Mastering Mechanical |
Desktop Release 3 |

Surface, Parametric,
and Assembly Modeling

Ron K. C. Cheng
The Hong Kong Polytechnic University

N Autodesk.

Prass

33.5.15
"{ 32 37
ﬁﬁﬁﬁEsr‘)cﬂ(syq:()hE

)
‘ Thomson Leaming.

Pacific Grove » Albany « Belmont » Boston = Cincinnati » Johannesburg * Londor » Madrid
Melboume * Mexico City * New York * Scottsdale « Singapore « Tokyo * Toronto




Acquisitions Editor; Suzanne Jeans Cover Design: Denise Davidson
Marketing Team: Nathan Wilbur, Christing DeVero Composition/Interior Design/ Cover Image:

Editorial Assistant: Meg Weist | Ron K.C. Cheng
Production Editor; Kelsey McGee Manufacturing Buyer: Jokn Cronin
Manuscript Editor; Judith Abrahms Cover Printing/Printing and Binding:
Permissions Editor: Mary Kay Hancharick Custom Printing Company

COPYRIGHT @ 2000 by Brooks/Cole
A division of Thomson Leaming
The Thomson Leamning logo is a trademark used herein under license.

3D Studio, AutoCAD, AutoCAD Designer, AutoSurf, and Mechanical Desktop
are registered trademarks of Autodesk, Inc.

Windows is a registered trademark of Microsoft Corporation. . ... . ... . . .. .

For more information, contact:

Autodesk Press
3 Columbia Circle, Box 15-013
Albany, NY 12212-5015

BROOKS/COLE

511 Forest Lodge Road
Pacific Grove, CA 93950 USA
www.brookscole.com

All rights reserved. No part of this work may be reproduced, transcribed or used in any form or by any
means—graphic, electronic, or mechanical, including photocopying, recording, taping, Web distribution,
or information storage and/or retrieval systems—without the prior written permission of the publisher.

For permission to use material from this work, contact us by
Web: www.thomsonnghts.com

fax: 1-800-730-2215

phone: 1-800-730-2214

Printed in the United States of America
0 9 8 7 6 5 4 3 2 1
Library of Congress Cataloging-in-Publication Data

Cheng, Ron

Mastering Mechanical Desktop release 3 : surface, parametric,
and assembly modeling / Ron K.C.Cheng

p. cm.
ISBN 0 534-95760-9 (pbk)

1. Engineering graphics. 2. Mechanical desktop.
3. Engineering design--Data processing. 1. Title.
T353 .C5184 1999
620°.0042'02855369--dc21 99-35674




[ 1 Introduction
e 1.2
1.3
1.4

Contents

Engineering Design Tools 1

Mechanical Desktop Application Window 4

Command Interaction” ] =~~~ o
Key Points and Exercises 8

2 NURBS Surface Modeling 9

2.1
IR 2.2
b 2.3
2.4
2.6
E 2.8
2.10
2.11
2 BT 212

3.1
3.2
3.4
3.5
3.6
3.7

3.8
3.9

Surface Modeling Concepts 10
Wire Construction Tools 25
Surface Modeling Preferences 30
Infant Toy Project 33 =~
Joy Pad Project 45

Desktop Visualization Tools 64
Mobile Phone Project 66
Surface Modeling Utilities 88
Operation on Solids 95

Scale Model Car Project 1 122
Scale Model Car Project 2 145
Key Points and Exercises 211

3 Parametric Solid Modeling 261

Parametric Solid Modeling Concepts 262
Part Modeling Preferences 277
Multi-Part and Single-Part Drawings 282
Sketching Approach— Extrude 284
Sketching Approach — Revolve 297
Sketching Approach— Sweep 303
Sketching Approach —Loft 318
Sketching Approach — Split Face 329
The Desktop Browser 334

1ii



iv Contents

g-Block Approach 340
3.11 Degj '

Assembly Modeling

4.1 Assembly Modelin

4.2 Assembly Modeling Preferences 517
4.3

Design Approaches 518
44 Assemblies 520

e 4"5 CﬂmbIMg,,SS?___ e e

Scenes, Exploded Views
4.7

, and Scene Preferences 565
Assembly Modeling Utilities 578
4.8 K '

ts and Exercises 583

611
ing Concepts 612
ice and Drafting Preferences 616

705
Index

725

| 511
g Concepts 512




R e e e L T R e T T e e S e B T e
T Dt T T R S DA AL TR e oot e > Sl et e

o Preface

g,

.weo - ———— Mechanical _Desktop.-is-a computer-aided design application for constructing Non-
Uniform Rational B-Spline (NURBS) surface models, 3D parametric solid models,
- assemblies and subassemblies, and associative engineering drawings.
L This book is designed to give you an opportunity to practice applying Mechanical
Desktop to construct 3D NURBS surface models and 3D parametric engineering designs,
to construct an assembly from a set of solid parts, to output 2D engineering drawings, and
to become familiar with the utilities provided. It is assumed that you have installed the
Mechanical Desktop application properly in your computer. This book consists of five
chapters and an appendix. Chapter 1 offers a brief introduction to the Mechanical
Desktop application. Chapter 2 shows you how to use Mechanical Desktop to construct
3D wires from which you can make various kinds of surfaces, compose 3D surface
o models, and interoperate surfaces with solids. The surface modeling tool of the
Mechanical Desktop is a NURBS surface modeling system, which allows you to use
NURBS mathematics to construct NURBS surfaces and free-form surfaces. Because
L Mechanical Desktop is a member of the AutoCAD family, objects constructed are fully
compatible with AutoCAD native solids. You can use surfaces to cut these solids and
incorporate free-form surface features into them. You can also convert a solid to a set of
surfaces.

Chapter 3 concerns parametric solids. Within the framework of the Autodesk CAD
system, there are two Kinds of solids: Mechanical Desktop solids and AutoCAD native
solids. Both are 3D solid models, and they are fully compatible with each other. You can
convert a native sohd to a static parametric solid or convert a parametric solid {o a native

solid. You can use a surface to cut a solid. Thus, you can incorporate a free-form surface
into a solid model. You can also convert a parametric solid model to a set of NURBS
surfaces.
S After learning how to construct 3D parametric solids in Chapter 3, you will work on
virtual assemblies in Chapter 4. You will put solid parts together to form assemblies.
Making assemblies from a set of solid parts involves applying constraints to features of
paired solid parts. After making assemblies, you will construct assembly scenes in which
you will explode and tweak the solid parts apart to form exploded views.




vi Preface

In Chapter 5, you will construct 2D engineering drawings from solid parts, assemblies,
and surface models. The 2D drawings are associative to the 3D objects. For solid parts in
particular, the drawing and the 3D objects are bidirectionally associative. Changing a
parametric dimension in a drawing modifies the 3D solid and modifying the 3D solid
amends the drawing.

Finally, the appendix offers a brief explanation of all the commands provided by
Mechanical Desktop.
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Chapter 1
Introduction

1.1  Engmeering Design Tools

1.2  Mechanical Desktop Application Window
1.3  Command Interaction

1.4  Key Points and Exercises

Aims and Objectives

The aims of this chapter are to introduce the four major design tools of Mechanical

Desktop, to outline the key functions of the design tools, and to familiarize you with the .

Mechanical Desktop user interface. After studying this chapter, you should be able to
¢ Describe the four major design tools of Mechanical Desktop
¢ State the key functions of these design tools

Overview

Mechanical Desktop is a computer-aided design (CAD) application for making 3D Non-
Uniform Rational B-Spline (NURBS) surface models, 3D parametric solid models,
assemblies and subassemblies of solid models, and associative engineering documents of
3D surfaces, solids, and assemblies. It has four sets of design tools: surface modeling,
part modeling, assembly modeling, and associative drafting. Because Mechanical

Desktop runs on top of AutoCAD, all the design and drafting tools of AutoCAD are
available. (See Figure 1.1.)

ME T =ANTT AL
DE Sk TOF

3B NURET 3D PARAMETRIC 3T
weFalt 01t ALOEMBLY
MODEL NG MODE L 1M MODE L ING

AUTCAT PiS
DESIGE aND
OrRATTING TOOLS

ATCOCHATIVE
DFAF TING

Figure 1.1 Four sets of Mechanical Desktop design tools together with AutoCAD tools

1.1 Engineering Design Tools
Surface Modeling Tool
The surface modeling tool (Chapter 2) is a NURBS surface modeling system for design

1
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2 Chapter ! Introduction

and manufacturing. You can use it to construct free-form surfaces m a computer. In
addition, you can use its supplementary tools to construct and edit wires for constructing
and editing NURBS surfaces. Figure 1.2 shows the surface model of a 1/10 scale model
car together with all the mechanical parts constructed by using the parametric solid
modeling tool (Chapter 3) and the assembly modeling tool (Chapter 4).

Figure 1.2 Surfaces and mechanical parts of a 1/10 scale model car

Apart from making surface models, you can use a NURBS surface to cut an
AutoCAD native solid or a Mechanical Desktop parametric solid. Working in the
opposite direction, you can convert an AutoCAD native solid or 2 Mechanical Desktop
solid to a set of NURBS surfaces. Figure 1.3 shows the solid model of a bevel gear
constructed by cutting a solid with a set of surfaces.

Figure 1.3 Bevel gear constructed by using surfaces to cut a sohd

Part Modeling Tool

The part modeling tool (Chapter 3) is a parametric feature-based solid modeling system
for construction and subsequent editing of a dimension-driven 3D solid model. Sohds are
constructed from rough sketches and can be modified. Surfaces can be included. In
addition, you can convert a parametric solid to a set of surfaces, convert a parametric
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1.1 Engineering Design Tools 3

solid to a native solid, and convert a native solid to a static parametric solid on which you
can add parametric solid features. Figure 1.4 shows a parametric solid model of the
suspension arm of a 1/10 scale model car.

Figure 1.4 Parametric solid of the suspension arm of a 1/10 scale model car constructed in Chapter 3

Assembly Modeling Tool

The assembly modeling tool (Chapter 4) is a design tool for assembling a set of solid
parts to formn assemblies and subassemblies. Assembly modeling involves the application
of constraints to selected pairs of features of the solid parts. With an assembly, you can
check interference and set up a number of assembly scenes in which you can explode the
solid parts. Figure 1.5 shows the assembly of a scale model car.

Figure 1.5 Assembly of the solid parts of a 1/10 scale model car

Associative Drafting Tool

The associative drafting tool (Chapter 5) is used for generating 2D engineering drawings
from 3D objects, surfaces, parametric solids, and assemblies. You can construct
orthographic, isometric, auxiliary, detailed, and broken drawing views. The engineering
drawings and the 3D solid parts are associated with each other. Changes in either the
engineering drawing or the 3D solids cause automatic changes in the other. Figure 1.6
shows the associative drawing of a U-bracket of a 1/10 scale model car.
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Figure 1.6 Associative engineering document of 2 U-bracket of a 1/10 scale model car

Compatibility and Interoperation

Mechanical Desktop solids and surfaces and AutoCAD native solids are fully compatible.
You can interoperate them. You can change a parametric solid to a native solid or convert
a native solid into a static base solid feature. You can use a NURBS surface as a surface
feature to cut a parametric solid or a native solid. You can also convert a parametric solid
and an AutoCAD native solid to a set of NURBS surfaces. (See Figure 1.7.)

T
PARAMETRIC *woe o o ¢ NURBS
{ S0LID ! . SURFACE |

P e,
. MODELY . MODELS
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e .'.,.--"'-"'_"""'--.,_‘1 . .
o ey <
\ NaTive A
: SQLID !
L. MODELE -

Figure 1.7 Interoperation

1.2 Mechanical Desktop Application Window

When you start Mechanical Desktop, your screen layout will resemble Figure 1.8. The
Mechanical Desktop user interface is similar to that of AutoCAD. It has additional
browser and shortcut keys. At the top of your screen, you will find 12 pull-down menu
items. In particular, the Surface, Part, Assembly, and Drawing pull-down menus concern
the four major design tools of Mechanical Desktop. If you do not find these pull-down
menus, you can use the MENULOAD command (Figure 1.9) at the command line
interface.
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Figure 1.9 Menu Customization dialog box

If the Desktop Browser is not displayed, you can use the AMBROWSER command
by selecting the Desktop Browser item of the View pull-down menu. (See Figure 1.10.)

<View> <Desktop Browser>'

' In the explanation that follows, <View> <Desktop Browser> will mean selecting the <View> pull-down
menu, then selecting the <Desktop Browser> item.



- - - . - e e e R B R A A e B o e e 0 B e L L e O G AT Bt D Ml B 20k B it 2 ~ A e e Selrn et Eas - - A
o o Grelovaine HASRIERA PR S e Ml e B e 2 P e s i e = S T AR L e S B P et
NPT e L TPV a s I AN A T AT e

6 Chapter 1 Introduction
Command: AMBROWSER
Figure 1.10 Selecting the Desktop Browser item from the View pull-down mepu. ... - .- - . -
To display toolbars, you can use the TOOLBAR command. (See Figure 1.11.) By 7
checking the appropriate boxes in the Toolbars list box, you can call out the relevant .

toolbars. Figure 1.12 shows the Surface Modeling toolbar.

<View> <Toolbars...>

Command: TOOLBAR

Joobas I —
ZFl-Add Dimension a]
zFk-Annolabon
2Fly-Ascembly Quenes New..,
2 hpAssembly Visbity —
Fh-Asngn Alinbutes Disinte
2Fly-Attach
#Fhy-BE of Matenials ﬂ Cystomeze. ..
Menu Group: Fizmarie;
DESKTOP -
| = Help
i Large Duitom ¥ Show ToolTpg

Figure 1.11 Toolbars dialog box
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Figure 1.12 Surface Modeling toolbar
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As illustrated in Figure 1.12, selecting the Loft U Surface item of the Surface
Modeling toolbar runs the AMLOFTU command.

[Surface Modeling] [Loft U Surface]’

" Command: AMLOFTU

1.3 Command Interaction

With the pull-down menu and toolbars in their proper positions, you can use Mechanical
Desktop commands in several ways:
e You can select an item from the pull-down menu or the cascading menu from the
pull-down menu. (See Figure 1.13.) |
. -e - Youcan select an icon from-the-toolbars. (See Figure 1.14.)
e You can type the command name at the command line interface. (See Figure
1.15.)
e You can use the right mouse button to bring out the shortcut menu from the
Desktop Browser. (See Figure 1.16.)

#; Mechanical Desktop  [Drawingl®
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Figure 1.13 Selecting an item from the pull-down menu
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Figure 1.14 Selecting an icon from a toolbar

* In the explanation that follows, [Surface Modeling] [Loft U Surface] will mean selecting the [Surface
Modeling] olbar, then selecting the {Loft U Surfacej icon.
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Figure 1.15 Inputting the command name at the command line
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Figure 1,16 Bringing out the shortcut menu from the Desktop Browser

1.4 Key Points and Exercises

Mechanical Desktop is an engineering design tool that runs on top of AutoCAD R14. It
has four powerful design tools: a surface modeling tool, a parametric solid modeling tool,
an assembly modeling tool, and an associative engineering drawing construction tool.
Basically, the application window is much the same as that of AutoCAD R14, with a
few differences. It has additional pull-down menu items. It has a Desktop Browser that
provides command shortcuts. And AutoCAD pull-down menu items are rearranged.

Exercise 1.1

What are the four design tools of Mechanical Desktop? State their prime functions.

Exercise 1.2

How many ways can you run a Mechanical Desktop command? List them.

—_ PPE—— - gl
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Chapter 2
NURBS Surface Modeling

2.1 Surface Modeling Concepts
2.2  Wire Construction Tools

2.3 Surface Modeling Preferences
2.4  Infant Toy Project f
2.5  Joy Pad Project

2.6  Desktop Visualization Tools
2.7  Mobile Phone Project

2.8 - Surface Modeling Utilities -~ - - = o m e
2.9  Operation on Solids

2.10  Scale Model Car Project 1

2.11  Scale Model Car Project 2

2.12 Key Points and Exercises

Aims and Objectives

The aims of this chapter are to explain the key concepts of surface modeling, to delineate
various methods of constructing and editing 3D wires and 3D surfaces, to let you master

‘the techniques of using Mechanical Desktop to construct free-form NURBS surface

models, to outline various surface modeling utility tools, and to show the ways to

incorporate free-form surfaces into solid models. After studying this chapter, you should

be able to

¢ Describe the key concepts of surface modeling

Build and modify 3D wires for making 3D surfaces
Construct and edit various kinds of 3D surfaces

Use surface modeling utilities in engineering design
Incorporate free-form surface features into solid models
Apply surface modeling tools in design projects

Overview

In our daily lives, we encounter many objects with free-form surfaces. Some examples
are the handle of a razor, the casing of a computer pointing device, the casing of a mobile
phone, and the body panels of an automobile. To construct these objects as 3D models in
the computer, we need surface modeling tools.

In this chapter, you will focus on NURBS surface modeling tools and work on a
number of projects through which you will Jearn how to construct and edit 3D wires and
3D surfaces, use various surface modeling utilities, and use free-form surfaces to cut
native solids. After learning how to construct parametric solid models in the next chapter,
you will use a free-form surface to cut a parametric sohid as well.

9
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10 Chapter 2 NURBS Surface Modeling

2.1 Surface Modeling Concepts

A surface in a computer is a mathematical expression that represents a 3D shape with no
thickness. NURBS mathematics 1s the most advanced tool in surface modeling. It allows
the implementation of multipatch surfaces with cubic surface mathematics. And, most
important, it maintains full continuity control even with trimmed surfaces.

Mechanical Desktop surface modeling tools use NURBS mathematics for the
construction of splines and surfaces and offer additional sophisticated tools for
construction and editing wires for subsequent generations of NURBS surface models.
Using Mechanical Desktop import utilities, you can construct 3D surfaces from IGES
files or digitized data. Given the shell thickness, you can evaluate mass properties from a
surface model. To integrate free-form surfaces in solid modeling, you can use a NURBS
surface to cut an AutoCAD native solid or a Mechanical Desktop parametric solid.

Working in the opposite direction, you can convert an AutoCAD native solid or
Mechanical Desktop solid to a set of NURBS surfaces.

Surface Construction

Using Mechanical Desktop, you can construct three major kinds of NURBS surfaces:
primitive surfaces, free-form surfaces, and derived surfaces. In addition, you can trim a
surface to obtain the boundary of a particular shape, and convert AutoCAD objects and
Mechanical Desktop solid objects into sets of surfaces.

Primitive Surfaces

As the name implies, primitive surfaces are basic geometric surface shapes. They are the
conical surface, the cylindrical surface, the spherical surface, the toroidal surface, and the
planar surface. (See Figure 2.1.) To produce a primitive surface, you specify a geometric
shape and state its dimensions and location. For example, if you want to produce a
cylindrical surface, you need only specify the location of the center of the base, the
diameter, and the height. (These primitive surfaces, although easy to create, have very
limited use.) "

Figure 2.1 Conical, cylindrical, spherical, toroidal, and planar surfaces

In addition to making individual primifive surfaces, you can make a tubular surface
with straight sections and circular elbows from a series of connected cylindnical and
toroidal surfaces. To make a tubular surface, you construct a 3D polyline with a number
of straight line segments. After that, you specify the diameter of the tube and the radn of
the bends. (See Figure 2.2.)

|
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Figure 2.2 Tubular surface

Free-Form Surfaces

There are six kinds of free-form surfaces: the revolve surface, the extrude surface, the rule
surface, the loft u surface, the sweep surface, and the loft uv surface. To make a free-form
surface, the first step is to construct a set of wires that define the profiles and silhouettes
of the surface. Based on the wires, the computer then computes and constructs a set of
surface data. _

In general, a free-form surface needs two sets of wires 1n two orthogonal directions to
definé its profile and sithouette. To distinguish these two directions from the X axis and
the Y axis, they are called the U direction and the V direction. Wires in these directions
are called U-wires and V-wires, respectively.

The revolve surface and the extrude surface are the simplest types of free-form
surfaces, because each needs only a single wire to define its shape. For a revolve surface,
you construct a wire that defines the cross section along the axis of revolution. To make
the surface, you specify a section wire, an axis of rotation, and an angle of rotation.
Figure 2.3 shows a revolve surface constructed by rotating a wire 180° about an axis.

Figure 2.3 Revolve surface

Similar to a revolve surface, an extrude surface also needs a single wire to define its
cross section. To make the extrude surface, you specify a section wire, a direction of
extrusion, and a taper angle. (See Figure 2.4.)
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12 Chapter 2 NURBS Surface Modeling

EXTRUDE SURFACE
(16* TAPER ANGLED

EXTRUDE SURFACE
(C* TAPER ANGLED

vusrmms WIRE

Figure 2.4 Extrude surfaces

To construct a surface that varies linearly in cross section from one edge to the other,
you can supply two U-wires. The resulting surface is called a rule surface. It changes in
cross section uniformly from the first wire to the second wire in one direction. In the

" 77~ “other diréction, the ¢ross sections are straight lines. Figure 2.5 shows a rule surface. =~

RULE SURFACE
SECOND WIRE _\

e

Figure 2.5 Rule surface

To make a surface that has a variable cross section, you use three or more U-wires as
input wires. The resulting surface is called a loft u surface. Its cross section in the U
direction will change smoothly from the first wire to the second, and then from the
second wire to the third. If you have a fourth wire, the cross section changes from the
third wire to the fourth as well. As a result, the cross section in the V direction also
changes smoothly from one edge to the other. Figure 2.6 shows a loft u surface
constructed from three U-wires.

LOFT U SURFATE —

~CFOSS SECTIONG—

f >

Figure 2.6 Loft u surface
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2.1 Surface Modeling Concepts 13

In Figure 2.6, the cross sections of a loft u surface in the V direction are smooth
spline curves that pass through the U-wires. Their shapes are determined by the ways the
U-wires change from one section to another. To exercise more control over the contours
of the surface in the V direction, you specify one or two rails for the U-wires to transit.
The surface is called a sweep surface. Figure 2.7 shows a sweep surface with three cross
sections and a single rail.

