
Cyan
Turquoise
Lavender
Blue
DarkBlue
Purple
Magenta
Wiolet

Pirik,
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S of i

2
2
2

The Select Color dialog box.

5 Inthe Object Properties dialog box, click OK.
6 Follow steps 1 through 6 to set arender color for the toy body.
Y ou will be assigning render colors to objects as we go along.

Notes:
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7

Render the Perspective viewport.

Array the Lug Nuts

To create the lug nuts on the first wheel, you are going to use a polar (circular) array. An array is a set of copies of an
object. You control how the copies are made. A polar array copies the objects around a central point. They can be rotated
asthey are copied.

To array the nuts:

1

a b~ W N

Select the lug nut.

The hexagon is till there, so be sure you select the extruded lug nut. (The Select One Object dialog will list it asa
polysurface.)

From the Transform menu, click Array, and then click Polar.

At the Center point prompt, snap to the center of the hub.

At the Number of elements <1> prompt, type 5 and press ENTER.
At the Angle to fill <360> prompt, press ENTER.

Notes:

+0e
=]

o
gt

Polar Array
Look for this button.
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Notes:
6 Shade the Perspective viewport.

Draw the Tires

Thetires are asolid form called atorus, which looks like a donut. When you are drawing atorus, the first radiusis the
radius of a circle around which the “tube” is drawn. The second radius is the radius of the tube itself.

To draw the tires, you will draw the center of the torus tube a bit larger than the diameter of the wheel hub. The fube
itself is slightly larger than the hub. This makes it dip into the hub.

To create a torus for the tires:
1 From theSolid menu, clickTorus. =
2 IntheFront viewport, at theCenter point (Vertical AroundCurve) prompt, type4,3,5 and preSENTER. Torus

This places the center of the torus at the same point as the center of the wheel hub. Look for this button.
3 AttheRadius (Diameter) prompt, type2.5 and preSENTER.

This makes the radius of the torus 0.5 units larger than the wheel hub.
4 AttheSecond radius (Diameter) prompt, type75 and preSENTER.

This makes the hole radius .25 units smaller than the wheel hub.
5 Set the rendeColor of the tire toBlack.
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6 Render the Perspective viewport.

Mirror the Wheels

Now that you have awhole wheel created, you can use Mirror to create the other three.

To mirror the wheel to the other side:

1 IntheTop viewport, use awindow to select the wheel, tire, and lug nuts as shown.

Notes:

gk

Top
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2 From the Transform menu, click Mirror.

3 At the Start of mirror plane prompt, type 0,0,0.

Mirror
Look for this button.
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4 Inthe Top viewport, with Ortho on, drag to the right as shown and click.

Top e ———
WK Ly
_,_,—'—'—"'-F'_-
il i
g S——"

+

5 Shade the Top viewport.

Top

Notes:
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To mirror the front wheels and axle:

1 IntheTop viewport, use awindow to select the back wheels and axle as shown.

Notes:

4

Top
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2 Fromthe Transform menu, click Mirror.

3 Atthe Start of mirror plane prompt, type 0,0,0.
4 Inthe Top viewport, with Ortho on, drag down as shown and click.

Top
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Mirror
Look for this button.
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5 Shade the Top viewport.

Top

Draw the Eyes

While drawing the eyes, you are going to practice using elevator mode. Y ou are going to start the center of the eye
spheresin the top viewport and use elevator mode to move them up.

To create an eye:
1 Fromthe Solid menu, click Sphere, and then click Center, Radius.
2 At the Center of sphere prompt, in the Top viewport hold CTRL and pick near the front edge of the ellipsoid.

R T | ——,
! Y] N T
"7 T

S

. “‘-u.__________.-'-f'
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NN S Y [P VAU I SO N

Notes:

e

Sphere
Look for this button.
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Thiswill start elevator mode.
3 Moveyour cursor to the Front viewport, drag the sphere near the top edge of the ellipsoid, and pick.

i

AN

N

AN

W

IR RN

4 AttheRadius ( Diameter ) prompt, type 1.5 and press ENTER.
5 Shade the Perspective viewport.

Perspective

6 IntheTop viewport, Mirror the sphere to the other side of the ellipsoid.
Use the same procedure you used to mirror the whedl hub.

Notes:
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7 Shade the Perspective viewport.

8 Use the same technique to make two more small black pupils. Make one Sphere, moveit if you have to. Change its
color to black and mirror it.

9 Render the Perspective viewport.

Make the Pull Cord

To make the cord, you are going to draw a freehand curve. When the curve is complete, you will use the Pipe command
to makeit athick solid.

Notes:
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To create the pull cord at the front of the toy:

1 Zoomout in al the viewports, you are going to need some space to work.
2 From the Curve menu, click Freeform, and then click Control Points.
3 Atthe Start of curve prompt, in the Top viewport, snap Quad to the front end of the ellipsoid.

Top

4 Continue picking points until you create a curve to rep

resent the cord.

Notes:

=5

Curve
Look for this button.
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5 Draw an Ellipsoid to represent a handle at the end of the curve.

Top

Make the cord fat:

1
2
3
4

From the Solid menu, click Pipe.
At the Select curve to create pipe around prompt, choose the curve you just created.

At the Starting radius <1> ( Diameter Cap=yes Thick=No ) prompt, type .125 and press ENTER.

At the End radius <1> ( Diameter ) prompt, press ENTER.
The pipe will be the same diameter for the full length of the curve.
Change the cord color to black and the handle color to any color you like.

Notes:

'S

Pipe
Look for this button
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6 Render the Perspective view.

)
—

Another example of a Pull Toy created with solids and surfaces. We will learn more about surfaces in another
chapter.

Insect Pull Toy, modeled by Grant Lange.

Notes:
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Notes:

Making Solid Text

Creates two or three-dimensional text from True Type fonts, in the form of curves, surfaces, or solids.

To create text using 3-D solids:

1 Start anew model. Save as Text.

2 Clickinthe Top viewport.

3 Fromthe Solid menu, click Text.
The Add Text dialog appears.

Add Text T

ant: Fant style: Text height: Create Text

[osia] [Fegular [10.00 " Luives Look for this button

T AbadiMT condensecé! 1 ks ® Sl
H Abadi MT Condenze Italic LNICRNESss:

& oo
B Albertus Extra Bald Bald o W Solids

T plbetus Mediom 7] |Bold Italic

" Rhino

Ok, I Cancel |

In the Add Text dialog box, in the Font box, select afont.

In the Font Style box, select astyle.

In the Text box, type some new text.

Click Create Solids.

In the Height box, type the height of the text.

In the Extrude Depth box, type athickness for your solid text, then click OK.

Im

Text: |Rhino

© 00 N o o »
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Notes:

10 From the View menu, click Zoom, then click Extents All.

Thetext isinserted perpendicular to the active viewport, starting at 0,0.

Perspective

Top

H B=—4—

Perspective

11 From the Render menu, click Shade.

265
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Notes:

10 Creating Surfaces

Surfaces

A Rhino surface is similar to a piece of stretchy fabric. It can take on many different shapes.

Surfaces are bounded by curves called edges. To visualize the surface shape Rhino displays a grid of isoparms on the
surface.

Surfaces have an area, their shape can be changed by moving control points, and they can be meshed.

Button Command Description

@ SrfPt Creates a surface by picking three or four points in space for corners.

4 EdgeSrf Creates a surface by selecting two, three or four existing curves whose ends meet

exactly.

‘I 3 PlanarSrf Creates a surface from planar curves that enclose an area.

e Patch Creates a surface that goes through a set of curves and/or point objects

il_— Revolve Revolve a curve around an axis to create a surface.

- Loft Creates a surface from shape curves; the normal option makes a surface with no
= creases as it passes over the shape curves.
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Button Command

Description

Sweepl

Dy | By

Sweep2

FilletSrf

&

FilletEdge

)
i

BlendSrf

RailRev

Extrude

ExtrudeAlongCrv

ExtrudeToPt

Plane

Plane3Pt

PlaneV

= E |E T P E

The Straight Sections option creates a surface with creases at each shape curve
and straight sections between the shapes curves.

Creates a surface from shape curves that follows along a rail curve. This command
controls one edge of the surface.

Creates a surface from shape curves that follows along two rail curves. The two-rail
sweep allows you to control the surface’s edges.

Creates a fillet or round between two surfaces.
Creates a fillet or round on the edge of a polysurface or solid.
Makes a smooth surface between two existing surfaces

Revolves a shape curve holding one end along a rail curve. This command is very
useful for putting a smooth end cap on an irregularly shaped surface.

Extrudes a curve perpendicular to the construction plane with option to taper the
surface with a draft angle.

Extrudes a curve following along a second curve.
Extrudes a curve to a point.

Creates a rectangular planar surface parallel to the construction plane from two
diagonal points.

Creates a rectangular planar surface from 3 points.

Creates a rectangular planar surface from 3 points that is vertical to the
construction plane.

Notes:
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Exercise 53—Basic techniques for making surfaces

+ Start anew model. Save as Surfaces.

In this exercise we will model some simple surfaces.

To create a rectangular plane:

1
2
3
4

From the Surface menu, click Rectangle, then click Corner to Corner.

In the Top viewport, at the First corner of plane prompt, type 0,0 and press ENTER.

At the Other corner or length prompt, type 10 and press ENTER.
At the Width prompt, type 6 and press ENTER.

<

To create a vertical plane:

1

From the Surface menu, click Rectangle, then click Vertical.

2 Atthe Start of edge prompt, snap to the End point at the right side of the surface.

3 AttheEnd of edge prompt, snap to the other End point at the right side of the surface.

Notes:

H

Plane
Look for this button

[l

Plane Vertical
Look for this button
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Notes:
4 AttheHeight of rectangle prompt, type 5 and press ENTER.
To create a plane from 3 points:
From the Surface menu, click Rectangle, then click 3 Points. E
At the Start of edge prompt, snap to the endpoint at the top of the second surface. Plane 3 Points

At the End of edge prompt, snap to the other endpoint at the top side of the second surface. Look for this button

At the Width prompt, type 10 and press ENTER.
At the Width prompt, type <45 and press ENTER.

a A W N BB
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Notes:
6 At theWwidth prompt, pick a point in the front viewport.
To create a plane from points:
From the Surface menu, click Corner Points. @
At the First corner of surface prompt, snap to an End point at the left edge of the first surface. Surface from 3 or 4 Corner Points

1

2

3 Atthe Second corner of surface prompt, snap to the other End point at the left edge of the first surface. Look for this button
4

At the Third corner of surface prompt, snap to an End point at the left edge of the third surface.
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Notes:
5 Atthe Fourth corner of surface prompt, snap to the other End point at the |eft edge of the third surface.