—CROSS SECTIONS

SWEEFR SURFACE —\

; \

Figure 2.7 Sweep surface with a single rail

For the surfaces shown in Figure 2.6 and Figure 2.7, the U-wires are the same but the
shapes are different. Here, you can see how the rail controls the transition of the U-wires
as they change from one section to another. In Figure 2.7, a single rail is used to control
one end of each U-wire. To control both ends, you use two rails. When you use two rails,
the U-wires’ cross sections change in two ways. First, they change from one section to
another. Second, they change shape according to the distance between the rails. Figure
2.8 shows a sweep surface with two rails. Compare Figure 2.8 with Figure 2.7 to see the
difference.

SWEER SURFACE =

~CROSS SECTIONS N
/ \ \\n N
* /;‘L\ / \ >7
\ | .

|
i
!

' SE L
’ / 4y 7 S L1
—_—'—/{ L’ﬁ/ —,ff -‘.!:. ”: F .-l ’
3 a S .
‘ //" / Sy P
3 K o
\-—-—" v
.-". I" .
. LAt

Figure 2.8 Sweep surface with two rails

In a sweep surface, the rails control the cross sections in the V direction. To control
the V direction cross sections fully, you specify two sets of wires, one set of U-wires and
one set of V-wires. The resulting surface is called a loft uv surface. (See Figure 2.9.)
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LOFT Uv SURFACE

/— U LINES

v LINES L

Figure 2.9 Loft uv surface
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Derived Surfaces Ew
Derived surfaces include the fillet surface, the corner surface, the blend surface, and the -
_..Ooffsetsurface.
A fillet surface treats the edges of two intersecting surfaces by providing a connecting [

surface with a circular cross section. Figure 2.10 shows a fillet surface of constant radius
formed between two planar surfaces.

Figure 2.10 Constant-radius fillet surface

When you make a fillet surface, you can set the fillet radius to vary linearly or
cubically. In a linear variable fillet surface, the fillet radius changes linearly from one set
value to another set value. In a cubical variable fillet surface, the fillet radius changes

cubically from one set value to another. (See Figure 2.1 1.)

.
1

i i
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!

i
Figure 2.11 Linear variable fillet (left) and cubical variable fillet {mght) [
A fillet surface is used to treat two intersecting surfaces. If you have three intersecting [
surfaces to treat, you can form fillets in pairs, then treat the intersecting fillets with a |
commer fillet. (See Figure 2.12.) l
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Figure 2.12 Intersecting fillet surfaces (left) and corner fillet surface (right)

L When you make a surface model, two adjacent surfaces do not always have to
| intersect. To treat the joint between two nonintersecting surfaces, you can fill in the gap
[ ~ between them by blending. Figure 2.13 shows a blend surface formed between two

L nonintersecting surfaces.

........

(o
FoUr e e

Figure 2.13 Nonintersecting surfaces (left) and the blend surface formed between them

You can also blend three or four surfaces. (See Figures 2.14 and 2.15.)

5 Figure 2.14 Blend surface among three edges
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-

Figure 2.15 Blend surface among four edges

Sometimes you may have to construct a surface to run at a constant distance from
another surface. To make such a second surface, you simply derive an offset surface from
an existing surface. Figure 2.16 shows an offset surface constructed to form the earpicce
of a walkie-talkie.

QFFSEY SURF&EE—\

Figure 2.16 Offset surface

Trimmed Surfaces

To produce a smooth surface, it is necessary to use smooth defining wires and smooth
boundary lines. However, most of the surfaces that we use to compose a design do not
necessarily have smooth boundaries, although they have smooth profiles.

Figure 2.17 shows the surface model of an automobile body panel. This is a smooth
surface, but its boundary 1s uregular.
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Figure 2.17 Surface model of an automobile body panel
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2.1 Surface Modeling Concepts 17

Given this problem, you might intuitively use the boundary curves that you see as the
defining wires to comstruct the surface model. If you did, you would probably get an
irregular surface like the one in Figure 2.18.

Figure 2.18 Irregular surface defined by irregular boundaries

.. _Obviously, the surface shown.in Figure 2.18 1s not the one we want (shown in Figure

2.17). What has gone wrong? The answer is that a set of irregular curves will generate an
irregular surface. Unless the boundary lines are smooth wires, they cannot be used as
defining curves for the surface.

To obtain a smooth surface with an uregular boundary, you have to perform two
steps. You use a set of smooth wires to produce a smooth surface that 1s much larger than
the required surface. This is called the base surface. Then you use the irregular boundary
curve to trim the smooth surface. In the computer, the resulting surface will consist of the
original untrimmed smooth surface with smooth boundaries and the irregular boundaries.
Although both of these are saved in the database, only the boundary and the remaining
part of the trimmed surface are displayed. As a result, we obtain a smooth free-form
surface with irregular boundaries. This is called a trimmed surface.

To produce a free-form surface that is large enough for subsequent trimming, you
must define a set of curves that encompass the required surface. To make such wires, you
need to be able to visualize the defining curves that are outside the required surface.

In Figure 2.19, the construction of the smooth automobile body panel starts from a set
of smooth wires. From the smooth wires, a smooth surface that is much larger than the

required surface is made. To obtain the required surface, an trregular boundary is used to
trim the large smooth surface.

Figure 2.19 Defining curves (left), the untrimmed surface (center), and the 1rregular boundary (right)

To reiterate, a smooth surface needs to be constructed from smooth defining wires.
Smooth surfaces with uregular edges occur 1n many designs. If you use the irregular
edges to construct the surface directly, you will get a surface with many sudden changes
in curvature, The surface will not be smooth at all. To obtain a smooth surface with
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irregular edges, you build a larger surface from smooth wires. Then you trim the smooth
surface with the irregular edges. The resulting surface is a trimmed surface.

To sum up, a trimmed surface retains its original smooth defining boundaries in the
database while possessing a new trimmed boundary. The original surface is called the
base surface, and the trimmed boundary is called the trim edges. The integrated data
definition of the new trimmed surface contains both the base surface and the trim edges.

Converted Surfaces

In addition to making primitive surfaces, free-form surfaces, derived surfaces, and
trimmed surfaces, you can construct surfaces by converting existing arcs, circles, lines,
and polylines with thickness, AutoCAD solids, and Mechanical Desktop solid parts.
Although the conversion tool is very handy, it is not advisable to start making
surfaces by conversion. However, you may find it easier to construct the basic shape of a
surface model from a complex AutoCAD native solid or a Mechanical Desktop

- parametric- solid. Figure 2.20 shows a native solid used as the starting point to make a

surface model. To fully utilize a converted object, you can add details by using other
surface modeling tools.

T

fi f

Figure 2.20 Complex native solid converted to a set of surfaces

Surface Editing

In making surface models, you have to edit as well as to construct. Editing processes that
you can perform on a surface are

Breaking a surface

Joining two or more surfaces
Lengthening a surface

Scaling a surface

Intersecting two surfaces

Projecting and trimming a surface
Untrimming a surface

Truncating a surface

Refining a surface

Changing the grip points of a surface
Modifying the span of a surface

Flipping the normal direction of a surface
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Breaking a Surface
You can break a surface into two surfaces along a selected line. After breaking, the
surfaces still maintain the original continuity. In Figure 2.21, the profiles and silhouettes
of the broken surfaces (right side) will be the same as those of the original surface (left
side).
=
P
i
o
f
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Figure 2.21 A single surface broken into two surfaces
Joining Two or More Surfaces
You can also join two or more surfaces together to form a single surface so that you can
handle them together. (See Figure 2.22.)
TARLL SURFACTES SUPFACES JOINED a8 ONE-

Figure 2.22 Three surfaces joined together to form one single surface

Lengthening a Surface

If you find a surface is too small, you can enlarge it by lengthening it along its untrimimed
edge. (See Figure 2.23.)
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EDGE LENGTIRENED

ORIGINAL SURFACE—

FDGE LENGTHENED/

Figure 2.23 Untrimmed edges of a surface lengthened

Scaling a Surface

To change the size of a surface and yet maintain the overall proportions of the profiles
and contours, you can scale it in 3D. (See Figure 2.24.)

A SEALED supa.rm:a—\

Figure 2.24 Surface scaled

Intersecting Two Surfaces

For two intersecting surfaces, you can trim the unwanted portions of the surfaces away to
form a sharp edge at the intersection. (See Figure 2.25.)

N
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Figure 2,25 Two intersecting surfaces trimming each other

Projecting and Trimming a Surface

Tocutaholeina suffabé o.rmto give an trregular edge to a surface, you can project a 2D or
3D wire and trim the surface. This was explained in detail earlier. (See Figure 2.26.)

"n::E'-"/ ’ \\)

SURFACE PROJECTED AND TRIMME D—/
Figure 2,26 Surface trimmed by projected wires

Untrimming a Surface

We all make mistakes and sometimes want to change our minds. You may need to change
a trimmed surface back to its original untrimmed state. Because a trimmed surface in the
computer consists of the original base surface and the trimmed edge, you can remove its
trimmed boundary to change it back to its untrimmed state. (See Figure 2.27.)
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BASE SURFACE
ORIGINAL SuUkrACE /—

/—UNTRIMME D SURFALCL
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Figure 2.27 Removal of trimmed boundary

Truncating a Surface

“To reiterate, a trimmed-surface-consists-of a base surface and a trimmed boundary. To
make a smooth surface with an irregular edge, you construct a smooth base surface that is
large enough to encompass the trimmed edge. Sometimes you may use a base surface that
is much larger than required. If so, unnecessary memory space is wasted to store the
unwanted part of the base surface. To reduce the memory used, you can truncate the base
surface of a trimmed surface. Figure 2.28 shows the original base surface and the

truncated base surface.

Figure 2.28 Truncation of base surface

Refining a Surface

The accuracy of a surface is determined by the number of UV patches. You can refine a
surface by changing its UV patches. Reducing the number of patches decreases the
accuracy of a surface. Figure 2.29 shows how surface accuracy in relation to the WITeS 1S

affected by the number of UV patches.

{
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Uv PATCHES REFINED
UV PATCHES REFINED
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& Figure 2.29 Accuracy of a surface in relation to the number of UV patches
L

Changing the Grip Points of a Surface

— e demm a4 AR TR TR T ML

Grip points on a surface are locations where you can gﬁp'and'pul_l- in order to change the
surface’s profiles and silhouettes. Figure 2.30 shows two different grip point settings.
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B Figure 2.30 Grip point settings
L Modifying the Span of a Surface
B The span of a surface defines a circular area that a surface will deform when a grip point
. of the surface is pulled. Changing the span affects the way the surface is deformed when a
grip point is pulled. (See Figure 2.31.)
E
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SPAN = 13

Figure 2.31 Span size and the surface affected when a grip point is pulled

Flipping the Normal Direction of a Surface

A surface has no thickness. To represent a 3D object in a computer, you need a number of
surfaces. For the computer (and later applications) to recognize which side of the surface
represents a void and which side represents a volume, a normal vector is used. Figure

2.32 shows the vector normal flipped.

MAL
/NDP; : _—NORMAL

Figure 2.32 Normal direction flipped

Constructing a Surface Model

A surface model in a computer is a representation of a 3D object by a set of surfaces. To

construct the surface model of a given object, you should first determine what kinds of

surfaces are needed. You may consider using primitive surfaces, free-form surfaces,

derived surfaces, trimmed surfaces, or even converted surfaces (if you already have such

objects in your drawing file).

Among the various kinds of surfaces, free-form surfaces are the ones most.commonly
used. As we have said earlier, all free-form surfaces have one thing in common: They all
need to be constructed from smooth wires. Therefore, the first task that you need to tackle
in surface modeling is to think about what kinds of wires are needed and how they can be
constructed. After making the wires, you then let the computer generate the required

surfaces.
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While you are designing and making a surface model, it is intuitive to start thinking
about the surfaces but not the wires. However, the computer constructs surfaces from
defining wires. Therefore, you need to analyze the surface to determine what wires are
required. After that, you construct the wires and let the computer generate the surfaces
from the wires. In the surface modeling projects of this chapter, you will learn to
construct 3D wires as well as 3D surfaces. Here, the particulars of all the wires are given
to you. While working on these projects, you should try to relate the 3D wires to the 3D

surfaces. It 1s hoped that you can reverse the process, seeing the wires when a surface is
given.

2.2 Wire Construction Tools

To make free-form surfaces, derived surfaces, and trimmed surfaces, 3D wires are

needed. To construct 3D wires, you can use AutoCAD commands. In addition, you can

use Mechanical Desktop commands to perform the following tasks:
Constructing augmented lines

Joining wires to form augmented lines, polylines, or splines
Fitting wires into splines

Changing a spline back to a polyline by unsplining

Copying the edges of existing surfaces

Obtaimng flow lines from existing surfaces

Generating a parting line

Cutting a series of section lines

Constructing a wire at the intersection of two surfaces
Projecting a wire onto a surface to obtain another wire
Offsetting 3D wires

Filleting 3D wires

Changing the direction of a wire

Refining a wire

e & & & S & » & & > & & > »

Constructing Augmented Lines

An augmented hine 1s a special kind of wire along which normal vectors are placed at
regular intervals.

You can make use of the normal vectors of the augmented lines to control machines
that operate 1n 4-axis or 5-axis. You can also take an augmented line as a rail and use its
normal vector to guide the transition of the section wires for making a sweep surface.

Figure 2.33 shows an augmented line generated along the edge of a free-form surface.
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/‘DRIGINQL SURFACE
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AUGMENTED L INES—/

Figure 2.33 Augmented lines constructed along the edge of a free-form surface

Joining Wires to Form Augmented Lines, Polylines, or Splines

To construct free-form surfaces, you need wires. To make a wire in accordance with any
specific shape you have in mind, you may find it easier to construct lines, arcs, and
circles than to construct splines. To use connected wires of this kind, you can join them
together to form a 3D polyline, spline, or augmented line.

Fitting Wires into Splines

Instead of joining wires together, you can fit a polyline/line/arc into a spline. Both joining
and fitting create splines from existing wires. The difference between them is that joining
constructs a single spline from connected wires and fitting constructs a spline for each

selected wire.

Changing a Spline Back to a Polyline by Unsplining

You can also change a spline back to a polyline. Some CAM (computer-aided
manufacturing) systems do not accept splines as input wires, though this is quite rare. To
overcome this problem, you can change a spline back to a polyline that approximates the
shape of the spline.

Copying the Edges of Existing Surfaces

Boundary edges of existing surfaces can be useful in making other surfaces. You can
copy them so that they become wires. (See Figure 2.34.)

EDIES COPIED AND TRANILATED—

Figure 2.34 Edges copied from a surface
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Obtaining Flow Lines from Existing Surfaces

On the computer display, lines along the U and V directions are used to depict the profile
and silhouette of a surface. They are called flow lines. You can construct 3D wires from
them, and use them as tool paths for manufacturing purposes. Figure 2.35 shows a set of
flow lines constructed from an existing surface and translated to the right.

HRIGINAL SURFACE

FLOW LINES

Figure 2.35 Flow lines constructed on NURBS surface and translated

Generating a Parting Line

To make a mold from a surface model, you need a parting line. Figure 2.36 shows a
parting line generated on a surface model and translated to the right.

-

=AFTIMG LINE COFICL AND TRENTLATELD -

Figure 2.36 Parting line generated on a surface model

Cutting a Series of Section Lines

To visualize and inspect a 3D surface model, you can generate section lines from 1t. Apart
from visualization and inspection, you can use the section lines as tool paths for
machining. Figure 2.37 shows a set of section lines generated on a surface model.
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SECTION LINES COPIED ANR TRANSLATED

SECTION LINES

Figure 2.37 Section lines generated on a surface model

Constructing a Wire at the Intersection of Two Surfaces

At the intersection of two intersecting surfaces, an edge is formed. You can obtain a wire
from this edge. (See Figure 2.38.)

wiRE CREATED AT INTERSECTION OF Twh SURFACES

Figure 2.38 Wires constructed at the intersection of two surfaces

Projecting a Wire onto a Surface to Obtain Another Wire

Constructing 3D wires on a curved surface is more difficult and time-consuming than
making 2D wires on any specific construction plane (User Coordinate Systems). To make
3D wires on a surface, you can construct 2D wires and then project them onto the surface.

(See Figure 2.39.)
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Figure 2.39 Wire projecied on a surface

Offsetting 3D Wires

You can offset a 3D wire from a 3D wire. The new wire is constructed at an offset
distance that is normal to the selected wire, and the offset is relative to the current display
view. (See Figure 2.40.)

QI i' e

-5 ISINAL WIRE .
WIRE DFFSET IN CURRENT wiIDw—'

Figure 2.40 Wire offset in the current view

Filleting 3D Wires

Regardless of the UCS location, you can construct a rounded corner between two
o coplanar wires. While filleting, you can choose to trim or not to trim the selected wires.

Changing the Direction of a Wire

Wires have direction. A wire has a starting point and an ending point. The profiles and
silhouettes of a surface constructed from a given set of wires are affected by the
directions of the individual wires. To control the surface as it is constructed from a set of
wires, you may have to change the directions of the wires. Figure 2.41 shows how the
wire directions affect the profile of the surface constructed.
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Figure 2.41 Wire directions and the nile surfaces constructed

Refining a Wire

Wires have control points. You can edit a wire by manipulating 1ts control points. To
define a more accurate surface, you may have to refine the control points of wires before
using them in surface construction.

2.3 Surface Modeling Preferences

By now, you should have a general idea of surface modeling and a general understanding
of what you can do by using the surface modeling tools of Mechanical Desktop.

Before you start working on the guided tutorials, spend some time gaimning an
understanding of the system preferences that affect the outcome of surface modehng.
Select the Preferences... item of the Surface pull-down menu to use the AMPREFS
command.

Figure 2.42 shows the Surfaces tab of the Desktop Preferences dialog box. It has four
major areas. If you are a surface modeling novice, you may find it difficult to set the
preferences. To avoid the trouble of setting each of them individually, you can set them
collectively by selecting the [Model Size...] button. (See Figure 2.43.) Using this dialog
box, you simply select the model size and the unit of measurement. If you have already
constructed some objects on your screen, you can select the [Measure Model] button to
let the computer measure the model for you.

<Surface> <Preferences...>

Command; AMPREFS

if:
r;
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Figure 2.42 Surfaces tab of the Desktop Preferences dialog box

In the Tolerances area, you can set four kinds of tolerances: System Tolerance,
Polyline Fit Tolerance, Join Gap Tolerance, and Blend Tolerance.
1. The System Tolerance box controls the system tolerance for constructing flow lines
on the surfaces.
2. The Polyline Fit Tolerance box controls the tolerance for fitting a polyline into a
- spline.
3. The Join Gap Tolerance box controls the tolerance of the gap (if any) between two
~endpoints.
4. The Blend Tolerance box determines whether to create CO breaks in the blend joint.
As we have said, Mechanical Desktop employs NURBS mathematics for defining
curves and surfaces. Basically, it uses 3D NURBS splines to construct 3D NURBS
surfaces. However, it also accepts lines, arcs, 2D polylines, and 3D polylines. While
using these objects as wires, Mechanical Desktop fits them into splines according to a set
of rules. In the Surface/Spline Options area, you can determine approximately how the
spline is fitted. There are two options: Polyline Fit Length and Polyline Fit Angle.
1. Polyline Fit Length sets the polyline length for holding splines and surfaces flat.
2. Polyline Fit Angle sets the polyline angle to break splines and surfaces at corners.
To set these options, you can enter values in the appropriate boxes or select the
[Polyline Fit...] button to bring out the Polyline Fit dialog box. (See Figure 2.44.)
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Figure 2.43 Approximate Model Size dialog box

In the Polyline Fit dialog box, you can set the length and angle graphically by

selecting the [Length Prompt<] and the [Angle Prompt<] buttons. Now select the [OK]

button to return to the Desktop Preferences dialog box. (See Figure 2.42 agam.)

At the top right corner (Figure 2.42) is the Surface Properties area. It concerns the

display of the surfaces on the screen. On your screen, a surface has three display
components: boundary edge, U- and V- wires, and normal vector. The boundary edge 1s
the edge of the surface, the U- and V- wires are wires in two orthogonal directions to

depict the profile of the surface, and the normal vector is used to indicate the normal
direction of the surface.

The U & V Display Mode box determines the kind of linetypes to be used to display
the U- and V- wires

The U Display Wires box sets the number of U display wires

The V Display Wires box sets the number of V display wires

The Vector Length box sets the length of the vector normal

Below the Surface Properties area, there are a few boxes.

The Aug Vector Length box controls the length of the augmented lines. Augmented
lines are series of normal vectors along a spline, a line, or a polyline.

The Page Length box sets the text page length of the text window.

The Group Prefix box sets the prefix name.

The Keep Original box determines whether the original object used to make another
object is retained.

- hokd that part of spin/euf fla. break splnv/suf & come.

Figure 2.44 Polyline Fit dialog box

When you have finished setting the preferences, select the [OK] button to exit. When

you know how to set the preferences for surface model construction, you can work on the
projects that follow.
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Figure 2.45 shows the rendered image of an infant toy. It is a 3D free-form object. You
will first analyze the model to determine what surfaces are required and what wires are
needed to generate the surfaces. Then you will construct the wires and make the surfaces.

Analysis

Figure 2.45 Rendered image of the mfant toy

This model is symmetrical about its center. It has two surfaces. Each of them is a loft uv

surface. To make the loft uv surface, you will construct a set of U-wires and a set of V-

shows the surfaces moved apart.

Figure 2.46 Loft uv surfaces moved apart

wires. Using the U- and V- wires, you will then construct a loft uv surface. Figure 2.46
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Drawing Setup

Use the NEW command to start a new drawing from scratch with metric default settings.