A surface will be created with corners at the points you selected.

To create a plane from curves:
1 Draw acurve between the two open cornersin the Front viewport.

2 Fromthe Surface menu, click Edge Curves. e
3 AttheChoose 2, 3, or 4 curves prompt, select the near edge of the first surface you created. Surface from 2, 3 or 4 Edge Curves
4 AttheChoose 2, 3, or 4 curves prompt, select the of the curve you created. Look for this button
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Notes:
5 AttheChoose 2, 3, or 4 curves prompt, select another edge.

6 AttheChoose 2, 3, or 4 curves prompt, select another edge.
A surfaceis created.

7 Repeat this process for the open end by picking four edges.
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Notes:
To create a surface from a closed planar curve:
1 Draw aCurve from Control Points in the Top viewport. Make sureit is closed. nj
[=]
Curve
Look for this button

Top

2 Select the curve. _| 3
Surface from Planar Curves
Look for this button

3 Fromthe Surface menu, click From Planar Curves.

A surfaceis created.
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Notes:
Exercise 54—Extruding Surfaces
To create an extruded surface from a curve:
1 Openthe Surface Extrude model.
2 Select the curve on the left.
3 Fromthe Surface menu, click Extrude, then click Straight. =7
4 AttheExtrusion distance (Direction BothSides Tapered) prompt, type 12 and press ENTER. Extrude

The curve is extruded straight up from the construction plane. Look for this bution

.

5 PressEsc to unselect the curve.

77

To create an extruded surface from a curve to a point:

1 From the Surface menu, click Extrude, then click To Point. AN

2 AttheSelect curve to extrude prompt, pick the next curve. Extrude To Point
Look for this button
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3 AtthePoint to extrude to prompt, pick apoint in the front viewport above the x plane.

The curveis extruded to a point.

77

To extrude a curve along another curve:

1 Fromthe Surface menu, click Extrude, then click Along Curve.

2 Atthe Select shape curve prompt, pick the next curvein thetop view.

3 Atthe Select path curve prompt, pick the path curve near its bottom end in the Front viewport.

Notes:

—

F"t: rs p ective

@?}0

Extrude Along Curve
Look for this button

If you don'’t get the answer you
expected, undo and try picking
near the other end of the path
curve.
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Notes:
To extrude a curve with a taper (draft angle):
Select the closed curve on theright.
From the Surface menu, click Extrude, then click Straight. =7
At the Extrusion distance <12> (Direction Cap=no Bothsides Tapered) prompt, typet and press ENTER. Extrude

At the Draft angle <0> prompt, type 5 and press ENTER. Look for this button

At the Extrusion distance <12> (Direction Cap=no) prompt, type 10 and press ENTER.
The curveis extrude with aten degree draft angle.

a A W N BB

Exercise 55—Lofted surfaces

To create a lofted surface:
1 OpentheLoft model.
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Notes:
2 Window select all of the curves at the lower part of the Top viewport.
Top
| |
| |
3 From the Surface menu, click Loft. {T
4 IntheLoft Options dialog, OK. Loft
Loft Options Look for this button
Siyle: Simplify

INorma| vI & Do ot simplify
" Bebuild with I‘IEI cantral poinks

I Clozed laft
- 's o TS .
Bl Seed mevie Fiefit withir IEI.EI‘I uhiks
Hep |

oK | Cancel | e
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Notes:
A surfaceisfitted over the curves.

/’"/‘[\ -

/

5 Mirror the surface to create the other half.
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Notes:
6 Fromthe Render menu, click Shade.
To create a lofted surface with straight sections:
1 Window select all of the curves at the top part of the Top viewport.
2 From the Surface menu, click Loft. {T
Loft
Look for this button
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Notes:

In the Loft Options dialog, switch Style to Straight sections, then click OK.

Loft Dptions | x|

Style: Simnplify
i i & Do not simplif
Shaight sections = L plity
¢ Rebuild with I'IU contral points
I™ Closed Inft i _
B Sl i Refit within ID.D'I units

Cancel | Presview | Help |

A surfaceisfitted over the curves.
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Notes:
4 Mirror the surface to create the other half.

5 From the Render menu, click Shade.

<=

Exercise 56—Revolved surfaces

To create a revolved surface:

1 Openthe Revolve model.
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Notes:
From the Surface menu, click Revolve. il_—
At the Select curve to revolve prompt, select the curve. Revolve

At the Start of revolve axis prompt, pick the end of the red vertical line. Look for this button

At the End of revolve axis prompt, pick the other end of the red vertical line.

a b~ W DN

6 IntheRevolve Options diaog, click OK.

Revolve Dptions E2

" Exact
" Deformable with I'ID cantral paintz

Start angle: ID
End angle: |3BU

™ Delete curve to revalve

R Cancel
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A surface isrevolved around the axis line.

Exercise 57—Using a rail revolve

There are times when you need to put a cap on the end of an irregular shaped object. Revolve lets you revolve a profile
curveinacircular shape. Rail revolve allows you to revolve around an axis and along a path curve.

To create a Rail Revolve:

1 Openthe Rail Revolve model.
2 Fromthe Surface menu, click Rail Revolve.

Notes:

i

Rail Revolve
Look for this button.
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3 At the Select profile curve prompt, select the curve at the end of the object (1).

Perspective

4 At the Select path curve prompt, select the end of the object (2).
5 At the Start of revolve axis prompt, select one end of the axisline (3).
6 AttheEnd of revolve axis prompt, select the other end of the axisline (4).

A surfaceisrevolved around the axis that follows along the curve at the end of the object.

Perspective

Perspective

7 Repeat this procedure for the other end of the object.

Notes:

Robert McNeel & Associates [

285



CREATING SURFACES

Exercise 58—Using sweeps to create surfaces

To create a 1 Rail Sweep:
1 Openthe 1 Rail Sweep model.
2 Select al of the curves.

Top

3 Fromthe Surface menu, click Sweep 1 Rail.

4 At the Select seam point to adjust, press Enter when done ( FlipDirection Automatic Natural ) prompt, press
ENTER.

Notes:

ol

Sweep along 1 Rail
Look for this button
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Notes:
5 Inthe Sweep 1 Rail Options dialog, then click OK.

The two cross section shapes are blended together to form the surface.

Sweep 1 Rail Options

Style: Simplify

IFreeform haisting 'I " Do not simplify
" Rebuild with I'IEI cantral paints

I” | Elozed sweep
= ~ . .
I Shaded preview Fiefit within IEI.EI‘I uhitz

Cancel | Breview | Help |

6 Fromthe Render menu, click Shade.

Exercise 59—Using sweeps to create surfaces

To create a 2 Rail Sweep:

¢ Open the 2 Rail Sweep model.
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Notes:
To create the base part:
1 Changeto the Base Surface layer. =
2 Fromthe Surface menu, click Sweep 2 Rails. Sweep along 2 Rails

- Look for this button

At the Select 2 rail curves prompt, select thefirst rail curve (1).
At the Select 2 rail curves prompt, select the next rail curve (2).
At the Select cross-section curves ( Point ) prompt, select the cross-section curve (3).

o 00~ W

At the Select cross-section curves ( Point ) prompt, press ENTER.

Sweep 2 Rails Options B

Simplify
™ Maintain height &' Do not simplify
=] Elmsed sween ' Rebuildwith [10 control points
[ Shaded preview " Refit within[0L01 Uik

Cancel Previgw Help
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Notes:
7 Inthe Sweep 2 Rails Options dialog, click OK.

A surface is created that whose edges match the rail curves along therail curves.

8 From the Render menu, click Shade.

-\
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To create the housing:
1 Fromthe Edit menu, click Layers, then click Edit.

2 OntheEdit Layers diaog, turn the Housing Surface, Housing Curves, and Mirror layers on. Lock the Base
Curves and Base Surface layers.

3 Makethe Housing Surface layer current.
4 Click OK.
5 Fromthe Surface menu, click Sweep 2 Rails.

6 Atthe Select 2 rail curves prompt, select the first rail curve (1).
7 Atthe Select 2 rail curves prompt, select the next rail curve (2).
8 Atthe Select cross-section curves ( Point ) prompt, select the curve at the front of the cylinder (3).

Notes:

:':'J;.

Sweep along 2 Rails
Look for this button
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9 Atthe Select cross-section curves ( Point ) prompt, press enter.

Sweep 2 Rails Options B
Simplify
™ Maintain height &' Do not simplify
=] Elmsed sween " Bebuild with [10 control paints

[ Shaded preview " Refit within[0L01 Uik

Cancel | Previgw | Help |

10 Inthe Sweep 2 Rails Options dialog, click OK.

A surfaceis created that wraps around the rail curves and finished with a smooth end where the rail curves come
together.

Notes:
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Notes:
11 From the Render menu, click Shade.

To join the two parts:

1 Fromthe Edit menu, click Layers, then click Edit.

2 Inthe Edit Layers dialog, make sure the Housing Surface, the Base Surface, and Mirror layers are on. All other
layers should be turned off.

3 Fromthe Solid menu, click Union.
4 At the Select surface or polysurface prompt, select the base surface.
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Notes:
5 Atthe Select surface or polysurface to union prompt, select the housing surface.

To make a fillet between the two surfaces:

1 From the Surface menu, click Fillet.

2 AttheSelect first surface to fillet ( Radius=1 Extend=Yes Trim=Yes ) prompt, type .25 and press ENTER.

3 Atthe Select first surface to fillet ( Radius=0.25 Extend=Yes Trim=Yes ) prompt, select the base surface (1).
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4 Atthe Select second surface to fillet ( Radius=0.25 Extend=Yes Trim=Yes ) prompt, select the housing surface
).
A fillet is created between the two surfaces.

5 Rotate the object in the perspective viewport.
6 From the Render menu, click Shade.

7 Rotate the object in the perspective viewport.
8 Join the base, thefillet, and the housing surfaces.

Notes:
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Notes:
9 Fromthe Render menu, click Render.
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Modeling a Toy Hammer

Some models require more attention to detail. Thisisan example of amodel that requires precise modeling techniques.
This exercise also requires a number of different surface creation techniques. The technical drawing isincluded to help

you create a very precise model.

Notes:

296
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Exercise 60— Creating a toy hammer:
1 Start anew model. Save as Hammer.
2 Createthefollowing layers: Curve, Handle, Tang, Head, Claw.

R3.00

RO0.75

—— 1.63

5.25

1.50
- RO0.25

- R2.00

0.88 7

- o

—
N—

£

0.50 /

ALL FILLETS AND
ROUNDS RO.1

[<—1.50 —
| 1.00 |
T
/ |t
3.50
A
lt:
]
1.25 {=0.75 =}

Notes:
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3 Draw the outlines for the hammer.

Drawing outlines helps while drawing the curves. Y ou can either draw lines, polylines, or rectangles to create the
outlines. Use the dimensions on the technical drawing to get accurate outlines.

Top

To create the claw:

When modeling the shape of the claw you will use circles and arcs. Y ou can trim the circles and arcs and then join
them together to create the closed curve.

1 Changeto the Curve layer
2 Draw acurve defining the shape of the claw in the top viewport.

Y ou can use afreeform curve or use a combination of arcs and circles which are trimmed and joined to create the
curve. Following is a step by step approach to creating the curve for the claw part of the hammer.

Start by drawing two circles.

Notes:
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3 Fromthe Curve menu, click Circle, then click Tangent to 3 Curves.

-

Top

4 At the Select first curve prompt, select the curve at point one.

5 Atthe Select second curve prompt, select the curve at point two.

6 Atthe Select third curve prompt, select the curve at point three.
The circle will be created tangent to all three curves you selected.

.

7 Fromthe Curve menu, click Circle, then click Diameter.
8 Atthe Start of diameter (Vertical) prompt, snap to the midpoint of the upper claw construction line.
9 AttheEnd of diameter prompt, type .5 and press ENTER.

Notes:

%

Circle: Tangent, Tangent, Tangent
Look for this button.

%,

Circle Diameter
Look for this button.
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10 At the End of diameter prompt, pick a point directly below thefirst point.

Top (

ah
N/

To create the tangent arcs:

From the Curve menu, click Arc, then click Tangent, Tangent, Radius.
At the Select first curve for ArcTTR prompt, select a circle near the right edge.

At the Radius <1> prompt, type 2 and press ENTER.

Delete the parts of the arcs that you don't need.

From theCurve menu, clickArc, then clickTangent, Tangent, Radius.

At theFirst curve prompt, select a circle near the left edge.

At the Second curve prompt, select the other circle near the left edge.

© 00 N oo o M~ W N P

At the Radius <1> prompt, type8 and pres&NTER.

At the Select second curve for ArcTTR prompt, select the other circle near the right edge.

Notes:

Toh

Arc: Tangent, Tangent, Radius
Look for this button.

Robert McNeel & Associates [

300



CREATING SURFACES

Notes:
10 Delete the parts of the arcs that you don’t need.
Top
N
|

To trim the circles:

From theEdit menu, clickTrim. T

At the Select cutting edges (Options) prompt, select one of the arcs. Trim

At the Select cutting edges (Options) prompt, select the other arc. Look for this button.

At the Select cutting edges (Options) prompt, preSENTER.
At the Select object to trim (Options) prompt, select the insides of the circles.

a A W N BB
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Notes:
6 Atthe Select object to trim (Options) prompt, press ENTER to end the command.

=
g

7 Join the curve segments.

The command terminates when the curve closes.

To extrude the claw part of the hammer:

1 Changeto the Claw layer.
2 Select the joined segments.

3 Fromthe Surface menu, click Extrude, then click Straight. =7
4

At the Extrusion distance (Direction Cap=no Bothsides Tapered) prompt, type C and press ENTER. Extrude Straight
Look for this button.

This makesit asolid.
5 At theExtrusion distance (Direction Cap=yes Bothsides Tapered) prompt, type B and press ENTER.
This extendsthe extrusion on both sides of the construction plane.
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6 AttheExtrusion distance (Direction Cap=yes) prompt, type .75 and press ENTER.

To create slot for the claw part of the hammer:

1 Changeto the Curve layer.

2 Draw aCurve inthe Right viewport, that startsin the middle of the extruded object, and extends to the right beyond
the extrusion.

—

3 Mirror the curve.

Notes:
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Notes:
4 Draw aLine between the end points, then Join the three curves.
5 Select the joined segments.
6 Changeto the Claw layer.
7 Fromthe Surface menu, click Extrude, then click Straight. =7
8 AttheExtrusion distance <.75> (Direction Cap=yes Bothsides Tapered) prompt, type B and press ENTER. Extrude Straight

Look for this button.
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9 AttheExtrusion distance (Direction Cap=yes) prompt, type 2 and press ENTER.

Top

/

10 Rotatethe dot inthe Top viewport

Top

=

=)
|-

/

Top

N

11 Save your model.

To remove the slot from the claw:

1 Fromthe Solid menu, click Difference.
2 Atthe Select surface or polysurface prompt, select the claw extrusion.

Notes:

&

Boolean Difference
Look for this button.
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Notes:
3 AttheSelect surface or polysurface to subtract prompt, select the Slot extrusion.
4 Save your model.
To make the fillets on the claw:
1 Fromthe Solid menu, click Fillet Edge. i
At the Select edges to fillet ( Radius=1) prompt, select the top edge of the claw. Fillet Edge

2
3 Atthe Select edges to fillet ( Radius=1) prompt, select the bottom edge of the claw. Look for this button.
4

At the Select edges to fillet (Radius=1) prompt, type .1 and press ENTER.
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Notes:
5 Atthe Select edges to fillet ( Radius=0.1) prompt, press ENTER.

The edges have around on them.

6 Save your model.

To create the Head:

1 Changeto the Curve layer.
2 Createthe curve for the cross section of the head, using the Curve command.

Make sure the curve intersects the claw part. Thiswill make joining the two pieces easier.
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Notes:
Change to the Head layer.
From the Surface menu, click Revolve. ﬂ-_
At the Select curve to revolve prompt, choose the polyline for the cross-section of the head. Revolve

At the Start of revolve axis prompt, pick the end of the curve. Look for this button.

At the End of revolve axis prompt, toggle ortho on and pick a point above the first point.
] D
i

~N o g0~ W
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8 IntheRevolve Options dialog, click OK.

& Exact
" Deformable with I'IU contral points

Start ahgle: ID
End anale: |3ED

Ok I Cancel |

A surfaceis created.

j)
2

9 Save your model.

To join the head and the claw:
1 Fromthe Solid menu, click Union.
2 Atthe Select surface or polysurface prompt, select the Head.

Notes:

&

Boolean Union
Look for this button.
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Notes:
3 AttheSelect surface or polysurface to union prompt, select the Claw.
4 Save your model.
To make the fillet where the head and the claw meet:
1 Fromthe Solid menu, click Fillet Edge. i
2 Atthe Select edges to fillet ( Radius=0.1) prompt, select the edge where the two partsjoin. Fillet Edge

- Look for this button.
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Notes:
3 AttheSelect edges to fillet (Radius=0.1) prompt, press ENTER.

The edge hasaround on it.

4 Save your model.

To create the Tang:

1 Changeto the Curve layer.

2 Create one of the curves for the tang of the hammer.
Make sure that it intersects the claw.
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Notes:
3 Mirror to create the other curve.

To create the shape curve for the tang and the handle:
Create the shape curve for the tang in the right viewport. This curve will also be used for the handle.

1 Turnonortho. UsetheLines command to create the curve for the tang cross-section curve. This curve will also be
used for the handle
The height of thelineis .375 and the width is .75.
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Notes:
2 Fillet the corners with aradius of .25.
3 Join thecurves
4 Select the joined curve.
5 From the Curve menu, click Edit Tools, then click Rebuild. %

Rebuilding the curve eliminates any kinks, which will make a smooth surface with fewer potential problems later in

_ Rebuild Curve
the modeling process.

Look for this button.
6 IntheRebuild Curve dialog, click Preview. If the geometry matches the curve, then click OK. If the geometry
doesn't match the curve, change the point count and click Preview.

Rebuild Curve |
Paint count: [11] |11 -
Degree: [2] 3 -

¥ Delete input ¥ Curment |aver

]9 | Cancel |

To create the surface for the tang:
1 Changeto the Tang layer.
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2 Fromthe Surface menu, click Sweep 2 Rails.

5
Perspective ot

Sweep 2 Rails
Look for this button.

At the Select 2 rail curves prompt, select one of therail curves (1).

At the Select 2 rail curves prompt, select the other rail curve (2).

At the Select cross-section curves (Point) prompt, select the shape curve (3).
At the Select cross-section curves (Point) prompt, press ENTER.

In the Sweep 2 Rails Options dialog, click OK.

Simplify
™ Maintain height &' Do not simplify
=] Elmsed sween ' Rebuildwith [10 control points
[ Shaded preview " Refit within[0L01 Uik

N o g0~ W

R Cancel Preview Help
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Notes:
A surfaceis created.
To finish the tang:
1 Fromthe Transform menu, click Mirror. 4 B
2 Atthe Select objects to mirror prompt, choose the tang surface you created. Mirror
3 At the Start of mirror plane prompt, in the Front viewport snap to the endpoint at the lower left corner of the tang Look for this button.
surface.

4 AttheEnd of mirror plane prompt, toggle ortho on and pick a point to the right in the Front viewport.

é’fﬁ% S
NPT
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Notes:
Join the two surfaces together.

From the Solid menu, click Cap Planar Holes.

Py
At the Select surfaces or polysurfaces to cap prompt, choose the tang. ¢@
At the Select surfaces or polysurfaces to cap prompt, press ENTER. Cap Planar Holes

Look for this button.

0 N o o

9 Save your model.

To join the tang and the claw:

1 From the Solid menu, click Union. @l

2 Atthe Select surface or polysurface prompt, select the tang. Boolean Union
Look for this button.
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Notes:
3 AttheSelect surface or polysurface to union prompt, select the claw.
4 Save your model.
To make the fillet where the tang and the claw meet:
1 Fromthe Solid menu, click Fillet Edge. i
2 Atthe Select edges to fillet ( Radius=0.1) prompt, select the edge where the two partsjoin. Fillet Edge

- Look for this button.

i

e
| s

s,

3 AttheSelect edges to fillet (Radius=0.1) prompt, press ENTER.
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The edge has around on it.

4 Save your model.

To create the Handle:
1 Changeto the Curve layer.