<File> <New...>
Command: NEW

[Start from Scratch
Metric OK ]

Because it will take you considerable time to construct wires, you should develop the
habit of setting up a layer and keeping the wires there. After completing the surface
model, you can turn off that layer. If you want to make any change later, you always have
some wires to base it on.

.. . Select the Layer... item of the Format.cascading menu of the Assist pull-down menu
to use the LAYER command to create two additional layers, Surface and Wire, with the
colors green and blue, respectively. Then set the current layer to Wire. You will find a
number of layers prefixed by the letters AM. Mechanical Desktop uses these layers for

specific reasons. Do not make any changes to these layers or manipulate the entities
residing on them.

<Assist> <Format> <Layer...>

Command: LAYER

[Layer

Name Color Linetype

0 White Continuocus
Surface Red Continuous
Wire Green Continuous

Current Layer: Wire

OK ]

For the sake of clarty, make sure the UCS icon is turned on. To keep track of the
location of the XY plane of the UCS, set the UCS icon to display at the origin.

<Assist> <viUCS lcon >

<Assist> <v lcon at Origin>

Because you may need to use these settings in a number of surface modeling projects
in this chapter, vou should now save the current drawing to a template for other projects.
Select the Save As... item of the File pull-down menu to use the SAVEAS command. To
have a drawing file for the current project, save the drawing again.

8
;.

:
L.
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. <File> <Save As...>
Commeand: SAVEAS

b [Save Drawing As

' File name: Surf_mdl.dwt

o Save as type: Drawing Template File (*.dwt)
. Save ]

<File> <Save As...>
e Command: SAVEAS

. [Save Drawing As

e File name: Infant.dwg

- Save as type: AutoCAD R14 Drawing (*.dwg)
o Save ]

—— e a W e e ad e .
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Now you have a template and a drawing. The template is called Surf mdl.dwt, and

ST TR
AP T
R
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Surface pull-down menu to run the AMPREFS command.

<Surface> <Preferences...>

_,wa.mm,ﬁ

Command: AMPREFS

the current working drawing is called Infant.dwg. Select the Preferences... item of the

[ Select [Model Size...] on the Surfaces tab of the Desktop Preferences dialog box.

Then set the model size to 200 mm. Select the [OK] button to exit.

I""'f“"'"'""_"." P

Wire Construction

t To make this model, you will construct a loft uv surface and then make a mirror copy of

it. Figure 2.47 shows the wires required.

Figure 2.47 U- and V-wires illustrated in different linetypes

|
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In Figure 2.47, wires A, B, and C are U-wires, and wires D, E, and F are V-wires.
They are depicted in different linetypes to show you which are the U-wires and which are
the V-wires. When you construct these wires, you do not have to change their linetypes.

To start with, use the ELLIPSE command to construct an ellipse, and use the XLINE
command to construct two vertical lines. Then use the shortcut key [F] to fit the display
to the screen. (See Figure 2.48.)

<Design> <Ellipse> <Center>

Command: ELLIPSE
Arc/Center/<Axis endpoint 1>: C
Center of ellipse: 0,0

Axis endpoint: @60<0

<Other axis distance>/Rotation: 14

Command: F
<Design> <Construction Line>

Command: XLINE
Hor/Ver/Ang/Bisect/Offset/<From point>: V
Through point: -30,0

Through point: 30,0

Through point: [Enter]

+E«'r>

C B/ D

Figure 2.48 Ellipse and vertical lines constructed

Now use the TRIM command to trim the ellipse. (See Figure 2.49.)

<Modify> <Trim>

Command: TRIM

Select objects: [Select A and B (Figure 2.48).]

Select objects: [Enter]

<Select object to trim>/Project/Edge/Undo: [Select C and D (Figure 2.48).]
<Select object to trim>/Project/Edge/Undo: [Enter]

[
;_
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Figure 2.49 Ellipse trimmed

e

Next, construct another ellipse at a location that overlaps the two elliptical wires. To
- avoid confusion, hide the elliptical arcs. Select the Visibilities... item of the Surface pull-
- "down menu to use the AMVISIBLE command. (See Figure 2.50, the Desktop Visibility
dialog box.) Select the {Select<] button and then select the two elliptical arcs that you
want to hide. After that, select the {OK] button to exit the command.

e

<Surface> <Visibility...>

Command: AMVISIBLE

B a1

e
: it
B b o e F =

Ty

B

PRSP P

Figure 2.50 Desktop Visibility dialog box

Select objects to hide: [Select A and B (Figure 2.49).]
Select objects to hide: [Enter]

Now the elliptical arcs are hidden. Construct another ellipse. (See Figure 2.51.)

i <Design> <Ellipse> <Center>
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Command: ELLIPSE
Arc/Center/<Axis endpoint 1>: C
Center of ellipse: 0,0

Axis endpoint: @60<0

<Other axis distance>/Rotation: 14

A ¢
i/:/f: n
W

=2

P -

e

"'T7 " “Figure 2.51 Elliptical arcs hidden, second ellipse constructed

To make two more elliptical arcs, use the TRIM command again. After trimming, the
vertical construction lines are not required. Use the ERASE command to delete them.

<Modify> <Trim>

Command: TRIM

Select objects: [Select A and B (Figure 2.51).]

Select objects: [Enter]

<Select object to trim>/Project/Edge/Undo: [Select C and D (Figure 2.51).]
<Select object to trim>/Project/Edge/Undo: [Enter]

<Modify> <Erase>

Command: ERASE
Select objects: [Select A and B (Figure 2.51).]
Select objects: [Enter]

Now use the shortcut key [8] to set the display to an isometric view and use the UCS
command to rotate the UCS 90° about the X axis. (See Figure 2.52.)

Command: 8 i

<Assist> <UCSsS> <X Axis Rotate>

Command: UCS

Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<Warld>: X
Rotation angle about X axis: 90

£
{
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Figure 2.52 Ellipse trimmed, construction lines deleted, and UCS rotated

: Construct two circles on the new UCS plane. Then set the display to the plan view of
L the current UCS by using the shortcut key [9]. (See Figure 2.53.)

<Design> <Circle> <2 Points>

Command: CIRCLE e A e e e — —_ e e e e . ——— e
3P/2P/TTR/<Center point>: 2P

— First point on diameter: QUA of [Select A (Figure 2.52).]

o Second point on diameter: @25<0

<Design> <Circle> <2 Points>

Command: CIRCLE

3P/2P/TTR/<Center point>: 2P

e First point on diameter: QUA of [Select B (Figure 2.52}.]
f Second point on diameter: @40<180

Command: 9
B, ~~B
N /—“\{/
\\/-\ 7 ’ )
/! Y : /
i F\—"“‘“‘+ il ? l‘ ———T
\___/

Figure 2.53 Two circles constructed, display set

e As shown in Figure 2.54, construct a circle that is tangent to the last two circles and
construct a horizontal line.

<Design> <Circle> <Tan, Tan, Radius>

Command: CIRCLE

3P{2P/TTR/<Center point>: TIR

Enter Tangent spec: [Select A (Figure 2.53).]

Enter second Tangent spec: [Select B (Figure 2.53}.]
Radius: 300

S8
i
b
L
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<Design> <Line>

Command: LINE
From point: 60,0
To point: -60,0
To point: [Enter]

. >
k/<7 \_ i /4>\//
C
D A B
Figure 2.54 Tangent circle and horizontal line constructed

Now use the TRIM command to trim the circles. After trimming, erase the unwanted
horizontal line. Then set the display to-an isometric view. (See Figure 2.55.)

<Modify> <Trim>

Command: TRIM

Select objects: [Select A, B, C, and D {Figure 2.54).]

Select objects: [Enter]

<Select object to trim>/Project/Edge/Undo: [Select A, B, D, E, and F (Figure 2.54).]
<Select object to trim>/Project/Edge/Undo: [Enter]

<Modify> <Erase>

Command: ERASE
Select objects: [Select C (Figure 2.54).]
Select objects:

Command: 8

N —E
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.
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g e
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Figure 2.55 Circles trimmed, line erased, and display set

Arcs A, B, and C (Figure 2.55) are used to form a spline. Select the Join.... item of the
Edit Wireframe cascading menu of the Surface pull-down menu to use the AMJOIN3D
command to join them together into a spline. (See Figure 2.56, the JOIN3D dialog box.)
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There are two joining modes, Manual and Automatic. Manual mode joins wires
regardless of how far apart they are. Using Automatic mode, the maximum distance
between the wires is determined by the Gap Tolerance, which you can set by using the
AMPREFS command. Use Automatic mode. There are three kinds of outputs: polyline,
spline, and augmented line. Select the spline option. Then select the [OK] button. After
that, select the wires to be joined. Now you should see a small triangle at one end of the
first selected wire and a small square box at the last selected wire. The triangle depicts the
direction of the spline and the box indicates the starting point. Accept the default.

<Surface> <Edit Wireframe> <Join...>

Command: AMJCIN3D

T Ml Ao

D e |

Figure 2.56 JOIN3D dialog box

Select start wire: [Select A (Figure 2.55).]

Select wires to join: [Select B and C (Figure 2.55).]
Select wires to join: [Enter]

Reverse? Yes/<No>: [Enter]

After joining, there should be no noticeable change on your screen. However, the
circular arcs are removed and a spline is approximated to the three selected arcs. Now use
the AMVISIBLE command to unhide the hidden elliptical arcs. Then construct a line.
After that, rotate the UCS 90° about the Y axis. (See Figure 2.57.)

<Surface> <Visibility...>
Command: AMVISIBLE
[Unhide  All OK]
<Design> <Line>
Command: LINE

From point: 0,0

To point: @30<80
To point: [Enter]
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<Assist> <UCcs> <Y Axis Rotate>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: Y
Rotation angle about Y axis: 90

Figure 2.57 Elliptical arcs unhidden, line constructed, and UCS rotated

On the new UCS plane, construct an ellipse and a line. (See Figure 2.53.)

<Design> <Ellipse> <Axis, End>

Command: ELLIPSE

Arc/Center/<Axis endpoint 1>: QUA of [Select A (Figure 2.57).]
Axis endpoint 2: QUA of {Select B (Figure 2.57).]

<Other axis distance>/Rotation: INT of [Select C (Figure 2.57).]

<Design> <Line>

Command: LINE

From point: >: QUA of [Select A (Figure 2.57}.]
To point: QUA of [Setect B (Figure 2.57).]

To point: [Enter]

Figure 2.58 Ellipse and line constructed

Use line A to trim ellipse B (Figure 2.58). After trimming, lines A and C (Figure
2.58) are not required. Use the ERASE command to delete them. (See Figure 2.59.)

T
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<Modify> <Trim>

Command: TRIM

Select objects: [Select A (Figure 2.58).]

Select objects: [Enter]

<Select object to tim>/Project/Edge/Undo: [Select B (Figure 2.58).}
<Select object to Fim>/Project/Edge/Undo: [Enter]

<Modify> <Erase>
Command: ERASE

Select objects: [Select A and C (Figure 2.58).]
Select objects: [Enter]

Figure 2.59 Ellipse trimmed and lines deleted

From the Mechanical Main toolbar, select the Surface layer of the Layer Control item
to set the current layer to Surface. Then select the LoftUV item of the Create Surface
cascading menu of the Surface pull-down menu to run the AMLOFTUV command. (See
Figure 2.60.)

[Mechanical Main] [Layer Control]
Current Layer: Surface
<Surface> <Create Surface> <LoftUv>

Command: AMLOFTUV

Select U wires: [Select A, B, and C (Figure 2.59).]
Select U wires: [Enter]

Select V wires: [Select D, E, and F (Figure 2.59).]
Select V wires: [Enter]
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Figure 2.60 Loft uv surface constructed

The surface for one half of the model of the infant toy is complete. Because the wires
are not needed, turn off layer Wire. To construct the other half of the surface model, use
the MIRROR3D command to make a mirror copy of the loft uv surface. (See Figure
2.61)

[Mechanical Main] [Layer Control]

Off Layer: Wire
Current Layer: Surface

<Construct> <3D Translations> <3D Mirror>

Command: MIRROR3D

Select objects: [Setect A (Figure 2.60).]

Select objects: [Enter]

Plane by Object/Last/Zaxis/View/XY/YZ/ZX/<3points>: ZX
Point on ZX plane <0,0,0>: [Enter]

Delete old objects? <N> [Enter]

Figure 2.61 Loft uv surface mirrored

Now the surface model is complete. Save your drawing.
<File> <Save>
In making this model, you constructed wires before making the surfaces. The process

of surface modeling starts from making the wires. However, the first things that come to
your mind when you want to make a surface model are the shape, profiles, and silhouettes
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of the surfaces, but not the wires. Because you need to construct the wires first, you have
to think about how they look. Before you do that, you have to identify what kinds of free-
form surfaces are to be constructed. Once the kinds of surfaces are identified, you can
make the wires. From the wires, you can construct the surfaces.

. In this and other projects in this chapter, you can see that the most tedious job in
surface modeling is the making of the wires and that the making of the surfaces from the
wires is simple. You need only use the appropriate surface construction commands.

2.5 Joy Pad Project

Figure 2.62 shows the rendered image of the surface model of a joy pad. In the last
project, you had to construct only one free-form surface, but in this one, you have to
construct a number of intersecting surfaces and treat the edges.

Figure 2.62 Rendered image of the joy pad

Analysis

Examine Figure 2.63 carefully. Take some time to analyze the model to find out what
surfaces are required, how the edges are formed, and what wires are needed.

Figure 2.63 Surface model of the joy pad

You can see that the edges of the model are rounded. Naturally, they are fillet
surfaces. To illustrate how the model looks without the fillets, the rounded edges of the
mode] are removed. (See Figure 2.64.)
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Figure 2.64 Fillet edges removed

You can see in Figure 2.64 that there are three major features: the main body and two
raised buttons.

The main body has three main surfaces: bottom, side, and top.
 The bottom surface of the model is a trimmed planar surface.

The side wall of the model is an extrude surface.
¢ The top face is a loft u surface.

For each raised button, there are two surfaces.
e The side of the button is an extrude surface.
» The top of the button is a surface offset from the top surface of the main body.

To make the model, you will construct surfaces that are larger than required from
smooth defining wires. Then you will trim the surfaces. Figure 2.65 shows the base
surfaces before trimming.

Figure 2.65 Base surfaces of the surface model

Knowing what base surfaces are required, you can think about the wires. For the
bottom and side surfaces of the main body, you need a wire that resembles the top view
of the model to construct a trimmed planar surface and an extrude surface. For the top
surface of the main body, you need three wires to construct a loft u surface. For the side
surfaces of the buttons, you need a circle and an ellipse to construct two extrude surfaces.
For the top surfaces of the buttons, you offset the top surface of the main body. Figure
2.66 shows the wires needed.
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Figure 2,66 Wires needed to construct the surfaces

Drawing Setup

Start a new drawing and. use-the template drawing that you saved earlier in this chapter. If
you saved a different template file name, browse to locate the file.

<File> <New...>
Command: NEW
[Use a Template

Select a Template: Surf_mdi.dwt
OK 1

Before you make the wires and surfaces, set the related system variables by using the
AMPREFS command.

<Surface> <Preferences...>

Command: AMPREFS

Select [Model Size...] on the Surfaces tab of the Desktop Preferences dialog box.
Then set the model size to 150 mm and select the [OK] button. After that, set the Vector
Length to 5 units. Finally, select the [OK] button to exit.

Bottom and Side Surfaces

c As we have explained, the bottom and side surfaces of the joy pad are constructed from a

o wire that resembles the top view of the model. To make this wire, you will construct a
wire from a series of trimmed circles. Note that you should work on the layer Wire. To
begin, use the CIRCLE command and the MIRROR command to construct four circles as
shown in Figure 2.67. The (120,0) and (120,1) points below define a vertical mirror line.

[Mechanical Main] [Layer Control]

Current Layer: Wire




48

Chapter 2 NURBS Surface Modeling

<Design> <Circle> <Center, Radius>

Command: CIRCLE
3P/2P/TTR/<Center point>; 50,50
Diameter/<Radius>: 30

<Design> <Circle> <Center, Radius>

Command: CIRCLE
3P/2P/TTR/<Center point>: 70,100
Diameter/<Radius>: 30

<Construct> <Mirror>

Command: MIRROR

Select objects: ALL

Select objects: [Enter]

First point of mirror line: 120,0
Second point: 120,1

Delete old objects? N

Figure 2.67 Circles constructed

Now construct two tangent circles. (See Figure 2.68.)

<Design> <Circle> <Tan, Tan, Radius>

Command: CIRCLE

3P/2P/TTR/<Center point>: TTR

Enter Tangent spec: [Select A (Figure 2.67}.]

Enter second Tangent spec: [Select B (Figure 2.67).]
Radius: 150

<Design> <Circle> <Tan, Tan, Radius>

Command: CIRCLE

3P/2P/TTR/<Center point>: TEIR

Enter Tangent spec: [Select C (Figure 2.67).]

Enter second Tangent spec: [Select D (Figure 2.67).]
Radius: 80
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Figure 2.68 Two tangent circles drawn

As in Figure 2.69, use the TRIM command to trim the tangent circles.

<Modify> <Trim>

Command: TRIM

Select objects: [Select A, B, C, and D (Figure 2.68).]

Select objects: [Enter]

<8elect object to trim>/Project/Edge/Undo: [Select E and F (Figure 2.68}.]
<3elect object to trim>/Project/Edge/Undo: [Enter]

S
<
v

g

oo Figure 2.69 Tangent circles trimumed

Now construct two more tangent circles. (See Figure 2.70.)

<Design> <Circle> <Tan, Tan, Radius>

Command: CIRCLE

3P{2P/TTR/<Center point>; TTR

Enter Tangent spec: [Select A (Figure 2.69).]

Enter second Tangent spec: [Select B {Figtire 2.69).]

49
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Radius: 150
<Design> <Circle> <Tan, Tan, Radius>

Command: CIRCLE

3P2P/TTR/<Center point>: TTR

Enter Tangent spec: [Select C (Figure 2.69).]

Enter second Tangent spec: [Select D (Pigure 2.69).]
Radius: 150

Figure 2.70 Two more tangent circles constructed

Trim the two tangent circles as in Figure 2.71.

<Modify> <Trim>

Command:. TRIM

Select objects: [Select A, B, C, and D (Figure 2.70).]

Select objects: [Enter]

<Select object to trim>/Project/Edge/Undo: [Select E and F (Figure 2.70}.]
<Select object to trim>/Project/Edge/Undo: [Enter]
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Figure 2.71 Tangent circles trimmed

Repeat the TRIM command to trim the four circles. (See Figure 2.72.)

<Modify> <Trim>

Command: TRIM
_ Select objects: [Select A, B, C, and D (Figure 2.71).]
Select objects: [Enter]
<Select object to trim>/Project/Edge/Undo: [Select E, F, G, and M (Figure 2.71).]
<Select object to trim>/Project/Edge/Undo: [Enter]

Figure 2.72 Circles trimmed

Now you have eight circular arcs. Together, they represent the top view of the model.
To use these wires for making the bottom surface and side surface, you will join them
into a spline. Select the Join... item of the Edit Wire cascading menu of the Surface pull-
down menu to use the AMJOIN3D command.

<Surface> <Edit Wire> <Join...>
Command: AMJOIN3D
[Join3D

Automatic Spline
OK 1

Select start wire: [Select A (Figure 2.72).]
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Select wires to join: [Select B, C, D, E, F, G, and H (Figure 2.72),]
Select wires to join: [Enter]
Reverse? Yes/<No>: [Enter]

Now you have a spline. You will use it to construct the bottom and side surfaces of
the model. Set the current layer to Surface.

[Mechanical Main] [Layer Control]

Current Layer: Surface

The bottom face of the model is a planar surface with a trimmed edge. To make this
surface, select the Planar Trim item of the Create Surface cascading menu of the Surface
pull-down menu to use the AMPLANE command. After making the surface, set the
display to an isometric view. (See Figure 2.73.)

<Surface> <Create Surface> <Planar Trim>

Command: AMPLANE
Plane/Wires/<First corner>: WIRE
Select wires: [Select A (Figure 2.72).]
Select wires: [Enter]

Command: 8

74 \\\f_]

;

Figure 2.73 Planar surface constructed, display set

The bottom surface of the model is complete. To make the side surface, use the
AMEXTRUDESF command to make an extrude surface. The extrusion height is 50 units
and the taper angle is ~5° The position of the UCS icon tells you that the wire for
extrusion lies on the XY plane. Naturally, the direction of extrusion is Z. (See Figure
2.74.)

<Surface> <Create Surface> <Extrude>

Command: AMEXTRUDESF

Select wires: [Select A (Figure 2.73).]

Select wires: [Enter]

Direction: Viewdir/Wire/X/Y/Z/<Start point>: Z

Distance: 50

Flip/<Accept>: [Accept if the direction arrow is pointing upward.]
Taper angle: -5
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Figure 2.74 Extrude surface constructed

An extrude surface is constructed. To round off the edge between the extrude surface

- and the planar surface, use the AMFILLETSF command. After you select two surfaces, a

dialog box appears. (See Figure 2.75.)

The Fillet Surface dialog box has three areas: Trim, Fillet Type, and Radii. The Trim
area enables you to decide whether to trim the first selected surface, the second selected
surface, or both surfaces. Here, trim both surfaces.

A fillet surface has an arc-shaped cross section. The Fillet Type area enables you to
decide which type of fillet surface to construct. If you select the Variable box, you can
select either Linear or Cubic. The fillet radii of a linear variable fillet change linearly, and
the fillet radii of a cubic variable fillet change cubically from one end to the other.
Because the surfaces selected for making a fillet may not have the same edge length, you
can choose to extend the fillet surface to the longer edge by selecting the Extended box.
In some situations, surfaces selected for filleting may have been trimmed. To construct
the fillet surface in accordance with the original untrimmed surface, use the Base Surface
box. Here, specify a constant fillet radius of 5 units in the Radii area. (See Figure 2.75.)