2 Create one of the curves for the handle of the hammer. Make it start at the endpoint of the tang profile curve and end
on the centerline.

Top

[m]

Notes:
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Notes:
3 Mirror to create the other curve.

Top

——

—
_

To create the surface for the handle:

1 Changeto the Handle layer.
2 From the Surface menu, click Sweep 2 Rails. =

-

Look for this button.

3 Atthe Select 2 rail curves prompt, select one of therail curves.
4 AttheSelect 2 rail curves prompt, select the other rail curve.
5 At the Select cross-section curves (Point) prompt, select small the curve you drew for the tang.

Robert McNeel & Associates [ 319



CREATING SURFACES

Notes:
Thisisthe same curve you used to create the tang of the hammer.
6 At the Select cross-section curves (Point) prompt, press ENTER.
7 Inthe Sweep 2 Rails Options dialog, click OK.

Sweep 2 Rails Options B
Simplify
™ Maintain height &' Do not simplify
=] Elmsed sween " Bebuild with [10 control paints

[ Shaded preview " Refit within[0L01 Uik

Cancel | Previgw Help

A surfaceis created.

To finish the handle:

1 Fromthe Transform menu, click Mirror.

2 Atthe Select objects to mirror prompt, choose the surface you created. Mirror
3 At the Start of mirror plane prompt, in the Front viewport snap to the one end of the handle edge. Look for this button.
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4 AttheEnd of mirror plane prompt, toggle ortho on and pick a point to the right in the Front viewport.

i
NN

N
7

Join the two surfaces together.

At the Select surfaces or polysurfaces to cap prompt, choose the handle.

5
6 Fromthe Solid menu, click Cap Planar Holes.
7
8

At the Select surfaces or polysurfaces to cap prompt, press ENTER.

Notes:

Py

il

a

9 Save your model.

Cap Planar Holes
Look for this button.
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To create the hole for the handle:

1 Draw aCircle with the center .88 from the end of the handle. Y ou may have to draw a construction line to help you
position the circle.

2 Fromthe Surface menu, click Extrude, then click Straight.
3 AttheExtrusion distance <2.00> (Direction Cap=yes Bothsides Tapered) prompt, type B and press ENTER.

4 AttheExtrusion distance (Direction Cap=yes) prompt, type 2 and press ENTER.

5 UseDifference to remove the cylinder from the handle.

F"t: rs p ective

<

6 Save your model.

Notes:

-

Extrude Straight

Look for this button.

Robert McNeel & Associates [

322



CREATING SURFACES

To create the fillets for the hole:

1 Fromthe Solid menu, click Fillet Edge.

2 AttheSelect edges to fillet (Radius=0.1) prompt, type .1 and press ENTER.
3 Atthe Select edges to fillet (Radius=0.1) prompt, select both edges of the hole.

Notes:

L

4 At the Select edges to fillet ( Radius=0.1) prompt, press ENTER.

The edge has around on them.

5 Save your model.

6 Click inthe Perspective viewport.

Fillet Edge
Look for this button.
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7 From the Render menu, click Shade.

Notes:

J

8 Fromthe Render menu, click Render.

Shade

Look for this button.

Render

Look for this button.
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Notes:

Modeling a Squeeze Bottle
Some models require more attention to detail. Thisisan example of amodel that requires precise modeling techniques.

This exercise also requires a number of different surface creation techniques.
Thetechnical drawing isincluded to help you create a very precise model.

go_ I—-1.oo-—ll =_8f
_t

T |=7s-] T

ALL FILLETS
.25 RADIUS

— |

2 _‘ ! 3.00 ! \71‘1 25 J %

Exercise 61— Creating a squeeze bottle:

|
]

To start the model:

1 Start anew model. Save as Bottle.
2 Makethefollowing layers: Construction, Curve, Bottle, BottleTop, Threads, Capl, Cap2, and CapTop.

3 Changetothe Construction layer.

325
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Notes:
Create the Bottle Shape
To create the bottle shape, you will draw curves that define the bottom and top edge, then draw a curve that represents the
side shape. Y ou will then create a surface from these defining curves.
To draw a curve that defines the bottom of the bottle:
From the Curve menu, click Rectangle, then click Center, Corner. [=]
At Center of rectangle (Rounded) prompt, type R, and press ENTER. Centered Rectangle

At the Center of rectangle prompt, move your cursor into the Top viewport then type 0,0,.25 and press ENTER. Look for this button.

At the Corner or length prompt, type 2.25 and press ENTER.
At the Width prompt, type 1.25 and press ENTER.

o O A W N P

At the Point for rounded corner to pass through ( Corner=Arc ) prompt, type .625 and press ENTER.

Top

To draw a circle for the top of the bottle:

1 Fromthe Curve menu, click Circle, then click Center, Radius.

2 Tostart thecircle 7.25" above the construction plane, at the Center of circle (Vertical OnCurve) prompt, move your @

cursor into the Top viewport, then type 0,0,7.25, and press ENTER. Circle
Look for this button.
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Notes:
3 AttheRadius prompt, type .625 and press ENTER.
—
To draw a rectangle that approximates the overall dimension of the bottle:
1 Fromthe Curve menu, click Rectangle, then click Corner, Corner.
2 IntheFront view, at the First corner of rectangle (Rounded) prompt, type—2,0 and press ENTER. 1
3 At the Other corner or length  prompt, type 4 and press ENTER. Rectangle
4 Atwidth prompt, type 7.25 and press ENTER. Look for this button.

Rt
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To draw the edge curve:
1 Changeto the Curve layer.

2 Draw acurve by control points to define the edge of the bottle in the Front view.
3 Usethe rectangle and object snaps to help you establish the correct size.

=y

4 Thecurve will be used to create the surface of the bottle.

To create the surface for the bottle:

1 Changeto the Bottle layer.
2 Fromthe Surface menu, click Sweep 2 Rails.

Notes:

:':'J;.

Two-Rail Sweep
Look for this button.
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Notes:
The curve you created will be the shape curve (3). The rounded rectangle (1) and the circle (2) will betherails.

"

At the Select 2 rail curves prompt, select the rounded rectangle.
At the Select 2 rail curves prompt, select the circle.

At the Select cross-section curves (Point) prompt, select the curve.
At the Select cross-section curves (Point) prompt, press ENTER.
In the Sweep 2 Rails Options dialog, click OK.

N o g0~ W

Sweep 2 Rails Options E2
Simplify
[ Maintain height &' Do mot zimplify
¥ Closed sweep " Bebuid with [10 control paints

™ Shaded previevs ' Refit within | 0L01 units

Cancel Presview Help
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Cap the Top and Bottom

If you close the bottle, thereby creating a solid, Rhino can cal cul ate the bottle’'s volume. If you were creating this bottle in
real life, knowing the volume would be important. Normally, a bottle would have to be designed to hold a certain amount

of stuff.

If the edges of the remaining open surfaces are planar curves, you can use the Cap command to close them. The open
edges on the bottle are the top circle and the bottom rounded rectangle, and they are planar.

To cap the top and bottom:

1 Fromthe Solid menu, click Cap Planar Holes.

2 Atthe Select surfaces or polysurfaces to cap prompt, choose the bottle.
3 At the Select surfaces or polysurfaces to cap prompt, press ENTER.

Flatten the Sides

Y ou will notice that the bottle bulges too much in the Right view. We will create a custom surface to trim the bulge
away.

To create the trimming surface:

1 Changeto the Curve layer.
2 IntheRight view, draw to curvesto approximate the shape at the edge of the bottle and the middle of the bottle.

Notes:

+.E"

i

Cap Planer Holes
Look for this button.
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3 Thetechnical drawing gives dimensions for these curves, but for this exercise you can just approximate these. If you
would like to go further, try to figure out on your own how to draw the curves to the exact specifications.

|

4 IntheFront viewport move the curve with the smaller

radius just outside the edge of the bottle.

(

_‘i_

L
i}

ﬁr
L

i

Notes:
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5 Mirror the edge curve to the opposite side.

ﬁr
L

i

6 Select the three curves you just created.
7 To create a surface defined by the curves you created, from the Surface menu, click Loft.

Notes:

Pl
Wb

Loft
Look for this button.
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Notes:

In the Loft Options dialog, click OK.

Loft Dptions E

Style: Simnplify
I I & Do not simplif
Mormal - D plify

. ild with |10 trol point
™ Closed laft . BB?UIIE_| t-\_nth | cgrirol points
™ Shaded preview Refit within ID.D'I units

Cancel | Presiew | Help |

A lofted surface intersects the bottle.
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9 Mirror the surface to the other side of the bottle.

10 Save your model.

To remove the surface from the bottle:

1 Changeto the Bottle layer.

2 From the Solid menu, click Difference.

3 Atthe Select surface or polysurface prompt, select the bottle.

4 At the Select surface or polysurface to subtract prompt, select the lofted surface.

Notes:

&

Boolean Difference
Look for this button.

If Difference doesn’t work, try
Union, if Union doesn’t work
try Intersection. If one boolean
operation doesn't give you the
right answer, you can
generally try another one until
you get the right answer.
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Notes:

5 Repeat this process for the other side of the bottle.

6 Shade the bottle to see what it looks like.

Round the Edges of the Shapes
The bottleis now a closed solid. We now want to round off the sharp edges by adding a smooth radius between the edges.

To fillet the edges:

1 Fromthe Solid menu, click Fillet Edge.
2 Atthe Select edges to fillet (Radius=1.0) prompt, select an edge that was trimmed.
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3 Atthe Select edges to fillet (Radius=1.0) prompt, select the other edge that was trimmed.
4 Atthe Select edges to fillet (Radius=1.0) prompt, type .25 and press ENTER.
5 Atthe Select edges to fillet (Radius=0.25) prompt, press ENTER.

6 Shade the bottle to see the results.

Create the Bottle’s Top

To create the bottle throat, you are going to Revolve a profile curve to create surface, and then add threads.

Notes:

Robert McNeel & Associates [
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Notes:
To create the profile curve:
1 Changeto the Curve layer.

2 IntheFront view, usethe Line Segments command and an Arc to create a profile curve for the outside and the
inside of the top.

3 Beginthefirst point at .5,7.25 so it aligns with the profile on the edge of the bottle.
4 Usethetechnical drawing below to draw the correct dimensions.

Tip: When drawing line segments, you can use object snaps, the distance constraint and ortho to draw precisely. For
example, for the first line type .5,7.25 for the starting point, then simply type .25 to constrain the line to .25 units.
Turn ortho on and drag the line to the right. The line will stop at .25 units from the beginning of the line. For the
vertical line on the left, use the End object snap to pick the end of thefirst line, type .375 to constrain the distance,
and drag the line up.

[~—125 —.0625(~—.125—]

I\

125

—1.0625 25
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Notes:
5 Join the segments together.

|
/

6 ChangetotheBottle Top layer.

To create the top surface:

1 Fromthe Surface menu, click Revolve.
2 Atthe Select curve to revolve prompt, select the profile curve. il_—

3 Atthe Start of revolve axis prompt, snap to the center of the circle at the top of the bottle. Revolve
4 AttheEnd of revolve axis prompt, pick apoint directly above the previous point. Look for this button.

I
[

/
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5 Inthe Revolution Options dialog box, click Delete curve to revolve, and click OK

Revolve Options E

& Exact
" Deformable with I'IU contral points

Start ahgle: ID
End anale: |3ED

[ Delete curve to revalve

Cancel |

Thetop is created.

|
/

Adding the threads
To add the threads, you will Sweep a profile shape along a path drawn with the Helix command.

To create the path curve helix:
1 Changeto the Curve layer.
2 From the Curve menu, click Helix.

Notes:

=

Helix
Look for this button.
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Notes:
3 Atthe Start of axis (Vertical AroundCurve) prompt, snap to the center point at the bottom of the area to be threaded.

|
/

4 AttheEnd of axis prompt, snap to the center at the top of the areato be threaded..

5 Toset theradius, at the Radius prompt, pick a point near the edge that is dightly smaller than the outside edge of the
areato be threaded.

-a-::
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Notes:
6 IntheHelix / Spiral dialog, change the turnsto 1.5, check Reverse twist, then click OK.

Helix / Spiral E
& Tums |'|.5 ¥ Reverse twist

" Pitch; ID.EDSS

Cancel | PBreview |

To draw the thread profile:
1 Draw atriangle using the Polygon command for the thread as shown below.

|
/

2 Select the triangle you created.

3 Fromthe Transform menu, click Array, then click Along Curve.
4 At the Select path curve prompt, select the helix near the bottom.
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Notes:
5 IntheArray along curve options dialog box, in the Number of items box, type 5, under Style, click Roadlike, and
then click OK.

Array Along Curve Options E
& Mumber of items: |5

¢~ Distance between items: |1_2?‘51

Style
’V " Freefom bwisting

& Roadlke

Cancel |

6 AttheClick in aviewport to choose a Cplane, click in the Top viewport.
7 It might be agood idea at this point to change your perspective view so you can see the profile curves easier.
8 Deletethefirst and last profile curve.

1L :

|
/

9 Theremaining profile curves will be used to create a surface.

To create the thread surface:

1 Changeto the Bottle layer.
2 You can see the helix and profile curves easier if you Hide the bottle top at this point.
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5
6
7
8
9

Use the sweep along path command to create a surface that starts a point at one end of the helix, goes through each
profile and ends at a point at the other end of the helix.

From the Surface menu, click Sweep 1 Rail.
At the Select rail curve prompt, select the helix.

To start the surface at apoint, at the Select cross-section curves (Point) prompt, type p, and press ENTER.
At the Start of 1-rail sweep prompt, use the End object snap to pick one end of the helix (1).

At the Select cross-section curves (Point) prompt, select the first profile curve (2) along the helix.

At the Select cross-section curves (Point) prompt, select the next profile curve (3) aong the helix.

At the Select cross-section curves (Point) prompt, select the next profile curve (4) along the helix.

10 To end the surface at a point, at the Select cross-section curves (Point) prompt, type p, and press ENTER.
11 Atthe End of 1-rail sweep prompt, use the End object snap to pick the other end of the helix (5).

Notes:

ol

Sweep Along One Rail
Look for this button.
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12 At the Matching seams and directions...Select seam point to adjust. Press Enter when done ( FlipDirection
Automatic Natural )prompt, press ENTER.

13 Inthe Sweep 1Rail Options dialog, change the Style to Roadlike - Top, then click OK.

Sweep 1 Rail Options

Style: Simplify
r " Do nok simplif
Foadike - Top = L iy

. ild wil |1E| tral point

ol Bl Bebuild with control point:

~ . .
I Shaded preview Fiefit within  {0.01 uhitz

Help |

oK | Cancel | I,

Notes:
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Notes:
14 Shade the model.

15 Render the model.

Bottle Caps

If the classis not ready to move on, you can practice additional surface modeling techniques by creating the caps for the
model. Use the technical drawing to help.
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Modeling an End Table
In this exercise you use one rail sweeps to make an end table with freeform tapered legs.

Exercise 62— Practice using One-Rail Sweeps:

¢

Open the Table model.

To create the legs:

1
2
3
4

From the Surface menu, click Sweep 1 Rail.

At the Select rail curve prompt, select the path curve (1) for the leg.

At the Select cross-section curves (Point) prompt, select the shape curve for both ends of the leg (2,3).
At the Select cross-section curves (Point) prompt, press ENTER.

Top

Notes:

ol

Sweep along 1 Rail
Look for this button
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Notes:
5 Atthe Matching seams and directions...

Select seam point to adjust. Press ENTER when done (FlipDirection Automatic Natural): prompt, press ENTER.
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Notes:
6 Inthe Sweep 1 Rail Options dialog, click OK.
Style: Sirplify
m % Dig not simplify
e " Bebuild with I'IU contral paints
7| Elnsed sween o ;
I Shaded preview " Refit within ID.D'I units
Cancel | Presview | Help |
Thetablelegis created. Note the nice transition from one cross-section curve to the other.
=
To create the brace:
1 Changeto the Braces layer.
2 Fromthe Surface menu, click Sweep 1 Rail.
3 Atthe Select rail curve prompt, select the path curve (1) for the brace. a?
4 Atthe Select cross-section curves (Point) prompt, select the shape curve for both ends of the brace (2,3). Sweep along 1 Rail
Look for this button
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Notes:
5 Atthe Select cross-section curves (Point) prompt, press ENTER.

Top

6 AttheMatching seams and directions...
Select seam point to adjust. Press ENTER when done (FlipDirection Automatic Natural): prompt, press ENTER.
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Notes:
7 Inthe Sweep 1 Rail Options dialog, click OK.

Sweep 1 ARail Options | x|

Style: Sirplify
ihi % Do rok simplif
Freeform bwisting * i Pl
" Bebuild with I'IU contral points

7| Elnsed sween
= ~ B .
B Sl Refit within ID.D'I unitz

Cancel | Presview | Help |

The table braceis created.

To create the top:

1 Changetothe TOP layer.

2 Fromthe Surface menu, click Sweep 1 Rail.

3 Atthe Select rail curve prompt, select the ellipse. Eib
4

At the Select cross-section curves (Point) prompt, select the shape curve for the top. Sweep Along Path
Look for this button.
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Notes:

5 Atthe Select cross-section curves (Point) prompt, press ENTER.

6 Inthe Sweep 1 Rail Options dialog, click OK.

Sweep 1 ARail Options | x|

Style: Sirplify

F isting ™ % Do nat simplif
reeform bwisting L k3
T Bebuild with |1 0 contral points

¥ Closed sweep
" Refit within ID.D'I units

[T Shaded preview
Cancel | Presview | Help |
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The surface for the rim of top is created.

_

F—TT—tx

To finish the table:

1 Select al of the surfaces you created.

2 Fromthe Solid menu, click Cap Planar Holes.
Six caps were created.

Perspective I

Notes:
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Notes:
3 Shade the Perspective viewport.

4 Polar array the brace and the leg to finish the model. Y ou will need to array them around 0,0 in the Top viewport.
Array six items, but you will only need four legs and braces. Delete the extras.

Perspecive
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Notes:
5 Shade the Perspective viewport.

PE rs p ective

-

6 Render the Perspective viewport.

-

7 Save your model. We will use thisin Exercise 63.
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Importing and Exporting

11 Models

Rhino supports many different import and export formats, making it possible to model in Rhino and then export your
model to downstream processes. For a complete list of import and export options refer to Rhino Help Topic "Importing
and exporting Rhino file information."

Supported formats

Description

3DS MAX

AutoCAD DWG/DXF
IGES

Adobe lllustrator
Lightwave LWO
POV-Ray
Wavefront OBJ
RenderMan RIB

Rhino has free plug-ins for 3DS MAX that will read Rhino mesh objects into 3DS MAX. The plug-
in for MAX2 will import some NURBS objects.

Rhino also writes 3DS files.
Reads and writes R12, R13, and R14.
IGES files contain NURBS geometry, object property, layer, and notes information.

Export options are included for CamSoft, Catia, FastSURF, Mastercam, HP ME30, Mechanical
Desktop, MicroStation, Pro/E NT, Pro/E UNIX, SCRC's I-DEAS, SOFTIMAGE, Solid Edge,
SolidWorks, TekSoft, Unigraphics, and custom IGES types (click New Type).

Rhino's IGES importer will read all IGES files.
Exports the curves as a 2-D snapshot from the current view.

All Rhino objects are exported as polygonal mesh objects.

Supports meshes and NURBS.

Exports nurbs objects as RenderMan .rib files.

Notes:
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Supported formats Description

STL Reads and writes STL files.

Windows Metafile A 2-D representation of the current viewport is exported to the WMF file.

Importing and exporting Rhino file information

When you export to aformat like 3DS or DWG, Rhino has to convert from smooth NURBS surfaces to a polygon mesh
representation made of triangles. To do a good approximation of the curved surfaces, Rhino can sometimes use alot of
polygons. The density of triangles can be adjusted when exporting. Y ou can create a mesh to export or Rhino can create
the mesh during the export process.

There are two methods to export models to other formats. You can "Save As' and choose a specific export format to
export an entire model. Y ou can select some objects and "Export Selected" then choose a specific export format to
export a portion of the model. In the following exercise both methods will be used.

Exercise 63— Exporting Models:
To export a model to AutoCAD:

1 Openthe Table model.
2 Fromthe File menu, click Save As.

Notes:
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3 Inthe Save As dialog, change the Save as type to AutoCAD DWG.