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select A (Figure 2.74).]
Select second surface: [Select B (Figure 2.74).]
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Figure 2.75 Fillet Surface dialog box _ . . | D

[Trim First Surface
Second Surface

Fillet Radius 5

OK |

Figure 2.76 Fillet surface created

Top Surface

Now you will work on the top surface. As we have said, it is a loft u surface that builds
on three splines. Set the current layer to Wire. Then construct three splines by using the
SPLINE command and the COPY command. (See Figure 2.77.)

[Mechanical Main] [Layer Control]
Current Layer. Wire
<Design> <Spline>

Command: SPLINE
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First Enter Enter Enter Start End
Point Point Point Point Tangent | Tangent
0,0,20 | 120,0,30 | 240,0,20 | [Enter] | [Enter] [Enter]

<Construct> <Copy>

Command: COPY

Select objects: L

Select objects: [Enter]

<Base point or displacement>/Multiple: 0,80,5
Second point of displacement: [Enter]

<Construct> <Copy>

Command: COPY

Select objects: L

Select objects: [Enter]

<Base point or displacement>/Multiple: ,80,-5
Second point of displacement: [Enter]

Figure 2,77 Spline constructed, splines copied

The wires for the top surface are complete. Set the current layer to Surface. Then use
the AMLOFTU command. This command enables you to construct a surface from a set
of curves at regular intervals. It brings up a dialog box. (See Figure 2.78.)

Select the Align box to adjust the direction of selected wires to make them
unidirectional. Select the Smooth box to fit the input wires to reduce the complexity of
the surface created. Select the Respace box to adjust any poorly proportioned curve ends.
Finally, select the [OK] button. A loft u surface is constructed. (See Figure 2.79.)

[Mechanical Main] [Layer Controi]

Current Layer: Surface

<Surface> <Create Surface> <LoftU...>
Command: AMLOFTU

Select U wires: [{Select A, B, and C (Figure 2.77).]
Select U wires: [Enter]
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Figure 2.79 Loft u surface constructed

Now use the AMFILLETSF command to form a fillet surface between the top and
side surfaces. Because the two surfaces intersect, there are four possible fillet surfaces,
depending on where you select the surfaces. Here, select the central part of the loft
surface and the lower part of the extrude surface. (See Figure 2.80.)

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select A (Figure 2.79).]
Select second surface: [Select B (Figure 2.79).]

[Trim  First Surface
Second Surface

Fillet Radius 5

OK ]
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[ Figure 2.80 Fillet surface between the top and side surfaces constructed

Compare your drawing with Figure 2.80. If the fillet surfaces are not the same, you
o have probably selected the wrong places on the surfaces while filleting. If so, undo the
- operation and try again.

. Now the surfaces for the main body are complete. Use the AMVISIBLE command to
. hide all objects except the top surface. {See Figure 2.81.)

L <Surface> <Visibility...>
Command: AMVISIBLE

L [Objects

¢ Hide Selectes )
o Select objects to hide: ALL
Select objects to hide: R

: Remove objects: [Select A (Figure 2.80}.]
S Remove objects: [Enter]

[OK ]

Figure 2.81 All objects except the top surface hidden
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Raised Buttons

As we have said, each raised button consists of an extrude surface and a surface offset
from the top surface. Set the current layer to Wire. Then construct a circle and an ellipse.

(See Figure 2.82.)

[Mechanical Main] [Layer Controi]
Cumrent Layer: Wire

<Design> <Circle> <Center, Radius>

Command: CIRCLE
3P/2PTTR/<Center point>: 50,50
Diameter/<Radius>; 20

<Design> <Ellipse> <Center>

Command: ELLIPSE
Arc/Center/<Axis endpaint 1>: C
Center of ellipse: 170,75

Axis endpoint: @30<30

<Other axis distance>/Rotation; 25

Figure 2.82 Circle and ellipse constructed

The wires for the raised buttons are complete. Set the current layer to Surface.

[Mechanical Main] [Layer Controi]

Current layer: Surface

To retain the top surface after an offset surface is constructed from it, set the system
variable DELOBJ to 0.

Command: DELOBJ
New value for DELOBJ: 0

Now use the AMOFESETSF command.
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<Surface> <Create Surface> <Offsat>

Command: AMOFFSETSF
Select surfaces: [Select A (Figure 2.82).]
Select surfaces: [Enter]

As shown in Figure 2.82, the normal vector of the top surface is pointing upward.
Therefore, the offset surface at 6 units’ distance is constructed above the original surface.

e Offset distance: 6

Figure 2.83 Offset surface constructed

While you are making the raised buttons, the top surface of the main body is not
required. Use the AMVISIBLE command to hide it.

<Surface> <Visibility...>
b Command: AMVISIBLE

[Objects
Hide Select< ]

Select objects to hide: [Select A {Figure 2.83).]
Select objects to hide: [Enter}

oK ]

You need two offset surfaces, one for each raised button. To make a second offset
surface, use the COPY command.

<Construct> <Copy>

Command: COPY

Select objects: [Select B (Figure 2.83).]
Select objects: [Enter]

<Base point or displacement>/Mulitiple: 0,0
Second point of displacement: [Enter]

After copying, you should not see any visual difference on your screen, because the
original and the copied offset surfaces reside at the same location. Now use the
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AMEXTRUDESF command to construct two extrude surfaces from the circle and ellipse.
After making the extrude surfaces, use the shortcut key [2] to obtain a two-viewport

Chapter 2 NURBS Surface Modeling

display. (See Figure 2.84.)

Figure 2.84 Top surface hidden, offset surface copied, extrude surfaces constructed, and display set

Now use the AMFILLETSF command to fillet and trim a copy of the offset surface
and the extrude cylindrical surface. Then repeat the command to fillet and trim another
copy of the offset surface and the extrude elliptical surface.

<Surface> <Create Surface> <Extrude>

Command: AMEXTRUDESF

Select wires: [Select C and D (Figure 2.83).]
Select wires: [Enter]

Direction: Viewdir/Wire/X/Y/Z/<Start point>: Z
Distance: 50

Flip/<Accept>: [Accept if the direction arrow is pointing upward.]

Taper angle: -6

Command: 2

]

<Surface> <Create Surface> <Fijjlet...>

Command: AMFILLETSF
Select first surface: [Select A (Figure 2.84).)
Select second surface: [Select B {Figure 2.84).]

[Trim First Surface
Second Surface

Fillet Radius 1

oK ]

Command: [Enter]

AMFILLETSF

Select first surface: [Select C (Figure 2.84).]
Select second surface: [Select D (Figure 2.84).]

[Trim  First Surface
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Second Surface
Fillet Radius 14
oK ]

Return to a single isometric display by using the shortcut keys [1] and [8]. (See
Figure 2.85.)

Command: 1

Command: 8

Figure 2.85 Fillet surfaces constructed on the raised buttons, display set

Tum off layer Wire and unhide the hidden top surface. (See Figure 2.87.)

[Mechanical Main] [Layer Control]

Off layer: Wire
Current layer:  Surface

<Surface> <Visibility...>
Command: AMVISIBLE

[Object
Unhide Selecte |

After you select the [Select<] button, all the hidden objects appear. (See Figure 2.86.)
Select the top surface.
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—

Figure 2.86 Hidden surfaces displayed for selection

Select objects to unhide: [Select A (Figure 2.86).]
Select objects to unhide: [Enter]

oK ]

Figure 2.87 Top surface unhidden

Now the top surface of the main body is complete. To construct fillet surfaces
between the side surfaces of the raised buttons and the top surface of the main body,
apply the AMFILLETSF command. (See Figure 2.88.)

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select A, the upper end of the extrude surface (Figure 2.87).]
Select second surface: [Select B {Figure 2.87).]

[Trim  First Surface
Second Surface

Fillet Radius 1

CK ]

Command: [Enter]

AMFILLETSF
Select first surface: [Select C, the upper end of the extrude surface (Figure 2.87).)

Select second surface: [Select B (Figure 2.87).]

IR
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[Trim  First Surface
Second Surface

Fillet Radius 1

QK ]

Figure 2.88 Fillet surfaces between the raised buttons and top surface constructed

Complete Model

To display all the hidden surfaces, use the AMVISIBLE command. (See Figure 2.89.)
The surface model for the joy pad is complete. Save your drawing.

<Surface> <Visibility...>

Command: AMVISIBLE

[Object Unhide All
OK ]

Figure 2.89 All surfaces unhidden

<File> <Save>

File name: Joypad.dwg

e In constructing the model, you have learned how to construct smooth wires for
' making smooth surfaces, treat the intersection of surfaces by filleting, construct a planar
surface, and generate an offset surface.
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2.6 Desktop Visualization Tools

Mechanical Desktop has a set of visualization tools so you can visualize your 3D model.
Now you will use them to visualize the joy pad model. To see how they work, select the
Toolbars... item of the View pull-down menu to use the TOOLBAR command to bring
out the appropriate toolbars. (See Figure 2.90.)

<View> <Toolbars...>

Command: TOOLBAR

R L [} Fh-Wie Motion Swfs.. . 3

Figure 2.90 Toolbars dialog box

In the Toolbars dialog box, select the DESKTOP item of the Menu Group pull-down
box. Then select the Desktop View, zFly-Rotations, and zFly-Toggle Shading items of
the Toolbars scroll box. After that, select the [Close] button. (See Figure 2.91.)

AL

J @ ml ol s o] |ECBEEEREE

Figure 2.91 Desktop View, zFly-Rotations, and zFly-Toggle Shading toolbars

The Desktop View toolbar is a comprehensive toolbar that incorporates six zFly
toolbars: zFly-Rotations, zFly-Toggle Shading, zFly-Pan, zFly-Zoom Dynamic, zFly-
Standard Views, and zFly-Restore View#1. It performs all the tasks that the six toolbars
do. Here, you will use the zFly-Rotations and zFly-Toggle Shading toolbars.

Pynamic Rotation

Select the first icon from the left of the zFly-Rotations toolbar (Dynamic Rotation) to use
the AVROTATE command. This command enables you to rotate the display in real time.

[zFly-Rotations] {Dynamic Rotation}
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Command: AVROTATE
Press pick button and move cursor to rotate [Enter to exit]

Now hold down your left mouse button and move the mouse around. On your screen,
you can see that the object rotates. After rotating the view to a selected position, press the
[Enter] key. Now return to an isometric view by using the shortcut key [8].

Command: 8

Toggle Shading

To select objects for toggle shading, select the Select Objects item of the Z-Fly Toggle
Shading toolbar.

[Z-Fly Toggle Shading] [Select Ohjects]

Command: AVSELECT
. Belect objects: {Select all the surfaces.]
Select objects: {(Enter]

Select the second icon from the left of the zFly-Toggle Shading toolbar (Display
Shaded) to shade the display. This command enables you to get a rendered view quickly.
{See Figure 2.92.)

[zFly-Toggle Shading] [Display Shaded]

Figure 2.92 Display shaded

While the model is shaded, you can select the Dynamic Rotation icon of the zFly-
Rotations toolbar to get a real-time rotated rendering. To return to a wireframe display
mode, select the fourth icon from the left of the zFly-Toggle Shading toolbar (Display
Wireframe).

[2Fly-Toggle Shading] [Display Wireframe]

To quickly toggle between shaded display and wireframe display, you can select the
first icon from the left of the zFly-Toggle Shading toolbar (Toggle Shading/Wireframe).



66 - Chapter 2 NURBS Surface Modeling
{zFly-Toggle Shading] [Toggle Shading/Wireframe]

To obtain a wireframe display with hidden lines removed, select the fifth icon from
the left of the zZFly-Toggle Shading toolbar (Display Hidden Lines). (See Figure 2.93.)

[zFly-Toggle Shading] [Dispiay Hidden Lines]

Figure 2,93 Hidden lines removed

By using the visualization tools of Mechanical Desktop, you can inspect your 3D
object dynamically while constructing the model.

2.7 Mobile Phone Project

Now you will work on the surface model of the upper casing of a mobile phone. Figure
2.94 shows the rendered image; Figure 2.95 shows the surface model.

Figure 2.94 Rendered image of the mobile phone casing
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Figure 2.95 Surface model of the mobile phone

Analysis

As in Figure 2.95, this mobile phone model has three main features: main body, earpiece,
and button and display panel openings. :

The main body of the model consists of a number of surfaces: side, top, and fillet
surfaces. Because the fillet surfaces have variable fillet radii, your approach will be
different from that of the last project. Instead of constructing the sides of the model as a
single surface, you will construct a number of individual surfaces. With individual side
surfaces, you can construct a number of variable radii fillet surfaces. Figure 2.96 shows
the top and side surfaces before filleting.

Figure 2.96 Top and side surfaces

To make the earpiece, you will construct an offset surface from the top surface and
use two wires to trim the top surface and the offset surface. After trimming, you will add
a rule surface at the trimmed edges. Finally, you will cut the button openings by using a
number of wires. Figure 2.97 shows the wires required to make the main body, the
earpiece, and the button openings. :



68 Chapter 2 NURBS Surface Modeling

Figure 2.97 Wires required to construct the mobile phone

DPrawing Setup

Start a new drawing. Use Surf mdl.dwt as the template._ Then use the AMPREFS
command to set the model size to 150 millimeters and the vector length to 5 units.

<Fijle> <New...>
<Surface> <Preferences...>
Side Surfaces

The sides of the model are a number of sweep surfaces. To construct these surfaces, you
will construct a number of wires on layer Wire.

[Mechanical Main) [Layer Control]

Current Layer: Wire

Select the Rectangle item of the Design pull-down menu to use the RECTANG
command to construct a rectangle with rounded comers. Then use the shortcut key {F] to
fit the rectangle to the display view. (See Figure 2.98.)

<Dasign> <Rectangle>

Comman.!;: RECTANG
Chamfer/Elevation/Fillet/Thickness/Width/<First corner>; F

Fillet radius for rectangles: 12
Chamfer/Elevation/Fillet/Thickness/Width/<First corner>: -23,-65
Other corner: @46,130

Command: F

B
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Figure 2.98 Rectangle with rounded comners constructed

Use the EXPLODE command to decompose the rectangle, which is a closed polyline,
into eight lines and arc segments. You will use these segments as rails for making sweep
o surfaces. After exploding, set the display to an isometric view by using the shortcut key
[8]. Then set the Z axis of the UCS at (1,0) of the current UCS. (See Figure 2.99.)

<Modify> <Explode>

Command: EXPLODE
o Select objects: [Select A {Figure 2.98).]
S Select objects: {Enter]

Command: 8

<Assist> <UCS> <Z Axis Vector>

Command; UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/PreviRestore/Save/Del/?/<World>, ZAXIS
Origin point <0,0,0>: [Enter]

Point on positive portion of Z-axis: 1,0

B
&

(/_.;‘ r,_/
.

o
~L

Figure 2.99 Rectangle exploded, UCS rotated
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Use the ARC command to construct an arc. You will use it as the cross section for the
sweep surfaces. (See Figure 2.100.)

<Design> <Arc> <Start, Center, Angle>

Command: ARC

Center/<Start point>: END of [Select A (Figure 2.99}.]
Center/End/<Second point>. C

Center: @60,3

Angle/Length of chord/<End point>: A

tnciuded angle: -35

Figure 2.100 Arc constructed

The wires for the side surfaces are complete. Set the current layer to Surface.

[Mechanical Main] [Layer Control]

Current Layer: Surface

The sides of the main body of the mobile phone are sweep surfaces. A sweep surface
is constructed by sweeping one or more cross sections along one or two rails.

Select the Sweep item of the Create Surface cascading menu of the Surface pull-down
menu to use the AMSWEEPSF command. Use the arc as the cross section and a segment
of the rectangle as the rail. (See Figure 2.101, the Sweep Surface dialog box.) There are
three ways to define the cross section in relation to the rail: Normal, Parallel, or
Direction. Select Normal orientation and then the [OK] button.

<Surface> <Create Surface> <Sweep>

Command: AMSWEEPSF

Select cross sections: [Select A (Figure 2.100}.]
Select cross sections: [Enter]

Select rails: [Select B (Figure 2.100).]

Select raiis: [Enter]
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Figure 2.101 Sweep Surface dialog box

Now repeat the AMSWEEPSF command to construct another sweep surface. (See
& Figu:e 2.102.)

<Surface> <Create Surface> <Sweep>

Command: AMSWEEPSF

Select cross sections: [Select A (Figure 2.100).]
Select cross sections: [Enter]

Select rails: [Select C (Figure 2.100).]

Select rails: [Enter]

[Normal OK ]

Figure 2.102 Sweep surfaces constructed

Repeat the AMSWEEPSF command. Then use the MIRROR3D command to make a
mirror copy of the two sweep surfaces. (See Figure 2.103.)

<Surface> <Create Surface>" <Sweep>

e Command: AMSWEEPSF

Select cross sections: [Select A (Figure 2.102).]
Select cross sections: [Enter]

Select rails: [Select B (Figure 2.102).]

Select rails; [Enter]

[Normal QK ]
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<Construct> <3D Transitions> <3D Mirror>
Command: MIRROR3D

Select objects: [Select C and D (Figure 2.102).] o
Select objects: [Enter]
Plane by Object/Last/Zaxis/View/XY/YZ/ZX/<3points>: YZ
Point on YZ plane <0,0,0>:[Enter]

Delete old objects? <N> [Enter]

Figure 2.103 A sweep surface constructed and two sweep surfaces mirrored

Now you have five sweep surfaces. Because the mobile phone is symmetrical about
its own axis, you will construct the remaining sweep surfaces at a later stage by
mirroring.

Top Surface

Now you will work on the top surface. It is also a sweep surface. You will construct two
wires. Set the current layer to Wire. Then construct two splines. (See Figure 2.104.)

[Mechanical Main] [Layer Control]

Current Layer: Wire

<Design> <8pline>

Command: SPLINE

First | Enter | Enter | Enter | Enter | Enter | Enter Start End
Point | Point | Point | Point | Point | Point | Paint Tangent | Tangent
70,15 | 40,20 | 10,15 | -30,15 | 60,12 | -70,10 | [Enter] | [Enter] | [Enter]
Command: SPLINE

First Enter Enter Enter Start End

Point Point Point Point Tangent | Tangent

70,5,35 | 70,15,0 | 70,5,-35 | [Enter] | [Enter] [Enter]
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Figure 2,104 Splines constructed

the AMSWEEPSF command to construct a sweep surface. (See Figure 2.105.)

[Mechanical Main] [Layer Controi}

Current Layer: Surface

<Surface> <Create Surface> <Sweep>

Command: AMSWEEPSF

Select cross sections: [Select A (Figure 2.104}.]
Select cross sections: {Entet]

Select rails: [Select B (Figure 2.104).]

Select rails: {Enter]

[Normal oK 1

Figure 2.105 Sweep surface constructed

The wires for the top surface are complete. Set the current layer to Surface. Then use
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Fillet Surfaces

As shown in Figure 2.105, the top surface intersects with the side surfaces. To treat the
intersecting surfaces, you will construct five fillet surfaces. While filleting, you will trim
only the side surfaces and not the top surface. To trim the top surface, you will copy the
edges of the fillet surfaces and use them as trimming wires.

While filleting, you should select the surfaces in sequence according to which surface
you want to trim. If you follow the delineation below to select the side surface first and
then select the top surface, you should trim the first surface, but not the second.

Now run the AMFILLETSF command to create a constant fillet surface.

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select B (Figure 2.105).]
Select second surface: [Select A (Figure 2.105).}

[Trim  First Surface
Filet Radius 5
OK ]

The second fillet surface is a variable fillet. It varies linearly from 5 units to 4 units.
In selecting the surfaces, take great care to ensure that you select a point near the edge of
the surface where you put the start fillet radius.

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select C (Figure 2.105).]
Select second surface: [Select A (Figure 2.105).]

[Trim  First Surface

Fillet Type: Variable Linear
First edge: 5

Second edge: 4

OK }

Now construct the third fillet. It is a cubical variable fillet that changes from 4 units to
6 units.

<Surface> <Create Surface> <Filtet...>

Command: AMFILLETSF
Select first surface: [Select D (Figure 2.105).]
Select second surface: [Select A (Figure 2.105).]

[Trim First Surface

Fillet Type: Variable Cubic
First edge: 4

Second edge: 6

OK ]
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Figure 2.106 Three fillet surfaces constructed

Check your drawing against Figure 2.106. If the fillet surfaces are not the same, you
probably selected the wrong places on the surfaces while filleting. If so, undo the
operation and try again. Before you fillet the remaining edges, set the display to a back
right isometric view. (See Figure 2.107.)

<View> <Model Views> <Back Right Iso>

Figure 2.107 Display set to back right isometric

Use the AMFILLETSF command to constrict a cubic variable fillet.

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface; [Select B (Figure 2.107).]
Select second surface: [Select A (Figure 2.107}.]

[Trim  First Surface

Fillet Type: Variable Cubic
First edge: 6

Second edge: 7
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OK ]
Use the AMFILLETSF command to construct a constant-radius fillet.

<Surface> <Create Surface> <Fillet...>

Command: AMFILLETSF
Select first surface: [Select C (Figure 2.107).]
Select second surface: [Select A (Figure 2.107).]

[frim  First Surface
Fillet Radius 7
OK ]

Now check your drawing against Figure 2.108.

Figure 2.108 Two fillet surfaces constructed

Main Body

Because the phone is symmetrical about its Y axis, use the MIRROR3D command to
mirror three fillet surfaces and three side surfaces. (See Figure 2.109.}

<Construct> <3D Transitions> <3D Mirror>

Command: MIRROR3D

Select objects: [Select A, B, C, B, E, and F (Figure 2.108).]
Select objects: [Enter]

Plane by Object/Last/Zaxis/View/XY/YZ{ZX/<3points>: XY
Point on XY plane <0,0,0>; [Enter]

Delete old objects? <N> [Enter]
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Figure 2.109 Side and fillet surfaces mirrored

-~ -—-- - Theside and fillet surfaces are complete. Now use the GROUP command to put all

the entities except the top surface into an entity group called S1 so that you can select
them all at once.