Save As

Save jn: I _ 4 Modelz j gl

delzte. 2DM Ozhap. 3dm Swing_Bracket]. 3dm
Extend. 3dm Rail Revolve. 3dm

fillet. Zdm Fievolve. 3dm

First Madel. 3DM

] Loft 3dm Shaft_Support 30M .

rnovee, 300 Surface Extrude. 3dm wheel 30M

. I
File: name: Itable.Sdm Save

Save az twpe: |Rhino 30 Models

IGES
‘o avelfront
Autal AL [

30 Studio
Lightw ave
Faw Triangles
POV-Ray Mezh
boray UDO

Rhino 30 Models

0B
3

-

4 Inthefile name box type Table and click Save.

5 Inthe AutoCAD Export Options dialog, Write Surfaces as Meshes, Write Curves as Splines, Write Meshes as
Polyface Meshes, AutoCAD Version Release 14, check Use Simple Entities, and click OK.

AutoCAD Export Options

— Wiite surfaces as
* Meshes
" Curves

- AutaCAD version
" Release 12
" Release 13

—wite curves az
™ Polylines
* Splines

' Release 14

— Curve options

™ Project to plane

— Wiite meshes as

* Palyface meshes
30 Faces

V¥ Use simple entities
Simplify tolerance:

Balplite mar anale:

Balpline chard heratt:
Ealpline seq [enath:

Cancel

Notes:
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Notes:
6 Inthe Create polygon mesh from NURBS object dialog, click Preview.

Create Polygon Mesh from HNURBS Object

1 ] 1 1 1 1 [ ' ' 1 1
Fewer N iMore
palygons | | ipolwgors

Ok | Cancel | EIB\M [etailed Contrals... |
Perspective

7 Adjust the dlider all the way to the left for Fewer polygons and click Preview.
Note that the table top mesh is very angular, not a good approximation.
8 Movesdider to theright and Preview until the mesh is good, then click OK.

Robert McNeel & Associates [ 358



IMPORTING AND EXPORTING MODELS

Notes:
9 When thisdrawing is opened in AutoCAD it will be made up of meshes.

Thiswould be useful for rendering with athird-party program like AccuRender®.

To export a model to IGES:
1 Select one of the table legs.

N

From theFile menu, clickExport Selected.

In theExport Selected Objects dialog, change thBave As Type to IGES, typeLEG in theFile Name window, then
click Save.

4 In thelGES Export dialog, selecMechanical Desktop as theGES type, click Detailed Controls, the clickOK.
Detailed controls allows the user more input.

w

IGES Export E
1GES type: IMechanicaI Desktop j
Cancel | Help | Detailed controls...l
IGES Export | x|
1GES type:
IMechanicaIDesktop j Edit Tupes... |
Authar:
Qrganization:

Sender's product [D:

Beceiver's product 1D:
IGES taleratce: IE'- m
IGES urits: [rone] v

¥ Include Rhino notes in IGES file
™ Render golor as IGES entity color

Cancel | Help |SimpleEontroIs...|

5 Click Cancel to terminate, oOK to create the IGES file.
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Creating mesh objects

Although Rhino uses NURBS as its primary construction tool, you may want to turn some of your objectsinto triangle
meshes.

If you are exporting objects to another application that uses meshes like 3D Studio, it is often best to convert the object to

amesh first so you have more control.

Button Command Description
Bl Mesh from Creates approximating meshes from an NURBS objects.
NURBS
object
Mesh Plane Creates a rectangular mesh plane.
Mesh Box Creates a rectangular mesh box.
Mesh Creates a mesh cylinder.
Cylinder
Mesh Cone Creates a mesh cone.

(@ e (@ (= (=

==

Mesh Sphere

Apply Mesh
to NURBS
Surface

Explode
Mesh

Hide Control
Points

Show Control
Points

Creates a mesh sphere.

Creates a morph target for animation programs. Creates a mesh from a surface.

Explodes a mesh into component mesh surfaces.
Hides part of a mesh by hiding selected control points.

Shows all hidden control points of a mesh.

Notes:
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Exercise 64— Practice creating a mesh for export:

To Create a Mesh:

1 Select the Table Top.

2 Fromthe Tools menu, click Polygon Mesh, then click From NURBS Object..
3 Inthe Create polygon mesh from NURBS object dialog, click OK.

Fewer . 50T A0 50 'gMore
palygons | | {polwgotis

u] I Can-:ell Ereviewl Detailedgontrols...l

The mesh can be exported. This gives you more direct control over the meshes you export to programs that require
meshes.

Notes:

Er

Mesh from NURBS object
Look for this button.
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Making a 2D drawing from a 3D model

Rhino has the ability to generate a two-dimensional drawing from athree-dimensional model, by projecting the geometry
to the world coordinate plane, and align the views. Options for first angle projection or third angle projection are
available. In addition to the three orthographic views, atwo dimensional pictorial drawing is also generated. The
geometry may have duplicate segments and hidden lines will not be removed.

Options for creating 4 views: three parallel views and a perspective view, or single views of individual viewports are
supported.

Make2D creates atwo-dimensional drawing from amodel of one viewport. Select the model in the viewport that
displays the view you want to make. Make2D4View makes a two-dimensional drawing for all four views. Select the
model in the perspective viewport to get all four projections. If you select the model in a parallel viewport, you will get
three views excluding the perspective view.

Exercise 65— Practice making a 2D drawing for export:

To create a 2D drawing from a 3D model:

1 Openthe Vblockl model.

2 Fromthe Curve menu, click From Objects, then click 2-D Utilities, then click Make 2-D Drawing with 4 Views.
3 Atthe Select objects to draw ( ProjectionAngle=US ) prompt, select the V-Block in the perspective view.

4 At the Select objects to draw ( ProjectionAngle=US ) prompt, press ENTER.

The 2D drawings are created in the Top viewport near the origin on the World xy plane. View them in the Top
viewport.

5 Maximizethe Top viewport.

Notes:
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Notes:
6 Zoom Extents.

Top

To export the 2D drawing to AutoCAD:

1 Fromthe Edit menu, click Select, then click All, click On Layer... , then click 2d drawing .
The 2D objects are highlighted.

2 Fromthe File menu, click Export Selected .

3 Changethe Save as type to AutoCAD DWG, the File name to Vblockl.dwg, thenclick Save.
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Notes:
4 Inthe AutoCAD Export Options dialog, Write Surfaces as Meshes, Write Curves as Splines, Write Meshes as

Polyface Meshes, AutoCAD Version Release 14, check Use Simple Entities, Simplify tolerance 0.007, click OK.

AutoCAD Export Dptions E
—wfrite surfaces az —AueCAD versioh———————————
& Meshes " Release 12
" Curves " Feleaze 13

" Feleaze 14

—Wwiite curves as

 Polylines —Curve options————————

& Splines [ Project to plane
W Use simple entitizs

—Wwiite meshes as
& Polyface meshes Simplify tolerance: 0.007
¢ 30 Faces Baluline marangle: W
Faflitie chornd beight: 100000
Foliline seg (enathe: |00

Cancel Help
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5 Start AutoCAD and open the Vblock1.DWG. The drawing can be dimensioned, linetypes can be changed, and layers

can be added for plotting.

Notes:

o

fl—
5 —

M|

B e
—~2l— |2

12
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12 Rendering

Rendering your model

Rendering is available for showing your model asif it was photographed. While the Rhino renderer may be good enough
for much of your work, use a separate rendering application for higher quality results.

There are two renderers in Rhino:
» A quick renderer, which does a gray-scale shaded preview image.

» A more sophisticated renderer, which uses color, uses spotlights, displays shadows and does anti-aliasing. It
allows the attachment of textures and bump maps. In this exercise we will focus on the full renderering capabi

Exercise 66— Practice rendering a model:

To render a model:

1 Openthe Screwdriverl model.
2 Click inthe Perspective viewport.

Notes:

also
ity.

Shade
Look for this button.
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3 Fromthe Render menu, click Shade.
The viewport is render in gray tones.

4 Fromthe Render menu, click Render.

A display window appears with the current viewport rendered in gray tones. Y ou can close the Display Window
without disturbing your model. Now we will place some lights, then add color and shine to the model.

To place a light:

We will start with a standard lighting scheme. Y ou can experiment to develop your own lighting schemes later.

Notes:

Render
Look for this button.
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Notes:
1 Zoom out inthe Top and the Front viewport.
2 ChangetotheLight 1 layer.
3 Fromthe Render menu, click Create Spotlight.
4 AttheBase of cone (Vertical) prompt, pick a point near the center of the screwdriver and slightly aboveit in the A
Front viewport. ]
Spotlight

Look for this button.

4-
=

5 AttheRadius <1> (Diameter) prompt, pick a point so that the radius is larger than the entire screwdriver in the Top
viewport.

Top
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Notes:
6 AttheEnd of cone prompt, hold down the control key a pick a point below and to the left in the Top viewport.

Thiswill start elevator mode.

Top

7 Atthe End of cone prompt, click above the object in the Front viewport.
Thiswill be your main light.

8 Click inthe Perspective viewport.
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9 Fromthe Render menu, click Render.
The image has some highlights and shadows.

To place a second light:

1 Zoom out inthe Top and the Front viewport.

2 ChangetothelLight 1 layer.

3 Fromthe Render menu, click Create Spotlight.

Notes:

A

Spotlight
Look for this button.
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Notes:
4 AttheBase of cone (Vertical) prompt, pick apoint to the right and dlightly below the screwdriver and covers about
half of it inthe Top viewport.

Top

5 AttheRadius <1> (Diameter) prompt, pick a point so that the radius is larger than the entire screwdriver in the Top
viewport.

Top
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Notes:
6 AttheEnd of cone prompt, click to the right and dslightly below the object in the Top viewport.

Thiswill be your secondary (fill) light.

Top

7 Click in the Perspective viewport.
8 Fromthe Render menu, click Render.
The image is washed out on the front edge. Next, we will tone down thefill light to fix this problem.

‘L
S

To assign a color to the light:
1 Select the secondary light cone.
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Notes:
2 Fromthe Edit menu, click Object Properties.
The Object Properties dialog appears. J
Object Properties E2 Object Color
Properties | Infa | Look for this button.
i I 7| Show surface isoparms

Layer: IiLight2 j |sopaf defsiy I'I 3:

Render color: [ Highliaht: Srall +— Big |‘|
Tratisparency:  Dpague +— Tratsm IU
Spotlight hardness: Soft —_— Hard |5|j

Texture: I[nc-ne] Browse. .. |
Bump: I[nc-ne] Browse. .. |

Match. .. |

Ok I Cancel Help
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Notes:
3 Inthe Object Properties dialog, click the Render color.

The Choose a Color dialog box appears.