<Construct> <Group...>
Command: GROUP

[Group name: 81
Selectable: Yes
New< i

Select objects for grouping:

Select objects: ALL

Select objects: R

Remove objects: [Select A (Figure 2.109).]
Remove objects: [Enter]

oK 1]
Use the shortcut key [5] to set the display to top view. (See Figure 2.110.)

Command: 5
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Figure 2.110 Top view

To trim the top surface, you need to copy the edges from the fillet surfaces. Set the
current layer to Wire.

[Mechanical Main] [Layer Control]

Current Layer: Wire

Use the AMEDGE command to copy the upper edges of the fillet surfaces. As you
copy, some green wires will appear at the selected edges. They are the copied wires
residing on layer Wire.

<Surface> <Create Wireframe> <Copy Edge>

Command: AMEDGE

Copy edge/Output/Show nodes/Untrim/<Extract loop>: OUTPUT
Polyline/<Spline>: [Enter]

(Output = Spline)

Copy edge/Output/Show nodes/Untrim/<Extract loop>: COPY

Select surface edge: [Select A, B, C, D, E, F, G, and H (Figure 2.110).]
Select surface edge: [Enter]

To see the copied edges clearly, run the AMVISIBLE command to hide the entity
group S1. (See Figure 2.111.)

<Surface> <Visibility...>
Command: AMVISIBLE

[Cbjects
Hide Selects ]

Select objects {o hide: G
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Enter group name: $1
Select objects to hide: [Enter]

oK ]

-B
AlC
‘_‘—_‘*‘--——“_.._———471—_}
_— A

Figure 2.111 Edges copied, entity gronp S1 hidden

Using the copied edges as wires to project, nun the AMPROJECT command to trim
the top surface. Select the central part of the surface, because you have to retain this
portion of the surface after trimming. (See Figure 2.112, the Project To Surface dialog
box.) Direction is Normal to surface and Output Type is Trim surface. (See Figure 2.113.)

<Surface> <gdit Surface> <Project Trim...>

Command: AMPROJECT

Select wires to project: [Select A, B, C, D, E, F, G, and H (Figure 2.111).]
Select wires to project: [Enter]

Select target surfaces: [Select J (Figure 2.111).]

Select target surfaces: [Enter]
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mal lo suface 3

S ]

% [

Figure 2.113 Top surface trimmed

The main body of the mobile phone surface model is complete.

Earpiece

The earpiece consists of an opening in the top surface and two additional surfaces: an
offset surface and a rule surface. To cut a hole and make these surfaces, you need to
construct two wires. Set the UCS to World. Then use the ELLIPSE command to construct
two ellipses. (See Figure 2.114.)

<Assist> <UCs> <World>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/PreviRestore/Save/Dell?/<World>: W

<Design> <Ellipse> <Center>

Command: ELLIPSE
Arc/Center/<Axis endpoint 1>; C
Center of ellipse: 0,40
Axis endpoint: @15<0
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<Other axis distance>/Rotation: 12
<Design> <Eilipse> <Center>

Command: ELLIPSE
Arc/Center/<Axis endpoint 1>: C
Center of ellipse: 0,40

Axis endpoint: @11<0

<QOther axis distance>/Rotation: 8

-

Figure 2.114 UCS set, ellipses constructed

Use the shortcut key [8] to set the display to an isometric view. (See Figure 2.115.)

Command: 8

A

Figure 2,115 Display set to an isometric view

81

To make the earpiece. you have to derive an offset surface that resides in the minus Z
direction of the top surface. Before you use the AMOFFSETSF command, you have to do
two things: check the normal direction of the top surface and set the system variable

DELOBI.
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Examine the normal direction of the top surface. (See A in Figure 2.115.) It should
point in the positive Z direction. If not, use the AMEDITSF command to reverse the
normal direction.

The system variable DELOBJ determines whether the original surface is deleted after
an offset surface is created from it. To keep the original top surface, set DELOBJ to 0.

Command; DELOBJ
New value for DELOBJ: 0

Now set the current layer to Surface. Then use the AMOFFSETSF command to make
an offset copy of the top surface. (See Figure 2.116.)

[Mechanical Main] [Layer Confrol]
Current Layer: Surface

<Surface> <Create Surface> <Offset>
" Command: AMOFFSETSF
Select surfaces: [Select A (Figure 2.115).]
Select surfaces: [Enter]
Offset distance: -3

Figure 2.116 Offset surface constructed

Now use the larger ellipse to project and trim the upper, original surface. Select the
edge of the surface to cut an elliptical hole. (See Figure 2.117.)

<Surface> <Edit Surface> <Project Trim...>

Command: AMPROJECT

Select wires to project: [Select A {Figure 2.1186}.]
Select wires to project: [Enter]

Select target surfaces: [Select B (Figure 2.116).]
Select target surfaces: [Enter]

[Direction: Normal to UCS
Outputtype:  Trim surface
OK ]
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Figure 2.117 Elliptical hole cut in the top surface

S Repeat the AMPROJECT command to trim the offset surface. Select a point directly
8 above the smaller ellipse so that an elliptical surface is retained after trimming. (See
Figure 2.118.)

<Surface> <Edit Surface> <Project Trim...>

Command: AMPROJECT

Select wires to project: [Select A (Figure 2.117).]
Select wires to project: [Enter]

S Select target surfaces: [Select B (Figure 2.117).]
R Select target surfaces: [Enter]

o [Direction: Normat to UCS

4o Output type:  Trim surface
P OK ]

2.118 Elliptical hole cut, elliptical surface constructed

To complete the earpiece, use the AMRULE command to produce a rule surface that

- runs between the trimmed edges of the top surface and the offset surface. (See Figure
2.119.)

o <Surface> <Create Surface> <Rule>

Command: AMRULE
Select first wire: [Select A (Figure 2.118).]
Select second wire: [Select B (Figure 2.118}.]
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Figure 2,119 Rule surface constructed

The earpiece is complete. As noted above, a trimmed surface consists of a base
surface and a trimmed boundary. To display the base surfaces of the top surface and the
offset surface, select the Surface Display... item of the Surface pull-down menu. (See

Figure 2.120, the Individual Surface Display dialog box.) Select the Show Base Surface

box and then the [OK] button. (See Figure 2.121.)

<Surface> <Surface Display...>

Command: AMDISPSF
Select surfaces: [Select A and B (Figure 2.118).]
Select surfaces: [Enter]

Figure 2.120 Individual Surface Display dialog box

e
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Figure 2.121 Base surfaces of the top and ‘offset surfaces

As in Figure 2.121, the base surfaces are much [arger than those required to define the
. profile and silhouettes of the surfaces. To reduce the memory size of the drawing file, you
i can reduce the base surfaces by truncation. Select the Truncate item of the Edit Surface
cascading menu of the Surface pull-down menu.
N <Surface> <Edit Surface> <Truncate>
e Command: AMEDITSF

iy Select surfaces: [Select A and B (Figure 2.119).]
o Select surfaces: [Enter]

After truncating, use the REDRAW command to refresh the screen. Then use the
AMDISPSF command to display the base surfaces again. (See Figure 2.122.)

Command: REDRAW

<Surface> <Surface Display...>

Figure 2.122 Base surfaces truncated

Panel and Button Openings

To complete the model, construct a series of wires to cut a number of openings. Set the
current layer to Wire. Then construct a rectangle with rounded corners and construct 15
ellipses in 5 rows and 3 columns. (See Figure 2.123.)
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[Mechanical Main] [Layer Control]
Current Layer: Wire
<Design> <Rectangle>

Command: RECTANG

Chamfer/Elevation/Fillet/ Thickness/Width/<First corner>: F
Fillet radius for rectangies: 4
Chamfer/Elevation/FilletThickness/Width/<First corner>: -14,2
Other comer: @28,20

<Design> <Ellipse> <Center>

Command: ELLIPSE
Arc/Center/<Axis endpoint 1>: C
Center of ellipse: -12,-10

Axis endpoint: @5<0

<Other axis distance>/Rotation: 3

<Construct> <Array> <Rectangular>

Command: ARRAY

Select objects: L

Select objects: [Enter]

Rectangular or Polar array (<R>/P). R
Number of rows (-—): 5

Number of columns {f|): 3

Unit cell or distance between rows (). -10
Distance between columns (||]): 12

Figure 2,123 Wires for the panel and button openings

Project the wires to trim the upper surface. (See Figure 2.124.)

<Surface> <Edit Surface> <Project Trim...>

Command: AMPROJECT

Select wires to project: [Select the rectangle and the ellipses.]
Select wires to project: [Enter]

Select target surfaces: [Select A (Figure 2.123}.]

Select target surfaces: [Enter]

e

e

i

R

Iy
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[Direction: Normal to UCS
Output type:  Trim surface
oK ]

Figure 2,124 Panel and button openings cut

Unhide all the hidden surfaces. Then set the current layer to Surface and turn off Iayer
Wire. (See Figure 2.125.)

<Surface> <Visibility...>
Command: AMVISIBLE

{Unhide Al OK]

{Mechanical Main] ILayer Controf]

Off Layer: Wire
Current Layer: Surface

Figure 2,125 Completed model

The mobile phone model is complete. Save your drawing.

<File> <Save>

File name: Phone.dwg
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In making tlns model, you constructed a number of intersecting surfaces. Because the
top 'surface of the mobile phone intersects with more than one side surface, you did not
trim it while filleting. You trimmed only the side surfaces. Then you copied the trimmed
edges of the fillets. After that, you used the wires to project and trim the top surface. To
construct the earpiece, you constructed offset surfaces rather than offsetting wires and
generating the surfaces from the offset wires.

2.8 Surface Modeling Utilities

NURBS surface models are ideal 3D free-form objects stored in a computer for use in
manufacturing processes. With a NURBS surface model, you can output flow lines,
parting lines, cross sections, and augmented lines.

Add an additional layer called Uty and set it as the current layer. You will construct
flow lines, parting lines, cross sections, and augmented lines on this layer.

_ _<Assist>  <Format> <Layer...>
Command: LAYER

[New Layer: UTY
Current Layer: UTY
CK ]

Flow Lines

Flow lines are U- and V-wire meshes representing a surface in two orthogonal directions.
In making the mesh, you can specify any number of U- and V-wires, regardless of the
current UV display line number or UV patch line number.

Run the AMFLOW command to see how the flow lines look. (See Figure 2.126, the
Surface Flow Lines dialog box.) Set the numbers of U-Wires and V-Wires to 10. Then
select the Save box and the [OK] button. (See Figure 2.127.)

<Surface> <Create Wireframe> <Flow...>

Command: AMFLOW
Select surfaces: [Select the top surface.]
Select surfaces: [Enter]
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Figure 2.126 Surface Flow Lines dialog box

FLOwW LINES COPIED ASIDE\

SoFLOw LINES
Figure 2.127 Flow lines created and copied aside

As you can see, the flow lines do not include the edges of the surface. If you need the
edges as well, use the AMEDGE command.

Like the edges of a surface, the resulting flow lines can be treated as ordinary wires

for defining a surface, trimming a surface, or projecting onto a surface to obtain other
wires. If you need the wires, you should save them. In addition to setting the wire mesh
density, you can output offset flow lines. Offset flow lines are much the same as flow
lines generated from an offset surface. If you want a set of wires offset at a distance from
a given surface, you do not have to make an offset surface for outputting flow lines.
Instead, you can specify an offset distance while making the flow lines.

Parting Lines

When you use a NURBS surface model in mold making, you need a parting line to split
the surface model into two halves. To obtain a parting line, you simply use the
AMPARTLINE command. (See Figure 2.128.)

<Surface> <Create Wireframe> <Parting Line>



. Command: AMPARTLINE
© Select surfaces: [Select all the surfaces.]
Select surfaces: [Enter]
Direction: Viewdir/Wire/X/Y/Z/<Start point>: Z

PARTING LINE COPIED ASIDE

PARTING LINE

Figure 2,128 Parting lines created and copied aside

Section Lines

Flow lines are wires on a single surface. If you want to generate a cross section across a
set of surfaces, use the AMSECTION command. This command outputs a series of wires
at regular intervals. In addition to using the sections as wires, you can use them to verify
and check your design, and as tool paths for machining the surface.

Set the UCS to a new orientation.

<Assist> <UCcs> <Z Axis Vector>

Command: UCS
Origin/2Axis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: ZAXIS
Origin point <0,0,0>: [Enter]

Point on positive portion of Z-axis: 1,0

Use the AMSECTION command to generate a section line across the surface model.
(See Figure 2.129, the Surface Cross Sections dialog box.) Enter a value of 100 in the
Stop box and select the [Define<] box to set the initial plane. After selecting the surfaces
and returning to the Surface Cross Sections dialog box, select the [OK] button. (See
Figure 2.130.)

<Surface> <Create Wireframe> <Section Cuts...>

Command: AMSECTION
Select surfaces: ALL
Select surfaces: [Enter]
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_ _Figure 2,129 Surface Cross Sections dialogbox =

Locate UCS origin: 0,0,-50

SELTION LINES COPIED ASIDE

L
§

L Figure 2.130 Section lines created and copied aside

Augmented Lines

Advanced 5-axis machines have two more cutting-tool motions available in addition to X,
| Y, and Z movements. These are rotational motions about the X axis and the Y axis.
' Naturally, simple 3D tool paths from the U and V flow lines or the section lines do not
provide adequate information to these machines.

To meet such a need, you can generate augmented lines from the surface model.

Augmented lines are polylines with normal vectors along them. Use the AMAUGMENT
command. (See Figure 2.131.)

<Surface> <Create Wireframe> <Augmented Lines>

Command: AMAUGMENT
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(Angle = 0, Distance = 0, Spacing = Optimal)
Angle/Distance/Spacing/<sElect surface wire>: 8
Step/Vertices/<Optimai>: §

Step: 3

{Angle = 0, Distance = 0, Spacing = Step)
Angle/Distance/Spacing/<sElect surface wire>: [Select A (Figure 2.130).]
Angle/Distance/Spacing/<sElect surface wire>: [Enter]

Figure 2.131 Augmented lines created

If you compare your drawing with Figure 2.131, the lengths of the augmented lines
may not be the same. To change their lengths, you can use the AMSURFVARS
command before making the augmented lines, or you can edit the augmented lines later.

The defanlt directions of the vectors on the augmented lines are 0°, that is, normal to
the surface. To meet practical needs, you may edit these vectors.

Set the system variable DELOBJ to 1 so that the original augmented line is deleted
after editing.

Command: DELOBJ
New value for DELOBJ: 1

Now run the AMEDITAUG command to change the vector length and to rotate the
vectors. (See Figure 2.132.)

<Surface> <Edit Wireframe> <Vector Length>

Command: AMEDITAUG

Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: N
Select augmented lines: [Select the augmented line.]

Select augmented lines: [Enter)

Normal length: 10

<Surface> <Edit Wireframe> <Rotate Vectors>

Command: AMEDITAUG

Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: R
Planef<Angle>: A

Angle: 45

All/Range/<Select vector>: ALL

Select augmented line: {Select the augmented line.]

Select augmented line: [Enter]
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Figure 2.132 Augmented lines edited

Mass Properties

A surface has no thickness. Therefore, you cannot ask the computer to calculate the mass
property of a surface unless you assign a thickness-to itt——— - =~~~

Suppose the thickness of this mobile phone casing is 1.5 units and the density of the
material used to make it is 2. Use the AMSURFPROP command to find out the properties
of this model shell.

<Surface> <Utilities> <Mass Properties>

Command: AMSURFPROP

Select surfaces: [Select all the surfaces.]

Select surfaces: [Enter]
Density/Thickness/tYpe/<Calculate properties>: D
Density: 2

Density/Thickness/tYpe/<Calculate properties>: T
Thickness: 1.5

Density/Thickness/tYpe/<Calculate properties>: Y
Shell/<Enclosed model>. §
Density/Thickness/tYpe/<Calculate properties>: [Enter]

Depending on the setting of the system variable CMDDIA, the result is displayed at
the prompt line or in the dialog box. The following messages appear at the command line

if the CMDDIA setting is 0:
) ; .
- L ceremanemeneres SURFACES  <rescrommmnrares
Type: Shell
Thickness: 1.5
y Density: 2
[ Area: 8227.3122
E . Mass: 24681.9367

' If the CMDDIA setting is 1, a dialog box similar to the one shown in Figure 2.133
I appears.
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Figure 2.133 AutoSurf Mass Properties dialog box

Import and Export

In pursuing a project that involves making a surface model, you may have to input data
from or output data to other applications. Depending on the compatibility of other

applications with Mechanical Desktop, you may be able to use the IGESIN command for - -

inputting and use the IGESOUT command for outputting.

Command: IGESIN

Figure 2.134 Autodesk IGES Translator R14.0 - IGESIN dialog box

Command: IGESOUT

b
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Export to 3D Studio Max and STL Format

To get a photo-realistic image from a surface model, you can output in 3DS format by
using the EXPORT command. Before exporting, set the FACETRES variable to adjust
the facet resolution. A value of 10 gives the highest resolution.

Command: FACETRES
New value for FACETRES: 10

<File> <Export...>

Command: EXPORT

In the Export Data dialog box, select 3D Studio as the output file type. Then you can
import the file to 3D Studio Max by selecting the Import... itern of the File pull-down
menu. After a NURBS surface is imported to the 3D Studio Max environment, you can
output the model in STL format by selecting the Export... item of the File pull-down
menu. In the Select File to Export dialog box, set the output file type to STL. (STL will
be explained in Chapter 3.)

2.9 Operation on Solids

There are two kinds of solids: native solids constructed by using AutoCAD commands
and parametric solids constructed by using Mechanical Desktop commands. Solids are
usually regular in shape. To add free-form features to a solid model, you can use a surface
to cut a solid. A surface that is used to cut a solid must have all its boundary edges lying
outside the boundary of the solid. In this chapter, you will use surfaces to cut native
solids. In the next chapter, you will use surfaces to cut parametric solids.

To explore the concept of using surfaces to cut native solids, you will work on three
projects: a remote control casing, a helical spring, and a bevel gear.
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Remote Control Casing

Figure 2.136 shows the rendered image of the solid model of the casing of a remote
control. This model consists of three major features: a native solid conmstructed by
extruding a 2D region, a top face that is a free-form surface, and a fillet edge. You will
construct a native solid by extruding a 2D region. Then you will construct a free-form
surface and use the surface to cut the solid. After that, you will fillet an edge of the solid.
Figure 2.137 shows the extrude solid and the free-form surface.

Figure 2.136 Rendered image of the casing of aremote control .

Figure 2.137 Extrude solid and free-form surface

Start a new drawing. Use the template Surf_mdl.dwt. Then use the LAYER command
to add a new layer Solid.

<File> <New...>
<Assist> <Format> <Layer...>

Command: LAYER

[Layer

Name Calor Linetype

0 White Continuous
Solid Cyan Continuous
Surface Red Continuous
Wire Green | Continuous
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Current Layer: Wire

oK ]

Now save the current drawing as a template drawing file for use in this project and in
the other two solid modeling projects. Then save it as a drawing.

<File> <Save As...>

Command: SAVEAS

[File name: Surfsol.dwt
Save as type: Drawing Template File {*.dwt)
Save ]

[
S

<File> <Save As...>

Command: SAVEAS "o omrmmmem mn 0t

[File name: Rmotel.dwg
Save as type: AutoCAD R14 Drawing (*.dwg)
Save ]

The current working layer is Wire. Construct a set of wires as shown in Figure 2.138.
Do not include dimensions and center lines in your drawing. After constructing the wires,
use the REGION command to convert the four circular arcs into a region.

Command: REGICN
Select objects: [Select A, B, C, and D (Figure 2.138).]
Select objects: [Enter]

Figure 2.138 Dimensions of the wires

Set the display to an isometric view and set the current layer to Solid. Then select the
Extrude item from the Solids cascading menu of the Design pull-down menu to use the
EXTRUDE command to extrude the 2D region into an extrude solid. (See Figure 2.139.)

Command: 8
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[Mechanical Main] [Layer Controi]
Current layer:  Solid

<Design> <Solids> <Extrude>
Command: EXTRUDE

Select objects: LAST

Select objects: [Enter]

Path/<Height of Extrusion>: 30
Extrusion taper angle: 5

Figure 2.139 Extrude solid constructed

Now you have the solid model of the main body of the remote control. Set the current
layer to Wire and construct two splines. They define the cross section and rail of a sweep
surface. (See Figure 2.140.)

[Mechanical Main] [Layer Control]
Current layer: Wire
<Design> <Spline>

Command: SPLINE

First Point Enter Point Enter Point | Enter Start End
Point Tangent | Tangent

-40,-40,5 -40,0,15 -40,40,5 [Enter] [Enter] [Enter]

-40,0,15 25,0,20 90,0,15 [Enter] [Enter] [Enter]
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Figure 2.140 Splines constructed

Set the current layer to Surface. Then use the AMSWEEPSF command to construct a
sweep surface. (See Figure 2.141.)

[Mechanical Main] [Layer Control]

Current layer: Surface
: <Surface>  <Create Surface> <Sweep>

Command: AMSWEEPSF

Select cross sections: [Select A (Figure 2.140).]
Select cross sections: [Enter]

Select rails: [Select B (Figure 2.140).]

Select rails: [Enter)

[Normal OK ]

Figure 2.141 Sweep surface constructed

S The sweep surface for cutting the solid is complete. Note that all its boundary edges

- 5 must lie outside the boundary of the solid that is to be cut. Now use the AMSOLCUT

command. (See Figure 2.142.) To cut a solid with a surface, you must decide which side

s of the solid is to be removed. In Figure 2.142, the arrow indicates the portion of the solid
that is to be cut away.