Select Color E2

Mamed colors:

LightGray
Gray
DarkGray
Black.

Red

Brawn
Orange
Gald
ellow
Chartreuse
Green
DarklGreen
Sealreen
Aguamarine
Cyan
Turquoize
Lavender
Blue
DarkElue
Purple
Magenta

B
Winlet '
Fink | Wal: 160

[L== iy s

4 Typeavalue of 160 and click OK.
5 Inthe Object Properties dialog, click OK.
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Notes:
6 Fromthe Render menu, click Render.

The image is not washed out. The lighting can be adjusted as necessary.

»

To assign a color to the handle:
1 Select the handle.
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Notes:
2 Fromthe Edit menu, click Object Properties.
The Object Properties dialog appears. J
Object Properties E2 Object Color
Frpalics | Infa | Look for this button.
i I ¥ Show surface jsoparms

Layer: IiHandIe'I j |zoparm density: I'I 3:

Render color: ¥ Highlight: Small — Big |2|j
Tranzparency: Opagque +— Tranzp. IU
Spotlight hardness: Soft +— Hird I

Texture: I[nc-ne] Browse. .. |
Bump: I[nc-ne] Browse. .. |

Match. .. |

Ok I Cancel Help

Robert McNeel & Associates [ 377



RENDERING

3 Inthe Object Properties dialog, click the Render color swatch.

The Choose a Color dialog box appears.

Select Color E2

Mamed colors:

LightGray
Gray
DarkGray
Black.

Red

Brawn
Orange
Gald
ellow
Chartreuse
Green
DarklGreen
Sealreen
Aguamarine
Cyan

Turquoize
Lavender
Blue
DarkElue
Purple

Magenta

&
"iolet .
Pirk j Wal |25h

[L== iy s

4 Pick acolor, like Yéelow, then click OK.

5 To givethe handle a highlight, check the Highlight box. Start with avalue of 20.
A highlight of 0 means that the object isn’t shiny at all and it won’t have a specular highlight. A low value of

highlight makes the shiny spot to be small, and the object will look more glossy. As highlight increases in value

shiny spot gets large - this makes the object look more like it is made out of a reflective material.

The shiny spot only appears when you are looking at an object at a certain angle relative to the angle of the lig

6 IntheObject Properties dialog, clickOK.

Notes:

» the

ht.
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7 Fromthe Render menu, click Render.

The highlights should look better.

To assign a color to the blade:
1 Select the blade.

Notes:
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Notes:
2 Fromthe Edit menu, click Object Properties.
The Object Properties dialog appears. J
Object Properties Object Color
Propeities | o | Look for this button.
ez I ¥ Show surface jsoparms

Laver: IiBlade j Isoparm dengity: |1 3:

Fender color: W Highlight: Srnall — Big |4D
Transparency: Dpague — Tranzp. IU
Spotight hadness: Soft —— Hlard I

Temture: I[none] Browze. . |
Bump: I[none] Browse. . |

Match... |

0K I Cancel Help
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3 Inthe Object Properties dialog, click the Render color.

The Choose a Color dialog box appears.

Select Color

Mamed colars:
*wehite

DrarkGiray
Black.

Red
Brawn
Orange
Gold
Yellow
Chartrevse
Green
DarkGreen -
Sealreen

Agquamarine
Cyan
Turquoize
Lavender
Blue
DarkElue
Purple
Magenta
*iolet

Firk |

T

1] =
Toom
E|E|
[z iy

1= I
o
[¥]
|35
=

%

=
=
=
Cancel

2

4 Pick acolor, like Light Gray, then click OK.

5 To givethe blade a highlight, check the Highlight box. Start with avalue of 40.

6 Inthe Object Properties diaog, click OK.

Notes:
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7 Fromthe Render menu, click Render.
The highlights should look better.

To add a bumpy surface to the handle:

1 Select the handle.

Notes:
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Notes:
2 Fromthe Edit menu, click Object Properties.
The Object Properties dialog appears. J
Object Properties E2 Object Color
Frpalics | Infa | Look for this button.
i I ¥ Show surface jsoparms

Layer: IiHandIe'I j |zoparm density: I'I 3:

Render color: ¥ Highlight: Small — Big lzlj_
Tranzparency: Opagque +— Tranzp. IU_
Spotlight hardness: Soft +— Hird l—
Texture: I[nc-ne] Browse. .. |

Bump: IC:'\LeveI ThModelz\Pattern.jpg

Match. .. |

Ok | Cancel | Help |

3 Inthe Object Properties dialog, click the Browse button next to Bump.

Y ou can use any bitmap file for a bump. The bumps come from the pattern of light and dark in the bitmap image.
4 Inthe Open bitmap file dialog, select Pattern.jpg, then click Open.
5 Click OK to closethe Object Properties diaog.
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Notes:
6 Fromthe Render menu, click Render.

The surface of the handle has a bumpy appearance.

To add a texture to the handle:

For this part we are going to change layers to view a different handle.
1 Fromthe Edit menu, click Layers, then click Edit.

2 Makethe Handle 2 layer current and turn off the Handle 1 layer, then click OK.

-~
3 Select the new handle.

Layer
Look for this button.
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Notes:
4 From the Edit menu, click Object Properties.
The Object Properties dialog appears. J
Object Properties E2 Object Color
Frpalics | Infa | Look for this button.

Marne: I ¥ Show surface jsoparms

Layer: IiHandIe2 j |zoparm density: I'I 3:

Render color: ¥ Highlight: Small — Big lzq_
Tranzparency: Opagque +— Tranzp. IU_
Spotlight hardness: Soft +— Hird l—
Texture: IC:'\LeveI1‘\Mc-de|s'\wc-c-dEIDB.il:'g Browse. .. |
Bump: I[nc-ne] Browse. .. |

Match. .. |

Ok I Cancel | Help |

5 Inthe Object Properties dialog, set the Highlight to 20.
6 Inthe Object Properties dialog, click the Browse button next to Texture.
Y ou can use any bitmap file. The color of the bitmap is rendered as applied to the object.
7 Inthe Open bitmap file dialog, select Wood009.jpg, then click Open.
8 Click OK to closethe Object Properties dialog.
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Notes:
9 Fromthe Render menu, click Render.

The surface of the handleis textured with awood grain texture.

To make the blade transparent:
1 Select the blade.
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Notes:
2 Fromthe Edit menu, click Object Properties.
The Object Properties dialog appears. J
Obiject Properties Object Color
Properties | o | Look for this button.
Hame: I

¥ Show surface jsoparms

Layer: IiEIade j |zoparm dehsity: |1 3:

Fiender color: W Highlight: Small — Big I.-.m
Tranzparency: Opaque [——————— Transp. ID
Spotight hardness: Soft L Hiard I

Texsture; I[none] Browse... |
Bump: I[none] Browse. .. |

Match... |

(1] I Cancel | Help |

3 Inthe Object Properties dialog, set the Transparency to 60.

Transparent objects will look more like plastic than glass. Rhino does not have the kind of refraction capability
needed to make realistic glass. In addition, shadow color for transparent objects matches the ambient light color and
not the color of the transparent object.

4 Click OK to close the Object Properties dialog.
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Notes:
5 Fromthe Render menu, click Render.

The blade will appear transparent.
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13 Printing

Printing

Printing a wireframe image of your model directly from Rhino is supported. Options for scaling and printing in color are
available. Imagesin the current viewport or al viewports can be printed. Rhino uses your windows printing device for
output. While printing to scale is supported, there is no utility for hidden line removal.

Exercise 67— Practice printing:

To print a wireframe image of the model:
Open the Swing Bracket1 model.
From the Tools menu, click Options.

1
2
3 IntheGrid tab, uncheck Show Grid, Show Grid Axes, and World Axes Icon, then click OK.
4 Fromthe File menu, click Print Setup.
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5 InthePrint Setup dialog, click Landscape, adjust any other options appropriate for your printer or plotter, then

click OK.
Print Setup HE

r— Pririker
Mame: ITechnicaI 557851 M= PS j Properties |
Status: Ready
Type: HF Lazerlet BSi/55i M PS
wheree  WWRMA-INTECHMICALSI
Comment:

— Paper Orientation
Size: ILeller j ¢ Patrait
Source: I.&utomatically Select j £

Metwark. .. |

ak. I Cancel |

6 From the File menu, click Print.

7 Inthe Print dialog, check Print All Viewports, uncheck Print to scale and Print in color if necessary, then click OK.

Printer:  Swstem Printer [T echnical 551851 M
P51

™ Print to scale: 1 Rhino unit =| inches
™ Print inn colar
™ Print ta fil

Murnber of copies: |1

(] I Catwcel | Setup...

Notes:
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The wireframe imagesin al viewports will be printed.

i
gaajjune

':F
=H [

To print a wireframe image of the current viewport to a scale:

1 Click inthe Front viewport.
2 From the File menu, click Print.

Printer:  Swstern Printer [T echnical 5514551 M
PS]

% Print active viewpart
¢~ Frint all viewsparts

¥ Print to scale: 1 Rhina unit :§|1 inches
™ Priet in colar
™ Frint to file

Mumnber of copies:; |1
Ok, I Carcel | Setup...

Notes:
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Notes:
3 InthePrint dialog, check Print Active Viewport and Print to scale, change the 1 Rhino unit =to 1, then click OK.

The Front view image is printed to ascale of 1=1.

&

To print a rendered image:

L

1 Click inthe Perspective viewport.
2 Fromthe Render menu, click Render.
3 Inthe Display Window, click File, the click Print.

The rendered image will be printed to your default Windows printing device, which may be different from what you
set in Print Setup.

o
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Part Four:
Customizing Workspaces and Toolbars







14 Rhino Options

Rhino Options

The Options dialog box shows most of the settings that affect your overall modeling environment. Use it to toggle them
or redefine them.

Exercise 68— Practice changing Options:

To access the Rhino Options dialog box:

1 Fromthe Tools menu, click Options. The Options dialog box appears.
2 Click onthe Modeling Aids tab.
The Modeling Aids tab controls,Grid Snap, Ortho, Planar mode, Object Snap and Trim/Extend Options.

The Options can be toggled on and off from the dialog or from the status bar. To change the options for ortho or

object snap type new valuesin the boxes. In an earlier exercise we changed the Ortho setting so that it snapped every
30 degrees.

In the object snap area, Project to Cplane projects the snap point to the construction plane even though the object
snap point might be in 3D space.