Dy <Surface>  <Edit Solid>
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Command: AMSOLCUT
Select solid to cut: [Select A (Figure 2.141).]
Select surface; [Select B (Figure 2.141).]

Figure 2,142 Arrow indicating the direction of solid removal

Portion to remove: Flip/<Accept>: [F {if the direction arrow is pointing downward) or A (if
the direction arrow is pointing upward).]

After cutting, the wires and the surface are not needed. Set the current layer to Solid
and turn off layers Wire and Surface. (See Figure 2.143.)

{Mechanical Main) [Layer Control]

Off layers: Surface, Wire
Current layer:  Solid

Figure 2,143 Solid cut by the surface

After cutting a solid with a surface, you can add other solid features. Use the FILLET
command to round off the upper edge. (See Figure 2.144.)

<Modify> <Fillet>

Command: FILLET

Polyline/Radius/Trim/<Select first object>: [Select A (Figure 2.143).]
Enter radius: 10

Chain/Radius/<Select edge>: C

Edge/Radius/<Select edge chain>: [Select A (Figure 2.143).]
Edge/Radius/<Select edge chain>: [Enter]
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Figure 2.144 Edges filleted

The solid model is complete. Save your drawing.
<File> <Save>

As we said earlier, a solid can be converted into a number of surfaces. To see how this

__ is done, use the AM2SF command. (See Figure 2.145.)

<Surface> <Create Surface> <From ACAD>

Command: AMZSF

Face/<Objects>: O

Select objects: [Select A (Figure 2.144).]
Select objects: [Enter]

Figure 2.145 Solid converted into a set of surfaces

Save your drawing with another file name.

<File> <Save As...>

File name: Rmote2.dwg

Now you have two drawing files: a solid model and a surface model. In constructing
the model, you learned that a surface can be used to cut a solid, a cut solid can be further
modified, and a solid can be converted into a set of surfaces.

Coil Spring

Figure 2.146 shows the rendered image of the solid model of a helical coil spring. To
construct this solid model, you will construct a helical surface by sweeping. The cross
section of sweeping is circular and the rail of sweeping is generated from an augmented
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line. Then you will construct a solid box. After that, you will use the surface to cut the
solid. Figure 2.147 shows the helical surface and the solid box.

Figure 2.147 Solid and helical sweep surface

As in Figure 2.147, the solid is a simple box. Its base area is slightly larger than the
top view of the spring, and its height is equal to the height of the spring. The helical
surface is a sweep surface constructed by sweeping a circular cross section along a rail
defined by an augmented line. (See Figure 2.148.)

i

ALY
TRINT

\

Yy Yy

I

-

Figure 2.148 Circular cross section and augmented line
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= Start a new :drawing from the template drawing that you saved in the preceding
E .
- project.

<File> <New...>

Command: NEW

P [Use a Template
S Select a Template: Surfsol.dwt
OK |

You will construct an augmented line for use as a rail of the sweep surface. To set the
default augmented line vector length, use the AMPREFS command.

<Surface> <Preferences...>

: Command: AMPREFS

t [Surfaces
Aug Vector Length: 5
OK |

The free length of the coil spring is 32 units, its pitch is 7 units, its wire diameter is 2
units, and its mean diameter is 14 units. For the boundary edges of the surface to lie
L outside the solid, which should be 32 units in height, you will construct a helical sweep
surface with a total free length of 35 units instead of 32 units.

. The current layer is Wire. Use the LINE command to construct a line. Then set the
display to an isometric view. (See Figure 2.149.)

<Design> <l ine>

Command: LINE
From point: 0,0,-1.5
To point: @0,0,35
To point: [Enter]

Command: 8

3 Figure 2.149 Line constructed
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For a free length of 35 units, there will be seven coils. Suppose you want to place 12

control points for each coil; you need 84 control points. Use the AMREFINE3D
command to refine the line into 84 control points.

<Surface> <Edit Wireframe> <Refine>

Command: AMREFINE3D

Select lines or polylines: [Select A (Figure 2.149).]
Select lines or polylines: [Enter]
Points/<Taolerance>: P

Points: 84

To convert the line to an augmented line, use the Add option of the AMEDITAUG
command. (See Figure 2.150.)

<Surface> <Edit Wireframe>  <Augment Polyline>
Command: AMEDITAUG
Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: ADD
Select lines or polylines: {Select A (Figure 2.149).]
Select iines or polylines: [Enter]
Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: [Enter]

e

1=

Figure 2.150 Vectors added

Because there are seven coils and each coil rotates 360°, twist the vectors of the
augmented line 2520°. (See Figure 2.151.)

<Surface> <Edit Wireframe> < Twist Vectors >

Command: AMEDITAUG

Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: TWIST
Tctal angle: 2520

Range/<All>: ALL

Select augmented line: [Select A {(Figure 2.150).]

Select augmented line: [Enter]

Add vectors/Blend/Copy/Normal length/Rotate/Twist/<eXit>: [Enterj

e
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Figure 2.151 Vectors twisted

The rail for the sweep surface is complete. Now rotate the UCS 90° about the X axis
and construct a circle. (See Figure 2.152.) '

<Assist> <UCSs> <X Axis Rotate>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: X
Rotation angle about X axis: 90

<Design> <Circle> <Center, Radius>
Command: CIRCLE

3P/2P/TTR/<Center point>: 7,0
Diameter/<Radius>: 1

RTTRTY
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Figure 2,152 UCS rotated, circle constructed

Set the current layer to Surface. Using the circle as a cross section and the augmented
line as a rail, use the AMSWEEPSF command to construct a sweep surface. (See Figure
2.153))

[Mechanical Main] [Layer Control]

Current Layer: Surface
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<Surface> <Create Surface> <Sweep>

Command: AMSWEEPSF

Select ¢cross sections: [Select A (Figure 2.152).]
Select cross sections: [Enter}

Select rails: [Select B {Figure 2.152).}

Select rails: [Enter]

[Normal OK ]
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Figure 2.153 Sweep surface constructed

Set the current layer to Solid and turn off layer Wire. Then set the UCS to World and

construct a solid box.

[Mechanical Main] [Layer Controi]

Off layer: Wire
Current Layer: Solid

<Assist> <UCSs> <World>

Command: UGS
OrigianAxislSpoinUOBjecWielefY!ZfPreleestorefSave!Dell?l<Worid>: w

<Design> <Solids> <Box> <Corner>

Command: BOX

Center/<Cormer of box>: -10,+10,1
Cube/Length/<other corner>: 10,10,1
Height: 32

Use the shortcut key [6] to set the display to a front view. (See Figure 2.154.)

Command; 6
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Figure 2.154 Solid box constructed

To cut the solid with the surface, use the AMSOLCUT command. Note the direction
" of material removal, as shown in Figure 2,155.

<Surface> <Edit Solid>

Command: AMSOLCUT
Selfect solid to cut: {Select A (Figure 2.154).]
Select surface: [Select B (Figure 2.154).]

Figure 2.155 Direction of solid removal

Portion to remove: Flip/<Accept>: [A (if the arrow is the same as that shown in Figure
2.155.)]
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Figure 2.156 Solid cut by surface

To display the silhouette of the solid coil spring, set DISPSILH to 1. Then regenerate
the display. (See Figure 2.157.)

Command:— DiSbSiLH
New value for DISPSILH: 1

Command: REGEN

Figure 2,157 Silhouette displayed

The solid model of a coil spring is complete. Save your drawing.

<File> <Save>

File name: Coil.dwg

In making this model, you learned how to use an augmented line as a rail for
sweeping and how to use a surface to cut a solid.

Bevel Gear

Figure 2.158 shows the rendered image of the solid model of a bevel gear. The main body
of this solid model is a solid of revolution, and the teeth are constructed by cutting with
free-form surfaces. Figure 2.159 shows the solid model.
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Figure 2,158 Rendered image of the bevel gear

Figure 2.159 Solid model of the bevel gear

To make the gear teeth, you first make a rule surface to define the profile of a tooth.
Then you array the rule surface about the axis of the solid. Finally, you cut the solid with
the surfaces. Figure 2.160 shows the surfaces and the solid of revolution.

Figure 2.160 Rule surfaces and solid of revolution

Start 2 new drawing. Use the template Surf_mdl.dwt.
<File> <New...>
Using the dimensions shown in Figure 2.161, construct a set of wires on layer-Wire.

Do not include the dimensions in your drawing. While making the wires, note the
position of the origin. Your drawing should resemble Figure 2.162.
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Figure 2.162 Wires constructed

Lengthen line A (Figure 2.162) by 1 unit. (See Figure 2.163.)

<Modify> <Lengthen>

Command: LENGTHEN
DElta/Percent/Total/DYnamic/<Select object>: DE
Angle/<Enter delta length>: 1

<Select object to change>/Undo: [Select A (Figure 2.162).]
<Select object to change>/Undo: [Enter]}

Figure 2.163 Line A lengthened
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Now construct a line. (See Figure 2.164.)

<Design> <line>

Command: LINE

From point: END of [Select A (Figure 2.163).]
To point: END of [Select B {Figure 2.163).]
To point: [Enter]

cE Figure 2.164 Line drawn

. To complete the set of wires, fillet a corner with zero radius and erase a line. (See
- Figure 2.165.)

- <Modify> <Fillet>

Command:. FILLET
L Polyline/Radius/Trim/<Select first object>: R
S Enter fillet radius: 0

Command: [Enter]

FILLET

Polyline/Radius/Trim/<Select first object>: [Select A (Figure 2.164).]
Select second object: [Select B (Figure 2.164).]

<Modify> <Erase>

Command: ERASE
Select objects: {Select C (Figure 2.164).}
Select objects: [Enter]

Figure 2.165 Corner edited, line erased
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The set of wires is complete. Use the REGION command to convert them into a
region. Then set layer Solid as the current layer. Afier that, use the REVOLVE command
to revolve the region about its lower edge to a solid. (See Figure 2,166.)

Command: REGION
Select objects: [Select all the wires (Figure 2.165).]
Select objects: [Enter]

[Mechanical Main] [Layer Controi]
Current layer: Solid

<Design> <Solids> <Revolve>
Command: REVOLVE

Select objects: LAST
Select objects: [Enter]

oo ——_Auis of revolution.- Object/X/Y/<Start point of axis>: X

Angle of revolution <full circle>: [Enter]

(N

Figure 2.166 Region formed, solid revolved

Change the UCS origin to a new position. (See Figure 2.167.)

<Assist> <UCSs> <QOrigin>

Command: UCS

Origin/ZAxis/3point/OBject/View/X/Y/Z/PreviRestore/Save/Del/?/<World>: O

Origin point: 4,0

g
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Figure 2,167 UCS origin changed

B Change the display to a left isometric view. Then change the UCS orientation again.
: (See Figure 2.168.)

0 <View> <Model Views> <l.eft Isometric>

<Assist> <UCSs> <Z Axis Vector>

. Command: UCS

Do Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: ZAXIS
S Origin point: 0,0,0

Point on positive portion of Z-axis: -1,0,1

ST

Figure 2.168 Display changed to left isometric, UCS changed

s Set the current layer to Wire and turn off layer Solid. Then use the shortcut key [9] to
) set the display to the plan view of the current UCS. After that, construct a set of wires.
(See Figure 2.169.)

[Mechanical Main] [Layer Control]

Off layer: Solid
Current layer:  Wire

Command: 9
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<Design> <Line>

Command: LINE
From point: 0,0

To point: @6.2<86
To point: [Enter]

<Design> <Arc> <3 Points>

Command: ARC
Center/<Start point>: [Enter]
End point: @1.4,2.2

<Design> <Line>

Command: LINE
From point: 0,0

To point: @6.2<94
To point: [Enter]

<Pesign> <Arc> <3 Points>
Command: ARC

Center/<Start point>: [Enter]
End point: @-1.4,2.2

<Design> <Circle> <Center, Radius>

Command: CIRCLE
3P/2P/TTR/<Center point>: 0,0
Diameter/<Radius>: 6.2

Figure 2.169 Layer Solid tumed off, wires constructed on layer Wire

Edit the wires. (See Figure 2.170.)
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<Modify> <Trim>

Command: TRIM

Select objects: [Select A and B (Figure 2.169).]

Select objects: [Enter]

<Select object to trim>/Project/Edge/Undo: [Select C (Figure 2.169).]
<Select object to trim>/Project/Edge/Undo: [Enter]

<Surface> <Edit Wireframe> <Fillet>

Command: AMFILLET3D

Radius/Trim/<Select first cbject>: R

Radius: 0.2

Radius/Trim/<Select first object>: [Select A (Figure 2.169).]
Radius/Trim/<Select second object>: [Select D (Figure 2.169).]

Command: {Enter]

AMFILLET3D

Radius/Trim/<Select first object>: [Select B {Figure 2.169).]

Radius/Trim/<Select second object>: {Select D (Figure 2.169).] Tt T
<Modify> <Erase>

Command: ERASE
Select objects: {Select E and F (Figure 2.169).]

Select objects: [Enter]
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Figure 2.170 Wires edited

Join the wires so that they become a polyline. Then make a copy and scale down the
S copied polyline. (See Figure 2.171.)

: I <Surface> <Edit Wireframe> <Join...>»

Command: AMJOIN3D

F [Join3D

g Mode: Automatic
o Output: Polyline
S OK ]

Select start wire: [Select A (Figure 2,170).]
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Select wires to join: [Select B, C, D, and E (Figure 2.170).]
Select wires to join: [Enter]
Reverse? Yes/<No>: [Enter]

<Construct> <Copy>

Command: COPY

Select objects: [Select A (Figure 2.170).]
Select objects: [Enter]

<Base point or displacement>/Muitiple: 0,0
Second point of displacement: [Enter]

<Modify> <Scale>

Command: SCALE

Select objects: [Select A (Figure 2.170).]
Select objects: [Entet]

Base point: 0,7.5

<Scale factor>/Reference: 1/3

I E—

Figure 2.171 Wires joined and copied, copied wire scaled

Move the scaled wire. Then set the display to a left isometric view. (See Figure
2.172.)

<Construct> <Move>

Command: MOVE

Select objects: [Select A (Figure 2.171).]
Select objects: [Enter]

Base point or displacement: 0,0,-3
Second point of displacement: [Enter]

<View> <Model Views> <Left Isometric>

(T
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B -

f Figure 2,172 Scaled wire moved, display set

Lk Set the current layer to Surface. Then construct a rule surface. (See Figure 2.173.)
[Mechanical Main] [Layer Control]
T T T T T Curment layer: Surface

<Surface> <Create Surface> <Rule>

Command: AMRULE
Select first wire: [Select A (Figure 2.172).]
Select second wire: [Select B (Figure 2.172).]

£
A

Figure 2.173 Rule surface constiucted

Set the UCS to a new position. Then array the rule surface. (See Figure 2.174.)

<Assist> <Ucs> <World>

Command: UCS
Origin/ZAxis/3pointfOBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: W

<Assist> <UCs> <Z Axis Vector>
Command: UCS

Origin/ZAxis/3poinYOBject/View/X/Y/Z/PreviRestore/Save/Del/ 7/<World>: ZAXIS
Qrigin point <0,0.0>: [Enter]
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Point on positive portion of Z-axis: -1,0
<Construct> <Array> <Polar>

Command: ARRAY

Select objects: [Select A {Figure 2.173).]
Select objects: [Enter]

Rectangular or Polar array (<R>/P): P
Base/<Specify center point of array>: 0,0
Number of items: 10

Angle to fill (+=ccw, -=cw) <360>: [Enter]
Rotate objects as they are copied? <Y> [Enter]

Figure 2.174 UCS changed, rule surface arrayed

[Mechanical Main] [Layer Control]

Off fayer: Wire
Current layer: Solid

Command: 9

Turn on layer Solid, make it the current layer, and turn off layer Wire. Then use the
shortcut key [9] to set the display to a plan view. (See Figure 2.175.)

e
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Figure 2.175 Layer Wire tumned off, layer Solid turned on, and display set

Now use the AMSOLCUT command to cut the gear teeth. (See Figure 2.176.)

<Surface> <Edit Solid>

Command: AMSOLCUT
Select solid to cut: [Select A (Figure 2.175).]
Select surface: [Select B (Figure 2.175).]

Figure 2,176 Solid removal direction

Portion to remove; Flip/<Accept>: [A (if the arrow direction is the same as that shown in
Figure 2.176}]

Repeat the AMSOLCUT command nine more times to use surfaces C, D, E, F, G, H,
J,K, and L (Figure 2.175) to cut solid A (Figure 2.175). (See Figure 2.177.)
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Figure 2.177 Gear teeth cut

Now set the display to a left isometric view. (See Figure 2.178.)

- - <View> . <Mode! Views> —..... <Left Isometric>

Figure 2.178 Display set to left isometric view

To complete the model, you will cut a hole in the bevel gear. Construct a cylinder. i
(See Figure 2.179.)

<Design> <Solids> <Cylinder> <Center>

Command: CYLINDER

Elliptical/<center point>: CEN of [Select A (Figure 2.178).]
Diameter/<Radius>: 1.5

Center of other end/<Height>: -6
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L
e
.
b Figure 2.179 Cylinder constructed
(7
b To use the cylinder to cut a hole, run the SUBTRACT command. (See Figure 2.180.)

. _ ... . <Modify> <Boolean> <Subfract>

Command: SUBTRACT
il Select solids and regions to subtract from...
a Select objects: [Select A {Figure 2.179).]
Select objects: [Enter]
D Select solids and regions to subtract...
Lo Select objects: {Select B (Figure 2.179).]
: Select objects: [Enter]

Figure 2.180 Cylinder subtracted from the solid model

The bevel gear is complete. Save your drawing.

<File> <Save>

Command: Bevel.dwg

In making this model, you have learned how to use a set of surfaces to cut a solid.
Thus, you should realize that you can use a number of surfaces to cut a solid. To reiterate,
s a surface must have all its boundary edges outside the solid that is to be cut.
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2.10 Scale Model Car Project 1

Now that you have learned various surface modeling tools and utilities, you will work on
a surface modeling project, a scale model car. The main focus of this project is on real-
world engineering applications. A car body has been chosen here because it has many
free-form surfaces. To construct them in the computer, you must be able to perceive and
identify the kinds of surfaces and to visualize the defining wires of the surfaces. By
working on this project, you will further enhance your understanding of surface
modeling.

Figure 2.181 shows the rendered image of the body of a 1/10 scale radio-controlled
model car that you are going to construct. Take some time to study this rendered image
and think about what 3D surfaces must be constructed, what 3D wires are required to
generate the 3D surfaces, and how the 3D surfaces are put together.

Figure 2.181 Rendered image of the body of a 1/10 scale radio-controtled model car

Analysis

The car body has six surfaces: main body, left and right front fenders, left and right rear
fenders, and greenhouse. Because the model is symmetrical about its longitudinal axis,
you need to make only four surfaces — main body, left front fender, left rear fender, and
greenhouse —— and to mirror the left front and rear fenders to produce the right front and
rear fenders. (See Figure 2.182.)

Figure 2.182 Surface model of the body of a 1/10 scale radio-controlled model car
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(7 For you to see the surfaces of the car more clearly, they are exploded apart and shown
b in Figure 2.183.

Figure 2.183 Exploded view of the 3D surfaces

| As shown in Figure 2.183, the surfaces of the model are trimmed surfaces with
L irregular edges. To make them, you have to construct smooth base surfaces with smooth
defining wires. The base surfaces are shown in Figure 2.184.

Figure 2.184 Exploded view of the untrimmed base surfaces

Figures 2.185 through 2.188 show the trimmed surfaces, base surfaces, and wires of
the four major parts of the model.
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Figure 2.185 Trimmed surface, base surface, and wires of the main body

DRV

Figure 2.186 Trimmed surface, base surface, and wires of the greenhouse

=9 M

Figure 2.187 Trimmed surfaces, base surfaces, and wires of the front fenders

1 L
€U i

S

Figure 2.188 Trimmed surfaces, base surfaces, and wires of the rear fenders

Drawing Setup

Start a new drawing. Use the template Surf_mdl.dwt. Then use the AMPREFS command
to set preferences. From the Surfaces tab of the Desktop Preferences dialog box, select
the [Model Size...] button to bring up the Approximate Model Size dialog box. Then set
the model size to 3000 millimeters and select the [OK] button. On returning to the
Surfaces tab of the Desktop Preferences dialog box, set Vector length to 10 units and then
select the [OK] button.
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<File> <New...>

<Surface> <Preferences...>

Use the LAYER command to construct four additional layers: Body, Front, Rear, and
Top. Then set layer Body as the current layer.

<Assist> <Format> <Layer...>
Drawing setup is complete.

Main Body

Figure 2.189 shows the top view of the main body of the model car. Basically, you can
use the silhouette of this view as a cross section and sweep it along two rails, one
representing the longitudinal cross section at the front and the other representing the

_longitudinal cross section at the rear. However, a closed loop is not allowed in multiple-

rails sweeping. Because the model is symmetrical about its central plane, this silhouette is
broken into two and a sweep surface will be constructed to represent half of the surface of
the body. To complete the main body, you will mirror the sweep surface and join it to the
New one.

Figure 2.189 Top view of the main body

As we have said, to produce smooth surfaces, you need to use smooth splines. There
are three ways to construct smooth splines: use the SPLINE command and input a
number of points to define the spline, use the AMJOIN3D command to join a number of
line and arc segments to form a spline, and use the AMFITSPLINE command to fit a wire
into a spline. Using use the SPLINE command is the most direct way to make a spline.
However, the input points are difficult to define and the profile of the output spline is
hard to control. Using the AMJOIN3D command or the AMFITSPLINE command, you
can better control the form and shape of the spline by constructing lines, arcs, polylines,
or 3D polylines.

Now construct a number of line and arc segments, then join them into a spline to
define the cross section of a sweep surface.

Using the dimensions shown in Figure 2.190, construct a series of arc and line
segments. Do not include the dimensions in your drawing.
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Figure 2.190 Cross section wires to be constructed on the XY plane

To construct a spline from the line and arc segments, use the AMJOIN3D command.

<Surface>

Command: AMJOIN3D

[Join3D
Mode:
Qutput:
OK

Select start wire: [Select A (Figure 2.190).]

Automatic

Spline

]

<Edit Wireframe>

<Join...>

Select wires to join: [Select B, C, D, E, and F (Figure 2.190).]
Select wires to join: [Enter]
Reverse? Yes/<No>: [Enter]

After you select the wires, a small square and a triangle appear in your display. They
- -indicate the start point and the direction of the spline, respectively. Accept the default.

Because the default setting of the DELOBI variable is 1, the line and arc segments are

Command: 8

<Design>

Command: SPLINE

<Spline>

First Enter Enter Enter Enter Start End
Point Point Point Point Point Tangent | Tangent |
.80,0,0 | -90,0,12 [ -76,0,32 | 50,0,77 [Enter] | [Enter] [Enter]

erased. Now you have a spline for defining the cross section of the sweep surface. Use the
shorteut key [8] to set the display to an isometric view. Then use the SPLINE command
to construct a spline to be used as one of the sweeping rails. (See Figure 2.191.)

o

o

{f-w_-_-—,-—-,-,e
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Figure 2,191 Display set to isometric view, spline constructed

Use the LINE command to construct two line segments. (See Figure 2.192.)

<Desig n> <Line>

Command: LINE
From point: 210,0,82
To point: @200,0,-15
To point; [Enter]

Command: {Enter]
LINE

From point; 340,0,0
To point: @-15,0,200
To point: [Enter]

N
e

{
N

Figure 2,192 Two lines constructed

127

Form a fillet comer between lines A and B (Figure 2.192). To construct the fillet, you
can use either the FILLET or the AMFILLET3D command. AMFILLET3D is a
Mechanical Desktop command that enables you to construct a fillet regardless of the

current UCS. Use the AMFILLET3D command. {See Figure 2.193.)

<Surface> <Edit Wireframe> <Fillet>

Command: AMFILLET3D
Radius/Trim/<Select first object>: R
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Radius: 30
Radius/Trim/<Select first object>: {Select A (Figure 2.192).]
Radius/Trim/<Select second object>: [Select B {Figure 2.192).]

Figure 2.193 3D fillet constructed o

Now use the AMJOIN3D command to join wires A, B, and C (Figure 2.193) to form -
a spline to define the second rail for the sweep surface. There will be no noticeable
change on your screen. After joining, set the current layer to Surface. Then construct a
sweep surface. (See Figure 2.194.)

<Surface> <Edit Wireframe> <Join...>
Command: AMJOIN3D
{Join3D

Automatic Spline ,
OK ] 2

Select start wire: [Select A (Figure 2.193).] it
Select wires to join: [Select B and C (Figure 2.193}.]
Select wires to join: (Enter]

Reverse? Yes/<No>: [Enter]

[Mechanical Main] [Layer Control]
Current layer: Surface
<Surface> <Create Surface> <Sweep>

Command. AMSWEEPSF

Select cross sections: [Select E (Figure 2.193).]
Select cross sections: [Enter]

Select rails: [Select D (Figure 2.193).]

Select rails: [Select A (Figure 2.193).]

T
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Figure 2.194 Sweep Surface dialog box

3 In the Sweep Surface dialog box (Figure 2.194), there are two transition methods for a
= two-rail sweep surface. As the cross section develops along the rails, you can choose to
scale the cross section uniformly in all directions or to stretch it in a direction across the
rails.
To see the difference between scale sweeping and stretch sweeping, try stretch
sweeping first (see Figure 2.195), then undo the surface, and finally perform scale
sweeping.

Figure 2.195 Stretch sweeping

Undo the AMSWEEPSF command with the stretch option and use the AMSWEEPSF
command with the scale option. (See Figure 2.196.)

<Edit> <Undo>

<Surface> <Create Surface> <Sweep>




130

Figure 2.196 Scale sweeping

Compare Figure 2.195 and Figure 2.196 to see the difference between stretch
sweeping and scale sweeping. The scale option scales the wire uniformly as a function of

the distance between the two rails. The stretch option stretches the wire in a_direction_ .

defined by the two rails. Here you will use the scale option (Figure 2.196) for the required
surface.

Half of the surface for the main body is complete. Turn off layer Body. Then use the
MIRROR3D command to construct the other half of the surface. (See Figure 2.197.)

[Mechanical Main] [l.ayer Control]

Off layer: Body
Current layer. Surface

<Construct> <3D Translations> <3D Mirror>

Command: MIRROR3D

Select objects: [Select A (Figure 2.196).]

Select objects: [Enter]

Plane by Object/Last/Zaxis/View/XY/YZ/ZX/<3points>: ZX
Point on ZX plane; 0,0,0

Delete old objects? <N> [Enter]

Figure 2.197 Sweep surface mirrored
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» [ To complete the main body of the model car, use the AMJOINSF command to join
the sweep surfaces together. (See Figure 2.198.) Note that surfaces can be joined only at
their untrimmed edges.

<Surface> <Edit Surface> <Join>

b Command: AMJOINSF
L ’ Select surfaces to join: [Select A and B (Figure 2.197).]
Select surfaces to join: [Enter]

Figure 2,198 Sweep surfaces joined together

To smoothen the surface, you can refine it by using the AMREFINESF command.
Before using this command, use the AMDISPSF command to display the control points
of the surface. (See Figure 2.199, the Individual Surface Display dialog box.) Select the
Show Control Points box and then the [OK] button to see the control points. (See Figure
2.200.)

<Surface> <Surface Display...>

Command: AMDISPSF
Select surfaces: [Select A (Figure 2.198).)
Select surfaces: [Enter]

Figure 2.199 Individual Surface Display dialog box
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Figure 2.200 Control points displayed

Command: R
<Surface> <Edit Surface> <Refine>

Command: AMREFINESF

Select surfaces: [Select the surface.]
Select surfaces: [Enter]

Uv patches/<Tolerance>: T
Tolerance: 0.1

<Surface> <Surface Display...>
Command: AMDISPSF
Select surfaces: [Select the surface.]

Select surfaces: [Enter]

[Show Controi Points
OK 1

Figure 2.201 Control points refined

Refresh the display by using the shortcut key [R]. Then use the AMREFINESF
command to refine the surface. There are two ways to refine a surface: You can adjust the
number of u and v patches or adjust the system tolerance. Here, set the tolerance to 0.1.
To display the control points again, use the AMDISPSF command. {See Figure.2.201.) .
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Compare Figure 2.200 with Figure 2.201. Note the difference between the sets of
control points. The base surface of the main body of the model car is complete. Now you
will work on the front fenders.

Front Fenders

There are two front fenders. They are sweep surfaces. They are alike and symmetrical
about the central plane of the model car. Set layer Front as the current layer. Then use the
UCS command to rotate the UCS 90° about the X axis. After that, construct a polyline.
(See Figure 2.202.)

[Mechanical Main} fLayer Control]
Current layer: Front
<Assist> <UCS> <X Axis Rotate>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/PreviRestore/Save/Del/?/<World>: X
Rotation angle about X axis: 90

<Design> <Polyline>

Command: PLINE

From point: 38,0,100

Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @12<90
Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: A
Angle/CEnter/ClL.ose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/
<Endpoint of arc>. @76<180
Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/
<Endpoint of arc>: L

Arc/Close/Haifwidth/Length/Undo/Width/<Endpoint of line>: @12<270
Arc/Ciose/Halfwidth/Length/Undo/Width/<Endpoint of line>: [Enter)

Figure 2.202 UCS rotated, polyline constructed

As we have explained, there are three ways to make a spline. Here, you will use the
AMFITSPLINE command to fit the polyline to a spline. (See Figure 2.203, the Fit Spline
dialog box.) Accept the default setting and select the [OK] button to exit. Because the
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system variable DELOBYJ is set to 1, the original polyline that is used to fit the spline is
deleted. Now you have a spline instead of a polyline.

<Surface> <Edit Wireframe> <Spline Fit...>

Command: AMFITSPLINE
Select wires: [Select A (Figure 2.202).]
Select wires: [Enter]

Figure 2.203 Fit Spline dialog box

Now use the SPLINE command to construct three splines. (See Figure 2.204.)

<Design> <8pline>

Command: SPLINE

First Enter Enter | Enter | Enter Enter | Enter Start End
Faint Point Point Point Point Point Point Tangent | Tangent :
-38,0,100 | 48,0,100 | -75,0,75 | -75,0,40 | -55,0,25 | -38,0,25 [Enter] | [Enter] Enter]
0,50,100 | 0,60,100 | 0,65,75 | 0,5540 | 0,40,25 | 0,30,25 [Enter] | [Enter] [Enter]
38,0,100 | 48,0,100 | 60,0,75 [ 50,0,40 | 38,0,25 | 28,0,25 [Enter] | [Enter] [Enter]
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Figure 2.204 Three splines constructed

The wires for the sweep surface are complete. Set the current layer to Surface. Then
use the AMSWEEPSF command to construct a sweep surface from three cross sections
and one rail. (See Figure 2.205) ) )

[Mechanical Main] [Layer Controf]
Current layer: Surface
<Surface> <Create Surface> <Sweep>

Command: AMSWEEPSF

Select cross sections: [Select A, B, and C (Figure 2.204).]
Select cross sections: [Enter]

Select rails: [Setect D (Figure 2.204)}.]

Select rails: [Enter]

[Orientation Normal
OK ]

Figure 2.205 Front fender constructed

The base surface for one of the front fenders is complete. Tumn off layer Front. Then
use the MIRROR3D command to construct a mirror copy of the front fender. (See Figure
2.206.)
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[Mechanical Main] [Layer Control]

Off layer: Front
Current layer: Surface

<Construct> <3D Translations> <3D Mirror>

Command: MIRROR3D

Select objects: [Select A (Figure 2.205).]

Select objects: [Enter]

Plane by Object/Last/Zaxis/View/XY/YZ/ZX/<3points>: XY
Point on ZX plane: 0,0,0

Delete old objects? <N> {Enter]

Figure 2,206 Front fender mirrored

To form intersections between the front fender surfaces and the body surface, use the
AMINTERSF command. (See Figure 2.207, the Surface Intersection dialog box.) You
can output a polyline at the intersection of the surfaces or trim one or both of the
intersecting surfaces. Here, trim both surfaces. After trimming one side of the car, repeat
the AMINTERSF command to intersect the other front fender with the body surface. (See
Figure 2.208.) The front fenders are complete.

<Surface> <Edit Surface> <intersect Trim...>

Command: AMINTERSF
Select first surface: [Select A (Figure 2.206).]
Select second surface: {Select B (Figure 2.206).]
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Figure 2.207 Surface Intersection dialog box

<Surface> <Edit Surface> <Intersect Trim...>

Command: AMINTERSF
Select first surface: [Select B (Figure 2.206).]
Select second surface: [Select C (Figure 2.206).]

[Surface Intersection

Trim  First Surface
Second Surface

oK 1

Figure 2.208 Front fenders intersected with the main body

Rear Fenders

Like the front fenders, the two rear fenders are alike and symmetrical. They are
constructed from surfaces of revolution and extrusion. You will construct a polyline to
define the cross section, rotate it to form a revolve surface, and extrude it to form an
extrude surface. Then you will mirror the extrude surface and join the surfaces together.
To make the other fender, you will make a mirror copy.

Set the current layer to Rear and set the UCS to World. Then use the PLINE
command to construct a polyline. (See Figure 2.209.)

[Mechanical Main] [Layer Control]

Current layer: Rear
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<Assist> <UCSs> <World>

Command; UCS
OriginfZ Axis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: W

<Design> <Polyline>

Command: PLINE

From point: 222,-100,12

Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @10<180
Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: A
AngIeICEnter!CLoselDirectioanaIfwidthlLine/RadiuslSecond pt/Undo/Width/
<Endpoint of arc>: @-10,10 .
Ang|elCEnterlCLoselDirectionfHatfwidthILineiRa{diuslSeccnd pt/Undo/Width/
<Endpoint of arc>: L

Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @20<90
Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: [Enter]

Figure 2.209 UCS set to World, polyline constructed

Set the current layer to Surface. Then use the AMREVOLVESF command to
construct a surface of revolution. After that, use the AMEXTRUDESF command to

construct a surface of extrusion. (See Figure 2.210.)

[Mechanical Main] [Layer Control]
Current layer; Surface

<Surface> <Create Surface> <Revolve>

Command: AMREVOLVESF

Select path curves: [Select A (Figure 2.209).]
Select path curves: {Enter]

Axis of revolution: Wire/<Start point of axis>: FROM
Base point: END of [Select A (Figure 2.209).]
<Offset>: @38<0

End point of axis: @1<90

Start angle: 0

Included angle (+=ccw, -=cw) <Full circle>: 180
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<Surface> <Create Surface> <Extrude>

Command: AMEXTRUDESF

_ Select wires: [Select A (Figure 2.209).}

Select wires: [Enter]

Direction: ViewdirWire/X/Y/Z/<Start point>: Z

Distance: -12

Flip/<Accept>: [Accept if the arrow is pointing downward.]
Taper angie: 0

Figure 2.210 Revolve and extrude surfaces constructed

Make a mtrror copy of the extrude surface. (See Figure 2.211.)

<Construct> <3D Translations> <3D Mirror>

Command: MIRROR3D

Select objects: [Select A (Figure 2.210}.]

Select objects: [Enter]

Plane by Object/Last/Zaxis/View/XY/YZIZX/<3points>: YZ
Point on YZ plane: 260,0

Delete old objects? <N> [Enter]
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Figure 2,211 Extrude surface mirrored

Use the AMJOINSF command to join the extrude surfaces and the revolve surface
into a single surface. Then use the MIRROR3D command to mirror the joined surface to

form the other fender. (See Figure 2.212.)

<Surface> <Edit Surface> <Join>

Command: AMJOINSF
Select surfaces to join: [Select A, B, and C (Figure 2.211).]
Select surfaces to join: [Enter]

<Construct> <3D Translations> <3D Mirror>

Command: MIRROR3D

Select objects: [Select A (Figure 2.211).]

Select objects: [Enter]

Plane by ObjectLast/Zaxis/View/XY/YZ/ZX/<3points>: ZX
Point on YZ plane: 0,0

Delete old objects? <N> [Enter]

Figure 2.212 Revolve and extrude surfaces joined together and mirrored
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To complete the rear fenders, use the AMINTERSF command twice to intersect the
fenders with the main body. (See Figure 2.213.)

<Surface> <Edit Surface> <|ntersect Trim...>

Command: AMINTERSF
Select first surface: [Select A (Figure 2.212}.]
Select second surface: [Select B (Figure 2.212).]

[Surface Intersection

Trim  First Surface
Second Surface

OK |

Command: [Enter}

AMINTERSF

Select first surface: [Select A (Figure 2.212).]
Select second surface: [Select C (Figure 2.212).]

[Surface Intersection

Trim  First Surface
Second Surface

OK 1

Figure 2.213 Rear fenders intersected with the main body

The wires for the rear fenders are not required. Turn off layer Rear and set the current
layer to Top.

[Mechanical Main] {L.ayer Control]

Off layer: Rear
Current layer: Top

Greenhouse

The greenhouse of the model car is a loft u surface. It is constructed from five wires. Set
the UCS to rotate 90° about the X axis. Then set the display to the front view by using the
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shortcut key [9]. After that, use the SPLINE command to construct three splines. (See -
Figure 2.214.) .

<Assist> <UCSs> <X Axis Rotate> &
Command: UCS
OriginIZAxisIBpointloBjectNiewIXlYfZ!Prev!Restore!SavelDeII?l<Wor1d>: X -
Rotation angle about X axis: 90
Command: 9

<Dasign> <Spiine>

Command: SPLINE

First Enter Enter Enter Enter Enter Start End

Point | Point Point Point Point Point Tangent | Tangent
11,55 | 70,510 | 145,120 | 215,105 | 255,65 [Enter] | [Enter] | [Enter] S
19,51 | 80,904 | 145,116 | 200,102 | 232,58 [Enter] | [Enter] | [Enter]
90,40 | 104,57 | 135,70 166,57 180,40 | [Enter] | [Enter] | [Enter]

Figure 2.214 Three splines constructed

Use the MOVE command to move two splines. Then use the COPY command to
copy two splines. After that, set the display to an isometric view. (See Figure 2.215.)

<Construct> <Move> ' {

Command: MOVE

Select objects: [Select A (Figure 2.214}.]
Select cbjects: [Enter]

Base point or displacement: 0,0,42
Second point of displacement: [Enter]

<Construct> <Move>

Command: MOVE

Select objects: [Select B {Figure 2.214).]
Select objects: [Enter]

Base point or displacement: 0,0,65
Second point of displacement: [Enter]
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,_,W_W..M_\
et

<Construct> <Copy>

P Command: COPY

Select objects: [Select A (Figure 2.214).]
Select objects: [Enter]

Base point or displacement: 0,0,-84
Second point of displacement: [Enter]

<Construct> <Copy>

Command: COPY

Select objects: [Select B (Figure 2.214).]
Select objects: [Enter]

Base point or displacement: 0,0,-130
DO Second point of displacement: [Enter]

Command: 8

Figure 2,215 Splines copied and moved

The wires for the loft u surface are complete. Set the current layer to Surface. Then
use the AMLOFTU command to construct a loft u surface. (See Figure 2.216.)

[Mechanical Main] [Layer Control]

Current iayer: Surface

<Surface> <Create Surface> <Loft U..>

: Command: AMLOFTU
e Select U wires: [Select A, B, G, D, and E {Figure 2.215).]
Setect U wires: [Enter]

L [Curve Direction:  Align

Curve Fit: Smooth
Respace

OK ]
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Figure 2.216 Loft u surface constructed

To complete the model, turn off layer Top. Then use the AMINTERSF command to
-~ ————intersect the greenhouse with the main body. (See Figure 2.217)

[Mechanical Main] [Layer Control]

Off layer: Top
Current layer: Surface

<Surface> <Edit Surface> <Intersect Trim...>

Command: AMINTERSF
Select first surface: [Select A (Figure 2.216).]
Select second surface: [Select B (Figure 2.2186).]

[Surface Intersection

Trim  First Surface
Second Surface

OK )

Figure 2.217 Greenhouse intersected with the main body

The model is complete. Save your drawing.
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<File> <Save>

File name: Carl.dwg

In constructing this model, you learned how to break down a complex surface model
into individual free-form surfaces, join surfaces together, and refine a surface. You also
learned the difference between stretch sweeping and scale sweeping,

2.11 Scale Model Car Project 2

To further enhance your knowledge of applying surface modeling tools to real-world
& projects, you will work on another scale model car. Figure 2.218 shows the rendered
image of the model together with the assembly of the solid parts that you will construct in
Chapters 3 and 4. Figure 2.219 shows the surfaces that you will construct in this chapter.

Figure 2.219 Surface model of the body of the model car

Analysis

Before you start to build this model, take some time to analyze the model and think about
what surfaces are required and what wires are needed for making the surfaces. Here, your
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goal is to make a set of surfaces that make up the model of the car body. Basically, you
can treat the windows and lights separately and make them at a later stage. Figure 2.220
shows the model with the windows and lights removed.

Figure 2.220 Windows and lights removed from the model

To help you see more clearly what surfaces are required, Figure 2.221 shows an
exploded view of these surfaces.

Figure 2.221 Exploded view of the surfaces

From the exploded view, you can see that most of the surfaces are trimmed surfaces.
To make these trimmed surfaces, you have to make the base surfaces larger than the sizes
of the trimmed boundaries. Figure 2.222 shows an exploded view of the base surfaces.
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Figure 2.222 Exploded view of the base surfaces

Knowing the general shape of the base surfaces, you can start to think about the
wires. Figures 2.223 through 2.227 show the trimmed surfaces, base surfaces, and wires
required to make the various surfaces of the model car.

Figure 2.223 Trimmed surfaces, base surfaces, and wires for the top surfaces
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Figure 2.227 Trimmed surfaces, base surfaces, and wire for the skirt surfaces

In Figure 2.220 and Figures 2.223 through 2.227, you can see that the shapes of the
trimmed edges correlate with the profiles, shapes, and relative positions of the adjacent
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surfaces. Because of this intercorrelation, it would be very hard to determine the wires for
any individual surface in isolation from the others. You have to think of the wires for all
the surfaces holistically. However, you cannot work on all the surfaces simultaneously.
You must start from one surface and then improvise. To obtain a satisfactory result, you
may have to iterate a number of times, constructing the wires, making the surfaces,
intersecting the surfaces to obtain the trimmed edges, checking the profiles and shapes of
the trimmed surfaces, and starting all over again until the required surface profiles and
trimmed edges are obtained.

Here, the iterations have been done for you. The wires are determined after some trial
and error and fine-tuning. Follow the steps shown below to make the wires, construct the
surfaces, and intersect the surfaces. After making the surfaces and properly trimming
them, you will get a model that resembles Figure 2.220.

To make the window and light openings, you need some more wires. Figure 2.228
shows the boundaries of the openings.

Figure 2.228 Boundary edges of the windows and lights

Briefly, you will perform the following tasks:

Set up the drawing.

Make the wires and base surfaces of the top of the car.
Make the wires and base surface of the side of the car.
Intersect and trim the top and side surfaces.

Make the wires and base surfaces of the front of the car.
Intersect and trim the front and side surfaces.

Make the wires and base surfaces of the rear of the car.
Intersect and trim the rear, top, and side surfaces.

9. Make the wires and base surfaces of the skirts of the car.
10. Intersect and trim the skirt, side, front, and rear surfaces.
11. Make the wires for the window and light openings.

12. Project and trim the window and light openings.

13. Make the window and light panels.

e N el o
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Drawing Setup

Start a new drawing from scratch and use metric defaults.
<File> <New...>

Construct seven additional layers: Surface, Front, Rear, Side, Skirt, Top, and
Window. Layer Surface is used for holding the surfaces and other layers are used for
holding the wires of the parts of the model. Set the current layer to Top. Then set the
linetype scale to 20.