In the Trim/Extend area, Extend Lines extends cutting edges or boundary edges to intersect the abject to trim or

extend. Use Apparent Intersections allows trim, extend and intersection object snap to work if visually intersecting
objects are not actually touching.

3 Click onthe Appearance tab.

Notes:
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Notes:
The Appearance tab controls the appearance of the Rhino window.

4 Click on the Gray rectangle next to Viewport background and change it to a different color.
5 Check the Crosshairs box.
6 Click onthe Shortcut Keys tab.

The Shortcut Keys tab sets up shortcut keys for Rhino commands.

Options
Wiew | General I Grid I Fender | Uitz I Filez
b odeling Aids | Appearance Shartcut Keps | Aliazes

Kep: Command String:

F2 ComrmandHiztory
F3 ScreenCaptureToClipboard

F4 Ayiew

F5 Lockosnap
FE

F7 Girid

F& Ortha

F9 Snap

F10 | ! Paints0n
F11 | POKF

F12 | DigClick

Chil+F1 | Settaximizedviewport Top

Ctrl+F2 | Sethdawimizedviewport Front

Chil+F3 | Settdaximizedviewport Right

Ctrl+Fd | Sethdavimizedviewpart Perspective j

0K I Cancel | Help |

7 TypeLockosnap inthe box next to the F5 key.
This gives you akey that toggles your persistent object snaps between on and locked.
8 Click onthe Aliases tab.
The command Aliases tab allows the user to create custom aliases for Rhino commands.
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9 Click New.

A cursor moves into the white area of the dialog.
View | Geneal | Gid | Fender | Units | Files |
Modelng&ids | Appearance | Shortout Keps Aliases
Alias: Command sting:

L ILines

Hew | Delete |

Cancel | Help |

10 Typel, then pressthe TAB key.
11 Type! Lines.
The apostrophe acts as a cancel.
By typing L and pressing ENTER at the command line, you can begin the Lines command.
12 Click on the View tab.
The View tab has pan, zoom, rotate, and redraw controls.
13 Click on the General tab.

The General tab configures mouse sel ection methods, the number of undos retained in memory, startup commands,
recent command list limit, AutoSave control, and don't repeat commands.

Notes:
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14

15

16

17

18
19

Click on the Grid tab.

The Grid tab configures grid, grid axes, and axis icons. We changed the snap spacing in an earlier exercise.
Click on the Render tab.

The Render tab controls render options.

Click on the Units tab.

The Units tab controls the unit system and the tolerance settings.

Click on the Files tab

The Files tab sets the location of template files and the autosave files.

Click OK to close the Options dialog.

Try the Lines alias and the Lockosnap toggle. Note how your cursor has changed.

Notes:
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Creating Custom Toolbar
15 Layouts

The Toolbar Layout

The toolbar layout is the arrangement of toolbars containing command buttons on the screen. The toolbar layout is stored
in aworkspace file, that you can open and save. Rhino comes with a default toolbar layout, and automatically saves the
active toolbar layout before closing. Y ou can create your own custom layouts and save them for later use.

Y ou must use an external file manager to delete a toolbar layout file.

Exercise 69— Customizing a Toolbar Layout:

To create a custom toolbar layout:

1 Beginanew model.

2 Fromthe Tools menu, click Toolbar Layout, then Save As.

3 Inthe Save Workspace As dialog, type Level 1 in the File name box, and click OK.

A new toolbar layout file has been created. Toolbar layouts are saved with a.ws extension. We will use this new
toolbar layout to do some customization.

Notes:
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LAYOUTS

To show another toolbar:

1 Fromthe Tools menu, click Toolbar Layout, then click Edit.

The toolbars dialog appears.
i Toolbars E

iD ID igitizing - Show |
nalwze

Annotate Hide: |

Arc =

Array ) Propertiez |

Background Bitmap

EPHI Mew Toalbar
ircle

EF’Iane Wigw Mews Button |
urve

Curve From Object Impart |

Edge Tools Delete

Ellipse __l

Extend

Extrude

File

Geometry Fis Help |

Layer

2 IntheToolbars dialog, double click Curve Tools to show the toolbar.

3 IntheToolbars dialog, double click Curve Tools to hide the toolbar
4 Show the Curve Tools toolbar again, then click Close.

Notes:
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CREATING CUSTOM TOOLBAR

LAYOUTS

5 Dock the Curve Tools toolbar at the right by dragging it to the right edge until it changesto a vertical shape, then
releasing your mouse button.

P Rhinoceros RBOTD 16:24:51- 2-Sep-1998 - Untitled. 3dm

File Edit %iew Curve Suwface Solid Transform Tools Analyze HRender Help

Comrmand: Options -~
Command: Toolbar -
Command: ﬂ_' j
NS¢ [®lel[o O OEE]O[=-] |=» 3000 w0
ST =
A N
(=) G ~|q
el D) | "
&3y R R
@ @ Deqg| Fair
7l &) GalE
SIL] > pZRS
Jain %I
Trim stI T LX
IR o |
T
og| 2
/|46

Z Z

jisse |
|x 0000 w1489 z -12757 | [ Defautt [Snap [Ortho [Planar | Osnap

Notes:
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CREATING CUSTOM TOOLBAR LAYOUTS

Notes:
To save your toolbar layout:

¢ Fromthe Tools menu, click Toolbar Layout, then click Save.

To create a new toolbar:
1 Fromthe Tools menu, click Toolbar Layout, then click Edit.
2 IntheToolbars dialog, click New Toolbar.

3 IntheToolbar Properties, type Test in the Name box, then click OK.
A new toolbar is created with one blank button in it.

Toolbar Properties

Hame: |Test

Button size in pixels

" Small 16 %16
@ MNomal 24 %24
 Lage 32832

wiidth: |24 Height: |24
=
Ok I Cancel | |

4 IntheToolbars dialog, click Close.
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To edit the new button:
1 Hold down the sHIFT key and right click on the blank button.

1 Edit Button
| Linked toolbar————————
Mame: I vl
= Elzatte o Wrlirrke |
Tooltip:
Left button cammand: Bight button command:
ok | Cancel | Help |

2 Inthe Edit Button dialog, type Delete Selected Objects | Delete All Objects inthe Tooltip box.
3 Inthe Edit Button dialog, type! Delete in the Left Button Command box.
4 Inthe Edit Button dialog, type! SelAll Delete in the Right Button Command box.

1 Edit Button
| Edit Bitmap | Linked toolbar—————————————
Mame: I vl
= Elzatte o Wrlirrke |
Tooltip:
Delete Selected Object | Delete All Objects
Left button cammand: Bight button command:
| Delete =] |1 5elan Delete =

ok I Cancel | Help |

5 Click Edit Bitmap.

Notes:
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Notes:

6 Inthe Edit Bitmap dialog, make a picture to represent the button face image, then click OK.

Edit Bitmap

File Edit Wiew Help

VAN c
cjin: ms sl

Cancel |

7 Inthe Edit Button dialog, click OK.

1 Edit Button

ﬁl Edit Bitmap | Linked toolbar————————
Hame: I vl
I=| Bttt top Wl |

Tooltip:

Delete Selected Object | Delete All Objects
Left button command: Right button command:

| Delete =] [15elal Delete =

aK I Cancel | Help |
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CREATING CUSTOM TOOLBAR LAYOUTS

To copy a button from one toolbar to another:

1 Fromthe Main toolbar, flyout the Curve toolbar, and tear it off.
2 While holding down the CTRL key, drag the Curve From Control Points button to the new toolbar and drop it.

To add a button to atoolbar:
1 Fromthe Tools menu, click Toolbar Layout, then click Edit.
2 Highlight the Test toolbar in the list.
3 Click New Button.
A blank button is added to the Test toolbar.
4 Click Close to close the dialog.

To open the standard toolbar layout:

1 Fromthe Tools menu, click Toolbar Layout, then click Open.
2 Inthe Save Changes dialog, click Yes.

3 Select Default.ws, then click Open.

Notes:
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1rail sweep, 284, 286

2 rail sweep, 287

Absolute coordinates, 48

Absolute Coordinates, 48

Adding and subtracting parts of a
model, 229

Analysis Commands, 69

Apply abitmap, 382

Apply atexture, 384

Arraying objects, 143

Canceling commands, 13
Chamfer, 125

Changing the view of your model, 111
Command line history, 13
Construction planes, 56
Control point editing, 173
Coordinates, 48

Copying objects, 134
Course Objectives, 3
Creating a box, 222
Creating a sphere, 258
Creating an €llipsoid, 246
Creating cylinders, 224

Index

Creating deformable shapes, 189
Creating Layers, 38

Creating mesh objects, 361
Creating solids, 221

Creating surfaces, 267

Curve, 31

Delete, 43

Deleting objects, 43

Distance and Angle constraint, 51
Drawing Arcs, 86

Drawing Circles, 73

Drawing Ellipses and Polygons, 94
Drawing Freeform Curves, 31, 99
Drawing in 3d Space, 59

Drawing Lines, 29

Drawing With Coordinates, 47

Elevator Mode, 59

Entering Commands, 12
Entering coordinates, 48, 49
Export, 356, 359

Exporting models, 355
Extend, 163

Extending objects, 163
Extrude, 276, 277

Fillet, 117
Flyouts, 10

Graphics Area, 10
Help, 13
Joining objects, 139

Layer colors, 39
Layers, 37
Lock, 40

Making a 2D drawing from a 3D
model, 363

Menus, 9

Mirror, 138

Mirroring objects, 138

Model Setup, 33

Modeling Aids, 32

Moving objects, 132

Object Snaps, 64
Offseting objects, 151

Parallel vs. Perspective Projection, 111
Placing alight:, 368

Placing lights, 215
Planes, 271, 272
Polar Coordinates, 50
Printing, 389, 392

Rebuild, 192

Relative Coordinates, 49

Rendering, 212

Rendering your model, 367
Repeating commands, 13

Revolve, 282

Rhino Interface, 7
Rhino Settings, 395
Rotating objects, 137

Save, 36

Saving your work, 36
Scaling objects, 140
Screen, 7

Splitting objects, 160
Surface, 274, 275

The Mousg, 12

The Rhino Screen, 7
Toolbar, 402
Toolbar Layout, 399
Toolbars, 9
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INDEX

Tooltips, 9 Viewports, 10, 55, 111 World Coordinate System, 48
Trim, 158 Undo and Redo, 136
Trimming objects, 158 WCS, 48
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