<Assist> <Format> <Layer...>

Command: LAYER

lLayer

Name Color Linetype

0 White Continuous
Front Magenta | Continuous
Rear Green Continuous
Side Blue Continuous
Siirt Red Continuous
Surface Yellow Continuous
Top Green Continuous
Window | White Continuous

Current Layer: Top
OK ]

Command: LTSCALE
New scale factor: 20

Use the AMPREFS command to set the related system variables. From the Surfaces
tab of the Desktop Preferences dialog box, select the [Model Size...] button to bring up
the Approximate Model Size dialog box. Then set the model size to 3000 millimeters and
select the [OK] button. On returning to the Desktop Preferences dialog box, set the vector
length to 10 units and select the [OK] button to exit.

<Surface> <Preferences...>

Command. AMPREFS
Now set the UCS icon to be displayed at the origin position.
<Assist> <v lgon at Origin>

The drawing setup is now complete.
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Toﬁ Suffaces

To bégin, you will work on the top part of the model car. The top part has two surfaces,
. the top and the hood. To define the contours and profiles of the surfaces, you will
- construct six smooth splines. To see the splines better, set the UCS to rotate 90° about the

| X axis. Then set the display to the plan view of the new UCS by using the shortcut key
[9]. -

<Assist> <UCsS> <X Axis Rotate>

Command: UCS

Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: X
o Rotation angle about X axis: 90

Command: 9

On the new UCS, construct two splines. As we explained earlier, the iterationsof-- -~ -~
trying out the splines, making the surfaces, and trimming the surfaces have been done for

you. For these splines and other wires that you will construct, you need only input the
given coordinates. (See Figure 2.229.)

<Design> <Spline>

Command: SPLINE

First | Enter | Enter Enter Enter Enter | Enter Start End
Point | Point | Point Point Point Point | Point Tangent | Tangent
-98,0 | 0,72 | 82,115 | 200,115 | 260,84 | 344,0 | [Enter] | [Enter] [Enter]
Command: SPLINE
S First | Enter | Enter | Enter | Enter | Enter | Enter | Enter | Start End
b Point | Point | Point | Point Point | Point | Point | Point | Tangent | Tangent
9,0 | 12,35 | 82,105 [ 200,107 | 255,72 | 292,30 | 344,0 | (Enter] | [Enter] [Enter]
e .

Figure 2.229 Two splines constructed

Repeat the SPLINE command to construct two more splines. (See Figure 2.230.)

Command: SPLINE




152 Chapter 2 NURBS Surface Modeling

First Enter Enter Enter Enter Start End
Point Point Point Point Point Tangent | Tangent
-28,0 -77,42 | 0,68 47,70 [Enter] | [Enter] [Enter]

Command: SPLINE

First Enter Enter Enter Enter Start End
Point Point Point Point Point Tangent | Tangent
-§2,0 72,36 | 0,65 47,67 [Enter] | [Enter] [Enter]

L7

™

Figure 2.230 Two more splines constructed

Move and copy two splines. Then set the display to an isometric view by using the
shortcut key [8]. (See Figure 2.231.)

<Construct> <Move>

Command: MOVE

Select objects: [Select A and B (Figure 2.230}.]
Select objects: [Enter]

Base point or displacement: 0,0,100

Second point of displacement: [Enter]

<Gonstruct> <Copy>

Command: COPY

Select objects: [Select A and B (Figure 2.230).]
Select objects: [Enter]

Base point or displacement: 0,0,-200

Second point of displacement: [Enter]

Command: 8
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¥igure 2.231 Splines moved and copied, display set to isometric

[Mechanical Main] [Layer Control]
Current layer: Surface
<Surface> <Create Surface> <Loft U...>

Command: AMLOFTU
Select U wires: [Select A, B, and C (Figure 2.231).]
Select U wires: [Enter]

[Curve Direction:  Align

Curve Fit: Smooth
Respace

OK ]

Command: {Enter]

AMLOFTU

Select U wires; [Select D, E, and F {(Figure 2.231).]
Select U wires: [Enter]

[Curve Direction:  Align

Curve Fit: Smooth
Respace

OK ]

153

" " The wires for the top surfaces are complete. Now set the current layer to Surface.
Then use the AMLOFTU command to make two loft u surfaces. (See Figure 2.232.)
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Figure 2.232 Two loftu surfaces constructed

Now you have two intersecting loft u surfaces. To trim away the unwanted portions of
the surfaces, use the AMINTERSF command. While trimming, select the portion you
want to retain. (See Figure 2.233.)

<Surface> <Edit Surface> <Intersect Trim...>

Command: AMINTERSF

Select first surface: [Select A (Figure 2.232}).]
Select second surface: [Select B (Figure 2.232).}

[Surface Intersection
Trim  First Surface
Second Surface

oK ]

Figure 2.233 Intersecting loftu surfaces trimmed

The two intersecting loft u surfaces are trimmed. However, the surfaces are not yet
complete, because they have to intersect with and be trimmed by the side and rear
surfaces of the car. Now use the AMVISIBLE command to hide the top surfaces. You

will come back to them later.
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<Surface> <Visibility...>

Command: AMVISIBLE

[Objects
Hide Select< |

Select objects to hide: [Select A and B (Figure 2.233).}
Select objects to hide: [Enter]

[OK ]

Side Surface

Turn off layer Top and set the current layer to Side. Then set the UCS orientation to
World. After that, set the UCS origin to a new position.

[Mechanical Main] [Layer Control]

Off layer: Top
Current layer: Side

<Assist> <UCs> <World>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: W

<Assist> <UcCs> <Origin>

[ Command: UCS
oo Origin/ZAxis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: O
: Qrigin point: 0,0,-12

On the new UCS, construct six arc segments. (See Figure 2.234.)

<Design> <Arc> <3 Points>

Command; ARC

0 Center/<Start point>: | Center/End/<Second point>: | End point:
- 315,-60 130,-90 -78,-49
-78,49 -83,0 -78,48
-78,49 130,80 315,60
315,-60 130,-55 -58,-29
- -58,-29 -63,0 -58,29
L -58,29 130,55 315,60




Chapter 2 NURBS Surface Modeling

Figure 2.234 Six arcs constructed

Now use the AMFILLET3D command to round off four corners. The fillet radii of
the two outer corners are 35 units and the fillet radii of the two inner corners are 30 units.

(See Figure 2235y~~~

<Surface> <Edit Wireframe> <Fillet>

Command: AMFILLET3D

Radius/Trim/<Select first object>: R

Radius: 35

Radius/Trim/<Select first object>: [Select A (Figure 2.234).]
Radius/Trim/<Select second object>: [Select B (Figure 2.234).]

Command: [Enter]

AMFILLET3D

Radius/Trim/<Select first object>: [Select B (Figure 2.234).]
Radius/Trim/<Select second object>: [Select C (Figure 2.234}.]

Command: [Enter]

AMFILLET3D

Radius/Trim/<Select first object>: R

Radius: 30

Radius/Trim/<Select first object>: [Select D (Figure 2.234).]
Radius/Trim/<Select second object>: [Select E (Figure 2.234).]

Command: [Enter]

AMFILLET3D

Radius/Trim/<Select first object>: [Select E (Figure 2.234).]
Radius/Trim/<Select second object>: {Select F (Figure 2.234).]
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Figure 2.235 Corners filleted

Now you have ten arc segments. To join them into two splines, use the AMJOIN3D
comumand.

<Surface> <Edit Wireframe> <Join,..>
Command: AMJQIN3D

[Join3D
Automatic Spline
OK ]

Select start wire: [Select A (Figure 2.235).]

Select wires to join: {Select B, C, D, and E {Figure 2.235).]
Select wires to join: [Enter]

Reverse? Yes/<No>: [Enter]

Command: [Enter]
AMJOIN3D

[Mode: Automatic
Output: Spline
OK ]

Select start wire: {Select F (Figure 2.235).]

Select wires to join: [Select G, H, J, and K (Figure 2.235).]
Select wires to join: [Enter]

Reverse? Yes/<No>: [Enter]

By default, the DELOBJ variable is set to 1. Therefore, the selected arcs are erased
after they are used to construct the splines. Now your screen shows two splines instead of
ten arcs.

Because the side surface needs three splines that are spaced at intervals in the Z
direction, use the COPY command to copy the outer spline and use the MOVE command
to move the inner spline. (See Figure 2.236.)

<Construct> <Copy>

Command: COPY
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Select objects: [Select A (Figure 2.235}.]
Select objects: [Enter]

<Base point or displacement>/Multiple: 0,0,72
Second point of displacement: [Enter]

<Construct> <Move>

Command: MOVE

Select objects: [Select F (Figure 2.235).]
Select objects: [Enter] 5
Base point or displacement: 0,0,144 5'
Second point of displacement: [Enter]

s

N

Figure 2.236 A spline copied and a spline moved

Set the current layer to Surface. Then use the AMLOFTU command to construct a
loft u surface. After that, turn off layer Side. (See Figure 2.237.)

[Mechanical Main]j [Layer Control] k
Current layer: Surface

<Surface> <Create Surface> <Loft U...>
Command: AMLOFTU

Select U wires: [Select A, B, and C (Figure 2.236}.]

Select U wires: [Enter]

[Curve Direction:  Align -

Curve Fit: Smooth

Respace

OK ]

[Mechanical Main] [Layer Control] ;
Off layer: side )

Current layer; Surface
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Figure 2.237 Loft u surface constructed

~ Now unhide the hidden top surfaces. (See Figure 2.238.)

<Surface> <Visibility...>
Command: AMVISIBLE

[Desktop Visibility

Object

Unhide Surfaces
OK ]

Figure 2.238 Top surfaces unhidden

To trim away the unwanted portions of the surfaces, take the following steps:
Intersect the side surface and one of the top surfaces, trimming only the top surface;
intersect the side surface and the second top surface, trimming only the top surface; copy
the trimmed edges of the top surfaces; and use copied edges to trim the side surface.

Now run the AMINTERSF command on the side surface and a top surface. Trim only
the top surface. (See Figure 2.239.) :
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<Surface> <Edit Surface> <Intersect Trim...>

Command; AMINTERSF
Select first surface: [Select A (Figure 2.238).}
Select second surface: [Select C (Figure 2.238).]

Here you selected the top surface first. Therefore, you should select the [First Surface]
button but not the [Second Surface] button to trim the first selected surface and leave the
second selected surface intact.

[Surface Intersection
Trim  First Surface
OK ]

To reiterate, the top surface is selected first. It is trimmed. The side surface is selected
second. It is not trimmed. Repeat the AMINTERSF command. Again, select the top

Command: [Enter]

AMINTERSF

Select first surface: [Select B (Figure 2.238).]
Select second surface: [Select C (Figure 2.238).]

{Surface Intersection
Trim  First Surface
OK ]

Figure 2.239 Top surfaces trimmed

Now the top surfaces are trimmed but the side surface is intact. To trim the side
surface, copy the trimmed edges of the top surfaces and use the copied edges as
projection wires for trimming the side surface in a single operation. Use the AMEDGE
command to copy the edges. Then use the AMVISIBLE command to hide the top
surfaces. (See Figure 2.240.)
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e <Surface> <Edit Trim Edges> <Copy Edge>

_ Command: AMEDGE
o Copy edge/Output/Show nodes/Untrim/<Extract loop>: QUTPUT
o Polyline/<Spline>: SPLINE
Copy edge/Output/Show nodes/Untrim/<Extract loop>: COPY
Select surface edge: [Select A, B, and C (Figure 2.239).]
Select surface edge: [Enter]

<Surface> <Visibility...»
Command: AMVISIBLE
[Desktop Visibility

- Object
Hide Selectc ]

o Select objects to hide: [Select D and E (Figure 2.239).]

Select objects to hide: [Enter]

oK ]

Figure 2.240 Edges copied, top surfaces hidden

Now use the AMPROJECT command to project the copied edges to trim the side
surface. Select the lower part of the surface as the target surface. (See Figure 2.241.)

<Surface> <Edit Surface> <Project Trim...>

Command: AMPROJECT

Select wires to project: [Select A, B, and C (Figure 2.240}.]
Select wires to project: [Enter]

Select target surfaces: [Select D (Figure 2.240).]

v Select target surfaces: [Enter]

R [Project to Surface

Direction: Normal to surface
Output Type:  Trim surface

OK ]
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Figure 2,241 Side surface. trimmed

Front Surfaces

Now you will work on the front fender and front bumper of the car. The front fenderisa .

loft uv surface that requires two sets of wires in two orthogonal directions, and the front
bumper is a sweep surface that requires three section wires and two rail wires. Set the

current layer to Front. Then use the UCS command to rotate the UCS 90° about the X
axis. After that, set the display to the plan view by using the shortcut key [9]. (See Figure
2.242))

fMechanical Main) [Layer Control]

Current layer: Front

<Assist> <UCS> <X Axis Rotate>

Command: UCS
Origin/ZAxis/3point/OBject/View/X/Y/Z/PreviRestore/Save/Del/?/<World>: X

Rotation angle about X axis: 90

Command: 9

Figure 2.242 UCS rotated. display set to front view

On the XY plane of the new UCS, construct a polyline. Then construct two horizontal
lines of infinite length by using the XLINE command. (See Figure 2.243.)

<Design> <Polyline>
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Command: PLINE
From poeint: 38,0
Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @12<%0
S Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: A
i Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/
ok <Endpoint of arc>: @76<180
_ Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/
A <Endpoint of arc>: L
Con Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @12<270
ArciClose/Halfwidth/Length/Undo/Width/<Endpoint of line>: [Enter}

<Design> <Construction Line>

Command: XLINE
Hor/Ver/Ang/Bisect/Offset/<From point>: H
Through point: 0,37

Through point: 0,34

Through point: {Enter}

D

é‘/"’

Figure 2.243 Polyline and xlines constructed

Set the point display mode to 3. Then use the POINT command to construct two
points at the intersections between the polyline and the construction lines. After
constructing the points, delete the construction lines. Then use the AMFITSPLINE
command to fit the polyline into a spline. (See Figure 2.244.)

£
L
{.
L3

Command: PDMCDE
New value for PDMODE: 3

<Design> <Point> <8Single Point>

&
£
L Command: POINT

Point: INT of [Select A, the intersection of C and E {Figure 2.243).]

Command: [Enter]
oo POINT
Point: INT of [Select B, the intersection of D and E (Figure 2.243}.]

<Modify> <Erase>
e Command: ERASE

Select objects: {Select C and D {Figure 2.243).]
Select objects: [Enter]
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<Surface> <Edit Wireframe> <Spline Fit...>

Command: AMFITSPLINE
Select wires: [Select E (Figure 2.243).]
Select wires; [Enter]

[Fit Spline
Spline Settings Tolerance
OK ]

Figure 2,244 Points constructed, spline fitted

Because the default setting of the DELOB]J variable is 1, the polyline is erased after
fitting to a spline. Now use the SPLINE command to construct a spline. (See Figure
2.245)

<Design> <Spline>

Command: SPLINE

First Enter Enter | Enter | Enter Start End
Point Point Point | Point | Point Tangent | Tangent
-87,37 | -76,52 | 48,52 | 60,0 [Enter] | [Enter] {Enter]

N S "~ s,
i — A :

I b i
i R 4o i

g

Figure 2.245 Spline constructed

Move and copy points A and B (Figure 2.245) and the fitted spline C (Figure 2.245).
Then set the display to the left isometric view. After that, set the UCS orientation to
World. (See Figure 2.246.)

<Construct> <Move>

Command: MOVE
Select objects: [Select A, B, and C {Figure 2.245).]
Select objects: [Enter]
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Base point or displacement: 0,0,100
Second point of displacement: {Enter]

<Construct> <Copy>

Command: COPY

Select objects: {Select A, B, and C (Figure 2.245).]
Select objects: [Enter]

Base point or displacement: 0,0,-200

Second point of displacement: [Enter]

<View> <Model Views>  <Left [sometric>

<Assist> <UCs> <World>

Command: UCS

Origin/Z Axis/3point/OBject/View/X/Y/Z/Prev/Restore/Save/Del/?/<World>: W

<Surface> <Visibility...>
Command: AMVISIBLE
[Deskiop Visibility

Object

Hide Selects ]

Select objects to hide: [Select A {Figure 2.246).]
Select objects to hide: [Enter]

[CK ]

165

Figure 2.246 Points and spline copied and moved, display set to isometric view, and UCS set to World

The side surface is not required. Use the AMVISIBLE command to hide it. Then use
the PLINE command to construct a polyline as part of the wires for the front surfaces. As
we explained earlier, you can better control the shape of a wire by constructing polylines.
After that, use the AMFITSPLINE command to fit the polyline into a spline and use the
SPLINE command to construct two more splines. (See Figure 2.247.)
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<Design> <Pelyline>

Command: PLINE

From point: END of [Select B (Figure 2.246).]
Arc/ClosefHalfwidth/Length/Undo/Width/<Endpoeint of line>: ARC
Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/

<Endpoint of arc>: @22,22

Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/

<Endpoint of arc>: LINE

Arc/Close/Halfwidth/Length/Undo/Width/<Endpoint of line>: @156<80
ArcfClose/Halfwidth/Length/Undo/Width/<Endpoint of line>: ARC

Angle/CEnter/CLose/Direction/Halfwidih/Line/Radius/Second pt/Undo/Width/
<Endpoint of arc>: END of [Select C (Figure 2.246).]
Angie/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width/

<Endpoint of arc>: [Enter]

<Surface> <Edit Wireframe> <Spline Fit...>

Command: AMFITSPLINE
Select wires; LAST
Select wires: [Enter)

[Fit Spline

Spline Setlings Tolerance

OK ]
<Design> <Spline>

Command: SPLINE

First Enter Enter Enter Enter Enter Enter Start End
Point Point Point Point Point Point Point Tangent | Tangent
0,-100,38 | 0,-94,52 | 0,-80,58 | 0,80,58 | 0,84,52 | 0,100,38 | [Enter] | [Enter] {Enter]

Command: SPLINE

Object/<Enter first point>: NODE of [Select D {Figure 2.246).]

Enter point; -75,-85,25

Close/Fit Tolerance/<Enter point>;
Close/Fit Tolerance/<Enter point>:
Close/Fit Tolerance/<Enter poinf>:
Close/Fit Tolerance/<Enter point>:
Close/Fit Tolerance/<Enter point>:

Close/Fit Tolerance/<Enter point>
Enter start tangent: [Enter]
Enter end tangent: [Enter]

-85,-55,25

END of [Select E (Figure 2.246).]
-85,55,25

-75,85,25

NODE of [Select F (Figure 2.246).}
: [Enter]

TR
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c—" La

Figure 2.247 A spline fitted, two splines constructed

Repeat the SPLINE command to construct two more splines. (See Figure 2.248.)

Command: [Enter]
SPLINE
coe e e e e Object/<Enter first point>: NODE of [Select A (Figure 2.247).]
Enter point: -80,-85,22
i Close/Fit Tolerance/<Enter point>: -80,-55,22
B Close/Fit Tolerance/<Enter point>: -92,0,22
CobE Ciose/Fit Tolerance/<Enter point>; -90,55,22
-' Close/Fit Tolerance/<Enter point>: -80,85,22
Close/Fit Tolerance/<Enter point>: NODE of [Select B (Figure 2.247).]
Close/Fit Tolerance/<Enter point>: [Enter]
Enter start tangent: [Enter]
Enter end tangent: [Enter]

Command: {Enter]
SPLINE
Object/<Enter first point>: END of [Select C (Figure 2.247).]
Enter point: -75,-85,-12
Close/Fit Tolerance/<Enter point>: -85,-55,-12
Close/Fit Tolerance/<Enter point>: -87,0,-12
4 ClosefFit Tolerance/<Enter point>; -85,55,-12
- Close/Fit Tolerance/<Enter point>: -75,85,-12
Close/Fit Tolerance/<Enter paint>: END of [Select D (Figure 2.247).]
Close/Fit Tolerance/<Enter point>: [Enter]
Enter start tangent: [Enter]
Enter end tangent: [Enter]

Figure 2.248 Two more splines constructed
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In Figure 2.248, the splines B and E appear to intersect. However, this may not be so.
To find out their 3D distance, you can use the AMDIST command. Note that the
minimum distance shown here may differ from that on your screen.

Command: AMDIST

Select first set: Objects/<Instance>: [Select B (Figure 2.248).]
Next instance: [Enter]

Select second set: Objects/<Instance>: [Select E (Figure 2.248).]
Next instance: [Enter]

Output: Line/<Display>: D

Minimum distance:<5.438257>

On your screen, you will see a red line showing the minimum distance. Before you
make a loft uv surface from these wires, you can either modify the splines to reduce their
3D distance or use the AMPREFS command to set the Join Gap tolerance to a larger
value, say 6 units. Now set the current layer to Surface. Then use the AMLOFTUV
command to construct a loft uv surface. (See Figure 2.249.) -

<Surface> <Preferences...>
Command: AMPREFS

[Deskiop Preferences

Surfaces

Join Gap Tolerance: 6

OK |
[Mechanical Main] [Layer Control]

Current layer: Surface
<Surface> <Create Surface> <LoftUVv>

Command: AMLOFTUV

Select U wires: [Select A, B, and C (Figure 2.248).]
Select U wires; [Enter]

Select V wires: {Select D, E, and F (Figure 2.248).]
Select V wires: [Enter]

Figure 2,249 Loft uv surface constructed

e
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Before making this surface from the U- and V-lines, you checked the distance and set
the tolerance. Now you may want to know how the final surface deviates from the input
wires. Use the AMCHECKFIT command. Note that the maximum distance of the
selected wire from the surface is 2.7188 units; this value may differ from yours. To show
how the surface deviates from the input wires, you can use the G option to display a
graph. To see the graph more clearly, use the S option to set the magnifying scale factor
fo 10